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FOREWORD

Anomalies of Infants and Children is written primarily for
the student and general practitioner I believe it will also be
of aid to the obstetrician and pediatrician

The book is designed as a quich reference It helps those who
are interested in this subject to discuss intelligently with the
parents and otbers concerned the anatomical anomaly from
which the patient is suffering, the resulting physiologic disturb-
ance the rationale of treatment, and the accepted time for
repalr

The subject of anomabes of infants and children, m the
opinion of many writers has never been properly studled or
correlated Until a few years ago these anatomical defects fell
fnto the hands of the general surgeon who perhaps had little
{f any experience in their repair The general surgeon was for
tunate who when called to treat congenital or acquired gnz
tomical defects of the palate superor maxilla, or inferfor

maxilla, could consult wath or call to his aid a maxillofacial or
plastic surgeon
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Plastic surgery may be defined as that specialty which em-
braces reconstruction of anomalies and anatomical derange-
ments following injury or disease—1n fact all operative measures
undertaken to improve the appearance and to restore function
of the human body The authors’ traming has qualified them
m the field of maxillofacial surgery after basic traming n gen-
eral surgery Their experience m plastic surgery has been ex-
tensive, not only n civilian practice but also mm wartime sur-
gery

Dr Willlam J Mayo once wrote, “Every human being has
the divine right to look human One of the compensations of
the Great War was the development of plastic surgery of the
face, a new special field in surgery which has given astonsh-
mg results ”

To learn techmque 1s easy, but to acquire judgment 1s a
different matter Both these attributes are possessed by the
authors Plastic surgery 1s not for the impatient surgeon or
patient Patients and thewr relatives should be made to under-
stand the complication of the congenital or acquired deformity
mvolved, the numerous operations that may be necessary, and
the length of time required

Some might be tempted to say that this book describes noth-
mg new or nothing that has not been described by previous
writers, this 1s true, but the present authors are the first to cor-
relate the available information 1n one volume It was the nov-
elist Charles Reade who, when accused of drawing to an undue

extent on previous writers, said, “I have milked three hundred
cows but the cheese that I made was my own”

Edward P Whelan, Mmp, racs
Emeritus Director of Surgery

St Mary’s Hospital

Passaic, New Jersey



PREFACE

Throughout their years of expenence mn the observation and
treatment of anomahes n nfants and children, the authors
have been impressed by an apparent lack of general familiarity
with the causes and dangers of many anomalies the prognoses
for their correction and the optimum time for the mitiation of
therapy

This is the more surpnising 1n view of the fact that so much
well-documented scientific knowledge and experience in this
field has been recorded Unfortunately such information is
widely scattered and appears in isolated papers or in bnef m
cidental chapters in books devoted to a single specialty such
as orthopedics pediatnes or urology

Until now it has been necessary therefore to refer to many
sources in order to locate references to a specific anomaly
This book 15 an attempt to place in a single volume our present
knowledge of the more common types of congenital and ac
quired abnormalities

The chapters have been orgamized for simple and rapid
reference Their subjects mclude the role of genetics in the

oil
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production of congenital malformations, the mcreasing inci-
dence of the acquired deforrmties, and cancer in nfants and
children

Because not only the patient but also the family—especially
the mother—may often suffer psychological trauma in connec-
tion with anomalies, considerable attention 1s given to facts
which can be used to explain congenital anomalies as a natural
hazard of conception and birth rather than a consequence of
prenatal influences In each case the authors indicate what can
and should be done about the anomaly, when such steps ought
to be mitiated, and what final outcome can reasonably be
expected

The authois call attention to the danger of radiation for the
1emoval of bemgn skin lesions and have devoted an entire
chapter to the management of burns They also stress the criti-
cal mmpoitance of nitial treatment of a buin patient and the
avoidance of diessings and medication which may complcate
later professional care With these exceptions, Iittle reference
has been made to the details of treatment of anomalies, mn
recognition of the fact that many medical specialties are -
volved 1n such treatment

It 1s the authors” hope that this volume will prove to be a
simple and ready reference and will make more general the
knowledge of a subject of very pressing importance to thou-
sands of young patients, themr parents, their families, and their
friends

Grateful acknowledgment 1s made to the many who helped
and adwvised 1n the compilation of this book in particular to
Majorie Foley, our photographer, to Stanley Q Schwartz and
Masayuki M Nakamura of the Medical Illustrations Depart-
ment, Veterans Admimstration Hospital, East Orange, New
Jersey, and to David Q Hammond, Vice President of Fairleigh
Dickinson University

D McCuLracH MAyER
WiLsoN A SwWANKrr
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CHAPTER 1

Introduction

Although a certain amount of surgerv has been performed m
the young for many vears 1t 1s only in the last couple of dec
ades that extensive surgery has been carried out m the young
as well as in the very old Surgical honzons have been ex
tended mn cvery direction Much of this advance can be attnib-
uted to the marked improvements 1n anesthesiology The de
velopment of many new anesthetic agents as well as the
perfecton of additonal techniques m the use of the older
agents offers a wide enough choice for the anesthetic to be
fitted to the patient rather than the patfent to it The present
growth of anesthesiology as a medical specialty and the de-
pendence on it by surgeons samulate better training of anes

thetists

The progress of surgery has Lept pace with anesthesiology

The major strides have occurred in the physiologic aspect of
surgery The electrolyte and flud balance features of pre-
operative and postoperative trentrent have been recognized
and embodied in the general knowledge of surgery Thero is
continual 1mprovement n vardous techniques As new mfor

mation is uncovered by research better procedures are de-

1
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INTRODUCTION 3

to early surgery The nose continues to grow until about the
sixteenth year If surgeal trauma mterrupts the normal growth
some degrec of saddlenose or other deformity may occur
Small nasal corrections particularly thoso of the nasal tip or
other soft tissue are permissible if the defornity warrants it
However correction of the nose may not be lasting as the
eventual shape is unpredictable cven when growth centers
are not mvolved Nasal corrections in youth arc usually limited
to the secondary nasal tip deformity associated with cleft lip
and palate, and traumatic defects that demand immediate re-
pair such as dislocation of the parts resultng in obstruction
Very early surgery especully in the treatment of palatal
defects is imperiled by so many anesthetic or physioclogic
problems that 1t is usually not attempted Many surgeons feel
that the perfod from the twelfth to the eighteenth month is
the optimal tme for corrective surgery of the palate Others
prefer to defer surgery until the maxillary arch has bad more
time to develop unhindered This ensures more normal denti
tion In treatment of cleft palate, one of the chief aims is nor
mal speech This is rarely achieved by early cleft palate sur
gery without an effective speech traming program for the
child as soon as possible after closure A dental prosthesis or
an obturator helps in swallowing and permuts the patient to
form good speech habits The normal growth of the maxllary
arch is not restricted and good dentition is encouraged At a
later date about the fifth year or later surgrcal correction can
be done more safely and with a chance of anatomic perfection
The reconstruction of the cleft lip need not await the cleft
palate closure As no skeletal interference is present in the lip
proper the closure of the upper lip should be performed soon
after the child has regained its birth welght If other pertinent
factors are favorable a protruding premaxilla of a double cleft
can be repositioned at this time in order to offect a closure,

Complete or nearly complete cleft of the upper lip should be
repaired within the first three months
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veloped Procedural controversies are resolved by common
mterest and combined effort of surgeon and anesthetist

The mmpact of an anomaly, especially a visible one, 1s fully
realized only by the one afficted or by those close to him
Others of us feel compassion toward such an unfortunate per-
son but we can never, of course, measure his profound psy-
chologic depression, which 1s the same whether the deformity
1s congemtal or acquired

A conspicuous anomaly mitiates a marked personality change
m most adult victims In the mfant and the child, the effect 1s
first of all on the immediate family, particularly the mother,
until the child enters the preschool age, when he meets new
friends and playmates, some of whom may be unkindly critical
At this time the child reahizes how different he 1s from other
children To protect himself from unkind nicknames and re-
marks, his tendency 1s to avoid others altogether, and thus the
psychologic harm begins

This emphasizes the mmportance of early surgery For the
child’s benefit, surgery should be performed well before he
has reached the immediate preschool age For the family’s
benefit (or peace of mind), surgical correction should be
made as soon as possible after birth

In many anomalies of the congemtal type, the correction
can be made shortly after birth The only deterring factors are
possible interference with the growth centers and the patient’s
abihty to wathstand surgery, including anesthesia If the
growth centers are traumatized by the procedure, a cessation
of growth may result in a new abnormality superimposed on
the oniginal one In fact, the postoperative defect may be worse
than the original anomaly, which may have mvolved only the
soft tissues The concern for the growth centers 1s especially
mmportant m skeletal anomalies, more so than n those affect-
g soft tissue This possibility usually precludes the use of
radiation of any type m mfants and children

Among the facial structures, the nose 1s the least amenable



CHAPTER 2

General Aspects
of Pediatric Surgery

Surgery in tho fant or child is a specialized field not merely
a scaled-down form of adult surgery Besides the variations of
immature anatomy and physiology there are specific indica-
tions and special skills with which the pediatric surgeon must
be familiar Patients in this age group show a tolerance for
surgery in direct proportion to the surgeons ability and plan
ning They particularly lack tolerance for loss of blood, and
iheir sensitivity to exposure and trauma requires short opera

tive procedure gentle tissue manipulation and expert adminis
tration of anesthesia

HISTORY
Much can be learned of the patlent and his condition by
careful history taking including the past history as well as the
iliness or anomsly currently under consideration In recording
data, it is best to express age in hours for the newbom infant
5
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In general, other deformities, congenital or acquired, should
be eradicated by surgery as early as possible. Some birthmarks,
1t must be remembered, regress or disappear Therefore sur-
gery may be delayed indefimitely, as these defects are of a
cosmetic nature and seldom involve function It 1s well to
inform parents of this

Many pediatricians measure an infant’s health by its gam
m weight When the mfant has oriented itself to its new en-
vironment well enough to regain the ounces which are nor-
mally lost shortly after birth, 1t 1s able to withstand the shock
of minimal surgery With acquired defects, the time to operate
depends on the degree of the trauma rather than on the gen-
eral good health of the patient It 1s best to combine the re-
constructive surgery with first-aid treatment, as frequently a
secondary procedure can be eliminated in this way The pa-
tient’s contours as they will be m adulthood—particularly the
face—must be carefully considered when reconstructive work
1s performed m youth If skeletal corrections are necessary, it
1s advisable to defer any attempt at final reconstruction until
after puberty

An axiom to follow concerming all deformities 1s that when
restoration of function 1s mmperative, cosmesis 1s secondary
The surgical plans should, however, consider both the func-
tional and the cosmetic results

It has been the authors” aim to compile material that will be
of service to the general practitioner, the dentist, and the
pediatrician mn acquainting their patients or patients’ relatives
with the best time for and the possibihities of reconstructive
surgery Therefore, Iittle space has been spent on techniques
and operatine procedures Just enough of the method 1s pre-
sented to equip the reader with the essential means for visual-
1zing the problem Readers who wish to mvestigate more thor-
oughly all the steps of the procedures can find them in any of
1 number of textbooks on general plastic surgery
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PHYSICAL ENAMINATION

Although a complete physical examination s desirable 1t is
often adwisable to proceed directly to the foel condition and
cvaluate the findings in the hght of the proposed surgery It is
well to remember that a trusting child will frequently exhibit
unusual fortitude An explanation of what is to be done if the
child is old enough to understand and cooperate will often be
rewarded by complete cooperation The well advised physi
cian will even tell the child that the exammation may be pain
ful but if sexere pain must be nflicted sedation or if neces
sary general anesthesta should be admmistered

Such objectine findings as the temperature pulse respira
tion and blood pressure must be evaluated according to the
childs age The temperature in infants and young children
averages shightly higher than in adults Extremes of tempera
ture over a broad range are produced by slight causes in the
child However a nse in temperature does not always mean
that infection is present. Infants and young children show tem
perature elevations unaccountebly or for tnvial causes such
as slight gastric upsets colds teething, or mild neurogemec dis
turbances such as might be induced by environmental changes

The pulse is normally irregular n the nfant It renges from
130 to 140 beats per minute at birth to 110 to 120 in the first
and second years and 90 to 100 from the second to the fourth
year finally slowing to the level of 75 to 80 at puberty Crymng
ot any trivisl excitement may ncrease the rate 20 or 30 beats
per minute even in adults

The respirations of the infant are irregular varymg from an
average of 25 to 35 per minute up to the first year and grad
vally dimimshing to about 18 to 20 per minute during the ffth
year The breathing is usually of the abdominal type untl the
tenth year after which the costal type predominates

The blood pressure is impossible to determine by the usual
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record 1s about 1600 Bc, and Breasted’® believed that 1t was an 1n
complete copy of a much earlier wrniting, perhaps as old as 3000 B¢
and possibly representing the teachings of Imhotep

The papyrus classifies head injuries as lacerations, fractures, com-
pound fractures, and compound comminuted fractures, and describes
each type carefully It likens a puncture of the cranum, for example,
to a hole 1n the side of a pottery jar With an open, communuted frac-
ture, the brain may be ruptured- “the membrane enveloping the brain
1s rent so that 1t breaks open his fluid in the 1nterior of his head ” Thus
1s the earliest recorded reference to the meninges and cerebrospinal
fluid In a closed comminuted fracture, 1t was noted, “his eye 1s askew
because of it, on the side of him having that injury which 1s m his
skull ” The folds of the brain lying 1n convolutions are described as
“corrugations which form on molten copper ” And the pulsations of
the brain were recognized as “something throbbing and fluttering
under thy fingers like the weak place of an infant’s crown before 1t
becomes whole ” Head 1njuries could produce facial distortions, motor
defects 1n the extremuties, and loss of speech from a wound in the
temporal region The directions for examining a person with a head
injury 1ncluded palpation of the wound, observation of the patient’s
movements and postures, and his ability to speak Even the examiner’s
sense of smell was called on

Lacerations were treated with adhesive material and, later, by suture
Treatment of fractures was conservative, judging by the skulls of
ancient Egypt Fragments of bone were extracted and wounds sutured,
but evidence of trephination has been found 1n a single skull only
“Fresh meat” was applied on the first day, thereafter, a dressing of Lint
saturated with grease and honey was used

Greece

There 15 some evidence that Greek medicine inherited many of the
Egyptian methods Hippocrates’s method of treating a dislocated
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mandible, for example, 1s similar to one described n the Edwin Smuth
Papyrus for the same condion.

The surgeon s art was highly esteemed 1n ancient Greece. Between
the ime of Homer and that of Hippocrates, a matter of some 6oo years,
considerable medzcal lore accumulated on anatomy, physiology, pathol
ogy, military medicine, and medical education. Greek avihization em-
phaszed harmontous, healthful lving The great leader and teacher
1n the healing art was Hippocrates,®® the son and grandson of physi
cians, who was born 1n 460 and died 1n 370 B.c. Although he 15 better
known for fus contribution to the ethics of medical pracuce, his ranonal
ideas on surgery and mediaine are equally great. His clear, concuse
writings bear witness to a rich chinical experience, keen obscrvation, and
clear reasoning In one of hus treatises, which included many examples
of fatal outcome, he states I have wntten this down deliberately,
believing 1t 15 valuable to learn of unsuccessful expennments and to
know the causes of their failure.”

Hippocrates held that no head injury was trnfling, since even wounds
involving only the mntegument might prove to be dangerous if neg
lected He divided shull 1njunies snto sumple fractures or fissures, con-
tusions without fracture or depression, fractures with depression, 1n-
dentation or a cut 1n the outer table of bone not necessanly attended
with fracture or contusion, and counterfissure or fracture by contre
coup He advised trephination 1n the first two types, ponting out that
when a fracture could not be madc to disappear by scraping, the tre
phine was to be apphed He thought operation should not be performed
10 extensive depressions, since such fractures were no more dangerous
than other shull injunes of less formidable appearance. When per
formung trephination, the shull was to be penetrated down to the
meninx, and the bone was to be sawed nearly through, leaving the
prece of bone to exfoliate. He cautioned against removing bone frag
ments i depressed fractures. His instruments included the modiolus,
later descnibed by Celsus'™ (F1g 34), which was not unlike the modern
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:
T

Fig 3 Circular saws of various periods (4) Third century modiolus ™ (%)
Fourteenth century trepan ** (¢) Sixteenth century saw 7% (d) Trepanation (frorTI‘I_
a manuscript at Oxford Uniwversity) *® (¢) Late eighteenth century trephine

(f) Eighteenth century brace and trephine® (g) Seventeenth century bone
brush 1¢

10
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trephine. Liquids, cataplasms, and bandages were to be used only for
wounds on the forehead or the face’

In the next several centunes, the great schools of anatomy and medi
cine 10 Alexandna flourished and declined, and considerable contn
butions were made to the knowledge of the anatomy of the nervous
system. No wnitings of Herophilus and Erasstratus, founders of the
school of anatomy, are extant, and we hnow about their work only
through the wntngs of Galen,” Celsus,” and Onbasius.* Both dis-
sected the human body and both investigated the nervous system
Herophilus differentiated between the cerebrum and cerebellum, and
described the torcular, choroid, retina, dura, pia, and the fourth ven-
tricle. He also described the pulmonary artery, which he called the
arteral vein He counted the pulse with a water clock, and made a
study of 1ts rate and rhythm

Rome (156 B.C.-250 A.D)

Celsus and Galen arc the most important medical figures of this
pertod Celsus, a resident of Rome about 30 AD., was not a physician,
but he compiled and translated treatises on medicine, agniculture, and
related subjects. His medical worls included the first account of the
use of the higature and a description of hthotomy

In his discussion of head njury, he drew freely on the writings of
Hippocrates. He recommended that the examuner ascertun whether
the patient had vomited bile, expenienced dimness of vision, loss of
speech, discharge of blood from the nose and ears, and whether he
had fallen down at the nme of the 1njury and lain senseless, these symp-
toms mght indicate 2 skull fracture and the mjury was to be regarded
as senous. Torpor accompanying mental aberrations, paralysis, or con-
tractures of the tendons ponted to tnjury of the cerebral membrane
and there was little hope for recovery 1n such cases. He recommended
examination with a speallum (sound) that was neither too sharp nor
too blunt to ascertain whether or not the bone was fractured. A detect
able roughness indicated a fracture, 1f the bone felt smooth, 1t was not

It
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broken He warned against mustaking a suture for a fracture, a mis-
take admutted by Hippocrates If a fracture could not be detected by
this method, 1nk could be poured on the suspected part and the bone
scraped, the bone would show a black discoloration were a fissure
present He pointed out that the fissure might occur at a distance from
the site of the blow, and called this a fracture by repercussion He
noted that a blood vessel 1n the cranial cavity mught be torn even
though the skull was not fractured, in such cases, the bone would look
pale, an observation confirmed by Abernethy' many centuries later

The operations for head injuries described by Celsus are probably
representative of his period If the injured portion of the bone was not
sufficiently exposed, the wound was enlarged and the periosteum was
scraped away with a raspatory When the integument was not lac-
erated, the skull was exposed by an incision consisting of two crossed
lines intersecting each other 1n the form of the letter X. Bleeding was
stopped by a sponge dipped 1n vinegar or by compresses and elevation
of the head Dressings of wool soaked 1n vinegar and bandages were
recommended for cramal fractures and fissures If the skin began to
heal and the fever to subside, this treatment was continued, the fissures
often filled with callus 1n such cases But if fever set 1n, with disturbed
sleep, loss of appetite, and a copious discharge from the wound, opera-
tion was necessary In a depressed fracture, a minimum of bone was to
be removed, when the edges of bone overlapped, the overlapping part
was to be removed with a raspatory In fractures in which the edges
were firmly pressed together, a hole was bored a finger’s breadth dis-
tance away with a wimble or terebra, and a V-shaped incision was
made to the fissure, with the vertex of the V at the hole and the base
at the fissure Long fractures might require more than one hole De-
pressed portions of bone were then carefully removed with suitable
forceps (Figs 2-3)

Galen, who lived 1n Rome from 1371 to 201 oD, was a skillful prac-
utioner who accomplished miraculous cures, mainly by the use of
polypharmacy He wrote voluminously, and his works form a huge

12
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encyclopedia of knowledge. His work on neurologic anatomy 15 ex
cellent. He 1denufied the dura, pra mater, corpus callosum, third and
fourth ventricles, and the sylvian aqueduct. He also 1dentified seven of
the twelve cranial nerves, recogmzed the sympathetic ganglions, and
descnibed the ven which bears lus name. Unul the ime of Harvey, he
was the foremost contributor to expenimental physiology, and he was
the first experimental neurologist he sectioned the spmal cord thereby
causing paraplegia, he produced aphoma by cuturfg the recurrent
laryngeal nerve, and he gave the first vahid explanation of the mech
anism of respiration

For hemorrhage, Galen advised placing the finges lightly on the
mouth of the bleeding vessel, and Ligating the vessel 1f necessary —an
carly observation on the value of the hgature. Nevertheless, despite hus
greatness, some of his dictums long prevented the advancement of
medieal knowledge One of these was his coneept that vital spirits 1n
the blood were transformed 1nto animal spints 1n the bramn and sup-
posedly coursed back and forth through the hollow nerves. His behief
that coction (suppuration) was essential to the healing of wounds led
to the use of setons and the concept of laudable pus.” This concept,
although combated by de Mondewille,* Paracelsus,® and Paré,™ was
not entirely vanquished until the ttme of Lister

Galen classified cramal fractures into those which extended to the
diplog and those wluch penetrated the nner surface of the bone, and
he divided the fractures into simple fractures, contusions, and depres-
sons. He listed three types of mstruments for operations on the cra
num  the cyclises, the lenticulan, and the raspaton Communuted de
pressions were to be removed entirely, but if fracture lines extended
farther, they were not to be followed to thetr ends. He apparently used

the trephine occasionally, but he preferred hollow chiscls which he
drove with a hammer

13
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Midthird ro Midnmeteenth Centuries

The Dark Ages

For al\lf_nost fourteen centuries after Galen’s death, European med:-
cine remained 1n a static state All through the Dark Ages and 1nto the
smmlcmc was 1nvolved 1n a vast argument
in which everything relating to anatomy, physiology, and disease was
referred back to Galen as final authonity

A few names emerge from the Dark Ages Oribasius 1n the fourth

century wrote a medical encylopedia This was the main source for
Paulus of Aegineta,” in the seventh century, his sixth book dealt with
surgery He classified skull fractures as fissure, incision, expression,
depression, arched fracture, and, in infants, a dent He gave specific di-
rections for the treatment of head injuries Shave the head about the
wound and make two 1ncisions intersecting at night angles, like the
Greek letter X; one of the incisions may be the wound itself Lay bare
the bone to be perforated, apply pledgets of oxycrate or a compress of
wine and o1l 1f there 1s bleeding If the bleeding 1s too heavy, apply a
compression bandage and proceed with the skull perforation the fol-
lowing day The patient may be seated or be placed in a rechiming
position His ears should be stuffed with wool so that he does not
hear the noise of the perforator After removing the dressing, assistants
retract the four angles of the incision, and loose fragments of bone, if
present, are removed The skull 1s perforated by an abapuston (an 1n-
strument so constructed that 1t cannot penetrate into the brain) The
bone 1s then broken by chisels and removed piecemeal with the fingers
or with a tooth forceps, bone forceps, or mppers Several perforations
may be made, and the bone between the perforations removed The
dressings applied after exposing the entire area without 1njuring the
dural membrane consist of a linen rag the size of the wound dipped 1n
o1l of roses and placed on the dural membrane Then a small ball of
wool saturated with the o1l and a compress dipped 1n wine and oil

14
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15 used to cover the whole wound. A bandage holds the dressing 1n
place The drewing should be loosened on the turd day and the
memnges sprinhled with cephalics.

Islam s princaipal service to medicine was 1ts prescrvation of Greckh
hnowledge after the capture of Alexandna by the Mohammedans.
Many of the medical writings 1n Arabic of this perod were by men of
Perman or Spanush birth, others were by Jews who reached Alexandria
after the destruction of Jerusalem. Mohammedan medicine had ats
start 1n the fifth century, wath the information collected by a persecuted
sect of Christians led by the priest Nestorius who had fled from Con
stantinople. In the following centuries, the works of Hippocrates,
Galen, and others were translated mto Arabic, and Abulcasts s* ency
clopedia of thirty books, three of which dealt with surgery, appeared
in the cleventh century Most of the matenal in 1t was copied from
Paulus of Acgineta. The books on surgery described cautery (the spe
cal feature of Arabic surgical technic), methods of extracting arrows
and of amputatons, and the treatment of wounds, fractures, and dis-
locations. The treatment of head 1njuries was almost identical with the
methods advised by Galen and Paulus.

The Crusades of the eleventh and twelfth centuries were the prin
cpal means 1 spreading Mohammedan knowledge to Europe. To the
school of medhane at Salerno, established 1n the eleventh century, and
the first 1n Europe, came Jewish physicians from the Near East as
teachers, for they were among the few who had any knowledge of
ancient learming at that tume.' Constantinus Africanus™ and Mai
monides™ (Rabb: Moses ben Maimon), the personal physician of Sala
din, fAourished 1n the eleventh and twelfth centunes. The former,
supposedly a native of Carthage, spent many years traveling 1n Arabia,
Inda, and Egypt. He collected copies of the worls of the Greek and
Arab writers, finally scttled down at the Itahan monastery of Monte
Cassine, and devoted the rest of hus hfe to translating hus collection 1nto
Latin,

The great unnersities of Pans, Oxford, and Cambnidge were estab-

5
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lished 1n the first years of the thirteenth century So were the schools
of Naples, Bologna, and Montpelier The Church was the dominant
force 1n the schools, as 1t was 1n all other departments of life Priests
were the physicians, surgery was the province of the barbers, progress
m all fields of medicine was at a standstill Among the few names 1n
medicine that come to us from this century are those of Theodoric,™
Gulielmus de Saliceto® (William of Salicet), and Henri de Monde-
ville *®

Theodoric treated wounds by a “dry” method because he disagreed
with Galen’s 1dea that “coction” or suppuration was essential for wound
healing Gulielmus de Saliceto used the kmife instead of cautery, and
wrote about head injuries De Mondeville believed that the studv of
anatomy was a fundamental requisite for the practice of surgery

The outstanding surgeon of the fourteenth century was Guy de
Chauliac *® He was physician to three popes at Avignon, and the
author of a treatise on surgery He described the escape of cerebrospinal
flud 1n skull fractures and noted the effect of 1ncreased pressﬁre upon
respiration

With the introduction of gunpowder, first used at the Battle of Crécy
1n 1346, a new type of head injury appeared — the penetrating wound
caused by a missile Hieronymus Brunschwig,” a barber surgeon of
Strasbourg, 1n his book on surgery published 1n 1497 advised cauteriza-
tion of the wound by boiling o1l of elder or by the cautery The first
work on surgery to appear in the English language was the translation
of Brunschwig’s treatise He recogmzed fracture of the inner table of
the skull without involvement of the outer table Giovanm de Vigo"
also described gunshot injuries and their treatment Burns, contusions,
and gunpowder poisoning, according to his work, were concomitants
of 1njuries due to bullets, and were therefore difficult to cure His treat-
ment consisted of moist applications and desiccation, and cauterization
with the boihng o1l of elder or by the cautery to keep the wound from
putrefying

Many others contributed to knowledge of surgery, medicine, and
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Fig 4 Perforators and dnlls of sanous periods. Sixteenth century dnlls of
Narvatio of Anuvu;p (€)™ and Berenganus (5) fifteenth century perforators
of Lanfranc (c—d) > uxteenth eentury perforators of Paré (£)** and Beren
ganus (f) 7
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anatomy 1n the sinteenth century The list of names 1s long Ambrose
Paré,”" possibly the greatest surgeon of lhus century, departed radically
from the customary treatment of head wounds, he discarded use of
cautery and merely dressed the wounds after applying a digestive He
introduced ligature 1nstead of cautery for bleeding arteries after ampu-
tattons His treatise on gunshot wounds included a summary of Ve-
salius’s anatomy, and he turned from dependence on the ancient writ-
ings, stating “You wall have to render account not to the ancients but
to God for your humanity and your skill ”

Paracelsus,” army surgeon and professor of medicine at the Uni-
versity of Basel, influenced European medicine for over a century, and
some of his theories survive 1n modern homeopathy He argued that
suppuration was not necessary for wound healing

Felix Wurtz,** a follower of Paracelsus, advised conservative treat-
ment of wounds, believed trephination 1nadvisable for skull fractures
caused by gunshot, and held that complicated instruments should not
be used to extract bullets from the cramal cavity He condemned the
use of styptics and cautery, except in amputations at the thigh Another
German surgeon who raised the standard of surgical practice was
Fabricius Hildanus *°

Joannes Andreas a Cruce™® taught 1n Venice, and was the author of a
well-known treatise, he employed several types of instruments for
trephination, including a brace and drillstock to which circular saws
and perforators were fixed with a screw (Fig 2) Narvatio Matthia®
of Antwerp mnvented a mechanical 1nstrument operated by a cogwheel
for trephination Hieronymus Fabricius ab Aquapendente®’ * dis-
covered the venous valves The name “trephine,” he thought, came
from 1ts triangular shape Botallus® described the foramen ovale, and
the presence of foreign bodies i the brain Thomas Gale” wrote a
treatise on gunshot wounds, the first English book on military surgery

The brain abscess resulting from penetrating head injuries was recog-
mzed, but such suppurating complications were left alone Opinion on
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the wisdom of removing bone fragments from fractured shulls was
divided Dyes were used to detect fissures, as 10 the Hippocrauc era.

Precontemporary Penod

The 250 years from the beginning of the seventeenth century to the
muddle of the nincteenth century can be regarded as the introduction to
the modern era. The enormous scienafic achievements of the seven
teenth century laid a firm foundation for progress m all disaplines.
Merely a lust of the names gives one a sense of spectacular creanveness
Harvey Newton, Bacon, Descartes, Willis, Lecuwenhock, Malpighy,
Galileo Kepler

The medical landmark was the publication of Willlam Harvey's™
work on the arculation of the blood Thomas Willis s™ work on the
vascular system of the brain, published 1n 1664, was sllustrated with
copperplate engravings, the first ime this type of illustration was used.
Lecuwenhock s microscope made possible Malpighs s studies in his-
tologte anatomy In 1667 appeared Richard Wiseman s™ text on sur
gery, including the treatment of gunshot wounds, John Brownes™
treatise Complete Discourse of Wounds appeared a few years later

There was general agreement at this ame that suppuraung wounds
should be draned by opening the skull According to the French sur
geon, Pierre Frangons Perey,® the gunshot wound was to be inased as
s0on as possible, and he was the first to use the term “debndement to
describe this method of wound management. The inciston was made to
avoud the creation of tension and to prevent strangulation of neighbor
g tusues by the edema resulung from mflammaton along the tract
of the mussile.
(Wepfer,™ 1o 1681, recognuzed chronic subdura) hematomayIn 1699,
de La Peyrome™ reported the first case of subdural abscess after head
wyury (fracture of the left parteral region) He used the trephine and
then 1ncised the dura, connderable pus was released and the patient
recovered.
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Scientific developments continued 1n full flood 1n the eighteenth cen-
tury The list of significant contributors 1s almost too long to gve,
Priestley, Volta, Franklin, Celsius, Watt, and Fulton, 1n medicine,
Morgagm, Hunter, Jenner, Linnaeus, von Haller, Whytt, Petit, Hesster,
Cheselden, Pott, the Monros, and Desault, in the special field of head
mjuries, Heister, Pott, Bell, Hey, Abernethy, Larrey, and Hilton.

The precepts of the last-mentioned group form the basis for our
modern management of head injury, and are therefore important
Nevertheless, successful treatment was limited, since wounds commonly
became 1infected whether operation was used or not The importance
of the cranial contents began to be recognized, but the mamn concern
was the management of the injuries of scalp and skull and of the ex-
tradural collections of blood and cerebrospinal fluid The importance of
the dura and the need to avoid its injury were generally recognized,
only after knowledge of asepsis gained firm footing, however, did
the management of head injury take the long step forward to surgcal
procedures on the intracranial contents as well as on the skull 1tself,

A few exceptions may be noted, however Peut® performed a success-
ful operation for a brain abscess following a penetrating head mnjury,
and Hill ** a successful operation for bilateral extradural hematoma

Lorenz Hesster*® discussed contusions and lacerations of the scalp,
and skull fractures, which he divided 1nto fissures, contrafissures, and
depressions He described the possible extravasations of blood into the
cranial cavity after a violent blow, and believed that these could cause
the unconsciousness or coma, paralysis, vomiting, and could be asso-
clated with bleeding from the mouth, ears, and nose, and inflamed or
swollen eyes

For head injuries without serious symptoms he advised the same
treatment as for wounds elsewhere Bleeding from the scalp was con-
trolled by a dressing of dry lint held 1n place by a ught bandage, in
some cases, alcohol or other styptics might be used Bags stuffed with
medicinal substances and boiled 1n wine were also recommended

He cmphasized the importance of avoiding trephination_over the

N
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sapttal suture 5o as to avoxd injuring the Jongrtudnal sinus, and advised
agamst perforating the frontal siuses. In depressed fractures, free frag
Thents of bone were to be removed, but care was required with decply
embedded fragments. He thought they should be left alone, especially
1f they could not be removed canly In infants and children with de
pressed fracturcs, apphication of a visaid plastes and exernon of pull on
1t might rasse the depressed area. Trephination was recommended for
intracramal extravasation of blood, and for gunshot wounds of the
head For subdural hematoma, he advised 1inasion of the dural mem
brane. e secopnuzed the luad ymterval n_cortan forms. of -besd
anjury He described extradural, subdural, subarachnoid, and intra
cerchral hematomas. He stated that 2 hematoma over the cerebellum
was tantly [l

The English translation of Heuster s book probably influenced Per
awall Pott,” of St. Bartholomew s Hasputal, onc of the century s great
surgeons, whose work on wounds and contusons of the head, skull
fractures, and concussion was published 1n 1/60. For 2 scalp wound 1n
which a good portion of the sealp was torn loose, he advised that 1t be
cleansed of all dirt and foreign matter, after which the loose skin could
be restored to 1ts posiion and held 1 place by sutures, plasters, and
bandages a sutch with a slip hnot was used. A sharp blow might so
njure the scalp as to cause 2 hematoma to form, the bordening scalp
area nught then present a sharp edge, and care was necessary not to
mustake thy for a depressed fracture, Skull fractures might occur
with or without depression, he pomnted out, and he listed the usual signs
of head myury vomiting giddness unconsciousness, loss of specch
and voluntary motion, bleeding from the cars, nose, and mouth But
he was among the first to pomnt out that some of the symptoms were
caused by the wnjury to the brain and the intracransal bleeding, rather
than by the skull trauma. A depressed fracture with extensive fissures
might occur without any symptoms He noted the possibility of severe

mental derangement immeduately after the injury, or f 2 progressive
detenoration after a normal nterval
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{In simple fractures without depression, trephination was performed
to obtain immediate rehef of symptoms arising from the pressure in
the intracranial space) Trephination was also indicated for the discharge
of purulent matter formed between the cranium and the dura matter.
and for different forms of intracramial hemorrhage Bloodletting was
the customary treatment in the conservative management of head
injury

_Depressed fractures Pott treated by removing those pieces of bone
which were completely separated and incapable of reunion and by
eanjmgmgg;wﬂl\an_elevator so that they were
properly aligned and did not press on the brain The trephine mught be
useful for removing normal bone next to the depressed area, if that

were necessary A collection of blood 1n the extradural space was to be
removed Bone fragments could pierce the dura, foreign matter could
be introduced 1nto the cranal cavity, fragments of bullet could be dis-
persed throughout the injured area Foreign matter and any free frag-
ments of bone were to be removed 1f 1t could be done easily and with-
out force, and the wound dressing, which usually consisted of linen
soaked 1n wine held in place with another dressing, should be applied
1n such a manner as to encourage drainage

He described what he called “puffy tumor” — actually an extradural
abscess — and reported the successful treatment of five cases Probably
his treatment succeeded because he resorted to operation before the
underlying arachnoid had become involved.

In his discussion of concussion, Pott stated that if unconsciousness
followed the 1injury immediately, 1t was probably due to a concussion,
but when 1t occurred some time later, extravasation of blood was the
most probable cause He described both fluid and organized blood clots
1n the space between the dura and pia, and undoubtedly also recognized
cerebral hygroma If dura pushed into an opeming made with the
trephine, he advised a crucial incision, although he admutted that while
such an 1ncision could release collected blood or fluid a serious situation
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might develop Alarming symptoms and death could oceur 1n concus-
won and commotion, cven 11 the absence of fracture or extravasation
as established by postmartem examination

John Hunter" was influenced by two great surgeons— William
Cheselden of St. Thomass Hospital and Perawvall Pott of St Bar
tholomew s. Hunter s pupils, n turp, ncluded Jenner, Cooper, Aber
nethy, Cline, Cleft, Parkinson, and Physick. All of them made agmifi
cant contributions to the development of surgery and in the early
years of the nineteenth century the leadership i this branch of meds
ane passed from the French to the English.

The List of those who made significant contributions and advanced
the borders of knowledge 1n the sciences, including medicine, grows
lang Not only the treatment of head injunies but the mechanism of
thewr production, was the subject of study and discussion i the eght
eenth and the first half of the nincteenth century An account of some
of this work may be found 1n Dulles. * Leading men interested 1n head
njury toward the end of the precontemporary period mcluded the
Bells, Cooper, and Aberncthy in Great Bntan, Larrey, Dupuytren,
and Desault 1n France, Dicffenbach Stromeyer, and von Bergmann
n Germany Purogoff wn Rumma, Phynick, Post, and McDowell m
Amenca,

John Bell,® 1n hus The Nature and Cure of Wounds argued against
the practice of cicatrizang wounds and of allowing wounds to fill with
proud flesh to the surface. For head wounds without signs of bram
trauma he advised pulhing the cut edges of the scalp together and
mtunng, even if there were no bone underlying the skin He ated
Berenganus (Berengaria da Carpt) ™ ™ as having successfully used thus
method 1 the sixteenth century In contrast to Pott, Charles Bell* and
athers of hus tme, he was oppased to the use of the trephine except
for depressed fractures. Concussion he deseribed as an affectson of the
whole nenvous system, and Listed the symptoms dulated pupils, slow
pulse, slow stertorous breathing, cold and possbly convulsed extrem.
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ities, and unconsciousness. He thought that concussion could be fatal,
He correctly differentiated between concussion and compression due to
hemorrhage or pressure by depressed fracture

John Abernethy,' a pupil of Hunter and his immediate successor,
recorded his observations on head injuries in 1811. He described extra-
dural and subdural hematomas, discussed hernia cerebri, and pointed
out that trephination was successful only in the treatment of extradural
collections of blood or fluid He also discussed concussion and cerebral
inflammation

Sir Astley Cooper,'” 1n his Lectures on the Prnciples and Practice of
Surgery, which appeared in 1824, discussed the mechanism of concus-
sion and suggested that it might be due to a change of function rather
than to a disorgamzation of the brain In shght concussion 1t was pos-
sible that only the cerebral circulation was disturbed, whereas 1n severe
concusston the brain might be torn Bloodletting was part of his treat-
ment of concussion, but not trephination He also emphasized the dif-
ference between concusston and compression Bloodletting and purga-
tives were the treatment of choice for skull fractures accompanied by
signs of brain injury.

For depressed fractures he advised conservative treatment if the scalp
was not lacerated For open fractures, with therr danger of resulting
brain inflammation, he thought the depression should be elevated His
indications for the use of the trephine were sound. (1) when there 1s
extravasation of blood between the dura mater and the skull, (2)
skull fractures with symptoms of compression, (3) in simple fractures
with depression and continued symptoms of compression; (4) in com-
pound fractures with depression, even 1n the absence of compression
symptoms, and (5) when matter had formed. In his dsscusston of brain
trauma, he pointed out that hemiplegia 1s often on the side opposite to
the mnjury

Cooper made an interesting experiment, comparable to that reported

by Cushing, and later by Browder and Myers, which he described as
follows:
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1n order to ascertan the symptoms anmng from depression, 1 tred the fol
lowing expenment 1 apphied the trephune to the cranum of a lasge dog and
ok out 2 portion of bone. 1 then with the handle of 2 kasfe separated the
dura mater from the bone for 1 found that I could make no impression on
the bran until 1 had done so, and then pressed upon st with my finger At
first the animal did not seem to feel 1t but upon presang more deeply
produced pam and weritanion, and he endeavoured to avoud st Upon sull i
creaning the pressuce, be became comatose and sunk on the table. T hept
1 this mate for five or six minutes when, upon removing my finger, he got
up, turned around two or three nmes from giddiness, and walhed away ap-
parently hittle worse for the operauon A gentleman who felt the animal s
pulie dunng the conunuance of the experiment, stated that it became slower
a3 the pressure was increased. In depresmon of the shull in man the pulse
1 the same —slow and labouring and the breathing it often stertorous,

Dominique Larrey* was a military surgeon and his expenience m the
Napoleonic Wars was vast. In hux opinion, the treatruent for 2 clean,
simple division of the skin caused by Brearms was closure with 2 prece
of fine perforated binen dipped 1n warm, sugared or honeyed wine and
spreading a balsamic substance over the surface 1 order to keep the
cdges together Adhenve strips were apphed to extennive and ragged
cuts, and then the dresung placed over them A few stitches might be
necessary an some cases, but an opening should be left to facihuate drain-
age of furds collecting under the shan. The trephine was mdispensable
in treating skull fracrures 1n which bone fragments muight be duplaced
and drven mnto the brain or when foragn substances were present m
the bram. If foraign bodies could not be removed without further
damage to the brain, they were to be left 1n place. Trephination mught
also be necessary 1 case of hemorrhage. Operation should be done as
5000 at posssble, since after 24 hours or more mflammation usually
developed 1 head wounds, and the trephine was then uscless He ex
plored wounds with a probe, but only when he was fairly certamn that
the dura was mtact. Hernia cerebn, he thought, was due to a deep-
stated inflammation within the parenchymatous substance, and the con
ditton was most difficult or impossible to cure,
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)

Dupuytren,™ 1n 1841, successfully treated a subdural abscess in a
patient who had been wounded by a knife two years previously and was
comatose and hemiplegic on the side opposite the injury After tre-
phination, which yielded no pus, Dupuytren incised the dura and the
brain substance, which released a large quantity of pus Several reports
of such abscesses were made during the century.*™ ™7 o7 7

Like Cooper and Larrey, Guthrie*™ thought the trephine should be
employed to remove indriven bone fragments and effused fluid He
advised examination of cranial wounds with a blunt, flat probe to de-
termine the extent of damage In the absence of a scalp wound, one
mught have to depend on the appearance of paralysis, most commonly
on the contralateral side from that of the brain injury, before proceed-
ing with exposure by the trephine and surgical treatment. He reported
two cases of subdural abscess after head injury

For a ime after the Napoleonic Wars, penetrating wounds of the
head were treated more conservatively Longmore™ thought trephina-
tion useless and even dangerous except in cases with indriven bone
fragments or for evacuation of an abscess This was also the attitude of
Stromeyer,” a German military surgeon, and of Macleod,” whose ex-
perience 1n the Crimean War led hum to state

The teaching of all was to lead us to wait; to purge the patient thor-
oughly; to remove only such pieces of bone as could be got at with the
forceps, and which were quite detached and loose, to bleed, 1f need b, locally
and even generally, to use cold applications when there was a fear of 1n-
flammation, to enjoin perfect rest not only to the body generally, but, if
possible, to give reposc to the special senses also, by 1solating the patient, and
thus removing the sumuls to their exeraise, to enforce the lowest diet, and
to continue all this treatment for a long period, even after all danger scemed
past, and, finally, to treat any incidental complications on general principles

This may be regarded as the view of most surgeons of the midnime-
teenth century
Although Luster’s principles of antisepsis became known 1 186y, the
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weatment of head wounds 1 the Franco-Prussian War (1870) and the
Russo-Turhish War (1877) continued much as before.

The Loowledge and methods of treatment of head injunes, as sum
marized by Hewett' 1 1861, reveals 2 surpnsing amount which 1
sull acceprable by modern standasds, For example, scalp wounds were
carefully cleansed, and the flap, however extensive, was seplaced and
held 1n place by plasters, compresses, or bandages, and a few sutuses, o
necessary Any pus under the scalp was drained Loose fragments of
bone were removed The trephine war rarely used The management
of a depressed fracture depended on the presence or absence of an over
Iying laceranon. Operative separr of open depressions was done as early
as possible, except m children and infants, 1n whom treatment could
often be conservative, A closed fracture, 12 a simple deprexsion, was
treated conservanvely

Duscharge of blood and MMMM%{&;‘
mjury, Hewett noted  bad been described as early as 1927 a watery dis-
cmw&d
Dicu and the source of the rlunorrhea was definitely wdennfied by
autopsy **

“Management of intracranial hemorrhage was hragted manly to col
lections between the skull and the dara An accanonal subdural hema
toma was also drawned Infection after openung the dura was often
fatal, and the suportance of laaving the dura ntact 1w tnstances where
1t wag not torn was thercfore emphanzed.

There was evsdent mterest in the mechansim of head wjury 10 the
aighteenth and nincteenth centunies. As early as 1769, the French Royal
Academy of Surgery offered a prize award for an essay on “the theory
of counter stroke 1n lenons of the head and the practical conclusions
that may be drawn from 1t "% In England, too men b ¢ Charles Bell #
and George Guthne™ began to expenment and speculate on the sub-
tect. On the bass of s expenmental observanons, Bell concluded that
ablow to the skull shortens the diameter paraliel to the direction of the
force and lengthens the one perpendhcular to at. Aran’ expenimiented
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with skulls from cadavers and dry skulls and evolved the “radiation
theory” of skull fracture According to this theory, a fracture of the
vault radiates to the base, taking the shortest route or the curve of short-
est radius, even crossing sutures Hilton™ discussed the role played by
the cerebrospinal fluid cisterns and by the configuration of the base,
particularly of the petrous bone, 1n dissipating the force of a blow to
the skull, 1n his opinion, these aided 1n damping the conduction of
“vibrations” to the brain. Von Bruns™ described the elasticaty of the
skull

Hewett*' divided skull fractures into vault and base fractures, and
the latter into direct and indirect Like Aran, he thought indirect
basilar fractures uncommon, indirect fractures might be caused by a
thrusting up of the spinal column or by the thrust of the condylod
processes or the lower jaw against the base of the skull.

Félizet*® reported that indirect fractures resulted from a disruption
by sphtting, and that the course of a fracture 1s determined by the bone
reinforcements, particularly the buttresses. midline frontal and occipital,
and lateral parietosphenoid and parsetopetrous He denied the valdity
of the vibration theory, believing the important mechanism to be a vio-
lent flattening of a portion of the vault, with separation of the resisting
supporting parts, .e., the buttresses. Fractures caused by impact perpen-
dicular to the cranial surface would radiate to the base

P von Bruns' suggested that basilar fractures were the result of the
special fragihity of this portion of the skull. Messerer™ demonstrated
that compression of the skull in one axis enlarges the circumference
at right angles to 1t He noted that indirect or contrecoup fractures
resulted from separation 1n the meridional plane, due to the depression
at the point of impact His work, and the earlier observations of V von
Bruns are particularly important 1n explaining the mechanism of head
injuries by static loading, as, for example, 1n birth 1njuries

Von Wahl ™ suggested that fractures may arse as a result of: (1) 2
crushing 1njury, m which the fracture line runs at night angles to the
axss of the force, or (2) bursting, in which the fracture lines are paraﬂel
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1o the axis of the force. Because of the shulls elastiaity, gradual com
pression would produce results different from those of sudden or acute
compression.

Littre, 1 170" described a fatal case of “concusnon” 1n a prisoner
who ran head first into a wall to escape punishment Exammnavon of
the panents head showed the bram to be shrunken, without other
lestons. During the following 150 years, concussion or ymmediate post
traumatic unconsciousness was cxpluned on the basis of mtracramal
commotion following an impact. “Functional disturbance” 1nvolving
the entire bramn was the explananon for concussion by Cooper '’
Gama* studied mass movements by the use of threads 1n 2 jelly to
nimulate conditions at smpact nvolving the head The more exact study
of the pathophysiology of head 1njury was to make 1ts begnning 1n the
latter part of the nincteenth century

Contemporary Perrod

While this pertod stretches from the second half of the nineteenth
century to the present day, only the beginnings of 1t will be bricfly
sketched here, The remander 15 essentially a part of all the rest of thus
book, and will be found tn appropriate places throughout our discus-
uon of the mechanusms, the treatment, and the complications of head
mjunes,

The great names that usher 1 our own times are, among others,
those of Lows Pasteur, Joseph Lister Claude Bernard, Rudolf Virchow,
and Robert Koch. Thewr contributions to our knowledge of bacten
ology, antusepass, cercbral physology, and cellular pathology made
possible the rapid advances m all fields of mediemne and surgery In
cranial surgery, Eenst von Bergmann,' Victor Horsley,' Fedor
Kravse,” and Samuel Gross™ all developed mportant techmes and
methods.

The two world wars, and the greatly improved technics of expent
mental study of our own century have brought with them a great
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expansion 1n the knowledge of the why’s and wherefore's of head in-
juries, and 1n what to do about them
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Chapter 11

ANATOMIC CONSIDERATIONS

Certain anatomic features of the head and cramospinal junction are
important 1n connection with the mechamisms and the causation of the
signs and symptoms of head 1njury. Most of the pertinent information
15 outhined 1n this chapter, as 1t applies to the problems of head njury,
some additional references to anatomy will be found 1n chapters dis-
cussing special problems, e.g., head injury 1n infants and children. In
so far as it seemed necessary for ease of understanding, the anatomy
and physiology of the brain are considered 1n the several chapters on
the clinical aspects of head njury

Scalp

The scalp 1s a 5 mm  thick structure composed of 5 layers: skin, sub-
cutancous tissuc, galea aponeurotica, subaponeurotic space, and the
periosteam. The loose subaponcurotic space and the frontals and
occipitahs muscles are responsible for the mobility of the scalp The
three outer layers are closely adherent and move as a umit. The gala
aponcurotica is attachud to the frontalis muscle anteriorly and the occi-
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pitalis muscle postenorly, these muscles serve the vohinonal scalp move
ments.

The scalp has an abundant blood supply The artertes are the supra
orbital, frontal, temporal, posterior aurscular, and ocapual, with ex
tensive anastomoses between the vessels of the two sides. Veins accom
pany the arteries and empty 1nto the veins of the face, and the external
jugular and anterior jugular groups. Some of the veins mn the ocapital
arca and about the ears empty mnto the deep cervical and the vertebral
venous channels.

Skull and Imtracranial Structures

Skall

The skull 15 2 spheroid structure, made up of the vault and the base,
enclosing brain, blood, and cerebrospinal flmd It 15 a closed cavity
sobdly supported by bone in all directions except at the foramen mag
num. This structural charactenstic 15 an extremely mmportant factor
1n myury to the brain stem centers by blunt head injunes (page 96)

In the adult, the thickness of the skull averages 2 to 6 mm. It 15 much
thicker 1n the vicinuty of the buttresses, and much thinner around the
temporal fossa sometimes almost paper thin In cross section, the vault
1 seen to consist of a solid outer layer, a cancellous middle portion
(diploe), and a solid mner layer As a rule, the outer layer 1s twice
as thick as the nner but occanonally the nner layer may be thicker
than the outer one as a result of diploic ramufications,

The diploe contams the diploic veins the frontal the antersor tem-
paoral, the postenor temporal and the ocaptal. These veins communt
cate with the large venous smuses intracranually and the extracranial
veins externally

The skull 15 also traversed by emussary vens which ave direct com-
mumecations between the mtracramual venous sinuses and the extra
cramal venous channels (1) the panctal and frontal emssary veins
with the sagittal smus internally and the scalp vans externally, (2)
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the mastod enussary vemn with the transverse sinus internally and the
scalp veins of the neck and mastoid area externally. In some shulls,
therc may be other emissary veins as well

The base of the skull 1s a membranous structure with a cancellous
or diploic layer only 1n certain areas The three main divisions of the
base are the anterior, the middle, and the posterior fossae The anterior
fossa 1s formed by the horizontal or orbital portion of the frontal bone
laterally, the lesser wing of the sphenoid and the body of the sphenod
posteriorly, and the cribriform plate of the ethmoid 1in the midhine,
Projecting upward from the midline of the cribriform plate 1n 1ts for-
ward portion 1s the crista gally, to which 1s attached the falx cerebr.
The middle fossa 1s formed of the greater wing of the sphenoid an-
tertorly, the body of the sphenoid (containing the pituitary fossa) in
the muddle, and the squama and the anterior aspect of the petrous por-
tion of the temporal bone laterally and posteriorly The anterior and
muddle fossae are separated by the sphenoid ridge, with its sharp, kmife-
like edge fiting against the junction of the frontal and temporal poles
of the hemispheres The posterior fossa 1s formed by the posterior as-
pect of the petrous portion of the temporal bone anteriorly and the
ocaipital bone posteriorly The foramen magnum 1s in the center of
the posterior fossa, with the basilar process of the occipital bone and
the posterior part of the body of the sphenoid forming the base of the
skull 1n front of the foramen magnum.

Buttresses and Shape of Skull

Flhizet,” i 1873, described the cramal buttresses as 6 i number:
single mudfrontal and midoccipital and pared parietosphenord and
parictopctrous buttresses The bone 1s thicker m the region of the but-
tresses; a fracture line progressing along the side of the remforced bone
tends to «xtend into thinner bone, whereas a fracture hine at right
angles to a buttress bisects 1t without difficulty

The stress characteristics of the skull are affected by the thickness
and strength of the bones, as well as by 1ts shape Varations i the
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shape of the head, therefore, can cause differences in the fracture pat
tern The stress charactersstics of an abnormaily long and narrow skull
(scaphocephaly) such as results from carly closure of the sagittal
suture, differ from that of the rounded skull (rurncephaly), or from
that of an asymmetric skull (plagiocephaly)

Dura Mater and Plarachnoid

The dura mater serves a double function it 1 the perosteum of the
nner aspect of the skull and 2 protecuve membrane for the bran.
It consusts of white fibrous tissue and yellow dlastic connectnve nssue
and 15 separated 1nto two layers— the endosteal, which 1s the mntra
crantal perosteurn, and the memngeal which 1s 1n juxtaposition to the
cramal contents. The two layers are closely adherent exeept in certamn
places where they separate to form the venous sinuses. The endosteal
layer adheres clasely to the mnner surface of the bones. The dura mater
15 prolonged to the outer surface of the skull through the foramens
at the base, and thus becomes continuous with the pencranum At
the foramen magnum the dura mater adheres closely to the bone and
13 conunuous with the dura mater of the spine. Four processes extend
inward 1nto the cramal cavity, formed by reduplication of the memn
geal layer the falx cerebn the tentonum cerebelly, the falx cerebelly,
and the duphragma sellac.

The arteries of the dura mater are (1) 10 the anterior fossa, branches
from the antenor and posterior cthmordal artenies, from the nternal
carotid artery and from the middle memngeal artery, (2) m the muddle
fossa, branches from the mternal maxillary and from the ascending
pharyngeal artenes some twigs from the snternal carond artery and
a securrent branch from the lacnimal artery (3) 10 the postersor fossa,
branches from the ocapital and vertebral artenies, an occasional branch
from the ascending pharyngeal artery, and a branch from the muddle
merungeal

The veins of the dura mater anastomose wath the diplose veins and
end in the venous sinuses. Some of the verns do not open directly into
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the sinuses but indirectly through a series of venous lacunae, along
each side of the sagittal sinus, particularly of its middle portion, and
near the transverse and straight sinuses After the age of 6, arachnoid
granulations extend 1nto the venous lacunae, particularly those along
the superior sagittal sinus.

The falx cerebr, a sickle-shaped fold of the meningeal layer, 15 lo-
cated 1n the midline and in a sagittal plane between the cerebral hem-
spheres It 1s attached to the crista galli anteriorly and blends with the
upper surface of the tentorium cerebellr posteriorly The sagittal sinus
1s located at the junction of the falx cerebri with the internal surface
of the skull The inferior sagittal sinus lies along the free margin of
the lower border of the falx Its attachment to the tentorium helps to
form the straight sinus.

The tentorium cerebelli, a transversely placed structure, separates
the posterior portions of the cerebrum from the cerebellar lobes Its
concave, free anterior border surrounds an opening, the 1ncisura tentorn,
for the passage of the brain stem. Laterally and posteriorly, the ten-
torrum 1s attached to the skull along the sinus impression on the -
terior surface of the occipital bone, where 1t encloses the lateral sinuscs.
Anteriorly, it 15 attached to the posterior clinoid process and the superior
border of the petrous part of the temporal bone on both sides, enclos-
ing the superior petrosal sinuses

The falx cerebellt 15 a small evagination of dura mater between the
two cerebellar lobes and contains the occipital sinus

The diaphragma sellae 15 a small, circular fold which covers the
sella turcica; a small opening posteriorly permuts the passage of the
infundibulum from the hypothalamus to the gland

The arachnod, a thin membrane made up of white fibrous and yel-
low elastic tissue, lies between the pia mater and the dura mater It is
almost avascular, and 1ts outer and inner surfaces are covered with
a low cuboidal mesothelial lining It covers the brain loosely but does
not dip into the suler between the convolutions. Over the convexity
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of the hemupheres the arachnord 13 thin and transparent at the basc
1t 13 thicker and opaque.

Withun the subarachnowd cavity, the space between the arachnod
and the pia mater, 2 sue consusting of trabeculae of connective tissue
and intercommunicating channels holds the subarachnod flusd The
cavity 15 much more evident 1n the sula than aver the convolutions,
where the arachnoid and the pia mater are close together At certain
parts of the basc of the brain, wide intervals, the subarachnoid aisterns,
separate the arachnoid from the pia mater

The pa mater 13 a vascular membrane of connective tissue covenng
the entire surface of the bran and dipping down bersween the cercbral
convolutions. Over the cerebellum the membrane 13 much more deh-
cate and 13 less intimately related to the cerehellar surface than it u
to the cerebral hemuspheres,

Intrscranial Calafications

A pumber of calafications are normally present. The calufied pineal
gland 1 ymportant, baing found 1 50 to 6o per cent of adults and
varying mn duamcter from 1 to § mm., 1t may be displaced by a space
occupymng lesion The habenular catafication 1 a Cshaped shadow
directly m front of the pincal, with the open end of the € directed
posteriorly It, too, may be shifted, but s posiion about 6 mm 1
front of the pineal and 1n about the same position i the center of the
head should be kept 1n mund Calafic deposits 1n the falx cerchr and
on the dura are often seen, 1n some instances, displacement of such
a depott may ndicate the ude on which 2 mass lesson 1 present.
Pacchiontan bodies near the midline of the vertex appear as small
shadows of 5 to 10 mm. diameter 1n relation to the pacchionsan granu
lanons. Calaificanions in the diaphragma sellae, the tentorsum cere-
belly, and the petroclinoid higament may also be present.
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Paranasal Sinuses

The paranasal sinuses include the frontal, ethmoid, sphenoid, and
the maxillary The frontal sinuses are practically absent at birth, while
the ethmoid and maxillary sinuses are of fairly good size although not
aerated They become aerated during the first few weeks of hfe, al-
though the maxillary sinus 1s not fully developed untl the age of 7
The sphenoid sinus begins to form about the third year as an cvagina-
tion of the posterior superior portion of the nasal cavity into the body
of the sphenoid bone

The frontal sinuses are usually 2 1n number, separated from each
other by a septum, occastonally, there are two or more sinuses on
each side, connecting with the nose by separate osttums or intercom-
municating with each other. The size of the frontal sinuses varies from
large enough to involve the entire frontal region from temple to temple
and extend 1nto the vault for 4 to 6 cm to very small, or, a sinus may
be lacking on one side The sinuses communicate with the nose through
the frontonasal duct, or through a separate osttum emptying into the
nose, or through the anterior ethmoidal cells into the nose The inner
wall of the frontal sinus forms part of the base of the skull and the
floor of the anterior fossa

The ethmod smuses or cells range 1n number from 3 to 18, but
usually are 10 or more on each side of the midline between the medial
orbital wall and the lateral aspect of the upper nasal border They are
divided 1nto an antertor and posterior group, the anterior cells empty
mto the frontal recess, the ethmoidal infundibulum, or directly mto
the muddle meatus; the posterior cells usually open into the superior
meatus The cclls extend from the region posterior to the frontal sinuscs
to the antenior border of the sphenoid sinuses

The sphenord sinuscs, usually 2 i number, one on cach side, vary
n «ize and shape They ampty mnto the postersor nares above and be-
hind the supcerior nasal concha. and occasionally communicate with
cich other. In some, the sinus may extend into the lesser wing of the
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sphenaid and completely encircle the optic canal, or mto the greater
wing of the sphenoid, or 1nto the prervgoid process and posteriorly
into the baslar process of the ocaiprtal bone.

"The mazillary sinus or antrum lies within the body of the maxilla
the floor of the sinus 15 the roof of the mouth ity anterior wall 15 part
of the face, posteriorly 1t 15 bounded by the infratemporal arca, and
1ts roof 15 the floor of the orbit. The antrum usually measures about
3X2X3 cm., but the cavity may be smaller or larger The simus
emptie through an opening mnto the ethmodal nfundibulum 1m
medutely under the muddle turbinate

Ethmoid Bone

This bone consists of four parts a perpendrcular plate, a honzontal
plate or cribrform plate, and two lateral masses or labyrinths. The
perpendicular plate forms part of the nasal septum. The labyrinths
connist of the cthmoidal cells the lateral surfaces are formed of the
faminac papyraceae, which m turn abio form the medial walls of the
orbits. The honzontal or cnbnform plate forms part of the base of
the anterior fossa 1n the mudhine, The crista gallt nises from the muddle
of the cribnform plate, and serves for the attachment of the anterior
end of the falx cercbn, the deep grooves of the plate on esther side
of the crista gallh contain the olfactory bulb and foramens for the
passage of the olfactory nerves, The anterior and posterior ethmodal
foramens scrve for the passage of blood vessels and other nerves.

Orhit and Its Contents

The bony structure of the orbit consusts of (1) the roof formed by
the orbital plate of the frontal bone anteriorly and the lesser wing of
the sphenowd posteriorly (2) the floor, formed manly by the orbital
surface of the maxillary bone, by the orbital process of the Zygomatic
bone anteniorly and laterally and by the orbial process of the palatne
bone medually and posteriorly, (3) the redual wall, formed by the
frontal process of the maxillary bone, the lacrimal bone, the lammna
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papyracea (a very thin wall separating the ethmoidal air cells from
the orbit), the ethmoid, and a small portion of the sphenoid body,
(4) the lateral wall, formed by the orbital surface of the greater wing
of the sphenoid and the orbital process of the zygomatic bone More
posteriorly, 1n the vicinity of the optic foramen, the lesser wing of the
sphenoid contributes to the lateral aspect of the optic opening

The optic foramen, or apex, which affords passage for the optic
nerve and the ophthalmic artery, is a 4 to 10 mm long canal between
the body and the lesser wing of the sphenoid On its medial aspect
are the sphenoid sinuses, or, if the latter are not well developed, the
posterior ethmoid sinuses The sphenoid sinuses may extend into the
greater wings of the sphenoid, thus completely surrounding the optic
canal The same relationship to the canal may occur if the ethmoid
sinuses are overdeveloped

The superior oblique muscle arises above the margin of the optic
foramen and ends in a cartilaginous structure attached to the trochlear
fovea The inferior oblique muscle arises from the floor of the orbit
just posterior to the orbital rim near the opeming for the nasolacrimal
canal. The common tendon around the optic foramen gives origin to
the rectus muscles: the superior, nferior, lateral, and medial rect.
The supraorbital fissure lateral to the optic foramen affords passage
of the third, sixth, and fourth cramal nerves, the ophthalmic division
of the fifth cramal nerve, and sympathetic nerve fibers and the oph-
thalmic veins.

The orbital fasciac include the periosteal hining, also called the pen-
orbita, which helps to form the orbital septum anteriorly and the ten-
don of Zinn posteriorly. This lining 15 continuous with the dural hning
intracranially at the various foramens. Tenon's capsule, a layer of
fibrous tissuc surrounding the orbital fat of the eycball, is immedr-
ately nternal to the periorbita Extensions of the capsule sheath the
muscles surrounding the cyeball

The optic nerve, together with the piarachnoid and the dura, tra-
verses the opuc canal. A subarachnoid space usually accompanics
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the optic nerve and extends to the lamina cribrosa, at which pomt the
puarachnod and dura become atiached to the scleral hming of the
cycball The orburl porton of the optic nerve, 20 to 30 mm long
follows a2 somewhat tortucus course, to allow for the movements of
the eyeball. In 15 course through the canal, the ophthalmic artery u
inferior and lateral to the opuc nerve. The length of the nerve between
the canal and the opuic chiasm 15 about 10 mm. Just before it enters
the cyehall the nerve 1s pierced by the rennal artery, and nerve and
artery pass into the mtenor of the eyebail. The anatomic dustribution
of the optic radsation 1s described by Spalding ” After leaving the lateral
gentculate body, optic fibers tend to go forward and then bend pos-
teriorly forming Meyer s loop 1n the depth of the postenior temporal
lobe, they then extend toward the caleanine cortex on the lateral aspect
of the ventricular body vertically and 1n the form of a horseshoe, with
the open end toward the ventricle along the posterior horn

The eyeball 15 enclosed within Tenons capsule, surrounded by
muscles, nerves, and penorbutal fat. The eyeball 15 made up of 3 layers
the sclers, the chorad, and the retina The chorad forms the s, with
its centrally located pupd, and the sclera forms the transparent cornea
i front of 1t. The antenor chamber of the eye contams the aqueous
humor, the postertor chamber the visad vitreous. Although the eye
ball 1# quite tense, there 15 a certan amount of give to 1t. The nerves
that pass through or end in the orbit melude the ophthalmic division
of the tngeminal and the oculomotor, trochlear, and abducens nerves,
as well as sympathetic and parasympathetic fibers.

Temporal Boae

In the adult, the temporal bone conststs of the squama the petrous
portion which contamns the heanng and lbyninthine apparatus, the
mastord and the tympanic portions, and the styloid process. The tem-
poral bone articulates wath the parietal bone and the sphenoid an

tertorly and supenorly the occiprtal bone postertorly, and with the
mandible and zygomatic bone.
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The squama, the anterior and upper portion of the temporal bone,
15 thin, translucent, and with a smooth outer surface; it serves as at-
tachment for the temporabis muscle The zygomatic process, which
houses the mandibular fossa, projects from the lower part of the
squama, at the junction with the petrous portion Immediately pos-
terior to the mandibular fossa, on the external aspect of the squama,
1s the external auditory meatus, made up of a lateral cartilaginous
part and a medial bony portion Posterior to the meatus 1s the mastoid
process, a conical projection of the mastoid portion of the temporal
bone

The mastoid part of the temporal bone 1s 1ts posterior part On its
outer surface 1t serves as attachment for the occipital and posterior
auricular muscles and more 1inferiorly for the sternoclerdomastord,
splenius capitis, longissimus capitis, and digastric muscles

The petrous portion, or pyramid, 1s at the base of the skull, between
the sphenoid and the occipital bone Its anterior surface forms part
of the middle fossa, 1ts posterior surface the front part of the posterior
fossa The supertor border has a groove for the superior petrosal sinus
Along the anterior surface are the Inatus of the facial canal, the 1m-
pression of the carotid canal, and the tegmen tympani, the thin roof
of the tympanic cavity. Postertorly, there is a sulcus for the sigmord
stnus; 1n the middle third 1s the nternal acoustic meatus, and 1n its
lateral third, the structures of the inner car.

Tympanic Cavity (Middle Ear)

This complicated structure conststs of a lateral or membranous wall,
a medial or labyninthine wall, a postertor or mastoid wall, an anterior
or carotid wall, the tegmental wall or roof, and the jugular wall or
floor It contains three ossicles — the malleus, the mncus, and the stapes
— which are smportant 1 the conduction of sound waves when the
tvmpanic membrane 1s ntact. The malleus 1s attached to the fateral
wall, which s largedy formed by the tympanic membrane; it articu-
Lites wath the stapes, which 1s attached to the fenestra ovalis, an open-
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g m the medial wall. This oval opening communieates with the
vestibule. The floor, a thin layer of bone, covers the jugular ven and
bulb, the postertor wall commumcates with the mastoid cells through
the antrum the antenior wall separates the rmiddle ear from the carotd
canal and 15 1n communication with the eustachian tube the medml
wall, 1n addution to the fenestra ovahis, has a round opening, the fenestra
cochlea or rorunda and a promontory betwween the two opemings.

Acoustic Nerve (Cranial VI

This nerve 13 composed of a cochlear and a vesubular portion. The
cochlear nerve transmits sounds, as nerve umpulses, from the organ of
Cort1 to the bram. The vestibular, or balancing nerve, carmes 1mpulses
from the vesubular saccule and utricle and the semarcular canals thus
serving to control the onentation of the bodv at rest or m motion
The cochlear duct, a spiral structure communicating with the vestib-
ular saccule and protected by the cochlea, mediates the reception of
sound The duct 1s filled with endolymph and contawns the organ of
Corts, the receptor organ of hearing

Both the auditory and balanang mechantsms arc located 10 the inner
car or labyrinth It consists of two parts the osseous, which 15 2 senes
of cavities within the petrous portion of the temporal bone, and the
membranous a number of commumcatng sacs and ducts wathin the
cavity The membranous structures are filled with endolymph, a simlar
flmd the penlymph hes between the membranous structures and the
bony caviues enclosing them. The saccule, the utricle, and the semt
arcular canals make up the membranous labyninth. All three struc
tures contasn scnsory hair cells covered by a gelatinous material con-
taming particles of calcwm carbonate, the otoliths, the movements of
which stimulate the sensory cells.

The vestibular and cochlear nerves, united i a common body the
acousuc nerie, pass through the mternal auditory meatus, behind and
shightly ifenior to the facial nerve, enter the brain stem near the lower
lateral border of the pons, and then run separate courses. The primary
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cell station of the vestibular nerve 1s the vestibular ganglion, 1 the
internal auditory meatus The centrally directed fibers end i the four
vestibular nucler: the superior, lateral, medial, and spinal Fibers from
the vestibular nucler join the medial longitudinal or posterior longi-
tudinal fasciculus, and also form the vestibulospinal tract The possi-
bility of a vestibular center 1n the cortex 1n the temporal lobe arca has
been suggested

Fibers of the cochlear nerve, whose primary cell station 1s the spiral
ganglion, on entering the medulla oblongata, connect with the dorsal
and ventral cochlear nucler Other fibers course upward and connect
with the inferior colliculus, the medial geniculate body, and finally
with the cortical auditory centers 1n the transverse temporal gyrt of
the superior temporal convolution Since the fibers arsing from the
dorsal and ventral cochlear nucler ascend on both sides of the mud-
line, destruction of the cortical auditory center on onc or the other side
does not result 1n deafness

TFacial Nerve (Cranial VII)

The seventh cranial nerve (factal nerve or mtermediofacial nerve)
is composed of a main motor portion and a smaller sensory and vis-
ceromotor root, the nervus intermedius Both portions emerge on the
lateral aspect of the brain stem and enter the internal auditory meatus
along with the acoustic nerve, the nervus intermedus lying between
the facial and acoustic nerves In the internal auditory meatus, the
facial separates from the acoustic and enters the facial canal, where
it hes adjacent to the tympamic cavity At the geniculate ganghon.
which contains the cells of origin of the nervus intermedius, the nerve
turns from 1ts lateral direction, bending caudally untl 1t reaches the
stylomastoid foramen After 1ts cxat from this foramen, the nerve enters
the parotud gland and then divides 1nto several branches which supply
the facial muscles It also sends fibers to the stapedius and the tensor
tympam muscles m the muddle car, and to the stylohyoid and the
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platysma muscles n the neck. The sensory fibers of the facial nerve
medtate the sense of taste 1n the antenor two-thuds of the tongue via
the charda tympan: nerve. The visceromotor fibers of the facial nerve
help to control lacrimation through the greater superficial petrosal
nerve, which branches off at the gensculate ganghon.

Structures and Relationships at Incsurs

The incisura 1s an openung about 40 mm. wide n the tentormum. It
extends for about 55 mm. from the chnoid processes on both sides to
the junction of the falx cerebr and the tentonum 1 the mudhne, the
point at which the struight sinus begins, with the great ven of Galen
emptying 1ato st. A rather large vein nearby, the basal ven of Rosen
thal, empties 1nto the great vein of Galen The former usually paraliels
the course of the postenior cerebral artery around the cerebral peduncle
The two postertor cercbral arteries give off several twngs to the bramn
stem which extend 1nto 1t at the interpeduncular space. The posterior
communscanng arteries extend farward from the posterior cerchral
artery to the carotid arteries on both sides The third cramal nerves
(oculomotor) pass forward to the lateral aspect of the pitwitary fossa
through the cavernous sinuses, and the fourth cramal nerves (trochlear)
alio extend 1n the same direction, more laterally and caudally The
antenor peduncles of the midbrain are 1 2 lateral and anterior pon
tion and are only 3 to 5 mm. from the incisural edge on both sides
The meduml portion of the uncus 15 normally apposed to the ineisural
opening

Vascular Structures

Anterial blood 1 supplied by the external and internal carond ar
tenes and the vertebral arteries, and thewr branches. The venous dran
age 18 accomphished by the cerebral vemns and the dural nnuses, with

the diploic and emussary veins funcuoning as communications between
the intracranial and extracranial venous channels,
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Middle Mcningeal Artery and Veins® ©

This artery 1s a branch of the external carotid through its internal
maxillary branch It 1s accompanied by 2 or 3 veins 1n its intracranial
course and supplies the greater part of the dura in the muddle two-
thirds of the cranium. It enters the cranium through the foramen spi-
nosum 1n about 57 per cent of cases, and erther divides into an antcrior
and posterior branch immediately, or runs along the greater wing of
the sphenoid bone for 1 to 5 cm before dividing 1nto the two branches
The anterior branch 1s usually larger, and appears to be a continuation
of the main trunk In some, the anterior branch may be given off from
the ophthalmic artery, and 1t may then enter the cramial cavaty through
the supraorbital fissure; 1 such cases, the foramen sprnosum may be
absent, or 1t may be a passageway for a smaller artery, the equnalent
of the posterior branch. In 6o of roo cases studied, the anterior division
extended through the greater wing of the sphenoid for 1 to 3 ¢m 1
a bony canal *

In the adult, the meningeal artery 1s partly encased mn a groosc on
the mner surface of the skull; these grooves are absent or are extremely
shallow 1n infants and children.”

Internal Carotid Artery and Vertebral-Basilar Complex

The 1nternal carotid anses from the carotid bifurcation at the upper
horder of the thyroid cartilage and courses upward 1n front of the
transverse processes of the upper 3 cervical vertebrac After it enters
the carotid canal, the artery at first courses along the anterior asped
of the tympanic cavity, then medially and forward unul it perces the
dural hmng on the side of the sphenoid body, where it forms a U-
shaped structure known as the siphon. The ophthalmic branch 1€
givan ofl as the artery enters the dural sac, and several other branches
after 1t prerces the dura maters the anteror and muddle corcbral ar-
terses, the posterior communicating artery, and the anterior chorondal
artery

-
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The stem of the internal carotd may be compressed by mncreased
tntracranial pressure and cerebral edema, edema of the temporal Jobe
with resultant medial compression, parnicularly, distorts this vessel

Anterior Cerebral Artery

It courses forward from 1ts origm to the Jongitudinal fissure, passing
over the optic foramen and the anterior perforated arca. At the fissure
1t conneets via the anterior communcating artery with the anterior
cerebral from the opposite side. A branch s given off just before thus
pomnt— Heubner s artery also known as the medhal strate artery or
the recurrent branch — which supplies the anterior portion of the n
ternal capsule and the caudate nucleus. Other antenor stoiate branches
supply the hypothalamus The two anterior cerebral artenies run side
by side through the fissure, around the genu of the corpus callosum,
and then along the upper surface of thus structure to its postenior aspect.
Infenior (frontopolar), mddle (callosomarginal), and posterior (pen
callosal) branches are given off The nferior branches supply the or
butal surface of the frontal lobe, the muddle branches, the corpus
callosum and the paracentral lobule and the posterior branches, the
precuncus and the naghbonng lateral surface of the hemusphere.

The anterior cerebral artery may be distorted as a result of increased

wtracramal pressure, particularly m sts relation to the falx cerebrs and
the corpus callosum

Middle Cerebral Artery

This artery 15 a rather direct continuation of the mterpal caroud
It first courses m the sybian fissure, then on the surface of the msula
where 1t divides 1nto several branches (1) the lateral struate, supply
g the basak nucle and the internal capsule, (2) the mfenor lateral

frontal (3) the ascending frontal, (4) the awcending panietal (5) the
panetotemporal  and (6) the temporal
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Posterior Cerebral Artery

Thus artery 15 a branch of the basilar artery, but 1n a small percentage
of cases 1t may be a branch of the internal caroud. The artery circles
around the cerebral peduncle and reaches the inferior surface of the
occiprtal lobe. Small branches supply the posterior aspect of the thala
mus and hypothalamus Anterior and posterior temporal branches are
distributed to the uncus and the more posterior portions of the inferior
temporal gyrus A calcarine branch supplies the cuneus; a paricto-
occipital branch, the cuneus and the precuneus.

Involvement of the posterior cercbral artery by deformation of the
bramn stem due to increased intracranial pressure, particularly asso-
ciated with temporal lobe or uncal hermation, may result in extensive
infarction of the ocaipital portion of the cerebral hemisphere, on onc
or both sides.

Among the branches of the vertebral and basilar compley, the su-
perior cerebellar arteries may be compressed and distorted by uncal
herniation, the pontine branches of the basilar may compress the ab-
ducens nerve, the anterior-inferior cerebellar and the posterior-infurior

cercbellar arteries may be involved in herniations about the foramen
magnum

Arterial Supply of Pituitary Gland

According to Dawson,” the prtuitary gland and 1ts stalk are supphed
by the superior hypophysial arteries which arise from the mtracramal
portion of the internal caroud artery, by the infundibular branches
ansing from the posterior communicating arteries, and by connecting
vessels from an anastomosis on the anterior aspect of the optic chiasm
The anterior prtuntary 1s supplied by two sets of vesstls from this anas
tomosis, one extending along the surface of the stalk and the other
forming the portal system wathin the stalk. The postertor priuitary lobe
15 supplicd from the internal caroud arteries in the cavernous sinuses
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Veins

The cerebral veins are dvided into an external and an mnternal group
The internal group consists of 2 miternal cerebral verns draming the
deeper portions of the hensphere, ncluding the thalamus, the stnate
bodtes, the corpus callosum, and the choroid plexuses. They unste to
form the great vein of Galen which enters the juncuon of the wnfertor
sagiral and the straight sinuses.

The external group wncludes the supenor, wfenor, and muddle cere
brat vans. The superior cerebral vans, 8 to 12 m number, empty e
the sagattal sinus. The antersor vesns run nearly at right angles, whereas
the more posterior and larger vemns are darected obhiquely forward
and medually The largest vans dramn the precentral and posteentral
areas 1n the muddle and posterior thurd of the sagital sinus. The
muddle cerehral van 1 a large venous channel 1n the sylvian fissure
which ends 1n the cavernous unus. A vein communcating between
the superior and muddle cerebral vens, first described by Trolard, 18
known as the great anastomonc vein of Trolard. The infersor vemns
dramn the undersurface of the hemuphere and jon the cavernous
the sphenoparietal, and the supertor petrosal sinuses. The posterior
anasternotc vein of Labbé forms a communication between the middle
cerebral ven and the transverse sinus.

The diplore vens located n the cancellous layer between the outer
and nner wbles of the skull, are thin walled rrregulzr, large vessels
communicating with the dural sunuses and the meningeal veins ntra-
cranally and the vens of the epicranum extracranmlly The mam
branches are the frontal, the anterior T temporal, the postertor temporal,
and the ocapieal. The fronti diploic opens nto the supcnor sagittal
sinus and the supraorbital vein, the antenor temporal, nto the spheno-
panetal sinus and a deep temporal vamn, the posterior temporal, 1nta

the ranserse snus  the ocapital mto the ocapital vern externally or
mnto the confluence of sinuses.
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The enussary vens are communicating channels between the miny
cramal venous sinuses and extracranial vemns The two found mos
constantly are the paretal and the mastoid, connecting the sagitial
and the transverse sinuses, respectively, with extracranial veins,

Dural Sinuses

The dural sinuses are endothehal-hned spaces between the periosteal
and meningeal layers of the dura These channels convey the blood
from the cerebral meningeal and the diploic verns nto the general
arculation They communicate with extracramal veins via emissary
veins which run through foramens 1n the cramal bones There are 16
sinuses 1n all — 6 unpaired median sinuses and 5 pairs of lateral sinuscs.
the superior and inferior sagittal sinuses, the straight sinus, 2 trane
verse (lateral) sinuses, the ocaipital sinus, 2 superior and 2 nferior
petrosal sinuses, 2 cavernous sinuscs, 2 1ntercavernous sinuscs, the
basilar sinus or plexus, and the sphenopanctal sinus

The superior sagntral sius 1s triangular 1n cross section; 1t 1§ located
in the convex margin of the falx cerebri, extending from the foramen
cecum of the frontal bone 1n front of the crista galli to the internal
ocapital protuberance posteriorly, where 1t enters the confluence of
smuses The posterior portion of the sinus 1s much larger than the
anterior one. The anatomy traversed by the sinus varnes considerably.
Usually, the sinus enters the right transverse sinus Among the superior
cerchral veins, those artsing from the vicinity of the motor and sensory
cortex enter the posterior half of the sinus There are at least 3 venous
lacunas on cach side of the sinus—a frontal, a large occipital, and 2
large parictal — which cmpty into the superior cercbral yoins; thee
lacunas are not present at birth, but are farly well developed by the age
of 7 Arachnowd granulations are said to cxtend into these lacunas, per
mitting the raabsorption of the cercbrospinal flnd.

The infersor sagstral sinns 1s located m the inferior frec margin of
the faly cerebri. It catends bachward unul it ends m the straight s
whicl 1 focated w the folds of the tentorum cerebells The sreaghi
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stang 0 turn emptics nto the confluence of simuses, usually nto the
left transverse sinus. The straight sinus, which recetves the great vain
of Galen 1n addition to the inferior sagittal sinus, and several supenor
cerebellar vemns on 1ts infertor surface, 15 an umportant structure.

The cavernons sinnses on both ndes of the body of the sphenowd,
are traversed by many trabeculas, The sinuscs communicate with each
other via anterior and postenior communications. The oculomotor
and trochlear nerves, and the ophthalmic branch of the trigerminal
nerve, pass through the lateral snus wall, and the abducens nerve
and the caronid artery medially The cavernous sinuses communicate
with the transverse sinuses through the superior and mfenor petrosal
sinuses and the basilar sinus, and with the pharyngeal and pterygod
plexuses via vens pasming through the foramens ovale, spinosum,
rotundum, and lacerum Of the vans eraptying into the cavernous
sipuses, the more important are the ophthalmic vein and the veins
from the infersor surfaces of the frontal lobes 1n some, these vens,
3 or 4 1n number first eopty into the sphenopanctal sinuses, which
1n turn empty into the cavernous sinuses. In about 30 per cent of cases
that come to operation, these large veins are present they are eanly
torn 11 exploration of the pitwtary region and the uncal area of the
temporal Jobe.

The transverse sinnses are continuations of the supenor or wnfertor
sageeal sinuses, or of both, and of the strarght sinus, the nght trans-
verse snus 13 usually a continuaton of the superror sagittal sinns
whereas the left transversc 15 2 continuation of the straight smus. The
sinuses extend laterally, forming an 8 curve in the mastord area which
extends soto the jugular foramen as the yugular bulb and the 1nternal
yjugular vemn. The impresons of the transverse sinuses can bhe seen
on the mternal aspect of the skull extending laterally from the
ternal oceptal protubcrance toward the petroocoipital yunction at
which pont the sinuses recene the supenor petrosal vewn, vens from
the medulla and bram stem, and tnbutary vans from the supenor
surface of the cercbellum and the ifenor surface of the temporal
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and ocapital lobes The temporal and occipital tributaries arc fre.
quently encountered 1n supratentorial exploration of the temporal lobe
and the temporo-ocapital cerebral junction

The supertor petrosal sinuses anse from the cavernous sinuses, and
are located 1n the anterior and lateral margins of the tentorium cere-
belli attached to the superior edge of the petrous bone. In 50 per cent
of the cases that come to operation the sinus passes over the root of
the trigeminal nerve, and under the root of the nerve 1n the remainder;
n some, 1t divides so that one portion of the sinus passes over the root
and the other portion under the root of the gasserian ganglion

The ferior petrosal sinuses also anse in the cavernous siuses In
the region of the petro-occipital suture 1n the posterior fossa, the
sinuses extend 1nto the jugular foramen and empty 1nto the jugular
vemns In thar lateral course from the cavernous sinus they pass be-
Jlow the petrosphenoid ligament, together with the abducens nerse,
and enter the jugular foramen between the glossopharyngeal and
vagus nerves

Craniospinal Junction

The rotating atlas permuts effortless turming of the head through
180° Vertical movements, which are less essential, are restricted by
the internal and external cramocervical hgaments, which protect the
bony structure from dislocation Short, cruciform hgaments mamtain
fixation of the adontoid processes Short higaments also preserve the
atlanto-aval relationship The arucular capsule about each articular
facet provides structural stabiliy. Antcriorly, the anterior longtudimnal
hgament checks extension; posteriorly, the posterior longitudinal B
ment, the ligamentum nuchace, and the supraspinous higaments give
sceursty i v parflevion,

The vertebral arenes, i ther course through the transverse forr
mens, are well protected by bone, the lateral processes, howesen
arc thin. and mas be fractured The foramen magnum and the cer-

50



Anatomic Considerations

vical canal allow ample room for the upper spinal cord thus pro-
viding an extra margin of safety aganst mjury
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and occaipital lobes The temporal and occipital tributaries are fre-
quently encountered 1n supratentorial exploration of the temporal lobe
and the temporo-occipital cerebral junction

The superio1 petrosal sinuses arise from the cavernous sinuses, and
are Jocated 1n the anterior and lateral margins of .the tentorium cere-
belli attached to the superior edge of the petrous bone In 50 per cent
of the cases that come to operation the sinus passes over the root of
the trigeminal nerve, and under the root of the nerve 1n the remainder;
1n some, 1t divides so that one portion of the sinus passes over the root
and the other portion under the root of the gasserian ganglion

The nferio1 petrosal sinuses also arise 1n the cavernous sinuses In
the region of the petro-occipital suture in the posterior fossa, the
sinuses extend nto the jugular foramen and empty 1nto the jugular
vemns In their lateral course from the cavernous sinus they pass be-
low the petrosphenoid ligament, together with the abducens nerve,
and enter the jugular foramen between the glossopharyngeal and
vagus nerves

Craniospinal [unction

The rotating atlas permuts effortless turning of the head through
180° Vertical movements, which are less essential, are restricted by
the imternal and external craniocervical ligaments, which protect the
bony structure from dislocation Short, cruciform ligaments mamtain
fixation of the odontoid processes Short ligaments also preserve the
atlanto-axial relationship The articular capsule about each articular
facet provides structural stability Anteriorly, the anterior longitudinal
ligament checks extension, posteriorly, the posterior longitudinal liga-
ment, the ligamentum nuchae, and the supraspinous ligaments give
security 1n hyperflexion

The vertebral arteries, 1n their course through the transverse fora-
mens, arc well protected by bone; the lateral processes, however
are thin, and may be fractured. The foramen magnum and the cer-
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vical canal allow ample room for the upper spinal cord, thus pro-
viding an extra margin of safety aganst mpury
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Chapter 111

MECHANISMS OF
HEAD INJURY

Most of the causes of head injuries fall into two main groups. direct
and indirect A moving object striking a nonmoving or slower moving
head 15 a direct cause of injury, whereas the sudden stopping or de-
celeration which occurs when the moving body and head come m
contact with a nonmoving or slower moving object 1s an ndirect cause
Another indirect cause 1s the sudden setung 1nto motion or accelera-
tion of the body and the head at different rates of acceleration; this is
a frequent cause of whiplash injurics of the head and neck When the
cause 15 ndirect, there 15 a likelihood that other body structures have
also suffered injury Injuries at the craniospinal junction are partict-
larly frequent, since a sudden acceleration or deceleration of the head
may causc stress on the neck structures which fix the head to the body,
if severe cnough, the stress may injure ligaments and muscles or frac-
ture the ccrvical spine and imure the spinal cord and 1ts blood supply:
A munor head injury may thus be accompanied by a major mjury of
the cervical spine Table 1 hists the causes 11 a serics of 716 cases

Whether the cause of injury 1s direct or indirect, the physical cffects
may include deformation of the skull as a result of compression or 11
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bending of the bone and ‘or acceleration or deceleration of the head and
of the intracramal contents,

Tarte 1 Canses of Head Ingury n 716 Cases®

Cause Number of cases Percentage
Automobile acaidents 146 204
Struek by vehscles 122 170
Blows 251 351
Object unknown 102 142
Fighting and beatings 70 97
Blunt obyects 47 66
Metal objects 30 49
Cotlison 1n bali play 2 03
Falis 159 n2
Accadents while drusk 31 43
Bicycle acridents 6 0.8
Attempted wacrde i 01

* Pan of the senies of 1,285 casm,

Collsston between two objects creates energy Whether the moving
head hits 2 stattonary object, or 2 moving object hits the stanonary
head, or head and ebject moving at different velocaties hut cach other,
the head absorbs some of the energy of the collimon, the amount de
pending upon the mass, density, shape, and relative veloaty of the
stnking object. The damage which must result when sufficient energy
1 absorbed includes shull fracture with or without scalp injury, cerebral
contunon or laceranon, and concussion. Collision betwzen the moving
head and a stationary object decelerates the head and 1ts contents
contact between a moving object and a head at rest but free to move
accelerates the head and i1 contents linearly angularly, or both, con
tact between a moving obyect and head not free to move, on the other
hand causes deformation prmanly, with aceeleration occurning only
i the region of the deformauon. These aircumstances can be charac
terized as dynamie conditions. Under stanc condtions, such as occur
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when the head 1s caught between a slowly moving heavy weight and
a fixed object, there 1s deformation without acceleration or deceleration

The size and shape of the object with which the head comes in
contact considerably affect the amount and character of the deformation
and the occurrence of acceleration or deceleration. A small, sharp object,
such as a stiletto, may penetrate the scalp, skull, and brain without
causing appreciable deformation or acceleration and without producing
unconsciousness Small, light objects traveling at hugh speeds may cause
little deformation or acceleration when they strike the head because the
kinetic energy 1s slight On the other hand, a large mass moving at a
low speed may produce considerable deformation without appreciable
acceleration or deceleration

The physical effects of blows to the head are (1) deformation of the
skull, with possible fracture or squeezing of the intracranial contents, or
both, due to a decrease 1n volume, (2) sudden increase in intracramal
pressure at the time of 1mpact, (3) mass movements of the intracranial
contents due to different acceleration rates of the skull and its contents,
(4) distortion of the skull and dural septums, (5) shearing off of a
portion of the head without necessarily producing an appreciable in-
crease 1n 1ntracranial pressure, (6) shearing and tearing of intracramal
contents due to greatly increased intracransal pressure, as 1n bullet and
shell fragment 1njures, (7) combinations of any of the above effects

These various effects may cause injury by one of three mechanisms:
(1) by compressing, pushing together, or “squeezing” the tissucs, ()
by tension, or by tearing the tissues apart, (3) by shearing, or shding of
tissues over each other All three of these mechanisms may operatc
simultancously i different areas or 1n different directions 1n the same
area For instance, the scalp may be compressed or mashed at the site of
the blow; the skull may be crushed by the compressive forces or 2
fracture may occur due to tensile stresses, 1f rotation of the head occurs,
portions of the brain may be compressed by contact with adjacent bone;
other portions may be torn by the tension produced as the bramn rotates
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with respect to the shull, finally, sheanng may occur duc to pressure
gradsents, principally 1n the region of the bram stem.

The role of sudden compression of the chest and abdomen 1 the
causation. of brain myury 18 not well understood Underwater blasts
may capse antracransal damage through pressure impulses along the
vascular channels. In the monkey the anjection of 2 to 4 cc. of flud
into the carotrd artery results 1 an expansion of the pial artertes of
50 ta 250 4 1 sze. Sudden compression of the chest by band also
causes expansion of the vessels, parucularly the pral vewns. The pres-
ence of subcortical areas of damage deseribed by Strich may be more
canly explained on the basis of injury by thoracic compression at the
vme of mmpact, leading to petechial hemorrhages in the white matter
along the venous channels {see p 305)

Many physieal and chemcal changes, inchuding hemorrhage or roas-
swe bleeding swelling and edema of the tissucs, and the secondary
pathologic phenomena of absorption repair or nflammation, occur
after the 1mital effects of the blow In serious mjunes, there may be
hemorrhagse extravasions s the bran stem secondary to hermation of
the uncus and brain stem as a result of mass lestons and cerebral swell
ng

, Scalp Inpuries

The type of scalp wound found 1n head 1njury 1s usually related to the
physical properuies of the injuring object. A blow by a blunt obyeet may
or may not produce a reachly visble scalp brise, although close ex
amnation will often reveal an area of contusion A sharp object will
puncture or lacerate the scalp and if 1t 15 moving rapidly may cause ex
tensive contuston around the central punctured arca. A thin sharp,
pomnted nstrumene (1eepick, stdetto) may cut or puncrure the scalp
only shghtly but the intracranial damage may be much more serious.
A hard blow by a heavy unyielding ebyect (blackjack, stec! bar, heavy
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when the head 1s caught between a slowly moving heavy weight and
a fixed object, there 1s deformation without acceleration or deceleration

The size and shape of the object with which the head comes in
contact considerably affect the amount and character of the deformation
and the occurrence of acceleration or deceleration A small, sharp object,
such as a stiletto, may penetrate the scalp, skull, and bram without
causing appreciable deformation or acceleration and without producing
unconsciousness Small, light objects traveling at high speeds may cause
Iittle deformation or acceleration when they strike the head because the
kinetic energy 1s slight On the other hand, a large mass moving at a
low speed may produce considerable deformation without appreciable
acceleration or deceleration

The physical effects of blows to the head are: (1) deformation of the
skull, with possible fracture or squeezing of the intracranial contents, or
both, due to a decrease in volume, (2) sudden increase in intracramal
pressure at the time of 1mpact, (3) mass movements of the mntracransal
contents due to different acceleration rates of the skull and 1ts contents,
(4) distortion of the skull and dural septums, (5) shearing off of &
portion of the head without necessarily producing an appreciable 1
crease 1n intracranial pressure; (6) shearing and tearing of intracranial
contents due to greatly increased intracranial pressure, as 1n bullet and
shell fragment injuries, (7) combinations of any of the above effects

These various effects may cause 1njury by one of three mechanisms:
(1) by compressing, pushing together, or “squeezing” the ussucs, (2)
by tenston, or by tearing the tissues apart, (3) by shearing, or shding of
tissucs over each other All three of these mechanisms may operate
simultaneously 1n different areas or 1n different directions 1n the same
area For instance, the scalp may be compressed or mashed at the sie of
the blow, the skull may be crushed by the compressive forces or a
fracturc may occur due to tensile stresses, 1f rotation of the head occurs,
portions of the brain may be compressed by contact with adjacent bonc;
other porttons may be torn by the tension produced as the brain rotatés
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with respect to the skull finally, shearing may occur due to pressure
gradients, principally 1n the region of the brawn stem

The role of sudden compression of the chest and abdomen in the
causation of bramn injury 1s not well understood Underwater blasts
rmay cause intracranial damage through pressure 1mpulses along the
vascular channels. In the monkey the 1njection of 2 to 4 cc. of flud
mnto the carottd artery results 1n an expansion of the pial artertes of
50 to 250 £ 1n mze Sudden compression of the chest by hand also
causes expansion of the vessels particularly the pral vemns. The pres
ence of subcortical areas of damage desenbed by Strich may be more
cantly expluned on the basis of mjury by thoracic compression at the
ume of impact, leading to petechial hemorrhages 1 the white matter
along the venous channels {(see p 308)

Many physical and chemical changes, including hemorrhage or mas-
nive bleeding, swelling and edema of the ussues, and the secondary
pathologic phenomena of absorption repaur, or inflammanon, occur
after the 1mual effects of the blow In serious injunies, there may be
hemorrhagic extravanons in the bran stem sccondary to herniation of
the uncus and bramn stem at a result of mass lesions and cerebral swell-
ng

R Scalp Injuries

The type of scalp wound found 1n head mjary 15 usually related to the
physical properties of the injuring object. A blow by a blunt obyect may
or may not produce a readily vusble scalp bruue, although close ex
aminaton will often reveal an area of contusion. A sharp object wall
puncture or lacerate the scalp, and if 1t 15 raoving rapidly may cause ex
tensve contusmion around the central punctured area. A thin sharp,
powted mstrument (iceprck  stiletto) may et or puncture the scalp
only shghtly but the intracranial damage may be much more serous.
A hard blow by a heavy unyselding object (blackjack, stecl bar, heavy
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tools, steel handles) not only bruises but also lacerates the scalp The
scalp 1njuries incurred 1n automobile accidents may be (1) lacerations,
(2) cuts by broken glass, (3) contusions from contact with blunt and
unyielding structures, and () evulsions, particularly if the body has
been dragged by the vehicle

Varied scalp wounds are caused by shot, bullets, or shell fragments
Shot cause multiple small wounds which become ecchymotic. and often
the pellets are palpable in the scalp, if the discharge 1s at close range,
so that the impact 1s at or near muzzle velocity, the mnjury 1s usually
devastating and may be fatal The entrance wound of a bullet 1s usualh
small, with or without a surrounding area of burned skin, if there 1
an exit wound, 1t 1s much larger and the intracramal damage at the
exit 1s apt to be extensive. Shell fragments lacerate, evulse, or destroy
small or large areas of the scalp Less tissue 1s destroyed by low-velocity
than by high-veloaity mussiles While the edges of a wound caused by
a low-veloaity mussile are ragged and contaminated, the high-velocity
missile devitalizes the tissue for as much as 2 to 3 cm around the actual
wound

Skull Fracture

The deformations of the skull resulting from a variety of causes have
been studied by the stresscoat and strain gage technics The stresscodt
technic consists of applying a coat of brittle lacquer (the stresscoat) 10
a test object, in this case the skull When a certain amount of stran
occurs 1n the underlying materal, the lacquer cracks, and the pattern
of the cracks reveals the extent of the deformation which the blow pro
duced 1n the object An electric strain gage permuts exact measurement
of the amount of strain applied as well as 1ts duration

Experiments were carried out on the calvariums of dogs and mon-
keys under anesthesia, on the calvariums of dead animals with con-
tents ntact and on the dry skulls, and on human cadaver skulls with
contents ntact and on dry skulls The dry cadaver shulls werc strese
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Fig. 5 Stresscoat patterns after blows to skulls. Posteropanetal bow o skull
of anesthetized dog (#') 1o shull wath iniaet contenta (#*) and to dry skull ()
Midparsetofsontal blow to skull of anesthctized rhesus ‘monkey (81} to shull
with sntact contents (64) and o dry shull (8') Posteropanctal hammer blow to
human cadaver skull (c') and smpact of deceleration an dry «kull (¢¥) Latero-
frontal hammer blow to human cadaver shull {d%y, and 1mpact of decelerauon
on dry skull (d*)
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Fig 6 Stresscoat patterns after low-veloaity blows (dry human shulls were
dropped onto a flat steel surface) (a) Midocapital blow, outer cracks from
outbending of bone (a'), inner cracks from nbending of bone (), crachs at
base near foramen magnum from tearing-apart stresses (a*), and composite dir-
gram of mbending (blickh) and outhending (dotted) (8%). (#) Parctal blow,
outer crachs from teanng-apart stresses n laterofrontal, temporal, and postero-
parietal regions (&%), inner cracks from inbending (#°), and composite digram
of 1nbending (blach) and outhending (dotted) (7).
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coated on both inner and outer sucfaces 1n order to study the stran
patterns after a blow, due to inbending and outbending of bone. The
cracks 1n the stresscoat on the outer surface revealed the stresses duc to
outbending, those on the mner surface, the stresses due to inbending

Figures 5 and 6 1llustrate some of the results of our studies While
the degree of skull deformation 1n anesthetized ammals and of therr
dry skulls diffcred somewhat, there was considerable corrdlanon both
1n the direction and the pattern of the cracks 1n the stresscoat. The same
was found to be truc of the human skulls. A midocaipital blow caused
an uregular area of nbending at the point of impact, with cutbended
areas about the foramen magnum, in the parieto-occipital region
bilaterally, and 1n the interparietal midline area antertorly (Fig 6) The
most severe stresses occurred 1n the ocapital squama With a parsetal
blow (Figs. #9), the area at the point of impact bent 1n, with outbent
areas around 1t, the most severe outbending occurred 1n the anterior
tempora] area.

From the test results we concluded that a skull which strikes, or 1s
struck by, a smooth flat surface at moderate velocities (as in falls, n
dustnal accidents, and automobile acadents at low speeds) simultane
ously bends inward at the point of impact and outward at some dis-
tance from 1t. A stronger blow causes greater deformation, several sites
around the inbended area bend outward, producing an undulanng pat
tern of 1n and outbending At hugher than moderate veloay, a blow
causes 2 localized 1njury — a depressed or perforated fracture. Missiles
of extremely high veloaty, eg high-speed nifle bullets, may shatter
the entire skull by () transmussion of the mussile s high Linetic energy,
and (a) the shattering effect of the bullet s passage through the shull.

Expenments on the dry skull are tlfustrated 1n Figure 10, on 1impact,
a % mnch solud stee] pellet travclhing at 50 feet per sccond caused a linear

fracture, the tame pellet traveling at go feet per second neatly perforated
the skull
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Ig 7. Darietnl blows (aircle) to cadaver shull. (@) Cracks 1n stresscoat n tem-
poral region (a'), and diagram of deformauon pattern (snbending at point ©
contact, outhending clsewhere) (a”) (&) Strain gage studies 4 hours after death’
(&) shull prepared for study, () strn gage torn by fracture, (6') OSCli!Ogmm
showing total tme (0004 <cc.) of shull detormation. (4}) osallogram with one
Ieam of oseillograph recording contact between strihing object and sealp while
other beun continucs recording until arcunt 1s opened by fracture line, scalp
compression 1n 00006 second shull deformation and fracture 0 0006 second later.
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Fij, 8. Posteropanictal blows to cadaver skulls, (a!) Primary stress (1) 1o tem-
poral area from outbending (e') moderate blow with single hnear fracture,
(') Heavier blow with primary (1) and secon (2) stresses, and (4') mod-
erately heavy blow with tnple linear fracture, (¢f) Severe blow, with areas of
pnimary (1) sccondary (2) and tertiary (3) strowser. (*) Severe blow  with
multilinear fracture communution, roughly following inbent areq, and depression
at point of impact.
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Tig. 9. Interpanctal blow with stellate fracture in cadaver shull. (a) Separate
fracture lincs 1n outer table. (&) Fracture lines in inner table ractures extending
to temporal and mastod regrons on night (¢) and nto external auditory meatts
on left (d). (e=f) Fracture extending into orbital roof, involung crbriform plate.
dorsal surface of right petrous bone, and temporosphenord junction of night nud
dle fossa
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Fig 10 Relation of velocity and nze of object to type of fracture. (a) Steel
ball, % inch diameter umpact veloaty 50 feet per second Lnear fracture, (&
Same ball impact veloaity 90 feet per sccond  clear perforauon. (¢) Steel

% och duameter impact velocity 90 feet per seeond  outer table indented, smaller
abyect at same veloaty lacked energy to perforate skulll
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Linear Fractures

Analysis of the stresscoat patterns reveals that a low-veloaity blow
causes mnbending of the arca of impact and outbending of the ad-
jacent bone A lhinear fracture begins in the outbended area and extends
both toward and away from the point of impact The extension toward
the impact area can be explained by the fact that after initial inbending
the bone bends outward and thus becomes a region of stress concentra-
tion This may not be manifest in every nstance, due to anatomc
varnations 1n the thickness and stress characteristics of the shull. A
stronger blow, transmitting greater energy, causes a communuted or
multilinear fracture, also begimning n the outbended arcas and extend-
ing toward and away from the point of impact With blows of still
greater energy, the bone breaks circumferentially about the point of
mpact, the extent of the fracture being limited by the previously
formed radial fracture lines The deformation and fracturc pattern 15
governed to some extent by the properties of the object striking or
being struck. Thus, if the head strikes a yielding object, such as a flat,
thin, metal sheet, the skull will be only shghtly deformed, with a corre-
sponding decrease 1n the Iikelihood of fracture.

With blows 1n the parictal region (Figs 7-9), the primary stress area,
and thercfore the site for the start of a hincar fracture, is the anterior
temporal region With mncrcasing encrgy, additional cracks appear in
the stresscoat, indicating, 1n the order of their appearance, the areas of
sccondary and tertary stresses Experiments further showed that ap-
proximately 00012 sccond ss required to produce a fracture; dunng
the first half of this mterval, the scalp 15 deformed and
duning the second, the bone undergoes deformation o S
appears Blows dednerad to the mudfrontal, anters ™7 7
mudocapital, and right and left posterior parsetal r
cadaver shulls showed that the presence of hair. scalp,
contents had a neghgible effcet on the posit™
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but not on the energy required to produce them. The energy ranged
from 425 Ib per square inch to over goo Ib (Table 2) Studics re
vealed the scalp s tremendous capacity to absorb energy, at least ten
tres as much energy was required to fracture an mntact cadaver skull
as 2 dry shull, for which as little as 40 b per square inch sufficed The
average tensile strength of compact bone 1n the cadaver skull has been
found to be 10,150 ps, the average compressive strength of compact
bone at nght angles to 1ts surface, about 24,500 ps1, and parallel to sts
surface about 23,100 ps1.*® Whale the energy requirements for fractures
of the embalmed cadaver heads and those of living individuals may
differ, we believe that this factor 1s of no greater sigmficance than are
the normal 1individual differences 1n the heads of living persons.

Tanre 2. Experimental Skull Fracture in Cadaver Heads*

Head  Distance Total
weight dropped emergy  Accelera Time  Siucof Site of
]

Heed no 1 mdb  nom g sec blowt Jractret
1 856 60 515 240 00013 RO O wo?P
2 10 44 60 629 460 00013 LF LF wlP
3 681 715 489 32 00015 RF RF wolLP
4 925 54 500 456 00011 LO Nonpe
5 950 (53 618 557 00019 LO  Done

*Head no 3 Negro male- others, white male.
tR, nght, O, ocapital L., Icft F, frontal P, petrous

Figure 11 shows the results of tests to determine the areas of greatest
weahness (primary stress areas) of the human shull. Each of 100 shulls
was divided 1nto 12 quadrangular areas and each area was subjected to
a blow with decelerauon. The results lead us to believe that the
locaion of 2 linear fracture can be predicted with reasonable accuracy
if the ite of 1mpact 15 known and conversely, that the pornt of impact
can be determined from the location of the fracture (Fig 12)

A blow 1n the paretal region can cause a hnear fracture 1n the tem
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Linear Fractures

Analysis of the stresscoat patterns reveals that a low-velocity blow
causes inbending of the area of impact and outbending of the ad-
jacent bone A linear fracture begins 1n the outbended area and extends
both toward and away from the point of impact The extension toward
the impact area can be explained by the fact that after initial inbending
the bone bends outward and thus becomes a region of stress concentra-
tion This may not be manifest in every instance, due to anatomic
variations in the thickness and stress characteristics of the skull A
stronger blow, transmitting greater energy, causes a2 comminuted or
multilinear fracture, also beginning in the outbended areas and extend-
ing toward and away from the point of impact Wath blows of still
greater energy, the bone breaks circumferentially about the point of
impact, the extent of the fracture being limited by the previously
formed radial fracture lines The deformation and fracture pattern 1s
governed to some extent by the properties of the object striking or
being struck Thus, if the head strikes a yielding object, such as a flat,
thin, metal sheet, the skull will be only shightly deformed, with a corre-
sponding decrease 1n the likelihood of fracture

With blows 1n the parietal region (Figs 7-9), the primary stress arc,
and therefore the site for the start of a linear fracture, 1s the anterior
temporal region With increasing energy, additional cracks appear in
the stresscoat, indicating, 1n the order of their appearance, the areas of
secondary and tertiary stresses Experiments further showed that ap-
proximately 00012 second 1s required to produce a fracture, during
the first half of this interval, the scalp 1s deformed and compressed;
during the second, the bone undergoes deformation until a fracture
appears Blows delivered to the midfrontal, anterior 1nterparletals
midoccipital, and right and left posterior parietal regions of intact
cadaver skulls showed that the presence of hair, scalp, and intracranial
contents had a neghgible effect on the position of the resultant fracturcs,
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but not on the energy required to produce them. The energy ranged
from 425 Ib. per square inch to over goo Ib (Table 2) Studies re
vealed the scalp s tremendous capacity to absorb energy, at least ten
times as much energy was required to fracture an intact cadaver shull
as a dry skull, for which as little as 40 Ib per square inch sufficed The
average tensile strength of compact bone 1n the cadaver skull has been
found to be 10,150 ps, the average compressive strength of compact
bone at right angles to 1ts surface, about 24,500 pst, and parallel to 1ts
surface about 23,100 pss ™ While the energy requirements for fractures
of the embalmed cadaver heads and those of Living individuals may
differ, we believe that this factor 1 of no greater sigmficance than are
the normal 1dividual differences 1n the heads of living persons.

Tase 2. Experimental Skull Fracture in Cadaver Heads*

Head  Dastance Total
weighe droppea' energy  Accelera Time  Sue of Sute of
Head no 1 wmdb  ton g  sec Howt frocturet

856 60 515 240 00013 RO O twP
1044 60 629 460 00013 LF LF woLP
6.81 715 489 372 00015 RF RF wlLP
925 54 500 456 00011 LO None

950 65 618 557 00019 1.0 Nome

[ N

*Head no 3 Negro male others, white male.
tR.nght O, acapial L., left F,, frontal P., petrous

Figure 11 shows the results of tests to determune the areas of greatest
weakness (prumary stress areas) of the human skull, Each of 100 skulls
was divided 1nto 12 quadrangular areas and each area was subjected to
a blow with deceleranon The results lead us to beheve that the
location of a linear fracture can be predicted with reasonable accuracy
if the ite of impact 11 known and, conversely, that the pount of impact
can be determined from the location of the fracture (Fig 12)

A blow 1n the panetal region can cause a hinear fracture in the tem-
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Fig 11. Sites of fracture from low-veloaty blows to 100 cadaver skulls, cach
divided (A4) 1nto rectangular areas of about 2 X 1% inches Dotted areas show
sites of blows, numbers and lnes show the percentages and directions of frac
tures in each area (B) Midfrontal blows (C) Anterointerparetal blows D)
Left anteroparietal blows (E) Left posteroparietal blows (F) Left paricto-
ocapital blows (G) Posteromnterparsetal blows (H) Midoccspital blows (/) Left
frontal blows
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Fig 1 (connnued) Sec tegend page 72

poral area (Fig 7) Wath blows to the antenor portions of the head,
Itacar fractures may 1avalve the roof of the orbit on one or both sides
Often, the cribriform plate 11 involved, and the fracture Jine may ex
tend laterally or through the pituitary fossa into the basilar process of
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Fig 11 (conunued) See legend page 72

the occipital bone Blows 1n the interparietal regions cause lincar frac-
tures which extend perpendicularly toward the base, mvolve the lesscr
wing of the sphenoid, and possibly the pituitary fossa or the sphenod
sinus, or both Posterior interparietal blows may cause fractures extend-
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Fig 12 Linear shull fractures area of impact (radiopaque ware arcle) Lnown
from of scalp laceration or contusion nete 1ncreasing width of fracture
with é)mfmm impact pont, (a-c) Posteroparictal blows near mrdline, with
fractures extending downward and forward toward temporal aren (d-f) Oc
apital blows, with fractures extending lateral to or nto foramen magnom (g—)
Inferopanetal blows, with fractures extending perpendicularly forward and
downward toward temporal area.

ing toward the posterior base and petrous bone and nvolve the base
from nde to nde. Blows to the back of the head may cause fractures
which extend mto the foramen magnum or to the lateral aspect of
the foramen 1nto the jugular foramen, 1n some 1nstances, these frac
tures may cross the petrous bone tnto the middle fossa.

The midline frontal, mdline oceipital, parred frontosphenoid, and
parietopetrosal buttresses (sec p. 38) may govern, more or less, the
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direction of linear fractures resulting from blows upon the vault, al-
though 1n our studies we have not found this to be so invariably. The
direction of the fracture 1n relation to the buttresses, however, 1s 1m-
portant, if 1t 1s at right angles to the buttress, the fracture line will ex-
tend through it A fracture extending toward the base from an inter-
partetal blow can bisect the petrous bone lengthwise Other fractures
can cross the midline and extend through the middle of the frontal
bone toward the base of the skull The midline occipital area 15 also
readily fractured

Fractures of Outer and Inner Tables (Figs. 13-14)

In the normal skull, the outer table 1s thick, the inner table thin; a
blow which fractures the outer table commonly also fractures the mper
table Occasionally, however, the blow may be just of sufficient energy
to fracture the outer table but only deform the 1nner table. When the
inner table 1s thicker than the outer table (see p 37), however, the
former only may fracture In fractures involving the base, the line of
fracture may-extend toward the area of impact and involve the nner
table only (Fig 14)

Sutural separations result from tearing-apart forces due to outbending
of bone around the area of nbending at the site of the blow (se¢
Fig 16)

Basal Fractures (Fig. 15)

In 6 per cent of the skulls, discrete stress patterns developed at the
base which were not associated with stress Iines 1n the calvarum Since
the base 1s perforated by many foramens, which are areas of stress con-
centration, 1t may well be the explanation for such basal fractures In
general, however, basal fractures are extensions of fractures of the vault.
Blows to the frontal and occipital areas produce side-to-side stresses
which cause basal fractures extending anteroposteriorly or posteroan-
teriorly, blows to the interparietal and midfrontal areas produce tcar-
ing-apart forces 1n the anteroposterior direction, so that the basal frac-
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Fig 13 Depressed fractures 10 cadaver skull (scalp and contents intact) by
hammer blows. (a’~') External configuration, (a*~*) Inoer table fragmentation
note more extenuve fragmentation of inner table.
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Fig 14 Fractures 1n cadaver skulls () Interparietal blow (circle), with ev-
tensive fracture of nner table (%) and basal 1nvolvement (*) (&) Frontal blow
(crrcle), wath fracture estending toward impact area, involving outer (b*) and
inner (&%) tables, and extending through cribriform plate into cavernous sinus
area with mvolvement of occipital basilar process (c) Frontal blow (circle), with
triangular fracture involving orbital roof (¢?) and unrelated fracture of nght side
of cribriform plate (%)
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Fig 15 Bamlar stresses with blows 1 vanous regions. (A) Left frontal blow
(a§ strerses at orbital roofs and base, Panetofrontal blow at midiine (4) stresves
sbove external stousic meatus and lateral frontal and temporal bones. Left

etal blow () stremes mt or border of external aconstic meatus and

Leow temporoparietal blow (4) transverse stresses at base. Posteroparietal blow
(), anteroposterior streszes at base, (Comusued on west page )
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Fig 15 (continued) (B) Midoccipital blow (), transverse stresses at base
Interparietal blow (&), stresses in right parietotemporal area and base Midoc-
apital blow to left of midline (¢), transverse stresses at base Pareto-occipital
blow near left mastord area (d), oblique stresses across base.

tures are transverse. Stresscoat studies showed that 4 to 5 per cent of
blows to the vault 1n the frontal and interparietal areas produced dis-
crete basal stresses, and blows to the more posterior portions of the
head produced transverse stresses about the foramen magnum (Fig 11)-

Curvilinear fractures about the foramen magnum were noted
carly as 1873,’® and have continued to be described 1n the literature.® *
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They may occur from indsrect blows, eg 1 falls in which the vertebral
column s pushed toward the cranml cavaty, or by blows which push
the head down upon the vertebral column The fracture hnes may
surround the foramen magnum arcularly, or, more commonly, be
Timated to one or more short lateral cracks along the border of the fora
men Blows to the lower jaw whuch push the condylod processes
toward the base may 1nvolve the muddle fossz, 1 ane such case, de
pression of both condylowd fossac was found

In summary, 1t may be said that fractures of the base may be (r)
extensions of vault fractures, (2) basal fractures unassociated with vault
fractures, (3) due to 1mpact on the lower jaw, (4) due to mndirect
forees, and (5) durect blows along the crcumference at the base,
acting like a hatchet sphithng through the gram of a prece of wood.*’

Depretsed Fractures

There are seven varicties of depressed fractures, depending upon the
veloaty, the kinetic energy, and to some extent on the shape of the
object (see Fig 10)

(1) Perforanng Fractures

An object moving at hugh velocnty, e g, a rifle bullet, perforates the
skull and shatters the bone by the energy which 1 imparts to the bone
mn 1ts passage through the skull (see Fig 51B) The tremendously m
creased ntracranaal pressure at the tume of the passage of the ms-

ule through the head may also be a factor 1 the shatiening of the
bane.

(2) Peaetrating Fractures

An objert moving at fairly high veloaity, e g a shell fragment, pene
trates the skull and drves bone fragments into the bran However, 1f
the kinetic encrgy 1s low and most of 1t 15 dussipated upon impact with
the bone, anly the outer table may be depressed or penetrated
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(3) Depiessed Fracture with Radial Linear Fractures and
Separation of Tables

A blunt object, ¢ g , a baseball, brick, or hammer, moving at moderate
velocity, will cause a depression, but most of the kinetic energy may be
absorbed 1n this process The bone 1s fragmented by several radial frac-
tures, the border of the depressed area presenting a curvilinear fracture,
1n some cases involving only the outer table, caused by tearing-apart
forces on the external surface of the skull at the junction of nbended
and normal bone The inner table 1s usually more fragmented than the
outer one, and there 1s greater ramification of the fracture lines If the
kinetic energy 1s almost completely dissipated at impact, only the outer
table may suffer damage On the other hand, if the mner table 1
thicker than the outer, the former may be fractured despite minimal
depression of the outer table (Fig 13)

(4) Depressed Fractwe with Deformation Elsewhere mn Skull

A slowly moving object delivering a localized blow to the skull will
cause a depression at the pomt of 1mpact and an outbending 1n other
regions, so that 1 or 2 linear fractures resulting from the outbending
may extend toward the area of impact (Fig. 16)

(5) Depiressed Fracture Patterned after Stiiking Object

A fairly sharp or pointed object, moving rather rapidly, may cause 2
depression shaped more or less Iike the object Such a fracture may of
may not be accompanied by linear fractures in the neighboring bone

(6) Depressed, Communuted Firactuie

A slowly moving blunt object of high kinetic energy, such as cn-
countered 1n slow deceleration accidents, may produce extensive cont-
minution, with radial fracture lines extending from the center of the
arca of impact and crcular fracturc Iines at varying distances around
the area The arcular fracture lines are caused by the increasing de-
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Fig 16. Depressed fractures. (a—5) Midline posteroparretal fracture, with ex
tenhive uon of nght lambdoid suture. (c) mnc frontal depressed fracture
assoctated with Linear fractares extending toward depression

pression of bone. The radius of the skull s curvature in the impact area
mnfluences these succesave lnes of falure,

(7) Depressed Fracture auth Esulsion

After the line of fracture 1s established, bone and intracranal contents
may become evulsed as a result of continuing movement of the stnhing
object (see Fig 864)

In acaidents, multiple impacts are a possibility After the mtial 1m-
pact of the object on the head, or vice versa, the head may rebound,
causing mjury 1n an opposite area, such injury 1s not always due to a
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contrecoup mechanism. Secondary njury to structures other than the
head are also possible, for example, fracture of the first or second
cervical vertebra caused by the downward push of the head from a
blow to the interparietal area

Perforating and Penetrating Injuries

The bullets of military practice are usually jacketed with steel and
have a core of lead, so that at velocities of 2,500 feet or more per second
they still retain their shape upon impact with bone The bullets 1n cvil-
1an life are more often soft, and shatter upon mmpact The muzzle
velocity of a rifle bullet may be 2,000 feet or more per second, the rifling
causes the bullet to rotate about its long axis 3,000 times or more per
second, giving 1t a velocity of about 500 feet per second The early
theory that the explosive effect of a mussile of high velocity was due
to rotation about 1ts axis, rather than to 1ts velocity, has been disproved
experimentally.®

Shell fragments, too, may have high velocities, estmated at 4,000
to 5,000 feet per second near the site of the explosion Large shell frag-
ments may cause extensive Jaceration of the scalp and brain, while ex-
tremely small ones may be dispersed 1n the cramal cavity and cause
relatively few clinical symptoms and signs. Contamination by clothing,
hair, and helmet lining, and 1ntracranal introduction of the contami-
nants 1s more likely to occur wath shell fragments than wath bullets

Experimental studies have clartfied the various factors in the trau-
matic effect of high-velocity missiles Wilson,™ for example, found that
the wounding effect depended upon: (r) amount of energy trans-
mtted to the tissues; (2) velocity of transmission; (3) direction of the
energy; and (4) tissue density. The energy transmitted 1s calculated
by the formula:

Mass X Velocity®
2 .
At velocities up to 2,000 feet or more per second, the energy, as evi-
denced by the damage caused, 1s proportional to the squarc of the
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veloaty The length of time 1t takes to transmut the energy to the
tissues depends on the veloaity of the missile, the shorter the time,
the greater the energy per unit of tme.

According to Callender,” however, at extremely high velocites the
wounding effect vanes as the velocity cubed and only as 2 single power
of the mass. He, too, gave tissue density an important role 1n the result
ant damage. The energy of a mussile passing through a gelatin solution
1s dispersed 1nversely to the square of the percentage of densmty, for
example, the explosive effects are four times as great 1n a 5 per cent
solution as 1n a 10 per cent one, mne tumes as great as 1n a 15 per cent
solution, and sixteen tumes as great as in 2 20 per cent solution.™ A high-
veloaty pellet without rotational acceleration entering a gelatin cube
causes a tail splash at the entrance and marked swelling and enlarge
ment of the cube (fourfold or more) as 1t passes through the cube, the
enlargement 13 caused by a temporary cavitation, the cube returming to
1ts onginal size after the pellet has passed through.* The rapid, tempo-
rary cavitation around the mussile s path, also found 1n antmal studies,
1 caused by the radial velocity imparted by the mussile to the tissues
through which 1t passes.® In the cramum with contents mntact, the
cavitation causes an intense, sudden inerease 1n 1ntracranial pressure,
with tssuc damage at a distance from the missile s tract, and extensive
diorganization and fragmentation of bone and separation at suture
lines. In the empty skull, the fragmented fractuning was absent, the
perforation of entry being several times larger than the missile and that
of exit only a lnttle larger than the mussile.™

In penctrating and perforating wnjunes due to high veloaty bullets
a0d shell fragments, the damage 15 caused by the mtense ncrease 1n
Intracranial pressure, with shearing of tussue as the mssile penetrates or
perforates the skull.

In penctrating low veloaty mnjuries, such as caused by knife blade,
umbrella end, stick, or fan blade, there may be teanng of important
vascular channels, 2 communication may be established between the
eranual cavity and the nose, infection may be introduced 1nto the cranal
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cavity, but the brain about the tract of the injuring object 1s usually not
extensively pulped and therefore 1t can successfully resist certam degrees
and types of infections

Injury of Temporal Bone and Organs of
Hearmg and Equilibrium (Fi1g. 17)

The petrous portion of the temporal bone houses the middle ear and
the membranous labyrinth. The facial nerve 1s intimately related to
these structures, and passes through the temporal bone Injury of the
temporal bone therefore frequently compromises all these structures.

Linear fractures may extend from the temporal and parietal area
into the mastoid process or into the external auditory canal and then
bisect the petrous bone lengthwise A posteroparietal blow may injure
either the mastoid process or the external auditory canal (sce Fig 15)
An anterior parietal blow may result 1n a fracture extending mto the
muddle fossa, involving the greater wing of the sphenotd toward the
fossa housing the gasserian ganghon, and the sphenoid sinus and
pituttary areas Transverse fractures of the petrous bone usually result
from occipital paramedian blows, occasionally, frontal blows may bi-
sect this structure, with posterior extensions of the fracturc from the
anterior and middle fossae The facial and acoustic nerves are frequently
mnvolved 1n transverse fractures of the petrous bone, since the fracture
courses through the internal acoustic meatus A discrete transverse of
solitary longitudinal fracture of the petrous bone 1s uncommon, ust-
ally the fracture 1s a combination of transverse and longitudinal {rac-
turc because of the presence of many foramens and irregularities 1n
the bone which constitute areas of stress concentration (Fig 17)

In onc study, cadaver skulls were compressed from side to side i 2
vise." The temporal bone was torn from the greater wing of the
sphenoid and the petrous apex tilted medially and postertorly The
carotid canal and Meckel's cavity were demolished, with mvolvement
of the superior petrosal sinus and the trigeminal and abducens nerves.
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Compression of the head, 1nteropesteriorly, fractured the pyramid and
the basilar process of the ocapital bone, the fractures traversing the
structures from the more forward portions or the more posterior regions
of the skull, 1n an anteropostertor direction.

Aside from mpact injuries, causing actual fracture lines to mvolve
the petrous bone and 1ts contents, indirect mjuries from acceleration or
deceleration also occur These may sct up a pressure pulse 1n the mem
branous labyninth, causing small hemorrhages and leading to vestibular
and heaning dysfunctions. Such 1njuries may also be produced by box
ing (see p 349)

With extensive transverse fracture and comminution of the temporal
bone, or communuted longitudinal fractures of the petrous bone, actual
fragmentation and/or perforation of the vestibular and semiarcular
sptem and of the cochlea may occur

Various explanations have been offered for the deafness and vestib-
ular disturbances which are frequent concomutants of head injury 1n
which there 1s no roentgenographic or clinical evidence of skull frac
ture (r) hemorrhage 1nto the labyrinth,* * ™ 3% %7 # (3) severe de
generative changes in Cortis organ,*™ > * ™ (3) cochlear nerve in-
Jury by stretclung or teanng, due to stresses involving the petrous bone
and to pressure waves 1n the cochleovestibular end organs, or 1n injuries
volving the craniosprnal junction.* ** ™ Concussion may be respon-
sible for loss of hearing,” 1t may not only cause hemorrhage 1nto the
mner ear™ ™ but also injure the auditory pathways,® * the cochlear
nucler* or higher centers.

There 15 apparently no conclusive cvidence that lesions of the central
MeTous system can cause true deafness,’ ** ** despite suggestions to the
centrary * Expenmental bilateral destruction of the auditory cortex has
ho effect on auditory thresholds, and up to 75 per cent of the nerve
fibers supplying a parnicular region of the cochlea can be destroyed with-
utumparing the thresholds for frequencies having their locus in that
region

Moderate blows to the exposed mastord cause mild dips 10 heanng
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Fig 17. Petrous bone fractures (A) In cadaver skulls (a) Blow ncar vertck
with stellate fracture and citension to left mastoid (&) Blow to verter, with
midhne occipital and left middle fossa fractures (c) Blow to vertex, with fracture
extending into external auditory canal and parietal bone (d) Occiputal blow, with
midline occipital and basilar fracture, and transverse fracture of rght petrous
bone ending 1n antertor temporal area () Occiprtal blow, with ocaiputal fractuse
and 1molvement of both condyloid processes (such extension may mvolve one
or both petrous bones)

Fig. 17 (continued) ~ (B) In pauents (a) Panctal fracturc extending perpen
dicularly mto petrous hone and posterior fossa as triangular-shaped fracture of
anterior medial border of foramen magnum (&) Perpendicular fracture exten
ing toward and no doubt involving petrous bones lengthwise, (¢) Depressed frac:
ture of left frontal arca extending across piturtary fossa, with tearing of optic
nerve and carotid artery on left, and lengthwise nto right petrous bone.
Longiudinal petrous bone fracture, found on operation for cerebrospinal
otorrhea, with tears of dura and superior petrosal sinus (fracture not sisualize
on rocntgenograms),
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acuity at 4,000 cycles for 24 to 48 hours,” ** mallet blows at mae
tordectomy may cause permanent hearing loss for this frequency ™
Experimental blows to skulls of cats cause deafness more frequently
when the blow 1s near the ear, hearing acuity of 15 to 40 decibels 15 re-
covered during the first 2 weeks ™ There are no significant gross or
microscopic lesions 1n the temporal bone; the primary njury 1s a de-
generative change 1n Cortr’s organ, with secondary degencratne
changes 1n the nerve fibers and ganghon cells supplying the cochlear
traumatized area, with maximum nerve degeneration occurring 3
weeks after injury In these experiments, deafness was apparently not
caused by hemorrhage into the labyrinth

Ingury of Orbit and Visual Appaiatus

A direct blow may tear or destroy tissues in the orbutal arca, the
extent of mjury varying from mnor bruises to tissue loss Both direct
and ndirect injuries may be produced by acceleration or deceleration,
as well as by compression of the head Wath deceleration, varymg de-
grees of ecchymosis, orbital and periorbital hemorrhages, and cven
major ocular damage may occur

Blows to the forward portion of the vault can cause extensive de-
formation of the orbital roof on one or both sides (Fig 18) Stresscoat
studies suggest that such blows set up tearing-apart forces from temple
to temple. Comminution and depression of the orbatal roof may occur,
partcularly if the bone 1s thin, and occasionally this may happen 0
closed head njuries The orbital floor may also be nvolved, the diree-
ton of the tearing-apart forces is then from side to side, as shown by
the stresscoat experiments Fractures may thus extend through the mn
fraorbital foramen, and mvolve the nfraorbital nerve With blows of
greater force, fracture and comminution of the orbital floor may occur.

Blows in the interpanetal and lateral frontal regions create tearing:
apart forces which cause fracturc patterns extending toward the bas
(Fig. 18) and nvolving the middlc fossa and the region of the pruitary
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tal blows. () Blow to left of midline stresses n
ottutal roof, upper jaw and at base extending obliquely toward foramen magnum.
(8<) Stresses 1n orbital roof and upper jaw (d) Stresses 1n left orbatal roof mght
UpPer jaw base around foramen magnum banlar process, and sphenmd body
(e=g) Stresses matnly 1n one or both orbital roofs and upper jaw

fosa, and the sphenord sinus. The fractures may also reach or mvolve
the optic foramen. Blows 1n the more forward portions of the forchead
may result 1n fractures mvolving the base of the anterior fossa and ex
tending through the pitwitary fossa mto the baslar process of the
ocaipital bone. Paranasal sinuses and the cavernous sinus may be -
volved, and the optic nerve may be hurt, the carotd artery may be

91



Head Injuries

————————

torn, resulung in an arteriovenous fistula n the cavernous sinys

In depressed fractures involving the medial orbital rim, the attuch-
ment of the superior oblique muscle to the trochlear fovea may he
injured, resulting 1n abnormal movements of the eyeball

In head injuries by bullets, indirect orbital mvolvement may be due
to the impact of the dural sac against the roof, particularly if the roof 15
thin, as a result of the intense increase 1n intracramal pressure at the
time of penetration or perforation. In most cases, however, the tearmng-
apart forces 1n tlis area are 1n the opposite direction, so that the frac-
tures are due to an upward rather than a downward rending of the roof
It 1s noteworthy that President Lincoln’s skull had an orbital roof frac-
ture which was not associated with the area of impact or the path of the
bullet; 1t may be recalled that the wound of entrance was 1n the right
occipital area

W hiplash (Hyperextension, Hyperflexion)

Injuries

Cramal and cervical spine 1njuries may occur as a result of rapid ac-
celeration or deceleration of the body or the head 1n space The forward
propulsion of the body from underneath the movable head causcs hyper-
extenston of the neck followed by flexion as the acceleration stops The
whiplash injury has also been ascribed to an imtial hyperflevion
followed by extension.?” This type of whiplash injury can occur when
a car backs into the car behind 1t, or when a car 1s forcefully pushed
into the car n front of 1t, i either case, the deceleration or arrest of
the body 1s forceful If the head strikes a fived object, such as the dash-
board, a head 1njury 1s added to the neck 1njury.

The muscles at the cramospinal junction undergo severc straift,
that muscle fibers may be disrupted and small hemorrhages can occur
The hgaments may be partly or completcly evulsed, with stretchimg.
tearing, and, possibly, hemorrhage The Iigamentous capsulcs surround-
ing the facets, too, may be injured. The pulling, stretching, or comt-
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pressing of a nerve at the intervertebral foramen may result 1n nerve
root injury The bony spinal canal and the intervertebral dusk, together,
may damage both the anterior and posterior roots One or more cervical
nerves may be evulsed by a violent lateral movement of the head A
predisposing factor 1n ncural injury in thus area 15 the presence of
osteophytic discase about the foramens, vertebral bodies, and tater
vertebral diske. The dentate attachments may also be a factor n the
neural 1yury® Terms such as “traumanc cervical radicubins” and
“traumatic cervical ncuriis  have been used to describe the nerve 1n
Junes.

The cervical spinous processes may be fractured or evulsed,™ but
more commonly 1t 1s the bodies themselves which are compressed
and/or dislocated, and occastonally torn or sheared off * Severe dis-
placement of an intervertebral dusk may compress the spinal cord *
Thus type of major injury 15 more common 11 direct head blows, as 1n
diving acadents, than in whiplash accidents. The brain seldom suf
fers severe 1nyury, being protected at the expense of the cervical spine,
1ts muscles, and higaments (see Fig 48B)

Among the factors 1n the mechamsm of whiplash injunes are
(1) hyperextension or hyperflexion, with stretching of tissues, (2)
tensile and compressive forces, with fracture of bone and teanng of
tissues, and (3) acceleration or deccleratton of the head, with intra
cramal and temporal bone involvement. Other less common factors
are (g) stretching of the carotid artery, with inumal injury and throm
boss, (5) stretching of the dural structures, including the junction of
the spinal cord and bramn stem, with severe bram stem 1nvolvement
(6) cerebral mass movements due to acceleraton or deceleration, with
brawn myury or brain stem nvolvement due to pressure gradients cre
ated by a pressurc build-up, (7) mjury of the membranous labyrinth
by the same forces, with mvolvement of the cochleovestibular mecha
Tusms, and (8) stretching of structures 1n juxtapostion to the spinal
column with injury of the sympathenc chain causing pupillary 1n-
cqualities and visual disturbances.
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Cramial Nerve Injuries

Optic Nerve (Cranial II)

This nerve may be 1nvolved 1n closed head myury by: (1) contusion
or transection at the site of a basilar fracture involving the optic fora-
men and/or the canal; (2) hemorrhages into the optic sheath; (3)
compression due to deforming bony structures at the ume of impact,
resulting 1n nerve fiber 1njury, and (4) disruption of the nerv¢'s blood
supply, resulting 1n damage and dysfunction The optic canal ¢xtends
for a distance of 4 to 10 mm. and contains the optic nerve and the
ophthalmic artery The canal 1s 4 to 6 mm. wide, the diamcter of the
optic nerve 1s on the average 45 mm , consequently, the nerve fits
snugly into the canal Deformation of bone around the canal, with or
without fracture, may therefore njure the nerve by the suddenly ap-
plied forces Since the optic foramen, like other foramens at the base,
is an area of stress concentration, a fracture line 1 the vicimty tends to
extend toward this opening, involving the foramen and juring the
nerve

Actual evulsion of nerve may occur, so that the opuc nerve is torn
from the retina at the posterior end of the eyeball This may be due
to a forward movement of the cyeball in certain deceleration mpurncs

Oculomotor, Trochlear, and Abducens Nerves (Cranial 111, 1V, VI)

The mechamsm of injury to these nerves may be tension and streteh-
ing Uncal herniation, with dislocation of the brain stem, will streteh
the nerves, particularly the sixth nerve, which has a long course along
the basc Cushing'™ stated that the abducens nerve may be mvolved
from strangulation by the adjacent, transverse branches of the basilar
artery which overhe the nerve The imprint of the compression of the
nerve by the artery may be visible at postmortem study

The third cramial nerve 1 more frequenty affeeted by uncal hernu-

tion, the imvolvement mav be wmlateral o 1, depending on the
stage of the hernin 7 " whether or n has been redicved,
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The superior portion of the nerve, contamning the pupillary fibers, 1s
injured first, with progressive deformanon, the nerve function may be
completely 1mpaired. Another mechanism of 1njury 1s compression of
the nerve as 1t passes through the supenior orbital fissure by an extra
dural hematoma

Trigemnal Nerve (Cranial V)

The gasserian ganghon, the sensory and motor roots, or any of the
divisions of this nerve may be injured Trauma of the gasserran gan
ghon 15 more common with blunt than with penetraung mjunes™
Fractures of the antersor fossa may injure the nasocihary nenve.

Concussion Mechanism and Anatomic Pathology

Mechanism

Since the early eighteenth century, concussion has been defined as a
state of unconsciousness following a blow to the head, with slow pulse
and the pallor of a shocklike state but without visible lesions of the
nervous system. (In the experimental animal, concussion 1s a posttrau
matic unconscious state, judged by the apnea, vasomotor stimulation
and loss of corneal reflexes following 1mpact, see p 110 ) In our opin
1n, 1t 15 now well established that the brain stem, particularly the re
ticular formation, 1s 1nvolved 1n all cases of concussion, which may vary
from a completely reversible state to one of continued coma ending 1n
death The brain stem may suffer injury as a result of mncreased ntra
cramal pressure at the ume of 1mpact, or be directly injured by distor
ton, mass movement of intracramal contents, shearing or the passage
of a mssile.

While the exact cause of unconsciousness after the impact of a blow
to the head 1¢ still not clearly understood, evidence 1s increasing that
the retcular formation of the bramn stem, the penaqueductal gray
matter, and the posterior parts of the thalamus and hypothalamus med:
3te an arousal or conscrous state In the monkey clectrocoagulation of
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Cramal Nerve Injuiies

Optic Nerve (Cranial II)

This nerve may be mnvolved 1n closed head inyury by. (1) contusion
or transection at the site of a basilar fracture mvolving the optic foru-
men and/or the canal, (2) hemorrhages into the optic sheath, (3)
compression due to deforming bony structures at the tune of impact,
resulting 1n nerve fiber injury, and (4) disruption of the nerc's bload
supply, resulting 1n damage and dysfunction. The optic canal extends
for a distance of 4 to 10 mm and contans the optic nerve and the
ophthalmic artery The canal 15 4 to 6 mm wide, the diameter of the
optic nerve 1s on the average 45 mm , consequently, the nerve fits
snugly into the canal Deformation of bone around the canal, with or
without fracture, may therefore 1njure the nerve by the suddenly ap-
plied forces Since the optic foramen, like other foramens at the base
1s an area of stress concentration, a fracture lne 1n the vicnity tends to
extend toward this opening, mnvolving the foramen and injuring the
nerve

Actual evulsion of nerve may occur, so that the optic nerve is torn
from the retina at the posterior end of the eyeball This may be duc
to a forward movement of the eycball 1n certamn deceleration myunts

Oculomotor, Trochlear, and Abducens Nerves (Cranal ITI, IV, V)

The mechanism of injury to these nerves may be tension and stretche
ing Uncal hermation, with dislocation of the brain stem, will stretch
the nerves, particularly the sixth nerve, which has « long coursc along
the base Cushing™ stated that the abducens nerve may be snvold
from strangulation by the adjacent, transverse branches of the bastlar
artery winch overlie the nerve The imprint of the compression of tht
nerve by the artery mav be visible at postmortem study

The third cramal nerve 1s more frequently affected by uncal hernt
ton, the mvolsement may be umlateral or bilateral, depending on the
stage of the harmation and whether or not its cause has been reheved
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The sperior portion of the nerve, containing the pupillary fibers, 13
wnyured first, with progressive deformation, the nerve funcaon may be
completely impaired Another mechanism of 1njury 15 compression of
the nerve as 1t passes through the supenor orbital fissure by an extra
dural hematoma.

Tngeminal Nerve (Cranial V)

The gassemian ganglion, the sensory and motor roots, or any of the
divsons of this nerve may be imjured Trauma of the gasseran gan
glion 15 more common wath blunt than with penetrating smjunies™
Fractures of the antenor fossa may smjure the nasocilary nerve.

Concusston Mechanism and Anatomic Pathology

Mechanism

Since the carly exghteenth century, concussion has been defined as a
state of unconsciousness following a blow to the head, with slow pulse
and the pallor of a shocklike state but without visible lesions of the
nervous system. ({n the experimental animal, concussion 15 a posttrau-
matic unconscious state, judged by the apnea vasomotor sumulauon,
and loss of corneal reflexes following 1mpact, see p 110) In our opin
ton, 1t 1s now well estabhished that the brain stem, particularly the re
ticular formation, 1 involved 1n all cases of concussion, which may vary
from a completely revernble state to onc of continued coma ending 1n
death. The brain stem may suffer injury as a result of mereased imtra
cranial pressure at the ime of 1mpact, or be durectly 1njured by dustor
tion, masy mavement of intracranial contents, sheaning or the passage
of a muslc

While the exact cause of unconsciousness after the impact of a blow
10 the head 15 sull not clearly understood evidence 13 increasing that
the reticular formation of the bran stem, the penaqueductal gray
matter, and the posterior parts of the thalamus and hypothalamus medi
3¢ an arousal or conscious state. In the monkey  electrocoagulation of
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the cephalic end of the reticular formation causes a comatose state ™
Compression of the base of the brain stem during neurosurgery under
local anesthesia frequently causes unconsciousness associated with decp
snoring. The pacemaker mechanmism for cercbral electric actnity s
located 1n the reticular formation of the bramn stem, and 1ts dysfunction
causes disorgamzation of the rhythmic cerebral clectric pattern It is
beheved that the unconsciousness of the anesthetic state derives from a
depression of the cellular actvity of this region by the anesthetic
agents ' ' Traumatic nvolvement of this area resulting i ccllular
dysfunction may therefore be the cause of unconsciousness

The terms “concussion,” “contusion,” and “laceration” should not be
used to denote varying degrees of central nervous system damage, with
concusston representing the mildest form Concussion may or may not
be accompanied by contusion or laceration If either of these occurs tn
the brain stem, the 1njury may be fatal, but contusions and lacerations
elsewhere, even when serious, are not necessarily associated with con-
cussion

In head injuries by a blunt object, which causes no major distortion
of the skull and 1ts contents, and 1n the absence of extensive bone
failure, the effects of the blow can be ascribed primanly to a sudden
increasc 1n ntracramal pressure resulting from the skull deformation
and the acceleration or deceleration of the head’s movements This pres-
sure may be of the order of 750 to 5,000 mm. of mercury, or 15 to 100 Ib
per square nch, rather than the 300 mm. of mercury suggested by
Scott "

In such arcumstances, the brain stem, being ncar the cramospm.’fl
junction, suffers the greatest injury. The shearing stress occurring i this
regron 1s a function of the pressure produced and 1ts durauon (Fig 19)-
The anatomic characteristics of the head and the spmal canal to which
it is attached (sec pp 56-57) also play an important role- the head 1 ¢
closed cavity solidly supported by bone 1 all dircctions exeept at the
foramen magnum, whereas the structure of the spinal canal largely
prevents the busld-up of pressure in ot
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Fig 19 Effects of known air pressures applicd at contralled umes. (A) Technre.
Derir 1n place on ancsthenzed dogs head pn:uultptcku 1n left skull 1o re
tord pressure for additional ccuracy (B) Resulss., Each represents an cx

When a sudden increase 10 1ntracranual pressure occurs, a pressure
gradient 15 created through the region of the brain stem and the cere
um toward the foramen magnum and produces sheaning stress. The
dfect of this pressure gradient differs from that produced by the
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acceleration, which 1s 1n the direction of the accelerations i the laucr
casc, all clements in the brain are essenually 1n dynanue equilibrium,
due to the action of mertial forces If this dynamic equilibnum we
perfect, no shearing strams would be produced due to this presur
gradient However, since a blow deforms the skull, some shearing stress
must occur throughout the cranal cavity, although of shghter degree
than that at the cramospinal junction

The effects of acceleration were studied 1n anesthetized dogs by the
Statham accelerometer which records the degree and duration of the ac-
celeration, and the barium ttanate accelerometer, which records the
peak of the acceleration (Fig 20) The results obtained with the o
mstruments were cssentially similar. The acceleration was produccd
by striking the head with a hammer. The intracranial pressure was mas-
ured by a pressure pickup screwed through threaded holes at various
sites 1 the skull so as to make contact with the cercbrospinal flunl
The accelerometer was so mounted on the head at a pont opposite the
area of the blow that the auis of the instrument was mn line with the
blow.

Acceleration was invanably accompanied by an mcrease i mntra-
cramal pressure However, there was no apparent correlation between
the degree of accleration and the pathophysiologic effcets, since some
dogs manifested no concussive effects with high accelerations, whereas
m others there were profound and even fatal changes wath low accelera-
tions Hammer blows not severe enough to cause depressed fractures
caused gh ntracranial pressures at the site of impact and subnomﬂml
pressures m the contralateral area. Wath blows producing concussive
eflccts, a corrddation was found between the duration of acccJeration
and the increase 1n pressure, the scriousncss of the cficets mcreasing
with the duraton of the pressurc.

The conclusion that the duration rather than the degrec of acclera-
tion causes the pathophvsiologic effeets therefore scems justifiable, par
ticularly when the following experimental results are eriticalls analy zed
An air pulse of known magnitude was apphed to the dural sac of the
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Fig ™ Acceleration and sntracranial pressure. () Head of anestheuzed dog
with pressure pickup (¢) and Statham accderometer (4) 1 place. (4) Banum
tmte accelerometer 1n (e~f) Acceleraon (upper tracing) and pressure
(lower tracing) (g) Mudline blow- bilateral increase 1 pressure. (4) Blow near

higher pressure on nde of impact than on contralateral side. (7) Blow
:‘:‘ﬂdc‘ bigh pressure on spailateral side, subnormal pressure on contralateral

dog through an opening 1n the skull mnto which a prston-and-cylinder
device had been screwed (Pig 19) As the piston was pushed through
the cylinder by air at a fixed pressure, ports were alternately opened and
closed, 0 that the external air came 1n contact with the dura Pressures
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up to 100 lb per square inch could thus be apphied to the bram for
various periods, starting at less than ooor second It was found that
pressure alone was not a significant factor in concussion, but that i
duration was, for example, a low pressure (40 1b /sq 1n ) for 0 1 sccond
produced the same type of physiologic response as a high pressurc
(80 1b /sq 1n) for oor second (Fig 19)

In summary, then, a sudden increase 1n intracranial pressure at the
time of impact, particularly in blunt injurics, 1s caused by deformation
of the skull, which reduces the cranial volume and increases the pressure
within the cavity, and by acceleration or deceleration of the head, which
also 1ncreases intracranal pressure, the icrease being directly related to
the degree of acceleration or deceleration

Anatomic Pathology (Fig. 21)

In our animals with experimental posttraumatic unconsciousness, we
found an involvement of brain stem cells without similar mvolvement
of cortical cells The most significant histologic change was central
chromatolysis of the larger cells of the reticular formation of the brain
stem The number of altered cells was greater i the medulla, whereas
the cells in the pons and the midbrain were less 1im olved. Lesions con-
sising of pontine hemorrhages and of swelling and fragmentation of
anis-cylinders 1n the myelin sheaths were 1n most cases produced only
by the upper extremes of pressure which were invariably fatal within
minutes to hours The presence of cortical cell changes, such as
described by Windle, Groat, and assocates,” ¥ could not be established,
since cells of simular appearance were found m the control anunals
Windle ez al ** ™ had found chromatolyss of the cells of the reticular
formanion and a granular change 1n the large pyramudal cclls of the
motor cortes Our studies demonstrated that involvement of the upper
brain stam ncreased wath the increasing severity of the pathophys
ologic cfTect

Abnormal alterations 1n the cell structure of the reucular formation
were also scen 1 ammals 10 whom the concussive (ffect was minmal
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Fig 21 Cellular changes
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and 1n some who showed no change 1n blood pressure. respiration, amd
corneal reflexes, which arc the critena for a concussive effect Minor .
volvement of reticular formation cells suggests reversibility In man,
the effects of a subconcussive blow may have an orgamc basis, improv¢
ment occurning as the cells recover from their damaged condition or as
healthy cells take over the functions of the dying cells

The experimental study of concussion 1s more nformative than
evaluation of concussive changes 1n man, primarily because concusaon
alone 1s rarely fatal in man Furthermore, fixation of central nervous
system tissue 1s inadequate for the accurate cytologic interpretations that
are essential 1 this condition To this must be added the possaible cffects
of preceding and accompanying discases which alter the appearance
of the various components of the central nervous system It 1s an e
tremely difficult, if not impossible, task to separate with assurance
the hustologic changes that are peculiar to concussion from other con-
conntant changes, including those due to other effects of trauma and
those resulting from indirect and secondary cerebral involvement, such
as caused by shock, hypoxia, fat embolism, and the towic cffects of -
fection in cases of fatal head injury

In summary, the posttraumatic unconsciousness of cxperimental con-
cussion 15 always associated with alterations 1n cell structure in the brain
stcm, but without definite evidence of cortical cell involvement 1 cither
moderate or severe concussion.



Mechanisms of Head Injury

Fig. 2, Cerebral contunions, (a) Sttes, as found 1n 151 cases of fatal head 1n
fury (:) Typwal frontal and temporal costusions. (¢) Deep contusion on lateral
Tpect hcmnphn‘_
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and 1n some who showed no change 1n blood pressure, respiration, and
corneal reflexes, which are the critera for a concussive effect Minor 1n-
volvement of reticular formation cells suggests reversibility In man,
the effects of a subconcussive blow may have an organic bass, improve-
ment occurring as the cells recover from their damaged condition or as
healthy cells take over the functions of the dying cells

The experimental study of concussion 1s more informative than
evaluation of concussive changes in man, primarily because concussion
alone 1s rarely fatal 1n man Furthermore, fixation of central nervous
system tissue 1s inadequate for the accurate cytologic interpretations that
are essential 1n this condition To this must be added the possible effects
of preceding and accompanying diseases which alter the appearance
of the various components of the central nervous system It 1s an ex
tremely difficult, 1if not impossible, task to separate with assurance
the histologic changes that are peculiar to concussion from other con-
comitant changes, including those due to other effects of trauma and
those resulting from indirect and secondary cerebral mvolvement, such
as caused by shock, hypoxia, fat embolism, and the toxic effects of -
fection 1n cases of fatal head injury

In summary, the posttraumatic unconsctousness of experimental con-
cussion 1s always associated with alterations 1n cell structure 1n the brain
stem, but without definite evidence of cortical cell involvement 1n either
moderate or severe concussion

Cerebral Contusions and Lacerations

Contusions are common 1n head 1njury In the majority of cascs, the
bruises occur on the orbital surfaces of the frontal lobes, and at the
junction of the frontal and temporal lobes of the hemispheres (F1g 22)
As was noted by the older 1nvestigators® ™ and re-emphasized more 1¢-
cently,’® ** % the cause for a preponderance of contusions mn thesc re
gions 1s the irregular surface of the orbital roof, the sharp cdge of the

lesser wing of the sphenoid, and the shelflike scparation between the
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Cerchral contusions. (&) Sites, as found 1n 151 cases of fatal head 1n
';{u(:z Typical frontal and temporal contusions, (¢) Deep contusion on lateral
cre,
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Fig 23 Cerebral lesions in head injury. (a) Severe contusion of corpus callo-
sum. (%) Left-to-right migration of supracallosal gyrus under faln cerebrt, thich-
ened centrum ovale on left, and uncal herniation with involvement of both aspects
of cerebral peduncle. (¢) Contusion of corpus callosum and petechial hemorrhages
in both hemispheres, note patent, larger ventricle on side of hematoma and com-
pressed contralateral ventricle (d) Fat embolism, cross section showed petechiae
throughout which proved to be fat globules 1n vessels.
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antertor and the middle fossae, with the anterior fossa at a higher level
than the muddle one. Mass movements of ntracransl contents cause
the brain to strike these irregularities and thus be bruised Other causes
of contustons and lacerations are () inbending of bone at the pont of
impact, with tearing and bruising of tissue at the site of fracture or by
depressed bone fragments, (2) cavitahion and subnormal pressures op-
posite the area of impact (contrecoup njures), (3) shull distortion
and cerebral tears resulting from deformation of the dural septums and
the meningeal attachments to the bran, (4) shearing and tearing of
attached areas when the bran 1s set 1n motion, with resultant disruption
of connecting vetns, and (5} sheaning duc to pressure gradients in the
cramal cavity

Although bruises are common at the frontotemporal junction, other
parts of the brain may also be wvolved, depending on the force and
veloaty of the injuring object. Certarn structures which ordinanly serve
for protection may be a source of injury The falx cerebeth supports the
acapital lobe of the hemisphere and the superior surface of the cere
bellar fobes. In severe injuries, its frec edge or the incisura may tear or
contuse the surface of the brain stem, causing wrreparable damage. The
fertor surface of the ocaprtal lobe and the superior surface of the
cerebeliar lobes may be bruised or torn. The corpus callosum may be
jured by the free edge of the falx cerebri. In other instances, mass
movements of the brain 1n a downward direction near the midline may
Quse compression of the corpus callosum by the overlying cortex, with
consequent contuston (Fig 23)

Many contustons are assocrated with small petechiac surrounding the
fuan area of contusion (Fig 24) The mucrascopic features of a con-
tuston are complete destruction of cells, capillary and vessel wall injury,
and extravasations of blood tnto the ussucs. Depending on the depth of
the brunse, and the trauma of the vascular walls, an extensive area of
softening necroms, and snfarction may occur and lead to varying
mounts of further bleeding This large area of damage may be ms-
taken for an intracerebral hematoma.
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Fig 24 Detechial hemorrhages 1n head mjury (a) Petechiac 1n posterior th:\llﬂ-
mus, midbran, and upper pons, patcnt dcad soon after myury (9) Simlar
petechiae 1 experimental concussion in dog (¢) Petechiac in midbrain, comusém)\
of night occipital lobe (4) Petechiac around contuston 1n left temporal lobe .C
Petechiae of fat embolism, note involvement of white matter, sparing of gray
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Cantrecoup Imjuaries

The cerebral surface may suffer a contrecoup njury from mass move
ment of intracranial contents or from cavitation 1n an area opposite to
that of the ympact ™ (Fig 22) As we have shown expenmentally, an
increase i intracramal pressure in the area of smpact may be accom
panied by a lowered pressure on the opposite side. When below nor
mal pressures oceur, vapor bubbles, resulung from the lowered pres-
sures, breal or collapse cavitation then occurs, causing small bruses
and hemorrhages.

Blows to the frontal or ocaprtal regrons cause contusions of the
frontal lobes on their infertor surfaces or of the temporal lobes with
cqual frequency Brain and bone are i mnmate apposition in the
frantal arcas and mass movements due to frontal blows crowd the
frontal and temporal lobes agamnst the forward parts of the skull
Subfrontal and temporal lobe contusions assoctated with occipital blows
may be caused by the subnormal pressures, with sesultant cavitation 1n
the forward portion of the cramual cavity or by the forceful contact be
tween the cramial contents and the wrregularly formed antenor and
muddle fossae as the contents rehound from the impact The ocapital
and pastenior portions of the brain on the other hand being encased in
smoath bone, dura, and the tentortum cerebetlt which has a cushiomng
cffect, suffer fewer contusions from mass movement of the intracransal
contents. From the evidence at hand, therefore, st would appear that
both cavtanon and umpingement of the bram agunst srregular bony
surfaces can cause contrecoup mjury

Increased Intracranmial Pressure and
Cerebral Edema

The mnerease pressure which occurs after the imual myury should
ot be mustaken for the sudden itense increase ymmedsately upon
mpact, The sncreased pressure under discussion here may result from
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Fig 25 Cerebral cdema (a) Left hemusphere thicher than right, marhed shift
of ventricular system and left-to-right shift of paracallosal gyrus, left cercbral <ur-
face contused, causc of death, hippocampal and tentorial hermiation, with hemor-
rhages i upper bran stem (&) Cerebral contusions which can cause cerebral
edema () Microscopic ppearance of cercbral edema, note increased tissue spICcE
and mtcreellular flugd collection, 3¢ 90, hcmntox)lm—cosm stamn
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cerebral edema, or from hemarrhage mto the intracramal contents
with a resultant icrease in mntracranial blood volume, particularly 1n
the subarachnoid space. The osmotic pressure of blood 1n the subdural
and subarachnoid spaces or on the cerchral surface 15 hugh, this facili-
tates the collection of tisue and cerebrospinal fluids. Cesebral contu-
1om, extravasation of blood, small thrombs and necrosis all may cause
traumane edema 1n the injured area, umilar to that elsewhere 1n the
body Migration of one or another part of the bran or uncal herma
Ban as 2 result of swelling 15 common, as 1s thickening of the white
matter (Figs. 23, 35) Browder and Rabiner* have described such an
edema 1n the subcortical white matter durectly beneath a mass leston.
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Edema 1n the absence of appreciable bleeding 1nto the tissues 1s djf-
ficult to explamn, however Some 6o years ago, vasomotor paralysis
of cerebral vessels by trauma, with subsequent venostasis and water-
logging of tissues due to an increased permeabihity of the capillanes,
was proposed as a cause of cerebral swelling ' This mechamsm has
been held to be important 1n severe head njury by a number of in-
vestigators " ** * An area of localized edema, bv compressing the
brain, alters its nutrition, so that the edema may be enhanced by
anoxemia and tissue anoxia, leading to a generahized edema™ Prob
ably, several factors combine to cause a generalized cerebral cdema m
the absence of extensive intracranial hemorrhage increased osmotic
pressure of the cerebral tissue and increased cerebrospinal flmd pressure,
together with an inadequate oxygen supply A number of explanations
have been offered for the occurrence of increased mntracranal pressure
when there 1s no hemorrhage (1) irritation and stumulation of the
choraid plesus, resulting tn increased formation of cercbrospinal
Auid,*® (2) lowered rate of cerebrospinal Awid absorption duc to
venostasss, with venous pressure increased well above that of cerebro-
spinal fluid, (3) increase 1n the protemn content of the cercbrospmal
flmd due to blood, retarding its absorption ** Both Haussler” and
Jorns* differentiated between cerebral swelling and edema Semt
workers found no increase 1n the water content of traumatized brans
in ammals The ncrease 1n the bramn’s intravascular and mtraventric-
ular Auid contents contributes to cerebral swelling ** "

Pathophysiologic, Electric, and Chemical Changes

Pathophysiologic Changes (Fig. 26)

In the dog, a blow with minimal concussive effect (200 to 250 mnch
pounds of cnergy) causes a short period of apnea or of increased 1es
piration, a rise or fall 1 blood pressure, and a bricf loss of corncal and
pupillary reflexes Wath ncreasingly strong blows, the duration and
scverity of the reactions increase Whereas respiration usually reappars
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wthin 60 seconds 1n moderate concussion, the respiratory arrest 1s long
o permanent 1 scvere coneussion, the carneal reflexes do not return,
and the blood pressure rises steeply, drops after 2 or 3 munutes, rises

Fig 26. Pathophynologic effects of cxpenimental head 1njury (A) Increased
espiraton and rise 1n blood pressure 1n minimal concussion (4) Arrested respira
bon and seep nise 1n blood pressure 1 fatal concussion (b) Drop i blood pres-
e (¢) frequenty scen 1n depressed fractures wath commumtion of bone and
tern dura, Brisk rise an blood pressare 10 fatal concussion i adrennlectomszed
dog (l)bNo nte in blood pressure with fatal blow n yohumbinized dog (¢) No

e in lood presyure after fatal blow to dog with cervical cord secuon (f)
(Cortimued ox next page )
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Fig. 26 (connnued) (B) Lstent of injury in relation to snjuring object me
chanical drill, air gun, or size and veloaty of bullet () Imual increasc in bl
pressure and drop to 7ero, and stoppage of respiration 1n profound njury by pun-
shot (4). Increase in blood pressure for 3 to 4 munutes and short pertod of apner
in maderate injury by bullet (¢). Drop 1n blood pressure without mual nise an
sustained apnea in bullet snjury of the medulla oblongata (d).
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agan, and then drops to zero The pulse rate 1s usually increased, but
a slow rate (vagal effect), with escape, has also been noted frequently
There 15 no extensar rpdity under general anesthesta, such as occurs
after a blow to an anumal under morphuine analgesa.

The same pattern of response 15 obtaned 1n decorticate and decere
brate (by section of the upper bramn stem) ammals The evidence that
the rsc 1n blood pressure in concussion 15 caused by peripheral vaso-
constriction 1s supported by results obtaned with varous blows to the
heads of adrenalectomuzed and yohimbinized dogs In senous mjury,
the penpheral vasoconstriction 15 associated with dilatation of the mtra
cramial blood vessels,'™ ** this difference 1n vascular tone nsures an
adequate blood supply to the bran stem Or the dilatation may be
cawsed by the steep nse m blood pressure which dustends the intra
cramal vessels

The peripheral vasoconstriction which occurs immedsately after a
moderate to severe 1njury may have significant chinical effects on the
body economy anemta of various organs, particularly the hidneys and
the gastromntestinal tract, with nephrosis, and gastrmntestinal ulcera
ton. From the available evidence, one may conclude that death soon
after severe head wjury 15 caused manly by paralyss of the vaso-
constrictor and respiratory centers due to brain stem injury (Fig 27),
and that 1t 15 the paralyns of the former rather than stimulation of
vasoglossopharyngeal centers which causes the fadure 1n blood pressure.

Electne Changes

4 blaw to the head may 1nure the semipermeable membrane of the
bramn cells and brefly distush the intracellular metabolism This may
be accompanied by an increase 1n electnic actvity, to be followed by a
penod of depressed activity ™ The increased activity, it has been sug
gested 13 an injury potential® After a concussive blow, the electne
actvity of the brain stem has been reported to be defimtely slowed and
that of the cortex impaired The reactwity of the bram stem to external
sumuli, sch as scatie sumulaton, 15 also imparred after a blow ¥
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Tig 27. Fatal brain stem mjury 1n 40 year old man, dead on arrnal oo
r pral

hospital Coronal and cross sections rcy caled petechial hemorrhages in uppe

stem.

114



Mechamsms of Head Injury

Expernimental concussion lowers the convulsive reactwity of the bram
and mpaws the electric activity of the supranuciear motor sys-
tem,’ = = metrazol induced convulsions 1n rats stop and suffcient
atropine to block the acetylcholine effect on electric actnity doces not
affect the interruption of convulsions.™ ** The electric activity 15 also
affected by expenmental, localized pressure on the dura but this may
be due to pressure on the bramn stem nfluencing the cortical dis-
charges @

Chermeal Changes

Head 1njury alters the concentratons of vartous substances 1n cere
beat tissue (Fig 28) In expernimental contusion, the lactic actd level
nses markedly above the normal 15 mg per 100 ¢c 30 to 80 minutes
after injury, and remains at a high level untl nssue repatr sets n and
oxygen uptake by the contused tissue increases the return to normal
levels occurs within a few days. The phosphocreatine and adenosine
inphosphate levels decrease (normal, 15 and 18 myg /1co oc., respec
tvely), while the snorganic phosphate level nses all return to normal
35 tasue repair occurs

In experimental concussian, the concentratons of all three substances
are normal, indicating that concusmon does not matenally affect the
oxggen supply or uptahe™ Increased oxygen consumpton has been
reported ** but there 1s good reason for assurning that anoxia does not
play 2 role 1n the concussion syndrome.

Aeetylcholine and certain enzvmes able to spht nucleic 2ad and pro-
duce chromatolytic changes n the anteror horn cells 1 setro have been
reported to be present in the cerebrospinal fluid 10 experimental head
nury™ and 10 pavents with head injunes® ™ Other invesugators
found only mimmal levels ar none at all™ Disturbances of intraceltular
metabolism by the 1njury might account for these findings.

Glutamic oxaloacentc transaminase 1t has been reported, appears 1n
the cercbrospinal ld after cerebral infarction, head nyury, and other
cercbral lesons much more rpxdly than 1 the blood ™
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Injunies of certamn parts of the bramn may also cause blood chemustry
changes, for example, higher levels of sodwm and potassium with a
parapituitary lesion impaining elaboration of the antidirenc hormone,
o, volvement of the preoptic area 1n a hypothalamuc lesion, with
asmoreceptor changes (see p 203)

REFERENCES

1 Ardwmm, A, and Ardnimi M G Effects of drugs and metabolic alterations
on brain stem arousal mechamsm ] Pharmacol. & Exper ‘Therap. 110
7 1954

2 Ballance, A. C, and Ballance, C. A. Intracranial hemorrhage Lancet
1 1109, 1922,

3. Black, A. N, Burns, B P, and Zucherman, S Expenmental study of the
wounding mechanium of high veloaty musiles in war mediane Bt
M.J 2 82,1941

3. Bornstun M. B Presence and action of acetylcholine 1n expentmental
brain trauma J Neorophysiol g 345 1946

4 Browder J, and Rabwner A M Regional swelling of the brain sn sub-
dural hematoma Ann. Surg 134 369, 1951

5 Brunner H Pathologie und Klnik der Erkrankungen des Innenohres
nach stumpfen Schadeltraumen Monsteschr Chrenh. 55 697 763, 913,
1935,

6. Butler E. G, Puckett, W O, Harvey E. N, and McMillen, ] H Ex
penments on head wounding by high velocity musiles. J Neurosurg,. 2
38,1945

7 Callender G R Wound ballistics, mechanism of producuon of wounds
by small asms bullets and shell fragments. War Med. 3 337 1943

8 Clupauk, A. Chirurgle Optratoires du Systdme Nerveux. Pans, Rueff
1893,

117



Head Injurics

9

11

14

15

10

18

19

20

1]

e

118

Cooper, A O Lectures on the Principles and Practice of Surgery. London,
Underwood. 1824-1827, Vol 1

Courville, C B Coup-contrecoup mechanism of eramocerebral wnjuries

Arch. Surg. 45 19, 1952

Courtney, ] W Traumauc cerebral edema Boston M. & S. J. 140 343,
1899

Cushing, H Strangulation of the nervi abducens by lateral branches of
the bastlar artery in cases of brain tumor Bramn 33 204, 1910-1911

Denny-Brown, D, and Russell, W R Experimental cerebral concussion
Brain 64 93, 1941

Escher, F Uecber die Auswirkung des Schadeltraumas aul das Gehar.
organ Pract. oto-rhino-laryng. 8 503, 1946

Evans, ] P, and Scheinker, I M Histologic studies of bram f{ollowing
head trauma, post-traumatic cerebral swelling and edema J. Neurosurg.

2 300, 1945

Féhzet, G M. Recherches sur les Fractures du Crine. Parss, Didahaye,
1873 (These de Paris)

. Foltz, E L, Jenker, F L., and Ward, A A Experimental cercbral con-

cussion J. Neurosurg. 10 342, 1953, and personal communication

Frazier, C H., and Rowe, $ N Certain obscrvations in 51 verified tumors
of the temporal bone A. Res. Nerv. & Ment. Dis,, Proc. 13 251, 1932

French, ] D, Verzeano, M, and Magoun, H W Neural basis of ancs-
thetic state. AAMLA. Arch. Neurol & Psychiat. 69 519, 1953

Gav, ] R, and Abbou, K H Common whiplash myuries of the nech
J. A M. AL 152 10698, 1953

Gershon-Cohen, . Budine, I, and Glauser, F Whiplash fractures of
cervicodorsal spinous processes J A ML A 155 560, 1935,

Glaser, M AL and Sjaardema, ] Effcct on the clectrocnee phalogram ot
localized pressure on the brain J. Neurophysiol. 9+ 63, 1946

. S J &
Gogmo, A I' The mechanism of contrecoup mjury J. Newrol ¢

Psychiat. 4 11, 1941,



Mechamsms of Head Injury

24. Groat, R A, Magoun, H W,Dey F L, and Windle, W F Functional
alterations 1n motor and supranuclear mechanisms 1n expenmental con
cussion Am.J Phyeol 141 117 1944.

2. Grove, W E. Late ear hemorrhage following shull fractures. Ann. Otol,
Rhin. & Laryng 48 120, 1939

26. Grove, W E. Skull fractures involving car Climeal study of 211 cascs
Laryngoscope 49 678, 833, 1939

27 Gurdpan, E. S, and Stone, W E. Cerebral lactic acid and phosphates 1n
concussion Fed. Proc. 5 17 1946

28, Gurdpan, E. S, Webster, ] E, and Lussner . R Observations on the
mechamsm of bramn concussion, contusion and laceratton Surg, Gynec.
& Obst. 101 680 1955

. Haussler G Hindruck, Hurnddem, Hirnschwellung Zentralbl, Neuro-
chir 2 247, 1937

3 Hewett, P Injuries of the Head, in Holmes System of Surgery (1st Am
ed. from and Eng ed ) Philadelphia, Lea s Sons & Co., 1881 Vol 1 pp
bor-670

31 Jefferson, G., and Schorstetn, ] Injunes of the tmgemnal nerve, 1its
ganglion and divistons, Brrt. ] Surg. 42 561 1955

3. Joms, G Hirnodem und Hirnschwellung Chirurg 8 437 1936

33 Kabn, E. A The role of the dentate ligaments 1n spmal cord compression
and the syndrome of lateral sclerosis § Neurosurg 4 191 1947

3 Klingenberg A Dre ssohierte Schneckenfrahtur ber Schadelbasusbruchen
Zuchr Hals, Nasen u. Ohrenh. 22 452, 1929

35 LeCount, E R, and Apfelbach C. W Pathologic anatomy of traumatic
fractures of cranial bones and concomutant bramn injuries J A. M. A. 74
501 1920

3 Lindquist, ] L, and LeRoy G V Studies of cercbral oxygen consump-
ton following experimental head injury Surg, Gynec, & Obst. 85 318
1942

37 Lindsay ] R Pathology of vertigo anning from the peripheral vestibular
ipparatus. Ann. Otol, Rhin. & Laryng 56 541 1947

119



Hecad Injuries

38

39

40

41

42

43-

44

45.

46.

19

560

51.

Lissner, H. R, Gurdpan, E. S, and Webster, ] E Mechumes of shull
fracture Proc. Soc. Exper. Stress Analysis 7 61, 1949

Magoun. H W The Ascending Reticular System and Wakefulnese, in
Brain Mechanisms and Consciousness; a Symposium Orgamzed for In
ternational Organizations of Medical Sciences. Oxford, Blackhwell, 1g5:
pp. 1-20

Messerer, O Eaperimentcelle Untersuchungen uber Schadelbriiche, Mu
nich, Rieger, 1884, p 36

Meyer, ] S, and Denny-Brown, D Studics of cerebral circulation i
brain mjury. II Cerebral concussion Electroencephalog. & Clin. Neuro-

physiol 7. 529, 1955
Nassulphis, P Die Schadigung des Innenohres und sciner Nervea nach
Schadeltrauma Monatsschr. Ohrenh. 79 68, 1946, So 222, 1946

Penfield, W, and Erickson, T C Epilepsy and Cercbral Locahization; a
Study of the Mechanism, Treatment and Prevenuon of Epileptic Scizures,
Springfield, Thomas, 1941

Pilcher, C Experimental cerebral trauma Arch. Surg. 35° 512, 1937

Polis, A Recherches expérimentales sur la commotion cérébrale. Rev.
chir., Paris 14. 274, 045, 1894

Rand, C W., and Courville, C B Histologic changes in bram mn cases
of fatal injury to head Arch. Neurol. & Psychiat. 23 357, 1931, 27 (%
1342, 1932, 3T 527, 1934

. Rawhng, L. B Fractures of the skull Lancet 1 973, 1034, 1097, 1974

Ricker, G Dic Entstchung der pathologisch-anatonischen Befunde
nach Hirnerschutterung in Abhangigheit vom Gefassnerscnsystems des
Hirnes. Virchows Arch. path Anat. 226 180, 1919

Ruedi, L., and Furrer, W Acoustic trauma; its ongin and presention

Schweiz. med. Wchnschr. 70 843, 1946

Rugge, D Use of cholinergic bloching agents in the treatment of crame
cerebral injuries J. Neurosurg. 1157, 1954

!
Russell, W. R, and Schiller, F Crushimye imurics 10 the shully chinis

120



Mechamsms of Head Injury

and experimental observauons. J Neurol. Neurosurg & Prychuat. 12 53,
1949-

s1. Sakat, h Apatomische Befunde am menschlichen Gehororgan nach
Bassfraktur Arch. Ohrenh. 85 188, 1911

53 Salzman M Clinjcal Andlology New York Grune & Stratton 1945,

54 Schaller, W F, Tamali h., and Newman H Petectual hemorrhages
of the bran expenmentally produced in rats by concussion Arch. Neurol,
& Prychuat. 45 1, 1941

55. Scheinher, | M. Neurosnrgical Pathology Springficld IIL, Thomas, 1948

6, Schoetder, R C. Acute traumanc postenor dislocation of an intervertebral
dise wath paralysie. ] Bone & Jt. Surg. 31A 566, 1949

57 Schonbauer L, and Brunner H Schadelbasshriiche, 10 Alexander G,
agd Marburg O (cds.) Handbuch der Neurologic des Ohres. Berhin
Urtran & Schwarzenberg 1928, Vol 2, pt. 1 pp 337-400

8. Schuknecht, H F A chinucal study of auditory damage following blows
to the head Ann. Otol,, Rhin. & Laryng 59 33t 1950

53 Schuknecht H F, and Woellner R C. Heaning losses followang paruial
section of the cochlear nerve, Laryngoscope 63 441, 1953.

60, Scotr, W W Physology of concussion Arch. Neurol. & Prychiat. 43
70,1940,

61 Shapiro, P, and Jackson, H Swelling of the bran in cases of smyury to
the head. Arch. Surg. 38 443, 1939

62. Spiegel E. A, Spiegel Adolph, M, Wycs H T, and Marks, M Cere
bral concusnon and convulsive reactivity A. Res. Nerv & Ment. Dig,
Proc. 26 84, 1947

63. Spiegel, E. A, Spiegel Adolph, M, Wyas, H. T, Marks, M, and Ler,
A. ] Subcorncal changes in cerebral concussion. J Nerv & Ment. Dis.
196 350.1947

84 Snger Beitrag zur henntrus der nach hopfvetletzungen auftretcnden
Veranderungen im inneren Ohr Arch, Ohrenh. 79 43, 1909

642 Smich, S} Altered States of Conscromsness duc to White Matter De

121



Head Injuries

~7
it

e b e

generauon, n Premier Congrés International des Seiences Newrologiques
Réunions Plémeres: Rapports et Discussions. Brussels, Edimons “Aq
Médica Belgica, " 1957, Vol 2, pp. 111-1134

Theodore, = Beitrag zur Pathologic der Laby rintherschiitterung, Zischr,
Ohrenh. 61 299, 1910

Tobey, H G Euological and chinical types of so-called nerve deatness
Laryngoscope 47 598, 1937

Tower, D B, and McEachern, D Acetylcholine and neuronal aumin m
cramoacercbral trauma J. Clin. Invest. 27 558, 1948

Uffenorde, W Histologische Befunde am Felsenban ber Schidelschuss.
verletzung als Beitrag zur Frage der Kommotionsschwerhonghat Beitr,
z. Anat., Physiol,, Path. u. Therap d. Ohres 21 292 1924

Ulrich, K Verletzungen des Gehororgans ber Schadelbasisirahturen Acta
oto-laryngol. Supp 06, 19206.

Wakim, K G, and Fleisher, G A Effcat of expenmental cercbral m-
farction on transaminase activity mn serum, cerebrospmal fluid and m
farcted ussue Proc. Staff Mect., Mayo Chin. 31 391, 1950

Walker, A. E, Kollross, ] ], and Case, T ] The physiological bascs o
concussion. J. Neurosurg. 1 103, 1044

Ward, A, Jr Atropine in the treatment of closed head injuries., J. Neuro
surg. 7: 398, 1950
Weed, L H, and McKibben, P. & Pressure changes m cerebrospm i

fluid follow ing mtravenous mjection of solutions of varous concentrs
uon. Am. J. Physiol. 48 312, 1919

Wilson, L. B Fircarms and Projcctles, Thar Bearing on Wound Pro-
duction, 1n U S. War Department, Surgeon General's Office. The Meds
cal Department of the United States Army n the World War. Washing
ton, Government Printing Office, 1927, Vol. 11, pp. 9-50.

Windle, W F. Groat, R A, and Fov, C A Expenmental structutad
alteravions 1n bram during and after concussion. Surg. Gynec. & Ohst.
79 501, 1044

Witunaach, K Ubcr traumatssche Laby nnthdegenerauon Arch, Ohren.
Nasen-, u Kehlkopfh, 131 359, 1032



Chapter IV

DIAGNOSTIC TECHNICS

Roentgenography

Roentgenography 1s essennal 1n the evaluation of almost every type
of head 1njury and should be performed if at all possible in every
case at the carliest opportunity In some cases however, delay 15 ad
visable. In large hospitals where the admitting and radiology depart
ments are 1n close proximity, roentgenography can be carried out at
the time of admission. Survey roentgenograms of the skull are 1nvalu
able, if the patients condition permuts and indications exist, roent
genography to locate other sites of injury can be performed at the
fme time. In high veloaity injurnes, or 1n injuries suffered 1n falls from
2 height, roentgenograms of the complete spine and the pelvis are
important.

Routine roentgenograms of the skull should include the antero-
pastenior, posteroantenor, nght lateral, and left lateral views. Special
views, such as Stenver s, Mayer s, Schuller s, and Chamberlin s, may be
of value 1n visuahzing fracture of the temporal bone. Stenver s view 15
the projection of chotce for visualization of a transverse fracture of the
temporal bone. Some advise routine views of the orbital foramens.
Roentgenograms of the base and stercoscopic studies may be indicated
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in some cases. Magmfication roentgen techmies are helpful accasion
ally.* It 1s often advisable to call the radiologist’s attention to the arca
of suspected fracture, so that speaial views may be obtained. Although
visuahization of fractures of the petrous portion of the temporal bone
1s often difficule, with care such fractures can sometimes be revealad
In panents with serious njuries, respiratory obstruction dunng the
examnation must be avorded, particularly when placing the patient in
the prone position

Roentgenography 1s of major importance in delincaung the type of
depression 1n cases of depressed fracture, and i planming the opera
tne procedure In penctrating head mjuries due to high-velocity mic
stles, roentgenography reveals, 1n addition to fracture and comminution
of bone, the presence of foreign matter and bone fragments in cerebral
tissue Even when there 15 only an apparently minor scalp wound or a
laceration of the back of the head and neck, the roentgenograms may
show extensive comminution and depression 1n the occipital area After
surgical treatment of such wounds, the postopcrauve roentgenographic
studies help to determime whether the debridement was thorough
enough.

The roentgenographic features of an evtradural hematoma of middle
memngeal artery ongin are  (r) almost mvarably a lincar fracture,
usually crossing the middle memngeal groove(s); (2) depressed bone
m the parietotemporal region 1n some cases, and (3) shft of the pineal
gland, an important feature since 1t may ndicate the side of the Jeston
The abscnee of a fracture line does not exclude the possibihity of extr-
dural hematoma, which may occur without skull fracture or with one
so shght as not to be visible on the roentgenogram.

The features of subdural hematoma arc: (1) a shift of the pinfﬂ
gland: (2) occastonally, evidence of a lincar skull fracture. {3) crovon
or thinning of bone 1n somc cascs, (¢) an mternal calaific hmng. if the
hematoma has become calaificd; (5) possibly, asymmetrically desclopad
antertor shull of the hanatoma 1s of the relapsing. uvemle form.

Hoawhpl ™ -vos ' rounne survey rocntgenograme

13
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may help to establish the diagnosis. Absence of a fracture or disloca
ton 1n this region usually 15 an indication that the injury 13 not severe.
Occasionally, the roentgenograms disclose fracture of a body, facet,
spinous process, lamina, or odontoid process. The roentgenography
must be meticulous, all 7 cervical bodies and the odontoid process must
be visualized, and views 1n flexion, extension, and 1n the erect positon
are helpful, uncovering shight subluxauons which are not well visual
1zed 1n conventional views. Narrowing of an intervertebral disk space
may indicate a hermiation of the nucleus pulposus at that pomnt, but
this 15 not a dependable sign.

The presence or the suspicion of herniation of cervical nucleus pul
posus delays msurance settlement. A definite diagnoss 1s therefore 1m
partant, and can be established with the help of myelography The
Pantopaque must be removed after myclography, and dunng the pro-
cedure care must be taken to prevent entrance of the substance 1nto the
cranual cavity

Angrography

Since the introduction of angiography by Egas Monz 1n 1927, 1t has
become 2n important aid 1n the diagnosts and management of intra-
cranial mass lesions.™ ® 3 If there 1s reason to suspect that a mass
leston may be present when the 1mtial skull roentgenography 1s being
done, the angiography can be carned out immediately thereafter, and
the patient 15 thus spared a second trip to the radiology department.
A“G‘Ogmphy may be mare effective than diagnostic trephination 1n
atablishing definitely the presence of a collection of blood or cercbro-
nal fluid * Whle thas technic, ke other diagnosuc methods, en
tals 3 certan risk, there are few contrandications to its use. The
radiopaque substances used for cerebral angography are Tharotrast,
Diodrast, and, most recently, Hypaque.™ *
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in some cases Magnification roentgen technics are helpful occasion-
ally ** It 1s often advisable to call the radiologist’s attention to the arca
of suspected fracture, so that special views may be obtained. Although
visualization of fractures of the petrous portion of the temporal bone
1s often difficult, with care such fractures can sometimes be revealed
In patients with serious injuries, respiratory obstruction during the
examination must be avoided, particularly when placing the patient 1n
the prone position

Roentgenography 1s of major importance 1n delineating the type of
depression 1n cases of depressed fracture, and 1n planning the opera-
tive procedure. In penetrating head injuries due to high-velocity mis-
siles, roentgenography reveals, 1n addition to fracture and comminution
of bone, the presence of foreign matter and bone fragments in cercbral
tissue Even when there 1s only an apparently minor scalp wound or a
laceration of the back of the head and neck, the roentgenograms may
show extensive comminution and depression 1n the occipital area After
surgical treatment of such wounds, the postoperative roentgenographic
studies help to determine whether the debridement was thorough
enough

The roentgenographic features of an extradu al hematoma of middle
meningeal artery origin are* (r) almost invariably a linear fracture,
usually crossing the middle meningeal groove(s), (2) depressed bone
in the parietotemporal region in some cases, and (3) shuft of the pineal
gland, an 1mportant feature since 1t may indicate the side of the lesion
The absence of a fracture line does not exclude the possibility of extra-
dural hematoma, which may occur without skull fracture or with onc
so slight as not to be visible on the roentgenogram.

The features of subdural hematoma are (1) a shift of the pincal
gland, (2) occastonally, evidence of a linear skull fracture, (3) erosion
or thinning of bone 1n some cases, (4) an internal calcific mng, if the
hematoma has become calaified, (5) possibly, asymmetrically developed
anterior skull if the hematoma 1s of the relapsing, juvenile form

If a whiplash injury 1s suspected, routine survey roentgenograms
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may help to establish the diagnosis. Absence of a fracture or distoca
ton i this regron usually 5 an mdscation that the myury 18 not severe.
Occasionally, the roentgenograms dusclose fracture of a body, facet,
spnous process, lamma, or odontoid process. The roentgenography
must be meticulous, all 7 cervical bodies and the odontoid process must
be visuahized, and views 1n flexion, extension, and 1 the crect positon
are helpful, uncovering shight subluxations which are not well visual
zed 1w conventwonal views, Narrowing of an mtervertchbral disk space
may sndicate a hermation of the nucleus pulposus at that point, but
thus 18 not 2 dependable ugn

The presence or the suspicion of herntation of cervical nucleus pul
posus delays insurance settlement. A defintte diagnosis 1 therefore 1m
portant, and can be established with the help of myclography The
Pantopaque must be removed after myclography, and duning the pro-
cedure care must be taken to prevent entrance of the substance into the
cramal cavity

Angrography

Since the mtroduction of angiography by Egas Moniz 10 1927 1t has
become an wmportant ard 1 the diagnosis and management of ntra
cranual mass lesions.’™ ™ * If there 1s reason to suspect that a mass
lenon may be present when the mtial skell roentgenography s being
done, the angrography can be carnied out tmmedsately thereafter and
the patient 15 thus spared a second trip to the radiology department.
Angiography may be more effective than diagnosuc trephination m
atablishing definteely the presence of a collecnion of bload or cerebro-
spnal fd ® While thu techme, like other diagnostic methods, en
tils 2 certan sk, there are few contraindications to s use. The
radsopaque substances used for cercbral angrography are Thorotrast,
Diodrast, and most recently, Hypaque™ ®
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Technic

The contrast medium 1s 1njected 1nto the internal carotid or common
carotd artery, preferably bilaterally, or 1nto the vertebral artery 1n some
cases The older method of injecting the medium was by the open
technic, 1n which the artery was exposed surgically The newer method,
now used almost exclusively, 1s the closed, or percutaneous technic For
this method, Xylocaine hydrochloride (lidocaine hydrochloride) 1s
infiltrated locally, and Pentothal sodium (thiopental sodium) or Nem-
butal sodium (pentobarbital sodium) intravenously for anesthesia
The contrast medium, 8 to 10 cc for each exposure, 1s then injected,
and anteroposterior and lateral angiograms, with o125 second ex-
posure, are taken, 1n some cases, sertal Fairchild studies are also help-
ful Better visualization 1s sometimes obtained by. using 15 to 20 cc
‘of contrast medium

For 1njection of the vertebral artery, an 18 gage Touhy needle 1s
inserted 1nto the artery, usually at the fifth cervical interspace level

Findings (Fig. 29)

In the presence of extradural hematoma, the vessels on the surface of
the convexity may be compressed, if the hematoma 15 at the base, the
middle cerebral artery 1s pushed medially and upward, and the anterior
cerebral artery 1s shifted toward the opposite stde A subdural hema:
toma, too, may compress the vessels of the convexity, and cause a shift
of the anterior cerebral artery toward the opposite side A frontal
extradural or subdural hematoma causes the anterior cercbral artery
to shift medially A frontal mzacerebral hematoma widens the space
between the anterior and middle cerebral vessels 1n the anteroposterior
view Parietal and frontal hematomas depress the middle cerebral
blood vessels The charactersstic pattern of temporal lobe hematoma
15 a bowing and elevation of the middle cerebral blood vessels around
the mass, 1n the anteroposterior views the ferior portion of the an-
terior cerebral artery may be shifted to the opposite side
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Fig 29 (continued). (B) Frontal lobe intracerebral hematoma (a), antero

posterior view (2"), shift of anterior cerebral artery across midhine and yncreased
space between anterior and middle cerebral arteries, lateral view (a°); downwar

shift of middle cerebral vessels (&) Paretal extradural hematoma of middlc men-
ingeal onigin; anteroposterior view (b1), marhed compression of coruical vesscls,
lateral view (4%), shght compression of rmddle cerebral vessels () Left temporal
lobe intracerebral hematoma simulating extradural hematoma, anteroposterior
view (c!), antertor cerebral artery chifted somewhat across midhing, Jateral view

(¢*), marked upward shuft of middle cerebral vessels.
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Eg- 29 (cosumued) (C) Acute subdural hematoma (a) pote space between
5 oll and blood vessels. (2) Chromec left subdural hematoma, (¢} Subacute sub-
ucal bematoma w:u:fht shift of anterior cerchral artery and compressed veasels

ml&f\mtrh:mnp

o8 next pege ) heral surface, at a distance from overlying bone, (Continsed
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Fig 29 (continued) (D) Temporal hematoma (a), note left shift of anterior cere-
bral artery (a”), and upward shift ot middle cerebral vessels 1n lateral view (a°).
(%) False posttive angiograms n patient suspected of having right temporal lobe
intracerebral hematoma, autopsy revealed contusion, and edema of temporal lobe

Carotud artery angiography demonstrates a peripheral or mntra-
cerebral mass in the frontal, parietal, or temporal regions It 1s diag-
nostic 1n a high percentage of cases of chronic subdural hematoma.™
A mass in the posterior parseto-occipital areas may be mussed, and
lesions 1n the posterior fossa are not visualized by a carotid angrogram;
these lesions are not common, but they can be diagnosed by combin-
ing angiography with ventriculography by the pareto-occipital route

A normal angiogram 1n a patient with localizing signs is a strong
indication of the presence of a cerebral contusion rather than of a mass
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Fig 29 (conunued) (E) Bilateral chronic subdural hematoma (a) note shift
of anterior cerebral artery to nght (a*) (4) Subdural hematoma and intracerebral

toma 1n left temporal area note shuft of middle cerebral antery (%), with
3pce between bone and bran duc to subdural collectron,
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lesion Occasionally, a false positive angiogram 1s due to a localized
hemispheral swelling While this may lead to an Unnecessary opera-
tion, angiography compares favorably with diagnostic trephination,
in which there 1s a higher percentage of negative findings

The advantages of angiography are (1) 1t 1s easily done under local
Xylocaine and 1ntravenous Pentothal or Nembutal anesthesia; (2) good
tolerance by the patent, (3) high degree of accuracy, (4) good visual-
1zation of vascular deformation despite increased intracranial pressure;
(5) correct diagnosis 1n cases of simulated signs of head injury, asina

patient with a stroke or ruptured aneurysm who 1n falling strikes lus
head

Trephination

The diagnosis of intracranial extravasation of blood by means of
burr openings in the skull 15 a time-honored method It 1s not n-
fallible A subdural hematoma in the frontoparietotemporal area 1s
usually discovered by diagnostic trephination An extradural hema-
toma, which may be at the base or more posteriorly 1 the parieto-
occipital region, or near or at the midline, 1s harder to locate Asa rule,
burr openings are drilled at the frontoparietal junction, 3 to 4 cm
from the midline on each side, at or near the coronal suture Thes
often fail to reveal the hematoma, and multiple openings may be
needed In some cases, burr openings near a fracture site may disclose
an extradural hematoma Negative results of diagnostic trephination
may mislead the surgeon When there 1s an intracercbral hematoma
as well as a subdural collection, the latter is merely the overflow of the
intracerebral clot Trephination, which fails to disclose the prescnce of
an 1intracerebral hematoma, makes the surgical problem even morc
difficult

Bilateral trephination 1s indicated 1n all cases in which the presence
of subdural hematoma is demonstrated, even though other procedures
may suggest that the mass 1s unilateral
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Although trephination 1s of value, particularly of ventnculography
1 performed, when the results of trephinanon are neganve, an
giography may be a more effecave techmic. Nevertheless, many
nurgeons stil believe that diagnostic trephinanion 13 the method of
Ch-O'KCIL 18 34,37 32

Preumoencephalography (Figs 30 33)

This 13 a useful procedure 1n subacute head njunes and far panents
with chromc complaints. In acute head injury partcularly the first
day or two, the procedure 13 often dangerous because of the posuble
prasence of increased ntracransal pressure, blood 1n the cerebrospinal
flnd, or a forming mass lesion.™

Technic

The patient 15 placed 1n a sittng position, and anesthenzed by 6 to
To cc. of a 2 per cent Pentothal solution. By lumbar puncture, the
cerebrospinat flud 13 withdrawn and 8o to 120 cc. or more of air are
mjected By another method, the lumbar puncture 15 performed with
the patient 1n the prone position, in order to record the cerebrospnal
flud pressure, smmediately thereafter, the panent 1 placed i the sit
ung ponon. It 13 advisable to withdraw the cerebrospinal fluid com-
Pletely unless this 15 done, the unequal distnbution of ar 1 the
ventncles and subarachnotd spaces may give a false impression of
verchral abnormahities. As soon as the imjection of air 1 completed,
oxvgen 13 admusustered to reduce nausea and vomitng, the patient 1
then placed 1n a specsal char with chin supports, and roentgenograms
in the upnght and prone positions are taken. If no arr has entered the
Yentricular cavities after 6o cc. or more have been mtroduced, a ven-
tneulogram and surface exploration through skull openings may be
Performed. In some cases, the panent may need further study 8, 24,
ind 48 hours later During the inyection of aur, the patient s head should
be moved back, forward, to the nght, and to the left, 5o as to faciluate
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Fig 30 Pneumocncephalography in various craniocerebral lesions. (A) Nor-
mal pnecumocncephalogram (a) of patient with cerebral palsy and bilateral spas-
tiaty. (&) Somewhat enlarged left ventricle and bilateral internal hydrocephalus
in paticnt with left occaipital shull fracture (¢) Ventricular enlargement mn 1 year
and cercbral atrophy 1n patient wiath subdural hygroma
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Fig. 30 (cowninued) (B)‘ Ventnculogram (8) thowing subdural avity after
eracuation of left subdural hygroma. () Coruical compresiion by left subdural
bygroma, (c) Subdural hygroma, bilateral 1 year after drainage of hz}vmtnn
(") and 3 years later showing development of left frontal astrocytoma ()]
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the escape of fluid and dislodge possible air bubbles which might pre-
vent the passage of air into the ventricles or the subarachnoid spaces
An occasional shght shaking of the head may also be helpful if the
flow of fluid 1s insufficient

Findings

Chance plays a part in the pathways which the 1njected air follows
Aur enters the ventricular system of cavities through the foramens of
Luschka and through the foramen of Magendie as well, and spreads
into the fourth, third, and lateral ventricles Sometimes, the fourth
and third ventricles are visualized, while the lateral ventricles are not
In other cases, a bubble of air 1n the cerebrospinal fluid in a rather
small foramen of Monro may prevent the entrance of air mto the
ventricles, 1n these cases, the patient should be allowed to rest for sev-
eral hours, after which repeated roentgenography may show that air
has entered the ventricles, with adequate visuahzation.

Atrophic and space-occupying lesions may involve various cisterns,
including the cisterna magna, basalis, interpeduncularss, and chias-
matica, and the venae magnae cerebri Increased intracranial pressure
will result 1n an encephalogram in which the ventricular outline is
rounded superiorly and laterally in the anteroposterior view When
this blunting of outline 1s combined with ventricular dilatation, it 1s un-
mustakable evidence of cerebral atrophy or increased mtracranal
pressure and hydrocephalus

Ventricular dilatation calls for careful evaluation of the cause In-
farction due to a thrombosis of the internal carotid artery can causc
extensive dilatanon and hydrocephalus ex vacuo of one ventricle and
possibly of the other ventricle as well In such a case, the ventricular
enlargement antedated the head injury Cerebral atrophy may be sug-
gested by the presence of increased fluid spaces in the subarachnoid
arcas The absence of air over a hemisphere may indicate a subdural
collection of blood or flmd The 1njected air may collect under the
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supcrior medsal edges of a subacute or chronic subdural hematoma® **
(see F1g 62B), as Dyhe® was the first to observe.

The encephalograms of a patient with bilateral mass lesions may be
muleading, the side with the larger mass may be compressed and
shifted to the opposite side, thus minimizing the abnormality which
would otherwise be shown effecuvely

The absence of air on one or the other side over the cortex mn chil
dren may or may not be significant. In many cases, exploration fails
to reveal the cause of the abnormality Small amounts of fimd have been
found over the cortex on the side without air 1n the subarachnoid
spaces. Possibly, 1n such cases, a mechamcal factor prevents the air
from entering the subarachnoid spaces, or there may be abnormal
connective tissue prohiferanon 1n the prarachnoid resulung from an
old myury or inflammatory disease.

The diagnosis of cercbral atrophy by means of the encephalogram
u comphcated by many pitfalls (1) In an occasional case, arr may
enter the subdural space, so that the encephalogram gives the impres-
sion of cerebral atrophy, another encephalogram some tme later will
be completely normal. (2) In older persons, there 1s apparently some
physologic atrophy Other confusing factors are (3) Ventnicular dila-
tation immediately after injury, 1t may be due to an increase of fluid
1n the ventnicular cavities and subarachnoid spaces as a result of blood
1n the cerebrospinal fluid, or of increased Awd formation and decreased
absorption. (4) Decrease 1n ventricular size soon after mnjury and en
largement after a year or more (Fig 30) (5) Localhized ventrcular
enlargement, resulung from a hydrocephalus ex vacuo caused by a deep-
seated cercbral contusion (Fig 31) (6) Ventncular dilatation 1n the
viamty of and extending toward a bone defect (Fig 32) (7) Ven
tncular dilatation 1n extensive cerchral trauma (Fig 31), as 1n pene
tting wounds,

In summary, the causes of enlargement of the ventricles and sub-
arachnoid pathways are (1) an increase 1n the volume of cerebrospinal
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I'ig 31 Pneumocncephalography n penetrating head myury (e-6) Pnc;ﬂ:lt:
encephalograms 38 days after insufficient primary debridement and 41 dn);: a Cd
after swondary debridement, respectivelv. marhed enlargement of ventricles a(r;C_
of porencephahic cyst (¢-d) Pncumoencephalograms 14 days after primany

N : QC‘
bridement and 57 days after secondary debridement, respectively, marhed enlarg
ment of right ventricle.
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Fig. 32, Preumoencephalography 1n head imjury (a) Pneumcencephal
2 yeans after skull fracture with extensive cerebral destruction hydrocephalus ex
Tacuo, particularly large on nght nide o air over hemmuspheres patient bedndden,
with aphaga and alateral ty morc marked on left nde. (4) Pneumoen
after head 1injury suffered by 8 year old child large poren-
eephalic cyst 1n fefc ocapital ared, commumcatng with potterior horn of left
ventricle (8*) extensne bone absorption over lesion nght homonymous
Pua posttraumatic epilepsy (¢) Enlarged ipsilateral ventrxle after open
skull fracture hydrocephalus cx?.p:cuo muld po:%tmumauc epilepsy
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red 1n fall fram
entricular tavl

ues (&) Lelt subacute subdural
; ' : ural hematoma. 8 days after injury, left ventricle
cfimtely compressed, less air on left side (c) Right subacute smljbd)uml hematoma;

I'g 33 Pncumoenceph
phalography 1n head mjury (a Head
horse, hematoma 1n midline between hcmxspécris,(cc?mp:;ssn::g‘i'

nght ventr ,
infant. ‘ iquid subdural hematoma surrounding hemisphere 1
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flud, (2) wnadequate absorption of cercbrospinal fiud, (3) blocked
arculation of cerebrospinal fluid as a result of contusions, hemorrhages,
ctc., and (4) cerebral contusions and atrophy, with hydrocephalus

15814 227 38
€ vacuo. o »

Ventriculography

When a diagnostic air study ss 1ndicated 1n the acute phase of a head
mjury, ventriculography 15 a morc advisable procedure than lumbar
pocumoencephalography As a rule, ventriculography 1s combined with
bilateral exploratory trephination 1n the frontoparietal areas. If the latter
procedure does not reveal a subdural collection of fluid or blood, 1t 1s
safe to 1ntroduce a brain cannula, procced wath the ventncular tap,
and imntroduce air Elective ventriculography may be possible 1n some
cases, 1t 15 best done through openings 1n the paneto-ocapital area,
wth the patient 1n a siting position. Occasionally, a chronic subdural
hematoma may be 1dentfied through such openings i the shull.

Technic

It 1s important that the ventricle be entered with one stroke of the
needle, several punctures permit escape of the njected arr imto the
subdural or subarachnoid spaces, particularly the former, with re
sultant poor visualizanon of the ventncles. Bilateral injection of air
asures better filling To accomplish this, 30 cc. or more of air are
injected 1nto one ventricle while a stilet 15 1n place 1n the other, the
needle 13 swaftly withdrawn as soon as the iyjection 1s completed, and
the mancuver 15 repeated on the other side. This method results 1n
better visualizanon than by the one 1n which air 15 introduced by the
substitution method The air should not be wjected under pressure,
but complete filling should be sought. Movement of the head helps
to fill the ventrcles completely 1f the patent 15 10 the supine position,
the surgical draping should allow the head to be moved to the right
and left, 1f the patrent 15 sitting, the head 1s hyperextended The vital
functions must be carefully watched throughout the procedure.
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Cercbrospinal Fluid Studies

A lumbar puncture, or a asternal one if the lumbar puncture can-
not be made because of skeletal or spinal fracture, 15 of diagnostic value
1 many cases of head injury. Routine lumbar puncture for diagnosis
or treatment 1s inadvisable For diagnosis 1t should be used when there
are definite indications for it; therapeutic puncture must be resorted
to cautiously and on an individual basis In the carly stages of a head
injury, a lumbar puncture may affect the intracramal hydrodynamic
status and so disgusse possible signs and symptoms of a dynamic lesion,
e.g., a forming extradural hematoma Repeated withdrawal of flmd m
such a case would tend to keep the cerebrospinal flurd pressure {rom
increasing, and the patient could die because the lesion had not been
recognized 1n time.

The following data are important mn cerebrospinal flud studies.
(1) pressure, (2) blood content and cell count, and (3) protein con-
tent In our experience, a fluid mitally very bloody or grade 4 clears
1n 8 to 10 days, and 1n some cases becomes only faintly xanthochromic
within 2 days. The red blood cells hemolyze and disappear from the
flid much more rapidly than the leukocytes, so that puncture after 4
or 5 days may reveal a xanthochromic fluid with a leukocyte count
out of proportion to the red blood cell count (normal red to whie
blood cell ratio, about 400.1) The leukocytes are about equally divided
between polymorphonuclear cells and lymphocytes A Ingh proten
content 15 considered to be diagnostic of cercbral damage and unplics
a poor prognosis, although the value of diagnostic lumbar puncture
has becn emphasized 1n patients with serious injury, we have not f ound
a lugh protein level to be a consistent feature of such injury The
findings 1n 411 patients of our scries of 1,285 cases arc shown in Table 3
The sarations 1 mortality rate with the type of fluxd found are ob-
VIOUS

While the cercbrospmal flwd pressure does not mvanably reflect
accuratclv the intracramal fluid pressure, studies by various investigator s
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of the changes in pressure under different conditions have established a
goodcorrdanonmmanym: 413 15 2% 38 20

Tanie 3 Cercbrospanal Flusd Findings in 411 Cases of Head Injury
Number Number  Mortality

Finding of cases faral rate

Pressure 2> 200 mm. HsO 187 38 203
Bloody 195 54 276
Xanthochromic 55 9 163
Clear 161 6 37
Protern > 60 mg /100 cc. 81 14 172

Several types of cercbrospinal flud hypotension have been described
(1) hypotension caused by a partial or complete block as a result of
herniation through the dural compartments, ¢ g tentorial or foramen
magnum herniation, (2) prunary hypotension 1n a seriously 1ll patient
caused by general relaxaton of the arterral walls, (3) hypotension as
part of the postconcussion syndrome. The presence of a partial or com
plete block may be revealed by the Queckenstedt mancuver, but this
test may be dangerous 1n a patient wath a scvere intracramal lesion
The result of the test 1n primary hypotension 15 normal. The low
cerebrospinal flud pressure 1n these cases may be associated with a
bigh pulse pressure. The cercbrospmal fluid hypotension of the post
concussion state resembles that which sometimes occurs after lumbar
puncture. In both, the headache which 1t causes 1s relicved by lying
down. The hypotension after lumbar puncture may be the result of
Yeakage of fluid via the needle path into the subdural or epidural region.
A low pressure does not rule out the presence of an ntracranial mass
lesion, but with most dynamic lesions the pressurc 1s fairly high—
usually over 300 mm, of water

Electroencephalography (Figs 34 40)

The clasnfication of the clectroencephalographic features of head
mjury used here 15 2 modification of the one set up by Bickford and
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Whelan.” Abnormal records are divided into two broad categorics:
rhythmic abnormalities or dysrhythmias, and arrhythnne abnormaties,
or arrhythmias or deltas. The term “delta” 1s used 1n 1ts original mean-
ing of arrhythmic, nonrcpetitive, slow waves of less than 4 cycles per
second While this classification might lead to some confusion, since
delta, strictly speaking, 1s also used for any slow wave of a lower fre-
quency than 4 cycles per second, there are clinical advantages in stpa-
rating out those records which show arrhythmic slow waves Thus,
an EEG showing slowing to 2 cycles per second 1s classificd as dys-
rhythmra, whereas one showing arrhythmic slowing to 2 cycles pur
second 1s classified as dclta

The details of the classification are as follows

Dysrhythmia (also charactenized as focal or diffuse) General category for
waves which are usually rhythmie, repetitive, tending to be inhibited by open
ing of the cyes, and accentuated by hypervenulation Specific wave forms are
also included 1n this category

Grade I Mimimal continuous or paroxysmal rhythmic slowing; amplitude

up to 30 uv
Grade II Moderate continuous or paroxysmal rhythmic slowing, ampl-
tude up to 6o pv

Grade 111 Specific wave forms, e g, spikes, sharp waves, spihes and waves

Delta (also characterized as focal or generalized) Random, slow waves
(05 to 4 per sccond), arrhythmic and nonrepetitive, usually unaffecied by
opening of the eyes or by hyperventilation

Grade I Amphtude up to 30 pv

Grade 11 Amphitude between 30 and 6o pv

Grade 111 Amplitude above Go pv

Asymmetry Amphtude asymmetry of the alpha rhythm greater than 25
per cent

Changes 1n Specific Conditions

In severe head mjunes, in which there 1s extensive cercbral damage.
contuston, and hemorrhage of varying scverity, the EEG is not par-
ticularly useful 1n the first day or two after injury. The waves from

the scalp surface may show only a shght change from normal, or there
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Fig 34 Electrocncephalography 1n head injury (sp press. cercbrospinal flud
prossore in mullimeters of water) (A4) Right temporal and basal tracture patient
dead 71 hours after 10jury autopsy showed thin subdural hematoma on nght,
small, nght mtrn(cmpmrlrly lobe hemorrthage, and small sofiencd areas in left
frontal lobe at 1% hours, EEG almost normal progressive abnormalities there
sfter (B) Patient, 48 years ald, dead 2 hours after 1m autopsy showed massive
subdural hematoma on left EEG gave no mdscation of mass lemon. (C) Pauent,
36 years old, dead 24 hours after gunshot 1njury” entrance wound 1n left parictal
are, exit through mght motor cortex at 4 hours, EEG comparatnely normal at
20 hours, EEG shows conuderable detersoration more marked on left.
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may be marked damping, with unusually low voltages ™ Thereafuer,
as the patent’s state stabihzes, more obvious abnormalitics become
evident (Fig 34) The early low-voltage waves may be due to mvolve.
ment of the rettcular formation of the bramn stem by hemorrhage, or
to a dysfuncuon in this region without gross lesions

The EEG 1n less serious injuries without a mass lesion may be normal
or only shightly abnormal immediately after the injury, st usually bepins
to show marked abnormalities over a period of several days, without
necessanily correlating with the climical status

In the presence of extradural or subdural hematoma (Figs 33 and
34), the electric emissions from the cerebral surface are often blanketed,
resulting 1n a definite lowering of the electric potential on the affected
side With a bipolar method, the blanketing effect may be due w0 a
short-circuiting of the cortical potentials 1n the blood clot, which is a
good conducting medium ** * The low-voltage waves which may ap-
pear for a day or two after the clot 1s removed mught be explamed
on the basis of a subdural collection of cerebrospinal fluid, but «ince
the same effect is scen when a drain 1s used, 1 which cast there 15 no
subdural collection of fluid, the short-circuiting theory does not scem
to be a sausfactory explanation In some cases, delta foc, like those
found in patients with brain tumors, may be seen, but they often appear
late 1n the course of the lesion *t 4 2 %

Fig 35 Tlectroencephalography in acute head injury 1 children (sp piives
cerehrospinal fluid pressure 1n milhmeters of water) (4) Right temporil bone
fracturc in 3 year old girl: unconscious for 5 minutes, scveral months after murv.
normal EEG. at 1 hour after mjury. convulsine actisity with grade 11 delta waves:
at 2% hours, decrease 1n clectric activity, at 6% hours, flattened wares, suggresung
lowered actnaty of reucular formation by edema, at 18 hours and 4 days, ab
normahities sull present (B) Head injury without shull fracture 1n 6 year old gurl.
unconsciousness for 10 minutes, aphasia, and right facial paresis for 2 weeks: atdd
minutes after injury, EEG shows grade 1T dysthythimia and grade | delta w fnccl
mare pronounced on left, at 4 hours, spike activity from left motor and tempota
arcas, at 20 hours, persisung spthe activity and general dysrhythmia, at 8 “3(3"
delta actnaty on nght rather than on left, at 14 days, LEG farly norm 4 (C)
Head mjun without fracture 1n 7 year old gurl, drowsiness and confusion for :
hours, 1svmptomauc after 18 hours, at 5 hours after inury, LLG shows shpht 2
normalitics  at 18§ hours, definite abnormahines, at 10 davs, come abnormaliues
persisting despite absence of svmptoms
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Head Injuries

In subacute and chronic subdural hematomas, the EEG accurately
localizes or lateralizes the lesion mn only 45 per cent of cases, 1 our
experience The EEG often shows bilateral involvement, although the
hematoma may be unilateral.

The EEG 1n the posttraumatic cerebral syndrome of an injury with-
out mmtial unconscirousness 1s often slightly disorgamzed; in many
cases, however, 1t 1s normal Occastonally, there 1s an abnormahity on
the side of the blow, and also at the site of the headache Sometimes,
the patient continues to complain, although the EEG has become nor-
mal Correct evaluation of posttraumatic states may require repeated
electroencephalographic examination

In posttraumatic states with an 1mtial period of unconsciousness of
several minutes to several hours, the EEG may at first show disorgan-
1zation, but soon improves, along with the complete or almost com-
plete disappearance of symptoms In posttraumatic states with aphasia,
parests, or paralysis due to involvement of the motor cortey, the pa-
tient’s status may remain unaltered although the EEG may show pro-
gressive improvement (Figs. 35-36).

The patient’s age 1s an important factor in the evaluation of post-
traumatic abnormahtics of the EEG They are found more frequently
in the younger age groups than in the older ones. Diffusc abnormal-
itics, 1t has been suggested, may represent constitutional defects, while
focal oncs probably represent truc lestons of traumatic origin. Oncc
the acute phase of a head injury 1s past, 1t 15 wiser not to ascribe 2

Fig 36 Electrocncephalography in head injury (s priss  cercbrospinal flund
pressure 1n mithmeters of water) (A) Left temporal bone fracture and contustons
of left motor and temporal arcas 1n 50 year old man, unconscious for | haur, c
pressive aphasia for 8 weeks, at 26 days after injury, EEG shows no abnormhity
in left motor area. (B) Fracture of night frontoparsetal area n 55 year old man,
unconscrousness for 12 hours, tncomplete recovery during observation pen {
LEG shows considerable artifact, no marked changes, indicating possibnlity ©
brain stem inyury. (C) Bilateral parsctotemporal fractures in 29 year old man,
consciousness for 24 hours, anglograms negative, at 2 and 4 days after 1)urs,
EEG shows dvsrhythmia and grades I and 11 delta waves, at 9 and 23 dys, no
change 1n slow nctvity, no apparent correlation between chmeal picture and LI
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PO

generahized abnormality to the mypurys this may be of conaderabk m-
portance in the medicolegal aspects of a head injury 1t has been pomted
out that a generalized EEG abnormality 2 years or morc after injur
15 no more or only a little more significant than 1t would be were there
no history of head injury, a focal abnormality, on the other hand. i
most probablv the result of the 1njury and correlates w Il with the sit
of the mjury and the occurrence of focal scizures and revdual new-
rologic signs '® Nevertheless, focal abnormalities may disappear despite
the continued presence of neurologic deficits (Fig 36)

Parovysmal outbursts in the EEG, includmg rhythmic high-voltage
waves of 2 to 3 per second, fast rhythms of 22 per second, and out-
bursts of intermediate frequency, are a definite indication of the likels-
hood of posttraumatic epilepsy

We have studied, with Dr Whelan’s help, the cffects on the EEG
of photic stimulation 1 12 patients with head njuries of varving
scverity Although so far 1t 1s difficult to ascribe any speaial signficanc
to the finding that such stimulation affected the posttraumatic EEG.
1t may possibly prove to be an important diagnostic and prognostic
aid 1n serious head mmyury Involvement of the reticular formation and
of the upper brain stem may be so scvere that mcoming photic sumul
may fail to register and so cause no electroencephalographic change
A local mjury to one or the other optic pathway cannot explain the
lack of response to photic stimulation to be seen mn Figure 393 a more
likely cxplanation 1s involvement of an arca where both pathways may
be cqually affccted, for example, depression of the pace-sctier mech-
anism

e e i i b S

Mg 37, Llcctroencephalography in head mjury, pauent semicomatose amd d;'»z
ortented on hospital admussion after fall, subacute subdural hematoma removed .
davs atter imyury. (/) \t 7 days after injury, EEG shows random and rh\thmt;}
slowing 1 frontl and temporal arcas, more marhed on left, patient conscrous ans
alert, but wath generahized headaches (B) At 12 days, lateral rhs thimie dowing
i frontotemporal arer and increased arrhythnme sfowing i left lcml“’“} 2res
(rhythmie slov ing 1s projected abnormabty. probably duc 1o displuement o m;',
bramn or brain stem, wrhythmic slowing 1s due to direct cortical involveent ).
() At 23 davs, cortical actnaty somew hat restored,
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Head Injuries

The electroencephalographic pattern of birth injuries 15 difficult to
evaluate, particularly because of the marked variability 1n the tracings
of infants and children and the lack of definite knowledge of the
normal range mn this age group. It has been suggested that prenatal
and birth trauma may cause irreversible damage '® But even 1n this
group, maturation, with a tendency to improvement, does occur. If
cerebral tissue 1s locally destroyed, delta activity, commonly seen
up to the age of 6 months, may persist Thereafter, when normally
the delta waves disappear rapidly and theta and sometimes alpha
rhythms begin to appear, silent areas due to agenests, or delta rhythm
due to dystrophy or developmental arrest, may be recognized mn the
EEG Repeated examinations may show the persistence of the delta
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Fig 39 Electroencephalography in head injury pauent, 40 year old man coma
tose and writh akoholic breath on hespital -dmun[:ln. (A) At 1 hour 35 minutes
after smyury EEG shows generalized grade I dysrhythmis, maximal 1n temporal,
rietal, and ocoipital areas gramnﬂmnginlcﬁtanpofalm(B)MSO
rs, genera grade 11 hythmia maxmal dowing and grade 1 delm
waves 50 kft temporal ares. (€) Phote sumulavon at 6 days wathout cffect,
potient aill lethsrgac. (D) At 10 days, grade I deda waves and grade 1 dys-
:?ylhmu in left temporal area evrdence of dnving on phonc sumulation patent
ert
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Fig 40 Electroencephalography n head injury, patient, 63 year old woman,
fell and struck back of head, chronic subdural hematoma At 2V, months, EEG
shows grade I delta waves 1n left temporal area and bitemporal grade I dysrhyth-
mia, more pronounced on left Pneumoencephalogram showed a mass n left
parieto-occipital area, operation revealed large, almost completely solid hematoma,
without temporal extension
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rhythm or faslure of this rhythm to be replaced by a theta or an alpha
component, indicating the prescnce of defimte funcuonal impairment.
If the unparred function 15 1 a silent cortical area, the EEG or the
pncumocncephalogram may be the only means for correctly assessing
the lesion.

In summary the EEG scems to be of little diagnostic value 1n the
carly stages of a serous head injury, n subacute and chronie states
1t 15 of greater value. Mass lesions may cause a damping of the voltage
on the affected side, and 1n subacute or chronic cases there may be
focal delta activity Bilateral abnormality suggests an involvement of
the pace-setter mechanism i the rencular formaton The electro-
encephalographic findings 1n the casc of a person who has suffered
a muld 1njury but complains of pesttraumatic scquelae, or has clinieal
symptoms, range from normal through a gamut of abnormalities It
18 also possible for the EEG to be abnormal although the pancnt 15
apparently well. One of the great difficulties 1n evaluating minor clectro-
encephalographic changes 1n thuis group of pancents 1s the absence of
pre injury records.

From our data on 57 cases of postconcussion syndrome, 64 cases of
postsubconcussion syndrome, and 200 cases of headache without
neurologic deficits, we have found no significant electroencephalo-
graphic abnormalities which differentiate the groups from each other

Radsoactive Isotope Studies

No definite conclusions can be drawn so far from the few available
reports on the use of radiactive 1sotopes for localizing traumatic and
nontraumatic cerebrovascular lesions. Dumbar and Ray* using radio-
acuve 1odinated serum albumin (RISA), correctly located a subdural
hematoma 1n 4 cases, the radicactvity was 20 to 30 per cent higher on
the side of the lesion, but the clot 1ts¢lf showed no uptake of the radio-
actve matenal Rushton and co-workers™ were able to loeate subdural
hematoma 1n 2 of 3 cases, 1n 1 of the 2, with bilateral hematomas, the
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uptake was higher on one side than on the other, 1n the third case, with
a 100 cc liquefied clot, there was no localization with RISA Sweet and
Brownell,” using radioactive arsenic (As™), correctly diagnosed 2 of
4 cases of subdural hematoma In 3 of our cases of acute intracerebral
hematoma 1n which we have used RISA, there was no sigmficant
difference 1n uptake on the two sides 1n 1 case, the localization was
correct 1n 1 case, and on the wrong side 1n the third case

As yet, the localizing value of 1sotopes, as shown by studies with
RISA and As™, has not been outstanding No doubt, as experience
with larger series of cases increases, a more accurate estimate of this
diagnostic technic 1n head injury will become possible.
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Chapter V

CLINICAL MANIFESTATIONS
OF HEAD INJURY

Injury of the head may be mild, and without immediate or late
effects, or 1t may be so severe that it 1s fatal within minutes A short,
accurate history should be obtained in each case, if at all possible, 1t 1s
essential for the evaluation of the mjury A story of a fall, a blow on
the head, or that the patient became dizzy or unconscious and then
fell may be important A history of alcoholism or an alcoholic breath
should be noted The possibility of multiple lesions should always be
kept in mund, the patient with a head injury may also have injuries
in the chest, abdomen, extremities, spine. The patient must be regarded
as a whole, not 1n strictly separated compartments In the early stages,
the patient’s condition should be checked frequently in order to note
the appearance of symptoms and signs which had not been present
at first

The examination in the early stages of an acute, severe head njury
must often be limited because the patient 1s unable to co-operate
Certain basic observations, however, should be made The responses
to simuli, a clue to the degree of unconsciousness, should be care-
fully evaluated and recorded A record should be made of the state
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of the vital funcuions, thas 15 important 1 evaluanng shockhhe stater.
1a addion, the scalp should be anspected for impurics contusions and
lacerations, the state of the pupls, corneal reflexes and funds 1s noted,
and the presence or absence of bleeding from any bady onfice of any

Tamz 4 Data on 1285 Cases of Acute Head [ wiry 1952-1954%

Vorialisy
Number Nxmber o (0 ratcof [44
Fexture af cases farud I faral cases
Distrnibusron by age grosp B
0-10 yr 201 1y 0y 69
11 > 116 5 ‘4 33
N3 249 26 in 139
34 217 22 1 153
4150 « 202 b3 16 146
51-60 = 154 25 19 174
61 and over 143 41 32 285
Suate of corscronsmers
Unconscrousmess before
besperal admussion 539 5 09 EX
Cosunoed unconsciousnesy 299 17 381 313
Unconsciousness after
admunon (luad iterval) 21 14 667 97
Mo loss of conscxnmncss 426 8 18 5.6
Time of death efter hospstal
#dmiision
05 by — i 039 76
610 — 6 20 18.1
H-15 — i7 13 118
1635 = — 17 13 18
1~ 2 days — 12 49 83
35 — 29 23 201
610 — 20 1.6 138
11 oc more — 12 18 83

*Sex 1015 male, 270 female, Skull fracture present 1 637 (morsalty rate,
72 per cent) po skull fracture 18 {moralny rac 3.8 per cent)
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gross abnormality of motor and sensory functions and of reflexes, and of
injurics clsewhere mn the body (particularly the cervical spine) should
be ascertained There may be nuchal nigidity 1n patients with bloody
cercbrospinal fluid, or limpness or flaccidity with a generalized areflexia
in a profoundly 1ll patient, the latter 1s an ominous sign

Table 4 summarnizes certain findings 1n our series of 1,285 cases of
acute head 1njury seen between 1952 and 1954

State of Consciousness

Unconsciousness may be defined as an inability to respond to ex-
ternal sumuli 1n a manner 1ntelligible to oneself and to the observer.
Disturbances of consciousness range through drowsiness to a clouding
of consciousness, with confusion and disorientation, to coma, with loss
of some or all the reflexes These disturbances may be associated with
restlessness and violent hyperkinesias

The mechanisms of unconsciousness after head injury are stdl -
completely understood From experimental evidence (see Chapter I11),
it seems a justifiable conclusion that cellular changes, with chromatol-
ysis and 1njury of nerve fibers 1n the reticular formation of the bramn
stem and 1n the midbrain, cause the posttraumatic unconsciousness 1n
blunt head injury Apparently, neither anoxia nor chemical or meta-
bolic changes play a role ** Were 1t possible to injure the entire cortex
by a blow to the head, the effects would be the same as that of reticular
formation 1nvolvement, 7 e., unconsciousness However, in blunt head
injuries, the anatomy of the head facilitates derangement of brain stem
centers rather than of all cortical mechanisms The conscious state, of
course, 15 also affected by contusions and lacerations of the higher cen-
ters Thus, with injury of the visual and speech centers, or of the
frontal and hmbic lobes, the patient’s ability to assess the incoming
afferent impulses 1s impaired Akinetic mutism results not only from
involvement of the bran stem centers but also from an njury of the
entire cortes The aphasic state and abnormalities of behavior after
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lobectomy are evidence of the effect of supranuclear lesions upon the
basic conscious state.

Derangements of the conscious state are of diagnostic importance.
In acute njury, 2 normal consciousness 1s a favorable sign and a
contramndication to immediate surgical intervention except 1 patients
with open wounds and skull defects. Progressive improvement 1 the
state of conscrousness 1s also a good sign and almost always a contra
drcation to surgical intervention. On the other hand, increasing de
terioration of conscrousness, particularly with an intervening period
of lucidity, 15 2 sign that a dypamic lesion — hemorrhage extradural,
subdural, or intracercbral hematoma, subdural hygroma, cerebral
edema — may be present, and surgical interventon may be necessary
The same picture may occur with localized contusions, particularly
when they involve the hemuspheral convexitses.

Extreme disonentation, alternating with penods of semiconscious-
ness and psychotic manifestations, may occur 1n 1jury to the tips of
the temporal lobes, and to Brodmann s area 45 at the junction of the
frontal and temporal lobes.

Generally, a patient who has been unconscrous for many days re
gans consciousness gradually, with interverung pertods of semicon
scousness, disorientation, and confusion Only occasionally 1s there a
prompt return to conscrousncss.

A closed head 1njury with prolonged unconsciousness has been re
ported to be accompanied by a greater incidence of epilepsy, but with
a longer interval between the mjury and the appearance of the cpi
lepsy than 1n open head mjuries® We have not found this to be
the case.

Amneiy

Atleast 80 per cent of patients with posttraumatic unconsciousness
have 2 retrograde amnesta for the period 1mmediately preceding the
jury and for the acadent producing the njury In some cascs, the
Amnesia may not be apparent because the patient responds sansfac
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tordv directly after the accident and for some time thereafter. These
patients may have had an extremely short period of unconsciousness,
or a dazed fecling for only several seconds if the blow was of sub-
concussive force The so-called posttraumatic automatism™ 1s charac-
terized by relatively normal behavior and responsiveness for a period
which the patent then totally forgets when he regains complete con-
sciousness In such cases, there may be contusions or lacerations of
the base of the frontal lobes or the medial aspect of the temporal lobes,
and involvement of the brain stem centers

Vital Functions (Fig. 41)

The effects of head 1njury on the vital functions 1n the experimental
amimal are discussed 1n detail 1in Chapter 111

Pulse

In severe head injury, the pulse may initially be full, slow, and
bounding, and become faster as improvement sets in In the absence
of improvement, the pulse rate grows even slower, but eventually in-
creases suddenly 1n rate and decreases in amplitude Thus, a pulsc
rate of 40 to 55, quite common 1n acute head 1njury, may in the course
of 10 to 24 hours 1ncrease to 120 to 180 or higher, and then become
thready 1f the injury 1s fatal

In some patients who have not lost consciousness and who are fecl-
ing quite well, the pulse rate may drop to 40 or 50 The low rate may
be due to a period of vagal stimulation, with a resultant bradycardsa;
it usually subsides in 2 or 3 days In others, the pulse rate may be
within the normal range 1mally, but 1n the course of several days
decrcase When accompanied by other signs of increasing intracranial
pressure, the presence of a dynamic intracramal lesion is indicated
In still others, the pulse rate may be fast from the very beginmng and
be associated with a shocklike state, particularly if there are injurics
to other parts of the body.
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Head Injuries

Respnation

Tn shght head 1njury, the respiration may be unaffected In serjous
injurv, resprration may be () farly normal at first, then slowed,
suggesting the development of a dynamiuc leston, (2) slow and labored,
duc to difficulty 1n obtaining a satisfactory respiratory exchange, or
(3) deep, stertorous, or accelerated The last-mentioned, 1f unasso-
aated with unconsciousness, 1s usually caused by other injuries than
to the head Termunally, respiration may be slow and gasping Dis-
turbances 1n respiratory rhythm, such as Cheyne-Stokes respirations,
usually indicate a poor prognosis

The hyperpnea 1n severe head 1njury may be caused in part by an
obstructive collection of secretions 1n the tracheobronchial system, the
result of (1) poor respiratory exchange, with pulmonary edema, (2)
atony of the bronchial tree, and resultant loss of activity of the ciliated
epithelium, (3) muscular atony of the smaller bronchioles, possibly
due to sympathetic and parasympathetic derangement in the central
nervous system

Slow, decp respirations, especially when associated with increasing
stupor and a decreasing pulse rate, are a strong indication of a mass
lesion —an extradural or a subdural hematoma

Temperature

In moderately severe injury, the temperature rises to 101 to 103 F,
then tends to return to normal as improvement sets i In acute in-
jury, the temperature may at first be subnormal or normal, rismg
gradually several hours to several days after the ijury In the pres-
ence of other 1njuries, a subnormal temperature may be part of the
shock syndrome, 1t 1s then accompanted by a graysh pallor and cold
nose, cars, and cxtremities In severe cerebral contusion, with bloods
cerebrospinal flwd, the temperature may be only slhightly elevated, and
the skin warm and dry, for several hours, then a hgh fever (104 10
107 F') may develop, together with hyperpnea, rapid pulse rat¢; and
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pulmonary edema. In the absence of unconsciousness, intracranal
trauma 1s tn all likelihood not the cause, and other mjures should be
looked for

Dehydration, absorption and repair, and infection may all crose a
rise 1 temperature. When fever remains hugh for more than 2 few
days, search should be made for other causes than the cranmwocerehral
tauma. Pulmonary genitounnary, or meningeal infecnon may have
developed. During convalescence, a sudden rise in temperature, e
cally after operanve procedures: may indicate a complicatmg wound
infecton

Blood Pressure

By the ume a patient reaches the hospital, the blood presre s 3
or near normal levels even 1 patients apparently i shoct the Blog
pressure 15 well sustained In this respect, the shock of bead ey
differs from that of other trauma

Occasionally, increasing mntracramal pressure, such g el by
masave hematoma, will lead to a rise 1n blood pregsure B by :
pulse ratc and respiration In some cases, high syitolc w‘ﬁiﬂu’%m
swres may be mantamned for several days, then remy b ‘::"
mprovernent sts 1 Oceastonally, the pulse proy, Rl
high as the systolic. In our expenence, such a P'Uﬂr:nmf koa
1s assoctated with 2 go per cent mortality but 1n el g, N “_1:*
1 not nearly so high s

On the whole blood pressure data are of little Vi
tracransal pressure, its mamn value being the Vidence ¢ T
the general funcnonal competence of the vasculs, O

Seldom do all the components of the pattern "‘fmlf,.\(
in expenimental head injury appear 1n man The "~ Fmee
faton may be slowed, but the blood pressure ofy P s
expected changes. Nor 13 15 there any definite T sl
increase 1n intracranal pressure and the changes Twreeny 2
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41) This fact must be borne 1n mind 1n evaluating the state of a patient
with signs of an enlarging intracranial mass For example, a decreased
pulse rate and slowed respiration may be associated with focal signs
and a deteriorating state of consciousness, or, normal pulse rate and
respiration may be associated with an alarming rise in blood pressure;
or, a severe bradycardia may be associated with a normal intracranal
pressure, clear cerebrospinal fluid, and a normal state of consciousness
At times, the cerebrospinal fluid pressure may be normal or subnormal
i the presence of an enlarging mass

Shock

In our experience, shock 1s not a common occurrence 1n head njury
alone, but only when there are other injuries as well In one report on
shock 1n head 1njury, 46 (6 per cent) of 718 cases manifested a shocklike
state 1n the first 6 hours after 1njury, and of 119 cases with severe, non-
fatal 1njuries with mild or moderately severe concussion 18 were in a
shocklike state *

Shock 1n head injury may be primary, caused by activation of the
vasomotor centers by the injury, with peripheral vasoconstriction, or
secondary, caused by blood loss, with resultant decrease 1n blood volume
and peripheral vasoconstriction Pallor 1n a patient with a moderately
severe injury may give the impression of shock, but usually the systolic
and diastolic pressures are normal, and the pulse 1s full, fairly slow, and
regular. This 15 the condition which we have described as primary
shock in head injury (see Chapter III). Even when the patient appears
to be 1n secondary shock, the pulse may be full and the blood pressure
well sustained.

In secondary shock, i addition to the pallor, the skin 1s cold and
moist and the hands and fect are clammy, the pulse 1s thready, and the
blood pressure tends to drop 1f measures to combat the shock are not
mstituted. This type of shock 1s associated with extensive tissue damage
and hemorrhage 1n the head or elsewhere Hypotension persisting for
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rmore than 2 or 3 hours 1 a patient with a penstrating head injury or
with a closed one suggests the presence of profound cercbral trauma
or severe blood lass somewhere 1n the body — the head or clsew here.
In 1 of our cases a continuing hypotension, despite the mildness of the
head myury led to the discovery of a ruptured spleen.

In other patients, adrenal insufficiency due to hemorrhages within
the substance of the adrenal glands may result 1n hypotension which
resists treatment. Such patents have to be carcfully obseried and
should be treated with cortisone and pressor drugs, such as Levophed
bitartrate (levarterenol bitartrate)

Vomuing

This mamfestation occurs 1 about 20 per cent of patents with head
iyury more frequently in those with mulder injunies than 1n the
severely injured 10 profound inpury it s rare It may occur dunng re
cosery from unconscousness.

Nawsea and vomuting associated with attacks of vertigo sct off by
changes 1n head position may be caused by vagoglossopharyngeal unita
tion accompanying vesubular trauma. When nausea and vomung
occur with minor head injurnes, the cause may be reflex stsmulation of
the vagoglossopharyngeal systems 1 somoe cases as 2 result of swallowed
blood being present 1n the stomach

The vomitus 15 bloody or the color of coffce grounds 1n about x5 per
cent of the patients The cause may be (1) swallowed blood ansing
from trauma of the oral cavity, (2) an abdomnal mjury with gastric
bleeding and (3} m a few cases, ulceranion and hemorrhage of the
gastric mucosa due to the effecs of a hypothalamic mjury

Paralyses aud Parcses

Hemplegia, hemparess or paralysu or paress of some portion of
the body may appear soon after mury or may develop only i the
course of several hours or days. A contusion or laceratson of the motor
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41) Thus fact must be borne 1n mind 1n evaluating the state of 2 patient
with signs of an enlarging intracramal mass For example, a decreased
pulse rate and slowed respiration may be associated with focal signs
and a deteriorating state of consciousness, or, normal pulse rate and
respiration may be associated with an alarming rise 1n blood pressure,
or, a severe bradycardia may be associated with a normal intracranial
pressure, clear cerebrospinal fluid, and a normal state of consciousness
At times, the cerebrospinal fluid pressure may be normal or subnormal
in the presence of an enlarging mass

Shock

In our experience, shock 1s not a common occurrence 1n head injury
alone, but only when there are other injuries as well In one report on
shock 1n head 1njury, 46 (6 per cent) of 718 cases manifested a shocklike
state 1n the first 6 hours after 1njury, and of 119 cases with severe, non-
fatal injuries with mild or moderately severe concussion 18 were n a
shocklike state ®

Shock 1n head 1njury may be primary, caused by actwation of the
vasomotor centers by the injury, with peripheral vasoconstriction, or
secondary, caused by blood loss, with resultant decrease 1n blood volume
and peripheral vasoconstriction Pallor 1n a patient with a moderately
severe injury may give the impression of shock, but usually the systolic
and diastolic pressures are normal, and the pulse 15 full, fairly slow, and
regular This 1s the condition which we have described as primary
shock 1n head injury (see Chapter I11). Even when the patient appears
to be 1 secondary shock, the pulse may be full and the blood pressure
well sustained

In secondary shock, 1n addition to the pallor, the skin 1s cold and
most and the hands and feet are clammy, the pulse 1s thready, and the
blood pressure tends to drop 1if measures to combat the shock arc not
nstituted This type of shock 1s associated with extensive tissue damage
and hemorrhage 1n the head or elsewhere Hypotension persisting for
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smore than 2 or 3 hours 1n a patient with a penetraung bead injury or
with a closed one suggests the presence of profound eerebral trauma
ar severe blood loss somewhere 1n the body — the head or elsewhere.
In 1 of our cases, a conanuing hypotension despaie the muldness of the
head 1njury, led to the discovery of a ruptured spleen

In other pauents, adrenal insufficiency due to hemorrhages within
the substance of the adrenal glands may result 1 hypotension which
resusts treatment. Such patients have to be carefully observed and
should be treated with cortuone and pressor drugs, such as Levophed
butarteate (levarterenol buartrate)

Vomiting

This manifestation occurs 1 about 20 per cent of patients with head
wyury, more frequentdy 1o those with mulder injunes than m the
severely mjured, 1 profound mjury it rare. It may occur dunng re
covery from unconsciousness,

Nausez and vomung assocsated with attacks of vertigo set off by
changes 1n head position may be caused by vagoglossopharyngeal 1rrita
ton accompanying vestibular trauma. When nausea and vomiang
occur with mmor head smurnies, the cause may be reflex simulation of
the vagoglossopharyngeal system 1n some cases as a result of swallowed
blood being present 1n the stomach,

The vomstus 15 bloady or the color of coffee grounds 1n about 15 per
cent of the patients. The cause may be (r) swallowed blood arsing
from trauma of the oral cavaty, (2) an abdomunal myury with gastne
bleeding and (3) 1n a few cases, ulceranon and hemorrhage of the
fastne mucosa due to the effects of 3 hypothalamic wpury

Paralyses and Pareses
Hemuplegia, hemparens, or paralyns or paresis of some portion of

the body may appear soon after wnjury, or may develop only m the
coursc of scveral hours or days. A contusion or Jaceration of the motor
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strip 1n the precentral convolution 1s more apt to cause an immediate
paralysis or paresis A slowly progressive paralysis, on the other hand,
usually indicates a contralateral dynamic mass lesion which 1s compress-
ing the motor cortex, occasionally, however, the paralysis or parcsis
and the lesion may be on the same side In the latter cases, the contra-
lateral motor area may be contused and edematous, or, more commonly,
the cause may be uncal hermation and compression of the brain stem
contralateral to the mass lesion The improvement in traumatc hemi-
plegias and hemupareses, as well as in aphasia, 15 farrly complete, 1n
contrast to the outcome 1n cerebrovascular diseases and brain tumors

In an occasional patient with fairly complete hemiplegia or hemi-
parests, there 1s no history of unconsciousness after the head injury. In
such cases, the possibility of a complicating cerebrovascular accdent or
of a traumatic thrombosis of the internal carotid artery 1n the neck or
of the middle cerebral artery at its junction with the internal carotid
artery should be considered.

More serious paralyses — triplegia and quadriplegia — are usually
due to. (1) mnvolvement of the brain stem centers, (2) trauma of the
sagittal stnus, with thrombosis, and (3) diffuse cerebral mjury, with
involvement of both hemispheres Holmes and Sargent ** first described
the symptomatology of superior longitudinal sinus trauma paresis of
the lower limbs and of one or both upper hmbs Choreiform move-
ments may occur 1n patients with brain stem involvement, this 1s morc
commonly seen 1 the younger age groups, possibly because they more
frequently survive braim stem 1njury than do adults When both pyram-
idal tracts are involved (usually in diffuse cercbral njury), there may
be pseudobulbar manifestations, including nasal speech, and an -
ability to swallow 1n the early stages of the trauma Swallowing usually
improves raprdly, but the nasal, possibly somewhat slowed, speech may
remain for years (Fig 42)

Brain stem syndromes rarcly occur Occasonally, there may be
Webcr’s syndrome (ipsilateral third nerve paralysis and contralateral
parests of the lower face, tongue, and extremities) It 1s worth em-
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phanzing that ths syndrome may also be caused by snvolvement of the
third nerve 1n an uncal hernration on one side and compression of the
motor stnp over the hemusphere by a hematoma, producing a contra
lateral hemiparesss or hemiplegia. Benedikts syndrome (ipsilateral
third nerve paralysts, with contralateral hemsanesthesa or hemu
hypesthesia, and evidence of red nucleus mvolvement consisting of
tremors 1n the hemihypesthetic side) we have scen 1n 2 cases only These
tremors, supposcdly more severe at the end of a movement, are usually
called terminal tremors.

Vanous combinations of neurologic defiats may point to a deep-
seated lesion of the internal capsule on one or the other side. For ex
ample, a homonymous hemanopsa associated with a paresis or paral
yss suggests subcortical nvolvement.

Catatome states almost always result from a left frontopanetotem-
poral 1njury, and aphasia 18 an assoctated phenomenon.” ** * The
catatomsc patient may be conscious or semiconscious, a limb placed 1n
a certamn positton remawns untl fatigue causes 1t to drop.

Sensory Abnormalities

Sensary disturbances of cortical ongin are uncommon 1 head injury
with the exception of partetal lobe trauma. Even 1n such cases, sensation
15 often normal except for a contralateral astereognosis 1n the hand.
Some loss of contralateral tactile and vibratory senses may occur with
mjury of the postcentral gyrus. In penctrating brain injuries, with
trauma of the cortex over the panctal lobe, Head ™ found loss of two-
pomt discrimination and position, while pain and touch sensanons were
not impaired Marshall,** on the other hand found this to be truc only
n cases with extensive ijury of the panctal area 1n such cases, the
thalamic centers and the contralateral cortex took over the recogmition
of pan and touch Smaller and lmted cortical lemons, however, re
sulted 1n smpairment of superficial and decp pain sensation, as well as
of two-potnt duserimination and posttion senses,
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Speech Defects

Disturbances of speech result from mvolvement of the left postero-
inferior frontal convolution (Brodmann’s area 44, Broca’s convolution)
in night-handed individuals, or from involvement of the postero-
superior temporal gyrus With mjury of the former, there 1s usually a
motor or expressive type of aphasia, with injuries of the latter, a sensory
aphasta Anomua, the inability to name objects, 1s frequently seen 1n
patients with temporal lobe lesions A depressed skull fracture m the
left frontoparietotemporal area may cause a motor aphasia, and some-
times jargon speech An occasional patient 1s unable to understand
spoken language As a patient becomes more alert and cooperatve,
signs of sensory aphasia, alexia, agraphia, and apraxia may appcear.

The prognosis for eventual return of function 1s relatively good The
aphasia usually improves despite the large amounts of brain which
might have been sacrificed during debridement

Convulsive Seizures and Decerebrate Rigidity

Convulsive Seizures

The incidence of serzures — whether focal (jacksoman) or gencral-
1zed (grand mal) — 1n the immediate period after an acute head injury
1s small, probably well below 10 per cent Their occurrence in this phasc
of head njury 1s of little, 1f any, prognostic significance with regard to
the possibility of posttraumatic epilepsy.

In our 1952-1954 secries, 72 patients had one or more convulsive
seizures (20 jacksoman, 52 generalized), and 42 per cent of them ched
An analysis of these figures 1n relation to the age of the patient re-
vealed that, on a percentage basis, seizures were much more common
in the group under the age of 10 than 1n the patients between the ages
of 11 and 50

Seizures may be caused by a generalized increase 1n intracramal pres-
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sure, subarachnosd or intraventricular hemarrhage, cerebral contusions
and lacerations, extradural or subdural hematoma, cerebritis, meningins,
and cerebral abscess. A focal or a generalized seizure may be the first
nign of a posttraumatic complicatton  memngius, cerebritis, or abscess.

Focal seizures suggest the presence of a discrcte cercbral leson
commonly an extradural or subdural hematoma compressing some
area of the motor stnp, or contusion of the motor cortex. Unilateral or
bilateral facial and arcumoral seizures may occur with contusions and
lacerations of the frontotemporal junction ® If treatment 1s delayed, or
the hematoma 1s not evacuated, the focal scizures may become general
zed

The grand mal seizure occurs less frequently than the jacksoman
one, it 13 a more frequent complication of head njury 1n infants and
chuldren than 1n adults It may occur soon after injury, as the patient
18 recovering consciousness, or later, or even after the evacuation of a
subdural hematoma. Occasionally, the seizures will follow an attack of
petit mal or of decerebrate ngidity Progress to status epilepticus 1s rare,
but has been Lnown to occur

The clectroencephalogram may show diffuse or focal abnormalinies,
but these tend to duappear as the acute phase of the njury 1s passed
and improvement scts 1n. However, some focal abnormaliues may per
st Generalized spike-and wave patterns 1n the acute phase, 1n the ab-
sence of diffuse or focal abnormalities, probably antedate the njury

Decerchrate Rigidity (Fig 43)

This, too, 13 uncommon 1n the acute phase of severc head injury It
may be caused by (r) trauma of the brain stem, () hernation of the
brain stem or the temporal lobe, or of both, as a result of cerebral
edema or of space-taking supratentonal lesions ™ (3) large extradural
or subdural hematoma or cerebrospinal Aurd collection, (4) bilateral
cortical contusions of the mator area and of Brodmann s area 8 The
decerebrate attitude 1s characterized by extensor ngidity, somewhat re
tracted head, adducted and internally rotated upper extremities, ex
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tended and hyperpronated forearms, flexed hands, and fingers usually
flexed at the metacarpophalangeal joints but extended and adducted
distally Bilateral signs of pyramidal tract involvement and Babinshi's
signs are present The latter may be continuous, particularly 1n the
younger age groups in whom opisthotonos and nuchal rigidity are also
more frequent The jaw is fixed, and in some there 15 increased saliva-
tion and foaming at the mouth An attack of rigidity lasts a few
minutes to several hours Short attacks are apt to recur

The ngidity may be unilateral, changing from one side to the other,
but generally the patient becomes completely rgid on being moved or
stimulated In almost every case of decerebrate rigidity, the cercbro-
spinal fluid 1s bloody, and the pressure 1s usually elevated

The ngidity becomes less pronounced as the pauent’s state deterio-
rates Most adults die, but many children recover, parucularly those 1n
whom the rigidity was caused by a mass lesion which could be
evacuated

Headache

Headache or pain of the back of the head and neck is the most
common symptom of head injury It may be a major complaint i mild
injury, and may be absent 1n severe injury The headache m severe
injury may become apparent as the patient emerges from the uncon-
scious state, 1 patients who have not been unconscious snitially, the

Fig 42 Paralyuc states with bulbar and pseudobulbar phenomena () Pa
uent unconsctous for 7 weehs after injury, lowered mentation for 4 months, with
Iittle 1mprovement, after 1mual period of generalized ngidity, with sustmned
Babinsht’s signs and evtended and internally rotated estremitics, patient phoml
graphed at stage of crossed paralysis with a sustatned Babtnsht's sign on Jeft an
parests of right upper hmb with extension and internal rotaton of uppcr‘C}:
tremity and eversion of hand and flexion of fingers, patient improved until he
was able to move about satisfactorily, small bramn stem hemorrhages were u;:
doubtedly present (4) Pauent unconscious and mute unul death, 3}, months
after injury, bilateral ngidity and extensor spasms of upper and low er extremitics,
with greater involvement of left side, continuous bilateral Babinshy's signs, ‘!(l;
topsy revealed extensne bilateral cerebral jury. particularly over frontopise
temporal area, and some bran stem involvement.
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onsct of headache may signal an increase 1n intracramal pressure

The following factors may play a role in posttraumatic headache:
(1) changes 1n vascular tone and caliber, for example, dilatation or
constriction of the blood vessels at the base or of the cxtracerebral
vessels,” (2) trauma of the dural blood vessels, (3) trauma of the
hypothalamus, causing disturbances of vascular tone, (4) blood 1n the
subarachnoid space, resulting 1n altered cerebrospinal flurd dynamucs
and traction on the larger vessels at the base and over the henmspheral
convexities, (5) increase 1n intracranial pressure from hemorrhage,
hematomas, or edema; (6) 1n the absence of increased intracranial
pressure, traction on the larger vessels at the circle of Willis when
head position 1s changed; (7) associated injury of the muscles, liga-
ments, and nerves in the neck (whiplash injury), a particularly im-
portant cause of prolonged posttraumatic headache

The headache 15 usually generalized, but occasionally 1t 15 limited to
one side of the head or to the area of scalp injury ™ The generahized
headache after injury at the craniospinal junction, such as the whip-
lash 1njury, 1s explamed by the extensive distribution 1n the scalp of
sensory fibers from the upper cervical region and from the cervical
plexus ' " A general hypotension, with traction on the cranal and
intracranial blood vessels on changes in position, may be the basis of the
headaches which some patients have on getting up, and which dis-
appear when a recumbent or semi-Fowler position 1s resumed Faugue,
nose, cxcessive heat or hight, straiming, lifting, or bending may mtiate
or aggravate the posttraumatic headache, and leisure and freedom
from tenston relieve 1t.

Migramne or periodic headaches antedating the head mnjury may be-
come more severe after 1njury, and a migraine quicscent for years mav
again become active after the injury Whether a neurosis or justification
syndrome may be the cause 1n such cases 1s not clear, and a fact
hard to establish, but the injury might possibly be a precipstating factor
Psychic trauma, such as divorce or financial difficultics, are sand to

have the same effect
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The headaches usually umprove mn the coursc of some weeks or
months, In patnents who complain of both dizzaness and headache,
the dizziness usually subsides Airst. Complaints of headache which last
for a longer ime may be based on compensation consideranons, with
financial benefits continuing so long as the complaint 1s validated

Giddiness, Dizziness and Vertigo

Giddiness or dizziness 1s 2 sensation of unsteadiness, the two duffer
ing only 1n degree, but vertigo 1s a sensation of true rotation Vertigo,
ncluding postural vertigo, 1s caused by 2 derangement of the vestibular
end organ, dizziness and giddiness, by a derangement of the primary
vestibular nuclet and central vestibular pathways 1n the brain stem.'” **

Giddiness or drzziness 1s not infrequent 1n head inmjury, of reo con
valescent patients studied for cochleavestibular dysfunctions after head
mjury, 50 complamned of dizziness. Giddiness 15 common 10 milder
grades of head 1njury, and 1s particularly apt to occur with changes in
body pasttion, as 1n nsing from a recumbent position or Iying down
after standing Patients soon learn to move with deliberation 1n order
to prevent attacks. Vestibular function 15 not impaired 1n these cases,
bat the reaction to stumult may be increased As a rule, giddiness dus-
appears within several weels to a few months. When a patient with a
munor head injury complains of headaches and giddiness beyond the
convalescent stage, psychoneuronc factors may be playing a role.'®

An attack of a true, turmung vertigo 1s of short duration It may be
associated with a spontaneous nystagmus, with the quick component
to the opponite side, disturbed balance, past pointing and autonomic
distarbances, such as nausea vomiting perspiration, a cold clammy
shin rapid pulse, and lowered blood pressure. The response to caloric
testing 1 such a case may be assymetric. Postural vertigo wiath errors
of sensation, such as tilting of the bed, nsing of the floor, or falling of
the caling a fechng of uncertainty or of drunkenness, may be due to a
peripheral vesuibular injury 1n which case the patient s caloric responses
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onset of headache may signal an 1increase in intracramal pressure

The following factors may play a role 1n posttraumatic headache-
(1) changes in vascular tone and caliber, for example, dilatation or
constriction of the blood vessels at the base or of the etracerchral
vessels,” (2) trauma of the dural blood vessels; (3) trauma of the
hypothalamus, causing disturbances of vascular tone, (4) blood 1n the
subarachnoid space, resulting 1n altered cerebrospinal Auid dynamics
and traction on the larger vessels at the base and over the hemispheral
convexities; (5) increase in intracranial pressure from hemorrhage,
hematomas, or edema, (6) 1n the absence of increased intracranial
pressure, traction on the larger vessels at the circle of Willis when
head position 1s changed, (7) associated injury of the muscles, higa-
ments, and nerves in the neck (whiplash mnjury), a particularly im-
portant cause of prolonged posttraumatic headache

The headache 15 usually generalized, but occasionally 1t 1s limited to
one side of the head or to the area of scalp imjury * The generalized
headache after injury at the cramospinal junction, such as the whip-
lash 1njury, 1s explamned by the extensive distribution 1n the scalp of
sensory fibers from the upper cervical region and from the cervical
plexus " *' A general hypotension, with traction on the cranial and
intracramal blood vessels on changes 1n position, may be the basis of the
headaches which some patients have on getting up, and which dis-
appear when a recumbent or semi-Fowler position 1s resumed. Faugue,
noise, excessive heat or ight, straining, hifting, or bending may itiat¢
or aggravate the posttraumatic headache, and leisurc and freedom
from tenston relieve 1t

Migraine or periodic headaches antedating the head injury may be-
come more severe after injury, and a migraine quiescent for years mav
again become active after the injury Whether a neurosts or justification
syndrome may be the causc m such cascs 1s not clear, and 2 fact
hard to cstablish, but the 1njury might possibly be a precipitating factor
Psychic trauma, such as divorce or financial difficultics, arc sard 10
have the same ceffect
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The headaches usually mmprove i the course of some weeks or
months. In patients who complan of both dizzaness and headache,
the dizziness usually subsides first. Complatnts of headache which last
for a longer tme may be based on compensation connderations, with
financual benefits continuing so long as the complant 1s validated

Giddmess, Dizziness and Verugo

Giddiness or dizzaness 15 a sensation of unsteadiness the two differ
g only in degree, but vertigo 11 2 wensation of true rotation. Vertigo,
mncluding postural vertigo 1s caused by a derangement of the vestibular
end organ, dizzmess and @ddinesy, by 2 derangement of the pamary
vesttbular nucler and central vestibular pathways m the bramn stem >

Giddiness or dizzaness 1 not infrequent 1n head myury of 100 con
valescent patients studied for cochleovesubular dysfuncuons after head
npury, so complaned of dizziness. Giddiness 18 common i milder
grades of head smury and s partscularly apt to occur with changes 1n
body posion as i rusing from a recumbent posinon or Iynng down
after standing Patients soon learn to move with deliberation 1n order
to prevent attachs. Vestibular funcuion 1s not wmpaired in these cases,
but the reaction to stumult may be mcreased. As a rule, giddimess dis-
appears within several weeks to a few months When a patent with a
minor head njury compluns of headaches and giddiness beyond the
convalescent stage, psychoneurotic factors may be plajing a role®

An attack of a true, turning vertigo 18 of short duration It may be
assocaated with a spontancous nystagmus with the quick component
to the opposte sde disturbed balance, past powting and autonomic
disturbances such as nausea, vomuting perpation a cold clammy
skin rapid pulse, and low ered blood pressure The response to calorc
tesuing in such a case may be assymetric. Postural verngo, with errors
of sensanon such as ulung of the bed nsing of the floor or faliing of
the caling a feching of uncertanty or of drunkenness, may be ductoa
Penipheral sestibular impury, 1n which case the patient s calone responses
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arc abnormal,” or to a derangement m the utricular macula The latier
may result from transmussion to the vcstibule of the pressurc pulse set
up by the trauma which displaces the otolithic membrane 1n the utrie
ular macula, acceleration and gravity may have the same effect

These types of vertigo usually subside within several weeks, since
the vestibular nucler eventually compensate for the unbalanced -
pulses which the deranged labyrinth may imtiatc

The usual disequilibrium 1n patients with head njury, howcver, 1s
more suggestive of bramn stem lesions, with ivolvement not only of the
vestibular fibers but also of the tectospinal, rubrospinal, and spinocere-
bellar pathways Leidler™ gives the following symptoms and signs as
strongly indicative of a central nervous system lesion (1) normal
hearing, combined with ataxic vertigo, or with hyperexcitabihity of onc
labyrinth, or with spontaneous nystagmus, (2) headache and vertigo.
(3) positional nystagmus; (4) spontancous nystagmus without vertigo,
(5) preponderance of the slow phase of the nystagmus, (6) rhvthmic
disturbances 1n vestibular reaction Another set of signs and symptoms
are listed by Van Egmond and associates™ as mdication of the central
nervous system origin of dizziness or vertigo (7) spontancous nystag-
mus toward a dead labyrinth, or undimimshed spontancous nystag-
mus for 1 week, (2) long-lasting rotational nystagmus; (3) vertcal
nystagmus; (4) normal turming reactions without caloric excitability.
(5) monophasic reactions without a quick phase, (6) somnolence
when head position 1s changed

Positional nystagmus 1s a spontancous nystagmus which appears
when the head assumes particular positions in space ' Ocular move-
ments arc usually normal 1n patients who have residual partial or com-
plete deafness after head mnjury, on the other hand, the occurrence
of positional nystagmus 1 patients whose hearing 15 unimpairad 15
further ndication that a bran stem lesion may be the cause of the
nystagmus

Of our 100 convalescent patients mentioned carher, 23 had spon-
tancous nystagmus, and 10 positional nystagmus
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Cupulametry, a turning test with smal} regulable stumuls such as are
provided by the ordinary movements of Iife, has been suggested a5 a
means for obtaming quanutative data on vestibular function with re
spect to nystagmus and cessation of vertigo ™ The duration of nystag
mus and vertigo after a subject has been rotated at speafied speeds,
plotted on a logarithmic scale, gives a graph called the cupulogram
Cupulometry mght be an objective test of the subjective complants of
patients with vestibular disturbances after head snjury

In the acute stage of total unuiateral loss of vestibular function such
as occurs n transverse fractures of the petrous bone, the nystagmus
and verugo may be severe. The honzontal nystagmus 15 toward the
normal side, the subjective vertigo 18 m the same direction as the
nystagmus and the past pomnting 15 1n the opposite direction These
symptoms subside within 2 month of destruction of the end organ, and
1n the chronic stage spontancous vestibular symptoms are absent Never-
theless patients with a dead labynnth may stiil have conniderable dis-
abthty desptte eventual compensation by the remasmung labyrinth.
Thexe patients suffer from errors in the sense of location and space
when they are in the dark, and sudden changes in postion may cause
an attack of vertigo

Sympronts and Stgns Referable 16 Ear
Bleeding
Minor or extensive bleeding from one or bath cars 15 faurly frequent
n head inqury particularly with skull fracture 1n about 30 per cent of
some reported senes ¥ ™ and 10 24 per cent of a recent senes of ours
In this serics 164 of the 185 cases with bloody otorrhea had skull frac
tures. The mortality rate 1n an older seties was 31 per cent of cases
with umlateral bleeding and 66 per cent with bilateraf bleeding ™ ™
The mortality rate 1 our recent senes 15 constderably lower — 175
Per cent— probuably as a result of the use of antibiotics and sulfon
amides, and of earher and frequent atoscopic cxamnatons.
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The bleeding may be simply the result of a laceration within i
external auditory canal or of rupture of the tympanic membrane, in
such cases, the bleeding 15 minor A profust hemorrhage indicates 1n-
jury of the transverse or supenior petrosal sinuses, the jugular bulb,
the tympanic venous and arterial plexuses, or of an inured artery, e.g.,
the middle meningeal Involvement of the carotid artery m a temporal
bone fracture will cause profuse bleeding not only from the car but
also from the nose and mouth. Delayed (up to 1 month after injury)
or late bleeding from one ear may be due to involvement of a small
vessel 1n an ostecomyelitic area or to osteitis with crosion **

Even 1n the absence of a Iustory of bleeding from the ear after head
injury, blood clots, ecchymoses, or a hematoma on the walls of the -
ternal auditory canal, most often on the posterior and superior walls,
may be found on examination An ecchymosis over the mastoid area,
Battle’s sign, 4 or 5 days after injury, 1s usually a sign of temporal
bone fracture. Another, although rare, sign of transverse fracture of the
temporal bone 15 hematotympanum, a blue discoloration of the drum
and a bulging of the tympanic membrane

Cerebrospinal Fluid Otorrhea

The reported 1ncidence varies, depending on the 1nvestigator and the
serics, from 2 to 20 per cent.! ** ** " It may be difficult to identify the
otorrhea because there 1s bleeding from the car or because the otorrhea
is so scanty and of such short duration that 1t is not noticed On the
other hand, 1t may be copious and persist for several wecks Onset of the
otorrhea may be delayed,™ ** the presence of cerebrospinal flurd behind
the tympanic membrane may be recogmzed by the appearance of a
defimte fluid level in the tympanic cavity * In rarc cases, macerated
cerebral tissue 1s discharged along with the fluid

Heanng Abnormalitics
Head mnjury frequently affcets hearing, most usually causing Joss of
hearing acuity but occasie ' .casing the acuity. Loss of hearing
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may be temporary or permanent, partial or complete, undateral or
bilateral, a conduction or a nerve defect, and become apparent 1m-
mediately after the mjury or after some tune.

In Grove s™ serics, of 108 cases of longitudinal temporal bone frac
tures, 7.5 per cent were deaf on the ipsilateral side, and 54.6 on the
contralateral side. In our series of 25 cases of such fracture, there were
g of nerve dcafness and 13 of conduction and nerve deafness. In trans-
verse fractures of the temporal bone Grove reported complete deafness
on the homolateral mde 1n all of a scries of cases, and considerable loss
on the contralateral side 1n 65 per cent. Loss of cochlear function with
out imparrment of vestbular function has been reported 1n cases with
fracture lines extending through the pyramud demonstrated on the

< Jocntgenogram.” ¥

Heanng loss 15 less frequent with fractures not involving the tem
poral bone 1n a serres of Grove s™ of 49 cases, some nerve deafness was
found 1n 45 ears out of the total ¢8, 1 13 of our cases with skull frac
ture, there were 8 of nerve deafness (6 bilateral 2 unilateral), and n
46 without skull fracture varying degrees of nerve deafness 1n 28 (mild
1n 12)

The bone or conduction type of deafness 1s usually due to temporal
bone fracture, and 1n such cases there may be bleeding from the car
and a torn tympanic membrane.

Barly audtometric studies may show umiform loss of hearing for
all frequencies. Later, the loss due to lesions of the conducthve mecha

num disappears whereas perceptve loss remains almost unchanged, if
changed at all.

Tinnitus

Between 30 and 40 per cent of patents with cochleovestibular dis-
turbances after head njury complamn of tnnius. It 15 almost always
caused by injury to the end organ wn the petrous bone Usually the
tinitus 13 confined to the nvolved ear
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The bleeding may be simply the result of a laceration within the
external auditory canal or of rupture of the tympanic membranc;
such cases, the bleeding 1s mimor A profuse hemorrhage indicates n-
jury of the transverse or superior petrosal sinuses, the jugular bulb,
the tympanic venous and arterial plexuses, or of an injured artery, e g,
the middle meningeal Involvement of the carotid artery 1n a temporal
bone fracture will cause profuse bleeding not only from the ear but
also from the nose and mouth Delayed (up to 1 month after injury)
or late bleeding from one ear may be due to involvement of a small
vessel 1n an osteomyelitic area or to osteitis with erosion *°

Even 1n the absence of a history of bleeding from the ear after head
injury, blood clots, ecchymoses, or a hematoma on the walls of the ex-
ternal auditory canal, most often on the posterior and superior walls,
may be found on examinanon An ecchymosis over the mastoid area,
Battle’s sign, 4 or 5 days after injury, 1s usually a sign of temporal
bone fracture Another, although rare, sign of transverse fracture of the
temporal bone 1s hematotympanum, a blue discoloration of the drum
and a bulging of the tympanic membrane.

Cerebrospinal Fluid Otorrhea

The reported incidence varies, depending on the investigator and the
series, from 2 to 20 per cent ™ ** #* ® It may be difficult to 1dentify the
otorrhea because there 1s bleeding from the ear or because the otorrhea
15 so scanty and of such short duration that 1t 1s not noticed On the
other hand, 1t may be copious and persist for several weeks. Onset of the
otorrhea may be delayed ,” ** the presence of cerebrosprnal fluid behind
the tympanic membrane may be recognized by the appearance of a
defimite fluid level in the tympanic cavity.” In rare cases, macerated
cerebral tissue 15 discharged along with the flud.

Hearing Abnormalities
Head 1njury frequently affects hearing, most usually causing loss of
hearing acuity but occasionally increasing the acuity Loss of hearing
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may be temporary or permanent, parual or complete, uniateral or
bilateral, a conduction or a nerve defect, and become apparent 1m
mediatcly after the imjury or after some tme,

In Grove s senies, of 108 cases of longstudinal temporal bone frac
tures, 795 per cent were deaf on the spalateral side, and 546 on the
contralateral side. In our series of 25 cases of such fracture, there were
g of nerve deafness and 13 of conducnon and nperve deafness. In trans-
verse fractures of the temporal bone Grove reported complete deafness
on the homolateral side 1n all of a series of cases, and conuderable loss
on the contralateral saide 1n 65 per cent. Loss of cochlear function with
out tmpairment of vestibular function has been reported 1n cases with
fracture lmes extending through the pyramid demonstrated on the
roentgenogram.?’ V7

Hearing loss 15 Jess frequent wath fractures not mvolving the tem
poral bone 1n a series of Grove s™ of 49 cases some nerve deafness was
found 1 45 cars out of the total 68, 1n 13 of our cases with skull frac
ture, there were 8 of nerve deafness (6 bilateral, 2 umlateral), and n
46 without skull fracture varying degrees of nerve deafness 1n 28 (muld
1n 12)

The bone or conduction type of deafness 15 usually due to temporal
bone fracture, and m such cases there may be bleeding from the ear
and 2 torn tympantc membrane.

Early audiomernic studies may show umiform loss of heanng for
all frequencies. Later, the Joss due to lesons of the conductive mecha

nism disappears, whereas perceptive loss remains almost unchanged, if
changed at all

Tinnitng

Between 30 and 40 per cent of patents wath cochleosestbular dis-
turbances after head snjury complatn of tnmitus. It 15 almost always
caused by injury to the end organ i the petrous bone. Usually the
unnitus 15 confined to the mohed ear
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Clinical Mansfestanons of Head Injury

As a rule, conscrvanive meastres may be used safely in such patents.
In others, the pupils are dilated and unresponsive to light, and the
corneal reflexes lost, these are the patients with probable trreversible
cercbral damage who may die wathin hours after injury Occasionally,
there 15 dussociation between the pupillary reflex to hight and the
corneal reflex to touch, thus, m the first 24 hours the pupillary reflex
may be absent while the corneal reflex 15 elierted In such cases, recov
ery 1s possible.

Bilateral pupillary constricton with almost complete or complete
loss of reaction to light docs not always indicate major cerebral dam
age. Unilaterally dilated, fixed, or sluggishly reacting pupils are usu
ally caused by mass lenons, cortical damage, partal or complete
paralysis of the oculomotor nerve (frequently due to uncal herniation),
Oor scvere Op[.lC nerve njury

Loss of the corneal reflex results from wnjury of the trigemnal or
facal nerves. Bilateral loss of the reflex 11 2 grave prognostc sga,
whercas umlateral loss 15 an indication that there 1s no rrreversible bran
stem trauma. An Argyll Robertson pupil after head injury may be
due to mvolvement of the ciiary ganghion 1n the orbit or to selecve
damage of the pupillary constrictor fibers, particularly 1f vision 1s not
affected **

In our large 1952 1954 senes there were 143 patents with pupillary
abnormalities. In 65 pauents the pupils were unequal, the mortality
rate in this group was about 44 per cent. In 30 patients both pupils
were dilated but reacted to Iight, the mortality rate 1n this group was
56 per cent. In 16 panents the pupils were dilated and fixed, 15 of this
group died — a mortality rate of about g4 per cent.

Exophthalmes and Enophthalmos (Figs. 43-44)

Exophthalmos may occur with (1) depressed fractures which com
press the contents of the orbit, (2) penetrating fractures involving the
arbit (3) ntra or penorbital hemorrhage or edema, or (4) carotd
attery-cavernous sinus fistula Severe intraorbital hemorrhage, as 1n
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arteriovenous fistula (see Fig 49), may cause a progressive exophthal-
mos

A muld enophthalmos 1s rather common 1n head injury, and usually
results from a fracture mvolving the roof or floor of the orbit, with
hermauon of the orbital contents Comminution of the roof or floor
may tear Tenon’s capsule, permitung hermiation of the orbital fat

Rarely, enophthalmos may result from 1njury of the sympathetic path-
ways

Fundus

Soon after an acute head 1njury, funduscopic examination may fail to
reveal the extent of cerebral trauma Hemorrhage may occasionally be
detected, particularly retinal hemorrhage 1n infants, children, and the
younger age groups, the latter indicates direct retinal injury by the
mtial impact Retinal edema may be apparent within the first 10 to 24
hours, if there 1s a rapidly expanding intracranial hemorrhage, a
pronounced papilledema, with venous dilatation and retinal hemor-
rhages, may occur within 12 to 20 hours Papilledema 4 to 6 days after
injury 1s usually an indication of extradural, subdural, or intracerebral
hematoma, but occasionally there may be no mass lesion, 1n such cases,
the results of pneumoencephalography or ventriculography may be
normal Papilledema, retinal hemorrhages, and venous engorgement
with arterial blood, 1n addition to exophthalmos, may develop within
48 hours 1n a patient with a carond artery—cavernous sinus fistula
Tearing of the optic nerve m orbital fractures with evulsion may causc
a depressed disk

In sudden blindness due to optic nerve injury, the fundus 1s usually
normal at first, although the retina may be edematous 1n some Casts;
1n the course of 6 to 8 weeks, the optic disk grows progressively pale
as a result of primary atrophy (Fig 45)

Visual Fields
Defects 1n the visual fields occur more commonly with open than
with closed head 1njuries; 1n the latter, they arc usually asymmctric
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Fig 45 Opuc atrophy 1 head wjury results of {unduscopre examunanon of
patient blind 1n one eye, 1 day to 5 months after imury Atrophy 15 usually noted
after 21 days (8) 7 days, (¢) W dayn (&) 24 days, (<) 60 days, and (f) 5 months
after imjury
Constriction of the visual ficlds 1s common soon after 2 head jury
A bonzontal hemianopsia 1s attributed by Turner™ to a compromised
blood supply of the optic nerve as 1t passes through the optic foramen.
A ning scotoma has been reported as being caused by callus formanon
at the optic chiasm.*!

A homonymous hemianopsia or quadrantanopsia may occur with
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open 1njuries in the temporal area, 1n 1 of our panents, a temporal
hemianopsia was probably due to injury of the medial fibers of the
optic nerve, anterior to the chiasm Quadrantanopsias may also occur
with mjunes of the parieto-occipital region and of the occipital up
(Fig 46) Spalding™ has described paracentral scotomas with cortical
mjuries 1 the ocaipital area, although Holmes™ apparently did not
find them 1n patients from World War I Occasionally, compression of
the posterior cerebral artery by uncal herniation may be the cause of a
homonymous hemianopsia ** A lower quadrantanopsia results from in-
jury of the upper portion of the anterior component of the optic radia-
tion, an upper quadrantanopsia from injury of the lower portion of
the radiation Sector defects result from involvement of the ntermediate
fibers of the radiation Defects 1n peripheral vision are duc to injury
of the calcarine cortex anteriorly, defects of central vision, to inyury of
the calcarine cortex posteriorly The depth of the calcarine fissure con-
tains cells subserving the horizontal meridian of the visual fields

Inmjury of the posterior aspect of the head midoccipitally mav cause
a temporary blindness, which disappears after several hours. The causc
may be a temporary bilateral involvement of the calcarine centers in
Brodmann’s area 17 by contusion and edema Bilateral blindness or
homonymous hemianopsia may occur with njury at the confluence of
sinuses

Blindness (Fig. 45)

A frequent cause of blindness 1s optic nerve mnvolvement in the orbit
or 1n the optic foramen The head 1njury causing the blindness may be
munor or severe, closed or open, and the blindness may be unilateral or
bilateral, and permanent or temporary Both direct and indirect -
juries to the globe, with hemorrhage nto the aquecous and vitrcous

Fig 46 Visual ficld defects 1n acute head mmjury (a) Complete blindness after
right temporoparictal shull fracture (5) Blind nght eyc after closed head 1mury,
result of optic nerve speetion essentially negatne (¢) Left homonymous hemt-
anopsia after injury of right ocaipital lobe () Right temporal hemianopsia, optic
nerve normal on 1nspection
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humors and the retina, may cause partial or complete blindness,
Penetrating frontal fractures are a particularly frequent cause of vitre.
ous and retinal hemorrhages, with resultant blindness Retinal separa-
tton occurs occasionally

Ophthalmoplegias (Fig. 47)

Ocular and extraocular palsies may be caused by. (r) mvolvement
of extraocular muscles and nerves and of the eyeball 1n orbital njurics,
and (2) involvement of the nerves subserving extraocular movements
and pupillary size 1n their course from the brain stem to the orbit Any
or all of the extraocular nerves — the oculomotor, the trochlear, and
the abducens — may be injured when increased intracramal pressurc
causes uncal herniation and brain stem dislocation, or when the bone
structures about the cavernous sinus are injured, or when there 1s
trauma around the supraorbital fissure In our series of 1,285 cases there
were 6 of oculomotor and 5 of abducens nerve paralysis, in Turner's™
series of 1,550 cases, 15 of oculomotor and 15 of abducens nerve paral-
ysis

Complete oculomotor paralysis 1s manifested by. (r) ptoss, (2) dil-
atation of the pupil, with loss of accommodation and of direct and con-
sensual light reflexes, (3) nability to move the eyeball mward, up-
ward, and downward, and (4) mild exophthalmos Partial oculomotor
mjury 1s shown by partial ptoss, somewhat dilated pupil, diplopsa, but
no gross imparrment of ocular movements Weber’s syndrome (oculo-
motor paralysis on the side of the lesion and a contralatcral hemi-
plegia) occurs when the third nerve nucleus and the pyramidal tract
in the brain stem are inyured Complete or partial oculomotor paralvsis
1n a conscious patient whose state 1s improving 1s an indication that
the paralysis 1s not caused by a mass lesion, whereas in a patient whosc
state of consciousness 1s deteriorating 1t 1s hikely to be caused by an ex-
tradural, a subdural, or an intracerebral hematoma, and assoctated uncal
herniation. The hermation may also cause partial paralysis with pupil-
lary dilatation. Bilateral oculomotor nerve involvement may occur with
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Fig. 47 Extraocular paralyses 1n head imjury (A) Left oculomotor perve
Ef':‘!m (#) (6-¢) Left oculomotor nerve paralysy, wath partal recovery (d)

oculomotor nerve paralyns, with partial recovery- patient, looking downward
with right eye, 15 unable to rotate keft eyeball downward or lower left eyelid. ()
Complete nght ophthalmoplegia, due to basflar fracture. (f) Complete nght
ophthalmaplegia, with penipheral nght facial nerve paralyns, due to fracture of
Petrows bone, (Cosumwed on mext page )
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Fig 47 (conttnued). (B) Bilateral abducens nerve paralysis and perspheral ngi]n
factal nerve paralysis (@) (&) Bilateral abducens nerve paralysis (¢) Right ab

ducens and peripheral facial nerve paralysis (d) Left cye blind with slight out
ward rotation, due to optic nerve injury
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untlateral or hilateral extradural or subdural hematoma, evacuation of
the hematorna leads to rapid wmprovement.

The trochlear nerve meduates, in part the medial upward and down
ward mavements of the eye. Isalated trochlear nerve paralysis 1s rare
1 head 1njury, but the supertor oblique muscle may be affected tn de
pressed fractures snvolving the medial aspect of the orbital wall,
Dragnasis of trochlear nerve nvolvement by routine neurologic exam
mation 15 difficult.

Partial or complete abducens nerve paralysis, or ability to move
the eyehall outward, may occur with head snjuries of varying seventy
Occanonally, the paralyns 15 bilateral and someumes 1s associated with
unilateral or bilateral facal nerve palsy, indicating a nuclear lesion at
the genu of the facial nerve. Abducens nerve paralysis 1s often of no
lateralizng value 1o the presence of 2 mass lesion. Improvement 18
usually raped, but of the condition has not improved by the end of 3
months, some permanent paralysis may be expected

Paralysis of ocular movements may occur 1n head mjurtes compls-
cated by a carond artery-cavernous sinus fistula The lateral rectus
muscle 15 1nvolved frequently, and eventually all of the extraocular
muscles are affected

Paralysis of upward and downward gaze indicates bran stem
damage at or about the superior collicult. Such signs are uncommon 1n
head inyury, aince mvolvement of these regions 1s usually fatal.

Conjugate Deviation

The eyes may deviate to one side or the other 1 severe head injury
with cortical contusion and sometimes 1n the presence of 2 hematoma,
A destrucuve lesion 1 the frontal eye fields will cause homolaterat

deviation trritatine lesions and brain stem lesions contralateral devia
tion
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Fimxauon

Inability to fix the eye upon an object may be duc to a lcsion of the
occipital lobe and the visual cortex, or to an involvement of the superior
longitudinal fasciculus 1n the brain stem

Diplopia

Double vision and blurred vision are common complaints during
convalescence from head injury The causes of diplopia arc: (1) dis-
placement of the eyeball in fractures of the orbital roof or floor, (2)
involvement of extraocular nerves or muscles, (3) intraorbital mvolve-
ment of muscular and neural structures associated with local muscle
and nerve injury.

Visual Agnosia

One of the major deficits 1n patients who survive profound head
njury 1s a visual agnosia and an alexia (1nability to recognize words)
based on the visual agnosia An inability to recogmze the oppaosite
half of the body may occur with lesions of the forward part of the
left occpitoparietal cortex mn right-handed individuals ' *

Symptoms and Signs Referable to Nose

Deceleration 1njuries, particularly 1n automobile accidents, may he
associated with facial involvement and njury to the nose and para-
nasal sinuses. Bleeding from the nose, cerebrospinal flurd rhunorrhea,
and olfactory abnormalities are common

Nasal Bleeding

It may be minimal, or so profusc as to necessitate major cfforts f(.)r
its arrest. Occasionally, the bleeding may be duc to a tear of the carotid
artery at the base of the skull, with hemorrhage 1nto the middle car
and, via the custachian tube, 1nto the nose In other nstances, local
mjury of the turbinates and septum may be the cause of bleeding so
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profuse that 1t can be stopped only by nasal packing Bleeding asso-
ciated with cerebrospmal fluid leakage 1s common soon after injury
Later, the rhinorrhea may continue, the cerebrospinal flud becoming
clear and readily 1dentifiable. Bleeding from the nose 13 scen 1 25
per cent of panents with head injury

Cerrhrospinal Fluld Rhinorrhea

This 15 a rather rarc sequel of head 1jury It may occur in 1 to 3
per cent of patients, Traumatic cerebrospinal flud rhinorrhea may also
follow surgical removal of a nasal polyp which may actually be an
cvagination of the subarachnoid space and dura through an opening
i the roof of the nasal cavity In many cases, bed rest suffices for
spontancous recovery, but in some the rhinorrhea stops only tempo-
ranly, later to be followed by recurrences

The diagnostic features of cercbrospinal flid rhinorrhea include
(1) The fluid contans glucose, nasal secretions do not. (2) The fud
1 clear, and the discharge 15 intermittent. (3) The proten content of
the fluid 15 low, that of ordinary nasal secretions lugh, a handkerchief
moutened with fluid does not saffen on drying (4) Drawnage can
usually be increased by placing the patient with hus head between hus
thighs 1n a flexed postion. (5) The fluid usually drans from onc
nastnl rather than from both, (6) Anosmia 1s frequently assocrated
with the rhinorrhea, A dye such as Auorescein injected 1nto the spinc
may be recovered 1in the nasal discharge 1n 30 to 9o minutes, as noted
by Constantin™ and by Fox'™ among others

In some patents there 1s httle or no discharge of flurd despite the
presense of a patent cranionasal fistula. These pancnts may have re
peated attacks of meningits. In a pauent with a head 1njury recurnng
meningits should thesefore arouse the suspicion of a patent cranio-
nasal fistula.

Table 5 summanzes the findings 10 22 cases of our series. It 15 note

worthy that 1n 2 of the patients the fistula was closed only on the
sccond attempt.
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TaBLe 5 Data on 22 Cases of Traumatic Cercbrospinal
Fluid Rhinon hea

Number of cases

Data Total Recovered F a:r
Acute 12 11 1
Recurrent 10 7 3

Complications

In acute Pneumocephalus 3 3 0
Meningius 1 0 1

In recurrent Brain abscess 2 1 ]
Pneumocephalus 1 1 0

Meningitis 2 0 2

Treatment

In acute Surgical 6 6 0
Conservative 6 5 1

In recurrent Surgical 5 5 0
Conservative 5 2 3

Olfactory Nerve (Cramial I) Involvement

Injury of the olfactory nerve causcs a loss of smell (anosmia), or a
perversion of the sense of smell (parosmia) According to Lewm," the
sense of smell 15 affected 1n about 5 per cent of patients with head -
jury We have found the mcadence to be even lower (about 3 per cent),
except 1n cases complicated by cerebrospinal flud rhinorrhea, i which
casc 4 out of 10 patients lose the sense of smell, the mnadence rises to
8o per cent 1f the cramonasal fistula 1s repaired

The nerve may be injured 1n anterior fossa fractures mn the nughbor-
hood of the cribriform plate, or in deceleration njurics of the orchead
or the occipital area which may result in a tear of the nerve connee-
vons 1n the crnibnform plate area

Many patients recover some function wathin 2 years of mjury In
this period, parosmia may become evident, and the patient 15 unable

196



Clintcal Manufestations of Head Injury

to recognize test objects. In gur expenence, anosmia does not ma
terually affect the patient s sense of taste, at least for banc flavors

Symptoms and Signs Referable to Cramal
Nerve Ingurses

Results of injunes of the first, sccond, third, fourth, and sixth cranal
nerves have just been discussed The other cramal nerves wihich may
be tnvolved 1 head injury are principally the trigeminal and the facal.
The glossopharyngeal, vagus, accessory, and hypoglossal nerves are sel
dom nvolved 1n the usual, closed type of head njury, and not very
aften 1n depressed skull fractures. Trauma of these nerves occurs ak
most exclusively n penetrating tnjuries of the head

Trigeminal Nerye (Cranmal V)

Both the gasserian ganglion and the primary divimons of this nerve
~ the ophthalmuc, maxillary, and mandibular nerves —may be n
volved 1n head injury The ganghon may be injured by longitudinal
fractures of the petrous bone extending 1nto Meckel s cavity Involve
ment of the ganglion may result 10 serious and permanent functional
losg, and 1n some instances paresthesias, at first there 13 severe facal
sumbness, to be replaced, as the numbness recedes, by crawhing and
pins-and needles sensanions. The numbness and paresthesias are more
wiere than thase which occur in patents after section of the sensory
root for tngeminal neuralga ® Involvement of the maxillary nerve,
which courses through the roof of the maxillary sinus to the infraorbital
foramen, and of the infraorbital nerve which branchet from 1t, 1s more
common than that of other branches of the trigeminal. There 15 sensory
loss in the side of the nosc, the upper lip, and the cheek below the Jower
Ik, The antenor 2 tetth or all the teeth on one side of the upper jaw
may be numb depending on whether there 15 only nfraorbital or a
complete maxiliary nerve snvolvement. The sensory loss from imury of
the qupraorbital nerve, a branch of the ophthalmic, 15 indicated by
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numbness above the brow extending back to the coronal suture in a
rectangular area from the nudline to a line along the lateral border of
the brow and the coronal suture hine posteriorly. Fractures through the
supraorbital and infraorbital foramens, or, more commonly, facial
lacerations and periorbital trauma, are the usual causes of mjury of the
supra- and infraorbital nerves Restitution of function usually occurs
within 6 months The mandibular nerve may be 1nvolved intracranially
or with fractures of the lower jaw Depending on the site of mvolve-
ment, there may be numbness of one-half of the lower jaw, the lower
lip, and one-half of the anterior two-thirds of the tongue

Frontal fractures with involvement of the anterior ethmoid foramen
may 1n rare instances injure the nasociliary nerve This may result n
numbness of the inferior lateral aspect of the nose, and occasionally n
conjunctival anesthesia

Facial and Acoustic Nerves (Cramial VII and VIII)

Complete and permanent facial paralysis after head injury 1s rare,
and only 1n about 10 per cent of the patients with facial paralysis is
there a permanent residual (Fig 48, see also Fig 1014). In complete
unilateral facial paralysts, much more common than bilateral paralysis,
there 1s* (z) nability to contract the facial muscles of expression, (2)
mability to close the eye (paralysis of the orbicularis ocult); (3)
widened palpebral fissure at rest; (¢4) smoothed out facial expression
with drooping angle of the mouth (paralysis of orbicularss oris), (5)
mabihity to wrinkle the forchead, (6) loss of the corneal reflex but
not of pain sensation

Facial nerve trauma can occur with closed head injuries, with lacera-
tions of the face and mastord areas, with penctrating and perforatng
injuries of these arcas, and with transverse fracturces of the petrous bont
These head injuries may be associated with bleeding from the cat(s),
and a facial paralysis 1 such cases, appearing 4 to 12 days after the
imury, may be duc to edema or hemorrhage 1n the facial canal.

The site of the facial nerve trauma s of clinical importance
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Fig 48, (:,;? Penipheral factal perve paralyss in head injury (&) Involvement of
focchead and of orbiculans ocult and on muscles. () Bilateral paralysis znucnt
<

tmng to wrinkle forehead by looking upward (note lack of change) (¢) In-
vohvement of angle of mouth forchead and eye on nght nide- recovery 6 weeks
ater wnjury (cf) (d) Parual recovery with rendual weakness and ngidity on
nght pavent able to wrnkle forchead and close eye fairly well but angle of
mouth does not nse properly (¢) Left peripheral paralyns no improvement, 2
Jears after injury (') and resuls of facalspinal accessory nerves anastomons
('~") farly good tane and some abiity to contract museulature, (Con
Hancd ox next page )
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b L
Fig 48 (continued) (B) Whiplash injury (hyperflexion), with “tear-drop™
fracture of fifth cervical body (a) Soon after the acadent (&) Healing 3 months
later (¢) Whiplash injury (hyperflexion), with spinal cord 1nvolvement and weah-

ness of left upper imb and sensory dissociation of night side of body (Brown-
S{quard syndrome).

lesion 1s 1n the portion of the nerve lying in the nternal acoustic
meatus, an associated involvement of the acoustic nerve 1s almost always
present. The association of nerve deafness, a dead labyrinth, peripheral
facial paralysis, dry cornea, and ageusia in the anterior two-thirds of
the tongue on the 1psilateral side indicates clearly that the site of facial
nerve mjury 1s mn the mternal acoustic meatus Injury of the facial
nerve peripheral to the chorda tympani, below the emergence of the
chorda tympani nerve, does not affect the sense of taste or lacrimal
function In most paticnts with facial paralysis after closed head injury,
this 1s the site of ncrve mnvolvement; nevertheless, we have had 2
cases of imolvement of the chorda tympant nerve 1n closed head injury
without facial paralysis

Injury of the first portion of the facial nerve, with involvement of
the stapedius muscle, will cause hyperacusis

In our entire experience we have scen only 3 cases of bilateral facial
paralysis; 1 patient died, and 1 the other 2 the paralyss cventually
improved. In one of our scrics, consisting of 425 patients with shull
fracturc, there were 14 cases of facial paralysis. Among the 667 patients
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with skull fractuse 11 our 1952 1954 senies, facial paralysss occurred
tn 18.

Laceranons of the face are common sn head njury In our 1952
1984 senes, there were 439 patients with facia] lacerations and con
tustons. We have scen 7 cases of facal paralysis associated with lacera
tons of the face, m 3 there was involvement of the pes ansesnus, and
1n 4 of the facial nerve near the stylomastod foramen.

Glossopharyngeal, Vagas, Accessary, and Hypoglossai Nerves
(Cranial 1X XIT)

Trauma of these nerves occurs almost exclusnely with penerrating
head 1njuries seldom are they 1nvolved 10 the usual types of closed
head wjury, including skull fracture. We hase scen 1 case mn which
cranual nerves 1 through XII were sheared off on one side by a mussile
which entered the shull at the base, and another case i which an
ocapital fracture due to a fall extended through the hypoglosa! fora
men, with unlateral paralysis of the hypoglossal nerve.

Uncal Hermation Syndrome (Figs 23, 25)

The carhiest signs of uncal hermation s+ hernsation of the temporal
lobe and bran stem through the 1neisura, are ocapital headaches and
a clouding of consciousness in a patient with signs of ncreased antra
cramal pressure ® ** Other warning signs are (1) unslateral or bifateral
pupiflary inequality duc to ymohvement of the thied cransal nene,
(2) nuchal ngidity and paradoxic hemuparesss or hemuplegn, due to
invohement of the peduncle (3) weakness or paralyss of upward
gaze (4) visual disturbances, due to myolvement of the postersor cere
bral artery with nfarction of the ealcanine region. The chmeal ab-
normalwes 1 panents who surine uncal hernwtion are many and
vaned. Undue delay i the treatment of an uneal herniation may re
sult i wreversible damage the patient 13 1 deep coma the muscles are
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flaccid, the swallowing reflex is lost, and there is an absence of nuchal
rigidity. ™

The chinical picture of herniation of the medulla and the cerehellar
tonsils, an uncommon complication of acute head njury, 1s sudden
arrest of respiration and continuing heart action **

Metabolic, Electrolyte, and Blood Changes

Some of the changes are the direct result of injury of the hypotha-
Jlamic and pituitary areas, others the sccondary manifestations of scvere
depletion states. Many of the metabolic disturbances which occur with
head 1njury are transient and disappear without any treatment. In
a series of %6 patients unconscious for 12 or more hours, with an over-
all mortality of 30 per cent, such disturbances were found n go pur
cent * Protemnuria occurred 1n the first 24 hours and gradually dis-
appeared within 2 to 6 days The blood w#rea level was lngh n some,
reaching a peak within 3 days and then subsiding. About 30 per cent
had glycosuria of the low renal threshold type, and 1n some there was
also hyperglycemia The hyperchloremia and hyperchloruria found m
some patients Higgins and co-workers™ attributed to 1njury of the m-
ferior surfaces of the frontal lobes Hypochlorema and hyperchlornri
developed in some cases 7 to 12 days after mjury, particularly n the
elderly patients; winle the condition resembled Addison’s discase,
nether salt nor DCA or cortisone had any effect. In pauents with brain
stem trauma, hyperpyrexia and hyperpnea may have been the cause of
respiratory alkalosts. The mortahity m those with normal clectrolyte
balances was 24 per cent, whercas m the cascs m which the abnormal
iies were of major character the mortality was 61 per cent; age, 100
was a factor in the mortality rate.

In our expertence, most of the changes described above arc caused by
alteration 1n diet The symptoms and signs of electrolvte imbalance
may be obscured by the unconscious state of a patient with severe head
mury. In addimon to the «fects of the head ijury iself, concomant
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factors, such as hyperpnea, mereased intracramal pressure mtracransal
hemorrhage, cerebrospinal fluid  leakage  infections  (meningrus,
abscess) and injuries of other portons of the body affect the blood
chemustry equilibrium

The concentrations of sodmm and potassinm n the blood may be
asbnormally hugh (hyperosmolanty) if the area of the preoptic nucler
and the pituttary gland or 1ts blood supply arc imjured ** ™ * In such
cases, ncreased water intake does not affect the lugh concentrations.

Severe blows to the front or back of the head which mvohve the floor
of the anterior fosea and the optic nerves and chasm with possible
mmury of the blood supply of the pinntary gland and stalh, may cause
drabetes snsipidus Tt usually becomes manitfest within 10 to 14 days
and 15 occanonally a permanent comphication® ¥ ** In most cases
however, there 15 improvement 1n the course of several months The
condstion 1 assocaated with polynna and polydipna the speaific gravity
of the urine 13 extremely low as low as 1.005 or less

Stmmonds disease (hypopituntarssme) after head imury  although
sporadically reported 1n the hiterature, has not occurred m any case in
our experience.

Trauma of the central nervous system may in rare cases cause gastro-
sntestinal hemorrhage and wleeratton or activate a pre-cxisting ulcera
(‘On." 1. 0%

Claude Bernard** demonstrated experamentally that mjury about
the aqueduct of Sylvius and the fourth ventnicle could cause glycosuna.
Concevably increased adrenal acuvity due to the stress of the head
injury might also cause 1t. Hyperglycemua will also be evident f the
stress of the head npury has caused a traumatc diaberes mellitns

Actonuris 15 found occasonally this may be due to a change in
carhohydrate metabolism as a result of the head mpury or merely be
the result of an nadequate dict.

Hj pocdlcerma and calcinnia are common particularly n patients
with assoctated fractures of long bones and therefore commutted to pro-

longed bed rest

03



Head Injuncs

o

Ascorbic acid depletion occurs after trauma It has been shown e
perimentally that some ume is required after ascorbic acid 1s adnun.
1stered before the normal balance 1s re-cstablished ' *

The proteinunia in head myury 1s largely the result of mereased
nitrogen excretion This may be due to increased protein catabolism ar
to decreased protein unihzaton The Ingh fever which accompames
comphcations of severe head injury, e.g., meningius or abscess, plays a
role 1n the increased catabolism

Nutrtional deficiencies may develop in the patient with head injury
as a result of unconsciousness, vomiting, and diarrhea, the last-men.
tioned principally due to the faulty tube feeding

Eosinopenta has been reported to be present in patients with head

)

injury There scemed to be some correlation between the severity
of the mnjury, the chinical course, and the eosinophil count, 85 pur cent
of the pauents had a lower cosinophil level 1n the airculating bload at
first, with a return to normal as improvement set in In 2 patients whe

died, the costnopenia was sustained until death

Whiplash (Hyperextension, Hyper flexton)
Injury Syndrome (Fig. 48B)

Unconsciousncess 1s rarc 1n this type of mjury, but the patient is fre-
quently dazed and confused Vertigo and nausca, the result of the
subconcussive effects on the brain and labyrinths, are the common
symptoms In most patients, the symptoms are out of proportion to the
findings, and may last for several wedks to several months, Women
scek medical care for this condition more commonly than men As
1 other types of mjury, the nervous and anxions person has the most
prolonged disability.

The most common complaints arc of aching of the nech, with or
without ocapital headache. Onsct of the neck pam and lumtanm? of
movement are {requently delayed for 24 10 48 hours, and a patent
cammed mmediately after an acadent may be discharged beeause

204



Chnical Manifestauons of Head Injury

the rocntgenograms do not show any mjury Several days or weeks
after the acadent, however physical examination somectimes reveals
fimstation of movement 1n the cervical spine and particularly a dif
ficulty 1n extending or flexing the neck. The posterior and lateral neck
muscles are tender to palpation and may be sn spasm. The results of
neurclogic examination arc wsually normal. The exact degree of n
sury which 15 confined to the muscles and higaments 15 often difficult
to establish With more sentous injury, the pamn in the neck radiates
to the shoulder, artn and hand and there may be locahzed pares-
thenas m the thumb and mdex finger The neck pain may be constant
and severe and may be wncreased by coughing Flexing the arm on
top of the head will sometimes reliese the pan Since posturing of the
neck may goe some rehief, a head tlt may resule.

The symptomatology has been cluafied by some clinicians on the
basis of the level of injury as “ocapital” syndrome (radration of pan
mto the ocaiput), with injury of the second postenor oot fateral neck
pam, with wjury at the thurd and fourth vertebrae shoulder paun
with mypury at the fifth vertebra pam m the radial side of the hand
with 1jury at the sixth vertcbra paw in the ndex and muddie fin
gers with ingury at the seventh vertebra. Pasn ss sometsmes felt over the
precordium, simulating cardiac pain Injury of the long thoracic nerve
may cause winging of the scapula

If therc 15 assocated snvolvement of the sympathene wunh there
may be pupilfary inequalty, and in some cases Horner s syndrome.
Heaning deficits are uncommon Some blurnng of vimon, an early
complant duappears rapidly

REFERENCES
v Beate, § Metabohe disturbances after impury Brin M.J 2 13 1947

2 Bernard . Legons sur 12 Phywologee et 1z Pathologic du Systeme Ner
veax. Paris, Bathere 1858, Vol 2.p 403
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Ascorbic acid depletion occurs after trauma It has been shown ex.
perimentally that some time 1s required after ascorbic acid 1s admin-
istered before the normal balance 1s re-established ' *

The proteinuria 1n head injury 1s largely the result of increased
nitrogen excretion This may be due to increased protein catabolism or
to decreased protemn utilization The high fever which accompanies
complications of severe head injury, e g., meningitis or abscess, plays a
role 1n the increased catabolism

Nutritronal deficiencies may develop in the patient with head mjury
as a result of unconsciousness, vomiting, and diarrhea, the last-men-
tioned principally due to the faulty tube feeding

Eosinopenia has been reported to be present 1n patients with head

7% % There seemed to be some correlation between the severity

injury
of the 1njury, the clinical course, and the eosinophil count, 8s per cent
of the patients had a lower eosinophil level 1n the circulating blood at
first, with a return to normal as improvement set 1n In 2 patients who

died, the eostnopenia was sustained until death

Whiplash (Hyperextension, Hyperflexion)
Injury Syndrome (Fig. 48B)

Unconsciousness 1s rare 1n this type of mnjury, but the patient 1s fre-
quently dazed and confused Vertigo and nausea, the result of the
subconcussive effects on the bramn and labyrinths, are the common
symptoms In most patients, the symptoms are out of proportion to the
findings, and may last for several weeks to several months Women
seek medical care for this condition more commonly than men As
in other types of mjury, the nervous and anxous person has the most
prolonged disability

The most common complaints are of aching of the neck, with or
without occipital headache Onset of the neck pain and hmutation of
movement are frequently delayed for 24 to 48 hours, and a patient
exammned immediately after an accident may be discharged becausc
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the roentgenograms do not show any wnjury Several days or weeks
after the acadent, however, physical examination somettmes reveals
limitation of movement 1 the cervical spme and particularly a dif
ficulty in extending or flexing the neck. The posterior and lateral nech
muscles are tender to palpation and may be 1 spasm The results of
neurologic exammation are usually normal The exact degrec of n
jury whuch 1s confined to the muscles and Ligaments 13 often difficult
to establish With more serious 1injury the pamn in the neck radiates
to the shoulder, arm, and hand, and there may be localized pares-
thesias 1n the thumb and index finger The nech pain may be constant
and severe, and may be increased by coughing Flexing the arm on
top of the head wall sometimes rehieve the pain Since posturing of the
neck may give some relief, a head tilt may result.

The symptomatology has been classified by some chinicians on the
basis of the level of njury as  ocapital” syndrome (radation of pain
wnto the occiput), wath injury of the second posterior root lateral neck
pan, with njury at the thurd and fourth vertebrae, shoulder pan
with injury at the fifth vertebra, pan in the radial side of the hand
with injury at the sixth vertebra pain 1n the 1ndex and muddle fin
gers wath injury at the seventh vertebra. Pain 15 sometimes felt over the
precordium, simulanng cardiac pain Injury of the long thoracic nerve
may cause winging of the scapula.

If there 18 assocated involvement of the sympathenc trunk, there
may be pupillary inequality, and in some cases Horner s syndrome.
Heanng defiats are uncommon. Some blurrng of vision, an carly
complant disappears rapidly

REFERENCES
1 Beattie, ] Metabolic disturbances after njury Brit M.J 2 S13 1947

2. Bernard, C. Legons sur la Physiologe et la Pathologie du Systtme Ner
veux. Paris, Bailliere 1858, Vol 2,p 493

205



Head Injuries

Bernard, C Legons de Physiologie Expénimentale Appliquée 3 la Méde-
cine. Paris, Bailliere, 185556, Vol 1, p 339

Besley, F A A contribution to the subject of skull fracturc J. A. M A.
66 345, 1916

Borden, C R Otological and rhinological complications of shull frac-
tures J. A. M. A. 53 429, 1909

Botterell, E H, and Horsey, W. J Neurosurgical experiences with dia-
betes nsipidus J. Neurol 5 449, 1955

Browne, ] S L, et al >tudy of the Metabolic Aspects of Damage and
Convalescence in Acutely Injured, Contrasting Previously Healthy Sub-
jects with Previously Debilitated Subjects, in Ninth Conference on Meta-
bolhic Aspects of Convalescence, Including Bone and Wound Healing.
New York, Jositah Macy, Jr Foundation, 1945, pp 15-24

Campbell, E, and Whutfield, R D Degrees of recovery following pro-
longed post-traumatic coma Ann. Surg. 135 899, 1952

8a Constantin, P M Ecoulement spontané de liquide céphalorachidien par

10

11

les fosses nasales Bull d’oto-rhino-laryng 18 205, 1919

Cushing, H The blood pressure reaction of acute cerebral compression,
illustrated by cases of intracranial hemorrhage Am. J. M. Sc 125 1017,
1903

Davis, E D D Injuries of the ear arising from fractures of the shull
Brit. M. J. 2 41, 1928

Davis, R A, Wetzel, N, and Davis, L Acute upper ahmentary tract
ulceration and hemorrhage following neurosurgical operations Surg,

Gynec. & Obst. 150 50, 1955

11a Fox, N Cure in case of cerebrospinal rhinorrhea Arch. Otolaryng. 17

12

]’)

85,1933
Freedman, H Recovery from decercbrate state associated with supra-

tentorial space-taking lesions J. Neurosurg. 9 52, 1952

Fremont-Smuth, F, and Merntt, H H. Relationship of artertal blood
pressure to cerebrospinal flud pressure 1n man Arch Neurol. & Psychiat

30 1309, 1933

200



Chinical Mansfestations of Head Injury

i3 Freach, J D., Porter, R W, von Amecrongen, F ko, and Raney R B
Gastrowntestinal hemorrhage and uleeration associated with intracrantal
lesions, Surgery 32 395, 1952

14 Friedman, A. P, and Breaner, C. Post-traumanc and huistamne head
ache. Arch. Neurol. & Psychiat. 52 126, 1944

15 Friedman, A P, Brenner, C, and Denny Brown D Post-traumauc ver
ugo and dizzimess § Nenrosarg 2 36, 1945

16. Gerlings, P G Penipheral posiional nystagmus ] Laryng, & Otol. 62
147, 1948.

17 Gerstmann, ] Fingeragnosie und 1solerte Agraphie, Ztschr ges. Nenrol
1. Prychiat. 108 152, 1927

18 Gowers, W R. A Manual of Diseases of the Nervous System (2d ed)
Philade)phua, BlaListon, 1893 Vol 2.

1. Great Bntain Medical Research Counal. Bram Injuries Comrmurtes, A
Glossary of Psychological Terms Ci ly Used 1n Cases of Head
Injury London, H M Stanonery Office, 1941 (War Memorandum
No 4)

20, Grave, W E. Late car complications following shull fracture Ann
Grol, Rlunol. & Laryng 48 120, 1939.

11 Gruve, W E. Symptom of verugo Arch. Otolaryng. 14 177 193t

22 Grove, W E. Shull fractures 1nvolving ear chimical study of 311 cases
Laryngoscope 49 678, 813, 1939

23 Gurdjan, E. S Ear complications in acute waniocerebral 1njurses. Radt
ology 18 74, 1932

24 Gurdpan E. S Studies on acute cramal and intracramal inyuries Ann.
Surg 97 327 1933

35 Gurdjan E. 5, and Schlafer N H Fracture of shull wath imury of
brain diagnoms of laceration of orbntal surface of frontal Jober. Arch.
Neurol, & Psychiat. 26 583, 193t

2 Gurdpian E. 5, and Stone W E. Cercbral lactic acrd and phosphates tn
coneussion Fed, Proc. 5 17 1946

207



Head Injuries

27

28

29

30

31

32

33

34

35

39

40

208

Head, H Studies in Neurology. London, Frowde, 1920, Vol 2
Higgins, G, Lewin, W, O’Brien, ] R P, and Taylor, W H Metabolic

disorders 1n head injury; survey of 76 consecutive cases Lancet 1 61,
1954

Holmes, C, and Sargent, P Injuries of the superior longitudinal sinus.
Brit. M. J 2 493, 1915

Holmes, G Disturbances of vision by cerebral lesions Bmt. J. Ophth, 2
353, 1918

Hunter, C R, and Mayfield, F H Role of upper cervical roots n pro-
duction of pain 1n the head Am. J. Surg 78 743, 1949

Jefferson, G The tentorial pressure cone Arch. Neurol. & Psychiat. 40
857, 1938

Jefferson, G The acute head 1njury as a neurological problem Glasgow
M.J.20 77,1942

Jefferson, G, and Schorstein, ] Injuries of the trigeminal nerve, its
ganglion and divisions Brt. J. Surg. 42 561, 1955

Kernohan, ] W, and Woltman, H W Incsura of crus due to contra-
lateral brain tumor Arch. Neurol. & Psychiat. 21 274, 1929

Kleist, K Paralysis agitans, Stamganghen und Mittelhirn Deutsche med.
Wechnschr. 51 1725, 1925

Klingenberg, A Due 1solierte Schneckenfrahtur ber Schadelbasisbruchen
Ztschr. Hals-, Nasen- u. Ohrenh. 22 452, 1929

Le Beay, J, and Gruner, ] E Diagnostic Chnique des Hernies :I'em-
porales et des Lésions Intrinsiques du Tronc Cérébral, Basé sur une Etude
Anatomique de 50 Cas, 1n Proceedings of Second International Congress
of Neuropathology, London, 1955, p 340

Leidler, R Wie weit kann man aus der Vestibularuntersuchung auf Art
und Sitz emer Hirnerhrankung schliessen? Practica oto-rhino-laryng. 2
86, 152, 1939

Lewin, W Cerebrospinal fluid rhinorrhea 1n closed head mjuries Brt.

J. Surg. 42 1, 1954



Climcal Manifestations of Head Injury

4t Lilhe, W I, and Adson, A W Unilateral central and annular scotoma
produccd by callus from fracture extending 1nto optic canal Arch, Ophth
12 500, 1934

4 Lindsay | R Pathology of vertigo ansing from the penpheral vestbular
apparatus. Ann. Otol,, Rhin, & Laryng 56 541 1947

43 Lindsay J R Postural verugo and pouuonal nystagmus. Ann. Otol,
Rhin. & Laryng. 6o 1134, 1951

47 MacCarty C. S, and Cooper T S Neurologic and metabolic cffects of
ilateral Ligaton of the anterior cerebral artenes in man Proc. Staff Meet,,
Mayo Clin. 26 185, 195t

44 Mahby G L Visual ficld changes and subdural hematoma. Surg, Gynec.
& Obst. 74 496, 1942

45 Marshall ] Sensory disturbances m cortical wounds with special reference
to pain J Neurol, Nenrosurg & Prychlat. 14 187 1951

46. Meyer AL Hermiation of the bramn Arch. Neurol & Psychiat. 4 387
1920

47 Nager, F R Ueber Spatmeminmitis nach Labynnthfraktur Acta oto-
fayng. 14 127 1930

4% Nathan, P W, and Tumner ] W A. The efferent pathway for pupillary
contracton Brain 65 343, 1942

49 Nielsen, ] M A Textbook of Clinical Nenrology (3rd ed ) New York,
Hoeber 1951

50. Phullips, G Traumauc epilepsy after closed head injury J Nearol,
Neurosurg, & Peychiati 17 1 1954

53. Porter R J, and Miller R A Diabetes insipidus follow ing closed head
jury J Neurol, Neorosurg & Psychiat 11 258, 1948

s50b Ralston B Erosions and acute perforauve lenons of the upper gastro-
intestinal tract and thesr relavion to central nervous system lesions. Arch.
Neurol, & Pychlat. 66 642, 1951

5t Raney A. A, Rangy R B. and Hunter C. R Chrome posttraumatic
headache and syndrome of cervical disc lesions following head trauma
J Neurosrg. 6 458, 1940.

209



Head Injures

52

53

>4

Schorstein, ] Gunshot wounds of fronto-orbital region Lancet 1 4y,
1944

Smolik, E A, Ninecurt, J, and Nash, F P Losinophil arculaung re-
sponse 1n cerebral trauma Surgery 38 539, 1955

Spalding, ] M K Wounds of the visual pathway J. Neurol. Neurosurg.
& Psychiat 15 gg, 169, 1952

-
s4a Sweet, W H.,, Cotzias, G C, Seed, J, and Yakovlev, P Gastro-intestinal

59

Go

61

hemorrhages, hyperglycemia, azotemia, hyperchloremia, and hyperna-
tremia following lesions of the frontal lobe in man A, Res. Nerv & Ment.
Dis., Proc. 27 %95, 1948

Thorn, G W, Forsham, P H, Prunty, F T G, and Hills, A G A test
for adrenal cortical insufhiciency J. A. M. A. 137 1005, 1544, 1948

Turner, ] W A Indirect injuries of the optic nerve Bramn 66 140, 1943
Van Egmond, A A J, Groen,] J, Hulk, J, and Jongkees, L. B W The
turming test with small regulable sumuli VI J. Laryng. & Otol. 63 306,
1949

Voss, O Die Chururgie der Schadelbasisfrakturen. Leipzig, Barth, 1936
Watts, ] W, Wiley, W B, and Groh, R H Relauon of contusion of

scalp to post-traumatic headache and dizziness A. Res. Nerv. & Ment.
Dis, Proc 24 562, 1945

Welt, L G., Selden, D W, Nelson, W P, IlI, German, W ], and
Peters, J. P. Role of the central nervous system 1n metabolism of electro-
lytes and water Arch. Int. Med. go 355, 1952

Yerger, C F Otological complications of basal skull fractures Arch.
Otolaryngol. 4 35, 1926

210



Chapter VI

SKULL FRACTURES

Skull fracture may be classificd as linear or depressed, and simple
or compound The hinear fracture may be a single fracture ine or a
multilinear (comrmunuted) one. The simple fracture may be hincar or
depressed, but the overlying scalp 15 not Jacerated, whereas in the open
or compound fracture there 11 laceration of the scalp, or 2 communica
tion created with such structures as the paranasal sinuses or the middle
car

Linear Fractures

Single hinear fractures occur 1n a hitle over Bo per cent of the cases
of skull fracture. These fractures are usually the result of elasnc de
formation of the calvanum (see Chapter 111) About half of the frac
tures occur m the muddle third of the skull and extend toward the
middie fossa. The remaming half are about equally divided between
frontal and ecaputal fractures,

In chiddren all evidence of fine linear fractures usually disappears
by the end of about 6 months, and 1n the very young both single hnear
and multulinear fractures usually heal very rapidly (see Fig 77) In
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adults, a hinear fracture may be visualized on the roentgenogram for
several months to many years after 1ts occurrence Healing of mulu-
hinear fractures which are accompanied by some comminution and
some separation between the edges of fracture lines takes very much
longer, 1n some cases as long as 8 to 10 years or more

Occasionally, there 1s loss of calctum along the edges of a lincar
fracture, so that several months after 1njury an area of bone loss may
be found 1n the vicinity of the imitial fracture line, both 1n the young
and 1n adults Erosion of bone at the fracture site may be due to the
presence of a leptomeningeal cyst Such a cyst may form if the frac-
ture 15 associated with a dural and arachnoidal tear A tear of this type
permits the formation of a cystic accumulation 1n the leptomeninges,
cerebral pulsations then force additional cerebrospinal flurd into the
cyst between the edges of the fracture, resulting in 1ncreasing erosion
of the fracture border ' ** * Bone loss may also occur over a subdural

7, 28

hematoma” ** or hygroma ™

The prognostic importance of a fracture line 1s that 1t 15 a measure
of the blow In an open linear fracture there 1s the possibility of in-
fection entering the cranial cavity Lanear fractures also may extend
into the paranasal sinuses and the temporal bone, producing com-
munications between the cranial cavity and the middle ear and sinuses
despite the absence of lacerations of the overlying skin

Most hinear fractures extend toward the base of the skull and thus
help form basal fractures, but occastonally a small linear basal fracture
may be unassociated with a fracture about the area of impact In such
cases, there may be a sudden onset of meningitis during convalescence,
due to the introduction of infection from the middle ear or the para-

nasal sinuses into the cranial cavity

Depressed Fractures

The clinical features of any depressed fracture depend upon. (1)
site of the fracture; (2) type of depressed fracture, 7 €., ssmple or com-
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pound, penetratng or perforating, low velocity or high velocty m
jury, and 30 on, (3) amount of tracramal trauma Except 1n war
inpurkes, there 15 often hittde cimeal evidence of bram wyury * ™

There may be a scalp laceration overlying the depression (see Fig
86B), or, 1n some snstances, at a distance from the depresson (sce
Fig 874) Scvere hemorrhage may occur 1n some lacerations of the
scalp Often, the scalp becomes discolored 2 or 3 days after the 1njury
suggesting hemorthage into 1ts component parts. Hemorrhage o
the subaponeurotic space may extend to the supercthary area anteriorly
the supenior nuchal line posteriorly, and the attachments of the tem-
paralis muscle laterally In such cases, there 15 extensive swelhing of
the scalp

In about half the cases of depressed fractures, the dura 1s not orn.
Penctranng and perforanng fractures are accompanted by dural and
cerebral trauma. ‘The mechanisros of such myury are discussed 1n detail
tn Chapter 111

About 50 per cent of depressed fractures are 1n the frontal area, the
remainder 1n the panetal and postenior regions If the depressed frac
Ture oCCurs over 3 venous nnus, the edges of bone may tear the sinus
but the mjury may be revealed only dunng the operative reparr of the
fracture when removal of the bone fragment 1s followed by hemor
thage from the mnus. Tears of the middic memngeal blood vessels
and other dural vesscls may also occur, with resultant hemorrhage
(s¢e Fags. 5354)

The mortality rate appears to be related to the state of consaous-
ness after injury Mast patients who are conscious on admussion to
hospieal and have no hutory of unconsciousness recover, whereas the
mortality rate of those who remamn unconscious 15 35 per cent, The
mortality amang patients with dural tezrs and trauma of mtracranial
contents 18 much higher than among these without such mnvolvement.
Patients with tears of large venous and artenal channels present serious
problems of surgical management and of morbidity and mortahry

The neurologic examination of panents with depressed fractures
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usually reveals httle evidence of neurologic deficit except for an oc.
casional aphasia and a hemiparests or hemiplegia When such localiz-
ng signs are present the morbidity and mortality are much higher
than when they are absent

In our large series, there were 637 cases of skull fracture, 40 of these
were closed depressed fractures, 34 were open depressed fractures, 10
were open comminuted fractures, and 22 were closed comminuted
fractures There were 531 cases of single linear fracture A summary of
the data on 129 cases of depressed fractures 1s given in Table 6

TABLE 6  Findings mn a Seizes of 129 Cases of Depressed
Skull Fractuses

Number Numbe:  Mortahty

Finding of cases fatal* rate, %,
o Simple fracture 30 | 33
Open fracture 99 5 5
Dural tear 60 6 10
Unconsciousness
Before hospital admission 56 1 17
Continued 14 5 35
None 59 0 0

* Total number of deaths, 6, mortality rate, 4 6 per cent

Frontal Area

Open, depressed fractures n the region of the frontal and paranasal
sinuses usually result from a blow to the forehead, as n automobile
acadents, or with a penetrating or perforating fracture by bullet or
shell fragment Unconsciousness, pareses or paralyses, convulsive sciz-
ures, and focal phenomena are not usual features of frontal smus
fractures Nevertheless, considerable involvement of the dura and
brain may be found on operation The cribriform plate, which 1s thin
and vulnerable, 1s often shattered, and one or both hemuspheral pols
may be injured The cribriform plate may also be injurcd by stresscs
anising 1n other parts of the head, not associated with the fracture at
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the site of mmpact, these arc the so<alled “separated fractures, or in-
direct fractures.

Complications (pneumocephalus, meningins, and brain abscess) are
more apt to occur with fractures of the frontal area, but the 1mame
diate mortality rate 15 much lower than 1n fractures of the more pos-
terior poruon of the head

A fracture involving the frontal sinus may lead to the formation
of a cramonasal fistula. Cercbrospinal flmd rhunorrhea 1s common
msuch cases! * ' * ™ ™ In some individuals, the frontal sinuses com
municate with cach other, a fact to be remembered when rhinorrhea
1s present. The fistula may also result from a hinear fracture clsewhere
in the head (see p 212) A more or less frequent sequel of frontal
sinus fractures 1s anosmua ® particularly in panents with cranionasal
fistula and rhinorrhea. In some cases, the anosmua appears only after
the fistula 15 repatred, due to ijury of the olfactory filaments during
the reparr Patent cramonasal fistula 1n the absence of obvious cerebro-
spmnal flmd rhinorrhea, may be the cause of repeated attacks of post
traumatic memngitis,™

The paranasal sinuses may also be injured 1n basal fractures. In
such cases, comphicating infection such as meningitis or brain abscess
may cccur 1n the course of an apparently sansfactory convalescence ™

The presence of cerebrospinal flud rhinorrhea may not be recog
nized while the patient 15 1n bed If there 15 no recurrence after the
atient has left the hosprtal, the fistulous tract probably has healed
But of the rhinorrhea recurs, it 1s unlikely that the fistula will heal
fpontancously For a discussion of cerebrospinal flud rhinorrhea as
2 posttraumatic complication, see page 195.

Open fractures of the frontal sinus area may allow air to collect
m the cransal cavity, under the shin of the forchead where 1t 13 dis-
closed by crepitation on palpation and even beneath the conjunctiva
(see Fig 43)

Our findings 1n 54 cases of open fracture of the frontal area are
summarized 1n Table 7
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TasLe 7 Data on Seiies of 54 Cases of Open Fractwe of Frontal
Stnus, Orbrt, and Ciribiiform Plate Region

Data Number of cascs
Deaths 4
Unconsciousness

Before hospital admission 24

Continued 14

None 16
Dural tear 39
Complications*

Cerebrospinal fluid rhinorrhea 11

Pneumocephalus 7

Brain abscess 3

Local infection 7

Meningitist 6
Treatment

Inmitial repair 47

Imitial repair elsewhere
Cranionasal fistula 6
Cranronasal fistula, extradural,

subdural, and brain abscess 1

* None fatal except 1 case of meningitis
1 In 3 cases, 4 or more attachs of meningitis

Orbital and Ocular Involvement (sce Figs. 43-44)

Frontal blows, whether they result in fractures or not, may injurc
the orbit and eyes The injury ranges from massive destruction of the
orbital contents, including the eye, to defects of vision or ocular move-
ments, or simply to a periorbital hemorrhage, the common “black
eye ” Open fractures 1nvolving the orbit and eye are morc common
in warfare, and are more serious as a rule than thosc 1n avilian hfe
In war 1njuries, one or both eyeballs may be destroyed, m addition
to the cerebral and skull injuries of varying degrec In civilian 1njurics,
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one or both frontal sinuses and the orbital im supenorly and medially
may be mnjured Depression of the medial orbial nm nsolves the
orbutal process of the frontal bone and thus the attachment of the
supcrior oblique muscle to the trochlear fovea. Communuted fractures
of the orbital roof or floor, and a tear m Tenon s capsule, may cause
an cvagination of the orbital fat, with retropulsion of the eyeball
whereas a fracture which depresses bone 1nto this area compresses
the orbital contents, with propulsion of the eycball. Hemorrhage from
torn blood vessels may cause a collection of blood between the
penorbita and Tenon s capsule, or within the capsule, with proptosis
of the cye (see Fig 44) Any of the nerves which subserve vision
and the intra and extraocular movements may be injured, some with
frontal fractures, others with temporal or basal fractures. The effects
of orbital 1nyurtes are more fully discussed on pages gog2.

Caroud Artery-Cavernous Sinus Fistala (Fig. 49)

A blow to the frontal region, not necessanly severe, can duisrupt
the internal carotid artery 1n 1ts course through the cavernous sinus
and create a fistula. This complication of head injury 1s farrly rare,
judging by our experience at the Detrott Receiving Hospital and at
Grace Hospital, where we have secen 1 case each year for the past
several years.

The carly symptoms arc orbital discomfort and headaches. Exoph
thalmos soon becomes evident and increases 1n seventy, accompanied
by shght to severe impairment of vision, and even blindness. The
degree of visual loss usually depends on the rapidity of onset and the
severtty of the exophthalmos Conjunctival chemosis 1s found 1n severe
cases. Papilledema and enlarged retinal veins are usually present, and
auscultation of the area reveals a bruit and, later, pulsation of the
globe. Both the brwt and the pulsation usually stop when the ps1
lateral carotd artery 15 compressed, this serves as a diagnostic test.
In persons in whom there 15 2 communication berw cen the cavernous
snuses, the other eye eventually also becomes mvolved
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TasLe 7 Data on Series of 54 Cases of Open Fractwe of Frontal
Stnus, O1bit, and Cribriform Plate Region

Data Number of cases
Deaths 4
Unconsciousness

Before hospital admission 24

Continued 14

None 16
Dural tear 39
Complications*

Cerebrospinal fluid rhinorrhea 11

Pneumocephalus 7

Brain abscess 3

Local 1infection 7

Meningitist 6
Treatment

Initial repair 47

Inttial repair elsewhere
Cranionasal fistula b
Cranionasal fistula, extradural,

subdural, and brain abscess 1

* None fatal except 1 case of meningitis
tIn 3 cases, 4 or more attachs of meningitis

Orbital and Ocular Involvement (see Figs. 43-44)

Frontal blows, whether they result in fractures or not, may njurc
the orbit and eyes The mnjury ranges from massive destruction of the
orbital contents, including the eye, to defects of vision or ocular move-
ments, or simply to a periorbital hemorrhage, the common “black
eye” Open fractures 1nvolving the orbit and eye are morc comnion
in warfare, and arc more scrious as a rule than thosc 10 avilian lffc.
In war njuries, onc or both eyeballs may be destroyed, in addm'on
to the cerebral and skull injuries of varying degree In awvilian injurics,
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one or both frontal sinuses and the orbital im supenorly and medially
may be injured Depression of the medial orbital nm involves the
orbital process of the frontal bone and thus the attachment of the
supertor oblique muscle to the trochlear fovea, Communuted fractures
of the orbital roof or floor, and a tear in Tenon s capsule, may cause
an cvagunation of the orbutal fat, with retropulsion of the eyeball
whereas a fracture which depresses bonc into this area compresses
the orbital contents, with propulsion of the cyeball Hemorrhage from
torn blood vessels may cause a collection of blood between the
periorbita and Tenon s capsule, or wathin the capsule, with proptosis
of the eye (sce Fig 44) Any of the nerves which subserve viston
and the intra and extraocular movements may be injured, some with
frontal fractures, others with temporal or basal fractures. The effects
of orbital injuries are more fully discussed on pages go-92.

Carond Arterp-Cavernous Sinus Fistala (Fig 49)

A blow to the frontal region, not necessanly severe, can disrupt
the internal carond artery 1n 1ts course through the cavernous sinus
and create a fistula. This complication of head wnjury 1s fairly rare,
jdging by our expentence at the Detroit Receiving Hospatal and at
Grace Hospital, where we have scen 1 case each year for the past
severa] years.

The carly symptoms are orbital discomfort and headaches. Exoph
thalmos soon becomes cvident and increases 1n severity, accompanted
by slight to severe imparment of vision, and even blindness. The
degree of visual loss usually depends on the rapidity of onset and the
seventy of the exophthalmos. Conjunctival chemosis 1s found n severe
cases. Papilledema and enlarged retinal veins are usually present, and
auscultation of the area reveals a bruit and, later, pulsation of the
globe. Both the bruit and the pulsanon usually stop when the 1ps:
lateral carotid artery 15 compressed, this serves as a diagnaosue test.
In persons 1n whom there 15 2 commumication between the eaternous
sinuses, the other ey cventually also becomes 1mvolved
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TasLe 7 Data on Series of 54 Cases of Open Fractuie of Frontal
Stnus, O1b1t, and Ciibizform Plate Region

Data Number of cases
Deaths 4
Unconsciousness

Before hospital admission 24

Continued 14

None 16
Dural tear 39
Complications*

Cerebrospinal fluid rhinorrhea 11

Pneumocephalus 7

Brain abscess 3

Local infection 7

Meningiust 6
Treatment

Intial repair 47

Inttial repair elsewhere
Cranionasal fistula 6
Cranionasal fistula, extradural,

subdural, and brain abscess 1

* None fatal except 1 case of meningitis
tIn 3 cases, 4 or more attachs of meningitis

Orbital and Ocular Involvement (see Figs. 43-44)

Frontal blows, whether they result 1n fractures or not, may 1njure
the orbit and eyes The injury ranges from massive destruction of the
orbital contents, including the eye, to defects of vision or ocular move-
ments, or sumply to a periorbital hemorrhage, the common “black
eye” Open fractures involving the orbit and eye are more common
in warfare, and are more sertous as a rule than those n c1v111:m.11f¢'
In war njurics, one or both eyeballs may be destroyed, 1n addition
to the cerebral and skull injuries of varying degree In civihan 1njurics.
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one or both frontal sinuses and the orbital im supertorly and medially
may be mjured Depression of the medial orbital nm involses the
orbital process of the frontal bone and thus the attachment of the
superior oblique muscle to the trochlear fovea Communuted fractures
of the orbital roof or floor, and a tear 1 Tenon s capsule, may cause
an evagimanon of the orbital far, with retropulsion of the eyeball
whereas a fracture which depresses bone into this arca compresses
the orbital contents, with propulsion of the eycball Hemorrhage from
torn blood vessels may cause a collection of blood between the
penorbita and Tenon's capsule, or withn the capsule, with proptosis
of the cve (see Fig 44) Any of the nerves which subserve vision
and the intra and extraocular movements may be 1njured, some with
frontal fractures, others with temporal or basal fractures. The effects
of orbital njuries are more fully discussed on pages go-92.

Carotid Artery-Cavernous Sinus Fistula (Fig 49)

A blow to the frontal region, not necessanly scvere, can disrupt
the internal carotid artery 1n 1ts course through the cavernous sinus
and create a fistula. This complication of head njury 1s farrly rare,
Jjudging by our experience at the Detrot Receving Hospital and at
Grace Hospital, where we have scen 1 case each year for the past
several years.

The early symptoms are orbital discomfort and headaches. Exoph
thalmos soon becomes evident and inereases 1n severity, accompanied
by slight to severe tmpairment of vision, and even blindness. The
degree of visual loss usually depends on the rapidity of onset and the
seventy of the exophthalmas Conjunctival chemosis 1s found 1n severe
cases. Papilledema and enlarged retinal veins are usually present, and
auscultaton of the arca reveals a brust and, later, pulsation of the
globe. Both the brutt and the pulsaton usually stop when the 1pst
lateral caroud artery 15 compressed, this serves as a diagnostic test.
In persons 1n whom there 18 a communication between the cavernous
sinuscs, the other eye cventually also becomes mmolved
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TasLE 7. Data on Series of 54 Cases of Open Fracture of Frontal
Stnus, O1bit, and Ciibiiform Plate Region

Data Number of cases
Deaths 4
Unconsciousness

Before hospital admission 24

Continued 14

None 16
Dural tear 39
Complications*

Cerebrospinal fluid rhinorrhea 11

Pneumocephalus 7

Brain abscess 3

Local 1infection 7

Meningitist 6
Treatment

Initial repair 47

Imitial repair elsewhere
Cranionasal fistula 6
Cranionasal fistula, extradural,

subdural, and brain abscess 1

* None fatal except 1 case of meningitis
t1In 3 cases, 4 or more attackhs of meningitis

Orbital and Ocular Involvement (see Figs. 43-44)

Frontal blows, whether they result in fractures or not, may njure
the orbit and eyes The njury ranges from massive destruction of the
orbital contents, including the eye, to defects of vision or ocular move-
ments, or simply to a pertorbital hemorrhage, thc common “black
cye” Open fractures involving the orbit and eye are morc common
in warfare, and are more serious as a rule than thosc 1p cvilian l}fc
In war njuries, one or both eyeballs may be destroyed, m adfhn.on
to the cerebral and skull injures of varying degrec In civilian 1njuries
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one or both frontal sinuses and the orbital nm supensorly and medsally
may be jured, Depression of the medial orbital rim nvolves the
orbutal process of the frontal bonc and thus the attachment of the
superor oblique muscle to the trochlear fovea, Communuted fractures
of the orbital roof or floor, and a tear 1n Tenon s capsule, may cause
an cvagmauon of the orbital fat, with retropulsion of the eyehall
whereas a fracture which depresses bone anto this area compresses
the orbital contents, with propulsion of the eycball. Hemorrhage from
wen blood vessels may cause a collection of blood between the
peniorbita and Tenon s capsule, or within the capsule with proptosis
of the eye (see Fig 44) Any of the nerves which subserve vision
and the mntra and extraocular movements may be 1jured, some with
frontal fractures, others with temporal or basal fractures The effects
of orbital 1njuries are more fully discussed on pages go-92.

Caroud Artery-Cavernom Smus Fisula (Fig 49)

A blow to the frontal regron, not necessanily severe, can dusrupt
the 1nternal carotid artery 1n sts course through the cavernous sinus
and! create a fistula This complication of head wnjury 15 fairly rare,
jadging by our expencence at the Detrost Reeersing Hospatal and at
Grace Hospital where we have seen 1 case each year for the past
several years

The early symptoms are orbital discomfort and headaches. Exoph
thalmos soon becomes evident and increases 1 seventy accompamed
by shght to severe imparrment of vision, and even blindness, The
degree of viual loss usually depends on the rapedity of onsct and the
severity of the exophthalmos. Conjuncuval chemoss 15 found n severe
cases. Papilledema and enlarged retnal veins are usually present, and
auscultation of the arca reveals a bruit and, later pulsanon of the
globe, Both the brust and the pulsation usually stop when the 1pst-
lateral carotd artery 1 compressed, thu serves as a diagnostic test.
In persans 1 whom there 15 2 communication between the cavernous
sinuses, the other eye eventually also becomes snvolved
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TasLe 7 Data on Seizes of 54 Cases of Open Firactuie of Frontal
Stnus, O1bit, and Ciibiiform Plate Region

Data Number of cases
Deaths 4
Unconsciousness

Before hospital admission 24

Contunued 14

None 16
Dural tear 39
Complications*

Cerebrospinal fluid rhinorrhea 11

Pneumocephalus 7

Brain abscess 3

Local 1nfection 7

Meningiust 6
Treatment

Imtial repair 47

Initial repair elsewhere
Cranionasal fistula 6
Cranionasal fistula, extradural,

subdural, and brain abscess 1

* Nonc fatal except 1 case of meningius
tIn 3 cases, 4 or more attacks of memngitis

Orbital and Ocular Involvement (see Figs. 43-44)

Frontal blows, whether they result 1n fractures or not, may injure
the orbit and eyes The mnjury ranges from massive destruction of the
orbital contents, including the eye, to defects of vision or ocular move-
ments, or simply to a periorbital hemorrhage, the common “black
cye ” Open fractures mnvolving the orbit and cye arc morc common
in warfare, and arc more serious as a rule than those 1n civihan hfc
In war 1njuries, one or both eyeballs may be destroyed, in addition
to the cerebral and skull injuries of varying degree In civihan myuries
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one or both frontal sinuses and the orbital nm superiorly and medually
may be mjured Depression of the medul orbital nim mvoles the
orbital process of the frontal bone and thus the attachment of the
supertor oblique muscle to the trochlear fovea, Commmuted fractures
of the orbital roof or floor, and a tear 1 Tenon s capsule, may cause
an evagination of the orbital fat, with retropulsion of the eyeball
whereas a fracture which depresses bone mnto this area compresses
the orbital contents, with propulsion of the eyeball. Hemorrhage from
torn blood vessels may cause a coliection of blood benween the
penorbita and Tenon s capsule, or wathin the capsule, with proptosis
of the eve (ree Fig 44) Any of the nerves which subserve vision
and the ntra and extraocular movements may be injured, some with
frontal fractures others with temporal or basal fractures. The cffects
of orbital myuries are more fully discussed on pages go-g2.

Carotid Artery-Cavernous Sinus Fistuls (Fig 49)

A blow 1 the frontal region not necessanly severe, can disrapt
the mternal carotid artery 1n 13 course through the cavernous sinus
and create a fistula, This complication of head mypuny 18 faurly rare,
wudging by our experience at the Detroit Recewving Hospital and at
Grace Hospital, where we have seen 1 case each year for the past
several years

The carly symptoms are orbital discornfort and headaches. Exoph
thalmos s0on becomes cvident and ncreases i seventy accompanted
by shght to severe smpairment of vision, and even bhindness, The
degree of visual Joss usually depends on the rapidity of onset and the
seventy of the exophthalmos. Conjunctival chemosis 1s found 1n severe
cues. Papilledema and enlarged reunal veins are usually present, and
auscultaion of the area reveals a brst and, later pulsation of the
Rlobe. Both the brurt and the pulsauon usually stop when the ips
lateral carotid artery 15 compressed this serves as a diagnostc test.
In persons 10 whom there 1s 2 commumication betw cen the carernous
sinuses, the other eye cventually also becomes 1nsolved
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It 1s not difficult to establish the diagnoss of the arterior enous fis-
wla provided the possibality of its occurrence 1s borne i mind 1 the
presence of frontal injuries. Angiography s an aid. For best resulss,
1t 15 advisable to usc the open method along with obliteration of the
proxumal porton of the caroud artery dunng the dye mjection  this
assurcs a good dye concentration 1 the siphon and the orbial vemns.

Temporsl Bone and Hearing Appamtus Involvement

The temporal bone 1s fractured or jured by blows to the tem-
poral and panetal, ocapial and frontal segions, Since the bone
houses the cochlear and vesubular organs and the facial nene, the
results of fracture may be serious complete or partial deafness, dis-
turbed equilibrium  and facial nerve paralyses Furthermore, of the
dura 15 torn by the fractured bone, a pathway s created for the spread
of infection from the ear to the intracramal structures The close prox
ity of the bone to the jugular bulb and the transverse, the ngmond
and the superior and inferior petrosal sinuses explains the extensne
hemorrhage which may be associated with temporal bone fractures

In longiudmal fractures of the temporal bone, the following fea
tures are found, 1n varous combmnations (1) a fracture line cours-
g through the roof of the muddle ear and along the antenor edge
of the pyramud, through the supenior wall of the custachuan twhe and
the caroud canal, (2) wmyury of the tympanic membrane, wyury or
fracture of the external canal walls, fracture of the ossicles, disloca
ton of the mcus, and torn ossicular hgaments, (3) muny of the
membranous cochlea by hemorrhage into the sprral hgament and the
scala tympane (4) darnage to the facal canal usually  the region
of the gent (5) 1njury of the nenves to the mternal ear by hemor
thage teaning or stretching (6} bleeding from the aar

In transverse fractures of the temporal bone, the features are (1) a
fracture hine coursing at right angles to the pyrammd, (2) greater
trauma of the cochlea than of the vestibule, (3) torn nerves n the
miernal auditory meatus () torn membranous labyrinth  (5) hemor
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rhage into endolymph and penlymph, (6) trauma of the middle
ear, confined to the mesial wall; (7) facial nerve trauma, espectally
of the geniculate ganglion (over 50 per cent of cascs), (8) hemato-
tympanum, occasionally, (g) cerebrospinal fluid ottorrhea

Isolated fracture of the labyrinth 1s usually followed by complet
loss of cochleovestibular function, but occasionally only the cochlea
or the vestibule 1s fractured, with loss of function in the [fractured
part of the structure and partial or complete preservation of function
1n the other part

At autopsy soon after injury or many years later, the same changes
have been found stretched and torn nerves, and signs of hemorrhage,
particularly 1n the perilymphatic spaces of the basal corl of the cochlea ™

Severe bleeding 1nto the labyrinth s likely to be followed by con-
siderable connective tissue organization of the blood clots, which is
later replaced by formation of new bone within the osseous labyrinth

Fractures of the labyrinth heal with new bone formation m the
endosteal and periosteal layers, and with connective tissuc 1n the endo-
chondral layer Healing 1s fairly well advanced within a month of
1njury i most cases, but occastonally the fracture heals mcompletely
or not at all and can be seen on roentgecnograms many years Jater.
In such cases, 1t 1s concervable that a middle ear infection could reach
the meninges

Deafness and vestibular disturbances may also accur 1n persons with
head 1njuries 1n whom there 1s no clinical or roentgenographic ¢i-
dence of skull fracture (sec p 87).

The incidence of ear involvement varies 1n different series: (1) of
152 cases of head mjury cxamined within 24 hours of mury, 49 had

symptoms or signs referable to the * 50 per cent of anorher
k3 e -

serics had traumatic changes,™ (3) 3 ~ of acutc head 1

129 had bleeding from the cars,™ cases, 33 per ¢

demonstrable hearing loss.

A
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Penmﬂng and Pcrfmdng memll 13 3¥ 3 2 T 4D

The common head myury 1n war 1 the penetraung or perforating
fracture, ssith the assoctated cramocerebral trauma (Fig 50, see also
Figs. 92, 93) Uniike the penctraung fractures of cvihan life (Fig
51), which are for the most part caused by a large vanety of low
veloaity musmles and implements, the war mjuries are largely caused
by hsgh velocsty mussites — bullets and shell fragments Because of
the physical forces wvoh ed, the perforating fracture frequently causes
death immediately or soon after injury On autopsy, extensive necross
and destruction of cerebral tissue in the bullets tract 15 found

The sigos and symptoms of a penctraung fracture vary with the
extent of crantocercbral mvolvement, which 1n turn depends on the
mjuring object and 1ts veloaity Penctration by a sharp object such
as 2 kmife or stiletto despite the cerebral trauma it causes, as indicated
by neurologic mamfestations doce not necessanly causte URCONsCIOUS-
ness. A high veloaty bullet or shell fragment, on the other hand may
cause severe cerebral travma and many who sustain such an mjury
may be unconscious.

Pauents with penctrating wounds can be divided into three groups
(1) those who are in deep coma from the begimming and show signs
of shock {3) those who are mtally semuconscions bur whose state
deteriorates, and (3) those who rernam conscious, In the first group,
the blood pressure may be near normal levels, but the shin 15 of a
grayssh yellow paller and respiration 1 labored or of the Cheyne
Stohes type Asr hunger 1s mansfest in some, and death occurs within
a few munutes to an hour or two m spite of all resuscitative meastres.
The second group although imtally semiconserous and apparently
ot i a serious state of shock  with normal resprratory rate, and re
sponding to painful sumul and cven 1o speech, may nevertheless soon
shpinto coma breathing becomes more rapid until there 13 hyperpnea,
wcretions collect i the upper respiratory tract, the temperature riscs



Head Injuries :

Fig 50 Penctraung juries by various objects (a) By brohen-off mnomtﬂ}!‘c
fan blade preoperatne rocntgenograms (a’-a®), blade removed At operation
(a*), 30 Gm hcmatoma removed from right frontal lobe (a*). and W“wpcmmf
appearance of paucnt (a°), during operation patient became sncreasingly drow sy
but awohe as hematoma was remosved, posttraumauc epilepsy farky well con
trolled with anticomulsants (5-d) Toreign bodies i shulls and dura, 11511:1”!
removed by extracting a button of bone around the obyect by means of trephine,
then removing the object from the bone and replacing the bone 1 the shall, ()
Lmfe blade embedded in shull for 25 years.

499
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Fig 51 Penetraung head mjunies by bullets 1n cnibians all healed by primary
mieaton. ( 4) lnpury in nﬂxz frontotemporal region (#) pnmary nfement

delayed for 72 hours' dura badly torn, brasn necrotec, most of frontat lobe pulped
(#'-¢') postoperanve appearance («'-«*) trontal lobe excised completely by
wuctzan, dural defect repured with temporal fascia 5o a3 to weparate nasal cmg
froen dural sac, wound closed without drainage skull defect reparred later w1
amalum () Taogental imury of nght panctal area and s reparr extensive
bone fragmentation dusal laceratian, snd cerebral Liceration 10 hours after sayucy
enave debrdement. excr ron of pulped cerebral ussue, and repar of dural de
foct wth fscra data skull defect later repatred with tantalum (c) Explostve bead
Snqury by traversing buller only 2 few smal) fragments of fead found the mam
mass of bullet having excaped debridement of areas of entrance and exit, both
rather small removal of alt pulped tsue 1n bullet tract reparr of dura operation
W hoon afver injury {Comtroned oa wext page )
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Fig 51 (continued)  (B) Explosie snjury of left frontoparictal area (a), wound
of et 1n forchead. debridement 26 hours after injury, healing by primary mten-
tion (&) Bullet entered head through car, cercbrospinal flmd otorrhea and ke .-
age of cerebral ussue from rght car, bone fragments, bullet fragments, and
necrotic temporal lobe removed dura repared (¢) Tear of right lateral sinus by
bullet fragments, repaired by piece of muscle nserted 1nto tear (d) Visual dis-
turbances and papilledema 2Y; years after bullet myury. no cyvst around bullet,
decompression over right posteroparictal arca caused increasing hermation at sies
bullet remoyed through transcorucal 1ncision, dura repured with fasaia lata; pres
surc phenomena disappeared as operatine arca healed.

steeply, and death occurs within 12 to 18 hours The third group, also
apparently severcly 1njured. does not become unconscious and the
vital functions remasn normal; the hikclthood of recovery with routne
management in such cases 1s usually excellent. The difference berweett
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the first and third groups 1s the degree of involvement of bran stem
centery, nvolvement n the former being severe

In some, there are major neurologic deficits convulsive seizures,
contralateral hemiparesis or hermplega, partial or complete blindness,
speech disturbances. In others, there 13 2 remarkable absence of focal
abnarmahes.

Not all injuries by musales include dural penetration. In some cases
only the scalp 15 extensively lacerated,™ 1n others there s extensive
commnution of bone In such cases, the possibihity of an extradural
or 2 subdural hematoma or a subdural collection of cercbrospinal flnd
must be borne 1in mind

In sucrde attempts, the gun muzzle may be directed forward
the temporal area, resulting 1n fracture through the anterior bony
structures of the face, just below the anterior fossa, with umlateral
or bilateral involvement of the orbit and optic nerve. Despite exten
stve injury of bonc and soft tusuc, these panents are usually conscious
on hospital admusson. Extradural and subdural hemorrbages are
possible.t

Dural facerations usually occur wath bursting fractures, with the
tangential* or gutter type of mnjury, and with transventricular or
other perforations, in short, with any head 1njury 1n which bone frag
ments aan be dnven i In the gutter type of mjury thare 13 usually
axtensive damage of scalp, skull and bramn, and a good likehhood of
sfection and brain abscess ™ ™ ®

Metal musiles cause deep tract damage and carry organic matenal
on thar surfaces, Jagged musstles are mare damaging than smooth
ones. Bullets are much cleaner than shelt fragments.

Surinal after ventricular snjury was reported i many cases of
penctrating fractures it World War 1™ In a few cases, the bullet
was free an the ventrscular cavity, moving about with head motion,
successful rreatment was reported 1n some of these cases™* 11

Any of the cranial venous sinuses may be myured but paricularly
the supenor sagittal and the transerse unuses.™ The orbal regon 13
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imured  frequently. ™ and anjury of the cerebellum may venr
Extradural, subdural, and mtracerebral hematomas are common

M

complications,” ** and 1 some cases there are intraparenchymatous
clots in the cerebellar lobes as well * The hematoma 1s usually at the
site of the penetrating fracture, but contralateral subdural and sub-
cortical hematomas have also been found.* Hematomas usually occur
in the distal portion of the mussile tract, cven when the foreign bod)
has traversed the midline”’ Hematomas may also occur with tan.
gential injury of the scalp and skull, and they may be extradural,
subdural, or subcortical® Of 316 pauents with penctrating head m-
juries treated within 8 hours of injury by an Army Neurosurgual
Unit, 46 per cent had complicating intracramal hematomas; the
percentage ncrcased as the tme between njury and treatment
lengthcned

In the dragnosis of a penetrating or perforating head njury. par-
ticular attention 1n the examnation must be dirccted tor (1) The
presence of contusions and lacerations of the head and injuries chse-
where 1n the body, since even the smallest laceration may be sig-
nificant, small laccrations in the back of the neck and head may point
to extensive basal and ocaipital mvolvement. (2) The state of the
ital functions (blood pressurce, pulse, temperature, and respiration).
since these mav provide a clue, particularly the temperaturc, to the
possible presence of intracramal infection (3) The ncurologic status.
which should be carcfully evaluated and recorded, since this provides
a basis of comparison, should changes occur later All the chagnostic
technmics may have to be drawn on, and should be carcfully excetiteds

The prognosis for patients with penetrating head snjurics depends
on the mitial effects of the injury, hemorrhage m the missile tract of
alter mmal debridement, and posttraumatic ifechion or other com-
pheations Recovery of function depends on the area damaged and
the stent of the damage. Lefraded lesions involvung the motos
corten and the speech areas may be associated with possibly perma-
nent severe specch defects and a right humiparesis or hemiplegss
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Homonymous visual field defects may resule from extensne njury
of the ocapual region and these oo may be permanent. Mental and
psychologic abnormalities, if present, are probably proportional to
the destrucuon of cercbral tissue, the greater the amount of tssue
destroyed, the greater the likchihood of considerable abnormality Post
traumane epilepsy 13 much more common with pencirating head w
junies than with closed ones, occurnng 1w about 50 per cent of cases
followed for 10 years or more In one large serics of penctrating m
junies, followed for 5 years, 43 per cent had posttraumanc epilepsy ™
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injured frequently,” and 1injury of the cerebellum may occur
Extradural, subdural, and intracerebral hematomas are common

, 26
complications,”

and 1n some cases there are intraparenchymatous
clots 1n the cerebellar lobes as well * The hematoma 1s usually at the
site of the penetrating fracture, but contralateral subdural and sub-
cortical hematomas have also been found ** Hematomas usually occur
in the distal portion of the mussile tract, even when the foreign body
has traversed the midline*® Hematomas may also occur with tan-
gential mjury of the scalp and skull, and they may be extradural,
subdural, or subcortical”® Of 316 patients with penetrating head -
juries treated within 8 hours of injury by an Army Neurosurgical
Unit, 46 per cent had complicating intracramal hematomas, the
percentage 1ncreased as the time between injury and treatment
lengthened *

In the dragnosis of a penetratng or perforating head injury, par-
ticular attention 1n the examination must be directed to (r) The
presence of contusions and lacerations of the head and imnjuries elsc-
where 1n the body, since even the smallest laceration may be sig-
nificant, small lacerations 1n the back of the neck and head may poimt
to extensive basal and occipital involvement (2) The state of the
vital functions (blood pressure, pulse, temperature, and respiration),
since these may provide a clue, particularly the temperature, to the
possible presence of intracramal infection (3) The neurologic status,
which should be carefully evaluated and recorded, since this provides
a basis of comparison, should changes occur later All the diagnostic
technics may have to be drawn on, and should be carefully executed

The prognosis for patients with penetrating head njuries depends
on the mtial effects of the 1njury, hemorrhage 1n the mussile tract of
after 1mtial debridement, and posttraumatic infection or other com-
plications Recovery of function depends on the area damaged and
the extent of the damage Left-sided lesions nvolving the motor
cortex and the speech areas may be associated with possibly perma-
nent severe speech defects and a right hemiparesis or hemiplegra
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Homonymous visual field defects may result from extensive mjury
of the ocapital regron, and these too may be permanent. Mental and
psychologic abnormalities, if present, arc probably proportional 1o
the destruction of cerebral tissue the greater the amount of tissue
destroyed, the greater the hkehhood of considerable abnormahty Post
traumatic epilepsy 1s much more common with penctrating head 1n
junes than with closed ones, occurring 1n about 50 per cent of cases
followed for 10 years or more. In one large senies of penetraung 1n
junies, followed for 5 years, 43 per cent had posttraumatic epilepsy
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Chapter VII

VASCULAR LESIONS,

HEMORRHAGES, AND

HEMATOMAS IN HEAD
INJURY

Intracramal Vascular Lesions (Figs 5263)

Traumatic ntracramal vaseular lesions wnclude hemorrhage, throm
bous, and infarcion. Hemorrhage may be clamfied 2 extradural,
subdural (acute, subacute, chronic) subarachnowd and intraparen
chymatous (massnc or petechial) Thromboss of artenes and yeyps
may occur in the neck at the base of the shull, o mtracranally fn
farcion may result from thromboss of @ large vessel, contusions, or
a tear m a blood vessel with occlusion and thrombogs,

Vascular lesions m crantocercbral trauma may be pmary or sec-
ondary dependimg on whether they are cawed at the yme of the un
pact or result from the secondary cffects of the Wy Primary fesson
melude tears and contusions of any of the blood vewscls 1n the sb }l‘
durz, and brain. The intracramal mass lesions are essls of u A
primary lesions, with insob ement of the sy, the gt m OF sue |
artery and veins, and the cerebral connecting vep, nd vy clmrg:!'
tustons of vascular walls, eventually resulung 1 2ty wls
considered primary lestons. 15 are 4l

A thrombus may occur n the caroud artery Bl peck o 2t
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Head Injuries

base of the skull, and 1n the middle cerebral artery; Vernewl™ was
the first to describe this Other branches of the circle of Whllis, too,
may be involved 1n basal 1njuries The internal carotid artery may be
injured by fractures of the muddle fossa 1n the base, 1t can also be

!
A
Fig. 52. Vascular lesions 1n head injury Pauent became paralyzed ymmeduately
after hospital adnussion, but his condition improved despite the paralysts, tenta
tive diagnosis of thrombosis of middle cerebral artery branches, with resultant
cerebral infarction, was confirmed by finding an almost complete occlusion ©
branches of left middle cerebral artery, pneumoencephalograms 2 years later show

relatively larger left ventricle, enlarged sulci and subarachnoid spaces, and cxten
sive cerebral atrophy.
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involved m sts intracranml course along with the muddle cercbral
artery Swnce head and neck injuries commonly occur together, throm
bosis of the internal carotid artery 1s possible after direct blows to the
neck or lower jaw, whiplash injuries of the neck or head, or acadents
winch twist or stretch the neck ™ #3978 {Jnea] hernuvon or
localized cerebral swelling due to temporal Jobe contustons can com-
press the artery, the swelling may also cuse hinking of the artery
at 1ts junction with the middle cerebral artery The climcal picture
of an extending and progresuve thromboss of the artenes at the base
1 paralysis and a senously smpaired state of consciousness, oz a severe
hemiplegia with an smproving state of consaousness. Although throm
bous of the mternal carond artery 11 a2 rare complication of closed
head injunes, its possibility should be kept 1n mind (Fig. 52)
Involvement of the anterior half of the mgutal sinus wsually docs

4

tal sinus by open depressed
el tear reparred by small muacle

Fig 53 Vascular kestons 1a head in T
madloe fracture bleeding contrlled by Ompeet,
samp,
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not cause any symptoms or signs Involvement of the posterior half,
with thrombosts, results 1n bilateral motor cortex dysfunction, lead-
ing to triplegia or quadriplegia Tears and occlusion of the sinus
more postertorly, near the confluence of sinuses, usually do not cause
a motor deficit, but there 1s frequently a homonymous hemianopsia or
complete blindness Lateral sinus injuries usually are not associated
with serious signs, and the sinus may be higated Increased intracranial
pressure and papilledema may result from lateral or superior sagittal
stnus 1nvolvement with occlusion A primary 1njury of a venous stnus,
which 1tself might not cause any difficulty,.may nevertheless result 1n
thrombosis of the sinus with grave consequences (Figs 53-54)

Secondary vascular effects are usually due to increased intracramal
pressure from cerebral edema or from intracranial mass lesions Com-
pression or kinking of intracranial blood vessels may cause extensive
infarction 1n their distribution Cerebral infarction occurs frequently
in craniocerebral trauma This may involve large areas of the hem
sphere on the affected side The junction of the middle cerebral and
the internal carotid arteries may be compressed by mass lesions or by
extensive contusion with edema The anterior cerebral artery and its
branches may be compressed as they turn caudally to the straight
gyrus near the border of the falx The superior cerebellar arteries may
be compressed by the tentorial border, and the posteroinferior cere-
bellar artery may be involved at the foramen magnum if there 1
cerebellar hermation at this site

Uncal herniation, by compressing one or both postersor cerebral
arteries,” ** may cause infarction 1n the distribution of these vessels
and, if the calcarine arteries are also injured, involve the visual path-
way Many or all the branches of the posterior cerebral artery may be
involved and compressed. Distortion of the bran stem, with down
ward movement of the brain stem and cerebellum, puts stress on per-
forating vessels to the bram stem and results 1n hemorrhage within 1t
These perforating vessels are branches of the postertor cerebral and
the basilar arteries Compression of the veins m this vicinity may als0
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Fi. 54 Vawular fesons 1n head imury (4) Laceration of posterror third of
saattal unus by depressed tracture () lateral aspect of nnus sutured to reestab-
Ish patency hemostans alkaned and pazient s recovery wusfactory preoperanse

(4 ~'} and postoperatne (#’-«') roentgenograms. (4) Laceraton of anterior
porton of mpal anus by depressed fracture repared by double ligatos, 2
harmless procedure in this part of xinus, (Consrumed o8 mext page )
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glg. 541(c0;ntmued) (B) Tear of lateral sinus by depressed fracture of occiputal

one (a', a’), repaired by double ligation, postoperative roentgenograms (a?, a'),
and pneumoencephalograms 6 months later (a°, a”), ocaipital horn of left ventricle
somewhat enlarged, suggesing communicating porencephalus, undoubtedly due
to contusions of left occipital hemisphere, tantalum cramoplasty for shull de

fect (af),

lead to hemorrhagic areas 1n the brain stem as a result of ischemia
and hemorrhage by diapedests Uncal hermation may also mvolve
branches to the Posterior hypothalamus from the posterior cerebral

artery, so that the hypothalamus and mammillary bodies may be the
sites of hemorrhage as the result of ischemia and infarction. Com-

pression of the anterior chorosdal artery by the anterior portion of an
uncal hernjation may cause a hemorrhagic infarction in the region
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of the globus pallidus, as has been found on antopsy Distortion of the
blood supply mnto the piutary gland may causc nfarctions n thus
structure, along with vessel wall wnjury and hemarrhages, traction on
the branches supplying the nfundibular region, duc to lateral dis-
placement of the mudline structures by mass lesions, may be a factor
Distortion of the opuc chiasm, with hemorrhages and areas of in-
Farction, has been described

Infarction due to thrombosis of the middle cerebral or the nternal
carotid artery may, 1if the patent survives, result 1 hydrocephalus ex
vacuo. Cercbral spsilateral edema may be associated with an extensnve
area of infarction, with a resultant shift of vessels on the angiogram
or a shift of ventricles on the ventnculogram, suggesting a mass lesion.

Extensive infarction may result from deep cercbral contustons, par
ncularly m the frontal and temporal lobes, and from hemorrhagic
arcas. Contusions cause the death of cells by disrupting their blood
supply and nutrition, small hemorrhagic arcas, as 1n petechial masses,
may destroy neural assue, with eventual formation of cystic cavities,
the size depending on the size of the hemorrhagic area.

Subarachnoid and Pial Hemorrhages

Such hemorrhages are usually due to direct blows or 1ntracramal
mass moyements, and are a2 common accomparument of cramocerebral
mjury They are found 1n over 8o per cent of cases that come to autopsy,
and may be present 1n as hugh as so per cent of the climeal matenial
if bloody cerebrospinal fluid 1s taken as evidence. Howener, 1t should
be remembered that blood m the cerebrospinal fluid may be present
net only as a result of tears 1n the prarachnoid but also of contusions
and lacerations of the cerebral surface or of penetrating cercbral
wounds. In an occanional casc of intracerebral bematoma, blood may
escape through an opeming 1n the cerebral surface to the subarachnord
and subdural spaces. At autopsy or on surgical exploration, small cal
lections of clotted matenal may sometimes be found 1n the crevices of
the subarachnoid space, or there may be a suffusion of blood 1n the
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prarachnoid. The concentration of blood 1n the subarachnod space
may be much higher than that in the cerebrospinal fluid obtained by
lumbar puncture

Subarachnoid hemorrhage may simulate a dynamic lesion, wil,
progressing stupor and increasing hemiparesis or hemuplegia On the
other hand, the signs and symptoms of subarachnoid hemorrhage may
be simulated by hemorrhage elsewhere 1n the head Lumbar puncture
may Jead to improvement in some cases of subarachnoid hemorrhage,
but 1n others surgical exploration becomes necessary In a series of 6y
patients, among the ndications for such exploration were (1) une-
laterally dilated pupil, (2) umlaterally dilated pupil, with contralateral
paralysis, (3) hemiparesis or hemiplegia, (4) a luad mterval, (5)
continued unconsciousness, with disorientation, and (6) convulsive sei7-
ures Exploration revealed that in some patients contusions of the cere-
bral surface and cerebral edema were the causes of the clinical picture

Angiography should obviate the necessity for surgical exploration i
most such cases However, cerebral edema may cause a shift of ntra-
cramal structures 1n the angiogram or pneumoencephalogram, and
musdiagnosis 1s then possible

The irntating presence of blood 1n the subarachnoid space causes an
inflammatory reaction and, eventually, piarachnoidal adhestons In some
cases these may be so extensive as to produce obstructive hydrocephalus
Usually, however, subarachnoid hemorrhage seems not to be followed
by any sequelae

Exl‘mduml Hematoma“' 48, 943, 08

The extradural hematoma (Figs s55-57) 15 a collection of blood be-
tween the skull and the dura as a result of bleeding from injured
extracerebral blood vessels These may be the nuddle menigeal artery
and vems, the dural sinuses (the superior sagittal and transverse SiUsS
particularly), and the small connecting vessels between the dural sur
face and the diploic veins Extradural bleeding may also oceur when
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the dura 1s separated from the bone as a result of blunt head 1njunes
without skull fracture,” as the blood collects 1t causes further separation
and mncreasing exposure and teaning of blood vessels,

Taste 8. Data on 56 Cases of Extradural Hematoma of Middle
Memngeal Ongin*®

Duta Namber of cases
State of consciousness
Luad snterval 25
Continued unconscionsness 18
Drowniness and disonentatron 11
Brief unconsciousness 2
Condition of pupils
Dilated, 1psilateral 34
With contralateral hemuparests or hemiplegn 32
Dilated, contralateral 4
Equal 18
Extraocular palsies
Cranual nerve 111 6
Cranual perve 1V 1
Cramual nerve VI 1
1

Davergent strabismus
Hemiparens or hemiplegia

Contralateral 44

Homolateral 3
Cerebrospinal fluid features

Pressure up to 650 mm H.O 28

Bloody 25

Clear 3

Asnocuated mass lesions
Subdural hematoma
Subdural hygroma 3
Clot 1n temporosphenoidal lobe 4

* Recovered 36 cases died 20 cases Sex 51 male, 5 female.
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Extradural hematoma 1s a complication 1n 1 to 25 per cent of pa
tients with head myury *» % It usually grows large enough to cayse
signs of compression within several hours, but even a fairly large clot
may cause no signs for a week or more, and possibly for as long as a
month ** 1 * The small clots arising from diploic vessels are as 3
rule of no clinical significance, occasionally they are found during
operative repair of a skull fracture However, large hematomas from
this source have been reported ** Subdural hematoma or subdural col-
lection of cerebrospinal fluid (hygroma) may also be present, as well
as intracerebral hematoma Findings 1n a series of 56 cases of extradural
hematoma are summarized 1n Table 8

The mechamisms of 1njury of extracerebral vessels are discussed in
detail 1 Chapter III Briefly, blunt low-velocity blows to the head,
such as suffered 1n falls or 1n fighting, and penetrating injurtes, usu-
ally of low velocity, are the most frequent causes of extradural hema-
toma * Linear fracture 1s frequently found 1n connection with extra-
dural hematoma

Pathology

As found on operation, the hematoma 1s often a discus-like mass,
weighing between 25 and 100 Gm  (Fig 554) Much larger masses
have been found at autopsy, the weights ranging from 200 to over
300 Gm, and even as high as 450 Gm ** The most usual Jocation
15 1 the parictotemporal area, sometimes extending over the oc-
apital region and as far as the posterior fossa and the cerebellar
lobe,™ the frontotemporal, parieto-occiptal, and frontal areas arc other
sites, 1 that order of frequency Extradural hematomas 1n the pos
tertor fossa were believed to be uncommon,™ * but many cascs hase
been reported 1n the last 15 years 2, 5,8 14, 18 20 30, 3% 40, 40 08 71 &3

Several days after the start of hematoma formation, a thim lay¢
the clot has become absorbed, so that the dura 15 thickened and these
15 2 mass of clotted blood attached to the dural surface If the clot

rof
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Fig 5% Extradursl h of muddle geal ongin. (A) Hematoma
{#) found ar autopsy of boy whao fell and died an hus ¢ hours later no enso-
cated cerehral damage tound child could have been saved had the condition been
recogmuzed. {4) Componte duapram ot 11 cases of extradural hematoma in 151
conserittive cases whach came to autepsy mest are o temporofrontopanctal erea,
® fow in frontal some 1 postercpanetal aml some cese to apmal saus. ()
Hematoma with fracture of partetotemparal area. (#) Hematoma (pocumocn-

and 80 Gm. hematoma) 1n patient suspected of having 2 mass knon,
(Continned ox xext page )
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Fig 55 .o *nucd)  (B) Oculomotor paralysis with hematoma (a'-a). fronte-
parictot 1+ onal hematoma (a?) extending 1nto ruddle fossa found on autopys
cerebral «« + pression (af), base of skull with bram removed (4°), separation 0

dura fro. > ' eac by hematoma (a'), including superior orbital fissure where nerie
was conitnesed

farrly thuck, a thin, liquefied portion may rest aganst the periosteumt
After 30 davs or more, the hematoma 15 partly liquefied; some hema
tomas consist of thick hver-like clumps surrounded by hquid; others
are encloscd 1n a membrane resembling that of chronic subdural hem?
toma, with a dark, watery flud n the center; and still others
partly liqueficd but without a defimte membrane.”
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Middle Meningeal Hematoma

The extradural hematoma of middle memngeal ongin 1s usually a
lesion of young adult hife, but also occurs 1n wnfants and children.” = **
It 15 almost always umlateral but there are a number of reports de
scribing bilateral hematomas,™ ™ * ™ and we have encountered a few
1n our expertence. In most cases, the hematoma 1s a result of bleed
ng from both the veins and the artery, the veins having thinner walls
and therefore being more easily injured ** As a rule, the cause 15 2
fracture crossing the menungeal groove, and lacerating the artery and
vans lying n 1t

Clinial Picture

The classic picture of this hematoma, consisting of a short period
of unconsciousness followed by a luaid interval followed in turn by
unconsciousness and focal signs, has been recogmized for the past 85
years. However, not all cases present this picture. The state of con-
saousness may show the following varations (r) there may be no un-
ctonsacusness at any ume  (2) dsonentation, semiconsciousness, and a
faurly normal state may alternate for days, (3) unconsciousness may set
1n several minutes to days after injury, () unconsciousness may occur
immediately after the injury and deepen into coma without an nter
vemng luad mnterval Any change in the state of consaousness 15 1m-
portant tn the diagnosus, and must be watched for carcfully

The presence of a lucid 1nterval helps the diagnosis of massive 1ntra
cranil hematoma, but 1s not pathognomonic of middle meningeal
hematoma. Morcover, now that deceleration injuries 1n automobile ac
cdents are common there 1s a greater likelthood of associated 1ntra
cranual damage so that the unconscious state may not be interrupted by
alucd interval The length of the luad interval vanes from 15 minutes
toscveral days or even a month * * =* ®* [f the intenval 15 very bref

or the patient 15 1n a state of acute alcohol mtovication, the interval may
not be noticed +*
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Tig 55 tcor inued) (B) Oculomotor paralysis with hematoma {a'-a'), fronte-

parictote 1avoril hematoma (a') extending 1nto muddle fossa found on autopsy’

cerebral «ompression (a?), base of skull outh bramn removed (), separtin 0

i‘i;ﬂcff‘ e by hematoma (a*), including superior orbital fissurc where nene
rascon

fairly thich a thin, liquefied portion may rest agamnst the periostcum
After 30 davs or more, the hematoma 13 partly liqueficd, some hema-
tomas consist of thick liver-like clumps surrounded by Jiquid; othets
are enclosed 1n 2 membrane resembling that of chronic subdural hem?
toma, with a dark, watery flud 1n the center; and still others at¢
partly liqucficd but without a definite mcmbranc."o' 8
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Middle Memngeal Hematoma

The extradural hematoma of middle meningeal ongin 1s usually a
leston of young adult life but also occurs 1n infants and children!* = *!
It 15 almost always unilateral, but there are a number of reports de
scrbing bilateral hematomas,® ** ** ™ and we have encountered a few
in our experience. In most cases, the hematoma 1s a result of bleed
ing from both the veins and the artery, the veins having thinner walls
and therefore being more casily injured *® As a rule, the cause 1s 2
fracture crossing the meningeal groove, and lacerating the artery and
vans lying i at

Chrcal Picture

The classic picture of this hematoma conssting of a short penod
of unconsciousness, followed by a luad intenval, followed 1n turn by
unconscrousness and focal signs, has been recognized for the past 85
years. However, not all cases present this picture. The state of con-
sciousness may show the following varations (r) there may be no un
consclousness at any time, (2) disorientation, semiconsciousness, and a
fairly normal state may alternate for days, (3) unconsciousness may set
1n several minutes to days after injury, (4) unconscirousness may occur
mmmediately after the injury and deepen mto coma without an inter
vemng luaid interval Any change 1n the state of consciousness 15 1m
portant 1n the diagnosis and must be watched for carctully

The presence of a lucid interval helps the diagnosis of massive intra
cranial hematoma, but 1 not pathognomonmic of middle meningeal
hematoma. Morcover, now that deceleration 1njuries 1n automobile ac
cudents are common, there 15 a greater likelihood of associated ntra
cranial damage so that the unconscious state may not be interrupted by
aluad internal The length of the lucid interval vanes from 15 minutes
tosaveral daysor evenamonth ' ** " If the intenval s very brief,
or the patient 15 1n a state of acute alcolio] intoucation, the nterval may
not be notsced.
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The focal signs i middle menigeal hematoma nclude ocular ab-
normalities, motor and sensory changes, and convulsions The ocular
abnormalities consist of: (z) 1psilateral dilated pupil (Fig 564), an
mmportant sign, (2) 1 an occasional case, ipsilateral constricted
pupil,*®™ (3) complete unilateral paralysis of the oculomotor nerve,
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Fig 56 Extradural hematomas of middle meningeal °d completely.

causing oculomotor paralysis, all 3 paticnts (a—) recoverc
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Fig. 56 (. d) (B) Bilateral extradural h (a) with

tintar fmurc fram temgle o t:mj:\c patient deed from cerebral iny ¢
Lacrge dut o d skull fracture causing
hemuptera patent recovered uftu temoval of hematoma.
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The focal signs in middle menigeal hematoma include ocular ab-
normalities, motor and scnsory changes, and convulsions The ocular
abnormalities consist of: (z) ipsilateral dilated pupil (Fig. 564), an
important sign; (2) in an occasional case, 1psilateral constricted
pupil;*™* (3) complete unilateral paralysis of the oculomotor nerve;
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Fig 56 Extradural hematomas of mudidle menmngeal ortgin, (.i!)dHcma!om'n
causing oculomotor paralysis, all 3 paucents (a—c) recosered completely.
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Fip. 56 (continued)  (B) Bilateral extradural hematomas () with extensive
hocar {racture from wmple to wmple pauem dred from ecrebral wmuoes, (4
Large extradural hematoma due 10 exsed skall fractuce caunng increasing left
Bemiplegu patient d afrer L of b
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The focal signs i mddle memgeal hematoma include ocular ab-
normalities, motor and sensory changes, and convulsions. The ocular
abnormalitics consist of: (r) ipsilateral dilated pupil (Fig. 564), an
mmportant sign; (2) 1 an occasional case, 1psilateral constricted
puptl;* ™ (3) complete unilateral paralysis of the oculomotor nerve;
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g 56 Datradural hematomas of middle memngeal ongin (1) Hematomas
causing oculomotor paralysss, all 3 paucnts (a=¢) recovered complertely.
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Fig 56 (connnmed) (B) Bilateral extradural hematomas (a) with extensive
lincar fracture from temple to temple patient died from cerebral inyures. (k[,?
Large extradural hematoma due to skalt fracture counng increaning left
bemuplega  panent recovered after removal of hematoma,
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(4) paralysis of the abducens nerves; (5) trochlear nerve involve
ment; (6) papilledema or engorged reunal vems: (7) comugate devia
tion of the eyes toward the lesion or the side of the hematoma: (8)
divergent strabismus The dilation of the pupil, first noted by Hutchin-
son,’ has been variously ascribed to pressure on the oculomotor nerve
in the superior orbital fissure,™ to uncal hermation through the ina-

sura,"® ™"

and to pressure on the nerve by the increased intracramal
pressure *' If the pressure 1s not relieved, both puptls may become di-
lated and fixed In some cases of hematoma n the paricto-occipiral
region, the pupils may be of equal size A dilated pupil, on the other
hand, often indicates that the hematoma 1s 1n the temporal area extend-
ing toward the base

Among the motor and sensory changes are weakness or paralysis on
the contralateral side, aphasia, catatonia, and posturing, <o that the pa-
tient hes with his face turned toward the side of the lesion At times, the
paralysis may be on the same side as the hematoma

In some patients, there may be a nigidity involving both sides of the
body. It 1s of uniform character, pcrmitting neither flexion nor exten-
sion — a decerebrate or decorticate state without opisthotonos — and 1
undoubtedly the result of the rapid increase i intracramal pressure
Latc 1n the course of an untreated case, the parcsis or paralysis may be-
come bilateral Bilateral signs with rigidity may be due to uncal herma-
tion, which displaces the brain stem with pressure agamst the tento-
rium, multiple foa of cerebral damage, or rare bilateral hematomas

Occastonally, there may be no localizing signs, cither because the
hematoma involves the silent portion of the cortey, or becausce the hema-
toma has formed as a result of slow scepage, so that the cramal struc-
tures have had time to accommodate to the expanding mass.

Convulsive seizures, frequently generahzed, may occur Occastonally,
the seizures may be jacksomian, involving one or both sides. The scizures
may be the result of pressure upon the motor cortex by the cxpanding
hematona, or of associated contusions of the motor strip

The changes in wmtal functions 1 muddle mening +al hematoma me-

240



Vascular Lesions, Hemorrhages 1nd Hematomas

cude a stow pulse, full and bounding cacls 10 the couese of the diness,
with a charactenistic rate of 40 to 55. Unless treatment 15 snstituted, the
rate increases untl the pulse 18 rapsd and thready The respirations are
slow and deep, and may become stertorous and of Cheyne-Stokes type.
Hypernea and pulmonary edema may occur cventually In the absence
of complicanons, the temperature 13 only shghtly elevated, ranging
fromggto 101 F early 1n the course of the iliness. In the untreated case,
3t may rise consderably The blood pressure usually rematns at normal
levels 1n most cases. In the nontypical case, the vital funchons may re
man within normal range, or may be markedly deranged, parucularly
if there 15 associated severe tntracramial damage.

The cerebrospenal flind 1n most cases of extradural hematoma
bloody, usually becauss of assocated cerebral damage with sub-
arachnoxl hemorrhage. This finding therefore, does not rule out the
presence of extradural hematoma. The pressure 15 usually high, bur in
some cases 1t may be rather Joww However, 2 normal or subnormal
pressure does not exclude the postibthity of extradural hematoma.

The vanous diagnostic technics descnbed 1n Chapter 1V are used 1n
the diagnosis of extradural hematoma. The roentgenogram almost 1n
vanably shows a hinear fracture, usually crossing the muddle memngenl
groove, but in some cases there may be a depressed fracture. However,
the absence of a fracture hine on the roentgenogram does not exclude the
possibility of extradural hematoma, since 1t may occur without skull
fracture or with one so small as nat to be visualized on the roentgen
ogram. In other wstances there may be a shift of the pineal gland, an
impartant feature as 3t may 1cheate the side of the lesion.

The angrographic features of an extradural hematomna of muddle
memngeal ongn are described 1n Chapeer 1V, and ustrated 1n Figure
29.

Posttnor Forsa Hematoma
A tear of the lateral sinus or blood vessels leading 1nto the snus asso-
cated with a fracture ar depression smay result 1n an extensive extra
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dural hunatoma n the posterior fossa These hematomas are usually
unilatcral, rarely bilateral Many examples of posterior fossa hematomas
have been reported 1 recent years. A low venous pressure (5 to 10 mm
Hg) may result 1n a slow hemorrhage with delaved signs of compres-
sion, such as occurred 1n the case described by Coleman and Thomson
Such a hematoma may also result from a perforating wound of the
skull and sinus (Fig 57).

In the uncomphecated case, without bramn injury, increasing stupor
and hypotonma of the extrenuties may occur ™ ** Coleman and Thom-
son noted 1n their case a luaid interval after a fall from a moving truck,
with impact upon the ocaprtal bone; headaches, drowsiness, vomiting,
and, later, nuchal ngidity, a gencralized hypotonia, arreflexia, and un-
consciousness followed Roentgenograms showed a midline occipital
fracture extending 1nto the foramen magnum The patient slept on the
right side (the same side as the hematoma) , whenever his position was
changed, he invariably rcturned to the right-sided position A clot was
removed from the right posterior fossa and the patent recovered com-
pletely In the majonty of cases with such hematomas, the mansfesta-
tions are not typical and the diagnosis depends on cauttous and dis-
cerning judgment " If there 1s increasing deterioration of the state of
consciousness and latcralizing signs are absent, explorauon at or about
a fracture linc 15 defimitely ndicated

Sagittal Sinus Hematoma

Extradural hematoma of supenior sagittal (longitudinal) sinus origin
may simulate middle meningeal hematoma. The symptoms and signs
may be umlateral or bilateral, or first one and then the other. If the
leston remains mamly at the nudling, the motor cortex on both sides
eventually becomes involved On the other hand, cxtension of the
hemorrhage to onc or the other side, with enlarging clot, may produce
predomiantly unilateral signs and symptoms simulating those of 2
middle memngeal hematoma The picture may be complicated by asso-
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Fig 57 Extradural hematoma due to dural sinus imunes. (a) Supenor sagttal
ninus torn by left anterpanctal tracture with evulsion of skull trniplegra (both
lower lmbs and nght upper imb) signs of bilateral pyramidal tract involvement,
and bilateral ngidity (&) Lateral sinus torn 1n perforating injury to nght of mid
line sncreaning stupor and nigns of blateral pyramidal tract involvemnent,
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ciated injuries to other parts of the bramn and-or subdural and intra-
cerebral hematomas

Tears of this sinus, with thrombosis, may produce the so-called <yn-
drome of the supenior longitudinal sinus deseribed by Holmes and
Sargent,” in wlich there are bilateral pyranmdal tract «igns wath tn-
plegia or quadniplegia In a case of ours (Fig s7a). a huge extradural
hematoma at the mmdline resulung from an evulsion type of fracture
was associated with bilateral pyramudal tract signs In another case of
sagittal stnus tear with an extensive subdural hematoma. there was
marked rigidity of both lower limbs and the left upper limb

Diploic and Emissary Veins Hematomas

Massive hemorrhage from diploic and emissary veins 1s rare, except
possibly 1n the posterior fossa arca Therc a tear of the amissary vein n
the torcular area may result in an xtensive hematoma  With com-
minuted, depressed fractures i the mastoid region, the ocapital emis-
sary vein may be injured, and extradural bleeding may occur. In
2 of our cases, however, such hematomas did not seem large enough to
cause compresston Voris"' has reported large, chnically significant
hematomas of diploic vein origin Small, nonsurgical extradural clots
from diploic bleeding are frequent concomitants of depressed fractures

Subdural Hematoma™ "7 "

A collection of blood beneath the dura — the subdural hematoma —
1s a common comphcation of head myury (Figs, s8-63, sce also Figs
33, 37-38, 40). It may be acute, subacute, or chronic, depending on s
size, raprdity of growth. and the severnty and rapid appearance of the
sigzns and symptoms which 1t produces This 1 a rather arbutrary clasar-
fication, and is basud on the premuse that: (1) w hen blecding 18 <o

A -
sevesre as to pr(}ducc agns and sympt mmime croin-
jury (up to 3 days). the process 15 g . iy

* - A, e
18 less severe and s tolerated by 1 ;
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Fig 58 Dahology af rubdural hematoma. (/) Acute bilateral hematomas (s)
(4} A i cerebral {C d on mext page )
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ciated 1njuries to other parts of the brain and/or subdural and intra-
cerebral hematomas

Tears of this sinus, with thrombosis, may produce the so-called syn-
drome of the superior longitudinal sinus described by Holmes and
Sargent,”® 1n which there are bilateral pyranudal tract signs with tri-
plegia or quadriplegia In a case of ours (Fig. 574), a huge extradural
hematoma at the midline resulting from an evulsion type of fracture
was associated with bilateral pyramidal tract signs In another case of
sagittal sinus tear with an extensive subdural hematoma, there was

marked rigidity of both lower limbs and the left upper limb

Diploic and Emissary Veins Hematomas

Massive hemorrhage from diploic and emissary veins 1s rare, except
possibly 1n the posterior fossa area There a tear of the emissary vein 1n
the torcular area may result 1n an extensive hematoma With com-
minuted, depressed fractures in the mastoid region, the occipital emis-
sary vein may be injured, and extradural bleeding may occur In
2 of our cases, however, such hematomas did not seem large enough to
cause compression Voris” has reported large, chnically significant
hematomas of diploic vein origin Small, nonsurgical extradural clots
from diploic bleeding are frequent concomitants of depressed fractures

41, 37, 69

Subdural Hematoma™

A collection of blood beneath the dura — the subdural hematoma —
1s a common complication of head injury (Figs 58-63, see also Figs
33, 37-38, 40) It may be acute, subacute, or chromc, depending on 1its
size, rapidity of growth, and the severity and rapid appearance of the
signs and symptoms which 1t produces This 1s a rather arbstrary classi-
fication, and 1s based on the premise that (r) when bleeding 1s so
severe as to produce signs and symptoms almost immediately after 1n-

jury (up to 3 days), the process 1s an acute one, (2) when the bleeding
1s less severe and 1s tolerated by the host for a week or more (4 to 15
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Fig 58. Pathology of subdural hematoma. (A) Acute bilateral hematomas (s)
(4) Assoctated cerebral contusions, (Continsied on next page )
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aated 1njuries to other parts of the brain and/or subdural and intra-
cerebral hematomas

Tears of this sinus, with thrombosis, may produce the so-called syn-
drome of the superior longitudinal sinus described by Holmes and
Sargent,” 1n which there are bilateral pyramidal tract signs with tri-
plegia or quadriplegia In a case of ours (Fig 574), a huge extradural
hematoma at the midline resulting from an evulsion type of fracture
was associated with bilateral pyramidal tract signs In another case of
sagittal sinus tear with an extensive subdural hematoma, there was
marked rigidity of both lower limbs and the left upper limb

Diploic and Emussary Veins Hematomas

Massive hemorrhage from diploic and emussary veins 1s rare, except
possibly in the posterior fossa area There a tear of the emussary vein 1n
the torcular area may result in an extensive hematoma With com-
munuted, depressed fractures in the mastoid region, the occipital emis-
sary vemn may be injured, and extradural bleeding may occur In
2 of our cases, however, such hematomas did not seem large enough to
" has reported large, clinically sigmficant
hematomas of diploic vein origin Small, nonsurgical extradural clots

cause compression Voris

from diploic bleeding are frequent concomutants of depressed fractures

3, 41, 67, 60

Subdural Hematoma'

A collection of blood beneath the dura — the subdural hematoma —
1s a common complication of head njury (Figs 58-63, see also Figs
33, 37-38, 40) It may be acute, subacute, or chronic, depending on 1ts
size, rapidity of growth, and the severity and rapid appearance of the
signs and symptoms which 1t produces This 1s a rather arbatrary classi-
fication, and 1s based on the premise that (1) when bleeding 1s so
severe as to produce signs and symptoms almost immediately after in-
jury (up to 3 days), the process 1s an acute one, (2) when the bleeding
1s less severe and 1s tolerated by the host for a week or more (4 to 15
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Fig 584 (continued) (c) Calaified chronic hematoma, found at autopsy, sau-
sage-shaped, 60 Gm mass extended across anteroposterior length of hemisphere,
whitish 1nner lining, solid bone, part of outer hining also calcified, patient had
had no symptoms or signs of central nervous system lesion

days), the process 1s a subacute one, and (3) when the initial hemor-
rhage 1s not associated with obvious cerebral trauma and therefore
produces no signs for several weeks, or when there 1s severe cerebral
trauma so that the patient s severely 1ll from the beginning but whose
improvement 1s interrupted by renewed signs of an intracramal dy-
namic disease, the lesion 1s chronic (over 16 days)

Chronic subdural hematoma was first recognized n 1657°° and
then, again, 1n 1747 ** In the early part of the nineteenth century 1t was
thought to be of inflammatory origin ® ** *" ** Virchow,” who sub-
scribed to this theory, described the formation of an underlying mem-
brane and termed 1t pachymeningitis interna chronica, and the hemor-
rhage as pachymeningitis hemorrhagica The relation between trauma
and chronic subdural hematoma was made clear 1n 1914°" and not until
1925"® was the identity of the pachymeningitis with the chronic sub-
dural hematoma, as we know 1t, definitely established

Subdural hematomas occur 1in about 5 per cent of cases of head
injury.’® ° The mortality rate is nghest 1n the acute hematoma group
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Fig. 58 {conninmed) (B) Acute subdural hematoma (@) connecinse tssue pro-
Iiteration from underside of dura nto clot, 18 hours after wguwey (4 Chrone
subdural hematoma dura to right, hematoma membrane to left noe sinusoidal
tvpe of vewscls in membrane. {(¢) Chrensc sobdural hematoma outer wall about
8 mm thick many sinusosdal vasculor channely near inper barder these tear and
bleed, adding to hematoma.
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Fig 59 Acute subdural hematoma () As usually found on autopsy, 1n asso-
ciation with extensive contusions of frontal and temporal lobes (4-d) Hema-
tomas removed through large subtemporal openings or by osteoplastic craniotomy
(e-f) Hematoma (f) removed 9 hours after 1njury by ostcoplastic crantotomy
(¢%), angiograms (e?—¢?) show marhed shift of anterior cerebral artery, see Figure

38 for EEG.
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with the carlest need for surgical mtervennon.® ¥ ™ In acute hema
toma, the mortality rate ranges from 8o to 50 per cent, 1n the subacute
group 1t 13 about 25 per cent, and in the chromc group st s 30 to 15 per
cent

Of 61 patients with subdural hematoma 1n our recent series of 1,285
cases, 40 underwent operanon withun 15 days of the injury, 16 within
24 hours or less, 6 within 24 to 72 hours, and 18 within 3 to 15 days.
In the first group, 14 died (mortality rate, 81 per cent), m the second
group, 3 died (mortalsty rate, 50 per cent), in the third group, 4 died
(mortality rate, 22 per cent) Data on a senes of 270 of our cases of
subdural hematoma and subdural hygroma are summanzed 1 Table g

The subdural hematoma may be umiateral or biateral,'™ and be
located anywhere m the cransal cavsty, when bilateral, one hematoma

Fig 60 Subdural hematoma due to tear of lateral mous by d {
epressed {racture
of nght accrputal asea clot ed postenior portion of hemuphere forward pa
:.,“é:l i&«:ﬁ?p}adi b ﬂux}u: weas followed by left homonymous hemuanopna
¥ after 3 months torn anu: red postope
skull defect tater sepasred by tantalum ph’mm(‘;‘) by sutare, snd e
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TaBLe 9 Data on 270 Cases of Subdural Hematoma and Subdw al
Hygroma, Suigically Treated*

Number of cases

Hematoma Hygroma
Acute  Subacute  Chronc
Data (65 cases) (44 cases) (114 cases) (47 cases)
State of consciousness
Luad 1nterval 20 29 22 12
Continued unconsciousness or
disorientation 32 3 13 5
Headache
Ipsilateral 0 5 49 7
Contralateral 0 0 0 2
Generalized 0 5 39 5
Condition of pupils
Dilated, 1psilateral 31 10 22 12
With contralateral hemiparesis or
hemiplegia 17 4 22 7
Dilated, contralateral 4 2 7 0
Equal 30 32 85 35
Extraocular palsies
Cramal nerve III 2 0 9 0
Cramal nerve IV 0 | 0
Cramal nerve VI 1 0 1 0
Hemiparesis or hemiplegia
Contralateral 15 15 27 6
Homolateral 7 4 9 6
Convulsive seizures
Jachsonian 9 5 8
Generalized 7 8
Cerebrospinal fluid features
300-650 mm H.O 9 4 >
200-300 ¢ 18 15 16
100-200 « — 6 8 15
50-200 ¢ “ 7 — —_ —
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Bloady 33 2 28 16

Xanthochromre 4 0 22

Clear 1 3 25 7
Sure

Left side 28 18 55 19

Right nde 26 20 46 15

Bulateral 11 6 13 13
Skull fracture 42 26 33 16

Pincal duft 5 7 18 2
Aswaated man lesrons

Extradural hematoma 8 1 0 3

Intracercbral hematoma G 1 ¢ 0

Subdural abscess 0 t 0
Mortality rate, “s 341 114 298

* Recovered 207 cases died, 63 caser. Sex 217 muale, 53 female,

15 apt to be larger than the other (Fig 58) The site of predilection 15
aver the convexity of the hermusphere, in the frontatemporoparnietal area
(Fig 59) but hematomas have also been found over the postenor por
tans of the cerchral hemuspheres, over the optic chiazm over the sylvian
fissure, and over the cerebellar hemispheres ™ The pasterior fossa 15 a
rare site.

Euclogy

A tear of the connecting veins between the cerebral surface and the
dural smuses with resulung bleeding, cerebral contunons which tear
‘enous or artenal channels, or extensive sntracerebral bleeding with
escape of blood to the surface via discuption of cerebral nssue can all
cause subdural hematomas. The trauma may oceur as a result of blunt
head 1mury without fracture, simple or open depressed Fracture, pene
trating head injury or fracture, and burth injury The site of the hema
toma docs not necessanly cotnade with the site of the fracture, Occa
sionally ndirect injunies may result n subdural hematoma, ™
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The hematoma over the hemispheral convewty 1s the result of bleed-
ing from the vemns connecting the sagittal sinus and the cercbral sur-
face Bleeding from the parictosphenoid vein results 1n a temporal
hematoma ™ Bleeding from the sagittal sinus 1tself or from 1ts trib-
utaries may cause the interhemispheral hematoma, and 15 more
commonly seen in penetrating injuries Posterior fossa hematomas result
from a tear of the great vein of Galen (which more commonly occurs
1n birth injuries than 1n other types of head injury), and tears of the
transverse sinuses, cerebellar veins, or the sigmoid sinus and tributary
vemns '* ' Subdural hematoma may occasionally anse from artenal
bleeding The association of a ruptured aneurysm™ and of cercbro-
vascular disease™ with subdural hematoma are examples At times,
a subdural hematoma may overlie a brain tumor which has bled In
a case of ours, a subdural hematoma and a subdural abscess were found
on the same side, a very rare occurrence

Pathology (Fig. 58)

As found on operation, subdural hematomas weigh from 30 to 150
Gm or more A small hematoma which has caused no immediate signs
or symptoms may become encysted 1n the subdural area by a prolifera-
tion of connective tissue from the dura, this tissue extends over the
borders of the hematoma 1n a single layer of flat, cuboidal epithelium to
its 1nner aspect, where 1t lies next to the arachnoid The increased
osmotic pressure 1n the subdural space due to the clot causes diffusion of
fluids 1nto the subdural space, thereby increasing the size of the hema-
toma The center of the hematoma liquefies by lysis, so that the protein
content of the cystic mass increases and the osmotic pressure with 1t *

The chronic subdural hematoma, according to Kaump and Love," 1s
the result of a hemorrhage within two layers of the cerebral part of the
dura They based their theory on the fact that the hemorrhage 15 1n the
parictal arca and extends toward the temple, rather than 1n the middle
fossa as might be expected were the blood free to gravitate downward
in the subdural space carly in the course of the lesion However, the
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observabon that the brain tends to keep a hemorrhage locahzed 1n the
subdural space and that the blood does not shift with changes n
the head position argues aganst this concept

Some acute subdural hematomas consist of solid and Irquid portions
in different areas, for example, a liquid portion 1n the frontoparictal
area and a soltd portion 1n the temporal region (Fig 58) The subacute
subdura} hematoma 15 often composed of blood and cerebrospinal fwd,
30 that most are 1n a more liquud state than the acute hematomas.

In the chronse hematoma, depending on whether 1t 1s iquid or sohd
there may be a well-developed wall on the dural side and a very thin
lining on the arachnoidal side, the latter consisting of a single layer
of flat, cubordal epithelium. In some cases, the hematoma hiquefies com
pletely, the liquid gradually growing thinner until 1t 15 almost colorless
and of hugh protein content.™ * Some chronic hematomas which are
well tolerated for many years solidify within the dural membrane (Fig
614) Calafications may occur 1n the clot, 1n the enveloping membrane,
or tn both, and 1n some hematomas there 15 actual bone formanon (Fig
58) Since von Rokstanshy* first noted such calaifications, they have been
seen repeatecly and visuahized on roentgenograms® 1 T4 Par
tcularly 1 chiddren, small subdural hemorrhages may orgamze and
calefy 1n later life to be visualized on roentgenograms.

Clirscal Pictore

The diagnostic features of subdural hematomas are discussed 10 de
tail i Chapters IV and V Acute subdural hematoma may be difficule
to diagnose 10 some cases because of the presence of assoctated cerchral
mpunes. Unconsciousness lasting for 2 days or more, n the absence of
localizing signs, calls for a detaded neurologic examination and the
use of all tndicated diagnosic technics. In summary the signs and
symptoms of acute hematoma are (1) Uncensciousness from the begin
nng or 2 rapul detenoration of the state of consciousness, (2) Ab-
normal ocular mamfestations, including diatatron and occasianally
constniction, of 2 pupsl on the side of the hematoma, extraocular paral
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Fig 61 Chronic subdural hematoma (A4) Solid hematoma (a), pncumocn-
cephalogram (a?), hematoma after removal (¢?) and 1 situe (a’~a’), note thick
outer membrane nest to dura and thinner membrance net to arachnoid, outline of
osteoplastic craniotomy (a®), and postoperatine pneumocncephalogram  (a®),
note visualization of both ventricles and evidence that brain has begun to return
to 1ts normal position on left.
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Fig 61 (¢ &) (B) P phalography  (a) Right subarachood
spaces obliterated, but no defimte shift of ventricular spaces or third ventricle
100 cc Aued clot found. (4) Right subarachnoid spaces obliterated ventndles not

large hematoma found on night side. () Pre and postoperauve
pneumoencephalograms  note appearance of ventncle previously compressed, and
norma) positson of ventrreular spaces, which are somewhat dilated.
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Fig 62  Chronic subdural hematoma (4) Pneumocncephalograms (a) in a
casc of hilateral hematomas, left hemisphere compressed, revealing convolutional
markings 1n anteroposterior view, suggestng leston on left side, but bilateral hema-
tomas found on operation (&) Shuft of pincal gland and return to normal position
after operation (¢) Angiogram suggested presence of mass on left side, but opera-
tion revealed bilateral subdural hematomas and a right extradural hematoma.

262



Vascular Lesions, Hemorrhages, and Hematomas

Tig 62 (contnned) (B) Almom completely solid hematoma, 3 months old (af)
removed by ontcoplastic craniotemy  note shift of ventncular spaces to nght and

depeernon of left lateral ventrcle, mggesting Em.mcc of mas 1 postero uetal
and ocaipual areas note also awr trapped (&) Con.
umxed os sext page )

ysex, retinal hemorrhages, and papdledema. (3) Contralateral hemn-
parens or hemiplegia with confirmatory pyramidal tract signs (¢) Loss
of ot poor control of half the body or low er facal weakness which may
be noted after several minutes of observaton or by gende stumulavon.
(5) Pyramudal tract signs 1n the absence of complete paralysss, such as
a positne Babinskr s sign, wmlateral change o deep tendon reflexes, or
loss of the abdomunal reflex on one nde. (6) Catatonic ke states with
some left-nided hematomas. (7) Convulstons, jack soman or generalized,
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Fig 62 (continued) (C) Angiography in subdural hematoma (a) Bilateral
chronic hematomas (right, 40 cc, left 80 cc ), antertor cerebral artery bowed to
night (a%) (b) Subacute hematoma after a fall, angtogram revealed ancurysm of
left cerebral artery, fall probably due to rupture of ancurysm
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and decerchrate ngpdity (8) Homolateral or contralateral or no frac
tures.

In the subacute subdural hematoma the unconserousness or drows
ness with disonentation may last for a few days before further deteriora
tion sets 1 Other symptoms and signs are much the same as for the
acute type.

For the diagnoss of a chromc subdural hematoma alt diagnostic
measures must be drawn upon if 1ts presence 1s suspected. Except when
there 13 severe head 1nyury, consciousness s usually normal up to the time
of hospital admission The patient with a severe head njury and a de
veloping chronic hematoma continues to unprove for 3 1o 4 weeks,
after which he complams increasingly of headache A semiconscious,
Mupoross, or unconscious state may then st 1n In the absence of a
severe head snjury headache 15 the most common 1mual symptom
n some cases there 13 a pronounced personality disorder — nenvousness,
excitabslity, or explosive behavior —so that a neurosis may be di
agnoted Formerly, an smpressive number of chronic hematomas were
found 1n patients 1n mental snstitutions and at avtopsy This 15 much
sarer now that patients are more scrupulously evaluated before they are
commytted o an 1nstitution

In alarge number of cases the headache 1 aver the ute of the lesion,
and m almost as large 3 number 1t 15 generalized, only occasionally 1
there a contralateral headache. After lumbar puncture, the headache
may disappear for 7 to 10 days Other treatment, toa, may affcct the
character or persstence of the headache

Focal signs may be absent, but someumes neurologsc study may reveat
visual field defects, such as 2 homonymous hermanopsia due to an uneal
campression of ane or the other postenior cerebral artery, a contralaterat
hemuparess or hemplegma, unequal nize of pupils, or an oculomotor
paralysis. The hemiparens 15 1psilateral i about 10 per cent of cases,
a paradoxic finding explamed by contralateral compression of the brain
wem against the mesura by uncal hermanon. In some 35 per cent of
<ases, there 13 contratateral hemuparesis or hemiplegia
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Vital Functions

In the acute hematoma, the pulse may be fast and thready carly in
the course, or sometimes a somewhat slower pulse than normal The
respiration may change from slower than normal to hyperpnea, m
some cases becoming stertorous and of the Cheyne-Stokes type The
blood pressure may rise 1n some A fever of 101 to 103 F. 15 common

In subacute hematoma, the vital functions are somewhat more stabi-
lized, except as the patient’s state begins to deteriorate A slower than
normal pulse may then become rapid and thready, respiration which
heretofore had been normal may become rapid, hyperpneic and of the
Cheyne-Stokes type, the blood pressure may increase

In the chronic form, vital functions are quite normal until advanced
cerebral compression occurs Bradycardia may occur, infrequently, the
respiratory rate may decrease and the blood pressure increase

Cerebrospinal Fhud

The cerebrospinal fluid 1s often bloody 1n patients with acute and sub-
acute hematoma, but the amount of blood present 1s no indication of the
severity of the lesion Subarachnoid hemorrhage may be the cause of
the bloody Auid As fluid 1s allowed to escape, the red color becomcs
more ntense, indicating the presence of greater amounts of blood at
higher levels of the cerebrospinal axis The pressure 1s usually high, 300
to 450 mm of water, but may be low in some cases A low pressure and
a hugh blood content 1s a serious prognostic sign However, normal or
subnormal pressures do not rule out the presence of massive unilateral
or bilateral hematomas

In some cases of chronic hematoma, the flud 15 bloody or xantho-
chromic, and the pressure 1s usually clevated (200 to 300 mm or more
of water), occasionally, 1t 15 between 200 and 100 mm A clear cerdhro-
spmal fluid 15 found much morc often i chronic than m acutc and
subacute hematoma Lumbar punctures are wdll tolerated Some pa-
tients 1mprove temporanly after the removal of cercbrospmal flmd.
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The diagnass of subdural hematama 15 established by the Instory
physical cxamination, and symptoms and signs (see Chapter Vy, and
with the ard of all the diagnostic technics descnbed m Chapter 1V
which may be necessary ‘The features of subdural hematoma disclosed
by the sarous techmics are also to be found in Chapter IV

Prognosts

In acute subdural hematoma the prognoss 1s usually poor, and the
more acute the manifestations the poorer the prognosis, The convales
cence of many who survive ss prolonged Posttraumatic epilepsy as
well as other severe newrologie deficits and personality disordess may
develop 1n some cases. Improvement 1s more rapid and complete 1n
patients up to the age of 17, and uncxpected recovery with relatively
few or no neurologic deficts may occur

In subacute hematoma, much better results arc obtained with treat
raent than in acute hematoma. Good recorery may be expected 1n about
so per cent of the cases.

Treatment 1s successful sn about go per cent of the cases of chronic
hematoma and recovery after removal of the clot may be raprd Post
traumatic epilepsy occurs 1n less than 10 per cent of the cases, 1n our
expenience, and mental deficits are uncommon. In the presence of cere

bral snjury, however, the prognosis depends on che sevenity of the
assoctated 1njury

Intraparenchymatous Hemorrhages Intracerebral
Intracerebellar, and Petechial™™

Intraparenchymatous hemorrhages may vary from massive collec
tons to petechial or punctate lesions. Hemorrhages up to about § mm
tn dameter are considered petechul. Larger lesions are usually desig
nated a3 hematomas and may have surgieal significance Although
patholomeally alt mtraparenchymatous hemorrhages are nigmlar, the
chrucal manifestanons and panaples of management are not the same
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Petechial Hemorrhages (see Fig. 24)

Petechiae are commonly found on autopsy. In about 45 per cent of
cases that come to autopsy, multiple petechiae up to 5 mm 1n diameter,
but usually about T mm , are found 1n various parts of the nervous sys-
tem It 1s of interest that 1n a series of 133 consecutively autopsted cases
(see Table 12) there were 54 nstances of petechial hemorrhages, of
these, 25 were 1n the brain stem, and all but 6 of the cases were dead on
admussion to the hospital, none of the 6 survived longer than 36 hours

Petechiae are small, nonsurgical hemorrhages which may occur either
as a result of stresses due to absorption of energy at the time of nnpact,
or as secondary manifestations of herniations, torsions, and shifting of
intracranial structures causing kinking or compression of blood vessels
Petechiae may also be caused by embolism, particularly fat ecmbolism
Primary traumatic petechiae usually occur along the path of the forces
acting upon the tissues Thus, small petechiae are common 1n the brain
stem, medulla, pons, posterior thalamus, striatum, and even the spinal
cord With the creation of pressure gradients mn the cramal cavity as a
result of blows upon the head, there may be tension (tearing apart),
compresston (squashing), or cavitation, causing tears 1n tissucs and
bleeding with resultant petechiae

Petechiae can also be secondary manfestations of ischemua, which
gives rise to mncreased permeability and diapedesis and transudation of
blood 1nto the tissues Thus, associated with uncal herniation, there may
be small hemorrhages 1n the posterior thalamus and 1n the brain stem
The so-called sentinel petechiae seen about the border of hematomas
and deep contusions are due to compression of vessels in the vicimty of
the contusion or hematoma, resulting 1n increased permeabihity and
hemorrhages by diapedesis

Small petechiae are probably absorbed, so that at autopsy later 1n lile
no cvidence of their presence 1s found ™ Larger clots (5 to 10 mm. or
larger) are transformed 1nto cystic cavities filled wth clear fluid or with
masses of ghal fibers forming bands of tissue crossing the cavity, and
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after absorphion of the clot, with phagocytes and plasma cells. The cystic
cavity 15 surrounded by a rather thick fibroghal wall. The microscopic
characteristics of the cysts, whether smalt or large, are essennally the
same. Years later, sccondary hemorrhage may occur if 2 blood vessel
crossing 2 larger cyst 1s dusrupted

The symptoms and signs of petechia] hemorrhage depend on the
location the numbkr, and the uze of the petechiae. Decerebrate states,
akinetic mutism, dyskinesias, bilateral pyrarmdal tract signs varying
degrees of wiolence and restlessness, hemiplegia, or triplegia may be
seen with petechuac 1 the bran stem subfrontal areas, and the basal
ganghons (see Chapter V)

Intrecerchral and Intracerebellar Hematomas

According to Echlin, sntraparenchymatous hemorrhages of massive
nize occur n about 1 per cent of patents with head myury We have
found an mnadence of 16 per cent.

Large sntraparenchymatous hematomas usually occur 1n the frontal
and temporal porsons of the brain (Fig 63) A few are scen 1n the
paricto-ocaipital acea, and the cerebellac lobes are involved occasion-
ally The temparal and frontal localization 1 accounted for (1) by the
stresses sn these regrons as a result of mass movements of the mntra
cramal structures at the tume of impact (2) by pressure gradients with
below normal pressure resulting i cavitation and teaning of tssues,
and (3) by the aratomic relationship of the frontal and temporal poles
with the lesser wing of the sphenad and the roof of the orhit so that
deep contusions or tears occur easily with resultant intracerebral hema
tomas, The hematomas are frequently on the same side as a fracture,
but occasionally may be talateral, Table 10 summanzes the dam on 2
scries of 38 cases.

Hematomas may also be found 1n assotistion with penetrating and
perforating wounds. In penctrating wounds, the hematoma may form
n the path of the bullet or shell fragment (Fig 63) The inadence of
intracerebral hematomas 1n the horean Way was Ingh Low vclouty
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TasLe 10 Data on 38 Cases of Intracerebral Hematoma®

Data Number of caces

State of consciousness

Lucid interval 15
Continued unconsciousness or
SEMICONSCIoUsness 11
Headache
Generalized 10
Contralateral 1

Condition of pupils

Dilated right 3

Dilated left 2
Side 1mvolved

Right 18

Left 20
Papilledema 7
Hemuiparesis

Ipsilateral 2

Contralateral 20

Cerebrospinal fluid features

Pressure > 500 mm H.O 5

“ 400 ¢ “ 4

“ 300 “ 0 10

“ o200 ¢ “ 7

“ 100 0 3

Bloody 21

Xanthochromic 7

Clear !

Comulsive seizures, generalized 1

Focal signs 22
Site

I'rontal 6

Teumporal 26

Panctal 3
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Frontal and temparal i

Intracerebxellar 2
Skulf fracture 22

Pigeal shuft 2
Type of surgery

Oxuteoplastse cramatomy 7

Trephine 31

* Recovered, 17 cases died, 21 cases mortality rate, 55.2 per cent. Sex 30 make
6 female,

penetratng objects may also tear vessels and be assocrated with large
traparenchymatous hematomas (see Fig 50)

Pathology

Larger hematomas which do not cause signs of compression may at
first hquefy by hemolyas, and eventually consist of a hquid center with
some clotted matenal about the penphery or toward the cyst wall The
flosd gradually thins and pales, and finally may become clear Whes the
cyst communicates with the s entricles or the subarachnoid channels, as
1t docs 1n some cases the so-called porencephalic cyst 15 farmed Cal
cification of wntracerchral hematomas has been reported ®

Cluncal Picture

The symptoms and signs depend on the locanon of the lesion In
the absence of severe concussion there may be a luerd 1ntenal with 1n
ereasing headaches. Occastonally, jacksoman or generalized consulsions
may be scen. An intracerebral hematoma 1 the temporal lobe may
cause a contralateral paresis of the upper hrab and face which may
progress to a complete henmparens or hemplega accompanied by
stuper and coma If the Jeft temporal Jobe 35 1nsolved, speech disturb-
ances also may be present In patients with associated ugns of severe
contussion there may be coma from the beginning The hemiparcns
or hermplegia may then be found several hours to sncral days after

27



juries

Head In

R .

\.\..-

" ut temporal



umrmm—a, T#Jrﬁr:?""r&:"‘"’r ;

Fip. 63 {(comuaxed) (B) Hematoma due to penctrating bulket inuny  aagio-
grama 4 days atter primary debaderment (a'—«f) show evidence of mass lesion in
nght frontal Jobe bullet still i cramml cavny increasing supor and pyramidal
tract wipns bulaterally large hematoma (&) remoned and pericaliowal branch of
antenior cerebral artery bigated wantalum commoplasty (€~ ) 7 months later foc
shull defect, and patent in profile (#*)
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the imtial injury Occasionally, there may be a hemiplegia on the same
side as the hematoma

In some patients with deep temporal or occipital hematomas, there
may be an associated homonymous hemianopsia, either found before
operation or after the patient improves enough to cooperate 1n a visual
field examinanion

Pupillary mequality with a dilated pupil on the side of the lesion is
not as frequent a finding as in subdural and extradural hematomas
Papilledema 1s uncommon About one-third of the patients do not have
a skull fracture Occasionally, the fracture 1s on the side opposite the
hematoma A shift of the pineal gland 1s seen infrequently

Intracerebellar hematomas, particularly when they are subacute or
chronic, are difficult to diagnose In war injuries, roentgenographic
evidence of a bullet, or bone or shell fragments in the posterior fossa
suggest the presence of the hematoma The following case histories 1llus-
trate the manifestations of intracerebellar hematomas Severe psychotic
manifestations may be seen with intracerebellar lesions

Case 1 The patient was a 27 year old woman without a history of un-
consciousness at the ume of injury On hospital admission, 10 days after
injury, she was 1n a disturbed but drowsy state, this had been progressing
during the preceding 3 days No skull fracture could be found on roentgeno-
grams Localizing signs suggesting a hematoma were absent Mild nuchal
ngidity and a shght fever were present A tentative diagnosis of meningitis
was made But when the cerebrospinal fluid was found to contain 4o red cells
and %5 white cells per cubic millimeter, mainly lymphocytes, an encephalitis
seemed more likely The next dav she became irrational and died 1n a few
minutes Autopsy disclosed a partly liquid, partly solid, clot the size of a hen’s
egg 1n the right cerebellar lobe

The history and the marked mental abnormalities 1n this case are
difficult to explain on the basis of the cerebellar involvement alone
However, the increased intracramal pressure due to obstruction of the
cerebrospinal flurd pathways by the clot may have caused the psychotic
manifestations
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Case 2*° The patent, a soldier 1a World War Il had beea 1njured g days
carlier There was an msignificant appeaning wound 1 the neek, to the left
of the mudime, The pauent complmned of severe headache  there was vomu
1ng 2 honzontal nysagmus on left lateral gaze, and wcoordinauon w the
left upper and lower extremuies. Rocntgenography revealed o communuted
fracture of the ocapual bone to the left of the nudhne. At operauon, a per
foration snto the postenior fossa wos found, wuh cerebellar ussue extruding
through 1t. Inaiston of the dura was followed by the sudden extrumon of
about 40 cc. of dark clotted blood after which the hermuated cerebellum re
ceded and braen pulsatons were observed The wound healed by pnimary
ntennon 1 spite of the delayed debridement, Two years later the pauent way
well except for some disability 1n the left hand.

Case 3 Some Y months after 2 head wjuny the pauent began o com
plan of severe hradache, and papilledema appeared. Mild nght corebellar
ngns were observed with ataa and adizdohohinens of the nght upper hmb.
A lewon n the postenior fossa was diagnosed by means of ventnculography
On operaton a huge cyst filled wath straw <olored hiquid was found 1n the
nght cerebellar lobe. The cyst wall usue contained hemosidenin and old
blood It was thought that the cyst was a result of an intracerebellar hema
toma which had become absorbed, and that the remdual cyst had 0 com
pressed the fluid pathw ays as to canse an increase 1n inracranal pressure

The last case 13 an evample of a subacute or chremc mtraparenchy
matous cerebellar mass lesson. Hemorrhage into a tumor may produce
the same picture as 2 subacute or chronic mtracerebeliar hematoma The
duagnons of thus form of ntracerebellar hematoma therefore cannot be
absolutely established unless the tiasues can be studied microscopically
and unmuahable evidence of an old hemorrhage 1 found and the
Patient recovers sansfactorly and permanently after operation.

The diagnosts of intracercbral hematoma 1 the fromtal, temporal,
and panetotemporal regrons 15 best confirmed by angiography ven
inculography  or diognesuc trephination An intracerchellar hema
toma may be suspected 1n the presence of a perforation 1 the oc
cipital area over the cerebelfum 1n penctrating njuries or m the pres-
ence of a lincar skull fracture imohing the ocopital squama 1 a
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pattent who 1s markedly disturbed and whose condition 1s deteriorating
In such a case, exploration 1n the vicimty of the fracture line 1s undoubt-
edly indicated Electroencephalography may be of value in some cascs
Schneider and associates® have located some intracerebellar hematomas
by looking for them along the lines of force as deciphered from con-
tusions, lacerations, and fractures

The cerebrospinal fluid 1s bloody or xanthochromic in most cases of
intracerebral hematoma, and the pressure 1s often elevated, ranging be-
tween 500 and 300 mm of water, although 1n some cases the pressure
1s between 200 and 100 mm Occasionally, the fluid may be clear

As for the prognosis, patients who survive usually do so with an 1m-
patred level of mentation, and many have long-lasting personality dis-
orders Posttraumatic epilepsy occurs 1n about 20 per cent of cases

Subdural Hygroma™"™

The subdural collection of cerebrospinal fluid which occurs 1n many
cases of head 1njury 1s known as the subdural hygroma or hydroma It

“ recognized this condition,
™

1s interesting to note that Sir Percivall Pott
that 1t was then described 1n 1896 ® and again 1n 1916 * Some consider
it as a type of subdural hematoma,™ but often this would seem to be an
unjustified conclusion The collection may or may not be associated
with an extradural or a subdural hematoma Large collections have
been found 1n the posterior fossa under the tentorium 1n patients whose
tentorium was incised to decompress the brain stem for uncal hernia-
tion T0

The cause of subdural hygroma has been variously given as (1) the
presence of small amounts of blood 1 the subdural space, with a result-
ant 1ncrease in osmotic pressure and migration of fluids to the arca,
(2) a tear 1n the arachnoid, (3) cerebral contusions, with resultant
edema and increase 1n osmotic pressure, (4) inflammatory discasc of
the arachnoid, (5) physicochemical changes following severe head

injury, and (6) blast injuries*
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The quantity of flud may be large ar small, and clear, stras colored
or xanthochromic. A wet bram and a connderable subdural collection
of flud are occasionally found in 2 case that comes to autopsy

The correct dugnoss 18 usually made at operation The signs and
symptoms mumic those of subdural hematoma. In the nfant a subdural
tap may establish the diagnosis, and myection of a small amount of
air may reveal the extent of the mvohed area In about y5 per cent of
cascs, the cerebrospinal fluid 15 bloody, and the pressure 1s usually below
300 mm of water

After evacuation of a Jarge collection of subdural flind, asr may ac
cumtlate 1n the subdural space (see Fig. 30)

{n our 1952 1954 series of 1,285 cases, there were 7 cases of extradural
hematoma, Gr of subdural hematoma, 16 of mtracercbral hematoma,
and 3 of subdural hygroma. The incidence of hemorrhagic mass lestons
tn thes series was 67 per ent.
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Chapter VIII

COMPLICATIONS OF HEAD
INJURY

Asle from the immediate and late effects of head inyury, varous
complications can sooner or Jater develop Some are exceedingly rare,
others more or less commeon. Among the rare compheations are diabetes
melhituy, diabetes msiprdus, Stmmonds  disease, gastrointestinal hem
orrhage, and gastromtestinal ulceration. More common are pncu
mocephalus, otitis media mastoidivs, osteomyehitis, memngity, ntra
cranial suppuration and cerebral fat embohsm,

Pneumocephalus® ® * * ™

A collection of air 1n the cransal cavity (Fig 64) 15 a frequent result
of a cramonasal or cramoaural fistula. Occanonally, air enters the
cranuaf cavity via an open fracture of the vault. Usually, the complica-
tion develops a few days after injury ™ but cases have been reported 1n
winch st occurred w echs or years after the myury * ™ ™ The site of the
prcumocephalus may be extracranual, subperiosteal extradural, sub-
dural subarachnowd intraventncular, or intracerebral ™ The ntra
cerebral acroccle 15 probably the result of the ar bang forced m,
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Fig 64 Pneumocephalus (A) Subdural pneumocephalus (a,¢) duc to cranio-
nasal fistula with cerebrospinal fluid rhinorrhea (&) Subdural pneumocephalus
due to cramoaural fistula with cerebrospinal flurd otorrhea (d) Pneumosen-
triculum after open fracture of occipitoparietal junction at midhine (¢) Pnecumato-
cele which caused extensive destruction of frontal lobe (f) Progressive disappear-
ance of air from subdural arca and from ventricles 1n a case of cerebrospinal fluid
otorrhea
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Fig. 64 (contisned) ’-c’!
tuse of kit fromal gnnc extending into nnut. (') Roent 11 s later
mpﬁn.l

B) Mechanism of pacumatocele formation. (a Frac
shows Large cavity 1n deft fromal lobe patient admitted to with meningis
(') Afrer intrasmnal asr inpection relation of pacumatocele to ventricular system
{(a'« } Operatinve repawr of cransonasal fistula ravelving eribrdorm plate to left
of mullioe by means of reflected falx cerebrs,
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through a cranionasal communication with adhesions between the
brain, the piarachnoid, and the dura, by sneezing, coughing, or nose
blowing. The air dissects a progressively enlarging area 1n the bram,
particularly if 1ts escape is prevented by a ball-valve action 1n the fis-
tulous tract Eventually, cerebral tissue 1s destroyed and replaced by a
cystic cavity The process may take a relatively short ime* 11 weeks n
the case illustrated in Figure 64B.

Roentgenography establishes the diagnosis The clinical features are
severe headache (intense in acute pneumocephalus, accompanied by
a shocklike state) With subdural, subarachnoid, and intracerebral
pneumocephalus, there may be focal phenomena, hemiparesis, hemi-
plegia, aphasia, convulsive seizures, and deterioration 1n the conscious
state In the patient who 1s already unconscious because of the mmtial
severe effects of the head 1njury, some of the focal phenomena may not
be evaluated accurately But in patients with a chronic cranionasal or
cranioaural fistula the onset of pneumocephalus may be ushered 1n with
severe headaches and focal phenomena, these usually subside after a
few days of bed rest

A summary of the findings 1n 14 of our cases of traumatic pncumo-
cephalus 1s given in Table 11

TasLE 11. Data on 14 Cases of Tiaumatic Pneumocephalus

Data Number of cases  Deaths

Cause

Cranionasal fistula with cercbrospinal

fluid rhinorrhea 8

Cranioaural fistula with cercbrospinal
fluid otorrhea

Open occipital fracture

Treatment
Surgical 9 1
Conservatinve 5 ]
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Outrs Media and Mastoiditis

Otitis media and mastordins are now uncommen complications of
head myury Before the days of antibuoucs and the sulfanamudes, they
were seen farly frequently Although outs meda may be present a
few days after an acute head snjury chamctenstcally 1t ocours 4 to 6
weeks after trauma. Continwing mucopurufent discharge from the
mddle ear and rocntgenographic evidence of imvolvement of the mas-
tord asr cells are the usual ngns of mastordita.

Osteomyclites of the Skull

This complication of head 1njury, the result of snadequate treatment
of an open fracture, has now grown rare. According to Browder,
osteomyelstis of the shull may be clasafied as (1) Potts puffy tumor,
(2) osteomyehus duc to drying of the shull i the absence of a covering
scalp (3) ostecomychus due to improperly treated open skull fracture,
and (4) ostcomyelitis associated with muddle ear and accessory nusal
sinus fractures.

Pott s puffy tumer, a swelling of the scalp over an osteomyelitic area,
1s rarely scen now Occastonally, a puffy area occurs 11 association with
a retrograde thrambaphlebitis from nfection of the casernous sinus or
other focus of infecton In such cases, there may also be one ar more
bratn abscesses.

Extensive destruction of the scalp may expose the skull and thus
allow the bone to dry our But proper treatment should prevent the
occtirrence of ostcomyelitss from this cause.

Ostcomyelitss due to an smproperly treated open skull fracture ss seen
occasionally Such 2 wound may continue to dran for many wecks,
the sk becomuing soft and boggy because of the assocated cellulis.
Exposure of such an area may reveal the presence of harr, durt and other
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particles, or fragments of bone with some purulent matter m the <\ra-
dural area Thickening of the dura, resulung from the orgamsm’s ar-
tempt to limit progress of the infection, may occur In chronic ostcomy-
ehtss, there may be destruction of bone and repair and osteitss, with
thickening and sclerosis of bone. Only occasionally does an osteomy-
chtis due to trauma progress to mnvade uninvolved portions of the skull
The bone may be soft, and 1s easily excised by the rongeur In some
cases, the involved bone may be completely decalcified

Osteomyelitis of the mastoid area and the bones around the para-
nasal sinuses may occur 1n patients with fracture 1n these arcas or with
persisting patent cranioaural or cranmonasal fistulas Prompt treatment
of such fistulous tracts 1s the best method of preventing an ostcomy-
ehus 1n these regions Such bone 1nfection of the skull may be associated
with extradural or subdural abscesses

The diagnosis of traumatic osteomyelitis 1s made on the basis of (1)
the presence of roentgenographic evidence of bone destruction and
sequestration, (2) the presence of chronic inflammatory scalp 1nvolve-
ment after an open skull fracture, and (3) a history of trauma n a
patient with known sinus disease, 1n whom retrograde throm-
bophlebitis and diploic involvement may infect the skull (Fig 65).

Meningitis

Meningitis, 5 to 8 days after 1jury and occasionally sooner, used to
be a more common complication of head njury than it 15 now The
sulfonamides and antibiotics are responsible for this reduction n -
adence Onset 1s usually fulminating, with severe headaches, disorienta-
tion, and coma In some cases, the first sign may be a convulsive
seizure High fever, nuchal rigidity, and delirum are common The
cercbrospinal fluid 1s turbid, the polymorphonuclear cell count is ngh,
and fresh smears at imes reveal the presence of the infective orgamisms

Meningitis may occur as a late comphcation of a temporal bone frac-
ture or a fracture of the anterior fossa involving the enbrform plate.
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Fig 65 Omncomychits of shull subdural abscess, and brain abscess. (#) Osteo-
mychitis of frontal bone and intracramal abscesses after blow on forchead 10 pres-
ence of sinuntis suppuration of scalp and subcutancous uswes drained tn doctor s
office patient later admitted to hospital wath convulsions, nght-sided paresis, and
aphasia about 85 cc, ot pus escaped when dura was symptoms recursed
5 weeks later and keft temporofrontal intracerebral abscess was found eventual
cure followed ted dranage and penicillin snstillation. () Osteomyelius of
skall after blow
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particles, or fragments of bone with some purulent matter in the ctra-
dural area Thickening of the dura, resulting from the organism's at-
tempt to limut progress of the infection, may occur In chronic ostcomy-
elitts, there may be destruction of bone and repair and ostetis, with
thickening and sclerosis of bone Only occasionally does an osteoms-
elitis due to trauma progress to 1nvade uminvolved portions of the skull
The bone may be soft, and 1s easily excised by the rongeur. In some
cases, the involved bone may be completely decalcified

Osteomyelitts of the mastoid area and the bones around the para-
nasal sinuses may occur 1n patients with fracture 1n these arcas or with
persisting patent cramoaural or cranionasal fistulas Prompt treatment
of such fistulous tracts 1s the best method of preventing an ostcomy-
elitts 1n these regions Such bone infection of the skull may be assocrated
with extradural or subdural abscesses

The diagnosis of traumatic osteomyelitis 1s made on the basis of (1)
the presence of roentgenographic evidence of bone destruction and
sequestration, (2) the presence of chronic inflammatory scalp mvolve-
ment after an open skull fracture, and (3) a history of trauma m a
patient with known sinus disease, 1n whom retrograde  throm-
bophlebitis and diplosc involvement may infect the skull (Fig 65)

Menngitis

Meningitis, 5 to 8 days after injury and occasionally sooncr, used to
be a more common complication of head njury than it 1s now The
sulfonanudes and anuibiotics are responsible for this reduction n -
cidence Onsct 1s usually fulminating, with severe headaches, disorienta-
tion, and coma In some cases, the first sign may be a convulsive
seizure. High fever, nuchal nigidity, and delinum arc common The
cercbrospinal flmd s turbad, the polymorphonuclear ccll count 1s high,
and [resh smears at times reveal the presence of the infective orgamsms

Meningtis may occur as a late complication of a temporal hone frac-
ture or a fracture of the anterior fossa involving the cribriform plate,
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Fig 65 O yelitis of skull, subdural abscess, and brain abscess. (a) Osteo-

myelitis of frontal bonc and intracrenial abscesses after blow on forchead 1n pres-
ence of sinusitis suppuration of scalp and subcutancous tisues dratned 1n doctor s
office; patient later admutted to bospital with convulsions, nght-sided paresis, and
aphasa abowm 85 cc, of pus cscaped when dura was o symptoms recurred
S weeks later and keft temporofrontal intracerebral abscess was found eventual
cure followed repeated drainage and pemsothn insiltavon. (&) Ostcomyelstis of
skull after frontal blow
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particles, or fragments of bone with some purulent matter 1n the evra.
dural area Thickening of the dura, resulting from the organism’s at-
tempt to limit progress of the infection, may occur In chronic ostcoms-
ehtis, there may be destruction of bone and repair and osteitis with
thickening and sclerosis of bone Only occasionally does an ostcomy-
elitis due to trauma progress to nvade uninvolved portions of the skull.
The bone may be soft, and 1s easily excised by the rongeur. In some
cases, the involved bone may be completely decaleified

Osteomyelitis of the mastoid area and the bones around the para-
nasal sinuses may occur 1n patients with fracturc mn these arcas or wuh
persisting patent cranioaural or cranionasal fistulas Prompt treatment
of such fistulous tracts 1s the best method of preventing an ostcomy-
chus 1n these regions Such bone infection of the skull may be associatcd
with extradural or subdural abscesses

The diagnosis of traumatic osteomyelitts 1s made on the basis of * (1)
the presence of roentgenographic evidence of bone destruction and
sequestration, (2) the presence of chronic inflammatory scalp involsc-
ment after an open skull fracture, and (3) a history of trauma in a
patient with known sinus disease, in whom retrograde throm-
bophlebitis and diploic involvement may infect the skull (Fig. 65)

Meningitis

Meningitis, 5 to 8 days after 1njury and occasionally sooncr, used to
be a more common complication of head njury than 1t 1s now The
sulfonamides and antibjotics are responsible for this rcduction m m-
cidence Onset 1s usually fulminating, with severe headaches, disoricnta-
ton, and coma In some cascs, the first sign may be a convulsive
scizurc High fever, nuchal nigidity, and delinum are common The
ccrebrospinal fluid 1s turbid, the polymorphonuclear cdJl count 1s high,
and fresh smears at umes reveal the presence of the infccuve organisms

Meningitis may occur as a late complication of a tumporal bone frac-
turc or a fracturc of the anterior fossa involving the cribriform plate,
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Fig 65 Ostcomyelitis of skull, subdural abscess, and brain abscess. (9) Osteo-
el of fronal bone and intracranial abscesses after blon en forehead 1n pres-
ence of sinusins suppuration of scalp and subcutaneous tssues draned in doctor s
office; pauent later ndmutted to bosputal with convulsions, right-sided paresss, and
aphasia about 85 cr. of pus esaped when dura was symproms recurred
R wu;).:] later and Jeft temporofroaat ‘mm;ldh.m was found eventual
cure followed ted drasmage and 1 von, (4) Osteomyehs of
seull afer [mn:fﬁaw o pralia ) ¢
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with the formation of a patent cramonasal fistula. Repeated attacks of
meningitis may occur 1n such cascs

Intracranial Abscess

A collection of purulent material or abscess may develop after head
injury of varying severity anywhere 1n the cranium: bencath or i the
scalp, extradurally, subdurally, in the brain, or 1n the ventricles.

Etiology

The most common causes are dircct extension of infection from an
untreated or incompletely debrided open skull fracture or wide spread
of infectious material by a penctrating object, particularly lngh- cloaity
misstles A retrograde thrombophlebitis and perivascularitis resulting
from a scalp and/or skull infection is another causc of intracranial sup-
puration Still another cause 1s the spread of 1nfection along preformed
pathways, such as the prolongation of the subarachnoid spaces about the
blood vessels and nerves, the internal ear, the internal acoustic meatus,
and the endolymphatic duct

Particularly 1n closed head injury, the possibility of blood-borne in-
fection lodging within the head and resulting 1n intracramal suppura-
tion should be kept in mind. Infection of the car after a head injury may
be followed by a temporal or cerebellar abscess as a result of extension
of the mfection through perivascular, pathways, retre v ade throm-

bophlebitis or through prcformcdw The " radonic
bram abscess results from the pa ¥ - - S “hery
to the lcft side of the heart the R the
cardiac chambers, so that infectis ) 0
the bramn without passing through

Foragn bod ﬂ Ided i the t
found to be & urulent ¢
around a ba - :‘ Hlade, and
wmor, m =+ years al

292



Complications of Head Injury

oot blow ta the frontal area, m the presence of active or quiescent
sinusis, may be the means of activaung the infection, with spread 1o
the bran and abscess formaton (Figs 664, 67) A decp cerebral contu-
<10n may become the site of a chronic brain abscess, the infection being

Fig 66. Brain abscers, ? Ten years after penctratng imury by thotgun in
back of head and neck («) lead pellers in nght cerebellar otu?l') ntermal hy
drocephalus and probable mass 1n fossa («'-a') perative rocntgeno-
gram and mass removed from left cercbellar lobe (a'~a*) (8) Roentgenograms
showing broken-off stiletto 1n left frontal bobe 2 weeks after imury for whach

¢ had been pven fintad treatment chewhere  pauent was admined o

wvith complaints of headachex, some p:pdlcdtmz. and cerchrospinal flud
pleocytoss exploration revealed large abscess around blade: abscets was excused
completely nte ngated with ptn in solution, wound clased without dramnage
penicillin l)nleacd twice, and wound healed by pnmary intenton. (Continned o
next pape
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with the formation of a patent cranionasal fistula Repeated attacks of
meningitis may occur 1n such cases

Intracranial Abscess

A collection of purulent material or abscess may develop after head
mjury of varying severity anywhere in the cranium. beneath or in the
scalp, extradurally, subdurally, in the brain, or 1n the ventricles.

Etology

The most common causes are direct extension of infection from an
untreated or incompletely debrided open skull fracture or wide spread
of infectious material by a penetrating object, particularly high-velocity
miussiles A retrograde thrombophlebitis and perivascularitis resulting
from a scalp and/or skull infection 1s another cause of intracranial sup-
puration Still another.cause is the spread of infection along preformed
pathways, such as the prolongation of the subarachnoid spaces about the
blood vessels and nerves, the internal ear, the internal acoustic meatus,
and the endolymphatic duct

Particularly 1n closed head injury, the possibility of blood-borne 1n-
fection lodging within the head and resulting 1n intracranial suppura-
tion should be kept 1n mind Infection of the ear after a head 1njury may
be followed by a temporal or cerebellar abscess as a result of extension
of the infection through perivascular pathways, retrograde throm-
bophlebitis or through preformed pathways The so-called paradoxic
brain abscess results from the passage of infection from the periphery
to the left side of the heart through congenital defects between the
cardiac chambers, so that infective material 1s transported directly into
the brain without passing through the pulmonary circulation

Foreign bodies embedded 1n the bramn substance have repeatedly been
found to be the focus of a purulent collection,* * for example, an abscess
around a broken-off knife blade, and a walled-off abscess, ssmulating a
tumor, 1n the cerebellum 11 years after a bullet mjury (Fig 665) A
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sminor blow to the frontal area, 1n the presence of active or quiescent
unusitis, may be the means of actvaung the infection, with spread to
the brmn and abscess formation (Figs. 664, 67) A decp cerebral contu

sion may become the site of a chromie brain abscess, the infection beng

Fig 66. Brawp asbscess, (d? Ten years after penetraung ayury by shotgun in
back of head and neck () lead pellets in right cerebellar fossa (¢') nternal hy
drocephalus and peohable maws or fosa (at-a’) tive roentgeno-
gram and mass removed from left corebellar lobe (2'~«') (#) Roentgenograms
showing brolenoff suletto 1 keft frontal Jober 1 weeks after 1gury for which
{;nnem had been preen firstasd treatment dsewhere, patent was admatted to

ostal with complaints of headaches, some papilledema, and cerebrospinal fud
pleocytous exploration revealed large abscess around blade: abscers was excised
completely ate srnpated with peascitln soluton, wound closed wthout dranage
penrcithin l)ﬂ)»cﬂ.td twace, and wound bealed by primary watention. (Contiaued ox
nexs page
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Fig 66 (continued). (B) Abscess after open depressed skull fracture, treated
elsewhere (a), preoperative roentgenogram and pneumoencephalograms (a'-a")
showed mass lesion 1n right occipital area, secondary debridement of old wound,
and removal of considerable necrotic cerebral tissue, purulent matter, and several
bone fragments, together with complete excision of 1nvolved area, local application
of penicillin, and closure of wound without drainage resulted 1n healing by pri-
mary 1ntention () Encapsulated abscess 3 months after blow 1n nght frontal
region (4?%), patient 1 year after excision of abscess (#7). and preoperative pneu-
mocencephalogram (%) showing mass 1n nght frontal lobe
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Fig 67  Osteomyehus of shull and bran abscess 2 months after incompiete de
t of mn;}:o\md shull fracture. (#'*) Pre 20d postoperative rocntgeno-

osteomyeliic bone excied (o'-4*) of abscess estab-
luhcd by area druved and Thorotragt inected o

preumoenee phalography
\(l:.U)zhze abwcess canty (#*o*) explorauon of area revealed 2 discrete abscesses
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caused by organisms arriving via the blood stream Any surgical pro-
cedures on the head may be followed by intracranial abscess formation,
although this 1s now a rare cause However, the antibiotics now in
common use occasionally suppress infection only temporarily, the in-
fection soon begins to progress, resulting 1n extensive suppuration
Postoperative appearance of the characteristic signs of intracranial sup-
puration should therefore arouse suspicion of its presence

Pathophysiology

The pathophysiologic features of an intracranial abscess after a closed
head injury are essentially the same as those of a nontraumatic abscess
As a rule, the abscess 1s walled off or encapsulated The subdural abscess
1s usually enveloped 1n a neomembrane, the extradural one walled off
by a neomembrane developed on the dura The neomembrane 1n sub-
dural abscess may closely resemble that of a chronic subdural hema-
toma, being thick on the side of the dura and thin on the arachnoid
side In the encapsulated brain abscess there 1s a suppurating center
surrounded by vascularized necrotic tissue, this in turn being bordered
by a zone of hyperemia and ghal fibrosts, and possibly a zone of glioss*

The abscess resulting from penetrating injuries, 1n which there 1
direct implantation of infectious material, or the cerebritis due to the
presence of a foreign body, organic material, or pulping of cerebral
tissue, 15 usually a nonencapsulated one, with extensive tissue necrosis.
This may also occur 1n acute abscess due to blood-borne 1nfection, a
spreading encephalitis, with necrotic cerebral tissue enclosed by a wall
of acutely inflamed tissue, may be found 1n such cases, and possibly
eventual perforation of the ventricular wall Traumatic extradural ab-
scess 15 usually associated with involvement of bone or osteomyelitis

Ventricular infection or ventricuhtis occurs occasionally, one ventricle
being more definitely involved than the others For nstance, a lateral
ventricle may be filled with turbid flurd due to the presence of pus, yet
the contralateral ventricle may have relatively clear fluid.
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Symptoms and Signs

In general, the diagnes:s of suppuration in the cramal cavity 18 based
on the presence of (1) inereasing drowsiness (2) localizing mgns
(3) Jow grade fever, (4) a pleocytons of the cerchrospial flurd Jugh
total protein content, and high pressure, (5) high leukocyte count
(6) clectroencephalographic evidence of focal mvohement and (7)
roenigenagraphic evidence of bone imvolvement There may be focal or
generalized convulaive seizures. A history of obius media may suggest
the possible ipsilateral nvolvement of the temporal lobe or the cere
bellum The varous dugnostuc techmcs (roentgenography, pneu
moencephalography ventriculography and angiography) may belp 10
establish the dragnosis by duisclosing possible causes for suppuration or
the site of the purulent collection, and the possible presence of mera
cerebral invols ement.

A subdural abscess 1 characterized by the precipitous onset of severe
headache, drowsiness, stupor, focal or generalized convulave seizures,
nuchal ngdity, hermparesss, and focal phenomena Papilledema and
signs of meningutis, and, of the lesion 15 on the left side, aphasia may
appear The abscess usually becomes manifest 6 to 10 days after onset
of the tllness leading to subdural suppuration, such as an upper respira-
tory mfection, sinustis, or an njury over a potentially or actually 1n-
fected area.

The diagnons of bran abseess 1 war mjunes 1s 1 some respects
casier than that of traumatc brmn abscess 1 avilian practce. Signs
of increasad ntracrantal pressure, a fungus cerchn, or the presence
of an ncompletely debrided wound 1 a pauent with a detenorating
state point to the possibility of 2 brain abscess or cerchnius The scalp
wound ndicates the prabable site of the ntracramial leston. Roent
genograms of the shull may disclose loss or damage of bone or the
presence of metal and bone fragments 1 the mussile s path
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We have had 11 cases of traumatic brain abscess 1n civilian practice,
and 33 of cerebral abscess and cerebritis complicating penetrating head
injury 1n war experience ‘The mortality 1n the latter was 27 per cent,
while among the civilian group, 2 of the 11 died Figures 65, 66, and 67
illustrate some of our civilian experience

Fat Embolism

Cerebral fat embolism as a complication of head 1njury more usually
occurs when long bone fracture 1s associated with the head injury *
The reported mortality rate from this complication ranges from 5
per cent® to 20 per cent **

Pathophysiology

The bone marrow 1s the probable source of the fat embol: It has
been shown that fat globules up to 12 » 1n diameter can pass through
the pulmonary capillaries,” that glass spheres considerably larger than
the diameter of the pulmonary capillaries pass through the pulmonary
vessels of the dog and rabbit,’® and that there are arteriovenous shunts
in the human lung many times the accepted diameter of capillares
which permit passage of glass spheres up to 500 © ** Since the diameter
of the cerebral capillary 1s 8 1 and of the arteriole 20 &, capillary and
precapillary obstruction by fat emboli seems a reasonable assumption

Fat 1n the form of tiny particles (chylomicrons) 1s normally present
in the blood, and 1s therefore assumed to be harmless It has recently
been suggested that fat emboli may be caused by a deranged relation
between the chylomicrons and the erythrocytes ' Another theory 1s
that fat emboli are caused by the stress of 1njury which results 1n m-
creased concentration of blood hpids and lipase and 1n the disturbed
balance of the formed blood elements”
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Pathology (Fig 68)

In some cases of cerebral petechue, mucroscopic exammnation of
cross sections reveals that the petechiac are thrombased capillares or
arteroles, with rings” of necrosis and erythrocytes.™ These petechiac
are more prominent 1n the white matter than in the gray In other

Fig 68, Fat embol. (A) Petechual hmonh:lgu (#") 1nvolving white matter

excdlumely fat globules (o t petech cale
saun. (Consraued on nﬁn page) ) wn emmters o 136 fev by Sudan I
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Fig. 68 (continued) (B) Grossly normal brain (a?), fat emboli (a*) revealed
on microscopic section,

cases, the brain may appear fairly normal on cross section, but the
presence of fat emboli and plugs of lipoid material can be demon-
strated with special stains.

Diagnosis
The signs and symptoms of fat embolism are referable to involve-
ment of the cardiorespiratory and cerebrovascular systems. Cough,
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fever chest discomfort, dyspnea, fall in blood pressure, cyanoss, and
pulmonary edema all point to the cardiorespiratory system. The cere
brovascular symptomatology ranges from headache and disarientation
to coma and death and ncludes ugns and symptoms suggesting intra
cranial hemarrhage, such as increasing loss of consaousness, convul-
nve seszures, and focal signs. Cutancous petechiac may appear, usually
on the chest, the extremities, and the conjunctivas. The number of
petechiae has no beaning on the prognosss. Fat droplets may be found
in the sputum, usually about 36 hours after onset of the embolsm ™
and i the unine 2 to 6 days after ijury™ However, fat has been
found 1n the lungs of both fasting and Iipemic ammal$™ and 10 the
sputum of patients with varous condittans ather than fat ebolism ¥
The unne to be examined should be obtaned by eatheterization and
with complete emptying of the bladder, nnce the fat may be on the
surface of the unnary flud and remasn n the bladder unless this 1
done.

Funduscopic cxamination occastonally reveals the presence of hemor
rhages and exudates, 1n the form of patchy, whinsh arcas ® = thus
1 a particularly important sign 1f repeated examunauons disclose the
disappearance of old arcas and the appearance of new ones’* Pa
piledema may be present.
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Chapter IX

POSTTRAUMATIC SEQUELAE

The sequelae of head injury may or may not be in direct propor-
tion to the severity of the oniginal trauma They range from death to
a wide variety of neurologic and psychologic deficits The cvolution
of the various signs and symptoms 1s described 1 Chapter V In the
usual deceleration injury, associated involvement of other organs and
structures 15 often possible, so that the patterns of sequelac, based
upon a combination of lesions, may be complicated

The pretraumatic personality of the individual 1s an extremcly mm-
portant factor in the posttraumatic picture A careful evaluation of
any case must 1nclude an apprasal of the patient’s pretraumatic state.
Feelings of spite and resentment, and the possibility of compensation,
also influence the posttraumatic picture

Death

Most deaths after acute head mjury occur within the first 24 hours
m both surgical and nonsurgical injurics despite ntensive hifesaving
cflorts
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When death owurs wathin a few minutes of head mjury, the cause
1s undoubtedly 1volvement of the bram stem centert. Death of a
patient comatose for several days after head yury 15 probably due
to bram stem damage as a result of herniaton of the hppocampal
gynus, or of hermation of the cercbellar tonsils at the foramen mag
num Such hernianons may be caused by cercbral edema or mass
lestons. Cerebral edema, associated with swelling of the centrum ovale
and the fiber tracts extending 1nto the brain stem, 15 frequently caused
by mass lessons compressing the bramn. In many cases, respiratory
paralysis occurs first, and 15 followed by vasomotor collapse.

The findings at autopsy of a senes of 151 cases of faral njury are
shown 1o Table 12

Akmetic Mutisni'

Modern methods of treatment have made possible the mantenance
of Iife 1n patients unconscious for prolonged penods. With proper
aare, some, particularly sn the younger age groups recover wathout any
resduals. In the older age groups, however, and especially in the pres-
ence of severe bram stem nvoliement the patient may continue m a
vegetative state for months and cventually die. Some of these patents
may appear conscrous without any ability to communicate or respond
mtelligently to sumul Early, there may be decerebrate states, after
several weeks, 2 more normal body tone and posture may return Dur
ing the past few years, ncuropathologic study of patients with this
chnrcal picture has revealed the presence of devastaung mvohement
of the greater portion of the cortex from causes other than trauma.
The chmcal meture of ahinetre mutsm may therefore be due to
cortieal nvalvement 1n certam cases. Strich ™ has reported extensive
mmolvement of the subcortical white matter 11 certain cases of head
mury with eventual death from intercurrent disease  the chimeal
preture included decerebrate states with akinetic mutism
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Table 12 Autopsy Findings m 151 Cases of Fatal Head Injury™

Data Numbcer of eases
Time of death
On hospital admission 61
Within 10 hours 29
Within 24 hours 12
Skull fracture
Single or multiple linear 83
Simple or open depressed 29
Extradural hematoma
Surgcal 11
Nonsurgical 4
Subdural hematoma
Surgical 22
Right side 15
Left side 7
Ipsilateral shull fracture 7
Contralateral shull fracture 8
No shull fracture 7
Nonsurgical 12
Right side 4
Left side 3
Bilateral 4
Skull fracture 11
Chronic 1
Subarachnoid hemorrhage 37
Intracerebral hematoma
Massive i
Petechial 7l
72

Cerebral contusions
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Spasticity, Parests, and Paralysis (Fig 69)

The degree and type of permanent disability vary with the sie
and seventy of the inury If the motor cortex 15 extensively damaged,
the contralateral paralysis of the upper extrermty may be permanent,
whereas the insnal paralysis of the lower extremity and possibly an
assoctated speech defect may eventually smprosve. Speech disturbances
resultng from lesions of the left side of the head may be severe to
begn with, but recovery from a traurnabe aphassa 13 fairly complete
113 many cases, unlthe the aphasa of cerebrovascular disease and brain
tumors.

Bilateral spasticities, decercbrate states, rgidintes, and choreform
movements occur i lesions of the bram stem and parucularly with
lessons of the superior cerebellar peduncle red nucles, and the cerebro-
spinal pathways. Bilateral cortical contusions and infarctions also may
result 1n bilateral spasticities. In such cases, an inability to swallow
and a nasal, pseudobulbar type of speech are common The former
may smprove rapidly, but the nasal speech may remain for many
years, Parhinsonian Jike tremors may occur in the paralyzed or paretic
extremuty of the older panente

The heriplegras and hemipareses caused by extradural or subdural
hematomas wsually disappear more or less completely after the clot
15 removed In an occasonal case, a static hermiplega or hemuparens
may be associated with contractures difficult to overcome

Psyehiatric and Mental Abnormalities

Dusturbances of behavior the psyche, and mentatron are common
with head mjury but 1n most cases they arc not of a permanent char
acter In evaluaung the psychuatric effects of a head nyury, the com
plete background of the patient—lus age constitutronal mahe-up,
work amd the site, ype and seventy of the mjury — must be care
fulls correlated Psychatric disturbances scem to be related to the
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diffuseness of the cercbral trauma, as mamfested by the length of
acute unconsciousness. Psychatic manfestations are less hikely to ocour
with open head njuries than with closed ones associated with pro-
longed perids of unconsaiousness In the latter case, cven younger
mdniduals may manifest profound and permanent detenoration.
Posttraumatic psychiatric abnormalities may be clasnfied as (1) severe
psychiatre dusturbances despite mimmal injury  (3) manic and con
fusonal states following a period of unconsciousness, (3) retrograde
amnesta, and ampesta for the peniod of severe mental disability  (4)
abnormal behavior due to sesere cercbral mjury  with lowered men
tatton, (5) munor psychopathic states, such as traumatic neuroses,
and (6) psychoses and psychoncuroses as 2 late sequel of head mjury

A severe psychiatric disturbance soon after a muwor head mjury 1s
probably due to the stress of the expersence on a person with a pre
traumatic neurotic potential When the abnormahty appears some
ume after the myury, there 15 a good hikelthood that the two are not
related

The duration and sevensty of mame and confusional states follow
g a period of unconsciousness depend on the nature and extent of
mjury  Disonentanon and confusion follow unconsciousness after
trauma, and last 1 or 2 days to severn! wecks Judging by the fact that
snjury of the medial aspect of the temporal Jobe i the course of ex
posing the arcle of Willis causes a confustonal and psychotic state
lastng for several days, 1t scems probable that contusions of the hmbic
lobe, the subfrontal areas, and the tp and medial aspect of the tem
pocal lobe (Fig 70) are a frequent cause of abnormal behavior 1
patients with head injunes.

With acute contusions of the temporal, frontal and hmbic lobes,
there may be disonentation and some degree of manu lasting several
weeks. In such cases, the temperature 15 shghtly clevated as a rule,
and the cercbrospinal flud 15 bloady Occasionaly, there may be um
hatesal or bilateral arcumoral twitching and undateral or bilateral
1achsonian scizures of the upper extremities.
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Fig. 70 Cercbral contusions resuling in scarring () Searred orbrtal surfaces of
frontal Jobes, partscularly night lobe, and sorne scarring of ripht temporal lobe, 20
years after acute head tnjury note “wormy™ appearance of base of frontal Jobe
(5) Changes at tips of both frontal lobes, some cerebral discoloration, and hydro-
cephalus ex vacuo, more pronounced on night side frontal lobe njury of long
standing (¢) Contusions and scarnng of left frontal lobe 3 areas of distinctly
dufferent ages of hemorrhage 1n 65 year old artenosclerostic woman dead after the
last of several falls oldest hemorrhage fills right lobe medually o mere recent one
m!;:h;t laterally, 2nd most recent one on superior and convex surfeces of hemi-
sp

Occastonally, psychotic behavior after a head njury without loss of
consciousness may be an indication of a hemuspheral or postertor fossa
hematoma. An outstanding and seemingly exaggerated symptom 1n
these patients 15 the associated presence of severe headaches.

Retrograde amnesia shnnks as the patient recovers from the jury,
and 1slands of memory may emerge 1n the course of recovery ™ The
presence or absence of residual defects 1n recalling events before the
Injury may be used to evaluate recovery Memory defects may be due
to intellectual Joss as a result of the trauma.®® Posttraumatic automa
tsm ranging from 2 to 10 days after a period of unconsciousness is
fairly common, The patient may respond and answer questions satis-
factonly, but after recovery have a complete amnesia for this period

The abnormal behavior of some patients after severe head inyury
may be related to 2 lowered mentation. Psgchiatric and psychologic
tests have shown that the level of mentation, thought content, ability
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to learn, and the amount of stored knowledge are definitely fower
than normal 1n such cases It 1s therefore a justified conclusion that
the anatomic cerebral connections are disrupted, resulting in less effec-
tive cerebral function The lower level of mentation may be a per-
manent sequel

Progressive mental deterioration after head injury 1s uncommon
When 1t does occur, it 1s undoubtedly the result of severe injury of
the central nervous system In such cases, the condition 1s apparently
one of lack of cerebration rather than a psychoneurosis or psychosis

In the aged, severe head injury may result 1n serious, persistent
mental deterioration, including confusion, disorientation, depression,
unrehiabihity, carelessness, or a total dementia Cerebrovascular discase
(Fig 70C) would seem to be a predisposing cause, particularly in those
with a history of stroke (see Fig 32)

Changes 1n personality traits after head injury have also been re-
ported * ' Personalty disorders which develop some time after head
injury may be due to chronic changes on the orbital surfaces of the
frontal or temporal lobes. In general, however, psychiatric abnormalitics
after head injury tend to improve with ume

Minor psychuatric abnormalities, such as the so-called traumatic neu-
roses, are common after head njury and can be explained on the basis
of fright, pain, and anxiety about oneself, the family, or onc’s posses-
sions In some cases, an inherent pretraumatic abnormality may be re-
sponsible for the nervous tension, headaches, and dizziness

The cause-and-effect relation of head injury to delayed psychoses and
neuroses 1s difficult to evaluate precisely If the history reveals a normal
intervening period, no cause-and-cffect relation exists

Postconcussion and Postsubconcussion
Syndromes

In our cyperience, both syndromes appear morc commonly 1
womcn, and both are unusual under the age of 20 The mam differ-
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ence between the two syndromes 1s the absence of unconsciousness 1m
meduately after trauma 1n the latter and 1ts presence n the former
The chneal features are headache, dizziness, fague, nenousness, 1n
somma personality disorders, and poor memory Some symptoms
are common complasnts of patients 1n both groups, others arc more or
less unusval. Headache 15 2 symptom an the vast majorsty, and in
about 5o per cent there 33 both headache and dizziness. Smaller num
bers complain of nervousness, faugue, memory difficulues, or of pamn
in the neck and head Dizziness in the absence of headache, feclings of
vertigo or rotation, and visual, heanng and olfactory disturbances are
noted by small numbers of panents, An analysis of our series of 200
cases of these syndromes 15 given sn Table 13

A clhronie subdural hematoma or hygroma may be found occasion
ally Only rarcly does the pneumoencephalogram suggest the presence
of cerebral atrophy The electroencephalogram 13 normal 1n about o
per cent of cases munor dysrhythmias may be found 1n the other 50
per cent. The skull roentgenograms are normal except for occasronal
skull fracture. Results of tests for labyrinthine dysfuncuon are usually
normal, even when these reveal that the labynnth s mactive, unt
taterally or bilaterally, the pasent may hase only shght or no com
plants referable to the labyrinthine mechanisms.

On the basss of observations of those with wide expenence with head
Injury patieny, it may be stated that (1) patents with major cerebral
damage from closed or open 1njunes or with hematomas seldom mant
fest chronsc headaches, dizziness, faugue, or nervousness, (z) subcon-
cussive or concusnve blows, with a short penod of unconscrousiness or
none whatever after smpact are the most hikely to produce aither of
the syndromes (3) the syndromes dexelop more commonly 1n tense
anxious patients than m those with a stable personality (4) compensa
tion consulerations play a role 1 the duration of the symptoms.

The postsubconcussion syndrore 15 probably the result of func
vonal and of organic cerchral dusturbance due to a subconcussive
mjury Minor brinses and petechiae 1n 1mportant areas (subfrontal
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TasLe 13 Data on 100 Cases Each of Postconcussion and
Postsubconcussion Synd)omes

Number of cave.

Data Postconcussion®  Postenbeoncussior®
Headache 81 9
Unilateral 14 15
With dizziness 43 40
With vertigo 4 7
Nech pains 13 14
Dizziness without headache 7 0
Verugo without headache 1 0
Electroencephalographic features?
Dysrhythmia grade 1 19 24
“ I 3 2
“ 1, wath delta waves
grade [ 0
Normal 35 37
Labyrinth funcuion testst
Normal results 9 27
In patients complatning of dizziness 7 16
Asymmetric or hyperactive results 5 5
In patients complaiming of dizziness 3 3

* Sen 66 male and 34 female, and 31 male and 69 female respectively
I Total of 57 and 64 patents, respectively, tested
¥ Total of 14 and 32 patients, respectively, tested

arca, imbic lobe, hypothalamus) may cause confusion, a dazed fecl-
g, and personality disorders despite the absence of any immediate
postiraumatic unconsciousncss The patient’s concern and ansicty no
doubt play an important role 1n the syndrome, but the psvehe and s
response to mpury are the basie factors Concern and anviety may be
followed by mmor symptoms, which m turn lcad to morc symptoms
as the somauc functions affect the psyche

A condiwon deseribed by Benon' in 1927 under the term “asthéne
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chromque posttraumatique” sesembles the syndromes under discus-
s1on here. He listed the symptoms as a feeling of weahness, fatigabshty,
depression, headaches, pasns 1n the imbs decreased desire to work, and
increased need for sleep

It has been aur expenence that 25 per cent of patents with this
syndrome recover completely within 1 month, and another 30 per cent
within 6 months. In 20 per cent improvement occurs within 1 year,
and 1n 10 per cent within 2 years. Complamts continue to be volced
after 2 years by 1 out of 10 patients, and a fow have permanent renduals,
such as anosmia or heanng defeens

Posttraumatic Epdlepsy (Figs 71-72)

Epilepsy as a sequel of crantocerchral trauma must be disttngunshed
from the generalized or focal convulsie serzures which occur in the
acute phase of severe head myury The location, seversty and type of
myury have considerable beaning both on the occurrence of epilepsy
and on sts inaidence, the latter being much higher when the mnjury 13
at or near the motor cortex In the Russell and Whitty” series, parsetal
Iobe snyuries represented 65 per cent of the tatal number of cases with
traumatic epilepsy

In closed head imunics, the inadence sn several senes has been re
ported as less than 5 per cent ' ™ ' 1 our expenience, 1t 15 even lower
~—lesa than 4 per cent. Open head injuries have a greater incdence of
epilepsy as a sequel between 15 and 22 per cent i enilian injures
(the hugher figure applymng to mpuries with dural penetranon), and
from 18.9 to 45 per cent and over 1n war snjunes. Not only dural pene
tration but intracranual inflammations and fections after head mjury
may be a factor in posttraumatic epilepsy In the Russell and Whatey
seniex, the general inadence of epilepsy 1h a 5 year period was 45 per
cent but in the cases with infection 1t was 54 per cent A summary of

data on 100 of our patents with posttraumatic epilepsy 15 gven m
Table 14
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Fig 71 (coanmued) (B) Posuraumanc epepsy dus o wmyury in infancy («)
Asymmetne development of shull. (4 Dilated fefr ventnidde and porencephalus.

{¢) Pottoperaure roentgenogram. (d-¢) Tough marachnordal scar (J) Appear
ance after sear exaston,

Pathophysiology and Pathology

There 15 general agreement that posttraumatic epilepsy has 1ts seat
1n the cercbral costex. Injury of the cerebral surface results in nevronal
destrusction and astrocytic and mesodermal proliferation The disap-
pearance of chgodendroghal cells 15 directly proportional to the neu
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Fig. 71 Posttraumatic epilepsy (A) First seizure 18 years after injury (a”)
Scar over site of open depressed fracture (a’-a’) Roentgenograms showing shull
defect and bone fragments (a') Excised cortical tissue, consisting of scar and sur-
rounding 7one (a°-a®) Before and after excision of scar ussue (a7) Electrocort-
cography (see Figure 72 for electrocorticogram).
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Fig 71 (oo d} (B) Postt epifepsy due to inpury 0 nfancy (4)
Asymmetne development of skull. {4) Dilated left ventricle and porencephalut.
(c) Postoperatve roentgenogram. (d-e) Tough puacachnodal scar (f) Appear
ance after war exasion,

Pahophysiology and Pathology

There 1s general agreement that posttraumatic epilepsy has its seat
1 the cerebral cortex. Injury of the cerebral surface results 1n nevronal
destruction and astrocytic and mesodermal probferanon. The dusap-
pearance of ohgodenddroghal cells 1s directly proportional to the neu
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WMW\

a' a?

Fig 72 Electrocorticograms of case described 1n Figure 71 (A), spthe discharges
in leads 1, 2, and 8 along inferior aspect of scar before excision (a’), these stopped
after excision, but new spihe discharges appeared on posterosuperior horder o
scar zone 1n leads 5 and 6 (&%)

ronal destruction In open head njuries with destruction of cerebral
tissue, an extenstve cortical scar eventually develops and adhesions form
between the dura and the scarred area The scar and its surrounding
tissue then has a dual blood supply, the dural side being supplied by the
external carotid artery, the pral side by the internal carotid This may be
of some significance in the production of epilepsy, since ncural vaso-
motor mechanisms are present 1n the distribution of the external carotid
artery and are apparently absent or mmimal m that of the mtcrnal
caroud If the blood supply of the injured area 1s completely destroyed,
cystic degencration 1nstead of cerebral scarring occurs
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Tawie 14 Dara on 100 Cases of Posttraumanc Epilepsy

Number of cases
Concusiron and
Skull subeoncnssron Muass
Dare Jracture® 00 frecinret lenonsy
Unconscrousness on ympact 26 27 3
QOnset of convulnons
0~ 3 months 12 16 2
~6 8 [ f
7~ 9 10 3
1324« 1o 5 2
35 yemx 4 2 —_
610 5 i 1
)-8 = 3 — —
Electroencephalogram
Delta waves grade 1 3 —
grade 11 2 2 2
grade T 3 - 3
Dysrhythoua grade 1 4 & -
grade 11 8 3 —
grede 1 7 5 1
Normal 9 [ 1

* Total, 5} cazes 42 male, 9 female. Simple and open hinear fractures, 12 dmple

depressed, 15 open depressed 24 Frontal 14 panetal 17 temporal 15 ocipital
3 froatal sinus area, 2

t Total 40 cases 32 male, 8 female
I Total 9 cases 8 male, | female, Subducal hemutoma 8 subdural abscess, 1

Contusions or hemorrhage deep within the brain may produce scars
without meningeal wvohiement or adhesions between the dura and
parachnaid and 10 such cases the averlying piarachnord may appear
grossly normal Esentually such lesions may bevomc cystre of they are
sufficientdy targe to begin wath

A meningocerebral scar 15 composed essentially of des stahized tissue,
® s sustounded by an mtermediate zone™ of dead or dying, eclls (Fig

319



the distribution of blood vessels 1n the three areas — scar. intermediate
zone, and normal tissue — differ markedly The scar itself has no or
practically no blood supply. The capillary network 1n the intermedate

73),and finally by normal tissue. The size of the capillary network and
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zone 15 small, and 15 esumated to be a fifteth of that m the normal
ussue. The epileptogenic focus (or focr) 15 m the intermedsate zone,
usually 1n juxtaposition to the scar, but 1n some cases as far as 3 cm
from the scar @ Focr may be found not only on the affected sde, but
on the opposite side as well.

Penfield and jasper' cxplain the late appearance of posttraumatic
epriepsy 1 many cases as the result of further tissue destruction by the
traction exerted by the scar on the mntermedute zone. The gradual de
struction of nerve cells s the zone, these authors suggest, may result
in a low threshold for the imtiation of a convulsive seizure. Another
theory 1s that 1njury of suppressor areas destroys nhibitory wnpulses,
thereby potentiating scizures

Study of cortical metabolism duning expenimental epilepuc saizures
{metrazol induced) has shown that there ss an increasc in the cerebral
content of lactc aad, m other words, an increased utilization of
oxygen adenonne triphosphate remains at a constant level, phospho-
creatine content decreases shightly * The potassium fevel 1s inereased
the blood of the longstudinal sinus, and the sodwm content of the
neurons 13 proportionately increased duning an epdeptic seizure* Ap-
parently the cercbral carbohydrate metabolism 1s adequately man-
tained dunng a seizure by an increase 1n blood flow and a somew hat
higher oxygen tension

Extensive cavitation may be present 1 the vicmty of the cerebral
scar, or a unilateral or bifateral ventricular enlargement. Evidence of
cortical atrophy 15 found 1n some cases. Porencephalic cysts are found
farly frequently In our seres of 100 cases of posttraumanic epilepsy,
39 were studied by pneumocncephalography the pathologic findings
were generalized cercbral atrophy 1n 6, porencephalic cysts 1n 4, and
unilateral ventricular enlargement sn 2 1a the remaming 27 the pneu
mocencephalograms were normal,

Microscopically, a scar wsually consists of ghal fibers (Fig 73) These
epdermal dernatives may grow m juxtaposron to the mesodermal
tssucs, such as the dura prarachnoid, and the blood vessels, and exten
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73),and finally by normal tissue The size of the capillary network and
the distribution of blood vessels 1n the three areas — scar, ntermediate
zone, and normal tissue — differ markedly The scar 1tself has no or
practically no blood supply. The capillary network in the intermediate
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Fig. 73 Pathology of posttraumatic epilepsy, microphotographs of scar uissu¢
(a) Vascularization of tissue, many blood vessels of external caroud artery dis-
tribution growing into bramn uissue, hematosylin—cosin stain (b) Preponderance
of astrocytes (right), such ghosis may simulate microscopic picture of glioma or
astrocytoma, ghal stain (¢) Mesothihal ussue, reticular stan (d) Swollen nene
fibers, Miller’s fibnllar stain.
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yone 1s small, and 15 esimated to be a fiftieth of that i the normal
ussue. The epileptagenic focus (or foa) 1s in the itermediate zone,
wsually 1n juxtaposition to the scar, but n some cases as far as 3 cm.
from the scar * Foci may be found not only on the affected side, but
on the opposite side as well

Penfield and Jasper' explain the late appearance of posttraumatic
eplepsy 1n many cases as the result of further tissue destrucnion by the
traction exerted by the scar on the intermediate zone. The gradual de
struction of nerve cells 10 the zone, these authors suggest, may result
1 2 low threshold for the initation of a convulsive serzure. Another
theory 15 that 1njury of suppressor areas destroys inhibitory 1impulses,
thereby potentiating seizures 7

Study of cortical metabolism duning expenmental epileptic se1zures
(metrazol induced) has shown that there 1s an increase in the cercbral
content of lachc aad, 1n other words, an increcased unhzanon of
otygen adenosine triphosphate remains at a canstant level, phaspho-
creatine content decreases shghtly * The potassium level 15 increased 1n
the blood of the longitudinal sinus, and the sodium content of the
neurons 15 proportionately increased during an epileptic sezure.® Ap-
parently, the cercbral carbohydrate metabolism 1s adequately main
taimed dunng a seizure by an increase 1n blood flow and a somewhat
higher oxygen tension

Extensive cavitation may be present 1n the viemty of the cercbral
scar or a unilateral or bilateral ventricular enlargement Evidence of
cortical atrophy 1s found 1n some cases. Porencephalic cysts are found
fawly frequently In our seres of 100 cases of posttraumanc cpilepsy,
39 were studied by pncumocncephalography the pathologic findings
were generahized cerebral atraphy 1n 6, porencephalic cysts 1n 4, and
unifateral ventricular enlargement 1n 2, 1n the remamng 27 the pneu-
moencephalograms were normal

Microscoprcally, a scar usually consists of ghal fibers (Fig 73) These
epudermal denvatves may grow in juxtapesiion to the mesodermal
assuer such as the dura, parachnoid, and the blood vessels, and exten
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stve adhesions may develop between membranes and the underlying
bramn Scarring 1s much more extensive when damaged cercbral ussue
has not been removed, and extensive scarring 1s the rule in the presence
of foreign bodies and organic matter, such as bone Large scars can also
result from cerebral contusions not associated with open wounds (sce
Fig 70), and their microscopic features are essentrally the same as
those of scars resulting from open wounds.

Clinical Features

Usually, the first sexzure occurs 3 to 18 months after mjury Walker®
15 of the opimion that 1n %5 per cent of those who eventually become
epileptic the first seizure occurs within 3 months of injury This has
not been our experience In our series (Table 14), 30 had their imtial
attack within 3 months, 15 within 6 months or less, 22 within 12 months
or less, 17 within 13 to 24 months of 1njury, and 16 after an interval of
3 to 18 years after trauma The interval between seizures ranges from
3 to 18 months in some cases, while in others a number of scizures
may occur 1n rapid succession, possibly triggered by alcohol, constipa-
tion, psychic factors, and the like, after which many months or ycars
may pass without a sexzure Only occasionally do seizures occur during
sleep

In many cases, the epilepsy 1s associated with focal signs and symp-
toms If the seizure 1s preceded by an aura, its motor or sensory manifes-
tations may 1ndicate the 1nvolved site. About 50 per cent of our cases
have an aura, 1n most of these it 1s either sensory or motor, 1n somc 1t
1s auditory, 1n a few visual and gastrointestinal In general, the seizures
are jacksonman or generahzed; an occasional patient has petit mal
seizures Diencephalic and psychomotor seizures are rare The jachso-
nian and petit mal serzures occur more frequently mn patients whose
epilepsy 1s incompletely controlled by anticonvulsant therapy Fre-
quently, these patients become sleepy after a seizure and, o undisturbed,
may remain asleep for 1 to 6 or 8 hours Todd’s paralysis occasionally

appears after a scizure
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Dugnosis

Electroencephalography may help to localize the epileptogenic focus
or for by the appearance of abnarmal waves 1n the vianity of a men
ingocerebral scar  Electroencephalography with metrazol acnation
(200 mg 1ntravenously} may help uncover localized abnormalities 1n a
little over half of the cases. Electrocorticography, which shows bursts of
spihy waves 1n the epileptogenic zone adpacent to the scar but none
from the scar 1tself may be of greater locahzing value such abnormal
ities were found 1n 14 of 39 cases of posttraumatre epilepsy ' Howerver,
since abnormal was s from the cortex may also be obtaned at some dis-
umnce from the scar™ an abnormal corticogram s perhaps not an
absolutely rehable localizing aid Cortical sumulation wath a sine wave
of 15 to 3 volts for § seconds durning electrocorticography produces
spihy waves for about 30 minutes. In sore patients, this may be asso-
aated with the occurrence of an aura or a seizure. In one reparted
series,™ about a third of the patients had no chnical symptoms of focal
abnormalines dunng cortical sumulaton, while the remainder had
focal symptoms, and several among them 2 generalized seizure, Most
of those without focal manifestations also did not have an aura

On the whole, the electroencephalographic abnormalities are not
pathognomonte of traumatic epilepsy It has been suggested that the
pattern of the EEG can foretel! an oncoming attack.' In our expens
ence and apparently 1 that of Withams* this has not proved to be
the case

Of the many abnormalities found 1n the pneumoencephalograms of
pasents with posttraumatic epilepsy, no one lesion s pathognomonie.
Scizares may or may fot oceur 1 the presesce of a porencephalic ey,
more common features are shght ventncular enlargement, or evrlence
of cartical atrophy or extensve cercbral destruction, as evidenced by
tocahizal ventncular enlargement It 1 noteworthy that the pneu-

macncephalograms of 27 of 39 patients so exanuned 10 our serres were
formal
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tion to the body, and 1ts prominence m comparison to the face The
frontal and parictal eminences are large and conspicuous The mfant
skull 15 a nonngid structure composed of looscly joined plates of
phable bone of uneven thickness attached to a rigid base and strength-
encd by the attachment of the dura mater and 1ts associated septums
The adjacent margins of the vault bones are separated by fontancls of
fibrous tissue continuous with the dura nternally and the pericramum
externally The posterior fontanel 1s closed by the sixth week, the an-
terior by the ninth to the sixteenth month The sutures are not closed
firmly unul the fourth year

At first the internal aspect of the skull 1s smooth and quite firmly
attached to the dura As the bone grows thicker, vascular channels and
indentations appear Thus, the grooves for the middle meningeal artery
and veins are absent in infants and are shallow 1n children

The frontal sinuses are practically absent at birth, while the cthmoid
and masillary sinuses are of fairly good size although they arc not
aerated The sphenoid sinus begins to form about the third year of hfe
as an evagination of the posterior superior portion of the nasal cavity
into the body of the sphenoid bone. The maxillary sinus 1s not fully
developed untl the age of %

The important structural characteristics of the infant head, comparcd
with that of the adult, are* () its elasticity and mobihty, which depund
on the degree of ossification of the cranial bones, (2) the shape of the
skull and the fact that the bones are not of uniform thickness and
strength, (3) the close attachment of dura to bone, the relationship of
the various septums to the brain, the absence of the menmmngeal grooves
or canals, and the presence of blood vessels 1n the dural scptums

Through the age of 18 months, the chest circumfcrence 1s about the
same as that of the head, although somewhat smaller at first and some-
what larger by the age of 18 months Postnatal growth of the shull
15 somewhat slower than that of the rest of the sheleton® Most of the
head’s growth occurs 1n the first 2 to 3 years of lif¢, then continues
slowly to the age of %, and accdlerates agan n adolescence The neural
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portion of the head ncreases fivefald 1 volume, the facial structure
about teelvefold between barth and matunsty, and the aanal capactty
from 400 ct. to 1,500 cC.

The curcumference of the skull at vanous nges 11 ™

Age months Male skall cm Feruale skall cm
Brth 353 347
6 440 429
1z 471 459
18 488 474
24 496 452
E 50.1 490
36 504 493

Mechamsms of Head Injury

Information on the stress patterns of trauma 1n the snfant head 1s
laching but ymportant differences from those i the adult head may
be assumed The infant shull being a pliable structure, can withstand 2
certatn amount of deformation without mjury of the intracramal con
tents. The elasucsty of the infantile cramal vaolt makes it possible for
much of the energy of an injuning object to be absarbed by local de
formanon so that little 15 transferred to the intracranaf contents. The
charactenstics of both stasc and dynamic loading 1o the snfant shull
are probably not the same as 1 the adule shull, and greater energy
would be required for senous injury The absence of buttresses and the
uncien ossification of the vault serve to explan why shull fractures m
the infant are often 1rregular infrequendy linear, and without predict
able pattern. A localized snjury frequently results 1n a “derby hat™ type
of depression The fragmentation of bone so charactenistic of depressed
fracturcs 1 the adult 15 largely prevented m the infant by the mem
branous character of the panetal areas m the infanule shull, With
areasing age the stress characenssties begin to approach thosc of the
adult, and after the age of 2 to 3 years Linear Fractures occur, the d
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rection apparently depending on the presence of the buttresses (Fig.
74) Posttraumatic unconsciousncss 1s probably less common 1n the in.
fant than in the adult because the energy of the blow s largely dis-
sipated in deforming the skull, little being transmitted intracramally to
involve the brain stem centers On the other hand, extensive cranial
deformation may tear the dura from the brain, with resultant hemor-
rhage and cerebral contusion,

al fracture n
ir old chald;
[ bone fracture

n 6 month old infant, cerebral compression by extradural hematoma.

Fig 74 Shull fractures m children and infants (o) P:\ncmzcmgnr :
4V, year old clhuld, note adult paern (&) Temporal tracture 30 8 y¢
impact area outhined by wire, note adult pattern (¢) Lincar pancta
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Trpury at birth may ocour as a result of the burth process wself, or
of other factors The utenne contractions, which force the fetal head
against the resisting birth canal, can compress the casily nelding fetal
shull when the head 15 engaged i the pelvis, the compression may act
1o shorten the long drameter of the head The forces of the birth
process can alo produce thearing and stretching

Dustortion of the bony structure of the head may stretch the dural
septums, such as the falx cerebr and the tentorum.™ If the distornon
15 secre, the tentanum ay be torn at ats junction with the falx Vens
1n this arez, including the great ven of Galen, may be disrupred, with
a rasulting hemorrhage. The free edge of the tentonum casly com
presses the brain stem with passible contusions, laceranons, and hemor
rhages. In a senies of 167 fetal deaths dunng labor, the tentorium was
torn 10 81 and an 5 of these the falx as well subdural hemoerhages,
varying from a fow drops to coprous extravasations, were present 11
allbut 6 cases the tributaries to the great vein of Galen secmed to be
the important source of the hemorrhaget.” Others believe that a more
common source of the bleeding 15 the vans to the sagutal snus,
dhsruption of which causes extensive unidateral or bilateral subdural
hemorrhages.

Instruments used i delvery are another source of cransal anjusy 10
the newborn. Improper apphication of forceps may cause ntracranial
hemorrhages and 1n some cases simple depressed fractures (derby hat
type) (Fig 75) Of 9 cases of such fractures in our experience, only 1
had 2 dural tear and intracranial damage was thight or nonexistent,

While 1njury of the pregnant woman at full term often poses a
medicolegal problem we have feund that such inyury hastens labor but
i most cases ddoes not harm the infant.

Burth Injury

Cranual trauma 10 the newborn 13 mewt frequently the resul of
mury duning the birth process. The trauma vanes from minor and
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chntcally msignificant to severe inolvement with permanent neure-
logic sequelac.

The importance of traumatc sntracsanial hemarrhage as a cause of
cerebral damage n the newborn has been emphasized repeatedly In
wfants dying at birth or withi the first 2 weeks, hemortrhages are
found 1n 2 large percentage, but only 1 33 per cent of them 1s the
hemorrhage severe enough to be the cause of the death ' As reported
1n the literature, the madence of intracranal hemorrhage 1 the stidt
born ranges between 13 and 69 per cent * Most commonly the hem-
orrhage 15 over the hemisphieral convexities 10 about half the cases, the
hemorrhage 15 unilateral, 1n the rematning half bilateral with that on
one side much larger than on the other Hemarrhages at the base of
the skull 1n the posterror fossa and about the upper end of the cervical
cord are found fairly often, particularly 1n the more seriously imured
wnfants,

Rlood 1n the cercbrospinal flurd was found i 6o of 473 newborn in
fants 1n one sty of consecutive births, only 26 of the 60 had clinscal
ngns of cerebral insolsement, and 12 of them died  postnatal hfe 1n the
rematning 34 was normal and vwithout obsrous chinical abnormatines.™

Extradura} hematoma i the newborn 15 a rare occurrence, but a few
such cases have been reparted = * ™ Almost always, the hematoma 1s
the result of 2 shull fracture and a torn blood vesscl Campbell and
Cohen® describe an example of an extradural hematoma due to a de
pressed fracture caused by forceps the mfant had a large clot over the
cercbellum as well as aver the ocaipital portion of the hemuphere on
one sude. Subdural hematoma usually bnlateral, on the other hand 1
fawdy common ' ™ ™ % In many infants with shull distoron the
hemorrhages are small and some of these hemorrhages may be asymp-
tomatrc. But when the distortion cawses tears of dural sinuses or the
great van of Galen the subdural hematoma may be large. The dis-
ruption of the last numed structure may cause extunane extravasatons
of blood over the brain stem and 1n the posterior fossa.

The malor congental ncurologic deficits are those of the mator
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system (spasticities and paralyses) and of mentation (varying degrecs
of mtellectual impairment) The rclative importance of birth injry,
asphyxia, anoxia, prematurity, and developmental factors 1 the eu-
ology of these deficits 15 difficult to establish According to Alpers.!
the role of anoxia has been overemphasized, and 1t would scem that
birth 1njury, 1n 1tsclf, 1s not the most important causc. For example, of
200 infants with bilateral spastic paralysss, only 15 per cent had been
delivered with abnormal labor, 33 per cent were premature, and 1 35
per cent the head was smaller than normal * In a scries of 100 cases
of mental deficiency that came to autopsy, birth mjury accounted for
30 to 35 per cent of the 1diot group, but only 8 per cent of the imbecile
group, and a stll lower percentage of the high-grade moron group®

The pathologic abnormalities which may be found n infants surviv-
ing ntracranial 1njury at birth include (r) cortical lesions eventually
leading to local or general atrophy or to cyst formation; (2) ventricular
distortions; (3) subdural hematoma, at imes, a cystic mass enclosed 1n
a fibrous covering between the dura and the arachnoid; (4) calaified
small hematomas, 1n later years identfiable on skull roentgenograms,”
(5) thackening of the arachnoid, with obliteration of the subarachnoid
spaces and 1n some cases an cxternal hydrocephalus, (6) porencephalc
cysts, sometimes communicating with the ventricle or subarachnoid
space, as a result of an intraccrcbral hematoma or infarction.

Motor and mtellcctual deficits in the newborn, as well as epilepsy,
may also be caused by symmetric atrophy of the henuspheres,” by lobar
agencsts, with sclerosis and microgvra,’ asphywa,”” and other lestons
which are difficult to 1dentify becausc of the presence of mined patho-
logic states

Penficdd and Jasper®? believe that the effects of childbirth may have a
bearing on the later appearance of epilepsy They suggest that cere
bral compression wath resultant sschemia, may njurce the medial aspect
of the temporal lobe near the uncus and the huppocampus by unilateral
or bilateral herniation against the incisural border(s). They also suggest
that cerebral 1schamia may lead to the development of microgy i dur-
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ing pregnancy In our opmon, agenetic mechanisms and congenutal
causes are more important 1n the causation of microgyna than localized
damage due to vuscular insufficiency Local areas of damage usually re
sult 1n eystc degeneration, whereas a mucrogyric area usually has the
cortical structural charactenmcs, although sclerosed and smaller than
normally We also feel that microgync arcas are probably developed
carly, abour the third or fourth month of gestauon.

Skull Fractures

Sumple hinear fractures may occur m infants and 1n children, and
the older the child the greater the lihelthood of adult fracture patterns
(F1g. 74) An ocupital bone fracture due to a fall upon the ocaput 15
ustally linear, extends to the foramen magnum, or lateral to i, and
appears 10 the mudhne or on ather aide of the foramen magnum. In
thus type of fracture, cercbral 1nvolvement 1s usually mild or absent.

Diastatic fractures are more common m iofants than i adults, and
the extennive and widened fracture hne may sinulare the bursting
type of adult fracture. Many of the dastatic fractures undoubtedly re
sult from the mcomplete calmficatron of the vault bones and therr lack
of uniform tenale strengeh. Usually, the patient s chimcal state 15 fess
severe than might be expected from the extent of the skull deforma
ton resuling 1n the fracture Apparently severe shull deformation fol
lowed by fracture can occur without obvious signs of tmolvement of
the intracrarual contents 1 the young child or mfant. Often, when
the patient 15 first examsned there 13 hutle evidence of serous injury,
only roentgenography reveals the fracture wdicanng that there must
have been 3 severe impact. Diastatic separanons of suture hnes, such
as the lambdad suture are important m the formation of extradural
hematoma.® Venous hemorrhage from an emssary vein or the fateral
s may cause formatron of a large hematoma

Simple depressed fractures are fairly common 1n infants and children
because thewe bones ase stll smembranous. In most, there 15 only shght
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or no associated damage to the intracranial contents. Dural laceration
may occur with diastatic as well as with comminutcd fractures. The
edges of the fractured bone may also shear the dura from the <huil
When the arachnoid s also torn, cercbrospinal fluid escapes through
the fracture nto the subaponeurotic areas, collects beneath the scalp,
and slowly increases in size When aspiration yiclds cerebrospinal flud
imnstead of the more usual thick, black, stagnant blood of a hematoma,
a spurious memingocele (Fig 76) due to an arachnoidal tear is present.
In gencral, repeated aspiration 1s of little usc, and the wiser procedure

1s exposure of the dural and arachnoidal lacerations and closure by
water-tight suture.

-t T haal

- 1

~a

Fig. 76  Spurious meningocele after comminuted fracture, removal of bone frag-
ments and closure of dural defect with temporal fascia led to good recovery.

On palpation, a small hematoma bencath the scalp may simulate 2
depression in the skull In such cascs, roentgenography is important
establish the correct diagnosis

In the infant, the skull may grow normally after a derby-hat type
of depressed fracture has been clevated (Fig 77), or the injurcd bone
may be completely absorbed, with complete Iack of caleification in the
fracturc arca. No definite cause for the bone absorption has been found,
but in most cases the esplanation thar ~rachnoidal cysts crode the
margin of the fracture - Ala"y' ble one.
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Fig 77 Deprosmed skull fractures i newborn mfants after (orccrs dedwvery (o)
n

Before after and 4 years after elevauon of depressed bone. (8} Infat (see also
Figure "8g} wqh flame hemorthages in both retinas, sightly uacqual pupily, and
bilateral subsdural hematomas,
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Penetrating injurics, in view of the child’s propensity to play with
pomnted objects (sticks, penails, umbrella stays, knnves, sharp-cdged
toys), occur more often 1n the child than n the adult, war excepted
An apparently minor scalp wound may therefore be associated with
injury to the skull and 1ts contents A detailed, accurate history, roent-
genography, and exploration of the wound may be nccessary to de-
termine the extent of involvement We have scen cascs of penctrating
mjuries with cerebral mvolvement in which the first symptoms were
caused by increased imntracramal pressurc due to a brain abscess (Fig.
~78) 3 only by a postoperative reconstruction of the events was the s
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tory of the myury determuned The principles of treanng open head 1n-
jurtes 1n the child are the same as for the adult (see Chapter XIV)

Hematomas

Cephathematoma

Thus 13 a common finding 1 infants 1t usually occurs m the parietal
area, although we have also seen 1t 1n the frontal and ocapstal regrons.
1t 15 almost always unilateral, but occasionally may be bilateral Itisa
subperiosteal hemorrhage, so that its lateral extensions are controlled
by the atiachment of the perosteum to the connective tissue betwcen
the lamellas of bone and the mass 15 therefore localized to a single
lamello. It may be absorbed rather rapsdly, and disappear completely
1n the course of 2 to 3 months. In some cases, portions of the mass may
harden or even calesfy We have seen 1 case i which an extensive
osteomyelstis of the skull developed after attempts to evacuate the clot
with a synnge and a needle. A cephalhematoma should not be mus-
taken for a subaponeurotic hemorrhage of the scalp

Extradura] Hematoma

Extradural hematoma 1n the newborn has already been discussed
It 18 rare 1n nfants, and unusual 1n children. Of 13 cases 1n our expen-
ence under the age of 12, only 1 was in an fant below the age of 6
months. In a reported sencs of 30 cases under the age of 13, 15 were
wn children less than 2 years old *

The small, chinscally unimportant extradural hematomas which often
occur with depressed shull fractures and are usually due to bleeding
from diplorc and smaller dural vessels are not conudered true extra
dural hematomas 1 the sense 1n which the term 15 used 10 thys text.

Usually the hematoma 1v the result of a low veloaity deceleration
impact such as eccurs i falls to the sidewalk 1n bieycle aceidenty, or
m falls from a short dustance The following are examples of extradural
hematoma 1n young children
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Penetrating injuries, in view of the child’s propensity to play with
pomnted objects (sticks, pencils, umbrella stays, knives, sharp-edged
toys), occur more often 1n the child than in the adult, war excepted
An apparently minor scalp wound may therefore be associated with
injury to the skull and 1ts contents A detailed, accurate lustory, roent-
genography, and exploration of the wound may be necessary to de-
termine the extent of involvement We have seen cases of penetrating
mjuries with cerebral mvolvement in which the first symptoms were
caused by increased intracranial pressure due to a brain abscess (Fig.
=8) 3 only by a postoperative reconstruction of the events was the his-
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Fig. 78. Open, depressed skull fracture in left frontal area 1n adolesclcntg, sup-
puration over fracture area Pre- and postoperative rocntgcnograms (a’-a?, a*),
and stone (4°) which had remained embedded in skull for about 10 weehs.
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tory of the snjury detesmined The prinaiples of treating open head 1n
juries in the child are the same as for the adult (see Chapter XIV)

Hematomas
Cephalhematama

This 15 2 common Anding 10 mfants, 1t usually occurs 1n the panietal
area, although we have also seen 1t 1n the frontal and ocapital regions.
It 11 almost always unslateral, but cccasonally may be hlateral It s a
subperiosteal hemorrhage, so that its lateral extensions are controlled
by the attachment of the penosteurn to the connectve tissue between
the Jamellas of bone and the masy 15 therefore localized to a sngle
lamella It may be absorbed rather rapsdly, and disappear completcly
10 the course of 2 to 3 months. In some cases, partions of the mass may
harden or even calaafy We have scen 1 case 1n which an extenstve
astearnyelitis of the shull developed after attempts to evacuate the clot
with 2 synnge and a needle. A cephathematoma should not be mus-
when for a subaponeurotic hemorrhage of the scalp

Extradunal Hematoma

Extradural hematoma in the newborn has already been discussed,
Itu rare 10 infants, and unusual n children Of 13 cases 11 our expent
ence under the age of 12, only 1 was 10 an infant below the age of 6
months. In a reported senies of 30 cases under the age of 13, 15 were
1n chuldren Jess than 2 years old*

The smalt chnically unsmporiant extradural hematomas which often
occur with depressed skull frctures and are usually due to bleeding
from diplosc and smaller dural vessels are not conndered true extra
dural hematamas 1n the sense 1 which the term 13 used 10 this text,

Usually the hematoma s the result of a low veloaty deccleration
mpact such as occurs 1 falls to the sidevall 10 bicycle accudents, or

in falls from a short dustance The following are examples of extradural
hematoma 1n young childeen
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A 14 month old child fell a distance of 18 feet, 10 hours later the child
became unconscious, a left parietotemporal hematoma was removed and the
child recovered * A 13 month old child fell a distance of 4 feet, 2 hours later
the child became unconscious and twitching of the left side of the body —
face, arm, and leg — appeared, somewhat later, a left hemplegia became ap-
parent, with ocular deviation to the nght, a large parietotemporal hematoma
was removed ' A 314 year old child died 12 hours after falling off a swing,
at autopsy, a right middle meningeal hemorrhage and a shull fracture were
found '™ In our series, a 3% month old child fell out of the crib, 10 hours
later mcreasing stupor with weakness of the right half of the body developed,
the roentgenogram showed a diastatic fracture of the left parietal bone, an
extradural hematoma under the fracture site was removed and the child re-
covered

There may be an 1ninal period of unconsciousness, or the child may
be able to walk away from the scene of the accident, although mm a
somewhat dazed condition Within several hours, headache of increas-
ing severity develops, the child begins to vomut, becomes somewhat
somnolent and then stuporous, and eventually there 1s respiratory
arrest 1f the clot 1s not evacuated With progressing cerebral compres-
ston, cortical, cramal nerve, and brain stem manifestations usually
appear Convulsions are an early sign A dilated pupil, usually on the
ipsilateral side, may develop, with a contralateral hemiparesis or hemi-
plegia In theory, the cerebrospinal fluid should be clear, but 1n practice
1t 1s often bloody, the pressure may not be high, although in some cascs
1t 1s definitely above normal In the infant, the usual signs of com-
pression may be masked by a shockhke state, with weak and rapid
pulse, pallor, and a low temperature as a result of blood loss into the
extradural area '® Surgical evacuation must be attempted 1n such casts
to prevent the development of an irreversible statc terminating 1n
death

Extradural hematoma 1n children with diffuse cerebral damage may
present a diagnostic problem On admussion to the hospital , the
injured child may not have a lucid interval, and signs of deteriorauon
and cerebral compression may be present In the absence of a temporal
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bone fracture, a mass lesion can only be suspecied, and its type and
location only presumed The hematoma mav be extradural, subdural,
or 1ntracercbral Exploratory trephination may be necessary to estab-
lish the diagnosis, if time permuts, angography 1 older children may
be of diagnostic help

The skull roentgenograms may not show a fracture, or there may be
a duastatic Fracture, particularly of the lambdoid suture. Venous bleed
ng from emussary veins may result 1n a large extradural clot 1n the
nfant,® which 1s not the casc 1n adults

Subdural Hematoma

A subdural collection of blood, the hematoma or of cerebrospinal
flud the hygroma 1s more common 1n mfants than 1n children The
young 1nfant may tolerate a subdural collection better than an older
child or an adult because of the clasticity of his shull The infant may
appear hydrocephalic, but his general demeanor 1s nearer normal, he
responds better to his environment, and the head does not enlarge to
the extremes usual with hydrocephalus. Percussion of the shull may
give a “cracked pot resonance. A tight anterior fontanel 15 common.
Focal signs may be present. At imes the infant may be malnounshed
and there 15 a hustory of poor feeding and vomining

The causes of subdural hematoma 1n young infants are birth mjury
or injury 1 falls and velicular acaidents. Chronic subdural hematoma
has also been reported after surgical treatment of hydrocephalus.®

A ynvenile, relapsing type of chromc subdural hematoma (Fig 79)
has been deseribed 1n children who have recovered from a subdural
hematoma in infancy or early childhood.™ In such children, bony over
growths, connsting of an clevation of the sphenord ridge, supenar
orbutal plate, and the middle fossa, and a hypertrophy of the frontal
and ethmoid sinuses may be seen These overgrowths result from the
natural absorption of the clot, and a lower than norrnal pressure 1n the
area. If a second 1njury occurs, hemorrhage 1to the area of the first
clot wall produce severe signs and symptoms 1n such cases, the posa
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Fig 79 Subdural hematomas in infants (a) Burr openings and bilateral hqud
hematomas removed through them (see also Figure 776) (b) Subdural hema-
toma with membrane, (4?) n sitn, (6%) closure after ostcoplastic craniotomy,
(%%) membrane
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bility of a second hematoma should be considered when the shull
roentgenograms reveal unequal development. It 1s noteworthy that the
below normal pressure of cerebral ageneus does not cause hypertrophy,
in many such cases the shull beng smaller on the side of the agenesis
than on the other side.

Particularly 1n fants and young children, severe head injury with
development of subdural hematoma may affect the further develop-
ment of the cramal and intracramal structures. In the panent llus-
trated 1n Figure 80 an mjury at the age of 11 weeks had resulted 1n
bilateral subdural hematomas. After the hematomas were dramned,
pncumocncephalograms demonstrated considerable cerebral atrophy
The head developed asymmetrically, 2nd an internal hydrocephalus
and mental retardation were present Comvolutional markings in the
more posterior porhons of the head suggested the presence of localized
pressure in this area

The pathologic features of subdural hematoma in the mfant are
somewhat different from those 1n the adult. In a majonity the hema
tomnas are bilateral and are over the frontopanectotemporal regon In
some, they may also extend 1nto the occipital area, thus covering the
enure hemusphere. The consistency and color of the blood and its resid
uals are also not the same as 1n the adule, 10 the acute case, the hema
toma 1s fluxd and may be bright red, later the hematoma becomes
brownish or chocolate colored A mixture of clotted and liqud blood
may be found or the clot may be orgamized, or even calafied The
chronic hematoma may be completely hiquid, and enclosed 1n a mem
brane which 15 thicl on the dural tide, thin on the arachnoidal side. In
some, the contents may be xanthochromuc, or almost clear, but with a
high total protein content.

The hygroma (hydroma) 1s a collection of clear or xanthochromic
cercbrospinal fluid It may or may not be a residual of mnjury Collec
tons of cerebrospinal flnd whether xanthochromic, clear but wath
Increased protein content or normal may form i the subdural space
3 a result of abnormal cercbral development This condittion which
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Fig. 80. Bilateral subdural hematomas in infant, removed through trephine
opening, (a’-a?) 1 year later, poor physical and mental development, marhedly
enlarged ventricles and microcephaly of left side of shull; (a’-«%) pncumocn-
cephalograms 6 months apart; postoperative roentgenogram (a®) and 1 year later
(a"), showing definite change in shape of skull,
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has been describod as external hydrocephalus, may be mustakenly
diagnosed as the result of injury, mainly because the flud contams
blood or sts breahdown products.

Subdural tap through a 20 gage necdle 1n the Jateral angle of the
anterior fontanel may yield bloody or xanthochrome find Repeated
taps may be mdicated 1n the very il snfant. Later, burr openings
may be made for better dramage of the contents, if there 15 2 mem-
brane, an osteoplastic cranotomy 13 necessary, m order to remove as
much of the membrane as possible as well as the flnd contents,
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Chapter XI

HEAD INJURIES IN SPORTS

The nature of the sport usually determines the type of injury m-
curred Sports can be divided into two large categories those requiring
body contact, and those employing objects which serve as mussiles or
as striking objects Obviously, a few sports, for example, bascball or
hockey, fall into both categories The 1njuries 1n some sports, such as
automobile racing or hunting, differ so little from those caused by
automobile accidents or guns 1n the general population as to require
no special consideration The likelihood of head 1njury 1s much greater
1n certain sports than in others, these include boxing, baseball, golf, and
football, with boxing having the greatest incidence

Boxing

A study of the mortahty 1n boxing showed that 1 a 6 year pertod
(1946-1952) there were 88 deaths, 58 of professional boxers and 37 of
amateur boxers,’ the mortality rate, on the basis of an esumated 2,000
000 bouts, is 0004 per cent In New York State, there were 7 deaths
between the years 1946 and 1953, in New York City, 21 deaths in a 32
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year penod T 1 Detroit, 1 death 1n approximately 4oa bouts between
1949 and 1954

The mechanssms of head mjury n boang are farly complex. The
energy of blows delivered to the head may vary from 5.6 to 174 foot
pounds or more of hinetic encrgy light heavyweghts, using 8 ounce
gloves, average 174 foot pounds per punch, fiyweaghts (112 pounds ar
less), 56 foot pounds, heavyweights, unng 6 ounce championship
gloves, 26.2 foot pounds, and lightwesghts, 87 foot pounds®

From 750 to 1,700 blows may be admumstered 1n a fight gong to 10
rounds, most of them obviously, not delivered to the head Complete
or partial loss of consciousness may result not only from direct blows to
the head but also from blows injuring the nech structures, the carotid
sinuy, the chest, the heart, or the solar plexus. Among the causes of un
consciousness with direct head blows are

(¢) Injury of one or both labyrinths by a blow to the head or lower
yw involving the petrous bone, the resulting loss of equiliboum
resembles an unconscious or semiconsciots state. This may be a fre
quent cause of the Lnock-out 1n boxng according to Shermington ™

(2) Injury of the posterior hypothalamus or upper bramn stem,
ratlder 1njunies produce some dusturbance of the conscious state, with
sluggishness, grogginess, amnesa and weanness. The more serious
injunes cause unconsciousness lasting for hours or days beforc improve
ment occury, or the unconsciousness continues unai death The milder
blows may be consdered as subconcussise, the morc serious ones as
concussive, Cerebral contusions and petechial hemorrhages in thus area
are possible without shull fracture or other cerebral imjury *

(3) Imury to the brain as a result of a sudden rise 10 sntracramal
prassure due to the blow, mass movements of the intracranial contents,
and the effects of repeated blows to the bead, the imury may be mid
and rexensible, or sertous and arreversble, possibly ending 1n death.
There 1s expenmental evsdence that repeated minor blows to the head
€an cause extenstve 1njusy of the bramn and hemorrhages!® =12

Blows to the neck 1n the region of the caroud sinus may cause
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syncope, accompanied by pallor, weakness, and bradycardia Dilatauon
of the blood vessels, with a precipitous fall in blood pressure, may
occur 1n some, while 1n others there 1s a temporary cardiac arrest The
unconsciousness resulting from a carotid sinus reflex resembles that of
head 1njury

The solar plexus blow causes unconsciousness by deranging the vagal
tone of the body A paralysis of the vagal inlubitory actvity causes a
rapid heart beat and a rise m blood pressure, stimulation of vagal
activity, on the other hand, slows the heart rate, reduces the carchac out-
put, and decreases the blood pressure Intense stimulation may possibly
cause heart block, or cardiac arrest This type of 1njury may also cause
breathlessness or apnea The unconsciousness from a blow to the solar
plexus or the carotid stnus may result from vasomotor dysfuntion, with
a reduced oxygen supply to the brain, or from impulses extending into
the brain stem centers through vagal and glossopharyngeal connections
In most cases, however, the unconsciousness 1s probably of vascular
origin

Experimental studies on frogs,” rabbats,” and dogs® provide the basis
for the explanation of the effects of solar plexus blows or chest blows
in the region of the heart In the frog, repeated abdominal blows re-
sulted 1n stoppage of the heart 1n diastole, when the vagr were cut,
this did not occur In the rabbit and dog, repeated blows to the lower
Jeft chest wall caused a serious drop 1n blood pressure, and the ¢lectro-
cardiographic pattern became disorganized

An “exhaustion syndrome,”*® with a rise i the pulse rate, drowst-
ness, and finally circulatory collapse and coma, 15 a distinct possiblity
in boxing For at Jeast 6 hours before a fight, many boxers limut their
food and flnid 1ntake, others may become seriously dehydrated m ther
attempt to lower their weight to the proper figure for the final waigh-
in. The violent excrtions which then follow, under the heat of the ring
lights, and often at ngh temperatures and high humidity, may cause
a serious loss of sodium chloride from the blood, resulting m a dis-
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turbance of the conscrous state. In athers, the nise 1 body temperature
during a fight cannot be controlled m the normal manner by sweating
because of the dehydration o such cases, dysfunchion of the heat
regulating center may occur In onc championshup match this avn
drome was not recogmized by the expenenced seconds and tramners™

The asthémie chromgue posttranmatique which Boigey' mentions
1n s book on spart mjunes may possibly be related to the exhaustion
syndrome.

The aigns and 53 mptoms of head myury i boxing depend upon the
serrousness of the 1njury, and the resuliing pathology They include
(1) varying degrees of unconscousness (2 the mamfestations of 2
cransal hemorrhage — extradural or subdural hematoma, subarachnod
hemorrhage, or petechial brawn stem hemorrhages (see Chapter V), (3)
conjunctval satraocular or reunal hemorrhages, paralyses of extra
ocular muscles, difference i size of pupils (g) signs of increased mtra
eransal pressure.

Roentgenographie evidence of shull fracture 15 unusual except 1n
cases in which the boxer has fallen to the foor 1n extension A fracture
of the ocaaput or other area of the shull may occur as a result of second
ary deccleraton Blows to the jaw may fracture the temporal bone
the area of the condylond fossa particularly iof the temporal bone 1
thin (use of a mouthpicce now greatly mimimizes the chance of such
mnury)

Electroencephalographic abnormalities sn boxers have been reported
by some 1ns cstigators,” and denred by others.™ In our experience, there
may be no correlanon between the seventy of the mury and the
clectroencephalographic pattern soon after njury, but 10 serious Mury
definite abnormaliuies appear several hours or days later

Subdural hemorrhage or hematoma is the commonest cause of death
wn boxing In 21 deaths in New York City over a 132 year penod, sub-
dural hematomas were the cause of death 1n 15 death occurred within
40 hours yn 10, and 11 2 10 4 days 1n 5.7 Our only faral case was also due
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syncope. accompanied by pallor. weakness, and bradycardia Dilatation
of the blood vessels, with a precipitous fall in blood pressure, may
occur in some, while 1n others there 1s a temporary cardiac arrest, The
unconsciousness resulting from a carotid sinus reflex resembles that of
head 1nyury.

The solar plexus blow causes unconsciousness by deranging the vagal
tone of the body. A paralysis of the vagal inhibitory actuvity causcs a
rapid heart beat and a rise mn blood pressure; sumulation of vagal
activity, on the other hand, slows the heart rate, reduces the cardiac out-
put, and decreases the blood pressure Intense stmulation may possibly
cause heart block, or cardiac arrest This type of njury may also causc
breathlessness or apnea The unconsciousness from a blow to the solar
plexus or the carotid sinus may result from vasomotor dysfuntion, with
a reduced oxygen supply to the brain, or from impulses extending mnto
the brain stem centers through vagal and glossopharyngeal connections
In most cases. however, the unconsciousness 1s probably of vascular
origin

Experimental studies on frogs,® rabbits,* and dogs™ provide the basis
for the explanation of the effects of solar plexus blows or chest blowse
mn the region of the heart In the frog, repeated abdonumal blows re-
sulted 1n stoppage of the heart in diastole, when the vagt werc cut,
this did not occur In the rabbit and dog, repeated blows to the lower
left chest wall caused a serious drop 1n blood pressure, and the dectro-
cardiographic pattern became disorgamized

An “exhaustion syndrome,”'® with a risc i the pulse rate, drowsi-
ness, and finally circulatory collapse and coma, 1s a distinct possibility
in boxing For at least 6 hours before a fight, many boxers limit their
food and flurd intake, others may become serously dehydratad thur
attempt to lower their weight to the proper figure for the final wagh-
m The violent exertions which then follow. under the heat of the rng
hghts, and often at high temperatures and gh humidity, may cause
a serious loss of sodium chlonde from the blood, resultng m a dis
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turbance of the conscrous state. In others, the nise i body temperature
duning a fight cannot be controlled in the normal manner by sweaung
because of the debvdration 1n such cases, dysfunchon of the heat
regulating center may occur In one champronship match this syn
drome was not recogmized by the expenenced seconds and trasners.*

The asthéme chromque postranmatigue which Boigey' mentions
10 his book on sport 1njuries may possibly be related 1o the exhaustion
syndrome.

The signs and symptoms of head mjury m boxing depend upon the
seriousness of the wyury and the resulting pathology They nclude
(r) varying degrees of unconsciousness (2) the mamifestations of mtra
cramal hemorrhage — extradural or subdural hematoma, subarachnod
hemorrhage, or petechsal brasn stem hemorrhages (see Chapter V), (3}
comunctval, 1ntraocular, or retinal hemorrhages, paralyses of extra
ocular muscles, difference in s1ze of pupils, (¢) nigns of increased intra
cranial pressure.

Roentgenographic evidence of tkull fracture s unusual except n
cases 1n which the boxer has fallen to the floar 1n extension A fracture
of the occiput or other area of the skull may occur as a result of second-
ary deceleration Blows to the jaw may fracture the temporal bone
the area of the condyloid fossa particularly of the temporal bone 15
thin (use of 2 mouthpieee now greatly minymuzes the chance of such
1njury)

Electroencephalographic abnormalines n boxers have been reported
by some nvestigators? and dented by others.™ In our experience, there
may be no corrclanon between the seventy of the imury and the
clectroencephalographic pattern soon after 1njury, but 1n serious 1njury
defimte abnormalites appear several hours or days later

Subdural hemorrhage or hematoma 15 the commonest cause of death
i bosing In 21 deaths 1 New York City over a 32 year period, sub-
dural hematomas were the cause of death in 15 death occurred within
40 hours 1n y0, and 1n 3 t0 4 days 1 57 Our only fatal case was also due
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to a subdural collection with an extensive pontine hemorrhage; death
occurred 18 hours after injury. Another cause of death 1s petechial hem.
orrhages 1n the brain stem or clsewhere 1in the cerebral tissue

The term “punch drunk,” first used by Martland,'" 1s commonly ap-
plied to a late posttraumatic syndrome in boxers The condition s
characterized by mental deterioration, slurred speech, waddling ga,
and a parkinsoman tremor The cause has been ascribed to repeatud
cerebral injuries, and to petechial hemorrhages® ™ Definite pathologic
data and a careful clinical analysis of the syndrome are lacking.™ In the
2 cases of the syndrome 1n our experience, the pneumocncephalograms
revealed some evidence of cerebral or cerebellar atrophy. In the one
with cerebellar atrophy, an unsteady gait developed 22 years alter a
bout with Joe Louss, since he later showed improvement, it is possible
that Ins unsteadiness had a hysterical basts The second patient, who
had been 1n many fights and had been knocked out repeatedly, talhed
“as 1f he had pebbles 1n his mouth,” had generalized tremors, walked
with a shghtly unsteady and propulsive gait, and had a starmng e\
pression The pneumoencephalograms showed some generahized cert-
bral atrophy, and shight ventricular enlargement with some increase m
the size of the subarachnoid spaces In a report on 2 other cases of the
punch drunk syndrome, the pncumoenccphalogram showcd no ab-
normality 1n onc, and cerebral atrophy over the left frontal area 1 the
other*

Anosma, or loss of the sensc of smell, which according to Boigey!
is a common complaint of boxers, 1s not a featurc of boxing mjurics W
our cxperience

In cvaluating mental abnormalities 1 a boser, the possibihty that
they antedated the boxing injury mnstead of being caused by it must
be borne 1n mind His mental age, educational status, family Instory,
and psychatric disturbances must be considered 1n the diagnoss of the
punch drunk syndrome, as well as other inpuries or other organe
diseases which might cause the abnormahtics However, since mass
movement of intracramal contents, with resultant cerebral contusions,
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and hemorrhages do occur in boung and since such lesions may
cause mental abnormalities, 1t 18 possible that boung can cause mental
defects.

Other Sports

Scvere head njury 15 more frequent m bascball than i any other
sport except boxing The series of head 1njuries 1n sports 1n 2 32 year
period, collected by Gonzales,” gives 43 deaths from baseball 1njures, 6
from football, 3 from handball and squash, 2 from skung and 1 cach
from basketball and golf. Johansen," in a recent report, lists 31 cases
of head 1jury in skung 1n a 2 year penod In our expenience, there
have been 4 cases of severe head 1mury i golf, 1 of them bang faral

Head njury 1n baseball ranges from munor to severe (Fig 81) A
direct blaw by ball or bat, collision between players, or colliston with
an obstacle, are all sources of head iyury A well pitched ball, which
weighs about 6 cunces, may travel at a speed of 100 feet per second and
have an umpact energy of some 650 1nch pounds.

In golf (Fig 81), mjury 15 inflicted by a direct blow of golf ball or
club The ball may strike any part of the head, but the club njunes
are usually 1n the frontal area nd as a rule are incurred by caddies.

In hockey, a direct blow by a hockey stick, or falls and collisions, are
the usual causes of head 1njury, but most of the inuncs are not severe
In foatball, there may be a direct blow by a kick, or blows 1n falls and
collions. The latter are also the mam causes of 1njury 1n handball and
1quash

In most of the sports, acceleration and deccleration plays a role, de
pending on the primary cause and the violence of the sport.

Various types of shull fracture may occur 1n baseball and golf, 1n
cluding linear fractures and open or closed depressed fractures, which
may be of the “pond type. As with any head inyury, there may be
cerebral laceration or contuston and extradural or subdural hematoma
The subdural hematoma may occur 1n the absence of skull fracture,
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Tig 81 Head injuries n sports (a-#) Bascball injurics* depressed fractures
with fragmentaton ot bone (e=d) Golf njuries, open depressed fractures ot

frontal bone by golf club, in both cases, bane fragment was clevated and panents

recovered without deformity in forchead
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and skulf fracture 1 not necessanly accompanied by unconsaiousness.
Concussion rather than fracture may occur 1 golfing acadents In
the mmor baseball injuries, posttraumatic states may last for several
weeks,

Many of the football 1njuries, 1n our experience, are of the mld
concussine or subconcussive types the head 15 not a focus of purpose
ful myury, as st 15 1n boing and 15 reasonably well protected by the
helmet. In severe wnjury, there may be skull fracture, and extradural
or subdural hematoma with or without fracture. Most of the mjunes
sustained 1n hockey are facerations and contusions of the face and scalp

The pathologic changes the diagnostic methods, the symptoms and
signs, and the treatment of head wnjury 1n sports, ande from boxing
are no different from those of any other head njunes, and are de
scribed 1 detard 1 other chapters.
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Chapter XII

MEDICOLEGAL ASPECTS OF
HEAD INJURY

Physicrans are often called upon for court testimony as ordinary or
expert witnesses, particularly 1n cases invalving workmen s compensa-
ton. So far as the physienn 15 concerned, the legal aspects of head
imury are limited to 2 careful and comprehensive evaluanon of the
patient s complaints and dusabilstics, an accurate diagnoss, a determi
nation of the existing degree of disabihity, or a prognosis of st, and as
precuse and fair a presentation of the information as possible.

The evaluation of a head injury 1n a person 1nvolved 1n hingation
15 based on the physician s accurate observanons and well-documented
fatements. In giving his tesumony, he should have the confidence
annng from a thorough study of the patient, who 11 now the planuff
As 2 witnass, the physiaan needs only a rudumentary knowledge
of court procedure Particularly 1n compensation cases, the lawyers of
both e are interested primanly m the degree and permanence of
the disabality and the relanon bersween the events leading to the in-
Jury and the person s present state. The physican s statements about
the panients physical mental and psychologic disabiliies at the nme
¢ the medical examination may become part of the court record.
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The method of ehatng mformanon by cxamination, both by the
defendant’s and the planuff’s lawyers, often serves to confuce the
medical witness In giving his testimony, the physician can hest fulfill
his responsibihty by adhering strictly to the facts as he knows them:
by presenting them preascly, avoiding, at the same time. medieal
terms and complicated explanations which would be confusing: and
by maintaiming the demeanor of an impartial specalist

Evaluation of Disability

When a person submits to a medical examimation for an njury
which 1s 1n hugation, he waives the privilege of the confidential rela-
tion between patient and doctor which obtains ordinanly  Although
cthically the results of the examination mught be considered the o\
clustve property of the one who has employed the physician to carry
out th¢ examination, 1n practice the information also becomes avail-
able to the opposing attorney via legal channels

The progress of the lingation and the justice of the scttlement may
depend 10 a considerable degree upon the skill and thoroughness of
the medical cxamination, and the conclusions reached by the examiner.
The history of the acadent that has caused the injury should be re
corded 1 detail, and should mclude, sf possible, @ deseription of the
injuring object, 1ts specd or force, the haight from which the object
or the patient fell, and so on, all such data help to cstimate the po
tential of the mjuring force Time must be tahen to assess properhy
the disabihty suffered immediately after the injury and later, questions
about the time lost from work, the attempts to work, and the require-
ments of the job all provide perunent data The cvaluation of the
patient’s mental and psyvchologic charactenstics and s pretraumitic
background, revealed only as the patent tells the complete story, <ome-
tmes halungly, requires tume, but 1s important. Such a pasnstahing,
history may not be admuitted as testimony later, and objectons may he
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ransed that 1t 1s hearsay evidence or even grossly untrue It 1s valuable
to the medical examuner, however, since 1t helps lum to form an opin
1on about the 1njury and the resulung disabilities

The physical and neurologic examinations must be as thorough as
possible and performed with the paunent unclothed The scalp and
skull are scrutimized carefully, and any abnormahities noted The status
of the cramal nerve functions, the funds, the visual fields, motor power,
sensation, reflexes, coordination, speech, gait, mental and psychologic
reactions must all be tested, and the results recorded The vanous
diagnostic technics (pneumoencephalography, ventniculography, an
gography  electroencephalography, myelography) may have to be
used to armve at a correct evaluation of the clinical diagnosis. Evidence
of recent or old disease may be found, unreported 1n the history, which
may have a bearing on posttraumatic complaints, as, for example, a
complaint of disabling headache after a minor head 1njury by a hngant
who has hypertension The educational background should be noted
n cvery case, there are a surpnising number (native-born or alien)
who are still illtterate or nearly so, lacking any formal education The
examiner, since he 15 responsible for the chinical diagnosis must de
termine whether the claimant 13 smulating or exaggerating a dis-
ability whether he 1s malingening, hystenical, neurotic, or psychottc.
For example, in examimng for loss of heanng acwty, 1t should be
borne 1n mind that test responses are subjective, 1n the absence of
definite knowledge of the patient s preaccrdent hearing, however, the
loss must be presumed to be due to the acadent.

It may be necessary to call upon vanous specalists—in ophthal
mology, psychntry, otology internal medicine, endocrinology, roent
genography, orthopedics — to confirm or clanfy the diagnosis. In gen-
enal recommendations for such examinations should be mncluded 1n
the examiner s report Some attorneys prefer a report which contains
only the findings referable to the central nervous system, and that
9pnions about mental derangement be made by a psychiatrt, In any
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cvent. the report of the examination must deseribe, clearly and o
pletely, all objective chimical neurologic findings which are related 1o
the diagnosis and the disabihty

Disability

Medically, a disability 15 a physical or mental derangement of nor.
mal functuon Legally, disability 1s defined as an mabidity to perform
normal productive activity, or, “a state of being disabled from carnmg
full wages at the work mn which the employee was last subjccted to
the conditions resulung 1n disability ” “Pain and suffering™ arc impor-
tant 1ssues n cases other than workmen's compensation, and may be
compensable on the basis of sevenity and duration, in compensation
cases, this issue apparently docs not influence decisions, especially when
the claimant has been able to continue his work

Disability 1s classified as (r) temporary total, (2) temporary parttl,
(3) partial permanent, and (4) total permanent This 1s an accepred
classification, and 1s used as a basis for determining medical car and
settlements Certain 1njuries are held to result m total or parual dhs-
ability, and a schedule of compensation 15 part of most Workmen's
Compensation laws Michigan, for example, lists the following as total
and permanent disability. (1) total and permanent loss of the sight
of both cyes, (2) loss of both legs or both feet at or abose the ankle:
(3) loss of both arms or both hands at or above the wrist; (4) loss of
any two of the members or facultics enumcrated above; (5) perma
nent and complete paralysis of both legs, or both arms, or of 4 leg
and arm, (6) ncurable insanity or imbecthty A disabibity not falling '
into one of these categories 1s constdered a temporary total d:s:ﬂfﬂll? J
for a period of not more than 500 weeks from the date of i
Permanent and total disability, as defined, 1s conclusinely pro "
to continuc for 800 weeks from the date of the disabihity or the - &g

3‘ \ _‘i.-
: - 0 re-establishod 2o ¥
loss; of the capacity to carn wages has not been re- Lfg{f

end of 800 wecks. the clmmant can present his case to the W O, S

3600 :
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Compensation Commission and secure further benefits for an indefi
mite periodd up to the end of hus bife.

Most Workmen s Compensation laws speaify that reasonable med
1cal surgical, and hospital services and medicines be provided when
they are needed for a speafied ume, with additonal periods upon
apphcation to the Commussion. They also speafy that the employer
must supply appliances which may be necessary to cure or relieve the
effects of the injury, for example, heanng aids arnficial himbs, glasses,
arnificral eyes, teeth. The laws also provide for the reporting of an
acadent, how long after an acadent a claim for disability can be made,
and vanous other details.

A person claiming dusability may be requested by the employer or
the 1nsurance company to undergo a medical examination from time
to time, and has the nght to provide and pay for the presence of hus
own physician at the examinanon

The physicran examming a clamant should be famuhar with some
of the provisions of the Workmen s Compensation Law of hus state
regarding disabibity and compensation. A common example of the
type of case an examiner encounters 15 that of a worker who, after a
cranmal injury, msists that he 1s suffering from headache, dizziness,
fangue, and nervousness, and refuses to wark on a factory assembly
line, the physician must establish the validity of these symptoms,
ovaluate ther basis, and determine the prognoss He may also be
aalled upon to treat the patient and submit progress reports shich
may determine the contsnuance of compensation bencfits

The examiner may also have to determine the relation between pre
esuing occupational disease and disability or death as well as dis-
ability or death resulting from an accident to a worker with a discase
that 15 not occupational, such as a bran tumor A worker who has
A bram tumor may shp 1n the course of his work, and i falling
may strike Ius head a resulong hemorrhage 1nto the tumor may
e prolonged duability or even death. If the clinseal and pathologic
factors 1 this case are correctly and completcly reconstructed, and
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cvent, the report of the exammation must describe, clearly and com.

pletely, all objective chinical neurologic findings which are related 1o
the diagnosis and the disability

Disabilizy

Medically, a disability 15 a physical or mental derangement of nor-
mal function Legally, disability 1s defined as an mability to perform
normal productive activity, or, “a state of being disabled from carning
full wages at the work 1n which the employee was last subjected to
the conditions resulting 1n disability ” “Pain and suffering” are impor-
tant 1ssues in cases other than workmen’s compensation, and may bt
compensable on the basis of severity and duration, in compensation
cases, this 1ssue apparently does not influence decisions, especially when
the clazmant has been able to continue his work

Disability 15 classified as (1) temporary total, (2) temporary partial,
(3) partial permanent, and (4) total permanent This 1s an accepted
classification, and 1s used as a basis for determimng medical care and
settlements Certamn 1njuries are held to result 1n total or partial dis-
ability, and a schedule of compensation 1s part of most Workmen's
Compensation laws Michigan, for example, lists the following as total
and permanent disability. (7) total and permanent loss of the sight
of both eyes, (2) loss of both legs or both feet at or above the ankle,
(3) loss of both arms or both hands at or above the wrist, (4) loss of
any two of the members or faculties enumerated above, (5) perma-
nent and complete paralysis of both legs, or both arms, or of a leg
and arm, (6) incurable insanity or imbecility A disability not falling
nto one of these categories 15 considered a temporary total chisability
for a period of not more than 500 wecks from the date of injury
Permanent and total disability, as defincd, 1s conclusively presumed
to continue for 800 wecks from the date of the disability or the specific
loss, 1f the capacity to carn wages has not been re-established by 1]1’c
end of 800 weeks, the claimant can present hus case to the W orhmen’s
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Compensanion Corrmission and secure further bencfits for an indeh
nite perod, up o the end of s Life

Most Workmen s Compensation laws speaify that rcasonable med
ical, surgucal, and hospital services and medicines be provided when
they are needed for a speafied time, with addinonal periods upon
application to the Commussion They also speafy that the employer
must supply appliances which may be necessary to cure or relicve the
effects of the 1njury, for example, heanng aids, artficial limbs, glasses,
artifical eyes, teeth The laws also provide far the reporting of an
accident, how long after an acadent a claim for disability can be made,
and various other detals.

A person claiming disability may be requested by the employer or
the 1nsurance company to undergo a medical examination from time
to time, and has the night to provide and pay for the presence of hus
own physician at the examination.

The phynaian cxamining a ¢lmmant should be famihar with some
of the provisions of the Workmen s Compensation Law of his state
regarding disability and compensation A common example of the
type of case an examuner encounters 15 that of a worker who, after a
cranial injury 1nsists that he 1s suffering from headache, dizziness,
faugue, and nervousness, and refuses to work on a factory assembly
line the physiian must establish the validity of these symptoms,
cvaluate thewr basis, and determine the prognosis. He may also be
alled upon to treat the patient and submit progress reparts which
may determine the continuance of compensation benefits.

The examiner may also have to determine the relation betwcen pre
custing occupational disease and disabshity or death as well as dis-
ability or death resulting from an accident to a worker with a duscase
that 1 not accupational, such as a bram tumor A worker who has
2 bram twmor may ship 1n the course of his work, and in falling
may stnke his head a resulting hemorrhage o the tumor may
e prolonged disability or even death If the chimcal and pathologsc
factors m this case are correctly and completely reconstructed, and
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fairly presented, a just settlement 1s possible under the Workmen's
Compensation Law of many states

The provision 1n most compensation laws that a complication in
the course of a compensable 1njury or any added disability or death
becomes compensable includes any error or act of malpractice by the
physician treating the employee

In summary, the problem of determining the degree of disability
after head 1njury 1s more complex than after most other types of acci-
dent The compensations for some disabilities, for example, the loss
of a himb, a finger, or a toe, are specified 1n the law But a person who
has suffered a head injury may have incapacitating symptoms for a
long ume, despite the absence of objective neurologic deficits Head
mnjuries may cause psychiatric derangements which may be an aggra-
vation of a pre-existing neurosts On the other hand, total and perma-
nent disability resulting from the acadent may be unquestionable 1n
a severe head injury In open head 1njures, the possibility of post-
traumatic epilepsy, with the resulting jeopardy to the patient’s social
and economic status, must be taken into account 1 assessing disability

For the physician, the medicolegal aspects of a head njury arc well
worth bearing 1n mind not only when a case 1s 1n htigation, but from
the very beginning of an acaident, since any case may become the sub-
ject of liigation For this reason, the most detailed description of the
findings at the first examination may be very useful later

Examnation

Scalp

All scalp wounds must be carefully described Some patients arc first
scen 1 an admitting room after a scalp wound has becn sutured, but
in all cases 1t 1s advisable to note the type of wound found, personally
or by a member of the emergency staff This may provide valuable
information about the nature of the mjuring object, should the casc
come to litigation

302



Medicolegal Aspects of Head Inury

Skull

Just as the scalp wound may suggest the nature of the mjuring
obyect, the pattern of skull deformation and the resultant fracture may
give important information about the sie of impact.* However, n
certan cases, it may be difficult or 1mpossible to tell, except 1n a gen-
eral manner, the site or sites of impact which resulted 1n the fractures.

Intracranial Contents

An accurate evaluation and deseription of the dural and cercbral
juries are essential 1 all cases of open head injury Photographs
may later be valuable should nced anse to describe the extent of the
damage Any tissue removed at operation should be sent to the patho-
logic laboratory for study the pathologists finding that tusue has
been destroyed 15 undisputed evidence of intracransal mmjury Such
laboratory study may also help to esnmate the lnpse of time between
jury and operation, particularly in the case of chrome subdural
hematama. Microscopic study of fibroglal scars cystuc lestons arach
noidal proliferation, abscess wall or hematoma capsule may reveal the
approumate time 1t had tahen for the lesions to develop. While
extradural and subdural hematomas are frequently of traumatic orign,
a shull fracture may have been suffered when the patent fell as a
result of a sudden strohe the history the circumstances, a descrip-
ton of the fall, and the place where the patient was found may all
be important factors 1f an opinton has to be given about the case later
In some cascs, alcoholism musleading neurologic symptoms, or the
plantff’s advanced age obseure the possible presence of a traumanc m
tracranial hemorrhage. In such cases, a chronic subdural hematoma may
be found at autopsy and carcful imvestigation almost always leads to
the duscovery that 2 head njury had occurred several months before
the haspital admussion

Rupture of a saccular aneurysm or of a vascular malformation may
be assoaated with an acaident Stress and stran may affect such
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lesions, resulting 1n states ranging from mild complaints to suous
sequelac or death If prolonged disability occurs, the problem of com
pensation may arise, as 1n the case of a fireman who collapsed with
fatigue and headache after a long and uring tour of duty at a firc
He was able to go home, but 4 days later was admitted to the hospital
where he died shortly thereafter; autopsy revealed a ruptured con-
genital aneurysm It was contended successfully that his death was
the result of an acaident and that his family was enttled to benefits

Intracranial vascular lesions may become manifest some time after
a head 1njury — the so-called delayed traumatic cercbral hemorrhage.
The patient seems to recover from the head 1njury, then days or weeks
later succumbs to a cerebral hemorrhage associated with paralysis
The signs and symptoms simulate the hemorrhage of apoplevy or
stroke When such an intracerebral hemorrhage occurs soon after a
serious blow to the head, particularly 1n the old, the blow may well
be the provocative mechanism, but a lapse of more than 4 wecks and
minor head mnjury exclude the likelthood of this relation

Late Apoplexy

The so-called late apoplexy, characterized by the occurrence of
“apoplexy” several weeks after recovery from a head nyury, 1s usually
unrelated to the injury In many such cases the cause of the strohe 15
found to be thrombosis of a major blood vessel supplying the bram.
If the nterval between the head imjury and the thrombosis 1s several
weeks to 2 or 3 months, they are not related This 1s particularly truc
in those cases 1n which the head njury was munor and the paticnt
returned to work and continued at work for several weeks before the
sudden onset of paralysis

Such 1s not the case when the paralysts appears soon after 1njury,
and 15 due to thromboss of the 1nternal carotid artery or other major
vessel The probable cause s then a contusion of the vascular intuna
caused by hyperextension, by kinking, or by an actual blow to the
vessel by a fracture deformation.! * In these patients the thrombosts
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becomes complete within several hours or within 24 to 48 hours, and
focal signs usually become mamfest.

Occasionally, hemorrhage may result from rupture of blood vessels
running across a cystic area which 1s a resdual of an earlier injury
The cyst may contain clear or yellow flud and be crossed by bands of
nissue, some of them consisting of blood vessels. Rupture of these ves-
scls may produce the socalled late apoplexy We have seen such a
hemorrhage 1n a 16 year old patient with a porencephalic cyst due to
a birth wmjury

A vascular lesion which creates a communication between the carotid
artery and the cavernous sinus 15 usually of traumatic ongin In most
cases, the symptoms and signs develop rapidly and become evident
within hours to a few days, but 1 a few, 1n whom the arteriovenous
communication 1s small, several months may pass before the diagnous
13 finally made. During this peniod, the patient s only complaint may
be of a nowse 10 the head, 1n a routine examination, this symptom may
not be cvaluated properly

Delayed Inflammatory Complications

Inflammatory cerebral disease may occur some tme after a head 1n
jury and 1n some cases constitute a medicolegal problem Meninginis
may occur long after a fracture through the frontal sinus and cribn
form plate area, a fracture which may craate a cramonasal fistula, If
skull roentgenograms some time after the injury fail to reveal the frac
ture, which has healed 1n the mterval, or the pauent has not realized
that the flud draning 1nto his nose, throat, or ear 1s cerebrospinal
flud or +f the ijury had secrmngly been a mild one, the cause of the
meningitis may be hard or practcally impossible to establish correctly

So, 100, may the onset of a bramn abscess be both delayed and 1n
ndious, and not aly, ays associated with meningins. In some cases, the
chinical findings are more typical of a brain tumor, particularly when
the abscess has been present for wechs or months. But no matter how
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long after a head injury, an abscess may be the direct result of the
njury.

Another late complication of head injury 1s an osteomyeliss of the
skull A swollen area of scalp, which on exammaton 1s found to be
a collection of pus with destruction of the underlying bone, may have
been caused by an injury several weeks or months carlier; or, what
appears to be a mnor scalp laceration may heal satsfactorily, only to
begin draining many weeks later because of the underlying contamt-
nated material

All such cases may have medicolegal imphications Careful scrutiny
and study of the complete history of a case permut 1ts evaluation m a
manner fair to both plaintiff and defendant

Relation Between Head Injuwry and
Cerebral Discases

A head 1njury may be a factor 1 caustng or accelerating an ntra-
cranial disease process, particularly of brain tumors With the pos
sible exception of benign meningiomas,” which may occur at sites of
skull injury, brain tumors are not caused by trauma But mnjury may
aggravate the condition of a brain tumor The glioblastoma, because
of 1ts vascularity, bleeds easily, hemorrhage of a ghoblastoma may
occur spontaneously, or as a result of a head mjury A typical casc 18
that of a man well cnough to work who falls and strikes hus head He
may advance various reasons for his fall, often overlooking or ignor-
ing the bout of dizziness that caused him to lose his balance The
disabling, persistent headaches and the signs of scrious cerebral n-
volvement which cventually develop, leading to neurologic stucdics and
finally to operation, may then reveal the ghoblastoma, with evidence
of hemorrhage, or some other brain tumor In other cascs, the tumor
may have been present at the ume of a head imury without having
caused any symptoms If the head injury 1s severe, and assoctated with
increased ntracramal pressure and cercbral edema, st may have an
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adverse effect on the tumor, e entually, the presence of the tumor may
be suspected leading to operation and microscopic study to establish
its type In such cases, the relation benween the head snjury and the
accelerated development of the tumor may be satisfactortly established
10 court In stil other cases, the pauent returns to work after 2 head
imyury and performs satisfactanly for several weeks. Then he begins to
complain sncreasingly of symptoms referable to the head, and even-
tually 2 bratn tumor 15 diagnosed and its presence proved by operation.
It 15 unlihely 1n such a case that the head snjury was an aggravating
factor, particularly if the tumor 13 mahgnant. The course of the tumor
and the eventual death were not affected by the head wjury

Many other central nervous system discases may be ascribed to head
myury, but 1n our expenence no definite relation has ever been estab-
lished between such condstions and head wnjury

A thorough apprawsal of all the chmcal and pathologic elements 1
the individual case vsually enables the examuner to make an accurate,
fair estsmate of the causeand-effect relanon The pathologie features
found on operation or at autopsy are of the utmost importance. The
accuracy of the latter depend on the qualty of the coroners patho-
logic laboratory The nonpohncal medical examuners departments of
patholegy, which have replaced the outdated elective coroner system
m the Jarger aiies, have made many 1mportant contributions to the
racdicolegal aspects of head injunes Since 2 competent patholagst 1s
usually 2 member of the staff of most hosprtals of 150 beds or more,
many of the so-called coroner s cases may be exanuned by the pathol-
ogust when death occurs wn the hospital. The surest means of resolving
conflicting evidence sn medicolegal cases 18 by obtaming the closest
cooperaron of all medeal facthues — chimcal, surgical, and pathologc.
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Court Presentation

It 1s noteworthy that only 2 to 4 Workmen’s Compensation cascs out
of every 1oo require medical testimony beforc the Commusstoner or
lus deputy Usually, the cases are settled without a hearing, on the
basis of medical reports acceptable to both parties, as represented by
their attorneys

The presence of the medical examiner who carried out the examina-
tion at the request of the plantff’s or defendant’s attorncy may be
required at a hearing The subpoena requiring his attendance com-
monly allows arrangements to suit his convemence The fce for Ins
testimony as an expert vartes from $2500 to $100 00, depending on
the time 1nvolved, as well as on the community and the precedents sct

The clinical case report, copies of which are usually already in the
possession of both attorneys, 1s made available by the physician at
the hearing Although he may have had the report, an attorney mav
not understand clearly the relation between the content of the physi-
cian’s testimony and the arguments which he must use to win the
case It 1s often advisable, therefore, for the cxaminer to acquamt the
attorney, before the hearing opens, with the medical conclusions which
will i all hikelthood develop from his testumony This may avoul
embarrassment, particularly if the testimony hurts rather than helps
the attorney’s case, since the attorney may not have understood all the
details of the medical problem mvolved

The physician presents s testimony after bung sworn n by the
Commussioner and 1dentifying imself by name and as an expert by
virtue of his traiing and expertence The manner i which he gives
his tesimony can determine the efficiency and clarity of the hearing
Attorneys 1n court sometimes neglect the simple courtestes which they
would scrupulously observe everywhere ddsc This techmie may hurt
the pride or fechings of the medical witness during cross cxammation
by the opposing attorney. He can best protect himself by stating the
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facts as determined by his examunpauon i an unperturbed, objectine
raanner His answers must not be motwvatedd by anger flippancy or
duphaty Hs only funchon 15 to describe the pauents clinical state
and to present lus evaluation of the alleged amury i terms of the dis-
abahty which he found At times, a hypothetic question or problem 1s
advanced for his opsnion, such a question should be considered on sts
own ments, without regard to the case being trnied Equanimty i an
swering questions simply, concise statements, a basic understanding of
legal form and of attorneys methods and a broad knowledge of the
problem 1nvolved can turn a medicolegal hearing or tnal into an 1n
teresting rather than a dutressing experience for the phyncian
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Chapter X111

GENERAL CARE AND
THE MANAGEMENT OF
NONSURGICAL CONDITIONS

The conservative management of patients with craniocercbral trauma
1s determined by the degree of the injury With a minimal injury, the
patient 1s obscrved in the hospital for 2 or 3 days, thercafter, he 1s sun
from time to time, since a subdural hematoma or hygroma'® can de-
velop 1n some cases of minor 1njury

The patient with a moderately severe njury usually shows some
improvement 1n the course of several hours to several days Small scalp
lacerations are repaired, and the patient 15 then made comfortable
with mild sedation, and an 1ce bag applied to the head The bed
should be 1n a semi-Fowler position The pulse, blood pressure, res-
prration, and temperature should be checked at ntervals A careful
neurologic examination should be done while the patient 35 1 the hos
pital, and neurologic observation continued durmg the hospital stas
s0 as to detect the development of complications which might require
surgical intervention

Not manv patients with a serious head injury need immediate -
gical treatment, but all require personalized unremitting care This
is the first essenual, and there can be no doubt that such care, and a
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Fig 8. Oxygen admimstration in management of unconscious patients with
bead lm:l () Pauent 1n oxygen tent, an inadviable methed (4) Adminstra ™
uon by and patkent exposed to air for temperature contral second tube 1
pasttion, extending into stomach for feeding doser view of jar afd stand
mavenom feeding (1) (¢) Ad ation to trache { patient.
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trachcotomy when indicated, have been hifesaving 1n many cascs, avep
in seme near death on hospital admission The nursing must be matje
ulous and constant Frequent turning of the patient and bladder car
are important It 15 essential to keep the air passages clear and pateny,
and prevent the aspiration of vomitus by washing out the stomach if
necessary An adequate intake of food and flud should be assured. if
necessary by nasal catheter extending into the stomach (Fig 826).,

Respiratory embarrassment may be smproved by carcful and con-
tinuous suction of the upper respiratory passages But continued res-
prratory distress must be relieved by trachecotomy (Fig 82c-d), which
usually can be performed at the bedside

Technic of Tracheotomy® '* (Fig. 83)

In a thin, long-necked mdividual with a small thyrond gland.
trachestomy 15 a simple procedure, whereas 1n an obesc ndnidual
with a short thick neck, tracheotomy, or cven intubation, may be
difficult The scars of previous operations on the neck, such as sub-
total or total thyroidectomy, increase the difficulty of the procedure
and prolong the ume required to provide an adequate airway The
indications for trachcotomy are. labored breathing, cyanosis, a rising
temperature, a weak rapid pulse, and retraction of the ntercostal
muscles Before proceeding with a tracheotomy, however, the paticnt’s
chin should be clevated and the tongue pulled forward, to make sure
that this 15 not the cause of an obstructed airway A suction apparatus
should be at hand before starting the tracheotomy.

The head and neck should be extended over a rolled sheet or pillow
(Fig. 834), so as to obtain maximum exposure of the trachea and
bring 1t forward toward the neck surface The neck 1s made aspnc
with 1odme and alcohol, and sterle towds are placed about it A

N + BLels
transserse mnason 15 made from the mner border of onc sternoclado

H : . ! 5
mastoid muscle to the innar border of the other, about 1t} mnche

. 16
below the upper border of the thyrowd carttlage. The subtutantot
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Fig. 83 Technic of tracheotomy (a) Hyperextension of neck over pillose ()

pent anatomy of neck induding veins on both ndes of trachea in operative
2123, (¢} Traches grasped by 2 instruments and elenated shightly (#) Semcircular
or vetienl 1neision of second tracheal nng {e) Inseruon of tracheotomy tube. (f)
mnng of wound. () Trachcotomy tube 1 place with atsched tape ued around
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ussues can usually be spread with blunt scissors away from the mudhne
without mnjuning vascular channels The enveloping fascia of the neck
muscles is spht longitudinally 1in the midline, and the trachea is Jo-
cated and freed from the surrounding fascia with a hemostat and blunt
saissors (Fig 83¢) It 1s then grasped with double-toothed nstruments
(thumb forceps or hemostats) and elevated shightly while a scmicir-
cular or vertical incision 1s made with a sharp kmfe in its second
cartilaginous ring (Fig 83d), the masion should be large enough to
take the longest and largest tracheotomy tube or cannula n the set {or
adults With the forceps pulling the trachea toward the skin mcision,
the tracheotomy tube 1s mserted (Fig 83¢) Any mucus expelled dur-
ing the coughing spell precipitated by the nscrtion of the tube should
be promptly aspirated by suction, all secretions in the tracheobron-
chial tree are removed by suction through a soft, small rubber catheter
inserted through the tube down the trachea, care being taken that the
flow of air 1s not impeded The 1ncision 15 closed by a fuw subcuticular
silk sutures on ether side of the tube and one or two skin stitches
(Fig 83f) The tube 1s held 1n place by tying the attached tapes around
the neck (Fig 83g).

Some surgeons prefer the vertical masion (Fig 83d") becaust of
the shghter likelihood of tracheal stenosis with this incision The m-
asion should not be closed tightly, since cmphysema and pneumo-
thorax may occur if there 1s leakage around the loosely apphed tube
Decause of this possibility, some surgeons prefer not to suture the
wound When performing a tracheotomy 1n a child or an infant, i
should be kept in mind that the trachea 1s near the caroud artery el
jugular ven

Whatever the means, heeping the respiratory passages clear 15 ¢sen
morc esscntial than the admimstration of oxygen The tracheotomy
tube should be of the largest possible size so as not to diminish the
vital capacity, and 1t must be kept clear by continuous suction, Intrd:
tracheal intubation with a methyl methacrylae (Lucie, Plexigla<)
tube can be used 1n some cases, particularly for <hort pertods of a day
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or two Although such tubes have remained 1 the trachea for several
days without 1l effect, eroston of the tracheal wall 15 possible. A closed
tracheotomy method which may simplify the problem of performing
a tracheotomy 1n a desperately 1ll panent has recently been deseribed
by Shelden and co-workers **

It 15 important 1n these cases that the stomach contents be removed
by a Levine tube 1n order to prevent the aspiration of vomitus.

Oxygen Administraton

For the administration of oxygen (Fig 82) 1t 1s best not to use a
tent, the reasons beang (1) The tent may be construed as a form of
treatment by the attendants and the panent therefore be left unob-
served for too long an interval (2) Shects and blankets covening the
patient tend to heep his temperature up (3) A patient in a tent 1s
less accesnble for the necessary frequent clearing of the respiratory
passages. A better way to admunister oxygen 1s through a tube 1n the
postertor nasal pharynx, or, in the presence of a tracheotomy by means
of 2 small catheter extending toward the tracheotomy tube, a large
rubber tube should not be used for this purpose, since 1t reduces the
vital cpaaity

Temperature Control

A simple way to reduce body heat 1s to exposc large areas of the
body surface and thus 1ncrease evaporation. Ice bags sponge baths
and 1ce water enemas 1f the temperature 18 over 104 F, all help to con-
trol hugh temperatures Hypothermia has recently come nto use sn
cases of serious head injury This drastic decrease 1n temperature helps
to reduce metabokic requirements so that hypovc levels are better tol
aated by the panent. Hypothermia may be nduced by surrounding
the panient with ice filled plastic bags, or as suggested by Lewis and
assoctates,” by means of a cooling flud 1n a blanket covering the pa-
tent. Promazine (Sparine) 1n adequate dosage should be administered
dunng the hypothermic interval. A patient kept at hypothermic levels
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should be exammed frequentdy, to avoid overloohing the de Jopment
of a mass lesion, for which hypothermua is of no help

Hypothernic levels of 31 to 35 € have recently been used m thy
management of patients with signs of brain stem nvolvement In sony
patients the hypothernma not only helped to improve the gencral con
dition but also ehminated the frequent attacks of decerebrate rigidis
which occur with this type of injury Several mvestigators have re-
ported a definite improvement in the mortality rates of scvercly m.
jured patients when treated with hypothermia ™ ®

Food and Fluds

For intranasal fceding, 2,000 calories 1n 2,500 cc of fluid per day for
the adult and proportionately smaller amounts for the younger age
groups may be used Additional fluid, when nceded, may be admm-
wstered parenterally

Use of a solution which 1s more 1sotomc with the tissucs and the
intercellular Aluid than saline solution has recently been suggested, i
contains 25 per cent glucose and o 42 per cent sodium chlonde,! We
have had no experience with this solution, but it may be of value
in a patient with a profound 1mury. On the other hand, some studies
on nsing ntracramal pressure scem to mndhcate that pressurcs as high
as the dhastolic blood pressure do not necessarily affect vital or cercbral
' Dchydration, a method 1n common usc some 25 years
ago, 1s no longer advocated

functions.

Blood Chemusiry

Uninary excretion of sugar. sodium, potassium, chlorsdes, and nits
enous preducts, and the blood levels of urea nitrogen, <
tasstum. chlorides, and glucose, should be determned 4
remains unconscious for several days Metabolic distutkeg .
tral nervous system ongm, which may be more conu "
ally behieved, can thus be detected  Lowerdd sodinm
levels should be corrected gradually (over several days)
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admunsstration of adequate amounts of the electralytes m solution 1n
the form of saline soluton Hartmann s solution, or potassium chlonde
soluton, as may be indicated In the presence of hyperosmolanty,
the panent's renal function and his diet need careful evaluation, the
diet may be too high 1n protemn, resulung 1n deranged hidney func
won not anly for protein, but also for sodum. Decreasing the amount
of proten and increasing the carbohydrates and fat may correct the
hyperosmolanty 1 such a case. If, on the other hand, the condihon
15 caused by mvolvement of the hypothalamus or of the frontobasilar
portons of the brain, mercunial dwrenes and forced fluids arc indicated

A pauent with a head 1njury may have a renal shutdown as a result
of cxtensive injunes clsewhere 1n the body, the fluid ntake 1n such
cases should be restricted during the period of dysfunction

Convulsions

Convulsions 1n serious head 1njuries may, 1n some cases, be inated
by hypoxua. In such cases, relief of respiratory embarrassment by clear
ing the air passages by suction, by introducing an intratracheal tube,
or by tracheotomy, may help to control the seizures. Intensive medical
measures are also indicated 10 the presence of frequent sazures, if
anuconvulsant therapy 15 inadequate, as it may be, Pentothal must be
adminustered 1ntravenously untl the seizures stop Open ether anes-
thewa may be helpful Admumstration of oxygen during anesthesra
therapy 15 of value Anticonvulsants may be mndicated during the con
valescent perod of these patients.

Lambar Puncture

The therapeunic value of lumbar puncture to lower cerebraspinal
Buid pressure and to remove bloody flurd 1s questionable, although 1n
wme cases of localized cerebral edema decreasing the pressure by
this means may be beneficial Rarely, an aphasic patient recovers hus
speech and an unconscious panent improves immeduately after a lum
bar puncture, But sudden death especally 1n children, may also occur
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should be examined frequently, to avoid overlooking the development
of a mass lesion, for which hypothermia 1s of no help

Hypothermic levels of 31 to 35 C have recently been used 1n the
management of patients with signs of brain stem involvement In some
patients the hypothermia not only helped to improve the general con-
dition but also elimnated the frequent attacks of decerebrate nigidity
which occur with this type of injury Several investigators have re-
ported a definite improvement 1n the mortality rates of severely -
jured patients when treated with hypothermia ™

Food and Fluids

For intranasal feeding, 2,000 calories in 2,500 cc of fluid per day for
the adult and proportionately smaller amounts for the younger age
groups may be used Additional fluid, when needed, may be admin-
istered parenterally

Use of a solution which 1s more 1sotonic with the tissues and the
intercellular fliid than saline solution has recently been suggested, 1t
contains 25 per cent glucose and 042 per cent sodium chlornde’ We
have had no experience with this solution, but it may be of value
in a patient with a profound injury On the other hand, some studies
on rising intracranal pressure seem to 1ndicate that pressures as hgh
as the diastolic blood pressure do not necessarily affect vital or cerebral
functions > '* Dehydration, a method 1in common use some 25 years
ago, 1s no longer advocated

Blood Chemuisiry

Urinary excretion of sugar, sodium, potassium, chlorides, and nitrog-
enous products, and the blood levels of urea mitrogen, sodwm, po-
tassium, chlorides, and glucose, should be determmed 1f the patient
remains unconscious for several days Metabolic disturbances of cen-
tral nervous system origin, which may be more common than 1s usu-
ally believed, can thus be detected Lowered sodium or potassium
levels should be corrected gradually (over several days) by intravenous
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adminustration of adequate amounts of the electrolytes 1n solution, 1n
the form of saline solution, Hartmann s solution, or potassium chlorde
solubon, as may be tndicated In the presence of hyperosmolanty,
the patient’s renal function and his diet need careful cvaluation, the
diet may be too high 1n proten, resulung 1n deranged kidney func
ton not only for proten, but also for sodium. Decreasing the amount
of protemn and increasing the carbohydrates and fat may correct the
hyperosmolanty m such a case. If, on the other hand, the condinon
1s caused by 1nvolvement of the hypothalamus or of the frontobasilar
portions of the brain, mercunal diuretics and foreed fluids are indicated

A patient with a head injury may have a renal shutdown as a result
of extensive wnjunies clsewhere 1n the body, the flud mtake 1n such
cases should be restricted during the period of dysfunction.

Convulsions

Convulsions 1n senious head 1njunies may, 1n 2ome cases, be minated
by hypoxia. In such cases, rehef of respiratory embarrassment by clear
ing the air passages by suction, by introducing an intratracheal tube,
or by tracheotomy, may help to control the seizures. Intensive medscal
measures are also 1ndicated 1n the presence of frequent seizures, if
anticonvulsant therapy 1s 1nadequate, as 1t may be Pentothal must be
admumstered 1ntravenously untl the seizures stop Open ether anes-
thesia may be helpful. Admumstranon of oxygen dunng anesthesta
therapy 18 of value. Anticonvulsants may be indicated during the con
valescent penod of these patients

Lambar Puncrure

The therapeunc value of lumbar puncture to lower cercbrospinal
fhud pressure and to remove bloody fld 15 questionable, although 1n
Wome cases of localized cerebral edema decreasing the pressure by
s means may be beneficial Rarely, an aphasic pauent recovers his
fpeech and an unconscious pavent improves immedsately after a lum
bar puncture, But sudden death, especaally 1n children, may also occur
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immediately after the procedure Moreover, lumbar puncture may
upset the intracranial hydrodynamics and thereby cause increasc of 3
hemorrhage, or, in the presence of a hematoma, increase the risk of
incisural hermiation Extradural and subdural hematomas are there-
fore contraindications to the use of therapeutic lumbar puncture A
too radical lowering of the pressure by lumbar puncture 1s madvis-
able, a good rule 1s to bring the pressure down by 25 per cent, even
though this may still leave the pressure at a high level The limutations
of therapeutic lumbar puncture do not apply to 1ts use for diagnostic
purposes It may be used whenever necessary during the treatment of
a head njury, and should be used promptly if infection 1s suspected

Drug Therapy

A number of drugs, among them caffeine sodiobenzoate, atropine,
and cortisone, help to combat the effects of head injury Caffeinc
sodiobenzoate was first suggested for the relief of increased intra-
cramal pressure,” but there has been no wide acceptance of 1ts efficacy,
nor has 1ts value 1n reheving cerebral edema been defimtely proved.
Excellent results have been reported from the use of atropine, o1
grain every 6 hours for 2 or 3 days, 1 adults with severe, closed head

injuries M

However, we have not found this drug to be particu-
larly effective On the other hand, cortisone, starting with 100 g,
with decreasing doses, 3 times a day for 2 days, or predmsone (Mct-
corten), starting with 20 mg , with decreasing doses, 3 times a day for
3 to 5 days, has.given good results Some of our moribund patients
improved spectacularly, and patients unconscious for several days, but
without intracramal mass lesions, seemed to become ambulatory more
quickly than patients not given cortisone Possibly, the beneficial cffeet
of cortisone 1 head njury 1s merely 1its effect 1n overcoming the stress
of a serious injury and the concomitant pathologic process Whatever
the drug used, care must be taken not to depend on 1t to such an
extent as to cause the presence of a mass leston to be overlooked

The formerly used hypertonic solutions are no longer highly re-
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garded as 2 means of reducing intracranml pressure. Although they
do cause a drop n pressure and some umprovement n the patient s
condition, the effect 15 only temporary as the pressure rises again,
the patient once more becomes restless and stuporous. However, 150 to
300 cc. of a 30 per cent sucrose solution, which causes a sustained low
enng of the pressure, may be used in selected cases. Urea solution
intravenously or by stomach tube, has been reported to be of value
in controlling an increase 1n pressure, without evidence of a rebound
after the fall *

While proper care will reduce restlessness and thereby minimuze
the need for sedatives and narconics, some patients nevertheless need
sedation. Codeine and phenobarbital, by mouth or intramuscularly
are useful 1n most cases, unlike morphine they have no effect on the
consctous state or on the localizing signs of a dynamic lesion Mor
phine should not be given, except to a patent with a fracture of a
long bone 1n considerable pain and whase crantocerebral njury 1s muld
Morphine sulfate causes an unmistakable increase 1n cerebrospinal flnd
pressure in scvere 1mjury, but 1 moderate or minimal injunies no ad
vense affect has been noted *

Pitressinin-o1l, wtramuscularly or snuff prepared from the dried

posteror lobe of the pituitary may be used to combat the polyuria of
dubetes insipidus.

Treatment of Some Posttraumatic Conditions

Cerebrospinal Flud or Bloody Otorrhea and Rhinorrhea

A discharge of clear or bloody fluid from the car usually subsides
spontancously Only rarely 13 surgical interscntion required generally
1n cases in which there 15 a discharge of cerebral tissue as well as flud

Bleeding from the car stops spontancously 1n the course of 1 to 5
daps, a2 rule. A sems Fowler position so long as the patent remains
10 bed 15 advisable. The car should be thoroughly cleansed and fluffy
822 applied to the external car and held 1n place by a bandage.
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Aural bleeding 1s seldom severe, occasionally, however, hemorrhage
from a torn lateral sinus or carotid artery through the external ear may
be fatal 1f the source of the bleeding 1s not discovered quickly and the
bleeding stopped with dispatch Sulfonamide and antibiotic prophylavs
15 1ndicated 1n all cases of otorrhea For dosages, see below

Such prophylaxis should also be used 1n the presence of cerebro-
spinal fluid 1hm011 hea

Meningitis

The best treatment of posttraumatic meningitis 1s its prevention by
means of chemotherapeutic and antibiotic prophylactic therapy, 400,000
to 800,000 units of penicillin and 4 Gm of sulfisoxazole (Gantrisin)
daily, used routinely 1n open depressed fractures and 1n every case with
cramonasal or cramoaural (as indicated by rhinorrhea or otorrhea)
fistula, will prevent the occurrence of meningitis 1n most cases

Should meningitis occur despite such prophylaxs, the dosage of
penicillin 15 1ncreased to 10,000,000 to 15,000,000 URIts 1N aqueous solu-
tion 1intramuscularly, or 25,000,000 to 34,000,000 units 1 3,000 ¢€C of
5 per cent glucose solution intravenously, daily until the infection 1s
under control, and for 4 or 5 days longer Administration of 2 grans
of sulfadiazine per pound of body weight per day 1s also continued

As soon as the diagnosis 1s established, the invading orgamsm s
identified by smear and culture studies, and its drug sensiivity de-
termined. Therapy can then be altered as the results of these studics
become available Once the fever and leukocytosis have subsided,
the cerebrospinal fluid should contain few or no pus cells

The treatment just outlined resulted 1n cure 1n 7 of 8 recent cascs
of posttraumatic memngitis at the Grace Hospital and the Detrott
Recerving Hospital

Fat Embolism
Not all cases of fat embolism are critical and many may be treated
conservatively Supportive measures are of value. These include carcful
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posioning to provide a good arrway, and a tracheotomy, 1f necessary
Cardiac difficulties call for the proper therapy for thetr control, as do
convulsive seizures, 1n the latter case general anesthesia for the dura
tion of an attach may be used if the anticonvulsants are not effective.
If the focal signs scem to indicate a mass leson 1t 15 waser to assume
its possible presence and establish the diagnous by exploration than to
rely solely on conservative treatment.

Postconcnssion and Postsubconcussion Syndromes

The management of both syndromes includes reassurance, the use
of sedatives, early ambulation, and return to normal actvity Head
achas may be localized 1n contused and lacerated areas, local mfiltra-
tion of Xylocamne hydrochlonide may help some of the patients. Drugs
for the control of local or general headaches and dizzy spells, and
occaionally hypnoties for sleep, may be indicated Mamfest nterest
i the panent s problems helps to reassure him. Careful evaluation of
the disability by electroencephalography, and consultations with an
ophthalmologist and an otolaryngologist, may suggest more fruitful
treatment than continued mimimizing of the patients complaints. If
the results of all examinations are negative, the physictan may discuss
with the patient 1 a frank manner his problems and their evaluztion.

Workmen s Compensation or insurance considerations, or an 1nade
quate pretraumatic personality, may sometimes complicate the picture
and lengthen the penod of disabihty In such cases, carly settlement
may be medically valuable in helping to terminate most of the com
plunts. A well-orgamzed rehabilitation techmic 1s of great value n
reussuning the panent and 1n helping him to return to full activity

Whiphsh (Hyperextension, Hyperflexion) Injunies
Management of whiplash injures i governed by the type and sever
1ty of the njury For the wnjury consising of muscle and ligament

E“‘- temporary immobilization, mild heat, rassage, and analgesics
ce,
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Stretching and tearing injuries of muscles and ligaments probably
require closer observation, more ntensive care, and more potent anal-
gesia Temporary immobilization may be helpful, followed by gradu-
ally increasing halter neck traction Continuous halter traction 1 bed
may be beneficial in some cases Thus, carefully supervised by a physio-
therapist, may also help the patient with an intervertebral disk lesion
or cervical nerve injury Self-treatment may later be continued at home

Fractures and fracture dislocations of the cervical spine are treated
by conventional methods, including immobilization and the use of
skull tongs for traction, if indicated

“Cluropractic” manipulations of the neck should be avoided. Al
though such manipulations sometimes give immediate rehef, 1t 1s only
temporary and the pain soon returns They are a source of danger,
since they may damage an intervertebral disk, and sometimes causc
spinal cord 1njury
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Chapter XIV

SURGICAL MANAGEMENT
AND TECHNICS*®

About 12 per cent of patients with acute head njury need surgical
treatment An additional 5 to 8 per cent may need operative interven
tion for the diagnosis of posttraumatic complications or for the repar
of skull defects

The 1nterpretation of signs and symptoms as indications for possible
surgical 1ntervention must be cautious No routine decision 1s ade-
quate, and every case must be individually evaluated By repeated
assessment of the patient’s condition, one 1s usually able to decide about
the need for surgery within a reasonable ime Good surgical judg-
ment 1s only possible on the basis of constant observation of the pauent.

The time to operate 15 generally as soon as the patient’s conchtion
permuts Skull fractures necessitating intervention are treated 1imme-
diately if the patient 15 conscious and has a normal blood pressurc or
if hus condition 1s stable In the case of mass lesions, cxploration or
intervention 1s nstituted with or without preliminary diagnostic op-
erative procedures

General anesthesta with intratracheal mtubation, local ancsthesia in
some cases, and a combination of local anesthesia and Pentothal mtra-
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venously are used sn our chme Block anesthesia by infiliration of the
sspraorbital and supratrechlear nerves and the branches of the aunculo-
temporal nerve near the ear gives a large anesthetized area wvolung
the frontal and the antenor panctal regions For angiography and
ventniculography, local mnfiltrauion 1s preferable Blood and plasma are
wused as need arwses. The preparation of an wnfant or chuld for surgery
should include canpulation of a vein, so that a transfusion can be
mven without delay should it become necessary

Antibioties are routinely used m cases with open wounds of the
fead and also pastoperatively after exploratory surgery In the pres
ence of proved memnguts, effectrs e dosages of antibrote drugs are used
for 8 to 12 days, or as long as may be necessary to control the mnfec
ton, we have used as much as 5,000,000 1o 12,000,000 uhsts of penicithn
mtramuscularly, or 36,000,000 umts 1 3,000 cc. of 5 per cent glucose
mtravenously with 2 grains of sodum sulfadiazine per pound of body
weght per day As soon as the type of infection has been determmed
and the drug sensitivity of the organism(s) has been established the
proper medication 15 snstrtuted. Combrnations of sulfadiazine and drugs
of the tetracycline group, as well as penicathin, have been frequenty
wed. When drugs arc indicated for the prevention of infections,
1,000,000 utits of penucillm and 6 to 8 Gm of Gantrisin per day are
admimstered for 8 days, 1n the presence of persisung cercbrospinal
fusd rhinorrhes or otorchea therapy 15 continued until the comphea
ton 15 cleared up One should be ready to revise drug management
L any ume, as crcumstances and the patient s condition dictate.

Ponoperative Bleeding

Thus complicatson requires the carliest possible diagnoss and treat
ment. Early exploration may mimmuze the wrreparable damage due
1 uncal hernation and bramn stem compresson. Among the signs
and symptoms suggesting clot formation are increasing stupor and
focal phenomena not present carlier Third nene paralysis, with
Steasing hemuparests and untlateral pupilary dilatation mm 2 sem
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conscious patint who 1s becoming more stuporous, are important signs
The pulse ratc and blood pressure should be noted every 30 minutes
in the immediate postoperative period, they may suggest the prescnce
of a comphcation by revealing a bradycardia or a rise m blood pressure
in a patient who 1s growing more, rather than less, stuporous

Occasionally, a patient whose subdural hematoma has been satis-
factorily evacuated may relapse into increasing stupor Re-eaploration
at the site of the hematoma may be negative, but more posterior contra-
lateral exploration may reveal a posteriorly located hematoma pre-
viously missed

It 1s our practice to obtain a bilateral carotid anglogram before pro
ceeding with re-exploration 1n patients in whom postoperative blecding
1s suspected The angiogram may show the outlines of a umlateral or
bilateral collection of blood

Scalp Lacerations (Figs. 84-85)

Careful cleansing and debridement are essential for all scalp lacera-
tions from the simplest to the most severe, the degree of debridement
obviously being governed by the type and severity of the laceration
Closure 1s accomplished by sutures 1n 2 to 4 layers, depending on the
site of the laceration When 1t 1s over muscular tissue, as in the temple
area, a 4 layer closure 1s indicated (r) suture of the muscle, (2) suturc
of its overlying fascia, (3) suture of the subcutaneous tissue, and (4)
suture of the skin For a laceration over the vertex or the frontal area, a
2 layer closure usually suffices

Single Lacerations
Repair of a single laceration 1s accomplished by excisaing or freshen-
ing the edges of the cut with a sharp kmfe, and closing m 2 laycrs
The lacerations caused by low-velocizy mussiles are treated Ihe any
other simple scalp laceration Since the ussuc around the Jaceration 1
not extensively devitalized, 1t 15 sufficient to freshen the cdges by de-
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Fig % Reparr of scalp lacerations. {#-¢) Flap method of excmmng lacerated

scalp tosue in peoaiating njurics () Eaulsed scalp and nis reparr (g) Maduple

o, and therr repair (4) Lyasion for smple Jaesaton (1) kxasion for
heredocry penerating angury
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bridement, taking care to save as much of the scalp tissuc as possible
In penetrating injuries caused by high-velocity mussiles, considerable
uissue 1s devitalized about the wound of entry Wide debridement 1
therefore necessary, in order to excise all the devitalized tissue (Fig
842). If the laceration 1s extensive, necessitating still wider excision, the
flap method of repair 1s advisable (Fig 84a-¢) The scalp 15 mobihzed
by an appropriate pattern of mcsion (Fig 85a-b), care being taken to
save, so far as possible, the blood supply of the region Gaps in the shin
are repaired with split-thickness skin grafts, as are defects 1n the scalp
remaining after mobilization of the flap

Multiple Lacerations

Systematic excision of all the edges of the lacerations may ental con-
siderable loss of tissue and result in tight approximation The edges
should therefore be trimmed with great care, the wounds cleansed
meticulously, with soap and water, if necessary, before using an ant-
septic solution, and then closed 1n 2 layers If there 1s actual loss of
tissue, vartous types of incision patterns can be used to mobilize the scalp
1n order to cover the area of loss (Fig 84g).

Shearing Injunes

A portion of the scalp may be evulsed (Fig 84f"), or sheared off
completely The sheared off or evulsed portion 1s carcfully washed, re-
placed, and sutured 1n place (Fig 84f°) We have found 1n many such
cases that large portions of the evulsed scalp remained vital, even after
being used as a free graft

The bone under the lacerated scalp should be nspected by the gloved
finger for the presence of fracture, when the pericrapum is torn, the
skull surface may be visually inspected. In gencral, the pericrantum
should not be opened if 1t 1s 1ntact In all cases of scalp laccration, shull
roentgenography 1s essential, to determine the possible presence of frac-
tures underlying the laceration or m other parts of the head

When lacerations have not been repaired for several hours to days,
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Fig 85 Management of extensive loss of scalp. (a) Area of loss, linc of excusion,
TTRUT gap 10 posterior portion of shin fap repaired with sphitthickness skin
graft. (5) Repanr of scalp lass small defect 1n posterior portion of flap to be re
pared wath split-thickness shin %:nﬁ. (¢) Reparr of dural and scalp defects tem
m”d‘"ﬂ graft (¢!} dural graft covered with granulanon tisnue (¢*) removal of
BTt () and splt-thickness skin grafts for dural and scalp defects (e4—*)
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a primary debridement can be done successfully Often, a dedaved
primary debridement 1s successful, with the wound healing complercly
and by primary mntention This 1s particularly true if antibwotics and
sulfonamides are used before and during the management,

In severe head 1njury, the problem of scalp laceration 1s part of the
larger problem of management of the whole mjury When there are
underlying pathologic conditions, such as a comminuted fracture, de-
pression, or evident dural tear with brain ussue extruding through the
laceration, the skin Jaceration 1s repaired 1n the course of the repair of
the entire imjury. Under these aircumstances, if the patient s very sich.
a dressing 1s applied, and resuscitative measures are used until the
patient’s condition permits his being taken to the operating room

Linear Fractures (Fig. 86C)

Open hnear fractures are nspected for contamination and the pres-
ence of foreign matter between the edges of the fracture line 1f such
material 15 noted, the edges of the fracturc are exaised An mnitial opun-
ing 1s made with a burr and a bone rongeur 15 uscd for the cxasion If
the fracturc looks clean on gross mnspection, the wound may be closed
after thorough washing and dcbridement of the scalp laceration. In the
presence of lmear fracture by high-veloaty objects, exploratory tre-
phination to rule out an extradural or subdural hematoma has been

suggested by some 7 ™

Open Depressed Fractures (Figs. 86-87)

The rationale of management of open fractures includes the preven-

tion of infection, the removal of a comph » humatoma, and meas-
ures to mimm  ° ttraumatic sequ eratve rountgenog-
raphy, incluc opic roentgen “mportant, providing
a clue to the N magc and th 7 d location of bone
fragments Po nlgenograj “visable, confirming
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E‘,)% Mansgement of deprased fractures. (1) Sumple depressed fracmre.

\on e and postoperative roentgenograms of fracture in \eft frontal area dura

phm.;md o subdural aboormality circular button of booe removed with e

(o Ed:grnxd area dlevated bone button replaced, and wound dosed 1n layers,
result and type of incsion wsed. (Contraucd on next page )
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Fig 86 (continued). (B) Management of open depressed fracture ith evul

sion (a) Before and after repair of fracture caused by cranc hook, dura torm.
brun maccrated, after dural repair, bone fragments replaced and held 0 plm}:
with wire sutures (#) Tracturc with evulsion of frontal bone by automolnle ace

dent, frontal bone replaced and held 1n place (4%).
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Fig, 86 (contimued) (C) Open depressed fracture of nghi
ght panetotemporal
m (-) (-? Skull dcfact (a") Fragments of bone removed (a') Tantalum
) Open linear depressed fracture. (5°~4*) Edges excused because
Cunumjmmm_ (c) Bone fragments wath har removed 1n a case of open de
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I'g 87 Management of shull fractures (A4) Open, commnuted fracture of étfl
frontal area (a-b) Scalp laceration not 1n tmmediate vicinity of fracture (¢) Sne
of fracture exposed after excision of lacerated scalp, with cercbral ussue sisible
between bone fragments () Removal of hone fragments revealed 2 ctlcnltl\cl
dural tears (1 extending to roof of fractured frontal sius), and mﬂct:m:cd cere “\Jc
ussue, dural tears repured after caaision of macerated tissuc (¢) Iffdol}cg“m
rocntgenogram. (f) Wound closed i layers, without drmnage, skull dele
pured 6 months later by tantalum plate.
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Flg'm(” turied)  (B) M, gement of open dey d fracture 1 keft pan

?_ﬂtrnm[ region. (a) Injured area exposed. (6—) Bone fragments remaved (d)

o dura exaised, (e) Lacerated cercbral trssue exased by sucton. (f) Dural tear

Disey by fascual graft. (g) Dural laceration sutured atter debndement (4—)
wrams of depressed fracture, with and wathout dural penetration
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the removal of all bone fragments An open wound must be mspected
carefully; the character of the wound often suggests the most advisable
incision to be used so as to provide as much scalp tissue as possible for
good closure

The principles of managing an open depressed fracture are evem-
phified by the following steps for a fracture 1n the left pancto-
temporal area. (1) The area 1s exposed by a skin flap around the car or
by a curved 1ncision along the side of the head (dotted hine. Fig. 878, @)
(2) The fragments of the shattered outer and inner tables thus exposed
are carefully removed so as to avoid laceration of the underlying dura
(Fig 87B, b-c) (3) Removal of the bone fragments exposes the dura.
If a tear 1s found, the torn portion may have to be excised mn erer |
fashion (Fig 87B, d), and the defect repaired with a tansp’
temporal fascia or fascia lata (Fig 87B, f), or 1t may be pee
freshen the edges by careful debridement and suturc the e
87B, g) The cerebral surface under the lacerated dura n, 3‘;
spected; 1if laceration or pulping of brain tissue 15 fow L
or removal by suction of the pulped tussuc (Fig 878, c) + &%

s
care being taken to remove only the minmmum essentiaj + -
portant to the body economy ’ ,;g:

Complications such as tcars of dural sinuses or arterics, wit's
hemorrhage, fracture of the frontal or paranasal siuscs, aind h’

s

myury call for special technics i
In the young, and particularly 1n fants, a depressed fractiog
absence of a dural tear can often be managed by clevaung the (I"}AR
arca This 1s done by introducing an elevator through a small R,
or burr opening at the border of the depressed arca and ravstag
entire arca of depression (Fig. 864) %
Depressed Fractures of Frontal Sinus Area (Figs. 88-91) 7;:

Surgical treatment of an open depressed fracture of the frontal s
or of the regron around it should be undertaken as soon as the patient +

condition permits Carcful preoperative rocntgenography, induding
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Fg &3, Management of apen depressed fracture of frontal sinus area. ( 1) Pre
4d posaperative roent grams (&) note marked communution ot anteriar
24 posterer wrally of oatal siwus and appearance after remoral of bone frag
o a0 repur of dural teass skull defecs () repared 8 months later by one
Opetaostea) transplany

from outer skull table (o) (Comnmucd on ezt poge )
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the removal of all bone fragments An open wound must be 1nspected
carefully, the character of the wound often suggests the most advisable
incision to be used so as to provide as much scalp tissue as possible for
good closure

The principles of managing an open depressed fracture are exem-
plified by the following steps for a fracture in the left parieto-
temporal area (r) The area 15 exposed by a skin flap around the ear or
by a curved incision along the side of the head (dotted hine, Fig 878, 4)
(2) The fragments of the shattered outer and inner tables thus exposed
are carefully removed so as to avoid laceration of the underlying dura
(Fig 87B, 6-c) (3) Removal of the bone fragments exposes the dura
If a tear 1s found, the torn portion may have to be excised 1n circular
fashion (Fig 87B, d), and the defect repaired with a transplant of
temporal fascia or fascia lata (Fig 87B, f), or 1t may be possible to
freshen the edges by careful debridement and suture the tear (Fig
87B, g) The cerebral surface under the lacerated dura must be -
spected, 1f laceration or pulping of brain ussue 1s found, excision
or removal by suction of the pulped tissue (Fig 87B, ¢) 1s indicated,
care being taken to remove only the mimimum essential in areas 1m-
portant to the body economy

Complications such as tears of dural sinuses or arteries, with resultant
hemorrhage, fracture of the frontal or paranasal sinuses, and cerebral
mnjury call for special technics

In the young, and particularly 1n nfants, a depressed fracture 1n the
absence of a dural tear can often be managed by elevating the depressed
area This 15 done by mtroducing an elevator through a small trephine
or burr opening at the border of the depressed area and rasing the
entire area of depression (Fig 864)

Depressed Fractures of Frontal Sinus Area (Figs 88-91)

Surgical treatment of an open depressed fracture of the frontal sinus
or of the region around 1t should be undertaken as soon as the patient’s
condition permuts Careful preoperative roentgenography, including
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Fig. 88, Management of open depressed fracture of fronial sinus area. (A4) Pre
nd postoperative roent (a-b) note marked commnution of antervor
284 postenor walls of frontal tmus and appearance after removal of bone fizg
ments and repacr of dural tears tkull defect (¢} repaired 8 months fatet by oste
operiostcal transplant from outer shull table (¢~4) (Conmipucd on rext page)
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Fig 88 (continued) (B) Fracture and repair (a) with osteoperiosteal trans-
plant 1n patient with cerebrospinal flud thinorrhea and escape of brain tissuc from
right nostril (5) Repair of frontal sinus defect with whole-thichness shull trans-
plant obtained with trephine, trephined area repaired with tantalum (¢) Brain
abscess (visualized by Thorotrast), caused by patent crantonasal fistula, note com-

munication with frontal sinus.
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roentgenograms of the orbital and facal bones, 1s essenual for a proper
evaluation of the damage. The type of the incision 15 dictated by the
character and seventy of the fracture and the overlying laceration a
coronal incision, 2 curved 1nasion extending from the temple to the
muddle of the forehead, or an incision from ey~brow to eyebrow and
another extending from the eyebrow on the 1nvolved side to the mid
line and up the midline for 1 to 3 1nches, a reversed 7 or L inaston
(Fig 904 aand B 4) The masion should prowide adequate exposure
of the arca, If the laceration 13 extensive, 1t can be extended by an ap-
propriate tncimon and the depression explored through it. A low
lzceration can be extended as an incimon of onc or both eyebrows.
At a rule, the inasion should include the lacerated skin area, so that
the borders of the tear can be exaised completely
After exponng the area of depression (Fig 904 &), the communuted
preces of bone are removed from the outer wall of the frontal sinus
(Fig 904 ¢), the mucous membrane hining of the sinus 15 removed
completely and 1ts snner wall 13 carefully inspected If the posterior
wall shows fracture lines or depression (Fig 884 4), the preces of
bone are removed and the frontal lobe dura 15 cxposed Dural tears
(Fig. god de and B b) should be exposed sufficiently to permit
complete reparr, this will prevent the development of a cranionasal
fisula, The tears may be honizontal, vertical, or extend over the cribn
form plate, A tear extending posteriorly must be followed to 1ts end
2?‘1?]:11&”;::“0“ and inspection with a lighted retractor (Fig goB
g pownts are secured and coagulated, the dural edges
are sdentified and carefully dissected off the base of the skull, and the
odges of the tear are approumated with interrupted sk sutures.
Usally, a dural tear over the eribrform plate can be repaired well by
n extradural approach (Fig 9oB ¢) After repair of extensne tears,
suture with interrupted silk sutures, or by a fascial transplant of
fsaa laga, temporal fascia, or subcutaneous fascia from the scalp, the
3reamay be pached with 1odoform gauze or gauze soaked 1n metaphen
™ oil. The wound 15 closed completely, 6 to 8 days later the wound
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15 reopened and the gauze pack removed In most instances, however,
packing 1s not necessary

In some cases of severe depressed fracture of the frontal sinus neigh-
borhood, the area 15 exposed by a coronal incision which permuts the
turning of a bone flap, the flap should cross and pass the midline for a
distance of % to 1% inches (Fig goB, 4) If there 15 bleeding from the
sagittal sinus 1t 1s controlled by applying a pad of Gelfoam, a pad of
Cottonoid over 1it, and both held in place for several minutes, this
combined with suction will produce hemostasis Some of the Gelfoam
1s left 212 s12u at closure The tears in the dura are repaired (Fig. goB, a),
the dura 1s then opened, the dural flap being turned medially (Fig
9oB, b) Vens crossing the cerebral surface to the sagittal sinus may
have to be clipped or coagulated With a lighted retractor, the medial
aspect of the hemisphere 1s retracted gently to expose possible midline
dural tears more posteriorly

k3

Cerebrospinal Fluid Rhinorrhea® 1% 30, 31, 49,76

The indication for surgery 1n acute cerebrospinal fluid rhinorrhea 1s
usually the presence of a depressed fracture of the frontal sinus area,
with or without laceration of the forehead The technics for open de-
pressed fractures of this area have just been described In the absence of
laceration or depression, or even fracture, 1n the frontal or the paranasal
sinus regions, exploration of the anterior fossa may be indicated 1n
patients with persisting cerebrospinal fluid rhinorrhea

The approach 1s by the usual coronal or frontal inciston and an ade-
quate bone flap This procedure 1s also indicated for recurrent rht-

Fig 89 Management of depressed fractures of frontal sinus area (4) Fracturtf
complicated by chronic patent cranionasal fistula (a) After 4 attachs of mcnrl:d
gitis 1n patient with fistula and extensive paranasal imury, dusal defect repil; 3
by temporal fascia graft, no recurrence of meningitis (b) After 26 attacd :
meningitis 1n patient with patent cranionasal fistula, dural defect repaic (63’
approximating 1ts edges with silk sutures, no recurrence of milmnfgmsdural
Pneumocephalus due to patent cranonasal fistula which developed 2 tci' o
defect was packed with Oxycel left mm situ, fistula repaired by tempot'lz'g?)
graft, shull defect later repaired with tantalum (Continued on page U<
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Fig 89 (continued) (B) Fracture of frontal sinus and orbital areas (a’-a%)
Preoperative roentgenograms, patient desperately 11l on hospital admission but
conscious, severe pain in right forehead and bilateral papilledema, ncomplete
debridement at time of injury had resulted 1n chronic cerebrospinal flurd rhinor-
rhea, draiming sinus 1n nght eyebrow, and pneumocephalus (2*) Anglogram
showing brain abscess, all suppuration removed through trephine openings su-
periorly and posteriorly, after debridement and removal of necrouc dural and
cerebral tissue (a*-a%), penicilhin instilled 1nto abscess cavity twice.
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norrhea, 1n such cases, complicating infections (¢ g memngtis or brain
abscess) which may be present must be controlled before exploration
5 undertaken

Recurrent rhinorrhea 1s a clear indication of the presence of a crant-
onasal fistulz, and the surgical procedure to be used for 1ts ehmination 1s
dictated by the sze and location of the fistulous opening As a rule,
cerebral hermiation 1nto the bone defect has occurred through a dural
tear The more medial and posterior the site of the fistula, the more
dufficult 1t 15 to reach and close 1t.

We have found the following procedure to be effective (1) The
fistula 15 adequately exposed by means of a bifrontal bone flap, parnc
ularly of the cranionasal fistula 1s at the midline. (2) The fistula should
be exposed both extra and intradurally by thorough dissection of the
area and removal of the cerebral hermation, which has become sealed
off around and into the dural defect, reflection of the dura from the
ensta galh provides more adequate exposure 1 some cases. (3) The
site 15 1nspected for bone fragments, and they are removed (4) The
dural opening 13 closed by a graft of temporal or penicramal fascia or
fasaa lata sutured to the dura Other methods of closing the fistula,
suggested or used, are () by a reflected portion of the falx cercbn
(8) by an asteopeniosteal transplant from the tibia, (¢) by cautenzing
the fistula and plugging 1t with a muscle transplant, () by a fascia lata
transplant placed intradurally without suture In our expenience, suture
of a fascaal transplant 15 the safest method of repairing the dural defect,
1 few cages has 1t been impossible to suture the graft to the reflected
borders of the dural opening  Should we find this condinon, we
¥ould be inclined to artempr surure of the graft to the free edge of the
Iescr wing of the sphenord and to the reflected border of the dura more
anteriorly and medually unnl a good snug closure 1s obtamed (5)
Hemostatic materals (Gelfoam, Oxycel) are not relable substitutes for
3 snug closure by 2 fascaal graft, but a layer of such matenal may be
Placed between the dura and the base of the skull to good advantage
after the defect has been closed. (6) After dissection the bone defect
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Fig 90 Management of open depressed fracture of frontal sinus arca f(f)
Types of cision (a) (4) Exposure of depressed area (c) Removal of bone irag
ments (d-¢) Exposure and repair of dural tears.
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) (comtinsied) (B Coronal mcwon and bone flap, exponing dural tears
g::"d) (o) (8) Dural)ﬁzp turned medully exposing dural tear over eribr

%W reteactor over medual aspect of hemusphere, (¢) Repair of
Pesienor tear
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Fig 91. Management of patent cranionasal fistula (a) Bone flap crossing mid-
line, dura opened, veins from cerebral surface to sagittal sinus clipped and cut,
brain retracted, anterior fossa exposed (4—¢) Dura replaced over brain and arca
of defect exposed extradurally, dural defect freed from defect 1 shull base, with
care tahen not to tear dura further (d) Repair of defect with temporal fascia
graft introduced 1nto 1nterior of dural sac and sutured 1nto place,
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may be scaled with methyl methacrylae to msure a successful repair
of the fistula, The plastic, soft and phable before 1t sets, may be used to
plog the hole, 1t solidfies as 1t sets and 2 anug closure 15 obtaned We
have used this method 1n 2 cases with excellent results. (7) If a good
repar cannot be 2ccomplished at the first atempt, complete closure of
the fistula should be tried once more at a later date.

Penetrating Inpuries

The treatment of all penetraung tnjunies includes early, menculous
debrndement and excision of all devitalized or contamunated nissue
order to prevent infecton, treatment of a comphicating hematoma, and
reparr of the skull defect(s) The extent of debsidement, and the pro-
cedores for subsequent management and repair, arc goserned by the
s2c, 1ype, and veloaity of the mjuring object and the area injured With
Perktrating injunics, one must be ready at any morment (o revise treat
ment should the patient s condition change for the worse. After the
i3l treatment, such changes occur marmly from intracranial hem
orthage or infection Pre and postoperative rocntgenograms are man
dutory 1n every case of penctratng nyury Antibiotics (1,000,000 to
2000,000 unsts perucalliny and sulfonamides (8 Gm sulfathiazole or 4
Gm. Gantrisin) per day are admsmstered routinely 1n the absence of
frank mfectron. Larger dosages must be used if memngitis or bran
abncess 1 present, and the drug sensitvaty of the orgamism should be
sublshed Oceanonally, a contaminating arganism proves renstant to
routne antibtotsc therapy, the organism must then be cultured 1n order
tdennfy ot and thus establish 1ts sensivsty to other therapeutic agents.
Since World War 1, 1n which the gram negative argamsms, including
be Pruedomonay, caused such sertous complications, newer antibioncs
(Neomycan, streptomyein) parenterally have been found effecuve 1n
such infections,

Hdealy, al wounds should be debrided within 24 hours, but when

ihives for such surgery are not avaslable the debndement may be
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Fig 91 Management of patent cranonasal fistula (a) Bone flap crossing mid-
line, dura opened, veins from cerebral surface to saguttal sinus clipped and cuty
brain retracted, anterior fossa exposed (b-¢) Dura replaced over brain and area
of defect exposed extradurally, dural defect freed from defect 1n shull base, with
care tahen not to tear dura further (d) Repair of defect with temporal fascia
graft mtroduced 1nto 1nterior of dural sac and sutured 1nto place,
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may be sealed with methyl methacrylate to insure a successful repair
of the fistula. The plastic, soft and phable before st sets, may be used to
plug the hole, 1t solidifies as 1t sets and a snug closure 13 obtained We
have used this method 10 2 cases with excellent results. (7) If a good
repatr cannot be accomplished at the first attempt, complete closure of
the fisrula should be tned once more at a later date

Penetrating Inguries

The treatment of all penctrating njuries includes carly, menculous
debndement and exasion of all devitalized or contammated ussue 1n
order to prevent infection treatment of a complicaung hematoma and
repair of the skull defect(s) The extent of debridement, and the pro-
eeddures for subsequent management and repasr, are governed by the
sze, type, and velocuty of the injuring object and the area injured With
penctrating myunes, one must be ready at any moment to revise treat
ment should the panent s condiion change for the worse. After the
mitzal treatment, such changes occur mamnly from mtracranal hem
arthage or infecuon. Pre and postoperative roentgenograms are man
datory 1 cvery case of penetrating mpury  Anubiotics (1,000,000 to
000,000 umts pensaitin) and sulfonamides (8 Gm. sulfathiazole or 4
Gm. Gantnsin) per day are admunistered routmely in the absence of
{raak wfection. Larger dosages must be used 1f memngits or bram
abscens 13 present, and the drug sensitiity of the orgamism should be
cusbluhed Occassonally, 3 contammating orgamsm proves resistant to
Toutine antibione therapy, the organism must then be cultured in order
Wulentify 1t and thus estabhish ats sensiuvity to other therapeutic agents.
Since World War 11, in which the gram negative organusms, includimg
the Prucdomonas, caused such serious complications, newer antibiotics
(Neorayorn, streptomycin) parenterally have been found effective 1
*ch infectons,

p {deally all wounds should be debrided withw 24 hours, but when
adlmes for such surgery are not avarlable the debridement may be
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delayed In most cases, delayed primary debridement 1s attended by
primary healing, particularly if antibiotic and sulfonamide therapy
has been instituted When wounds are frankly infected, however, a
secondary debridement 1s necessary, since in such cases bone frag-
ments and foreign matter, accompanied by cerebritis or brain abscess,
are usually present

By Low-velocity Obyects

These are the injuries commonly seen 1n civihian hfe The object may
be a knife, an 1ce pick, any sort of sharp tool or object, or a low-velocity
mussile, such as a bullet from an air gun or a 22 short rifle Essenually,
the management of all these injuries 1s the same debridement, preven-
tion or cure of infection, management of complicating intracramal
hemorrhage, and repair

If there are no bone fragments 1n the brain, a patient with a low-
velocity penetrating 1njury 1s observed to establish the possible pres-
ence of intracranial infection or hemorrhage The site of the lacera-
tion provides a clue to the possibility of a tear 1n a major blood
vessel, 1f there 1s such a possibility, exploration should be undertaken
before there are signs of cerebral involvement If the foreign body 15
still 1n the cranial cavity, 1t should be removed if at all possible The
continued presence of the object may cause infection and/or abscess
formation

Among the more common low-velocity penetrating injuries arc
stiletto and knife wounds The end of the knife 1s frequently brohen
off, and if skull roentgenograms are not made the metal fragment may
be completely overlooked (sec Fig 664) The edges of the scalp lacera-
tion are excised and the skull 1s exposed, the edge of the metal may
then be seen If the metal 1s easily dislodged, 1t 1s removed, 1f not, a
button of bone surrounding the metal 1s sawed through and the foreign
body 1s excised The button of bone may be replaced before the scalp
wound 1s closed If there 1s undue bleeding after removal of a foreign
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body, a more extensive craniotomy may be necessary to sccure the
bleeding points.

A rare type of low velocity mnjury 1s penetration by an umbrella end
or 2 Jong stick through the nostrl and 1nto the basc of the brain After
removing such a foreign body, exploration may be indicated for mas-
nve intracranial bleeding or persstent cerebrospinal flurd rhinorrhea.

The possility of massive intracrantal hemorrhage with low veloaty
penctrating wounds should always be kept in mind (see Fig soe)
After indicated diagnostic procedures, management by an adequate
crniotomy may be successful 1n many 1nstances

By High-veloaity Mumles (Figs. g2-94)

With the modifications 1mposed by the type and site of the wound,
the technic 15 as follows

(1) A long, curved ncison 15 made o as to exase the enare lac
crated area or areas of scalp (Fig 94) In the case of a frontal wmjury,
the coronal 1ncision should be extended into the temporal area an
tenorly to permit approximation of the skin in the mudforehead after
exasion of the lacerated scalp (Fig o44 2)

(3) The skull 15 exposed at the wound of entry and at the one of
ext, if there 1 one (Fig gad )

(3) If the depressed fracture has not penetrated the dura, the bone
fragments are removed, and the dura 1s opened 1f 1t 13 blue because of
underlying hemorrhage. If a liqud clot or subdural accumulation of
cerebrospinal fluad 13 found, drainage 15 accomplished through a wider
aposure (Fig 944 5)

(#) If the dura 1s lacerated, sufficent bone must be removed to ex
post healthy looking dura throughout the cranicctomy, with the dural
t@r1n the middle (Fig 944 ), care must be taken durng the ex
Posure not to catch dura and bone 1n the mouth of the rongeur and
thus destroy undamaged dura

(5) The lacerated edges of the dural tear are debnded, and the under
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Iying bramn 15 inspected,, necrotic cercbral tissue may be extruding from
the mussile tract as well as fragments of clotted blood

(6) The mussile tract 1s identified, cleansed completely by irnganon
with saline, and cautiously inspected with an exploning finger, this can
be done gently without damaging the tissues Injected saline may be
come trapped 10 the tract or 1n the intracramal space, careful manipula
non of the tissues permuts the escape of the entrapped fluid

(7) Devitalized cerebral tissue 15 excised by suction at 30 pounds per
square nch, with caution not to excise normal tissuc, particularly 1n the
speech or motor areas, devitahized tissue comes out casily, whereas
normal tisuc 15 resistant, and the difference between the two can be
distinguished with the suction tip by an expenienced surgeon.

(8) If a metal fragment 15 casily accessible, 1t should be removed, if
1ts location would necessitate another cramectomy, or its removal might
cause additional cerebral damage, 1t may be wiscr to leave 1t alone until
indications anse for 1ts removal In any case 1n which a bullet or sheil
fragment 1s at a distance from the wound of entry, another craniectomy
13 necessary

(9) The wound 1s 1nspected a final ime and tested for hemostasis
by compression of the jugular veins of the neck. All bleeding points
must be carefully coagulated, Gelfoam or Ovtycel may be used, but in
most cases 1t should be removed as soon as hemastasts 1s complete.

(10) The dura 15 closed tightly with the help of a transplant of tem
poral or pencranul fascia, fasca lata, or preserved fascia, and silk
futures,

(11) The scalp 11 closed over the shull defect 1t may be necessary to
Use 2 flap of scalp, 1n which case 2 shin graft 1s used to cover the arca
from which the flap has been obtained

(12) The skull defect 1s repatred after the wound has healed com
Pletely and 6 to 12 months have passed without complicating infection

Fir. 52. Management of severe penetrating head injury («) Before and after
MT:"’WY (&) Temporary tns-cufgrnh for dural defect after complete
t (6'~4*) and sphit-thickness shin grate 10 days later (5'-8Y)
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Fig 93 Management of severe orbitocranal 1njury (a) Orbutal contents com-
pletely destroyed and frontal bone badly shattered (a*) Infection 10 days after
inadequate debridement (4*) Ten days after sccondary debridement and tem-
porary repair of dural defect” (a*-a') Shin graft for permancnt repair. (6) Dia-
grams of repair. (&) Dural tear found on secondary debridement  (4%) Dural
defect closed with temporary fascial graft. (&%) Cerebral surface after remot al of
temporary graft (') Split-thichness skin graft.



Fig. 4 Management of penerrating head inyury (A} Frontal mury (#)
coconal mncrsion and suture of scalp, (6) Shull penetratton wethout dural penetra
on incuion (1) exposure of fracture (4*) remosal ot bone frag
ents () and suture of scalp (5Y) (¢) Tangental injury extensive fragmenta-
boa of bone, dural tear amd destrucuon of cerchral surface tssue wncston (c’)
aore of Iricture (¢*) exposure of dural tear ond cerebral destruction ()
scal Tepare of doral defect by fascal graft (¢ ) (o) Frontal imuny  destruction of

Bbone, and dura (47) douhle higation of sagtal ninus after complete debnde
went (d7) temporary tascial grafe for dural defea (¢’) and removal of tem-
Porany grlft m preparanan for shn graft (%) (Connued on next page )



Fig 94 (continucd) (B) Penetraung imjury (a) with shattering of bom,: along
mussile tract, note exploring finger 1n tract (a®) and lincs of ciston (a ? (%)
Bullet injury, tract of bullet, lodged ncar pericramum on opposite side (1), e
posure (4%), removal of bullet (&%), and closure of wound (&%) (¢) Management
of hematoma 1n mussile tract
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Orbutocrensal Injury (Fig 93)

In such njuries, the skull and the orbital area are debnded at the
same time, and most satsfactorily by a team including an ophthalmol
ot and 2 neurosurgeon

The orbital im should be preserved so far as possible, and the medial
superior portion of the orbit retained 1n order to keep the pulley of the
supensor obhique muscle intact. The roof of the orbit and the enbnform
plate area must be carefully inspected for dural tears, which may cause
a cramonasal fistula

Appropnate scalp masions are used to exposc the dura. Free bone
fragments are removed If the dura 1s extensively damaged, and there
s loss of scalp and arbut, the method of choice 1s to separate the dural
sac completely from the surrounding tissues. The dural wound and
the underlying cercbral tissuc are debnided and a temporary water
tight fascral graft 1s applied, this may be a fascia lata graft. After 10
o more days, when the cerebral surface 15 covered with granulaton
tssue, the graft 1s removed, and the defect over the bran 1 covered
with a split thickness shan graft At a later date, a more approprate
repaur 15 obtained by reconstrucave surgery

Dulocanon of the globe, which may result from injury of the orbital
floor, 15 managed 1n some cases by elevating the eyeball until 1t 15 1
ahgument with the other eyeball.

Uncal Herntation (Frg 95)

Cushing 5 well known subtemporal decompression techme has con-
tnued to be a useful procedure for the past so years but as originally
115 of imited usefulness because the opening 1n the temporal

3 18 ymall, due to the type of masion used and the presence of the
temporal muscle. The onginal subtemporal decompression has been
modified 50 that 1t can be used 10 an osteoplastic craniotomy  the flap
fimains hinged to the tempora! muscle and adequate amounts of bone
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1

a') Cushing’s subtemporal  dccom-
and tentorium

Fig 95 Decompression procedures (a,
pression (b, b'-b*) Tentorial decompression, 1ncision of sca'p
just posterior to supertor border of petrous bone (¢) Structures at base, intact ten-
torium on left, incised tentorium on right, oculomotor nerve passing under pos-

terior cerebral artery, postertor cercbral, posterior communicating, and basilar ar-
tertes visible, note left side of bram stem pushed aganst inaisural border (d)

Typtcal uncal herniation on nght.
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are removed from the flap and the part of the temporal bone which
formns the lateral boundary of the muddle fossa.

The valuable studies of Vincent and associates™ introduced an opera
tnve procedure for uncal hernation consisting of excision of a portion
o the temporal lobe including the uncus. Munro and Sisson,” too
suggest the value of tentanal decompression in cases of uncal hernnation.
There 15 general agreement on the importance of the speedicst possible
removal of the cause of the hermation, partcularly of the dagnoss 1s
eablished early A valuable prophylachc measure for preventing
bermation 15 the removal of an extradural, subdural, or tracercbral
hematoma and a tentorial decompression of necessary Prompt sur
pal waatment may be lfesaving In some cases, evacuaton of the
bematoma and removal of the uncus may suffice 1 others, 1 which
the bermation of the terporal lobe or the brain stem has been present
kag enough to produce wreveruble changes, exason of the uncus
and medial portion of the temporal lobe may be worth w hile

The Jower portion of the temporal lobe, mcluding the uncus, may be
cased by using esther of two incsions (Fig 959-8) The tentorium 15
el yust postensor to the superior border of the petrous bone, the
temporal and ocapstal partions of the hemisphere are gently clevated
with a hghted retractor over a prece of Cottonod, the tentorial sheath 1s
carcfully visuahzed, and the falx cercbell 1s inased (Fig 956°) When
th~ 1ncssion 1 completed down to the mnasural barder ¢ramal nenes Vv,
Hi,and possibly VI, may be seen 1n the more medial portion of the 1n
“won. The uncus may be removed as the tentorum 1s being nased
Complete hemostass 1 essential since large venous channels may be
neounterel} over the inferior surface of the temporal lobe and over
the aceipual lobe, The compression of the bram stem toward the Ieft
{Fig. 95¢) 15 the type of hermation producing the paradowe paralyss
o the same syde as the hematoma.

The nferror portion of the temparal lobe can be exased by suction,
and the area of the incusural border then may be carefully inspected In
e cases, 1t may be possible to elevate the temporal lobe without ex
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—

cising any part of 1t, 1t may also be possible to elevate the uncus which
may be hermating into the posterior fossa This 1s more apt to be the
case when the hematoma has been removed and the increased ntra-
cranial pressure has in large measure been reheved

Repawr of Skull Defects™ ™ ™™ (Figs. 96-98)

Attempts to repair defects in the skull go back to the beginning of
our century The materials that have been tried are legion silver,
aluminum, vulcanite,” bone from various animals,® boiled cadaver
bone,?* * homologous bone from various parts of man’s anatomy,
including the skull, rib, tibia, scapula, and ilum,® * ** “ ** jnammate
substances such as stainless steel,”” tantalum,*'’% 7 ¢ 81808
lod,” Vitalhum,® *** and methyl methacrylate ** * ™ The use of
cadaver bone and rib and other bone transplants was abandoned when
it was found that they were absorbed within a comparatvely short
time — 18 months or less (Fig 96) Frozen bone flaps from human
bone bank have also been advocated '™ ™ Only three materals arc
now 1n common use for the repair of skull defects, (r) the homol-
ogous osteoperiosteal transplant from the patient’s skull, which
usually remains viable and 1s the materia] of choice in certain cases, but
1s now nfrequently used, (2) tantalum, also less frequently used since
the introduction of methyl methacrylate, and (3) methyl methacrylate
(Plexiglas, Lucite, Perspex), a plastics material

During a 10 year period (1945-1955), 105 cranioplastics were per-
formed, g1 were for head injury, 11 for tumors of brain and skull,
2 for skull defects with intracerebral hemorrhage, and 1 for a defect
after extradural abscess Osteoperiosteal transplant repair was donc m
4, the transplant having been obtained from the patient’s shull; 8o
were repaired with tantalum, and 21 were repaired with mecthyl
methacrylate

In 3 cases, a dented tantalum plate was removed, reshapad and re
placed, mnfection 1n 5 cases necessitated removal of the plate (im one

cellu-
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Mo
% Complicatsons of cramoplasty (s) A:ﬁmm of bane after reparr with

Fig.
T e () e e sl by o st e d
M’h'muhz"cbctnrum\cdlongb:fmthu stage was reached.

o these, methy] wethacrylate cramoplasty was successfully used later,
# sesond waertion of a tantalum plate was well tolerated 1n 2 others

while 19 the remaming 2, nothing more was done because the cos-
TOelC appearance was satsfactory) In another case, m which cranio-
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plasty was done elsewhere, the appearance of the patient was better
after the plate was removed

In 21 patients, methyl methacrylate repair was used, g of them had
extensive repairs of forehead defects Thus far, no difficulties have been
encountered and there has been no need to remove the plate

Osteopertosteal Transplant > ** %2 (Fig. g¢7)

This method 1s particularly indicated for small defects over the para-
nasal or frontal sinuses A full-thickness button of bone 1s removed
with a 1 or 2 inch trephine from the skull (Fig 97a¢) The pericranium
1s puckered, to save its attachment to the outer surface of the shull
(Fig 976), the central pin of the trephine should engage the shull
in the muddle of the fascial lining so as not to tear the pericranial
attachment After the button of bone 1s removed 1t 1s cut down to
the proper size with a rongeur (Fig g97¢) The area of defect 1s shaped
and prepared to recewve the transplant, the button of bone 1s placed
in position, and the pericranium of the transplant 1s sutured to the
pericranium at the border of the defect (Fig 974) The skull de-
fect caused by the removal of the transplant 1s repaired with a tantalum
plate (Fig 9¢8)

The possibility of a good “take” and the unlikelihood of infection
make the osteoperiosteal cranioplasty a somewhat preferable method
to that with an inanimate matenal; such as tantalum or methyl
methacrylate But because methyl methacrylate permits complete oblit-
eration of the frontal sinuses, and the Iikelihood of infection 1s much
smaller than with tantalum, the plastics material 15 used most fre-
quently at present

Complete hemostasis 1s essential Small quantities of antibiotics ar
used locally (1,000,000 units of penicillin 1n 10 cc solution) to mitmize
the possibility of infection Fluid may collect under the scalp after
complete wound closure After 3 or 4 days, the entire collection can be
removed, under strict asepsis Occastonally, 1t may be necessary to e
peat the maneuver once or twice, and, rarely, threc times
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Fig 9 Cramoplasty with | fant. (a) \rea of defect near

P

periosteal Lransp
?‘c of nose exposed i}y scalp flap fullthicknens bone beng removed from outer
tll table by curcular saw wath central pin (modiolus) engaging skull in muddle
of fascna) linng, (b) Pencranum puchered to save us attachment Lo ouier shoult
r{"x‘ (¢} Transplant cwt down to srze by sengeur (4) Trassplant i place 10
ol defect, wih s pencramsum sutured to peneranium of edge of defect (e}
Er2m of separr and aachment of pencramum.
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Tantalum Cranioplasty (Figs. 98-99)

The methods used at first have been considerably simplified in re-
cent years While the earlier method, which included making a cast
of the defect, templates to fill the defect until both sides of the shull
were even, and a tantalum plate to cover the area, 1s still used at times
for a large defect, the following, simpler technic has been found effec-
tive for all but the very large defects

(1) A paper pattern 1s made of the defect as 1t can be felt through
the scalp

(2) The contour of the homologous area on the opposite side of the
skull 1s noted, so that the plate can be correctly curved

(3) The paper pattern 1s laid on the tantalum and the border 1s out-
lined, the frontal, medial, and lateral borders of the plate being marked
to facilitate orientation later The plate should be just large enough to
allow about %4 inch overlap on the bone around the defect; this gives
a better fit, minimizes warping of the edges, and facilitates shaping,
particularly of such curved areas as the forehead and temporal region.

(4) The plate 1s placed on a piece of lead and hammered out to the
desired contour with a ball-peen hammer, here much depends on onc's
ability to visualize the contour and reproduce it with the hammer.

(5) Holes of % inch diameter are punched out around the periphery
and throughout the plate at regular intervals, the sharp edges of the
holes are smoothed and flattened by gentle hammering on an anvil, and
the border of the plate 1s filed and ground smooth. In the correctly
fashioned plate, the entire border 1s shightly but sharply turned mward;
the snug fit which this insures prevents later loss of the plate as a re-
sult of pressure necrosis of the scalp

(6) The plate 1s washed with ether and with alcohol and autoclaved,
and 1s then ready for use

With this technic, Iittle shaping need be done 1n the operating room
Gentle hammering will accomplish the shght adjustments that are
occastonally needed for a snug fit If the plate 15 too large for the de-
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Fig. 98, Tantalum cranioplasty (a) Exposure of defect and scparatien of pen

Garaem from dyra, {4) Tantalum p?ntc being screwed 1nto place. (e—4) Dfferent

methods of attaching perscramal layer to tantalum plate. (¢) Wedge cut out of
10 secure better fir. (f~g) Cross section of reparr showing rmtal dead space

repaur ( ;‘-‘lt\: and dura (f) ‘and absence of dead space with methy! methacrylate
(e



Head Injunes

Right

270

Fig 99. Old open depressed shull fracture of left ocaipitoparietal area, SL‘?L;:;
fect repaired by tantalum plate (a°), note communicating porencephalus (a
and night homonymous hemianopsia (a®-a7).
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fert, 2 trungular wedge {or wedges) 15 cut from the edge of the plate
and the borders are brought down and secured to the shull (Fig g8¢)

To repair the skull defect (1) The area of defect 15 exposed and the
perscranmim 18 separated from the dura (Fig 984), this separation may
be mpostible 1n some cases (2) The tantalum plate 1s placed over the
defect, waith the border of the plate inserted under the pericranum and
secured to the skull with wire or tantalum screws (Fig 988) (3) The
byer of penosteumn 1s pulled over the plate and sutured with inter
ropted sl sutures (Fig ¢8¢) Another method of dealing with the
perzmanum over the defect 1s to leave the pericramum n place bue
inaue it around the edge of the defect and reflect 1t back after cuting
mio & at several pownts, and suture st to the plate which has been
sarewed 10 (Fig 98d), 1t 1 wmportant that the entire border of the
plate be covered with pencranium. In certain arcas, ¢ g the temporal
temporal muscle or fascia 1 used for coverage.

In the postoperative penod, usually as a result of incomplete hemo-
sans dunng the operation, some fluid may collect under the scalp and
over the plate If the fnd has not been resorbed within 3 to 4 days,
ttshould be remaved by asprration under strct asepsts.

The presence of 1nfection under the scalp 15 2 contramndicaton to
untilum cramoplasty for about a year after complete healing of the
wound. As 2 rule, the plate 13 not tolerated if mfection develops, and
tempts to save the cransoplasty usually fad It 15 wiser to remove the
plate, allow the wound to heal completely, and repeat the crantoplasty
ata later date. In some cases, infection after cramoplasty occurs if the
plate has been apphied too soon after healing of an 1nfected or con-
Bmmated wound.

Tantalum bends eanly on smpact a plate which has bent nward
4 2 result of a blow can be removed, recontaured, and replaced (Fig
%) Pauents with a tantalum cranoplasty should be advised to cover
thar heads when they are n the sun because the plate absorbs heat,
1 has been yuggested that this may be a source of headaches, but we
have not found 1t 10 be so.
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The so-called dead space between plate and dura disappears rapidly
as the dura grows through the holes 1n the tantalum to become contin.
uous with the subcutaneous and the pericranial connecuve tissue

Methyl Methacrylate Cranioplasty (Fig. 100)

Methyl methacrylate 1s a plastics material For use 1n cransoplasty, 1t
1s supphed 1n sterile form as a polymeric powder and a monomene
liquid The proportion of liquid to powder that must be used depends
on the room temperature, if the room 15 warm, morc hquid than
powder 1s needed Its advantages over tantalum are (1) It 1s raduo-
lucent, so that structures are clearly visualized 1n pneumoencephalog-
raphy and other diagnostic procedures (2) Screws are not neccssary
to secure 1t 1n place, a distinct advantage 1n the frontal sinus area (3)
It permuts a full-thickness repair of a defect (4) It 1s easily avadable
for use 1n the operating room 1f an unexpected defect 1s found at opera-
tion (5) There 1s no evidence that the material 1s carcinogenic 1n man
In infants and children, however, tantalum cramoplasty, which permits
bone growth underneath the plate, 1s a better procedure The full-tnck-
ness plastic repair may be displaced upward by the growing bonc

To prepare the material for a cramoplasty, the powder 1s placed
stainless steel basin, the liquid 1s poured over 1t (Fig 1004, &), and
the whole stirred continuously with a brain spatula until 1t acquires
somewhat doughy, adhesive consistency, at which point the mrxing 1§
continued under cold, sterile water (Fig 1004, b°) The mass is then
taken 1nto the gloved hand and worked as a doughy mass, still under
water, 1t must be fairly phable for shaping, but not rubbery. The mass
s rolled out with a roller to the thickness of the defect to be filled
(Fig 1004, 5°), and shaped with ordinary surgical scissors after a
paper pattern of the defect (Fig 1004, b*) If some parts of the defect
are deeper than others, as 1n the midfrontal area, two or more layers of
the material can be used (Fig 1004, 6°) In the case of a frontal smus
defect, the entire sinus can be filled in, and thus obliterated completels,

after the sinus lining has been removed
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The so-called dead space between plate and dura disappears rapudhy
as the dura grows through the holes 1n the tantalum to become contin-
uous with the subcutaneous and the pericramal connective tssue,

Methyl Methacrylate Cranioplasty (Fig. 100)

Methyl methacrylate 1s a plastics material For use 1 cramoplasty, it
1s supplied 1n sterile form as a polymeric powder and a monomene
liquid The proportion of hiquid to powder that must be uscd depends
on the room temperature; 1if the room is warm, more hquid than
powder 1s needed Its advantages over tantalum are: (1) Tt ss radio
lucent, so that structures are clearly visualized in pneumoencephalog-
raphy and other diagnostic procedures (2) Screws are not necessary
to secure it in place, a distinct advantage in the frontal sinus arca (3)
It permuts a full-thickness repair of a defect (4) It 15 casily avalable
for use 1n the operating room 1f an unexpected defect 1s found at opera-
tion (5) Therc 1s no evidence that the material 1s carcinogenic 1 man
In infants and children, however, tantalum cramoplasty, which permits
bone growth underneath the plate, 15 a better procedure The full-thick-
ness plastic repair may be displaced upward by the growing bone

To prepare the matenal for a crantoplasty, the powder 1s placed in a
stamless steel basin, the liquid 15 poured over 1t (Fig 1004, 4'), and
the whole stirred continuously with a bramn spatula until it acquires a
somcwhat doughy, adhesive consistency, at which point the mivng 1s
continued under cold, sterile water (Fig 1004, 67) The mass 15 then
taken 1nto the gloved hand and worked as a doughy mass, still under
water, 1t must be fairly pliable for shaping, but not rubbery The mass
is rolled out with a roller to the thickness of the defect to be filled
(Fig 1004, b"), and shaped with ordinary surgical scissors aftar a
paper pattern of the defect (Fig 1004, b%). If some parts of the defect
are deeper than others, as in the midfrontal area, two or more laycrs of
the material can be used (Fig. 1004, 57) In the case of a frontal sius
dcfect, the entire sinus can be filled i, and thus obhteratd completcdy.

after the sinus lining has been removed.

420



Surgical Management and Technics
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Fig 100  Methyl methacrylate cramoplasty (A) Skull defect exposed (a) scal

refiected, pencranium separated from dura, bone edge saucenzed with burr (4

Preparaton of methyl methacrylate plate. (¢) Preparaton of bone defect for
repair () Plate wared an place. (¢) Cross section, showing repair and atachment
of plate to skull. {Continued on next page )
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The so-called dead space between plate and dura disappears rapudly
as the dura grows through the holes in the tantalum to become contin-
uous with the subcutancous and the pericramal connective tissuc

Mecthyl Methacrylate Cramoplasty (Fig. 100)

Methyl methacrylate 15 a plastics matcrial For use i cramoplasty, it
1s supphied 1 sterile form as a polymeric powder and a monomeric
hiquid The proportion of hiquid to powder that must be used depends
on the room temperature; 1if the room 1s warm, more liqud than
powder 1s necded Its advantages over tantalum arc. (r) It is radio-
lucent, so that structures are clearly visualized 1 pneumoencephalog-
raphy and other diagnostic procedures (2) Screws are not necessary
to sccure 1t 1n place, a distinct advantage 1n the frontal sinus arca (3)
It permits a full-thickness repair of a defect (4) It 1s casily available
for usc 1n the operating room if an unexpected defect 1s found at opera-
tion (5) There 1s no evidence that the material 1s carcinogenic in man
In infants and children, however, tantalum cramoplasty, which permits
bone growth underneath the plate, 1s a better procedure The full-thick-
ness plastic repair may be displaced upward by the growing bone,

To prepare the material for a cranioplasty, the powder 1s placed in
stainless steel basin, the hiquid 1s poured over 1t (Fig 1004, '), and
the whole stirred continuously with a brain spatula until 1t acquires a
somewhat doughy, adhesive consistency, at which point the mrung is
continued under cold, sterile water (Fig 1004, 5*) The mass 1s then
taken 1nto the gloved hand and worked as a doughy mass. still under
water, 1t must be fairly phiable for shaping, but not rubbery The mass
s rolled out with a roller to the thichness of the defect to be filld
(Fig 1004, 5°), and shaped with ordinary surgical scissors after
paper pattern of the defect (Fig 1004, b*). If some parts of the defect
arc decper than others, as 1n the midfrontal arca, two or morc layers of
the materal can be used (Fig 1004, 4°) In the case of frontal sinus
defect, the entire sinus can be filled 1, and thus obliterated completely,

after the sinus himing has been removed
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To rcparr a shull defect with methyl methacrylate

(1) The scar 1 cxcised and all insoluble sutures are removed In
frontal wounds, if the orginal scar 15 of good cosmetic quality, a coronal
ncision 15 advisable.

(2) The scalp 15 reflected, and the pericranium 1s separated from the
bone to form a separate layer, but hinged to one border of the defect
(Fig. 1004 4), 1n some cases the latter mancuver may be impossible
because the scalp 1s too thin or an underlying structure, ¢ g the sagttal
snus might be damaged

(3) The edges of the wound or of the skull defect are saucerized out
ward by a small burr, held 1 one hand like a penal, on a flexible shaft
dnven from a Luck bone saw (Fig 1004 ¢), the cdges of the bone
defect should be beveled to provide a nght fit for the cranioplasty

(4) After hemostans, the methy! mcthacrylate 15 prepared and shaped
as described above, placed 1nto the defect, and gently pressed so that the
edges fit tightly against the borders of the defect If the defect 15 small,
the plastic can be curved with a spatula or the rubber-gloved fingers,
contouring the outer surface of the still pliable material For large de
fects, several layers of Cottonord are placed on the dura until the correct
thickness and contour are obtained, and the plastic 1s shaped over this.
In the course of shaping and trimming to size, the plasuc abruptly be
gus to harden and hiberates considerable heat, particularly if the
operatng room 1s warm, the area should therefore be irngated with
cold normal saline solution. A small cxcess of the plastic 13 necessary
around the border of the defect to allow for warping

(5) When the matenal has hardencd and set the plate 1s removed
any protruding spots on the inside are smoothed off with an electncally
dnven burr, the excess around the edges 18 tnmmed off and the cdges
smoothed with a saw burr

(6) The plate 15 replaced 1n the defect, and small holes are dnlled
n the plate and the shull with a dental head and drill. The holes may
be drilled through half the thickness or the entire thickness of bone,
depending on the area being repasred and the thickness of the shull.
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Fig 100 (contimued)  (B) Repur of depressed fracturc of frontal anus lctore
and alter repair (a'-a?), and appearance before (o) and after (a'~a ).
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To repair a skull defect with methyl methacrylate

{1) The scar 18 excised and all nsoluble sutuses are removed In
frontal wounds, if the onginal scar 15 of good cosmetic quality, 2 coronal
snersron 1s advisable.

{3) The scalp 15 reflected, and the pencranum ss separated from the
hone to form a separate layer, but hinged to one border of the defect
{Fig 1004 0), 1n some cases the latter maneuver may be impossible
because the scalp 15 too thin or an underlying structure, ¢ g the sagittal
sinus, might be damaged

(3) The cdges of the wound or of the skull defect are saucenzed out
ward by 2 small burr, held sr onre hand like a penal, on a flexible shaft
dniven from a Luck bone saw (Fig 1004 ¢}, the edges of the bane
defect should be beveled to provide a bight fit for the crantoplasty

{4} After hemostasts, the methyl methaceylate 1s prepared and shaped
as described abave, placed 1nto the defect, and gently pressed so that the
edges fit tightly agasnst the borders of the defect. If the defect 1s small,
the plasic can be curved with a spatula or the rubber-gloved fingers,
contounng the outer surface of the soll phable matenal For large de
fects, several layers of Cottonod are placed on the dura unul the correct
thickriess and contour are chtaned and the plasne 1s shaped over this.
In the course of shaping and trimmng to size the plastic abruptly be
gns to harden and hberates constderable heat, parncularly of the
operating room is warm, the area should therefore be nrigated with
cold normal salinc solution. A small cxcess of the plasic 1 necessary
around the border of the defect 1o allow for warpng

{5) When the matensal has hardened and set the plate 1s removed,
any protruding spots on the 1nside are smoothed off with an electrieally
driven burr the excess around the edges 1s trimumed off and the odges
smoathed with 2 saw burr

(6) The plate 15 replaced 1n the defect and small holet are dnlled
1 the plate and the shull with + deatal head and dnll The holes may
be drifled through half the thickness of the entire thickness of bone,
depending on the area being repatred and the thichness of the shull
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(7) The plate 1s wired nto place, and the edges agam trimmud, 1f
necessary, so that the plate 1s level with the surrounding bone (Fig
1004, d). In repairing a supraorbital ridge, care must be taken to avoul
any protrusion of the material downward.

(8) The wound 1s thoroughly rinsed so as to ramove all particles of
plastic and bone, then rinsed with a small amount of peniaithn solution,
and the scalp flap 15 sutured into place.

(9) A pressure dressing 1s applied hghtly for the first 24 hours

For a large plate over the anterior lateral aspect of the shull, with
1ts curvatures in different directions, a pattern of the defect 1s first made
of metal After preparing and rolhing out the plasuc to the desirad
thickness, 1t 1s applied to the interior of the metal pattern and the whole
is tightly held against the defect Onee the plastic has set, cold water 15
poured over the metal plate, and plasuc and metal arc casily separatad
from each other. This technic permits more efficient application of the
plastic to large areas and better cosmetic results

Facial Nerve Injury (Fig. 101, scc also Fig. 48)

A peripheral facial paralysis in patients with closed head injury s
temporary 1n about go per cent of cases, and improy¢s to some ¢xtent in
the remaining 10 per cent, i this group, mass movements of the face
on volitional attempts arec common Treatment at first should be con-
servative  physiotherapy, massage, mild heat, and cxercise of the facial
muscles The response of the facial muscles to faradic and galvanic

sumulation may be used as a gu.’ enosis ~ far the newd of

further treatment If facial fupe ™ o wnd of 3

months, and there 1s tarmg « ., e of

taste 1s not affected. decompres h mas

prore valuable ¢ aft e~
damaged Pl g ¢ L

and :bucc:e‘ﬁﬁ_; the
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Open injunes by shell fragments or bullets may be so extensive as
to make repair of any part of the facal nerve impassible. In some of
these cases, which cannot be treated by direct nerve anastomoses, nerve
grafts have been successfully used, 1t 15 emphasized that repair of the

— ~

Fig 101 Facal nerve mnjunes (A) All branches of facial nenve and
parotd
;moncd (8) each branch was sutured, and complete recovery followed (a’)ﬂ?b)
"30\"-'2 frem faeal paralyns after suture of facral nerve as 1t emerged from faaal
an ") (c) Facal pa g::‘:u: to sectron of facul nenve just outside faaal
- 'mﬁ;rr?nng complete recevorey after  manths (Contraued
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(7) The plate 1s wired 1nto place, and the edges again trimmed, if
necessary, so that the plate 1s level with the surrounding bone (Fig
1004, d) In repairing a supraorbital ridge, care must be taken to avoid
any protrusion of the material downward

(8) The wound 1s thoroughly rinsed so as to remove all particles of
plastic and bone, then rinsed with a small amount of penicillin solution,
and the scalp flap 1s sutured 1nto place

(9) A pressure dressing 1s applied lightly for the first 24 hours

For a large plate over the anterior lateral aspect of the skull, with
1ts curvatures 1n different directions, a pattern of the defect 1s first made
of metal After preparing and rolling out the plastic to the desired
thickness, 1t 1s applied to the interior of the metal pattern and the whole
1s tightly held against the defect Once the plastic has set, cold water 1s
poured over the metal plate, and plastic and metal are easily separated
from each other This technic permuts more efficient application of the
plastic to large areas and better cosmetic results

Facial Nerve Injury (Fig. 101, see also Fig. 48)

A peripheral facial paralysis in patients with closed head injury 1s
temporary 1n about go per cent of cases, and improves to some extent in
the remaining 1o per cent, in this group, mass movements of the face
on volitional attempts are common Treatment at first should be con-
servative physiotherapy, massage, mild heat, and exercise of the facial
muscles The response of the facial muscles to faradic and galvanic
stmulation may be used as a gwde for prognoss or for the need of
further treatment If facial function has not improved by the end of 3
months, and there 15 tearing on the ipsilateral side and the sense of
taste 15 not affected, decompression of the nerve 1n the facial canal may
prove valuable A nerve graft may be used when the nerve 1s badly
damaged Plastic procedures, employing facial slings, have been used,
and a buccal Iift, attached to the upper molar region on the affected
side, may be helpful.
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Open snpunes by shell fragments or bulless may be 3o extensive as
to make reparr of any part of the facial nerve impassible. In some of
these cases, winch cannot be treated by direct nenve anastomoses, nerve
grafts hase been successfully wsed 1t 15 emphaszed that repair of the

1
}C'y T~ 4

Fig 0} Facal nerve mquries ¢ 73 Al branches of facial perce and garoud glind
woosed (4) exch branch was sowred, and complete recovery followsd {#%) (8)

ety from facwl parahon after sutuse of tacal nerve as it emerged from faaal
anal (43 (e} Facul paradises due to swecnion of facial nerve Just outside facral
anal complicaung parotid fitula complete recevorcy after 9 monsha, (Compowrd
on wex page )
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Sutures in
porotid duct

Sutures In nerves

Fig 101 (continued) (B) Management of section of facial nerve and parottd
duct (a) Urseteral catheter 12 sutu for suture of parotid duct (&-c) Suture of duct
and of nerves within 24 hours after injury (d) Roentgenogram and appcarance

of patient with involvement of upper portion of facial nerve and section of parotid
duct Patient recosered
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beanches of the facal nerve 1s more easly accomphshed smmediately
afier the facal 1njury than after the wound has healed ™ In the
Iatter type of case, a fair resntution of function has been obtained by
the use of nerve grafts*™ ** A graft may also be tned when a major
part of the nerve near or 1n the facial canal has been destroyed

The possibility of complete recovery of funcuon 1s good when the
facial nerve 15 involved 1n stab wounds or when the nene trunk (or
1t beanches) 1t lacerated, 1n such cases the nerve can usually be
anastamosed (Fig 1014 5<) For success of treatment, however 1t 1s
most important that exploration and suture of the nerve, partcularly
of the branches distal to the pes anserinus, be undertaken immediately
after injury (Fyg 1014 a), late after an 1njury wihich has sectioned the
branches, scar tissue makes their sdennfication impossible. If the parond
duct 18 sectroned, 1t may be sutured around an inlying urcteral catheter
(Fig 101 B, s d), which 1s removed after 1 week. If there 15 a complt
caung parotd fistula, rocntgen ray wuradmuon of the parond gland
helps to prepare the wound for cxploration by stopping secretons.

For srreparable injury of the central portions of the facial nervey 12
the portions lying 1n the anternal acoustic meatus, a facial-hypoglossal
nerves anastomosts, or a facial-spinal accessory nerves anastomosts (see
Fig 48¢), 13 2 uscful procedure, This operation was first performed by
Ballance® in 1895 A certamn amount of tone develops 1 the facat
muscles which encourages symmetry when the face 15 at rest, voluntary
facal movements, however, depend on associated shoulder or tongue
movernents. Some patients become adept 10 the use of such movements
to effect expresnve facral changes.

Vascular Lesions and Hematomas

Patrentt with head 1nyury may have vascular lesions without ngns
of massive bleeding The intracramal anatomic relationships may pre
vent bleeding from a torn blood vessel or a bone fragment may com
Press a torn sinus and therely temporanly stop the bleeding On the
other hand a fracture or depression may 1nwsate a massive intracranzal
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hemorrhage, and, 1n some cases, traumatic hemorrhage may be
stmulated by occlusive cerebrovascular disease Careful preoperative
evaluation with the proper diagnostic technics (see Chapter IV) 1s
therefore obligatory 1n every case

Carotid Artery-Cavernous Sinus Fistula

In most cases, the treatment 1s surgical The common carotid, the
internal carotid, and the intracramal portion of the internal carotid
arteries are successively ligated, as may be indicated ' Usually, higation
of the common or the internal carotid artery in the neck suffices for
cure If treatment has not been too long delayed, the eyeball can be
saved, although not always with normal vision In 1 of our cases, n
which ligation of both the common and internal carotid arteries failed
to effect a cure, the introduction of a long piece of muscle 1nto the 1n-
ternal carotid sealed the tear and led to complete subsidence of the
exophthalmos In the occasional case of extremely severe exophthalmos
with corneal ulceration, the eye may have to be enucleated

A number of workers have reported on bilateral carotid artery liga-
tion, which they found to be necessary 1n unusual circumstances ™ * **

Dural Sinus Injuries (seec Figs 53-54)

Any of the venous sinuses may be 1njured, but most frequently 1t 1s
the sagittal and transverse sinuses With a comminuted fracture of the
petrous bone, the superior and inferior petrosal sinuses are apt to be
injured With closed or open depressed fractures of the vertex in the
midline, the sagittal stnus may be 1nvolved A tear of the lateral sinus
may occur with comminution and depression of the occipital squama
Fractures of the base may mvolve the body of the sphenoid, and cause
varying degrees of cavernous sinus injury In penetrating head injures,
any of the dural sinuses may be 1njured™ In cwilian practice, the
common dural sinus 1njuries include involvement of the superior sag-
ittal, the lateral, the superior petrosal, and the sphenoparictal sinuses

Bleeding from 1njured dural vessels may be extradural only, both ex-
tradural and ntradural, or intradural only In some cases of a tear of a
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dural vessel due to a depressed fracture or a penctraung head 1njury,
active bleeding starts only when the wound 1s debnded and the de
pressed bone fragment or some foreign material which has plugged the
tear 1s removed. One must therefore be prepared for hemorrhage from
a torn snus when such a head injury without obvious extradural
or intradural hemorrhage 15 being debrided Adequate exposure of the
operative area before beginning to remove bone fragments 15 essential,
since thus permits whatever manipulations become necessary A prece of
muscle, obtained preoperatively and held 1n readiness, may prove
valuable 1f an extensive laceration 1s exposed 1n the course of the de
bridement. Minor tears may be sutured, and extradural bleeding points
are controlled by electrocautery, siver clips, or Gelfoam, as indicated
electrocautery should not be used on the superior longitudinal and
transverse sinuses. The sinus must be compressed throughout the opera-
tive procedure to prevent air embolism, which may be fatal

If 2 venous sinus 15 so extensively damaged that 1t must be ligated,
the area of 1ts drainage may become infarcted Thus 15 particularly true
when the postenior half of the sagattal sinus has been higated It has been
found that if the wound 15 reopencd 5 to 1o days later and the infarcted
area debrided, the mancuver may not only be hfesaving but may also
result 1n the return of some function.™

Sagittal Sinus (Fig 10a; see also Figs. 53-54)

Only 1 13 anterior third may this sinus be ligated 1f lLigation 1s
deemed necessary A munor tear 1n the sinus wall 15 repaired by a piece
of Gelfoam or muscle, held 1n place w1th several interrupted silk sutures
bridging the matenal from the dura on one side to the other (Fig
1024 @) A small longitudinal tear 15 reparred by incising the dura
on cither side of the torn sinus to relieve tension and suturing the tear
with interrupted silk sutures, then closing the dura by suture or repair,
3 may be necessary (Fig 1024 4) A large tear 1n the anterior third
18 closed by double higation (Fig 1024 ¢) To repair a tear 1n the
Lateral aspect of the sinus, 1t 18 adequatcly exposed by inasing the dura
and clevatng the edge of the dura, after removing the clotted blood,
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hemorrhage, and, in some cases, traumatic hemorrhage may be
simulated by occlusive cerebrovascular disease Careful preoperative
evaluation with the proper diagnostuc technics (see Chapter 1V) 1
therefore obligatory in every case

Carotid Artery-Cavernous Sinus Fistula

In most cases, the treatment 1s surgical The common carotid, the
internal carotid, and the intracranial portion of the internal carotid
arteries are successively ligated, as may be indicated ** Usually, ligation
of the common or the internal carotd artery 1n the neck suffices for
cure If treatment has not been too long delayed, the eyeball can be
saved, although not always with normal vision In 1 of our cases, in
which ligation of both the common and internal carotid arteries failed
to effect a cure, the introduction of a long piece of muscle into the in-
ternal carotid sealed the tear and led to complete subsidence of the
exophthalmos In the occasional case of extremely severe exophthalmos
with corneal ulceration, the eye may have to be enucleated

A number of workers have reported on bilateral carotid artery higa-
tion, which they found to be necessary 1n unusual circumstances ** ** *

Dural Sinus Injuries (see Figs 53-54)

Any of the venous sinuses may be 1nyured, but most frequently 1t 1s
the sagittal and transverse sinuses With a communuted fracture of the
petrous bone, the superior and inferior petrosal sinuses are apt to be
injured Wath closed or open depressed fractures of the vertex mn the
midline, the sagittal sinus may be involved A tear of the lateral sinus
may occur with comminution and depression of the occipital squama
Fractures of the base may nvolve the body of the sphenoid, and cause
varying degrees of cavernous sinus injury In penctrating head mjuries,
any of the dural sinuses may be injured ™ In civilian practice, the
common dural sinus 1njuries include 1nvolvement of the superior sag-
ittal, the lateral, the superior petrosal, and the sphenoparietal sinuses

Bleeding from 1njured dural vessels may be extradural only, both ex-
tradural and intradural, or intradural only In some cases of a tear of a
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dural vassel due to a depressed fracture or a penetranng head 1njury,
active bleeding starts only when the wound 15 debrided and the de

pressed bone fragment or some foragn matenal which has plugged the
tear 15 removed One must therefore be prepared for hemorrhage from
a torn smus when such a head injury without obvious extradural
or mtradural hemorrhage 15 being debrided  Adequate exposure of the
aperative arca before beginning to remove bone fragments 1s essennal,
since thus permits whatever manipulations become necessary A piece of
muscle, obtained preoperatively and held in readiness, may prove
valuable »f an extensive laceration 1s exposed 1n the course of the de
bndement. Minor tears may be sutured, and extradural bleeding ponts
are controlled by electrocautery, silver clips, or Gelfoam, as indicated

clectrocautery should not be used on the superior longitudinal and
transversc sinuses. The sinus must be compressed throughout the opera

tive procedure to prevent air embolism, which may be fatal.

If a venous sinus 1s so cxtensively damaged that 1t must be hgated
the area of 1ts drainage may become 1nfarcted Thus 1s particularly true
when the posterior half of the sagittal sinus has been higated It has been
found that of the wound 15 reopened 5 to 10 days later and the infarcted
area debrided, the mancuver may not only be Lifesaving but may also
result 1n the return of some function

Sagittal Sinus (Pig. 1035 sce also Figs. 53-54)

Only 1n 1ts anterior third may this sinus be ligated, if hgaton 1
deemed necessary A munor tear 1n the stnus wall 1s reparred by a piece
of Gelfoam or muscle, held 1n place with several interrupted stk sutures
bﬂdgmg the matersal from the dura on one side to the other (Fig
1024 4) A small longitudinal tear 15 repared by incising the dura
on exther side of the torn sinus to relieve tension and sutuning the tear
with interrupted silk sutures, then closing the dura by suture or repair,
4 may be necessary (Fig 1024 ) A large tear i the antenor third
1 closed by double hgation (Fig 1024 ¢) To repar a tear 1n the
Lateral aspect of the sinus, 1t 15 adequately exposed by incising the dura
and clcvaung the edge of the dura after removing the clotted blood
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Fig. 102. Management of sagittal sinus tears (A4) Repair of small tear (a) by
Gelfoam or a piece of muscle held 1n place by sev eral bridging sutures (b)chpalr
of small longitudinal tear (¢) Double higation for tear of anterior third of sinus.
+(d) Repair of tear 1n lateral aspect of sinus.
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Fig 102 (continued) (B) Repair by ven graft. (#) Cootrel of bleeding by
arternal clamps. (4) Mobilization of fxec ends of sinus by wanng falx sod
dura on erther ude of tear (c) Suture of ven graft wn plece.

hemorrhage 18 controlled by 2 arterial clamps, the tear 1s closed with
everting sutures (Fig 1024 d), if necessary, Gelfoam may be placed
over the area. A serious wmnjury which destroys the contimuty of the
vessel may be reparred by vewn graft. This may be a paracularly valu
able technic 1n the commonly massne intracramal damage of war 1n
s, After adequate exposure arteral clamps are apphed to control
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bleeding, the dura on both sides of the sinus and the vessel’s attach-
ments to the falx are incised carefully 1n order to relax the vessel ends
(Fig 102B, @), the ends of the sinus are mobilized; and a vein graft 1s
sutured 1n place by interrupted or continuous everting sutures (Fig
102B, ¢) In the Korean War, double igation instead of vein graft ™
was used, but there were serious sequelae.

Transverse or Lateral Sinus (see Fig. 54B)

Tears of this sinus may be doubly higated There are no serious com-
plications, papilledema may occur, but 1s temporary Electrocautery of
bleeding points 1s inadvisable, except for veins which empty nto the
sinus

Supernior Petrosal and Sphenoparietal Sinuses

If the superior petrosal sinus 1s torn by a comminuted fracture of the
petrous pyramid (see Fig 17B), bleeding may be controlled by electro-
coagulation or by silver clips The sphenoparietal sinus and 1ts tribu-
taries may be torn by depressed fractures involving the posterior border
of the lesser wing of the sphenoid, electrocoagulation effectively stops
bleeding

Piarachnoid Adhesions after Subarachnoid Hemorrhage

When the adhesions are extensive and cause obstructive hydro-
cephalus, particularly 1n infants and young children, 1t may be ad-
visable to consider resort to a by-passing operation, such as the Tor-
kildsen®™ procedure, 1n which a passage 1s created between the lateral
ventricle, the cisterna magna, and the subarachnord space of the spinal
canal In some cases, the use of the Holter™ valve to afford passage
of excess cerebrospinal fluid 1nto the venous system may be valuable

Extradural Hematoma (Figs. 103-104)

Active bleeding from the middle meningeal artery or 1ts branches, and
the middle meningeal veins, the main source of extradural hematoma,
1s infrequently encountered on operation, for the vessels have usually
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thrombosed by the tume surgrcal sntervention ss undertahen The exact
{ocation of the varous branches of the artery has been known for some
time,® * 1 so that trephination to locate the hematoma can be done
accurately The carlier practice of hgating the commeon and external
caroed artertes for hemorrhage of the muddle meningeal artery™ *= ™
has long been abandoned but recently Rancy and co-worhers” have
suggested 1t as @ preliminary maneuver unal the pauent reaches better
surgrcal facihtiex

Prehmunary diagnostic procedures to permit the Jocahization of the
clot may be desirable 1n most cases. In a few diagnostic burr openmings
may be made along a fracture ine The usual procedures now used for
extradural hematoma are removal of the clot through a subtemporal de
compression or by an osteoplastic flap Cushing" preferred the former,
Rrause" suggested the latter

Prompt surgical treatment 1s mandatory in snfants and chidren The
peeparation for surgery should wnclude the avadabihity of blood for
transfusion 1n the operating room, a cut-down 1n an ankle ven should

be made before the operation, wath 2 cannula 1n place, so as to be ready
for the transfusion.

Sobtemporal Decompression for Extradural Hematoma (Flg 103)

For 2 hematoma 1n the temporal area (1 1n Figure 1030), the skin
and the temporal muscle are incised (Fig 1035) The skull 1s then
opened near the fracture line close to the base and the zygomatc arch,
and the opening 1s enlarged to the size of a silver dollar or larger, this
xposes the hematoma (Fig 1o3¢) The clot 1s removed by suction or
by a brain spatula. Hemostasis must be thorough, as soon as bleeding
Ponts appear they are controlled with a tenting sutch, using sik
sures (Fig 103d) electrocautery may be used, of necewary The
tura 15 opened and the subdural arca 1s mspected for subdural cerebro-
sinal flurd collection or hematoma it 1 then closed with nterrupted
ulk sutures. A drain 1 usually wserted at the lower end of the skull
operung (Fig 103¢) and the wound 13 closed 1 layers with interrupted
sk sutures (Fig. r03f-h)
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Fig. 103 Management of extradural hematoma by subtemporal decompression
(2) Most common sites of extradural hematoma. (&) Incision of temporal muscle
(¢) Opening 1n skull (4) Skull opening enlarged, exposing hematoma, suture of
middle meningeal artery and application of clectrocautery. (¢) Dura closed with
tenting sttches, drain at lower end. (f~4) Wound closed 1n layers,
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If preliminary burr openings have been made to locate the extra
dural hematoma, they are incorporated in the subtemporal decom-
pression opening These burr openings are usually made 1n 2 position
Just above and 1n front of the ear, as well as just above and behund the
ear on the affected side.

Osteoplastc Bone Flap (Fig 104)

Thus 15 the method of choice for a hematoma beyond the confines of
the temporal bone and muscle. Frontal and panietal hematomas are well
visualized by pncumoencephalography and angiography, and the dea
ston with regard to operative procedure ean be made preoperatively A
skin flap 1 turned for a frontal osteoplastic cransotomy the inasion ex
tending from the middle of the forchead to the temporal arca 1n front
of the ear A horseshoe mason 15 used for the panetotemporal area,
with the mouth of the horseshoe around the ear on the affected side
A more posteniorly placed horseshoe wnession may be used to cxplore
the ocaapital portions of the head After the skin flap 15 turned several
openings are made with a hand or a mechamical dnill, the bone between
the burr holes 13 sawed with a Gigh saw, and the bone flap 15 turned,
the base of the flap beng left attached 1o the temporal muscle. Afer
the dura 1s cxpased, the hematoma comes into view, the clot 13 re
moved by suction or with a bram spatula. A subdural hematoma
and/or an accumulanon of cerebrospinal flud are frequently asso-
cated with the extradural hematoma. Therefore, after the extradural
hematoma 15 removed, the dura ss mnased for subdural exploration,
particularly of the dura 18 tense or bluish. If the exposed braw seems
to bulge, 1ts depth may be explared with a brain cannula for an mtm
cerchral hematoma, A cocxistent subdural hematoma or hygroma, or
an intracerebral clot, 15 ¢vacuated, all blecding points are secured and
the dur 13 closed and tented with interrupted sk sutures (Fig 1034"),
tenting of the dura 13 extremely important since evacuanon of the ex
tradural clot usually Jeases a large dead space between dura and bone
which may encourage secondary hemorrhage 1f the dural apening 1s cx-
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Fig 104 Management of estradural hematoma by ostcoplastic flap (a) Man-
agement of partetal hematoma, (a') exposure and removal with spatula, (%)
dura inased, and subdural hygroma removed by suction over Cottonoid, (a*)
dural masion closed and dura tented, (a*) bone flap sutured (5) Exposure of
hematoma 1n posterior fossa and closure of wound
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tensive, 2 complete 1rcision, o as to create 2 free graft when the doral
s3¢ 18 closed, may be preferable. The bone flap 15 replaced and fastened
with 2 or 3 wire sutures the muscle and skin incisions are then closed
1 layers with interrupted silk sutures. A dras, removed at the end
of 18 to 24 hours, may be used for dramage of the extradural and eps
cransal regrons of the wound

The management of an extradural hematoma in the posterior fossa
over the left occrpital lobe 1t itlustrated 1 Figure ro4b A large open-
ing 15 made by 2 paramedian incision. Complete hemostasts 1s nsured
by ligation or carcful cautery of the ocapital vessels of the exposure 1s
more lateral, bleeding from the auricular artery and vein must be con
trolled. The hematoma 15 removed, and bleeding 15 controlled by Gel
foam held 1n place over the area, the source of the bleeding may be a
torcular vesn or 2 communicating vetn between the scalp and the trans-
verie stnus. If there 1s evidence of 1ncreased intradural pressure the dura
15 apened and the cerebellum 1s tapped for a subdural or intracercbellar
collectron. The dura 1s tented to prevent postoperauve sccondary hem
orrhage and the wound 15 then closed 1 layers wath intesrupted silk
sutures, after complete hemostasis.

Subdural Hematoma and Hygroma (Fige. 105106)

The pnciple of management of a subdural hematoma 1 evacuauon
of the collection Itss important to bear 1n mund that the earlier surgical
intervention 1 neessary, the poorer the prognosis The type of pro-
codure depends, to some extent, on whether the collection 15 solid (as 1t
18 5000 after trauma), or liquid, which 1n our experience is true of more
than half the cases The possibshity that there may be 2 coeusting 1ntra
cerebral hematoma, or that the subdural hematoma may be a mamfes-
tanon of an intracerchral hematoma draming nto the subdural area,
should also be kept 1n mind

For a liquid hematoma 2 bilateral burr opemngs on both sides of the
mdline in the frontal area (over the coronal suture, about 3% cm. on
either nide of the mdline), and 2 1n the temporopanctal area (Just above
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Fig 105 Management of subdural hematoma (a) Trephine openings and 1n-
astons for bone fAap (&) Draimnage of hiquid hematoma, and closure, with drains,
of trephine openings (¢) Soltd hematoma cxposed by bone flap.
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and pastentor to the car) are made and the clot 1s drained with the help
of saline solution through a rubber catheter (Fig 1056') Escape of
the saline solutton must be facilnated by careful mampulaton of the
catheter or by depressing the brain with 2 blunt instrument, since
trapped flwrd compresses the bran. The dura overlying the clot 15
coagulated and attached to the bone border of the burr opening, this
prevents formation of another hematoma from a bleeding dural cdge
ar from separation of dura from bone. The incisions are then closed,
with 2 drain(s) on the side of the clot (Fig 1056") the dramn should be
removed 10 about 24 hours. Burr openings may also be so placed that
they may be used to turn a bone flap (Fig 1050) After incision, a flap of
skin 13 turned and then a small bone flap by unbizing the mmunal 2 open
ngs 1n addition to others (Fig 105¢) The clotted matenal 15 carefully
sucked and washed away 50 as not to injure the cerebral surface. Heno-
stans wamportant. In closing the wound, tenting of the dura is advisable
The presence or absence of an mtracerebral clot should be established by
preliminary angiography

For the subscate subdural hematoma, muluple burr openings are usu-
ally made, so that the type of clot can be wdenufied and its drainage
facihtated A biquid hematoma 1s draned sn the same manner as the
acute hiquid hematoma A small osteaplastic flap must be turned for a
hematema which 1s Jargely or completely solid and has a formed mem
brase (Fig. 164"} On opemng the dura, the outer membrane of
the hematoma can be seen (held sn forceps wn Figure 106d") as the
clot 15 removed, 1ts thin 1nner membrane over the cerchral surface be
comes visible, Complete hemostasts 15 essenual m all procedures for
subdura] hematoma, Tenting of the dura, using stk sutures 15 advisable
(Fig 106d") A free dural graft will prevent the possibihity of blecding
from dural vessels,

A chrome subdural hematoma, 1f liquid, can be treated by 2 burr
9penings to provide counterdrasnage.*” In every case of chrome subdurat
hematoma the exploration must be done ilaterally

A chronic or subacute hematoma particularly of large, may compress
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Fig 106 Management of subacute and chronic subdural hematomas (a) Liqud
hematoma esposed and dramned ($) Injection of air or saline nto ventridle (¢)
Estradural hematoma compressing cortex and causing ventricular shift () M:;n'
agement of solid hematoma, burr opening and clectrocongulation of dura (d'-d*),
bone flap turned to expose hematoma (4?), and dura tented (4).
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the cortex, or cause a shift of the ventricular cavines (Fig vobe) or ex
tensnve cerebral depression. Such defects may remamn even after the
clot 15 removed In such cases, a needle can be miroduced wto the
lateral ventricle on the side of the lesion and air or sahne injected (Fig
1066} Aur or saline has also been myected mta the spmal subarachnoid
space for the same purpose, in some cases. '

Management of subdural hematoma or hygroma m tnfants and chil
dren calls for speaal care and measures. In the infant particularly the
cerebral surface 18 eanly bruwsed, and sudden changes 1n ntracramal
presstre, such as result from burr openings may cause cerebral herna
uon through the opeming The management 1s largely governed by
the pathologic characteristies of the lesion Burr openings are the pre
ferred method for establishing these characteristics. If they reveal a
membrane enclonng the hematoma the opemings are uuhized for a
emall bane flap bulaterally if necessary, so that as much of the mem
brane can be removed as possible. Occasonally repeated drawnage of
the subdural flud results 10 symptomatic recovery If the cortex herms
ates through the burr openings 1t may be brsed, to prevent thus, the
cercbral surface 15 gently compressed with a blunt mnstrument covered
with Cottonord which releases more of the clotted matersal for escape.
Another useful mancuver 1s the placing of a small Cottonod pledget
scmked 1 safine m the subdural space  the pledget soaks up blood and
kiquid which 15 then aspirated by sucton. After several aspirations, the
beain recedes and more of the clot may escape.

A subdural 4ygroma (cerebrospinal flmd collection) as treated by
dramage through bilateral burr openungs, and remonal of the mem
brane 1f one has formed through a smalf bone flap When the dura 1
opened the clear straw-colared or xanthochromic Auid usually spurts
out, the foreefulness depending on the ntracranal pressure and the
size of the dural opening The opening may be enlarged and the core
bral surface carcfully compressed by a blunt instrument covered with
Coutonoid this may result 1n the escape of addional Aud Simee
trapped fluid tends 1o crowd the cerebral tissue about the openung care
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ful compression of the brain may drain large quantities of Auid A small
pledget of Cottonoid introduced 1nto the subdural space may absorb
escaping fluid as 1t 1s sucked away; this helps to shrink the brain down

Although the procedure 1s simple, the mortality rate of patients with
subdural collections of cerebrospinal fluid 1s 30 per cent. This 1s un-
doubtedly the result of its frequent association with severe mtracramal
damage

In infants, traumatic hydrocephalus and persistent subdural accu-
mulation of cerebrospinal fluid can be treated by inserting a Holter
valve™ to connect the ventricular or subdural area with the jugular
vein and the superior vena cava This insures the outflow of fluid at
pressures above 50 mm of water. The valve lies just behind and below
the ear, 1t can therefore be tested to check blockage erther 1n the cramal
or the venous outlet This method has been found to be far superior
to the other shunting procedures from the ventricle or spine to the
abdomen or ureter, 1n hydrocephalus

Intracerebral and Intracerebellar Hematomas (Fig. 107)

The most common site of an 1ntracerebral hematoma 1s the temporal
lobe Parietal, occipital, and cerebellar hematomas are next in frequency,
in that order Angiography 1s very useful 1n establishing the diagnosts
of intracerebral hematoma, particularly in the frontal and temporal
areas Results of treatment are poor, the mortality rate, 1n our ex-
perience, being 555 per cent.

For a hematoma 1n the temporal region, subtemporal decompression
1s a good procedure, the trephine opening being placed over the tem-
poral lobe just above the zygomatic arch and 1n front of the car (Fig
107¢). The opening 1s enlarged unul 1t 1s about the size of a silver
dollar, and a circular flap of dura 1s then reflected (Fig 107¢%) The
bulging, discolored brain tssue 1s sucked away (Fig. 107¢7) or removed
by electrocautery, thus exposing the clot. This, too, 1s sucked away and
the cavity 1s washed out with salne The dura 1s then replaced and
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Fig 107  Management of intracerebral hematoma. {a) Possible sites of hema
toma. () Frontal lobe hematoma removal by suctson. (¢) Temporal cramotomy
techiic for temparal lobe hematoma. (&) Bone flap technse for parsctotemporal

449



Head Injuries

sutured 1n place with interrupted silk sutures We find this method
preferable to aspirating the clot through a small burr opening

A frontal lobe intracerebral hematoma can be removed by suction
with a syringe introduced through a burr opening (Fig. 1076) A bone
flap may be preferable, if the patient’s condition permuts

A parietotemporal intracerebral clot (Fig 1074) 15 exposed by means
of a bone flap, the ussue overlying the clot 1s carefully excised by elec-
trocautery and suction, the cavity 1s entered, the clot 1s adequately
visualized by means of lighted retractors, and 1s removed with suc-
tion and brain spoons Hemostasis should be complete The dura is
then replaced and sutured with interrupted silk sutures, the bone 1s
replaced and held 1n position with wire sutures, and the scalp 1s closed
1n layers with interrupted silk sutures

Intracerebellar hematomas may cause latcralizing signs, n such cases,
a unilateral cerebellar exploration may be undertaken Bilateral sub-
occipital exploration may be preferable 1n some cases Through a nnd-
line 1ncision on the back of the head and neck, extending from above
the external occipital protuberance to the fourth cervical spinous proc-
ess, the occipital squama and arch of the atlas may be exposed um-
laterally or bilaterally For bilateral exploration, the occipital squama
1s removed from mastord to mastord and from the superior nuchal Iinc
to the foramen magnum, for unilateral exposure, the opening should
extend from the supertor nuchal line to the foramen magnum and from
the mastoid to beyond the midline The dura 1s opened by a T ncision
for bilateral exposure, and by an upside down and reversed hockey in-
asion for unilateral exposure The cerebellum 1s tapped with a blunt
exploring needle, 1f a clot 1s present, the cercbellar cortex may be re-
moved by suction and electrocautery so as to uncap the cavity of the
clot The clot 1s then washed and sucked away After complete hemo-
stasts, the dura 15 closed with interrupted silk sutures, and the muscles
and skin are closed 1n layers For posterior fossa cxplorations, the pos-
terior arch of the atlas should also be rumoved. A burr opening mn the
paricto-occipital area near the midhne (8 cm. above the nuchal hine,
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3 cm. from the midline) for ventricular dramage may help to control
intracramal pressure.

Pnenmocephalus™ ™ * ™

For the effective management of pncumocephalus, the nte of the
fistulous tract, whether 1t 1s patent or not, and whether the condition
1 progressive must be ascertained

Treatment of a cramoanral fistula 1ndicated by cerebrospinal fuid
or bloody otorrhiea, 1s uswally conservative. Prophylans with antinotses,
stract bed rest 1n 2 sem1 Fowler posttion for 3 or 4 weeks, guarding the
patent against “head colds, and avedance of straimng and coughing
spells, are the principal measures. Large enemas are contrandicated
Frequent rocntgenography during this period may be useful in shawing
the response to treatment. If the accumulation of awr continues to 1n
craase, operatne intervention is prebably necessary, but if successive
roentgenograms show that the air 1s slowly disappeanng conservative
treatment may be continued,

Whatever the cause of the pneumocephalus, every case must be
evaluated mndiwidually Since the wtroduction of the chemotherapeunc
and anuibiotic agents, operative reparr of the fistula would seem to be
the safest and most advisable method of dealing with pneumocephalus,
mrtsculacly 1n those cases 1n which the pneumocephalus occurs some
tme after injury

Treaunent of an acute pncwmocephalus complicatng an open de
pressed fracture 1n the frontal unus area or elsewhere 15 surgical. So too,
1 the treatment of cercbraspinal fluid rhinorrchea wath or without
preumocephalus, complicating a comminuted fracture of the posteror
wall of the frontal sipus®

In almost all cases of pneumocephalus appearing months or years
after a head njury, there 13 @ cramonasal fistula which 15 2 constant
menace as a source of infection and of repeated attacks of memngis.
Reparr of the fistulous tract 13 therefore mandatory and espectally 1f
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the pneumocephalus 1s an intracerebral one OFf 8 patients so treated by
us, 7 recovered, and the hiterature contains many reports of successful
treatment ' ** ¥* %% 8 Nevertheless, good results have also been ob
tained with conservative treatment ™ ¥ 2 4% o4

After complete exposure of the area, a cramonasal or cranioaural fis-
tula 1s best repaired by a fascial transplant, or by mattress suturcs 1f the
tract 15 small Fascia lata obtained from the thigh may be used as a
graft inside the dural opening if the torn area 1s extensive. In every case,
the fistulous tract must be completely closed Gelfoam or plugs of
muscle cannot be depended on for complete closure Before and after
the operative procedure, adequate doses of the sulfonamides and ant:-
biotics are administered

Otitrs Media and Mastoiditis™

The presence of either condition should be noted early and appro-
priate treatment mnstituted. Mastoid suppuration which persists despite
drug therapy calls for a mastoidectomy Suppuration 1n the air cells of
the petrous bone may require surgical exenteration of the mvolved cells

Osteomyelitis

In head 1njuries with extensive scalp destruction, the skull should be
covered with dressings kept wet with boric acid solutton until granula-
tron tissue has formed This will usually prevent an osteomychus duc to
drying out of the bone To speed the granulation process, the outer table
of the skull in the mnvolved arca may be removed, or small, closcly
spaced holes may be made 1nto the diploc with a burr; granulation
tissuc soon grows out of the diploc to cover the enure cxposed area
If bone and overlying scalp are completely destroyed, the cntire area of
cxposcd bone should be exased, including a border under the shin
cdge (sce Fig 8sc). Granulation ussuc then forms over the dura

If the ostcomyelstss 15 a result of inadequatc debridement or of lach of
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treatment of an open depressed skull fracture, the osteomyelitic area 1
excised and the wound 13 imgated with penralhin solution. Usually
foreign matter, hawr dirt and other debas are found between the bone
fragments, a3 well as some purulent matter extradurally and sequestra-
tion of bone. Occasionally, the ostecomyelinic process extends beyond the
area of njury Wide excusion 1s then necessary for cure.

Osteomyelitis of the bones around the paranasal sinuses due to patent
cransonasal fistula 15 treated by complete excision of the involved area,
antibroticy, and sulfonamdes. If smear and culture studies wolate an
aganusm, is sensbvity to antbiotics should be ascertained, and
therapy altered accordingly

Intracranial Abscess (see Figs 66 67)

Although the presence of intracramal abscess was recogmzed as far
back as the sxxteenth century treatment was for 2 long pme conssdered
hopeless. Gross,™ in hus review of the subject 1n 1873, stated that evacua-
tion of % brain abscess was invarsably unsuccessful Before the days of
the suifonamides and antibotics, successful treatment depended on re
moval of the suppuratng mass without contaminating the surround
g uninfected tissues. In recent years, with the use of antibsotres and
sifonamdes, the treatment of intracramal suppuration has become
faly well standardized

Mot extradural abscesses can be evacuated without operung the dura,
Usually, the cransotamy should be extensive enough to remove all in-
fecred bone. Granulation ussue on the dura should be debnded com
pletely In the presence of an assocated mtradural mass, dramage or
removal of the suppuration should be accomphished as described below
The exposed extradural area 15 washed with an aqueous sohunon of
590,000 units of penicilln solution 1n 10 cc. and the wound 1 closed
without dramage. Re-exploration may of may net be mdicated, de
pending on the patient s progress.

For a subdural abscess, adequate drunage may be accomplished
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through bilateral trephine openings After the abscess 1s evacuated. the
area 1s rigated with a penicillin solution and the patient 1s gien large
doses of the anubiotic parenterally This treatment often suffices for
cure Only occasionally 1s 1t necessary to instil! the antibiouc solution
into the area after the iminal exploration When a subdural abscess docs
not respond to treatment, the reason may be that extenstons of 1t are
present 1n unusual positions, such as between the hermispheres In such
cases, exposure of the purulent collection, either by an adequate cram-
otomy, or by introducing a brain cannula into the area of suppuration,
1s 1ndicated Removal of the pus and injection of pemallin solution
into the area effected a cure 1n 2 cases of an interhemuspheric puru-
lent collection 1n our series

An encapsulated brain abscess, provided 1t 1s free of retained foreign
matter or bone fragments, can be evacuated by repeated aspiration,
followed by instillation of penicillin (10,000 to 50,000 units 1 1 cc
aqueous solution). After the mtial evacuation, the abscess cavity can
be visuahized by nstlling 2 to 4 cc of Thorotrast, which stains the
abscess wall Repeated roentgenography thereafter reveals the state of
the leston *' Repeated aspiration may be necessary as the abscess outline
enlarges In selected cases, excision of the abscess 1s indicated.

In the case of a cerebritis or abscess due to retained foreign matter
or bone fragments, the mflamed arca 1s excised completely. peneillin
solution 1s nstilled 1nto the area, and the wound 1s closed ughtly If
there 1s extensive loss of scalp and bone, or if there 1s a fungus cerchr,
the nvolved area 1s excised completely and covered by a temporary
dural graft After granulations form, the dural graft 1s removed and
skin 1s grafted upon the granulaung surface (see Figs 92-93).

A fungus cerebri with a bramn abscess, or a cerebritis, 1 an improp-
erly debrided wound with a large opening in the dura, should be care-
fully evaluated by roentgenography before treatment s started. The
arca of involvement must be completcly cxeised, manly by suction If
there 1s a heavy fibroghal scar, 1t may be removed with a sharp -
strument If possible, a temporary dural graft should be uscd to close
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the dural defect, especially of there 1s Joss of scalp the goal being to
mahe the dural sac a completely closed one 1f that ss 1mpossible, re
peated lumbar punctures, as suggested by Browder* ** or conunuous
lumber drainage may be used 10 order to prevent increased intracramal
pressure and the nsk of cerebral hermaton Cerebral hernanon or
fungus cerebn 10 such cases s the result of a combination of inferted
cerebral tusue, an open dura, and usually 2 meningius, 1 the absence
of meningeal or cerebral snfection an open dura would not result 1n
hermsation or fungus formation If the arca can be covered by scalp,
10,000 1o 50,000 units of pentaillin 1n 1 cc. aqueous solution may be in-
jected daily for 3 or 4 days. Some, however prefer to debride such
wounds without closing the dura

If the patient fails to tmprove after an intracranial abscess has beent
evacuated, other foct may be present where they are not canly accessible
to exploration. Nevertheless, an attempt must be made 1o locate the
focus or foct of infection. Should a focus be found and completely
evacuated, andd adequate antihiotic therapy instituted, the patient may
recover

Whatever the locatton of the abscess, a preumoencephalogram 1
essential befare the patient 1s discharged from the hospital. This 15 to
make certan that no unsuspected collection of pus remains n the
crapal cavsty

Posttraumaric Epilepsy

Medical Management

Satufactory control of posttraumatic epilepsy 1 obtamned 10 most
Pauents by the use of the anuconvulsant drugs, such as phenobarbital
Dilanun Hydantal, Mesantan and Mysoline Recurrence of seizures
can usually be traced to dictary ar other indiscrenions or fatlure 1o use
the drug The majonty of panents can lead a normal hfe 1 they arc
careful 1n dict and 1n the use of medication if thewr home hife 15 regular,
andsf ther psychologic background s healthy An occasonal panent
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The preoperative preparatuon should include a detaled history. a
complete neurologic exanmunation, skull roentgenograms, and an e
trocncephalogram, the last-mentioned 1s particularly useful of 1t i
obtained 1 association with metrazol activation, since this may help to
localize the epileptogenic focus accurately Pneumoencephalograms arc
important, and 1 some cases anglograms are desirable  Electrocor-
ticography, which may reveal the epileptogenic focus, 15 best done
under local anesthesia This may necessitate a two-stage operation The
first stage consists of turning down a bone flap under gencral anes-
thesia, the second, 3 or 4 days later, of rcopening the wound under local
ancsthesia, opeming the dura, and procecding with the clectrocorticog-
raphy and whatever exaston 1s indicated However, we have now used
a one-stage procedure 1n § consccutive cases, with satisfactory results,
by means of local anesthesia and morphine mtravenously for analgesia

Electrocorticography may reveal foci of abnormality dsewhere
the brain as well as 1n the intermediate zone which surrounds the scar
proper, and wlich 1s the epileptogenic focus Foci 2 to 3 em from the
scar should be excised, those elsewhere should be left alonc However,
new foc1 may appear on the postoperative electrocorticogram (see Fig
»2), demonstrating that exciston of the scar and surrounding cortex may
not suffice for cure Excision of the scar without electrocoruicography
i many cases has produced good clinical results, at lcast as good as
those reported with the usc of clectrocorticography ** **

In those cases mn which the scar mnvolves a greater portion of a lobe,
the excision may have to be extended to the ventricle, or 1t may have
to be cxtended 1 depth down to the white matter until all the scar tssue
1s excised The frontal or the occipital pole may be exersed, if these struc-
tures are mvolved We use silver chips for hemostasis and the kmife for
exasion  Electrocoagulation 15 used sparingly. In all procedures,
meticulous care to control hemorrhage and prevent mfection 1s cssential,

Postoperatively, the patient 1s gnen anticonvulsants, e.g¢ phenobar-
butal and Dilantm, for several months or as long as may seam necessary.
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A series of postoperatise electroencephalograms may help i deading
on a therapeutic regimen
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cerebellar tonsils, 202
medulla oblongata, 202
orbital fat, 183, 18y, 217
temporal lobe, 173
tentorium, 143
uncal See Uncal hermation
Hochey, head 1nyury, 353, 355
Holter valve, use 1n hydrocephalus,
438, 448
Horner's syndrome, 205
Hydrocephalus, 134, 136 T, 238, 348.
438
esternal Sec Hygroma
ex vacuo, 130, 137, 139, 140, 141, 237,
310, 311
management, 438, 448
Hygroma, 22, 212, 225, 239, 240, 270
277> 313+ 334» 341, 343344
management, 345, 447, 442, 447-448
symptoms and signs, 125 {1, 134 I,
163, 104, 173, 256
Hypaque, 125
Hyperacusis 1n head myury, 182, 200
Hyperestension 1njury  See Wiaplash
injury
Hyperfleston
mjury
Hyperhinesia(s) 1 head mjury, 162
Hyperosmolarity 1n head 1njury, man-
agement, 377
Hyperpnea., See Respiration
Hypoglossal nerve
anastomosts, 433
njury, 197, 201
Hypotension
blood Sce Blood pressure
cerebrospinal flud, 143
Hypothalamus, mury, 117, 16y, 203.
236, 314, 349 377
Hypotherma, i head smyury, 375 376

injury  See Whaplash
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Hypotonia 10 head injury 248

Ixncrsora tentotii, 40 49
Infanus
bloody cerebrospinal fuid, 333
cramal anatomy 337 339
development, 327 325
head snjury 553, 173, 186, 258, 331
335 337 34
hematoma, 256, 330, 337 333 T
339343 345 447
hygroma, 277 334 341 343345
447
management, 35 33% 336, 337
340 314 U5 374 396 438
43% 447 48
cranwoplasty 416
preparaton  for surgery 385,

439
skull fracture, 211 329 f 335 339
reflexer, 317
Tnfarcuon n head anjury 105 231 23,
234 237 307 308
Infecion m head anpury 167 215 285
See also speafic condirons
Infraothual nerve, mjury go, 197 198
Insomms, posttraumatic, 313
Intermedifacial nerve, See Facial nerve
Intracranal pressure
and blood presture, 168 167
and comvulne sazures, 172
and teadache, 176
and preamocncephatography 136
gradients and cercbral injury 61 93
6 ff. 105 268, 69
w head mjury 15 51 60 107 110
143, 165 167 168 234 146
397 338 349, 351
managerent, 378-379
n penetrating head anjury 85
Intranasal feeding, Ser Feeding
tranasal
Intubaion, wtratrachesl 374 375

JacrsoNian serrures. Sec Convuline
sazures  Epilepry  postrau
matw

Jargon speech, See Speech defects

Jugutar bulb, 55

snyury 380 219

Rrrovumia e head injury 303
hadoey(s)  failure, m bead wnpury
management, 377

Lawvanaon(s) 43 47
mury 86, 87 90, 93, 136 349
Laceration

cerebral, 86, 6o, &y o6, 102107 173,
237 353
symptoms and signe, 162, 164 169~
7% 173 237
facal, 1n head yury 194 198 a0x

355
scalp, 61 61, 213 355

managenent, 386-3g0
Lacrimation 10 head mjury 200
Lactic aad, cerebral

15 comvulsive seizure, 3ar

mn head snjury 115 516
Leukocytes i cersbrospinal flmd 142
Leubocytosss 1n satsacranl  abscess,

297

Levaterenol  bitarrate  for  remstant
hypotension, 169

Lagavon of blood vemsels, 18 234, 435,
436,438

Load wenal 21 163, 239, 243, 271

340
See also Conxwowsness Unconscious
nest
Luate. Sev Methyl methacrylate
Lumbar puncture
duagnosuc, 142, 265 266, 378
therapeutie, 238, 377 378
Maxotaurar nerve mury 195 198

Mamua(s) 1n head myury 309
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Mass leston(s)  See Dynamic ntra-
cranil  lesion(s),  Hema-
toma(s), Hygroma

Mass movement(s) of intracranial con-
tents 1n head 1njury, 6o, 107,
237, 208, 269, 349

Mastord process, 46

inyury, &6
Mastorditis 1n head 1njury, 285, 289
management, 452

Maxillary nerve injury, 197

Mechanisms of head injury, 27 fI, 58-
122, 320-331

Medicolegal aspects of head 1njury.
331, 357-369

Medulla oblongata, herniation See Her-
niation, medulla oblongata

Memory defects See Psychiatric dis-
turbances

Meningloma(s), bemgn,
inyury, 366

Meningius

in head myury, 173, 195, 196 212,
215, 210, 285, 290, 305
management, 380, 385
Meningocele, spurious, 336
Mental abnormalities  See Psychiatric
disturbances
Mental deficiency in birth 1injury, 334
Mentauon, lowered, 1in head 1injury,
307, 309, 31i-312
Metabolic changes 1n head njury, 202
management, 376-377

Mecthyl methacrylate
for cramoplasty, 418 fI, 426-431, 457
for repaur of crantonasal fistula, 407

Mecucorten See Predmisone

Middle ear See Tympanic cavaty

Migraine 1n head injury, 170

Morphine use 1n head njury, 379

Motor disturbances in head injury, 162,
169 T, 174, 175, 248. 203, 209
273 275, 397, 333334

See also ﬁp(ZlelC CODdlllOﬂ?

and head
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Muscle for repair ot sinus tears, 433,
430

Mutism, akinetie, 162, 175, 2069, 305

Myclography for diagnosis of whiplash
mnjury, 125

NasociLIARY nerve injurv, 95, 198

Nausca in head njury, 169, 177, 204

Nech pain 1n head myury, 204, 203,
313.344

Neomycin, use m penetraung  head
mjury, 405

Nervousness  See Psychiatric disturb-
ances

Nervus intermeduus, 48

Neunus, traumatic cervical, 93

Neurosis(es)  See Psychiatric disturh
ances

Nystagmus n head njury, 177 I

Occrritar lobe 1njury, 194
Oculomotor nerve, 44, 45, 49, 55
mjury, 94. 171, 190, 191, 201
See also Ophthalmoplegia(s)
Olfactory disturbances 1n head mjury,
195 f, 215, 313
Olfactory nerve injury, 196
Ophthalmic nerve, 55
injury, 185, 197
Ophthalmoplegia(s)
in head 1nyury, 190-193, 201, 216. 239,
242, 244, 240, 259, 205, 351
in postoperatnne bleeding. 385
Opisthotonos 1 head 1nyury, 175
Optic canal, 94
Optic chiasm, distortion, 237
Opuc foramen Sce Toramen(s), optic
Optic nerve, 44-45. 94
injury, 88, 89, 91, 94, 185 {1, 192,
225
Optic radiauion, 45
Orbat, 43-45
mury. 68, 73. 79. 80, 9n oz, 182,
210 217, 225
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management, 413, 415
Oueomychits ekull 285 a8ga9r ags,
296, 207 366
mansgement, 452 453
Osteoperiosteal tramsplant. Ser Cran-
oplasty osteopenosical  trans
plant
Osteoplastic flap techne, 254 263 439,
447433 o 449, 4500 357
Outs media n head injury als 28,
397
management 452
Ororrhea 1n head myury 27 180 224
188

See #lso Bleeding aural
management, 379380, 385
Oxyceel 400 403 411
Oxygen admmstration 1n head myury
371 375377

Pacrinonian bodues, 45
Paccsetter mechanum, mvolvement
head myury 150, 135
Pain sensation 18 head mjury 171 198
Pastopaque 128
Papillederna
after trannverse sinus ligation, 438
w tead mjury 186, 317 23y a3y
246 363, 370 374 383 agr
301
Paralyses tn head mjury 16g-171 214
233 33p 249 359, 369, 307
334 364
paradoxsc 170 ash, a6s, 417
Pareses 1 head wmyury 16g-171 314
303 371 307
Paresthesia(s) m head wpury 197 203
Parictal lobe inpury 171
Pasovema 1n bead snpury 196
Paroud gland inpury 431 433
Paspomteng n head anjury 1g7
Pathology cercbral i head injuny
too f, toftag, 269
Sce wlso specihic condivons, path

ology ey Hematoma(s) ex
tradural, pathology
Pathophynologe effects of head injury
110113
Penetrating head inyury 16 fl, 21 Go
61 65 6o, 81 8486 101 213
a1g arazp 237 248 9
269, 273, 275 392, 393, 295
338
diagnaosss, 226
management, 223 407 415
prognests, 326337
symypoms and signs 134 137 138,
169, 171 185
Pemwithing use 10 head imjury 393 294,
380 385 403, 430, 429, 453

Pentrxhal‘s?or comulsive seizures
head sury 377
Percutancous technsc for angiography
120
Perdoraung head injury See Penetra
ung head tnpury
Pertorbeta 44
Peniostntal  hemerthage. Ser Hemor
rhage, orbutal
Dersvasculanus 1n head tnpery 2g2
Personaliy dusturbances. See Psycheat
ne disturbaness
Perspex. Ser Methy! methacrylate
Petectiae. See Hemorrhage  petechial
Petit mal See Convoltve seizures
Epiepsy posttraumanc
Petrosal nerve, superfinal 49
Petrous bone, 46 47 86
fracture, 68 55 76, 86 £, 179, 191
197 219
Phenobarbital  See Sedatves
Phosphate, inorgane, cerebral, 1 head
injury 115, 116
Phosphocreatine, cerebrat
m convulsne sozure, 338
i head injuny 535 016
Phouc sumulauon and EEG 150, 153

477



Index

Photophobia 1n head njury, 183
Prarachnord, 40-41
adhesions, management, 439
laceration 212, 237, 336
Pineal gland, 41
shift in hematoma, 124, 247, 257,
262, 274
Prtuttary gland
blood supply, 52
infarcuon, 237
involvement 1n temporal bone frac-
ture, 86
Plesiglas  See Methyl methacrylate
Pneumatocele See Pneumocephalus

Pneumoventriculum  See  Pneumo-
cephalus

Pneumocephalus, 196, 215, 2106, 285-
289, 400

management, 451-452
Pneumoencephalography, 133-141, 260,
201, 323, 458
Porcncephalic cyst See Cyst(s), por-
encephalic
Position sense 1n head 1njury, 171
Postconcussion  syndrome, 143,
312-315
management, 381
Posterosuperior temporal gyrus injury,
172
Postsubconcussion syndrome, 155, 312-
315
management, 381
Posttraumatic automatism See Autom-
atism posttraumatic
Posttraumatic cerebral syndrome, 148-
149
Posturing 1n head 1njury, 246, 248
Potassium blood levels Sce Electrolytes,
blood levels
Potassium chloride  solution,
head 1njyury, 377
Pott’s puffy tumor See Abscess, catra-
dural
Prednisone, use 1n head njury, 378

155,

use 1n
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Promazine, use with hypothermi, 375
Protein
excretion 1n head mjury, 202, 204
n cercbrospinal flud, 110, 142, 143
Psychatric disturbances 1 head 1jury,
164, 177,
276, 307, 309-312, 313. 314,
352353
Psychologic  abnormaliies  See  Psy-
chiatric - disturbances
Psychosis(es) See Psychiatric disturb-
ances
Psychotic mamfestations See Psychiat-
ric disturbances
Ptosss 1n head 1njury, 190
Puffy tumor. See Abscess, estradural
Pulse 1n head injury, 164, 165. 167, 168,
247, 2606
Punch drunk syndrome, 352
Pupil(s)
in head 1njury, 93, 161, 177, 183,185,
190, 205, 238, 239, 244, 240,
256, 259, 205, 270, 274, 337
340, 351
in postoperative bleeding, 385
Pyramidal tract signs Sec Motor dis-
turbances, speetfic signs

227, 263, 267, 274,

Quaprantanorsia  See  Visual  ficld
defects

Quechenstedt mancuver, 143

RapicuLitis, traumatic cersical, 93
Radioactine iodinated serum albumin
for hematoma diagnosss, 155
156
Refleses 1n head jury, 162, 248, 263
corneal, 93, 110, 111, 161, 183, 185,
198
puptllary, 110, 183, 185, 190
Resprration 1n head mpury gs. 110 1,
165, 167, 168, 221, 247 206
Resprratory tract nfecuon and bran
abscess, 292, 207
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Resifessnews 1 head injury 163, 269
Retscular formaton
wqury 9506 146, 150, 162
patbology 1n concussion, 100
Reuna, 1a head sjury 190
Rhunorrhea sn head imyury 27 195 196,
155 216 286 188
management, 380, 385, 398, 400 L.
Regrdny
decerchraie, W head oty 173175
246 245, aso, 263 269, 305,
37
smanagement, 376
nuchal 10 head uyury 162, 375 301

dural, 5456
See aso speafic simmes, g,
Simss{cs) cavernous
inury management, 434 438
liganon 435 436
athmod, 43, 43
hypeswrophy 1 juvenile chronic
subdursl hematoma 341
frontl 42
hypertrophy 18 juienile chrome
subdura! hematoma 341
wury 182, 214 ff, 217
management, 366 f., 420 438
LALETEAVErNOUS, 54
lateral See Stnus{es) tramaverse

248 290, 297

RISA. See Radwacive sod d serum
atburmun

Roentgenography 123 125, 212, 288,

388 390

Sauns soluuon, we m head njury
376 377
Saalp, 3637
examunatron, 161 226, 362
wmury s9 fl, 213, 235, 3585
management, 386350, 394
Scotorma. See Visual field defects
Sedauves, use 1o head njury 379, 38«
Sensoty abnormalises 1 head wmyury
171 197 198
See dso speaific condisons
Shearing ingury(es) 6o, 61 8s ox fi.,
1o fF
scalp, management, 387 388
Shock 1 head imury 166, 167 168-169,
331 388 340
Simmonds diease 10 bead imury 203
85
Sinus{ &)
bavilar 54 55
arotid effect of blows 349, 350
cavernous, 53, 54, 55, 56
IRy 9T, 434

lonprudimal. See Sinm{a) sapimal
maxillary 43
ocapital 53 54
poranasal 4343
AMJULY 91 194 313, 214 218
management 430
peuroal 40 34 55 56
wyury 86, 88, Bg, 180 219, 434
management, 438
sagimal 40,53 54 55
wury 179, 235 333 234, 335, 48
350 258
management, 333, 235 413 435
sigmoid, npury 219, 358 434
sphenod 42 43, 44
mury 74 86, g1
sphenopanseta] 53 54
wpury 434 438
management, 438
steught, 40, 49, 53 54 55
trumverse, 40, 53 54, 5%
myury 180, 219, 324, 235 234 236
7248, 255, 358 335 380,
436 435
management 234 336, 118
Sinusitss
and bramn abscess 193 297
and skoll estcomyedin, 190, 291
Shuing head imury 353
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Skull
anatomy, 37-39, 327 ff
defects, repair. See Cramioplasty
foreign bodies See Foreign bodics,
intracranal
fracture, 16, 20, 59 6o T, 76-78, 161,
211-230, 306
basal, 73 ff, 78-81, 94, 191, 212, 215
bursting, 05, 223 ff
depressed, 65 81-86, 212-220, 306,
329, 331 ff, 335 fl
See also Penetrating head 1njury
management, 390-407
mechanisms, 81-86

derbv-hat, 329, 331, 332, 336, 337
diastatic, 335, 340, 341
infants and children, 211, 329 f,
335-339
management, 21, 332, 330, 337,
396
1n sports, 351, 353 I
hinear, 65, 67, 70-81, 211-212, 240,
245, 247, 306, 335
management, 390, 394
mechanisms, 70-76
management, 21, 332, 3306, 337
384, 390-407
tables, 16, 68, 76-78, 82
tangenual, 223, 2235, 220, 413
ostcomyelius 285, 289-291, 295, 290
stress characteristics, 38-39, 62 ff
Smell, disturbed See Olfactory dis-
turbances; specific conditions
Sodium blood levels See Electrolytes,
blood levels
Solar plesus blow, cffect, 350
Sparine See Promazine
Spastictues i head 1myury, 139, 307,
334
Speech defects 1n head myjury, 170, 172,
225, 2206, 271, 307
Sphenoid bone, 50
Spinal accessory nerve anastomosts, 199,

433
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Squama, temporal, 36
mjury, 65

Squash, head ijury 353

Squint See Strabismus

Status epilepicus i head mpury, 153

Strabismus, divergent, 1 extradural
hematoma, 239, 246

Strain gage techme, 62

Streptomyain, wse m penetraung head
mjury, 407

Stresscoat technig, 62 ff

Stupor See Unconsciousness

Sucrose solution. usc in head injury,

Sulfadiazine, use 1n meningius, 380,
385
Sulfioxazole, use 1in head myury, 380,
395
Sulfonamides, use 1n head inpury, 380,
385, 395, 407, 408, 452, 453
See also spectfic substances
Suppuration, ntracramal  See Abscess,
mtracranal
Supraorbital nerve, myury, 197-198
Sutures, cramal, separatton 1 head
njury, 76, 83, 335
Swallowng difficulty 1n head njuny,
170
Swelling See Edema
Symptoms and signs i head imjury,
21, 23-24, 100-210
Sec also specific symptoms or signs
Tantartar crimoplisty  See Crani-
oplasty, tantalum
Taste, 49
disturbances i head injury, 200
Temperature 1 head njury, 163, 166
167, 221 247, 200, 290, jou
contral, 371, 375-370
Temporal bone, 45-40
fraciure, 80 9o, 219 221
symptoms and «gns, 123 124, 1ho.
18
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‘Temporal lobe(s)
hernuation, 173
myury 102 103, 106, 107 163 184
172,173
See also Temporal bope, fracture
Tenon s capsule, 44 45
wury 186 217
Tentornum cerebelli 39, 40, 56
Tentorium  hermuation, 143
Thorotrast, 125
Thrombophlebotss, retrograde, 289, 292
‘Thrombesis 1n head 1yury 231 364
See also Cercbrovascular  disease
speafic blood vessels
Tinmius 1n head mmury 181
Todds paralysts 1n posttraumatic ept
lepsy 322
Torkildsen procedure for prarachnoidal
adhenons, 438
Towh semsation 1n head imjury 171
Tracheotomy wse 1n head myury 371
372375
Tremor(s) 1n bead imjury 171
Trephinanon, 4 g ff, 18 20
duagooste, 132133 275, 341
441
for subdural hematoma 443 447
for subdural hygroma, 447 448
Trgeminal nerve 44 45, 55 56
mory 86,95 185, 197
Trochlear nerve(s) 44 45 49
injury 190, 193 339
Tumor(s) cerebral, and hesd injury
366367
Twopomnt ducnmuination  1n
mjury 171
Tympanc cavity 4647 48

ULceratrov  gastrofntestinal
mjury 169, 203 185
Unca! hernuation
n hewd injury 61 94, 104 108, 109,
185, 188 ., 201 202, 233 234
246 265, 268 416

439

head

m head

and lumbar puncture, 378
management, 415 418
symptoms and ngns, 170 201 202
in postoperative bleeding 385
Unconscrousness 1n head mpury 20 &
9596, 161 162164 213 fl,
221 333 238, 239 243 248
256, 259, 263 270, 271 297
301 309, 313 319, 330 340
349 fi, 355 385
See alro Coma Conscrousness
management, 376 ff.
Uncus, 49
Urca blood level in head injury 202
Urea solution use 1n head amjury 379

Vaaus nerve, 56
njury 197 20T
Vascular lesions in bead imjury  See
Artery(s3)  Hemorrhage, 1n

head  injury Sinus(es)
Van(s)

Vean graft for repar of nnus tears,
37438

Ven(s) inacranal, 45, 55
basal of Rosenthal 49
cerebellar snjury 258
cercbral 53
diploc, 49, 53
mjury 250
cmustary 49,54
mjury 250, 335 341
great, of Galen, 49. 53 55
mpury 258 331 333
great anastomone, of Trolard 53
mddle meningeal 49
mjury See Artery(tes) muddle
meningeal, imury  Hema
toma(s) extradural
panctosphenoid, injury 258
posterior anastomots, of Labbe
53
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Ventricle(s)
cnlargement, 134 T, 321
nyury, 225
Ventriculus, 296
Ventriculography See Pncumocnceph-
alographv
Verugo 1n head injury, 169, 177-179,
204. 313, 314
See also Equilibrium 1n head 1njury,
Giddiness, Nystagmus
Vesubular  disturbances. See Equilib-
rium 1n head 1injury, Gidds-
ness, Verugo
Vesubular nerve, 47-48
Vesubule(s), injury See Cochleoves-
ubular structures, 1njury
Visual disturbances See Lye(s) 1n head
injury; specific disturbances
Visval ficdd defects 1n head 1njury, 139,
171, 186-188, 189, 227, 234,
255, 263, 274, 424

e

Vual funcuons m head mpuny, 110 113
t60-161, 104-168, 224, 346 29,
2006, 380

Vomuting in head injury, 21, 160, 177,
248,340

Wizer's syndrome. 150-171, 190
Whiplash 1njury, 58, 92-03 156, 233
management, 381-382
symptoms and signs, 124-125, 204
203
Workmen's Compensation lws, 360 (T
See also Compensanion (1nsurance)
considerations

Xsrocany hydrochloride, use in post
concussion and postsibeoncus-
sion syndromes, 381

ZycoMaTIC process, 40






