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Preface

This book s wntten pnmarily for the usc of the general surgeon and the
genernl practitioner It has been obvious for a lTeng time that the bulk of
neurologre surgery lies in the field of trauma and not, as used to be the case
m the fiedd of tumors. The corollary to thus must be that the bulk of neuro-
surpery will be scen first by the general surpeon and the general practitioner
In the course of more than twenty years of ncurosurgical practice It has be
come apparent to me that these men have been preatly handicapped In their
care of these patients by the lack of any conclse source of information. The
therapy of injuries to the nervous system 18 so new and b still in such a state
of flux—particularly that pertaining to the spinal cord and cauda cquina—
that, while such information is procurnble from the medical fournals it has
not yet been made avanilable in a2 more compact form Moreover lack of
knowledge as to modern therapeutic methods 1s not the only handicap under
which the general surgeon works He has also no concept of what end-results
he and his patient should legitimately expect from his own or his neuro-
surgical consultants ministrations This aspeet of the neurosurgical problem
was forcibly brought to my atiention by Mr Stanwood L. Hanson who has
30 kmdly contributed the chapter The Cost of Medical Care in Paraplegla
and Hox It May be Modified by Rehabilitation Services He served in addi-
tlon and without his knowledge as the spark plug which motivated this book
but he should not be held responsible for any but the good parts of it
In this volume are the methods that have been evolved for and are now
in daily use in the treatment of all types of injury to the nervous system at
my neurosurgical clinic at the Boston City Hospital. The procedures de
scribed are by no means the only methods and are not even necexanly the
best methods for the treatment of the conditions that are considered. They
do however have the virtues of pracheality the authority that comes from
cvolutionary development over a number of years the stability that is de-
veloped only with use by a number of differcnt members of the stafl and
the honesty that 13 inherent In a constant checking of mistakes by the house
stafl and by postmortem cxaminations made by or under the direction of a
medical examiner
The work done in other clinics and by other neurosurgeons has been
drawn upon {reely and adapted to cur necds bat, much as T would like 10 do
0 1t 18 impossible o credit these benefactors m detail Reference to such
work thereforo has been made only when I or the members of my clinic
have had no personal experience with the methods cited. In additbon [ should
like to take this opportunity to add my word of appreciation and thanks to
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some whose names do not appear in the bibliography Ther help has been
given in fields larger than those of specific methods, although here too I have
taken advantage of their expenence and knowledge. They have contribated,
rather that intangible factor which serves to encourage others In their diffi-
cult moments This has been particularly true m my work with the para
pkgics and quadrplegics Leading thrs list are Mr Johm G Counsell,
O.B.E. M.C, presently president of tho Canadmn Paraplegic Association
and himself a paraplegic, and his med‘cal colleague Dr E. H. Bottrell,
OBE,MD.,MS, FRCS (C) of Toronto To these men should go the
credit for really settmg in motion the rehabilitation of the spmal cord casual-
ties of World War IL. Similar contnbutions m this country have been made
by Miss Betsy Bartoo—also a paraplegric—by Dr Loyal Dawis and his
group at Hines Veterans Admimstrauon Hospital, and by Dr Emnest Bors
of Califormz In the more restricted field of physical rehabilitation T ke
all others interested, have greatly profited by the advances first sparked by
Dr George G Deaver and his associates Misses Brown and Buchwald, and
then raised to previously ummagmed helghts by the efforts of Messts. E. M
Saunders and Alfred B Ellison and their assistants.

In my own clmic many have been of inestumable help My two associates
—Dr Walter R. Wegner and Dr A Price Heusner—the many resrdents,
house-officers, head-nurses and other nurses cannot be thanked enough.
The one among the house-staff and nunes to whom I owe most, however
is Miss Jane Dignan presently a teaching supervisor at the Boston Clty
Hospital. Her contribations in trme spent, interest taken sacrifices made
and profesmonal acumen brought to bear on the problems of nursing care
as well as the physical and social rehabilitatron of patients with injures to
thetr nervous systems cannot be recompensed.

My thanks are due to Dr Donald Bickers, whose text and illostrations 1
have used In the section on Splinting for Ambulation to Dr Raymond D
Adams for kending me the splendid illustrations nsed in Figures 1 through
6 and to the New England Journal of Medicine for permisson to reprint
and use certam of the iltustrations from the papers Orthopedic Appliances
m The Rehabllitation of Patlents with Spinal Cord Infuttes (inchuding Fig
ures 1 through 7) volame 238 pages 545 to 553 issue of April 15 1948
written by Donald S. Bickers, and The Rehabilitation of Patients Totally
Paralyzed below the Waust, wth Special Reference to Making Them Ambo
latory and Capable of Earning Thetr Living. III Tidal Drainage, Cystome
try and Bladder Trainmg (mcluding Figures 2 throogh 8) volume 236
pages 223 to 235 issuc of February 13 1947 wntten by me.

DoNaLD MuNzo
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The Central Nervous System

GENERAL CONSIDIRATIONS

It is well to emphanze becamse of the frequency of occurrence and the
prectical conswderations involved, certaln of the more important points
that must be faced at one time ot another by all physicians In dealing with
accdents and mjunes that affect the skull, spine, brain spinal cord and
canda equmaa. Unfortunately such Injunes are so common at to consttute
a major problem Their nature, moreover s such that if the best results arc
10 be attained certaln speciafized care must be provided dunng both acute
and chronic stages. The pathology varies from the simplest type for which
no therapy Is necded to that requinng the highest degree of surgieal skill
and judgment.

Causer

The causes of these injuries are well known and requlire only brief men
ton. In general they Iall into such groups as accidents caused by moving
vehicles falh, including diving accidents blows on the hend and back from

fallmg or moving objects and as the result of an attack and gunshot and stab
woands,

‘Transportation

Certain problems arc common to all central-nervous-system Injunes The
first of these has to do with the decisions that must be made concernlng the
need, the feasibility and the methods of transportation of the patlent. It is
axromatic that severe surgical shock, under ordinary circumstances contra
mcficates moving any patient. This apphes to Injuries of the central nervow
system exactly as it does to any other injury However ofter shock has been
treated, if neccssary on the spot, and the patlent s blood pressure is gatisfac
tory experience has shown that anyone suffering from a craniocerebral
injuty may be safely transported for any ble di by ambulance,
train or airplane providing normal atmospherlc pressure is malntained. It is
in the paticnt » best interesty therefore to move him at once to a properly
equipped aid stafled hospltal, even though this may involve n longer ride
A d injunes 1o ex es thould be splinted on the spot before the
patient 13 moved. Excitement or major unco-operation at this time should,
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THC CLONTRAL NERVOUS SYSTEM 3

moval of all macerated brain tissue Butlets should be removed only i cadly
accessible Débridement of the spinal cord ltsell should not be attempted
Chemotherapy and appropriate antiblotles may if necestary be given In
trathecafly and if indicated, injected Into the venteicles. Morcover it must
be constantly bome in mind that 1t Is not the sulfadiazine or penicillin that
changes a contaminated or Infected wound into one that is surgically chean
but rother the sargical skill that is exercksed In doing the débridement. Sach
definttive measures must 1if the patlent s condition makes it possible be car
ned ont within forty-cipht houts of the receipt of the wound if o clean healing
by firnt intention s to be expeeted. I the wound has been roanipulated sand
the Ussues mauled at the first dressing it may be necessary to easry out
deflitive therapy even before that time but this should not be done while
the patient s I surgical shock for there ks fittke to bo pained by subst!
tuting & dead patient with ¢ clean wound fat a Uve one with a dirty wound.

Other Sarpical Emergencies

Acute surgrenl emergencies such as intra abdominat hemorthape o rop-
tured viscus, 8 tenston pocumothorax or a sucking wound of the chest with
hemopacumotharax, as well a3 the débridement of larpe destructive soft
thave wounds, must be dealt with before any neurologic surgery s per
formed because the former cannot end the Jatter may not be able to wait.
T t of ponnd of the {tles o7 of wounds of the
joints may have to be postponied until the greater neurosurgical emergency
bas been met, bowever

The Problem of Mictoritton

Severe injurles of the central nervous system catse some degree of atony
or at keast failure of the urinary bladder to empty This applies to both brain
and cord myuries although it s more severe and more constant in the cord
myuries. Overflow Incontinence should not be mistaken for normal micturd

tioxt, nor can a full bladder olly be guized by axther palpation or
p on of the fower abd Net anly Is it of the ntmost Importance to

prevent overstretching of the bladder by the distentlon that accompanies the
overfow incontinence of card injares, but the therapy needed in handilng
a patient with & contused of lacerated brain can also be greatly facilitated
if bis restlessness 15 diminished or panibly eliminated entirely by cathe
tertration Thccu!hetcrlhouldhcwﬁiﬂkﬁppcdandmmlargwthm
No 14 French, Uniess it ks definitely known that dous urlnary control
is present, stesile catheterization shonld be dono a3 s00n as possible after
thcpamntlldmwbutolhchwplulmwuwﬂwnnd
p:n;ik?cuq;sﬂphgkp:mu tho catheter should be left In place and
wa d ge app a5 goon 81 possible
mluuonofomhslfo{lpcreemmknddorlZDOOOAQUS:I:Fngh)mAn
:honldbeuscduimgxungﬂuld.&lt.boﬂctddmdpomnhmpemnn-
graate solutioms are contraindicated as {rrignting med—the Srat because It
nmﬂmwaﬁmdmwwcwhmmel((«mtmw! and the

¥



4 THE TREATMENT OF INJURIES TO THE NERYOUS SYSTEM

third because It is alkaline Suprapubk cystostomy should never be per
formed. It is not even justified 1n combat zones, and when used there or if
used under other conditions is less efficient as a method of drainage, slows
up recovery, often leads to the need for Iater surgical closure and greatly in-
creases the incldence of genitourinary-tract infection. The same objections
apply to perineal urethrostomy This moreover is much more difficutt to
close and when closed leaves a stricture of the urethra that would not other
wiso have developed.

Borrels

Care of the bowel after surgical shock has subsided requires no unusual
measures except in the case of major cord infaries (page 124) Enemas
may be used as indicated, as msy mineral oil and mild cathartics, Some
attempt should be made to require the patient to attempt to move his bowels
at the same hour every day in order that a proper bowel habit may be
established as early as possible. One procedure should be avoided at all
costs In the acute stage that is, a laparotomy for supposed Intestinal ob-
struction or retroperitoneal hemorthage in the presence of & major spinal-
cord injury Actually the pathology s such that laparotomy only makes
bad matters worse because the fundamental caose of the signs and symp-
toms fs not obstruction or hemorrhage but & generabzed paralytic fleus
traceable to spinal shock. The proper treatment under such conditions b
the withdrawal of all food and fluids (Including water) by mouth and the
intermittent use of a rectal tube until peristalsis can again be heard in the
sbdomen In severe cases and especially in those petlents with dilated

stomschs thu therapy should bo suppk d by Wang suction
drainage

Flulds
The admi; of of fluld preferably by way of

the stomach s a sine gua ron In the treatment of both brain and cond in-
Jurres. Provided that the patient is an adult and has a compensated heart
and » pormal genttounnary tract and 1 not debilitated because of ad
vanced age or arteriosclerosis, ot who has sustained an injury to the
central nervous system should receive in addition to that In his diet,
mintmum of 3600 cc of flinds cvery twenty-four hours. If theso prerequi
sites cannot be met or if ederna of the extremities, back or lungs develops,
this mimmal amount should be scaled down to an appropriate figure When
there has been a great quantity of body fluids lost through vomiting, ex
cessive sweating, high temperature, increased respiratory rate or so-called
therapeutic dehydration this minimum may peed to be raised to between
4800 and 6000 cc per twenty-four hours In order to do away with the dis
abling signs and symp of toxic dehyd: particularly in craniocere
bral injones. In spmalcord and cauda-equina injuries this fluld intake
serves chiefly to irrigate the genltourinary tract. It Is the most efficlent medi-
ane that is available for the control of mnfection in that ares, wth Itx at
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tendant aftermaths of renal and bladder stones encrusting cystitis pyelo-
nephrosts renal abscess and functional deterloration of the bladder Sec
ondly the flud may serve to replace fluld lost in the serous discharge from
large septic or granulating bedsores

Food and VHamlns

Except as noted under the heading Bowels, paticnts with contral-nervous-
system 1njurics may take any type of food by mouth if they are conscious
and the food Is palatable Unconscious or unco-operative patlents must be
fed through a tube, There need be no heshtation in using & tube under such
circumstances It 15 best inserted into the stomach by way of one nostril
and may be held in place by small strips of adhesive plaster nttached to the
face. All such adult patients and especially those with spinal~cord Injunes
must be glven a munimum of 3000 calories a day The dict should also In
clude enough protein to mamtatn a positive mtrogen balance This Is not
difficult in the case of craniocerebral Injunes but Is & real problem in the
spinal-cord mjurks. This is espechlly true in the presence of large bed-
sores anema sepsu and smilar conditions Experience has shown that at
least 150 gm of protein per day must be {ngested by all patients with spinal
cord injunes and that more will be required if the paticnt has been allowed
to become debilitated for any reason. It Is virtually impossible to eat this
amount of protein in any ordinary dict and have it palatable, so supple-
mentary feedings, usually of milk or milk drinks re-enforced with some of
the commercial amino acid preparations, must be added Occasionally

iting and i inal upsets will accompany pts to feed the
patient such large amounts of protein. These anse from a failure on the
past of the patlent to metabolize the fat. They will usually disappear when
the fat content of the diet or of the i 1 feedings is climinated as
far as possible. Above all, 1t is mportant for the doctor not only to know
the detalled caloric and chemrcal constituents of the diet provided for such
a patient but aho to know that the food is actually ingested and kept down
A high viamin intake 15 #lso essential In cases of spinalcord injuries and
13 helpful in the others. Cevitamic acld, nicotmamide and yeast tablets or
powdered yeast are minimum requirements and must be given in adequate
doses and in many cases Betaxin, cod liver ol and riboflavin must also be
added. Patlents who must undergo a Jong convalescence should also be
kept in the open aur and sunlight as much as possible

Restralnts

The problem of restraints chiefly affects the patients with cranfocerchral
injunes The need is closely linked to the headache and to the degree of
comathnixpruan'Iheresﬂwnmﬂulcomlmmlttcmputo:wape
from the sphtting, ¢ ding headache of n d intractanial pressure or
Lhuuuwcutcdwhhnbon!vcutlzmputogcnununmlmdthmnvukd
Lhanmhyofmlﬂnnnnglnbcdwﬂ]duappenrwhhlawa‘lngoltbcfn
tracranial pressure to normal and catheterization of the full bladder Fallure

7
4
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to recognire theso needs entaus the nse of so much restruint as to be dan-
geroas because of the associated immobility of the patient. At the worst,
only that degres of restrunt that will prevent the patient from domg harm
to himself iy all that is required. Adhexive plaster mitts that hold the fingers
flexed around a roil of bandage m the palms a sheet across the chest and the
attechmeant of the feet to the foot of the bed frame will prove ample In
practically all cases Often bed-sides are all that are needed. Spinal injures
rarely require restraint. The excitement and Iack of co-operation seen In
assochation with the anoxin of cervical-cord Injuries are imited by paralysis.
The important fact to remember in all cord cases Is that immobilization
with plaster of paris whether uscd as a means of restraint or 21 a splint, is
contraindicated.

Dregs

Ths governing factor In the use of drugs, other than the chemotherapen-
tic and antibiotic groups, is the effect of the drug on the patrent’s respiration.
Its effect on pain, exciterent, stupor and so forth 15 secondary Unless there
are other overpowering reasans for their use, all drugs that are depressort
of the respimatory centers are contramdicated in central-nervous-system in-
jories This applies especially to morplune and the morphine derivatrves.
In particular, it may be taken as a general rufe that morphine should never
be given in either a cranfocerebral or cervical-cord injury The reasons aro
obvious, m that the former of itsel! keopardsres the activity of the resphratory
center and the use of morphine in the latter is characterized by anoxis and
anoxemiz becanse of the paralyss of ail resplmtory muscles except the
diaphragm. As a substitute the barbiturates may be nsed. Theso will almost
always be sufficient to control pam if in addition, steps are taken to empty
the bladder extend and splint the neck and reduco a higher or raise & lower
than-nommal cerebrospmal-finid pressure to a normal fevel. For convulsions
that canrot be stopped by subctancous use of Luminal sod{um, Pentothal
sodlum admraistered Intravenously Is tho best therapy Pabents should be
comtantly watched during and after its admmnmtration however in order
to avold such complications as mhalation of vomitus and the like Ether
lnhl}edbythcdmpmdhod.h!hoiccondchnlcc.hm}dchydeglmby
rectum but not intmvenously, 15 the most useful drug for the control of
nolsy excited pauents It Is med in standard amounts.

Sumulants, tho use of which Is designed to combat general collapse In
distinction to their nse as specific antidotes for overdosage of depressants,
rarely do moch permanent good. Effects may be obtained by such drugs as
aminophyllin and coramine but thoy are nsualty only temporary and prob-
ably bave 5o more histing effect than the camphor in-ofl and ether that used
to be gven subcutansously thirty-five years zgo  Tho only stimulants that
have any permancat cffect are caffeins and strychaine. Even they are use
lest, unless grven wtravencusly and in effective doses. They act as respin
toryn[muhuuunduuhtuwmbutmgpcﬂpbcﬂlvuculucoﬂlpu.m
dosage is 7% grains of cafleino and ¥4 grain of strychnine given intm
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venowly altemnately every onc or two houm for six or cight doses Other
peocedores, of course such av maintenance of 8 clear alrway the use of
whole-blood transfunons the application of external heat and the ke are
all equally cssential For hyperthermia of central origin it #s best to usc 30
erung of aspirin given by roctum every two to four hours, and fepid (not
cold or akeohol) sponges. The patient is left molst and uncovered and
evaporation with its coolng effect {s enhanced by cxposmg bim to a
gentle breeze with the akd of an electric fan Mineral oil and the ordinary
bland cathartks supplemented by digital extraction the usc of ofl retention
and milk and-molasces stimulaying enemas will take carc of aff ordfnary
needs of the lower bowel Urinary antiseptics per se are not needed as long
a3 Ydal drainage is used and provided that there are no stones abscesses,
emcrusted cystitls and the hike present in the genitovrinary tract.

Compatmentation of the Cranfal Cavity and Mechanical Alteration of
the Intrecrunlsl Pre<sore

Intracranml pressure may be mechanically aliered by either decreasing
or increasmg the solid content of the dural cavity as well as by altening the
amount of cerebrospmal fluid in the subamachnold and ventricular spaces.
The solid arc compar ized wathin the various fossac of the
skull and it has recently become apparent that onc purpose at least, of the
posftive cerebrospinal-flud pressure that is normally malntained in the
central nervous system Is to govern the movement of the various parts of
the brain within these specific meningeal compartments The corollary
follows that increase in the contents of any one compartment with any
shift that will Interfere with | partmental ment of cerebrospinal
fuid, wall also modify the intracranial pressure When this increase takes
place In traumatee cases it is added to the alteratlons in the ventricular
and subarachniold contents capacity and shape that are caused by gen-
enlized endogenous cerebral edema, mechamcal blockage of the absorp-
tion of the cercbrospinal fluid, the influcnce of cercbral venous pressure
and the osmotic exchange of protein molecules in the capillary beds. knowl
¢dge of these latter data and of their direct effect on the cerebroapinal fluid
b widespread The concept of increase In salid matter ood its movement
within compartments is new and less well known Its Importance appears
to be equally great however

If the cubrc contents of the frontal compartment are Increased the medial
face of one cercbral hemisphere will be forced through the opening in the
falx. If the contents of one temporal compartment are Increased the medial
surface of one tempora! Iobe will be forced into and through the inchura
tentorti (Fig. 1) Both these changes—but expecially the latter—cause In-
terference with the flow of cerebrospinal fluld varylng from & minimal slow-
lng to the complete occlusion of the stream. The subarachnold pathways on
the surface of the brain stem are compressed and ponsibly done away with
and the caliber and conformaton of the aqueduct of Sylvius reduced and
distorted [ncrease tn the cuble contents of the postenor compartment will
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to recognire these needs entails the use of so moch restraint as to be dan
gerous b of the clated bility of the patient. At the worst,
only that degree of restraint that will prevent the patient from dolng harm
to himself iz all that is required. Adhestve plaster mitts that hold the fingers
flexed aroumd a roll of bandage in the palms, a sheet acroas the chest and the
attachment of the fect to the foot of the bed frame will prove ample in
practically all cases. Often bed-sides are all that ars needed. Spinal injuries
rarely require restraint. The excitement and Iack of co-operation seen In
etsocmtion with the anoxia of cervicalcord infuries are Iinuted by paralysis.
The important fact to remember In all cord cases is that immobllmation
with plaster of paris, whether used a3 a means of restraint or as a splint, is
contraindicated.

Drogs

The governing factor m the use of drugs, other than the chemotherspeu-
tic and antibuotic groups, is the effect of the drug on the patient s respiration.
Its eflect on pain excitement, stupor and so forth s secondary Unless there
are other overpowenng reasans for their use, all drugs that are depressors
of the respiratory centers are contramdicated in central-nervous-system in
Juriea. This apples expecially to morphme and the morphine derivatives.
In particular it may bo taken as a general rule that morphine should never
be given In either a cranlocerebral or cervicalcord infury The reasons aro
obvious, in that the former of {tself jeopardizes the activity of the respiratocy
cent:runddxenuofmm-phlncmﬂmlaticrhmmucrizcdbymuthd
b of the paralysis of all resp y muscles except the
disphragm. As a subatitute, the barbiturates may be used. Thess will almrost
always be sufficlent to control pein if in sddition, steps arc taken to empty
the bladder extend and splint the neck and reduce a higher or ramse & lower
than-normal eercbrospmal-fluld pressure to » normal level, For convubsions
that cannot be stopped by subcutaneous use of Luminal sodium Pentothal
sodium adminsstered intravenously is the best therapy Patents should be
comstantly watched during and after its adminsstration, however in order
to avold such complications as mhalation of vomutus and the like Ether
wthaled by the drop method, is the sccoud choice. Paraldehyde given by
rectum but not intravenowsly s the most useful drug for the control of

notsy excited patients. It is vsed In standard amounts
Sumulants, the use of which is designed to combat general collapse In
distinction to thelr use as specific antidotes for overdosage of depressants,
rarely do much permanent good. Effects may be obtamed by such drugs as
aminophyllin and coramine, but they are usually only temporary and prob-
ably have no more lasting effect than the camphar-in-ofl and ether that nsed
to b grven subcutancously thirty five years ago The only stimulants that
have any permanent effect are caffcine and strychnine. Even they are use
less, unless given mtravenoualy and in effective doses. They act as respira-
tory stimulants and as alds m combating peripheral vascolar collapse The
doiage Is 7% grains of caffeine and 24y grain of strychnine, given hntra
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venously alternately every one or two hours for siv or eight doses Other
procedures of coune swch ay maintenance of & clear almay the use of
whole-blood transfusions the applatron of external heat and the fike are
olt equaliy cseential Tor hyperthermia of central origm it Is best to usc 30
grans of aspinn given by rectum every two to four hours and fepld (not
cold or akchol) sponges The patient o left moist and uncovered end
evaporation with fts cooling cffect, is enhanced by exposing him fo a
pentle breeze with the ald of an electric fan Mincral oil and the ordinary
bland cathartics supplemented by digital extraction the use of ofl retentron
and milk and molasees stimulating enemas will take care of all ordmary
nreeds of the lower bowel Unnary antiseptics per 12 are not needed as long
at udal dramage is used and provided that there are no stones abscesses
encrusted cyutrirs and the lihe present in the penitourinary teact,

Compartmentation of the Cranial Cavlty and Mechanieal Alteration of
the Intracranitd Pressure

Intracrann! pressuce may be mechanically altered by either decreasing
of fncreasmg the solid content of the dural cavity as well as by altening the
amountt of eerebrospinal flurd in the subarachnord and ventricular spaces.
The solid contents are compartmentized within the vardous fossae of the
skull and it has recently become apparent that one parpose, at feast of the
posttive cerebrospinal-fluid pressure that is normally maintained in the
ceatral nervous syatem is 1o govern the movement of the vanous parts of
the brain within these spemific meningeal compartments. The corollary
follows that increase in the contents of anmy onc compartment wath any
shift that will interfere with Intercompartmental movenkeat of cerebrospinal
fuid, will also mody the intracransal pressure When thas increase takes
place {n traumatic cases it i3 added fo the alierations in the ventricular
and subarschaod contents, capaaty and shape that are caused by gen
eralized cndogenous cerebral edema mechamcal blockage of the sbsorp-
tion of the cerebrospinal fluld, the influence of cerebral venous pressure
and the osmot exchange of proteln moleculet in the capillary beds, hnowl
edge of these latter datn and of their direct effect on the cercbrospingl fluid
is widespread. The concept of increase in solid matter and fts movement
within compartments is new and less well known Its importance appears
to be equally great, however

1L the cublc contents of the frontal compartment are locreased, the medial
face of ope cerebral hemisphere will be forced through the opening in the
fatx. 1f the contents of one temporal compartment are increased, the medial
surface of one temporal lobe will be forced into and through the {mefsuce
teatord (Fig. 1) Both these changes—but espectnlly the Iatter—cpuse in
terlerence with the flow of cerebrospinal fiuid varying from a minsmal slow
ing to the complete occlusion of the stream. The subarachnoid pathways on
the surface of the brain stem are compressed and possibly done away with
and the caliber and conformauen of the aqueduct of Sylvins reduced and
distorted mmmwbhmmuutmmmﬂmmmcw{n

e

-
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either force the cercbellar tonsils downward through the faramen magnum
or will force the upper surface of one or both cerebellar bemuspheres up-
ward through the inclsura of the tentorium (Fig. 2) or both. In the first
instence the fourth ventricular connection between the lateral ventricles
and the cerebral subarachnoid spaces is closed In the second the same
blocknde of the cisternal subarachnoid current ls produced as that cansed
by 2 temparal incisural hernlatlon.

These processes, which are Jmitiated as an increase In the solid contents
of any ane meningeal compartment and which terminate in the extruston of

Fig. 1 Contoyion and Isceration of tho brain with incliural herniation of a part of coc
temporsl lobe. (Courtesy of Dr Raymond D Adam)

a part of that content through a neighbonng ingeal hiatus with 1
complete occlusfon of the Iatter do not move directly from one extremo to
the other Thiy is particularly true of the incisural hernfations, and has been
verlfied clinically It is probably true i the foramen magnum herniations
also but the clinjeal verification Is not so clear In the incisoral hernlations,
the first step Is a generalized shuft of ane cerebral hemisphero and the upper
brain stem toward the side of the skull opposite to the overfilled compart
ment. As this progresses the opposite pedancle Is pressed against the sharp
edge of the opposiog incisure There Is not necessarily any herniatlon of
the temporal cortex as yet and there need not be and will not be any inter
ference with the cerebrospinal fluid pathways, the flow of cerebrospinal
fluld or the consequent universal Icveling of the intracrenial pressure untll
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hernlatlon—as dhunct from lateral displacement—has actually occurred
This #s the condition and this the shuft in sofid contents of the skull that
produce the paradoxieal ipsilateral bemiplegia that is frequently scen as a
symptom of either an extradural or a subdural cercbral hematoma Lumbar
dralnage during this stage will not produce a hemiation This comes only
from further increase 1 cubkc contents of one temporal foswa
If the solid contents of one temporal fossa do continue to lncrease how

cver and since o further lateral shift of the cerebral hemisphere and braln
stem b no Jonger possible the temporal cortex iImmediately adpacent to the

Flg 2. Masivo edema of the brain with hernlation of the cerebellum upward through
tbe inchora. (Courtesy of Dr Raymsond D Adama)

tncisural hiatus i squeezed through this opening. This in contradistinction
to the lateral shuft of the hemisphere sets up a condition which is capable
of being tr d into a lethal compression of the brain stem, particularly
of the remsting column of cerebrospinal flaid which 13 holding up the hernia s
descent is removed ar interfered with, Lumbar drainage in such arcum-
#ances Is, at the very least, dangerous and will usually prove fatal unless
steps are taken promptly to open the “bottleneck” and relieve the braln
stem compression by enlarging the incisura or hermal opening. The same
mechanical factors appear to govern hernlatlon of tho cerebellar tonsils
through the foramen magnum

Thus  pressure-counterpressure balance is set up with the tentorium as
e fulcrum. The downward pressure exerted from above the tentorlum by
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hemisphere Not only are such slitlike ventricles almost imposalble to find,
but also if found they contain so little cerebrospinal fluid that its removal
will have virtually no effect on the intracranial pressure Furthermore i
the ventricle is large enongh to contam a significant amount of cerebro-
spinal flnid and if this i removed, ths very removal will permit 2 still
greater increass [n the bulk of the brain, which s of {tself already enlarging
becanse of the Jocal trauma of the ventricular needle puncture Dratnage of
the opponite ventnicle by decreasng the resistance offered to the shift of
the swollen hemisphere facilitates rather than prevents such hernlatlon.

Mechanical Elevation of Presuure

Mechanka! elevation of decreased intracranlal pressore §s recessary and
may be lifesaving under certamn arcumstances This was first shown by
Gardoer Agaln the problem as pointed out above, Is one of a shift in com-
partment contents, with resultant blockage of essentlal cerebrospinal-fiald
streams. The condltion is only seen in cranfocerebral injuries after removal
of large clots from the cerebral extradural or subdural spaces. The clots may
ba located in erther the frontal ot the temporal compertment, ar in both
When the clots are removed the brain fails to expand to its normal shape
and sze and the [ateral ventncio and subarachnold space remain collapsed.
It {s uselexs to fill the space that has been recently cmptied of clots with
Ringer s solution Thus only makes bad matters worse In that the preopena
tive candition s reproduced It Is a matter of Juck whether or not the ven-
tncle can be tapped and forcibly expanded and there Is also reaton to sup-
pose that any such sudden prodoction of supratentorial increase n pressure
may serve to change a reversible settiing of the bran into an irreveniible
hermiation Attempted ventricular njection is thercfors contraindicated.
The procedure of choice is to mtroduce a needle into the lumber subarach-
noid space pror to cloung the cranml wound and to nject through it,
under pregsure, enongh warmed sterilo Ringer s sotution to hft the bram
out of the compartmental fornmina into wiuch It has settled, thus re-
establishing its normal contour and shape. This process nsually must be,
and may be, repeated as often as necessary during the following days, the
caterton of need being a zero of near zero Intrcranial pressore as measured
by lumbar puncture, and the critedion of amount of fuid to be used at any
onc such infection bemg the amount necessary to raise a subpormal latre-
crantal pressure to & 150-mm. cercbrospinal-fluld pressure

Respirztory Complications

Respratory complications of injuries to the ceatral pervous system nre
not to be regarded lightly Thelr treatment merits an adequate disgnosts,
pmde only by mothods that are fot of themselves harmful and that are used
with care, with duc consideratian for thelr potental harm and with the
pm-pertool.gNothlnghm:krtndo—mdnoth}nghpotmthﬂtham—
ful—than for the physician to say to the narse “Leave the suction machine
by the patient s bed and suck him out wh he needs {t.” Respiratory
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diicultics are daused In these patients for seven reasons They are 1 The
tnhalstion of a forelgn body such as & tooth a prece of meat and the Jike
2 atciectasls from bronchial plopmng 3 a tension preumothorax 4 direct
mjury to the structures of the neck with apparent overactivity of the safivaty
plands 5 centsal paralyms of respimatory movements with the tous of the
cough refiex 6 pulmonany emaboli and 7 excessive Intravenous admints

tration of such fuids ns normal salt solution Lach sequires therapy fn oc

comtance with the fundamental cause

Inhalation of a Forelgn Body

This calh for prompt laryngoscopy and, If necessary  bronchoscopy with
semoval of the foreipn body under direct vinon Repeated removal by
suction, of the sceretions stimulated by it presence w [l neither remove the
torelgn body nor alter the basic condition but wilt cause a comphcating
focal traumatic edema of the fiusues of the oropharynx and larynx. A
trecheotomy can have no influence on the progres of this condition and
should never be used

Atelecrasiy from Bronchial Plagging

If thought of this complication can usually be casily diagnoted. Even in
the nbsence of o definftc dagnois, and before resorting to suction, it s
casier and less damaging to the patient to place him on his aide with the
suspected lung uppermost and his head low a3k him to cough if he is con-
scious and at the same tme strihe the upper side of hix chest vigorously
with the operators closed fist If this docs not distodge the plug bron
choscopy b indicated. Neither mechankeal suctron of the opper passapges
nor 2 tacheotamy ¢an be expected 1o be of use n this condtion

Tension Preumothorax

A tension preamothorax with or without added biood in the chest cavity
must always be suspected 1z any patkent with a thoracke spus Infury broken
ribs u guashot wound or a stab wound of the chest. It ks an acute emer
geney in whach proper therapy rony be fifesaviag Thoracenteass with valve
dramage of the pleural cavity can and should be done at once by any sur
geon Thcanu-ummdanyncomryrurtbezthzmpycan!hcnbc}cﬂm
the putmonary specult. Oropharyngeal, larynpeal and tracheal suction

even with the aid of & tracheotomy is not only of po ose but
o h y may actually

Dlrect Injury to the Neck
Drrect injury to the structores of the neck as » complieation of eith
44
mmlmmaphxhlmmmywhudmmmrwﬂawingthmﬂmc
lppc:nmbecmmbumﬂmmphnmwym 1t the correct ding-
nmnunmmxd:l.hﬂmcchanmlmdoudcdgmdluc}culheomphuynx
Mhmxmﬂ(wihctdlmgcmmuﬁydamgcdmnﬂmmdiﬁm}ty
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n swallowing caused by Jocal pam will apparently necessriate feeding
patient through an inlying h tube The P of s
tube however causes further local harm and actaally only makes bed
ters worse This s a problem for the laryngologhst and should be referre
him at once

1f the besle injury 18 not recognized or has been neglected too long, |
the surgeon procrastinates a tracheotomy may be necessary as & hlesa
measure jn such cases and as the only way to chreumvent the interferenc
resplratory exchange that 13 caused by the edema of the larynx or
pharynx in soch cases. Such need for a tracheotomy except in very e
wnjunes cannot be considered othter than as the result of neglect, howe

Paralysis of Respiratory Movements

Paralyss of respiratory with app peed for mechar
suction apd possibly for tracheotomy may occur in connectron with t
cervical and dorsal spnal cord injuries as well as with craniocerebral
jurkes. Such paralysis caused by cord fnfunes shonld be easy to dmgr
and can be effectively treated. This hag been covered m detall ip the sec:
on cervical (seo pages 56 and 67) and thorecwc-cord Injunes (see p
56 and 67)

The relation to the trauma is less clear in the cranlocerebral injudes
these patients the later organic paralysis rs first manifested as a functk
pareals. The respiratory rate changes and may go either up or down
excursion of the chest decresses the rate becomes irregular and fin
periodic and there is an apparent oversecretion of mucus n the resprat
tree The patient s general condition deteriomtes, he is mare unconsc)
and less responsive hus cough reflex becomes less and less aetive and fim
ceases to function and & dirgnosis of “bronchog in” Is usually ma
In the meantime mechanical suction done mechanically by the suctio
has been started and practiced more and mare vigorously as the patient §
wone. Investigation will frequently reveal that suction and possihly
wnlying intratracheal tube were used dunng any precedmg operation. Ev
tually 1t will become all too apparent that the patient i not only fail
rapidly but that the secretions cantmue to collect In spite of virtmally o
tinuous suctran. It is at this point that the doctor perfornis an “cmerge
tracheotomy " Thereafter more nurses are required for mare suction throv
this pew openung, thus thoroughly traumatizing the lower reaches, in ad
nontulh:lkndymumﬁmdupwmo{!hcrapintoqm

Meanwhile the fa] condition that is causing the £
p‘lntarydiﬂiuﬂ.tymnunm!oprogrm undiagnosed and untreated, to
predestmed end. Neither the mechapical suction nor the tracheotomy s 1
pmpcrcrmdmwdthmpyfurﬂleﬁmdammulcdologiccundiﬂon.l
moval of the respiratory jons ks merely
otnoposdhlupemncutthmpeu&:pod.ﬁaamﬂeﬂnthudxm

to the brain. The resultant central respimatory deficiency s merely sym
mmﬂcw%cco(mbum The tmmediate cerebral pathofogy fs eden
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Thrs increases docally at the ste of the «everestinjury In the continucd ab-
ence of cffectne therapy the brain moves laterally across the skull com
presses the braun stem apamst the apposite free edge of the nclwura of the
tentonum and finally interferes wath the venous and cerebrospinal flund cir
calations 1f the conditron 18 allowed to progress herniation of the temporal
cortex begms through the inasura (we pages 7 and 38) The gradually
Increasing coma and severnty of the patient s general condition kead to fur
ther mactivation of the cough reflex while at the same time paresis or
paralysis of deglatrion causes puddhng and Inspiration of the respimtory
sccrctions: These latter are then changed from normal to abnormal and in-
creased in amount by the trauma to the structures of the oropharynx and
hanynx cavwed by the constant and uncontrolled suctlon 1f a trachcotomy
5 added the trauma is merely spread farther down the secretions further
increased and bad matten made wone

Such patients should be treated in accordance with thelr pathology and
not m accordance with their most prominent symptom They should be ac
tnely dehydrated and therr intracranial pressure should be lowered by
appropnate methods and any abnormal introcranial pathology such as
clots, dealt with by an oppropriate operotion. If the paticnt continues to fall
o if a “entrcal lumbar puncture” (see pages 7 and 19) Is done the diag-
nosus of incisural herniation must be confirmed and, if present, treated by
melnon of the Incisural rmg It is infinitely better to do any number of un-
oceessary cranial operations carly than to postpone through such pro-
crasunation as a tracheotomy a cumtive operation tll it is too late As
adjuncts  postural dramape minimal temporzing, suction under direct
vislon by a tramed physician avoldance of suction dunng operation and
the avoldance of a tracheotomy without specific demonstrable indlcation
for 1t are valuable and proper mids )f a high temperature is associated with
the respiratory difficulty tepid (body temperature) sponges and large doses
of aspinn by rectum should be added (see page 22)

Never under any cir should the responsibility for the me
chankeal suctioning of or the doing of a tracheotomy 1 these patients be
forsted on the ntern the resident or the nurse by the responsible surgeon

Pulmonary Emboli

Pulmonary emboli for somc reason are extremely infrequent complica-
tions of trauma to the central nervous system The treatment of the site of
origin and the best mcthods to be used n the prevention of further embols
thoald be decided on after consultation with the vascular wpecialst and in
the light of the paticnt s over-all picture It hay been recently demonstrated
by Faxon ond his co-workers! that part of the lethal cffect of pulmonary
embols can be attributed to reflex radial bronchiolar spasm. They have
shown further that tis spasm can be released and when released is fol
lowed by dramatic and often lifesaving retumn of the respiratory exchange
to nearly normal This is brought about by the injection through the necl,
of the Inferfor cervical or stellate ganglion. The earlier thls bs done after



16 THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

the arrest of the embolus In the lung, the better the effect. It may be tried,
however as late as three weeks after the lodgement, with s falr expects
tion of less but definite improvement. Only one swde (that of the infarcted
lung) should be injected, and the Injection may be repeated Even if ths
is of no effect, it does no harm. Neither mechanieal suction nor trache
otomy is of any use m the treatment of pulmonary emboli.

Excesshve Intravenous Injection

Excesuve intravenous mpection of such isotonc solutions as normal
saline cao produce 2p escape of flund into the lungs that may cause the
patient to drown in his own secretions. The critical amount will vary with
the patient s general, pulmonary and cerebral conditions as well s with has
blood pressure, Excessive flmd intake Is commonly associated with an in-
Judicrous attempt to treat surgweal shock by the admimstration of normal
salt solution intravenously Any benefit, in terms of increased blood or pulse
pressure s purely apparent and at most transbent. If the adminmstration is

inned, the osmotic rel hip between the caplllary beds and the tissoe
flmds 15 so altered as to encourage escape of ekectrolytes it salution into the
tissires. Thus, dependent and peripheral edema 13 sucoeeded by pulmonary
cdema. The process 13, for practical purposes, self-perpetuating and is par
ticularly likely to occur in patients with severe cranfocerebral injunes.
Attempts to raise peripheral blood pressure should be Jhmted to the use of
50 per cent glucose solution (as a temporary measure) plasma in the
absence of whole blood and, by preference whole blood grven intravenously
Amounts of fluds given for other purposes (such as hydration) must be
contralled by a careful daily gmphung of the fluld intake and unnary out
put. Contmued approximation and, even more mmportantly crossing of the
curve of fluxd output to & point higher than that of the curve of intske Is 2
danger sign that must not be disregarded.

Suction and Trocheotomy

It cannot be too strongly emphasized that, with certain specific excep-
trons the resprratory comphcations of tranma to the cenwrsl nervous sys-
tem will respond better without oropharyngeal and laryngotracheal suction.
If thus must be done at all the suction must be carried out by a member of
the hosputal staff who Is above the resrdent level who 13 not 2 nurse and who
manpulates the suction tp only under direct vision Soction should be
regarded 23 a major surgical procedure It should never be attempted unless
a proper tobo that has been properly cofled and refrigerated 1 nsed. This
tube should pot be inserted into the respimtory tree without the use of o
laryngoscope The operator must be cognmant of the anatomy and phystol-
ogy of the area 1n which he s working. Tracheotomy is, with rare excep-
tions, 0o maore than an excuse for inadequate dragnoss. Jostfication for its
D3¢ must be specific, precise and based on sound knowledge of the pathology
mvolved. Its routine use or use on less sccurate grounds cannot be con
demped too strongly
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Ancsthesla

In pencral the best ancsthesia to use in treating Injures of the central
nervous system it the one that bests fits the individual case It may be taken
a3 an unbreakable rule however that whatever general ancsthetic is used
Jocal ancsthesia with 1 or 2 per cent procaine combmed with adrenalin and
used 1n the soft tissucs and 10 approprlate nerve roots s essential and must
always be included

Within these wide limits however my expencrce hat satisfied me that
certain anesthetics and certaln procedures are better avolded if ot all pos
sible Among these ore nitrous oxide badly given drop ether and Pentothal
sodrum that It administered too rapidly No matter how well given or
whether or not given a3 a preliminary to some other anesthetic practically
speaking mtrous oxde 13 an asphyxal ngent as far o the central nervous
system 13 concerned  Congestion followed by edema and excestive unncces-
sary bleeding during operations on and around the brain and spinal cord is
practically inevitable Patient morbidity and possibly also the mortality is
thereby increased.

Ether if properly given by the drop method on an open pauze cone, s
il the tafest peneral anaathetic for this group of patients, and especially
for children. Improperly piven with resultant anoxia, cyanosls and Jaryn
geal spaxms or preceded by nitrous oude, 1t can be the wonst and most
dangerous of anesthetics, It is true that 1t raises the intracraninl pressure,
bat thus, in the absence of anoxia and vascular congestion 12 of little mo-
ment a3 compared with 1its safety Care must be taken to prevent explosions
if electrical equipment s in use however Ether Is a heavy gas and tends to
sink to the lower air levels or the floor of the room

Unless contramdicated by age or the presence of hepatic or renal ditense,
Pentothal sodium, given intr y and suppl d by local anes-
thesa, fs the most satufactory of all anesthetics and is almost os safe as
cther but cammot be used in children Certain precautions must be taken Tt
must 1ot be allowed 1o enter the perivenous spaces it should not be given
at s constant drip it must be injected very slowly or else laryngeal spasm
will be caused and it may be necessary to give oxygen with it. These three
anesthetics—ocal cther and Pentothal sodium—will fulfill all anesthetic
needs in patents with injuries to the central nervous system except in the
case of infants, who do best with local anesthesin supplemented by whiskey
To give the hatter the baby 1 sllowed to suck a liquor impregnated pices of
gauze

Among the dangerous procedures are the usc of intratrachea! tubes and
“blind” or “routme” suction Intratracheal tubes are contraindlcated m all
patents with central nervous-system mjuries. Those who need them most,
that 55 those with cervical-spine Injutles, are the patients In whom it s most
dangerous to attermnpt their insertion Mechanical suctlon of the oropharynx,
and particularty of the larynx and trachea should be studiously avolded,
except under direct vision and for definite specific indleations, Positlonin
of the patient s head on the table avokdance of laryngeal spasm, leuxao%
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a properly fittlng mouth-alrvay and the cholce of a snitable anesthetic
propetly administered will obviate the need for suction In almost all fo-
stances “Routine suction” is partrcularly pernicious.

THE TREATMENT OF CRANIOCEREBRAL INJURIFS

The Nonoperable Groop
All thess patients must be hospitalrred for therapy Table 1 summanzes
the pathalogy condltion of the cerebrospinal fluld and intracranial pressure,
means of diagnosis, symptoms, signs and treatment of these injuries.
Concussion of the Brain

The dlagnosds is made on the baus of a history of unconsclousness imme
distely following & blow on the head and astociated with preaccidental

amnesia cither alone or in combination with dental absence of
aymprozmwithrccavcryofcmdoum a normal physical and neurolog
tion pormal brotpinal fluld and normal mtracranial pressure

Postaccldental amnesm also occurs but its value in diagnosts has been
largely destroyed by the fact that patients who elther have or clatm to have
had & craniocerebral injury and who claim postaccidental amnesin believe
it to be an essential symptom In establishing their claim to an injury and
know that it may be difficult or impossible to verity tho accurecy of their
statement. On the other hand lay knowledge of the other types of ammesia
fs virtually nonexistent, The latter therefore are much more relmble and
hence vatuable from a dingnoetic point of view Furthermore ths accuracy
of the statements made by patients concerning preaccrdental and accrdental
amnesia can bo ascertained wathout too much difficulty The pathology is
not known, No freatment s necessary
Edema and Congestion of the Brain

Thh i commonly iated with sion the ption being imjury
cawsed by stow crushing or a stab or ballet wound of the skull and brain,
the latter being cawsed by misiles of small caliber In these circumstances
concursion s not present. Otherwise the diagrosis 1s raade on the basls of
the hutory as given under Concussion and by the cercbrospinal fluld and
intracramal pressure findings. In addition, there is the presence of preacci-
dental gccidental and postaccidental amnesia, anconsciousness  postinjury
headaches dizzmess and “nervouspess.” There may be a multipherty of
reflex changes, and possible henuplegia and convulsions, especiafly in chil-
dren. The cerebrospinal fluld is under measurable increased intracranial
presvure far a varmble length of time but 15 otherwiso normal The pa-
thology includes that of concussion and 1 as follows an Increass in braln
volume with a reduction In the size of the cercbrospinal-fluld reservoirs and
an increase in the tracrantal venous pressure resultmg from a slowing of
the absorption of the cerebrospinal flud from the subarachnold space. The
freatment may be either reduction of the brain volume or mechanical with
drawal of the excess unabsorbed cerebrospinal flukd as follows
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1 RepuctioN or Braix VotuMe. A Adminster Intravenously 200 cc
of a 50 per cent solution of sterile dextrose in normal salt solution or from
commercial scaled ampoukes every two hours for three doscs. This may be
repeated after an interval of twelve hours and again after another twenty
four hours if necessary Care must be taken to keep the solution oat of the
penvenous tissues, To avoid clotung of the vein after the glucose has been
given it shoulkd be washed out ot once with 25 cc. of sterile kotonke salt
solutlon.

B Admuanster 2 ounces of saturated solution of magnesium sulfate by
rectumm every three hours for {our dases or every four hours for three doses
according 1o the amount of edema and the effect desired This can be re
peated after a twelve-hour interval and again after another twelve hours,
The solution should be warmed to body temperture and must be given by
gravity through a No 10 French soft rubber catheter which should be lelt in
the rectum and clamped off so that jt will not keal. If thesc precautions are
not observed, elther the rectum wall repect the solution or the latter will come
out with the cotbeter when 1t Is removed. To be effective the solution must
remain in the rectum for at least thirty minutes.

2 MECHANICAL WITHDRAWAL OF ExCESS UNABSORDEID CEREBROSPINAL
Flum Ths » plished by lumbar d. ge of the subarachnoid space.
A lumbar puncture is performed painlessly (page 235) The initual intra
cranh] pressure is measured on @ manometer and if it 18 above 150 mm. of
water and the patient 13 relaxed and over ten years of age enough cerebro-
spinal fluid s withdrawn to reduce it to that Ievel If the level is 150 mm. of
vater or lower no flold Is withdrawn unkess the puncture is the first made
since the accldent. In this case 14 cc. 15 withdrawn to determine grossly
and by cell count whether or not blood is present. If the patient s ten years
of age or younger the cntical leve! of cerchrospinal-fluld pressure is 100
mm. of water rather than 150 mm Under no circumstances should com
pression of the jugular veins be carned out, becanse this mercases an
already dangerous cerebro-venous conpestron and raues still higher an
already pothologcally increased cerebral venous pressure. Such Jumbar
dramage should be performed once every twenty four hours until two suc
cessive normal p are ded priot to the { of any cerebro-
spnal fluid. If three days later another Jumbar puncture still shows normal
pressure 0o further punctures are necessary

3 THe CrimicaL Lumsax PUNCTURE. General Considerations Under
certain conditlons having to do with Intracranlal compartmentation and local
merease of the contents of any onc compartment (see page 7) the themn
peutic lumbar drainage described above may prove to be the ono factor that
rught cause bemiation of the temporal cortex through the Incisura tentorit
or hernlation of the cerebellar tonsils through the foramen magnom, In the
first instance the conditlon is reverssble if recognized and treated in time
death or decerebraton from compression of the broin stem being otherwiso
Incvitable Suspicion on the part of the surgeon that such a dit]

be developing or may actually exist should be woused on o
promptly aroused on the
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of certain ph in connection with any lumbar puncture
that is accomparied by cerebrospinal fluid removal Such a procedure fs
described as a “eritical Jumbar puncture ™ The demonstration of a eritical
lumbar puncture may necessitate an emefgency operation {sce pages 7 and
224) which 1f done promptly w4l save Iife and restore normal function but
which if done less promptly will only save lifc at the expense of decerebra
ton and may not even do that The crucial period 1s six hours after the
performance of the eritical lumbar puncture

The Criteria The cnitical symptoms are as follows

1 An intracranial pressare of 300 mm. or more of cercbrospinat fluid in
a quict patient.

2 The sudden complete cessation of the flow of cerebrospinal fluid
durng lumbar dralnage

3 The reduction by lumbar drunage of any high cerebrospinal pressure
to 0 mm. of cerebrospinal fiuid.

4 Ani diate progressive i In coma or the development of
respiratory irregularity penodicity or jnadequacy or both | diately
after the puncture is finished.

5 A progressive steady change for the worse in the patient s generul con-
dition fmmediately after the puncture

Any one or any number of these findmgs, in any combination at once
rane the suspicion of the hernlation of the temporal cortex through the
Incisura or of hemiatlon of the cerebellar tonslls through the foramen
magnum. If in addition the patient is suapected of or i known to be or to
have been, suffering from a temporal subdural or extradural hemorrhage a
severe temporal or temporofrontal contusion or laceration wath local swell
ing or a temporal intracortical hemorrhage or a hemiparesis or hemiplega
proven to be ipsilateral to a cerebral subdural or extradural hematoma, the
likelibood of an inchsural hemiation of the temporn! cortex is virtually so
great e to i diate surgical visualuation and venfication.

4 GeNERAL THERAPEUTIC MEASURES The following general therapeutic
measares are applicable to all cases, whether treated by dehydration or
tumbar drawnage. The [ntrocranial pressure should be checked by nctual

on a at each lumbar puncture Fluid intake
should be maintained at 4500 cc per twenty four hours, unless the patient

18 under ten or over sixty-five years of age and if the renal function s
normal and there is no edema of the lungs, ankles or dependent soft tissues
Care thould be taken to prevent admmistration of an excess of salt when
the fluid 13 given intravenously or when large amounts of whole blood have
been given by transfusion. The potassium balance should be kept at normal
levels The diet should contain 3000 calories and 80 to 100 gm of protein
and the patient s nitrogen balance should be maintamed. Otherwse the diet
should be as nearly normal as the patient will eat, The urinary bladder
should not be allowed to go unemptied for more than cight hours. Reten
tion should be dealt with by catheterization and if necessary by the use of
tdal drainage (sec page 84) Overflow or other Icontinence should bc/

’
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cared for by tidal dralnage The bowels should be controlled with soap suds,
oll or milk-and molasses enemas as necessary but only until mild catbarss
with cascara, Phenolax, milk of magnesium or the like may be subshtuted if
needed to produce normal cvacuation. Restlessness should be treated with
5 grains of Luminal sodium subcutancously every four hours if necessary oc
by 3% gram of phenobarbital by mouth three times a day The need for this
drug therapy usually will be obviated if the bladder s emptied, the ntra-
cranm] pressure kept at normal and restmints reduced to 2 minlmum.
Morphine and Jts dertvatrves are contrnindicated Restraints must be muni-
mal bed sides a sheet fastened over the chest to the bed frame, attachment
of the patent s fect to the foot of the bed quiet and mmimal lighting and
especially no direct or ceiling light. Adhesive plaster mitts, reflef of head-
ache by reduction of intracranial pressure and nmintenance of an empty
bladder aro usually effective and all that is necessary Restraints are In-
tended only to prevent the patient from harming humself and are not
to be used to immobilize him or his nurse Exatement Three ounces of
paraldehyde by rectum every three or four hours should be wsed as indr-
cated Coma. As long as the patient Is in a coma he must be moved every
two hours and so pleced at all tmes that his airway remams clear and
secretion or vomitus may dmin from his mouth and cannat be inhaled. A
pillow under the bead is usually best, but the condition of the slrwmy will
determine this.

Mechanical suction of the nasopharynx and oropharynx should not be
practiced except for specific indications and never by a nurse Tracheal m-
tubation with suction of the larynx under direct viston, 1f done by a special-
#st, may be resorted to if airway obstruction s present at these kevels. Pul
monary atelectasis, if not relieved by such procedures as positionmg and
mdoction of coughing, should be treated by bronchoscopy and removal of
the obstricting plug under direct vision. Tracheotomy i3 contraindicated.
All the above procedures designed to keep the patient s alrway clear are
potentially as harmful as they are helpfol They should be used enly by one
skilled in Iaryngoscopy and never by a nurse or intern. This applics as
strongly to pharyngeal suction as it does to Iaryngeal or intratracheal suction
(pages 13 and 16) Arms and hands must be kept off the chest and sb-
domen and not allowed to get beneath the body Maintenance of the intra-
cranfal pressure at normal i the only effective direct therapy for coma

Emergencies SURGICAL SHOCK. Whole-blood transfusfons must bo glven
in adeq and repeated as often as pecessary to restore the pulse
pressure to normal.

PERIFAERAL YASCULAR COLLAPSE Repeated small (200 ce.) biood trans-
fosioms 45 gram of strychnine intravenously every two hours for four
doses, alternating with 714 grains (1 ampoule) of cafleine ntravenouwly
every two hours for four doses, 1 the most effective therapy

ACUTE CENTRAL KESPIRATORY FAILURE. Strychnine and cafleme given a3
described (above and page 6)

HYPERTHERMIA OF CENTRAL ORIGIN Thirty grains of aspirin by rectum
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every three hours and tepid (normal body temperatuee) sponging of the
bady and cxtremities followed by their exposure while wet to a gentle brecze
from an clectric fan shouk! be used whenever the tempuroture reaches 103°
F or over Alcohol and cold water rubs and cold packs are contralndicated
Acute central respiratory fallure and hyperthermia of centenl origin may de-
velop because of compression of the brain stem by a tempora! lobe hernia

tion through the inchura of the tentorfum cerebelii or because of compres-
slon of the hypothalamic region by hermation of the medial aspect of 0
cerebral hembsphere through the opening beneath the falx. In either case
the only cffective therapy s surgical, and the medicinal measures toned
are of temporary effect only These conditions and thelr tr are de

seribed under Herruatlon through the Incistira (pages 38 and 224)

Convulsions Pentothal sodium, glven intravenously and very slowly unud
the patlent 1s anesthetized & the first therapeutic cholee This may be re
peated once or twice {f necessary If more onticonvubsant is needed os an
emerpency measure cther gaven by the drop method and inhaked through a
gauze mask Is prefernble After the convulsions have stopped, 3, grain of
pbenobarbital three times & day or 1% groins of Dilantin three times & day
should be started and continued unul the cause of the convulsions can be
diagnosed and corrected.

Postion Ordinarily # pillow should be placed under the head other
wise, that pasition which ensures an open murway and that is most com-
fortable for the patient Is the best one

Steep Drugs that induce steep should not be used If jt is at all possible to
avod them One of the barbiturate group iy preferable if any must be nsed
When patients are convalescent, they thauld spend eight hours In bed but
may not (and will not need to) sleep that long untll they have started to
excroe With exercise will come a compersatory lncrease in sleep Asso-
cted “nervousness” will usinlly disoppear with reassurance by the doctor
that less than elght hours sleep m the absence of exercise 15 harmless,

Length of Stay in Bed The patient should be kept {n bed uatil such time
as he ls known to have had a normal intracranial pressure (neither too high
nor 100 low} for two succesuve weeks.

Length of Hospltal Comvalescence The patient should stay in the hos
pital until he b 2ble to remaln out of bed sl day and to walk up and down
two flights of stain I succesnion without aid. These requirements et
bo accomplished on the patient's own {mtistive.

Home Convalescence Forth.cﬁmtwowcchl!tcflnvln;lhchmphal
the patient should bave one hour’s rest befors Junch and supper otherwlse
thcon]yhm]mﬁcmonhhlcuvi&amthosclmpo:edbyhhphyﬂcnl
capacity The rest periods are stopped after the first two weeks There
after gradually increasing regular morning and afternoon exercise in the
form of measured walky of such length as 0 provide exercite without either
producing exhaustion or encouraging lazness should be prescribed. The
!mgl.huhhuwa[khtabemduaﬂyinntaxd, according to the padents
dectuon mtﬂbehw:ﬂdngﬁnmﬂuinthcmcmlngmdﬁnmnc,;n‘
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the afternoon. It is wmportant that this exercise be carrled out regularly
every mornmg and every afternoon, At this time the patrent is physwcally—
and should be psychologically—~ready for dmscharge to his preaccadental
activities. The only future limitations that should exist will be those caused
by permanent destructive lesions of the braln Patients with convahive
sezzures shonld be continued on anticonvubant therapy (see Incimral
Hernlatlon page 38)

Contusion and/or Laceration of the Brain

This is cc ly clated with ssion and always with edemat
and congestion of the bram. The diagnasis s made according to the history
as given under Covtcussion (page 18) and on the basis of the cerebrospinal
fluld and mntracramal pressure findings The signy and symptomns are those
of concussion and edema in an aggravated form. Uncomsciousness is deeper
and more prolonged. Lack of co-operation extending to manis, penpheral
and cranial perve paralyses surgical shock, resplratory circulatory and
thermoregulatory abnormalites and blood in the cerebrospinal fluld, vary
ing from only enough to fantly stain it to so much as to give 1t the appear
ance of pure blood, are common findings, Unless the patient is In surgical
shock and is dehydrated, the Intracranial pressure is high and may rise to
400 to S00 mm. of water (page 10) The pathofogy includes that of con-
cussion and edema and congestion and is as follows There I3 2 brubse
(contunion) or tear (laceration) of at least the surface of the braln (scc
Fig. 1 page 8) with extravasation of free red-blood cells into the sub-
arachnoid space and } plugging of the arachnoidal villl and me-
chanical blockage of the absorptson of the cercbrospmal fluld into the
Iarpe cerebral venous channels and backing-up and distention of the sub-
rrachnoid and ventricular spaces Treatment must be by mechanical removal
of the excess mechanically blocked, unabsorted cerebrospumal flurd. The
will Jower the intracranial and cerebral venous pressurey, reduce cerebaal
congestion and braln volame snd improve the cerebral circolation and
oxidation Removal of the blood ined 1n the subamchnold or other
spaces 1s an incldental acex I of this procedure and is nof ono of
the objectrves. Dehydration therapy can be used to supplement thes me-
chanucal dralnage but cannot replace it and Is not efficrent when msed
alone It should be carried out a3 follows

1 Debydmuon therapy should be carrled out as described nnder Treat
memt Sectlon I—Edema and Congestion (pago 19) In patlents with con-
tusion and laceration of the brain this method Is most nseful s an emer
gency measure hence the Intravenous route is preferable. Care should be
taken not to carry its use to a pomt where toxic dehydrmuon (see bekorw)
13 produced, In the belief that because a littls dehydration 1 good more bs
better

2. Mechanical dratnage is carrled out as described under Treatment Sec
tlons 2 and 3—Edema and Congestion (page 19) except that In the
most severely injured lacerated brain cases the drainage by lombar punc
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ture may have to be repeated two three or four times during cvery twenty
four-hour penod as long as the cerebrospinal fluld pressure remains at very
high levels (350 to 500 mm of water) and contalns enough blood to give
it the appearance of virtually pure blood, and unless the lumbar puncture
gives evidence of being a erithcal lumbar puncture (page 19)

3 The genernl measures of therpy detafled under Treatment Section 4
— Edema and Congestion (sec pape 21) apply here and should be used in
the treatment of contusion and laceration of the brain (see also Incisural
Herniation page 38 and Critical Lumbar Puncture page 19)

Terkc Delndration with or without Acldosis

The duagnosis 18 made by the history as given under Concussion and
Edema and Congestion and by a study of the cerebrospinal fluid and intra
cranlal pressure findings and of the floid intake and urinary output relations.
Acetone and duacetic acid may or may not be found in the urme and there
n asmally a reduction in the carbon dioxide combining power of the blood.
Torxk dehydraton may be associated with any form of cranfocerebral in

including o ton In addition to the signs and symptoms char
acteristic of the associated brain infury there will be 2 tendency for such of
these signs and symptoms as have already disappeared to recur without ob-
vious reason wmconscrousness that bas been decreasimg will agaln fnerease
reflex changes and crantal nerve palsies that have been disappearing will
reappear or incrense rather than decrease the patient will become imtable
hs temperature will rse and his skin will become dry In severe cases the
tongus will be dry and coated and the eyeballs sunken. The cerebrospinal
fluid pressure will be lower than it should be on the basis of the charncter
ntics of the fluid, the associated brain Injury the length of time since the
acadent and the treatment that has been given The twenty four hour
urinary excreton will be below the level appropriate for the twenty four
hour fluid intake. At operntion the subarachaoid space will be on the dry
side and the brain notrceably shrunken. The pathiology is that peculiar to an
abnormal relation between fluid intake and output. The treafment is to ad-
minister enough fluid to restore thes relation to normal and to stop all
therapy that has a dehydrating effect. Fluid should bo given (preferably by
month) at the rate of 6000 cc. per twenty-four hours for a normal adult
with normal airculation and kidneys. This amount should be scaled down
for cardiac and renal invallds and children. Glucose In the form of large
amounts (1 pnt three times a day) of fresh omnge fulce and sugar on all
appropriate foods should be given particularly m the case of children 1If
flods and food cannot be taken by mouth a tube should be placed in the
stomach through the nose and the feedings given through the tube If this 15
m(pmmhk,'heﬂuldllhotﬂdbegivcnbyvdnlnl.hcfcmofnIOpcrccnt
sotution of glocose dissolved alternately in isotonic salt solutlon and sterile
ditllled wnter Accurate graphs of the fluid take and urinary output
lhouldbebmnndlhelbovnmnncmmnﬁnucdunullheunmrymnp\n
curve Is parallel to and approximates the fluid intake curve A daily meas-
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urement of the cerebrospinal-fliud pressure should be made on a manom-
eter so that the increaso in intracranial pressure that frequently appears with
proper dehydration can be dealt with at once by mechanical lumbar drain-
age of the backed-up unabsorbed cerebrospinal fluld and the intracranial
pressure be thus reduced and maintained at normal levels (see page 19)
All other necessary therapy Is that which is appropriate to whatever cranto-
cerebral injury happens to be pretent. It should not be noglected becawss of
the associated toxic dehydmtion any more than the latter should be neg-
Jected because of the associated braln mjury

The Bone Injury

In this nonoperable group of craniocerebral injuries the bone Injury b
limited by definition to that vanety that Is nelther compounded (whether
externally or internally into a nasal sinus ar the ear) nor depressed. Sich
fractures are diagnosed by x ray and produce of themselves no symptous,
cither at the time of the Injury or later They therefore require 7o freatment.

The Operable Groop
All patients must be hospitalized for therapy

Meningeal Hemorrhages
Table 2 summarrres the pathology condstion of the cercbrospinal flurd
and intracrantal pressure, diagnosls symp signs and (See

also Incisural Herndatlon page 38 )

EXTRADURAL HEMORRHAGE (Fig. 3) The dlagnosis s made by a sugges-
tve history (the so-called pathognomonic history occurs In only 40 per cent
of cases) with possible confirmation by x-ray demonstration of a fracture
line that croeses either the middle meningeal vessels ar one af the large venons
sinnses. Such findings of themselves make an exploratory diagnostic trephl
natlon obligatory The final dingnosis is made efter operative vismliration
of one or both of the cerebral or cerebellar extradural spaces. Tho sgns and
symptoms are those of the associated brain injury (which Is always present)
in addition to thoss of rpid compression of the brin (In the patients with
clots of yenous origin the compression is less rapid) the mgns varying o¢
cording to the area of the cortex being subjected to the greatest pressure. In
certain Instances and probably when the Increase of the solid contents of
the involved temporal fossa starts a shift of the brain toward the opposite
side of the skull (sco page 38) thndgmmnyboipdht:n]tothadotnthﬂ'
than bearing the classical contralateral relationship The cercbrospinat fluid
will have the characteristics appropriate to the associated brain injury The
intracranial pressure will usually be higher than normal, but not necessarily
30 Tho pathology which includes that of any assoclated braln injury s as
follows Thero ks & rapidly expanding clot developing at any potnt In the
extradural space, with elther an open or closed tear in the trunk or in one of
the branches of the middle meningeal artery ar vein or of one of the large
venous alnuses or one of their larger tributaries. Treatment of the extradural
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hemorrhage 1s operative and that of the associnted braln Infury Is that indi
cated above under the appropmate heading. These patlents should be hos-
punlized for treatment in a larpe well staffed properly cquipped hospital
that has & blood bank or its cquivakent available They can and should be
moved for any reasonable drstance by train plane or ambulance to con
form with thrs requirement, because there Is less risk from such transpor
lnt}onlhnnthcreumultmpﬂng(oopcmtconwchupmkntinanmll

Fig 3 | 1ermporal b with Inctiural herniation of the
\cmporal cortex. (Courtesy of Dr Raymond D Adamay

poorly equpped haspital that has no means of providin amoun
bmfmmmmdwhmcmﬂhmdequwigl;urgbamdulni
properly trained.
The operation should not be of & bone-fla It should be
poral, with the opening m the bone and dugnmmugcdmimlmc
wquama and as much more bone posteniorly medlally or anteriorly as is
Y to permit adequate e tion of the clot as well as visualization
and closure of the roptured vessel After removal of the hematoma the dura
shonld be left open to provide a decompression Whale blood should be
sdministered by trensfosion before, during and after the procedure If the
clot is cerebellar the approech should be by the suboccipital route and the
dura thoald not be left open when the wound I8 closed. In either case the

subdural speco may bo drained for thirty-cix hours If
Incsural Hermagion page 38 ) e ™ Il neceamary (Seo alio
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SunpurAL HEMORRHAGE Acute The diagnosis Is made by exploratory
opertion and 15 suspected when a patient whose condition has been diag-
nosed as belonging to one of the nonoperable group of crantocerebral m-
Junes and who has been adequately treated as such fails to tmprove of
actually gets worse under that therapy The history symptoms signs and
condition of the cerebrospmal fluld are those of the associated nonoperable
cramocerebral injury The wtmcranal pressure may be high, normal or
low The pathology which includes that of the clated brain mjury is
that of a slowly expanding clot caused by bleeding from one or more rup-
tured veins in the cerebral subdurnl space (very rarely in the interhemi-
spherical or cerebellar subdural space) The clot may be made up of eather
(a) pure blood that has the appearance of heavy machine oil, soft currant
yelly or 8 mixture of the two and is commonly known as the “sofid” type
(thrs s the type that is caused by the ropture of a bridging vem, Is not
pecessarily assocated with any braln infury and is relatively rare) or (5)
a mixture of blood and cerebrosplnal fird varying from mostly blood to
mostly cerebrospmal fluld, wath the blood esther fluid or 1n the form of many
small clots. This is commeonly referred to as the “muxed” type Treatment
The subdural clot, regardless of type should be removed as completely as
pousible through a subtemporal decompreaslve approach, the bleeding veins
thonld be closed, the dura keft open and the rest of the wound closed around
one or more drains from the subdurnl space Because these clots commionly
occur bilaterally and because their presence s unrecognmmble except by
operative vsualiztion of the cerebral subdural space, & biiatersl exposure
should usually be made If the compressed brain does not cxpand when
exposed at operation Ringers solution should be npected under pressure
through a needle in the lumbar subarachnoid space, in quantities sufficient
to expand the braln to normal size and shape (see page 12) If the cere-
brospinal-fluid pressure remains below 150 mm. of cerebraspmal fluld sfter
the wound 18 closed, and if the patient 15 properly hydrted, thus Injection
may be repeated every twenty-four hours until the intracranial pressare is
again nommal. The amount of Ringer’s solutlon to be injected 1s that suffi-
cient to raise the Intracranlal pressure to 150 mm. of cerebrospinal fluid.
Thereafter the treatment is as described under Treatment Sections 1 2 3
and 4—Edema and Congestion (pages 19 and 21) see also Inscisural Her
niation (page 38)

Subacuze This differs from the preceding only in pathology and treat
ment. Pathology This is the same as that cited in the preceding section,
except that the clots that consist of pure blood and the mixed hematomas
that have sufickent blood In them have begun to organize by growmng a

b This encl the b which at this stage usmally

bk hine ofl fn L and appearance Trentment I tho pa-
tient s condition warrants tf (which It usually does not) these clots sbould
bo epproached through a bone-flap operation, because it is essential, If
posaible to remove not only the clot but its neomembrane as well Diag-
nostic bilateral transtemporal exploration 15 usually necessary first and can
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be combined with a unilateral bone flap operation Bilateral bone flap
craniotomics should be separated by at least 2 week or ten days. Bone flap
craniotomy is especially necessary In the newborn, becawse an intact nea-
membranc will neither enlarge or stretch with the growth of on infants
bratn ard, if not removed will cause some degree of microcephaly by virtue
of 1ts compressive effect. If such a cranfotomy cannot be performed beeause
of the paticnt 3 precarious condition (this usually holds true in adults) the
operatron should be performed as described 1n the preceding section and
attempts should be made to remove as much of the ncomembrane as can
be reached. I the compressed bram does not expand when exposed at op-
eration (sce page 12) Ringer s solution should be Injected under pressure
through a needle in the Tumbar subamchnoid space in quantities sufficent
to expard the brain to normal size and shape 1f the cercbrospinal fluid
pressure remains below 150 mm of water after the wound is closed and of
the patient is properly hydrated this injection muy be repeated every twenty

four hours until the introctanml pressure Is normal The smount of Ringer s
solution to be injected s that sufficient to raise the introcranial pressure to
150 mm. of cerebrospinal flud ‘Thereafter treatment will follow the methods
described under Treatment Sections 1 2 3 and 4—Edema and Congestion
(pages 19 and 21) see 2lso Incloural Hernlation (page 38)

Chronic Ths difers from ths preceding two types of hemorrhage In
dugnosis, history findings patholopy and treatment, despite the fact that
cvery chronic subdural hematoma was at one time acute and passed un-
recognized through the stages descnbed above The diagnosis is commonly
the generaf one of brain tumor suspect, o chronic subdural hematoma being
incleded among the possible chowes. This working diagnosls is wsually
made, in part at keast, as the result of ventriculography The final identfica-
ton of the clot a3 a clot can be made only by means of a craniotomy The
bistory is long, and the fact that the symptoms were originally etsociated
with a blow on the head Is erther forgotten or contidered by the patlent to
be of no moment. The dgns and symptoms are those of a space-occupying
Intracranial jesfon that has been expanding slowly over months or yeara,
The pathology doex not include that of the acute or subacute braln injury
The chronic clot, revertheless, 1 the end result of the acute hematoma, just
13 cerebral seaming or adbesions are the end result of contusions or lacern
tions of the bmin. The original clot has been composed of pure blood 13
of the “salld” type and wsually has been formed ns a sesult of the rupture
of & bridgmg vein rather than as the result of injury to the surface of the
cerebram The sohd chronic subdural h may ko Y ap-
pear as an cncapsoiated collection of fluld with a high proteln content, as
umﬂddotrmnundcdbync-pmlcundhthspmcuso!orgmlnng.mu
a fibrons thickening of the under surface of the durn. If it is not of these
types it takes the form of an unencapsulated collection of subdaral flnld
that ongnated as & mixed hematoma in which the blood has betn at a

ini and the brospinal fluld at & maximum and which Is now

T rem oFf ac & R A™ e Te te ehoos Yose o % s
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by osmosis of cerebrospinal fluid through the arachnoid which acts as a
dialyzing membrane The uncncapsulated chronic subdural hematoma and
the encapsulated collection of flud that Is the end stage of an acute “solid”
subdural hematoma are still not recognized a3 separate entitles by many
surpeons and are indiscnminately spoken of as “hygromas” or “hydromas.”
Treatment The chronic or end stage of the “solid” clot can only be prop-
erly treated by exposure through a bone flap operation. The clot and its
capsule must be removed as completely as possible The wound need not be
dralned. The postoperative therapy will conform to that required after re
moval of a cerebral tumor This type of clot is atmost always unilateral
The chronic or end stage of the dilute mixed hematomas, or “flmd™ type, s
best dealt with by transtemporal craniectomy which may need to be bilat
cral. The subdural space should be emptied as completely as possible and
the wound or wounds closed about a draln from the subdural space. The
drain should remain for thirty-ix or forty-elght hours If the compressed
brain does not expand when exposed at operatton (seo page 12) Ringers
soltution should be mjected under pressure through a needle into the lumbar
subarachnotd space m quantities sufficient to expand the brain to normal
stze and shape If the cerebrospinal-fluid pressure remains below 150 mm
of cerebrospinal fluid after the wound 1 closed and if the patient 15 properly
hydrated, this Injection may be repeated every twenty-four hours untll the
intracranial pressure i pormal. The amount of Ringer’s solution to be -
jected 1 that sufficlent to rahe the Intracranial pressure to 150 mm. of cere-
brospinal flnid. The postoperntive therapy should be that described under
Treatment Section 4—Edema and Congestlon (page 21) st also Incisural
Herniation (page 38)

SupriaL HesmoxrBAGE Diagnosis The diagnosls of subpial cerebnl
hemorthags can be mado only when the condition is exposed at operation.
It occurs most commonly In association with either nonoperable cranlo-
cerebral injuries or other menlngeal hemorrhages, although it may rarely be
found alone at premortem examination. There is no particular hntory and
there are no charactenstic symptoms or signs of subpial hemorrhage Pathol-
ogy There is a hemorrhage which [ies beneath the pia and which has dis-
sected it free from the surface of the cortex for a varlable distance. Tho
contained vessels come with the pla Other pathology is that of an asmo-
ciated cramocerebral infury Treatment Too few cases have becn seen and
reportrdtohnvepcrmmcdnnymctudevhcaﬁnnlm:thodofmunglhb

dition Any Tuall durcs must of sty be
purely emplrkml and ﬂmu}d mcludc thcrnpy necessary in the treatment of
any perable brol injury as detalled nbove.

Compound Fractures of the Skull
In Table 3 arc summanzed the pathol ditlon of the cercbrospinal
fluid, means of diagnosts symptoms llgm and treatment of vanous types
of compound fractures of the skull.
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CorPoUND FRACTURE OF THE VAULT OF THE SKULL. The diagnosdy Is
made by palpation throngh the lacerated wonnd of the scalp with one finger
of erther hand enclosed In a sterile glove Except in gunshot wounds, nether
diagnons by x-ray nor inspection with or withont the aid of instruments ks
adequate. The history symptoms signs and conditlon of the cerebrogpinal
flurd and intracranial pressure are those Listed under Nonoperable Cranio-
cerebral Injuries There is in addition a lacerated wound or in gomhot
wounds, one or more puncture wounds of the scalp and deeper tissues.
Pathology Fundamentally the pathology of a compound fracture of the
skull i that of a contused or lacerated brain, the brume or tear of which
has been contaminated by a vanety of bacterfa and complicated by the
p of a ing, stmilarly i d don or Iacers-
tion of the dura fracture of the skull and lacerated wound of the scalp If
steps are not taken to remove or control the contamination, it will change
into Infection by the end of forty-cight hours after its mitiation, and ven-
tnculits, encephalitls, brain abscess, memngitls, subdural abscess, osteo-
myelits and cellulitis or abscess of the scalp may be added. If the com-
pounding extends throngh the vault, the origmal contamination will be from
bactena that were present on the surface of the structure that struck (or was
struck by) and penetrated at least the scalp and skull. If the compoundlng
was not of the vaalt but extended into one of the air sinuses or through the
cribriform plate, the contamination will be caused by the bacteria that com-
moaly inhabit the airways of the victim and if it extends into the inner ear
middle ear or id cefls the fon will be through the bacterla
that commonly inhablt the cavities of the ear and mastold and, posaibly the
nasopharynx of the vichm If the compounding was the result of a bullet,
gunshot, high-cxplostve-shell fragment, shrapuel or simllar wound, the bac
teria that contaminated the wound will be those that were present on the
bair and on and 1t the scalp as well as those that were on and in any pleces
of head covering or other foreign material that was clther carrded or blown
into the wound. This gunshot type of compound fracture is further compli-
cated by the p of multiple fragr of dovitallzed bone that have
been exploded down and into the tisses surrounding the missile tract. The
missile itself may be considered to have been sterilized. Prognosis and treat
ment are greatly mfluenced by the depth of the compoundmg and any in-
volverent of the ventricles, the first becauss of the associated distritation
of the bacteria and the second because of the technieal difficulty of remov-
ing by mechanrcal means the bactena that have been deposited in the
decper layers of the wound. In addition to the pathology chamacteristic of
the compound fracture, any such wound may be accompanied by the patho-
logic changes characteristic of any of the other panoperable and operable
crank bral injuries. Tr Without a clear understanding 2nd ap-
preciation of the patbology adequats treatment of compound fractures of
the vault is mposuble After the diagnosis is made the first step bs proper
trestment of the scalp wound. This 1 conditoned by the fact that during
the first forty-cight hours the wound i3 contaminated and pot infected, and
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further by the fact that, if they are undisturbed sufficient tlssuc barrers
may exst to kecp this contamination within the bounds limlted by the
physical contact between the contaminating agent and the cranfocercbral
tissues. Extenslve mantpulation and irrigation or washing of the wound
destroy these bounds and spread the contamination farther than it would
otherwise have extended. Until and unless the surgeon s prepared to pro-
coed tn a matter of minutes to Lonit mechamically such a spread, his therapy
of the wound must be gentle enough not to produce it On the other hand,
the use of chemotherapentic and antibiotic agents 13 cssentlal as an oid In
Leeping fon from t ing Infecton Consequently the wound
must be manipulated sufficiently to msure the introductlon of these thern
peutic agents.

To accomplish these conflicting ends, no more should be done at the first
dressing than to cut off (but not shave) enough hair to expose the super
fictal aspect of the wound or wounds in all 1ts parts. Branches of the super
fical temporml, occipital and supraorbital arterles that are bleeding may
require tylng, bat all other bleeding can and should be controlled by pres-
sure The wound 15 then frosted with sulfanilamide powder and & dry
sterile dressing applied under an elastic Ace bandape At the same tme
surgacal shock, if present, is treated with a transfusion of 500 cc. or more
of whole blood, any lest important Injuries are cared for on a tempomry
basks, a Jumbar puncturs is done, the type of nonopernble complicating
cerebral injury that is present is dingnosed and treatment for this latter
started in sccordance with the data given under the appropriste headings
above, Sulfadianne in sufficient to In a level of 10 to 15 mg.
per 100 cc In the blood s started by mouth or intravenously and penxcillin
is given intramuscularly at the rate of 100 000 units every six hoaors and
tntrathecally with cach lumbar poncture at the rate of 10 000 units every
twelve hours.

As soon as the patient Is no longer m surgical shock and Is in sufficiently
good general condition to withstand the major operation that may be neces-
sary and providmg he is m a large well equipped haspital with a compe
tent, well tralned surgical staff and providing adequate amounts of whole
blood for tramsfusion are avaflable as nceded—all of which conditions are
usually not falfilled or fulfillable for twenty-four hours after the accident—
u.ndmnnymtwhhlnfony-c{gmhounor[nwcsufcnrmmgency
seventy-two hours after the accident, the patient shonld be taken to the
operating room for a formal débrrdement and primary sutare of his wound
(see page 227) (The presence of a rapidly developing meningeal clot will
supensede other conditions and will change accordingly the preoperative
requirements as given) Postoperative care should nclude the contmued
admmstration of sulfadiazine by mouth (unlegs renal complications or
sensitnty develop) and intramuscular and intrathecal administration of
penicillin until the mfecting organsm has been solated fram the culture
and its sensitrvity toward the antiblotlcs in peneral determined. Thereafter
the particular antibiotic or chemotherapeutic agent that 15 most effective
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agunst the speaific mfection should be used as mdicated until all danger of
central-npervons-system Infection 1s past. Otherwise, treatment should follow
the directrons contatned 1n T Sections 1 2 3 and 4—Edema and
Congestlon (pages 19 and 21)

COMPOUND FRACTURES INTO THE FRONTAL StvUses. The diagnosis
made from x-ray films. The history symptomns signs and condition of the
cerebrospinal flusd and Intracranial pressure are those of the nonoperable or
other operabls craniocerebral Injury that may be present. In addition, there
may bo a hrstory of a discharpe of cerebrospinal fiind and excesstve biceding
from the nose, and the appearance of marked swelling and ecchymosis about
the forehead and orbits. The pathology 1 as described under Compound
Fracture of the Vault except that there may be no external wound and a
preumoencephalocele may be present. The freatment varies with the
amount of damage to the sinuses If the fracture is limited to & Incar crack
of the postenior wall with minimal or no duplacement of the bone frag-
ments and there has been so little bleeding from the nose or into the perl-
orbital tissucs that onc may conclude that the mocous membrancs of the
sinuses have probably not been tom the treatment 1s Limited to that suit
able for the assoclated nonoperabls braln Injury it 1 described under
Treatment Sections 1 2 3 and 4—Edema and Congestion (pages 19 and
21) together with the admlnustration of sulfadiazine penicillin and other
npproprlntc d.mp udescﬁbcdtmdcr Compound Frocture of the Vault

balocele requires no therapy of ltself but does
undoubtonthelntcgﬂtyofthcdnmmncomm:mbmne. If the fracture
of the postenor wall of the sinus is 80 comminuted and has such displace-
ment of the fragments or is otherwise so extensive as to warrant the belief
that the mucous membrane has been 3o tom as to permit free communica
tion between the cavity of the nose and the meningeal spaces, or if the
fracture of the frontal sinus is part of a compound fracture of the frontal
bone nonoperative therapy will be Inadequate and débridement must be
performed

The rules govermng the optimum time of operation preparation of the
field and the technic of débridement are those listed under Compound Frec
ture of the Vault except that this compound fracture must always be
drained becanse complete mechanieal steribzation of the wound Is out of
the questlon on sccoumt of the 1mpossibility of closing off the nosc Care
must be taken also not to remove the supruorbital ridgs during the débride-
ment of the bone becamse of the resultant casmetlc deformity All “bore
pociets” must be eliminated by flattening the frontal sinuses apainst their
anterior wall This can only be plished by com cising the
poat:ﬂorwa]handbymnovingnl]themucom membrane. Postoperative
therapy tnclud oral adminlstration of sultediazine and 1
cular and intrathecal administration of penicillin and other appropriate
drogs until danger of mf is past, in addition to the outlined
under Treatment Sections 1 2 3 and 4—Edema and Congestion (pages
19 and 21)
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Comprounp Fracturr or THE CRIBRITORM PLATE AND CoMPOUND

FRACTURE OF THiL PARANASAL SINUSTS OTHER TIIAN TIIE T'RONTAL SINUSLS
Dlagnosis This s made on the basws of a history of a cramocercbrl injury
and the demonstration of a cercbrospinal rhunorrhea The history symptoms
signs condition of the cerebrospinal fluld and intracranial pressure arc
thosc of the astociated nonoperable cerebral injury In addition there will be
a persbtent constant flow of cerebrospinal fluld from the nose or Into the
pharynx Pathology In addition 1o the pathology of whatever nonoperble
cramocerebral injury may be present there is a communication between
the nose and the cercbral subarachnoid space by way of o patent funnel of
dura and anchnord that is incorporated in a fracture of the cribriform plate
of in the wall of one of the ethmold or sphenod slnuses As o result, there
13 8 constant escape of cerebrospinal fluld from the cerebral subarachnord
space. The latter may not be immeduately evident however if the patent is
lying on his back. In ths position the cerebrospinal fluld runs into the naso-
pharynx and s swallowed. It will be y 1n many § therefore
to tit the patient ercct in order to demonstrate the thinorthea Treatment
Early closure of the fistula is essental. This can only be carned out by
exposmng it throagh an osteoplastic frontal craniotomy done on the right
1 nght-handed patients and on tho left in left-handed patients When the
fistala 15 thus exposed extradurally it 18 amputated close to the cranial sur
face of the bone the hole m the arachnold is closed with a plece of “foam”™
and that in the durm with a piece of “foam” or pencraniom If necessary
a free graft of durn may be stitched in place if the durnl defect is larps. The
amputated portion of the fistula that hes against the bone is coagulated and
it and the fracture fine are sealed with “foam ™ The bone flap is replaced
after leaving 50 000 units of penicillln in the wound the bone and scalp
ussue are frosted with sulfanilamide powder and the wound is closed with
out dratnage. The postoperative treatment Is the same as that described
under Compound Fracture of the Vault and under Treatment Sections 1 2
3 and 4—Edema and Congestion (pages 19 and 21)

CoMPOUND FRACTURES INTO THE INNER AND MIDOLE EAR, THE MASTOD
CrLLS AND THE PETROUS PORTION OF THE TEMPORAL BONE. Dlagnosis, This
is made from x-ray films, the presence of Battle s sign, a history of a cranio~
cerebral injury and a cercbrospinal otorrhea. The history symproms signs
condition of the cerebrospunal fluld and intracranial pressure are all those
sppropriate to the iated pernble crani bral injury In addition
there Is a constant flow of cerebrospinal fluld from the external ear This 11
muxcd at first with & considerable amount of blood which gradoally clears
up Bleeding from the external car without any admixture of cerebrosplinal
flud is not evidence of compounding through the ear Pathology In addi-
tion to the pathology charactemtic of the axsoclated nonoperuble cerebral
mjury there is o linear fracture in one of the bones adjacent to the ear
This has caused a tear 1n the arachnord and dora that coincides with the
fractare fine In such a way ot to permit cerebrospinal flukd to leak directly
or thraugh a ruptuced deum inta the external ear and thus establish & com
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h

100 1t and the geal spaces T7 This is almost
exclusively nonoperative Its aim is to maintaln the cerebrospinal fluxd at
a pressure low enough to permlt the arachnoid to seal itself off. It is accom-
plished by lumbar drainape which 15 carried out twice daily Suffickent
cerebrospinal fluld is removed at each puncture to reduce and, if possible,
to maintain the Intracranial pressure at 100 mm of water or less untll the
otorrhea ceases. The otorrhea of itself I not sufficient to maimtain & suffi-
ctently low cercbrospinal-flurd pressure to assure closure of the arachnodd
tear without the help of the mechanical drainage by lumbar puncture In
addition, the patwent is kept wnth hus head elevated. In particular great care
must be taken to seo to 1t that nothing Interferes in any way with the flow
of blood or cerebrospinal flurd from the external ear The ear should never
be plugged but should be covered with a flat piece of sterfle gauze held in
place with adhestve plaster on the hair and jaw For the rest, the treatment
described in Treatment Sections 1 2 3 and 4—Edema and Congestion
(pages 19 and 21) should be used as appropriate and necessary

Herniation of the Temporal Cortex through the Incisura of the Tentorlum
Cerebelll with Compression of the Brain Stem and Adjacent Structures

InTable 2 (pages 28 and 29) are summarized the pathology condition of
the cerebrospinal flud and intracranial pressure means of dragnosis, symp-
toms, signs and treatment. The dlagnasis is made by exploratory operation
and the releass of at keast 25 cc. or more of cerebrospinal fludd that has been
trapped under pressurc beneath the tentorfum This requires a stab wound
of ong leaf of the tentorlum and produces » conscquent lowering of the
supratentorial premurre efter which it may be possible to demonstrate the
herniation of the temporal cortex through the incisurs. The contmued
escape of cerebrospinal finld and the gmdnal redoctron of the bernis then
relieve the antecedent compression of the brain stem The diagnosis is ss
pected whenever 1 A meninges! clot (either extradural or subdural) has
been previowsly removed and the patient fails to show signs of mprove
ment in forty-cight hours ar s definitely womse twenty-four hours after the
operation 2 a negative dlagnostic exploration for a meningeal clot bas
been carried out but the tentorium has been neither exposed nor mclsed as
& part of the exploration and the patient fails to improve or geis worse m
the twenty-four hours immediately after the operation 3 a patient who has
been diagnosed as a subdnral hematoma suspect presents any of the signs
of brain-stem compresslon listed below 4 a patient who regardless of the
diagnosis or treatment, s known to have sustained a craniocerebral injory
suddenly shows a significant change for the worse as well as two or more of
the signs and symptoms of brain-stem compression noted below- 5 a cntical
lumbar puncture has been performed (see page 19)

Except for the signs and symptoms peculiar to compression of the brain
stem and its neighboning structures, the history sgns and symptoms of
herntation of the temparal cortex through the incisura are those of the sx30-
clated poaoperable or operable lesions that preceds or accompany them.
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In additron it appears, however that to prodece an incisural hernlation
there must be an Increase In the solid contents of onc temporal fossa of the
skull As a result the brain moves laterally the temporal cortex s forced
first 1nto and then through the Incisura and then if the patient survives the
medial surface of the cerebrum hermates through the hlatus in the falx
Thus venous congestron and more edema are produced together with com
pression and reduction in size of the [psilatera! ventricle and subarachnold
space (Fig. 4) This in tun himits the soe of the cercbrospinal fluld reser

Fig. 4 Coronal section of brbn sbowing Incsun] bernbation of & part of one

temporal lobe, as well a1 distortion and compression
of Dr Raymood D. Adams.) of the brain stem. (Courtesy

vour as well as the aren from which the flud is absorbed. A secondarily
resultant relativo and actual increase in the cercbrospinal fluid contents of
the cranal cavity is thus produced. The hernlation is therefore [ikely to be
associated with edema  whether or not complicated by contusion or lacera
tion (Fig. 1 page 8) and with meningeal clots above the tentorium
(Fig. 3 page 27) In particular those clots that are Jocated In the temporal
fossa are most apt to be found accompanying mcisural herntation. The
signs and symptoms of compression of the bram stem and Its nelghborhood
structures vary widely with the size and the acuteness of onset of the hernia-
ton ay well as the mpidity and completeness of the blockade of the flow
of the cerebrospinal fluld and lts resultant trapplng beneath the tentorfum
Other factors are the effectiveness of the upward counter-pressure exerted
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by the fourth veatricular and spinal-cerebrospinal-fiuid column and the re
slstanco to downward pressure by the structures m the posterror fossa and
the { s Early symp are an Ing stupor gradmally
deepening Into coma, a hemiparesis, especially I 1t scems to be Ipsilateral
with 8 clot that has already been located, and increasing confesion. Later
there may be convulsive seizures, hemiplegia and decerebrate fits. The signs
inclade a third-nerve palsy and in particular unilateral or less frequently
bilateral ditation and fixation of the pupils a stiff neck Magnus-de hbim
reflexes of varylng degrees decerebration, resprratory wregularity perlod-
icity and increaso in rate pulse irregularity and increase in mate, and biind

Fig § Thromboshs, hemorthage and edema of the brain stem, camed by inchonl
herniation of & part of ooe temporal Jobe (Couartesy of Dr Raymond D Adams.)

ness in half the visual fleld. In the latest stages of the herniation there may
be a demonstrable Interal distortton of the third ventricular and hypo-
thalamic structures by an associated movement of the supracallosal surface
aof oas cercbral hemisphere through the openmg beneath the falx cercbrl
The precipitation of these signs and symptoms in close tation with
lumbar drainage of the cerebrospinal fluid from below the tentortum and
the reduction thereby of a high subtemntorial Intracranial pressure to a nor
mal or subnormal level as well a3 the sudden demonstration of a normal of
low Intracranial pressure by lumbar meamrement fn the face of adequate
hydration, 13 a frequent but by no means mvanable finding. This is e
pecially true when there are clinical signs and symptoms that suggest an n
crenso rather than the demonstrated Jowering of the cercbrospinal-flnid
pressure and when previous measurcments of the cerebrospinal pressure
have heretofore been consstently high. Pathology After a shift toward the
less damaged side, the uncus and a variable amount of adjoining teroporal
cortex—pomsibly from both temporal lobes but usually from only one—
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herniates through the inclsurs The hernlated portion becomes edematous
and thrombosed and makes Increasing prossure on the brain stem and ed-
joumg stroctures (Fig. 4) The subarachnold space there fclosed off Asa
result there i at Jeast o pantial interruption of the flow of cercbrospinal
fuid from the lateral ventncles to the areas from which it is normatly ab-
sotbed This traps cerebrospinal fluld below the tentonium distends the con
tralateral ventricle or possibly both laterat ventncles distorts the third
ventrick and ralscs the intmventncular pressure Because the borders of
the ncisura are fixed and inclastie, the bruin stem & moved laterally and
the ocul TOTY nd cspecually the third cranial nerve on one side

Fig. 6 Infurct of one occipital fobe, cansed by compresabon of the etior cerebral
mnmmmnm&mmmhnhmuhnnlmpz?mmp«ﬂ
Tobe throngh the tockmura. (Courtesy of Dr Raymood D Adams)

—are then compressed The aqueduct of Syhvus, compressed, {3 nar
mwcd.thﬂeh(unhcrtﬁsmrﬂanoitbebyrﬂnn::,ngtdmndﬂthpmd
thromboss and hemorrhages occur 1o the pons and midbmin (Fig. 5) The
third ventricle and hypothalomic region ase also distorted. Further over
fillmg of the mcisurn compresses the posterior cerebral artery and vein
causing edema thrombosis, hemorrhape and chemic necrosls of the cor
responding oceipital lobe (Fig. 6) It is probable that the head of presture
developed wn the lateral ventricles 1 further increased by their compression
and the redaction of their capacity because of the smoclated cerebral
edema. This keeps the aqueduct sufficiently open to permit some flow of
ccmbrmplnnlﬂu&dnnulvrrthmmepmcwnndlhmpermhsmopﬁn
tave correction of this otherwise Iethal mechaniim: but only after & degener
ative encephalopathwe but nonfatal decerebraton hns taken place Treas
ment The only eflective treatment s surgal but this is effective only when
d.un:ulhznrhcupowbhmommLhmmﬂndudcreknscdthamp
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subarachnold space ath:rmd:ermfaccorlnnneofﬂleru}d,byamnll
oirtlet that may be sealed at the tme the clot is looked for Treatment This
is operative when end iof the diagnosis 15 made The approach 1 wsnally
through a transtemporal exposure the clot fs usually located by needling
the cortex, after which 1t 15 usually removed by suction through a trans-
cortical incsion If the bleeding vessel can be found (and 1t usually cannot)
1t should be closed Unless other acute pathology is present the wound, in-
cluding the dura s closed wathout drainage Later treatment, if the canse
has been a cramocerebral injury is carried out in accordance with the direc
tions listed in Treatment Sections I 2 3 and 4—Edema and Congestion
(pages 19 and 21) If the pathology is that of artenosclerosis, berry aneurysm
ormhcrcongmlmlmcula:unomnly appropriate postoperative and con-

including any y further surgery should be provided
after lu:n]hnhon of the probable source of the hemorrhage by arteriography
if that 1s Indicated.

Post Traumatic Cerebral Atrophy

Diagnosls This is made by a hustory of a crantocerebral mpury one year
or more previously and the demonstration by pneumocncephalogram of sig-
nificant cortical or subcortical cerebral atrophy The hstory will be that of
a cranjocerebral injury accompanied by yusniess and and
usually madequately treated from the polnts of view of diagnosis and intra-
cranial pressure The symproms will be those of the so-called post traumatic
state or neurosks with emphasis on headaches There will be no char
acteristic signs other than the cortical or subcortical atrophy with enlarged
but normally placed and undefarmed ventncles The cerebrospmal Amd will
be normal and the intracrnmt pressure often below 100 mm of water
Pathology Ths wnll consist of a moderate atrophy of all the layers of the
cerebrum resulting from an earfier muiMd, persistent and uncorrected increase
m mtracranual pressure with compensatory dilatation of the ventrcles and
cerchral sobarachnoid space In infants, ummtentional placement of In-
sected air m the subdural space may give the appearance of cortleal atrophy
when 1t 13 actually not present. Such forcible separation of the cortex from
the dura may rupture a bridging vein and produce an unexpected acute sub-
dural hematoma This will prodoce appropriate symptoms and will require
therapy that maycvtnhavemincludcamn}ommy Treatment A sub-

over the nond isphere with emptying.
wfn:upom’blc of any exposed “puddled” areas of cerebrospunal fluxd in
ﬂ:zmbanch.umdspace,:houldbeamcdeﬂmwmmdlhouldbedmcd
except for the dura, which must be left open around a drain from the sub-
temporal subarachnoid space. The drain is left in place for thirty-six to
forty-eight honrs. Postoperative and conval tr is carrled out
m sccordance with the methods described in the appropriate paragraphs of

Treatment Section 4—Edema and Congestion (page 21) This condition
is uncommon, and predictions as to the efficacy of this therapy must be
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Depressed Fracture of the Shull

In Table 3 (page 33) arc summarized the pathology condition of the
cerebrospinal flurd means of dingniosis, symptoms signs and treatment of
fractures of the skull The diagnosis is made by stereoscopic x-ray
examunation of the skull and a history of a cranfocerebral injury The his
tory symptoms signs and the condition of the cerebrospinal fluld and intra
cramal pressure conform to the similar data described under erther Non
operable Craniocerebral Injuries or Meningeal Hemorrhages ot both. In
addition there will be x ray evidence of a depression of the inner table or of
both tables of the skull. The depressed area Is usually covered by a sub-
pertosteal or subgakeal b It is impossible, when It occurs alone to
certalnly differentiate such a hematoma from a depressed fracture except by
x-ray Pathology In addition to the pathology charactenstic of whatever
type of perable crank bral njury or ingeal hemorrhage that
may be present, a vanable number of fragments of bone will be found ex
tending in a wide variety of ways into the cranal cavity where they do not
belong. As a result, there may or may not be tears of the durm, of any of the
venons sinuses or their large tributary veins, of the middie menlngeal vessels
or of the cortex and 1ts vessels. The torn vessels may not bleed because they
may have been plugged by a bone fragment. Frogments of bone that are
dep d and compounded are conskdered to be componnd fractures from
the pomts of view of dignosls and tr Tr The most impor
tant part of the treatment of a depressed fracture of the skull is making cer
tan that any increased cerebrospinal fluld pressure, with jts associated
increased intracranial venous pressure and congestion, has been perma
nently restored to normal before any operative attempt is made to elevate
or remove the depressed fragment or fragments Only in this way will the
danger of an unnecessary death fram operative hemorrhage or air embolus,
an almost inevitable accompamiment of the removal of any depressed frag-
ment that has hitherto been plugging & torn congested sinus be avolded
This redoction of the wntracranial prexyure to normal o accomplished by
the treatment outhined in Treatment Sections 1 2 and 3—Edema and Con
gestion (page 19) At operstion the depressed fragments of bone are
removed, the dura and sny ruptured vessels are closed if they have been
torn, all clots are removed and hemostass is obtalned, after which the scalp
ts closed tn layers without dramage The depressed fragments are always
much larger than they secm by x-ray Depressed fractures that have been
allowed to remain unoperated upon long enough to allow the fragments to
become united in their abnormal position are best dealt with by turning an
osteoplastic flap with the depressed area in sts center Tho depressed part 1
then removed and the inner surface of the bone flap is smoothed over with
un electric dnll In these long-standing cases the dura ahould bo opened,
any corticodural sdbeszons separated apd the cortex covered with “foam.”
The bone-flap is then replaced and fixed with two or three tantalum wire

sutares to the adjoining bone and the scalp is sutured in layers without
dramage
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subarachnold space either on the surface or m one of the sukd, by a small
outlet that may be sealed at the time the clot Is looked for Treatment This
is operative when and if the diagnosis is made The approach is wsually
through a transtemporal exposure the clot 11 usually located by needling
the cortex after which it s usually removed by suction through a trans-
cortical incuson If the bleeding vessel can be found (and it usually cannot)
it should be closed Unless other acute pathology is present the wound, in-
cluding the dura 13 cloaed without drmnage Later treatment, if the canse
has been a cranjocerebral injury is camed out In accordance with the direc
tions listed In Treatment Sectlons 1 2 3 and 4—Edema and Congestion
(pages 19 and 21) If the pathology is that of artenosclerosls, berry anenrysm
oroth:roongmlml vascular anomaly appropnate postoperative and con-

including any y further surpgery should bo provded
a!t:rlocalhxnonofthepmbablcLmnmofdwh:morrhagcbyutcrlogmphy
if that Is Indicated.

Post Traumatic Cerebral Atrophy

Diagnosis This is made by & history of a craniocerebral injury ope year
or more previously and the demonstration by pncumoencephalogram of sg-
nificant cortical or subcortical cerebrul atrophy The history will be that of
2 cramocerebral injury accompanied by onconsciousness and amnesm and
usually inadequately treated from the points of view of dingnosis and intra
cranial pressure The symproms will be those of the so-called post-tranmatic
state or neurosls with emphasis on headaches. There will be no char
actersstic signs other than the cortical or subcortical atrophy with enlarped
but normally placed and undeformed ventricles. The cerebrospinal flmd will
be nommal and the mtracranial pressure often below 100 mm. of water
Pathology This will consist of a moderate atrophy of all the layers of the
cerebrum resulting from an earhier mild, persistent and uncorrected fncrease
In intracranal pressure wath compensatory dilatation of the ventricles and
cerebral subarachnoid space In infants, umintentional placement of in-
jected alr 1n the subdural space may give the appearance of cortical atrophy
when it is actnally not present. Such forcible scparation of the cortex from
the dora may rupture a bridgng vem and prodoce an unexpecied acute sub-
dural hematoma. Ths will prodoce appropriate symptoms and will require
therapy lhnt may cven have to lncludc n crnmutomy Treatment A sub-

m over the phere with emptying.
5o far as pomblc of any exposed “puddled™ areas of cercbrospinal fluld in
the subarachnoid space should be carrled out, The wound should be closed,
except for the durn, which must be left open around = drain from the sub-
temporal suberachnold space The drain fs left in place for thirty-six to
forty-cight hours Postoperatrve and convalescent treatment i3 carried out
tn accordance with the methods described in the appropriate paragraphs of
Treatment Section 4—Edema and Congestlon (page 21) This condibon
Is uncommon, and predictions as to the efficacy of this therapy must be
guarded
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Depressed Fracture of the Skull

In Table 3 (page 33) arc summarized the pathology conditlon of the
cerebrospinal fluid means of diagnosls symptoms signs and treatment of
depressed fractures of the skull. The diagnoss is made by stereoscople x ray
cxamination of the skull and a hlstory of a cranlocerebral injury The his
tory svmptoms signs and the condltion of the cercbrospinal {luid and Intra
cranial pressure conform to the similar data described under esther Non
operable Craniocerebral Infuries or Meningeal Hemorrhages or both. In
addition there will be x ray evidence of a depresslon of the inner table or of
both tables of the skull The depressed area s usvally covered by a sub-
periosteal or subgaleal h It is impossible when it occurs alone, to
certainly differentiate such a hematoma from a depressed fracture except by
x-ray Pathology In addition to the pathology characteristic of whatever
type of nonoperable cranlocerebral injury or menlnpeal hemorrhage that
may be present, a variable number of fragments of bone will be found ex
tendmg in a wide variety of ways Into the cranial cavity where they do not
belong. As a result, there may or may not be tears of the durs, of any of the
venous sinuses or their large tributary veins of the middie meningeal vessels
or of the cortex and fts vesscls. The torn vessels may not bleed because they
muay have been plugped by a bone fragment. Fragments of bone that are
depressed and compounded are considered to be compound fractures from

the points of view of dlagnosis and t Tr The most impor
tant part of the treatment of a depressed fracture of the skull Is making cer
tain that any increased brospinal-fluid p with its ciated

Increased intracraninl venous pressure and congestion, has been perma
nently restored to normal before any operative attempt n made to clevate
or remove the depressed fragment or fragments. Only in this way will the
danger of an unnecessary death from operative hemorrhage or air embolus,
an almost inevitable accompaniment of the removal of any depressed frag-
ment that has hitherto been plugging a torn congested sinus, be avoided
Ths redoction of the wtracranial pressure to normal is accomplished by
the treatment outlined in 77 Sections I 2 and 3—Ed. and Con
gesilon (page 19) At operation the depressed fragments of bone are
removed, the durn end any ruptured vessels are closed if they have been
lnm,nﬂdoummnovcdnndhcmmhohm]ncd,nﬂﬂwhkhtbcwulp
is closed in layers without drainage The depressed fragments are atways
much larger than they seem by x-ray Depressed fractures that have been
allowed to remain unoperated upon long enough to allow the fmgments to
becomennhcdlnlhcuubmmﬂponummbmdnhwhhbymmmgm

plastic flap with the dep d arca in its center The depressed part is
then removed and the inner surface of the bone flap is smoothed over with
nnclectxicdnﬂ_luthclcbng-imndlngcnmtbcduralhouldbeopcncd
any corticodural adheslons separated and the cortex covered with “foam.”
The bone flap is then replaced and fixed with two or three tantalum wire

sutures to the adpoining bone and the scalp b sutured in layers without
drainage
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Cranioplastic Repair with Removal of Adherent Cortico-Dural and

Cortico-Scalp Scars
Diagnosis This is made by x ray studies and a pneumoencephalogram.
There will be a history of an qld crank bral mjury or y with

local loss of bone s the result of the Injury or throngh operative removal.
The symptoms and signs will vary from a psychoncurosis based on fear of
another Injury or of distress at the dufiguring cosmetic effect, to those char
acterlstic of pernstent cortieal fmtation, and they will mnge from headaches
and dirziness to convulsive seiznres, The cerebrospinal find and intracrantal
pressure will bo normal. Pathology This will vary from adhesions between
the edge of the bans defect and the underlying dura to extensive scamng
mvolving the scalp, bone, dura and cortex with degenerative intracortrcal
cysts and other changes There may be distortion of the undedying ventrick
toward the scar and enlargement of the opposite ventricle. Treatment The
bone defect can be closed by shaped tantalum or acrylic-resin plates® held
in place by screws placed 1n narmal adjoming bone through tabs on the edge
of tho prosthesis. The plates may be shaped before operation on dental-
compound molds or the simpler ones may be cut and shaped during the
opemtion. In the latter nstance the tantalum is molded by hammering it on
a steel block with a ball-peen hammer and the acrylic resin s shaped by
molding it in hot sterile water Before the plates are applied the bone edge
should be cut back shghtly the dura freed from it and the underlying cortex
and any dural defect covered with “foam,” or possibly with polythene film
or a nylon sheet such 25 13 made by DuPont. Closure of the doral defect by
fascia lata transpiant, Fibmu film, Cargile membrane er Amnfotin should
Dot be attemnpted, because these structures serve merely as a base for 2 new
and equally disabling scar that will adhere again to the underlymg coricx.
Freo periosteal grafts, applied with thelr outer surfaco innermost, may also
bo tried.

It » Important that the cortex be completely freed of its attachments to
the dura at all points and that any fibrous scar in It be removed as com-
pletely as possible. Identrfication of the motor cortex by clectrical sumulatron
prior to any cortical ablation is essentmal, and great care should be exercrsed
that only mintmal damage is don¢ to the adjouning cortex. The scalp defect
should be closed withoat tenslon and with & linear suture line over any
implant. If necessary a flap from the adjacent scalp can be rotated in snch
2 manner as to place the suture line at one side of the plate The wound
must be closed without drainage Postoperative collechons of fluid other
than cerebrospinsl flutd between the scalp and the plate should be removed
by tapping and suction through the scalp Cercbrospinal-luld collections
can only be obviated by reoperation and closure of any arschnoldal fistula
after excrson of any associated cyst ning, If the wound becomes mfected
the implant should be removed at once Norte of thess crantoplasties should
be performed until there Is no further danger of infection from any becterla
that were ariginally preseat fn the wonnd and have remained dormant after
the carlier injury or operation Acrylic renn—and especially metallic—plates
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should never be used to cover a defect in which there is still an open com
mmnication with the nose either directly ot by way of an air sinus Such
fistulas most be permanently sealed 1 pecessary the frontal sinuses in par
tcular should be obliterated before a cramioplastic chosure is done If these
precautions arc not taken the incidence of wound infection wath resultant
later necessary removal of the plate occurs in an unjustifiably high per
centage of eases. Bone chips, placed extradurally have been used to close
defects 1n this area ¥ Postoperative and convalescent treatment will follow
the lines laid down tn Trleatment Section 4—Fdema and Congestion
page 21

Cranloplastic Repair for Symptoms Produced by Deficiencles of Bone
on Opposite Stdes of the Skull

Diagnosis. Under certain cucumstances 1t may become necessary to pro-
duce by surgical means bomy deficiencics oppowite 1o each other in the skall.
The presence of such openmgs will of itself produce symptoms that can be
corrected only by the closure of onc or both of the openings and that occur
regardless of the absence of any other pathology in the central pervous
mystem The symproms are all subjective and are usually described as dizzi-
ness on change of potition, dizziness on petting out of bed n the morning,
A feching of imtabilty natnfity 10 take very active exerclse or 10 do any
work, no matter how srmple and a “feeling as though the brain were loose™
or “mere shaling.” The symptom complex Is difficult 1o distingush from
that of post traumatic state or neurosks (scc page 48) indeed, the former is
usally accompamed by some degree, at least, of the latter Without crano-
plastic repair the symptoms plus the neurosts will become permanent and
completely duabling 1n so far as productne activity is concerned. The
longer the postponement of necessary repair the less complete s the pa
tent s recovery from both the symptoms and the newrosis. Pathology The
creaton of opposte cranial defects, especially if the dura has been Jeft open,
subjects the brain to the direet effect of atmospheric pressure removes its
Btenal supports, causes it 1o shift with any change of body position and
Produces a mechanically unphysiologsc condition There need be no actual
damape 1o the brain ftsclf to produce disabling symptoms 1n such cases.
Treatment The treatment of this condition s to closc oae or both of the
canial openmgs and, if possible anmy dural defect as well The technical
details of this procedure are fully covered in the previous section, Cranio-
plastic Repair with Removal of Adherent Cortico-Dural and Cortico-Scalp
Scars (page 46) which should be consulted

Pogt Traumaiic Cortical Scars with Comvulsive Selmures
Treatment of such scars by surgical excition a3 an adjunct to anticon
vlsant medication has not yet become sufliciently standardlzed to be under
faken, except 1n onc oc two clinics by a limited number of specially trained

B The y otably the clectroencephato-
Prphke portion—is extensive expensive and difficult to operate Too few
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patrents have been operated upon and noze have been followed for suf
fickent time to permit judgment of the long-term value of this sargical
procedure

The Post-Tranmatc State or Post Trasmatic Nearosis

Certain patlents who have sustalned significant cranjocerebral mfunes
yeans befare they are scent by the surgeon will compinin of disabling symp-
toms that allegedly prevent them from doing gainful labor or its equivalent.
Before treatment can be prescribed for them the surpeon must be certan
that the symptoms have an organk—as opposed (o a psychosomabe—Dbasis
and that tho symptoms are actually the result of the carhier eranrocerebaal
fojury as clalmed, and pot traceable to some as yet unrecoguzed or con-
cealed mtercurrent disepse. All such patlents should therefore be hospital-
ized and caretully studsed 1n order to settle these points. Any demonstrable
organic dissese whether of the braln or of any other organ, shonid be ap-
propriately treated forthwith If 1t can be shown that there & no organkc
cause for the patient’s complaiats, an attempt should be mads to straighten
out his psychosomatic disorder Fundamentally these patients complain of
tymptoms in order to fostfy thele contmumg fear of death, mvalidism oc
insanity and because their utiative has been sapped 1o the vanhhing potnt
by the efforts of friends and relatives to keep them Pfrom exerting them-
sclves This belief in the necesstty for nonexertion arises from the mistaken
ydea on the part of thelr physician that the conval care of crank
bral injures requires virtually commplete physical rest for the petient, aad
from the emphasis frequently lald by thetr lawyers on the importance of
maintaining disabling symptoms until all Itigation has been ended. As a
result, the pabents, espeaally if they have a pretraumatic tnstabiity ar
psychoneurosls, exaggerate to themselves as important or even lethal soch

ordinary symptoms as an occasiopal beadsache, attacks of dizzi of
fatigue and the like They refuse to make any decsions about thelr oom
welfare preferrmg to vegetate In cc thels effich and general

condinon espectaily ps regards thelr physical reserve, circnlation and mus
cular activity reach a low level. Treafment muat be curected first toward re-
moving thew fears. This is best accomplished by ths hosf ton and
study referred to above, which must be thorough The pext step i to re
develop thewr imtiative and at the same time to return thelr physical condi-
tion 1o normal, These two procedures go hand In hand and are sccomptished
by sctting up for them a general program of regular gradually increaung
physical cxercme, the carrying out of which, es regerds bath decision and
details, must be left strictly to the patient. As a corollary to this, it will be
at ofwe spparent to the patient that whether he pets better stays the same
or gets worse 1t will be strictly through bls own efforts and decislon. More-
over mymmqumd&m:ﬁm-xthmplwdub&ﬁtywdowm
and to Jead the normal sochl Hifs that bas hitherto been (as be and his
friends and family believed) denbed hum will be cither restored to hum ot
further dented him solely &3 the result of his own personal nnassisted efforts.
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The details of this thernpy are outlined In Section 4—I'dema and Con
pextion—Convalescent Care (page 21) 1f this program is 1o be successful
there must be co-operation by the Insurance company the employer the
patieat & lawyer and the patients family The patient himself must have
sufficient intelligence to grasp the necessary intellectual Implications and
should understand his own problem thoroughly The longer the period be
tween the injury and the start of ths repumen the poorer are the chances of
rehabilitating these patients.

The Treatment of Crantocerebral Infaries in the Nenborn
All such patients must be hospitalred for treatment

General Considerations

Although in general the basic factors that govern treatment of cranio-
cerebral injunies in the newborn are the same as those that apply In the
adult injures, there are certaln fields in which the details differ These
differences must be nppreciated and adjustments must be made for them if
the best resalts are to be obtained

Erioroay Inadditton to the damage caused by the application of violence
directly to the skull and its contents, the effect of anoxia must be reckoned
with. The former type of damage is represented by depressed fractures of
the skull meningeal tears, meningeal hemorrhages and cephalhematomas.
They differ In no important pathologic essential from similar injuries in the
adult. The cerebral changes produced by the nnoua of asphyxia appear to
be pecular to the newborn however Ande from such cbvious canses as
near-strangulation from the wrapping of the umbilical cord around the nech
of the fetus and separation and infarction of the placenta, the asphyxia and
herice the anoxia and neural cefl damage arfse out of the processes of lnbor
itself This source may be hidden because lethal anoxia may be entirely (and
& frequently partially) In effect whik the fetus is stll in the uterms and
doring the 1nitial stages of labor The cflects are weighted not on the side
of immediate mortality bot rmther on the side of late extremely disabling
morbrdrty Such conditions as porencephaly hydrocephalus ex vacuwo epl
lepsy idiocy any degree of spastic paralysus or paresis or Littke s discase
may be the direct results of such oxygen depnvation Preduposing factors
are abnormally pmf;lm long labors, maternal encsthesin, the use of
certain respiratory. t drugs, dry labor halopelvic roportion
with arrest of the descent of the fetal head, prolr:gamc:);l lhcdl:ﬁond stage
of labor or excessive molding of the fetal head In many of these the factor
of trauma added to an slready existing anoxia enhances the effect of the
latter Thus, in estimating the cause of cerebral injury 1 tho newbarn thee
various possibilities must be given due consideration

Another factor peculiar to the newborn is the small amount of energy
reserve that s present fn this gronp of panients. This s sapped to the utmost
by the attempts of the organism mercly to malntain hife Such added ex
pendriures as the baby s response to handling, to dehydratlon and to the

-~
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encrgy necessary to suck nourishment from erther the mother'’s breast or an
artificial nipple on a bottle may under such cnitical circumstances, be more
than 13 compatible with lfe This is true even In otherwise robust, nopmal
babies born at full term It 11 even more trus in those born prematurely
Any treatment of these mnvalids must be glven with these vanous factons
taken into account, and surpery and anesthesls in particular must caly be
ondertaken with a full appreciation of the extra risk {nvolved.

PropAYLAXIS Finally prophylaxis sgainst cranlocerebral mjuries in the
newborn is oot a matter of being ready to deal with those emerpenaes that
manifest themselves during labor and immediately postpartum but, rather
is found 1n the understanding of the came of such emergencics and, there
fore of the proper management of Iabor from the first months until after
the umbilical cord is divided.

The Asphyxial Type of Intracranial Infiry

The dlagnosis Is made by the birth history as indrcated above and by the
findings of an abrormally high intracranial pressure with bloody cerebm-
spinal flurd at lumbar puncture. 1t should be noted that the normal wntra
cranial pressure in the newborn js lower than that of the chlld or adult. In
the newborn it ranges between 50 and 100 mm of cercbrospinal fluid, with
the range usually pearer 50 than 100 mm The signs and symptorns coor
monly are hypertonicity of the musculatire jn genernl, an abnormal or poor
cry cyanosis and failure to nurxe ecither at the breast or from a bottke

hypertonicity may be evidenced by a ch jahc exceasive far reac
tion to sudden sensory stumull such as jarring of the crib ar a lood nobe.
The cry may be absent, usually when d with uncc mxy

take the form of Intermittent or constant shrieks, or may vary in volume,
tone or frequency Cyanoss will usually be astocated with an atmormal
resplratory rate or volume. Extremely sck habies may be pale flaceid and
apathetic, a condition that probably represents the hmpositon of surgical
shock on the underlying intracranial pathology These bables have » sub-
normal fntracranial pressure and respond to the usual measuses of combat
g shock. Except in this fatter condition the fontanclle will usnally be
tight bat is not necessarlly so Ths most reliablo sign i an ineresse 1 Intn
crania] pressure as measured on a manometer at lumbar puncture This has
been referred to above. Low intracranial pressures may have to be meas
ured by & mercury manometer because less cercbrospmal fluid is needed
to Al the system The prescacr of respimtory oscillations is sufficient 10
assure the operator that his needle 18 in direct contact with the cerebrospinal
flud Pathology The patbology is essentlally that described under Edema
and Congestlon of the Braln (sce page 19) plus hemorrhags Into the peri
vascular and perineuronal spaces, beneath the pia and arachnald and from
the che1oid plexus If this is not treated, there may be lschemic necrosts of
large areas of the cortical and subcortical structures, with the disappearance
of considerable areas of cercbral fissue. According to the size of the &¢
stroyed areas there will be a varying functional Joss, permauent in natme,
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that may be manlfested later on by anything from mental retardation, idlecy
and spastic paralysis to porencephalic cysts and hydroccphalus ex voctio
Treatment. It there is evidence that surgical shock i present, this must be
dealt with first of all, in the customary way Whole-blood tramstustons,
mamtenance of body temperature, adequate fluld administration and unin
terrupted  complete physical immobdlity are essential With the correction
of surgheal shock the pext step is the reduction of any increased intmcranial
pressure that may be present This is best accomplished by lumbar dralnage
of the excess cerebrospinal flukd, by means of daily lumbar punctures
Attentron should be called agnin to the fact that the average normal ntra
cranial pressure in the newborn Is 50 mm  of cercbrospinal fluld and that )t
never under any normal clreumstances exceeds 100 mm. of cerebrosplnal
filuid. Equal m importance to this direct treatment are te indirect proce-
durcs. These have to do with the baby s lack of energy and reserve. The
baby shoald not be maved out of {ts crib and the necessary handling 10 the
crib must be reduced 1o o minmum Nursing from the breast Is prohibited
and nunsing from a bottle {s to be permitted only if the baby sucks ener
getcally If it does not, then it should be fed by a Breck feeder or from a
medicine dropper Flurds must bo provided at the rate of 2 to 3 ounces per
poand of body weight per twenty-four hours and should be given by mouth
if possible, and if that is not possible by clynt. Otygen may be glven for
cyanosts. Morphine is contrandicated. 1f the baby lails to respond to this
therapy a ventncular puncture may be made through the anterior fontanelle
to rule out ventncular hemorrhage. If this is present the ventricle may have
to be repeatedly punctured in additlon to whatever Jumbar punctures are
necessary If the baby continues to do badly the presence of a subdural or
extradural hemstoma should be suspected and prompt measures taken to
verily the duagnosis and, if necessary to Institute appropriate treatment.

The Traumatic Type of Intracranial Infury

Thss type of injury Is always added to and complicated by the Asphydal
Type (sec pege S0) It is analogous to the eperable group of crantocerebral
imjuries m the adnit Treatment rendered thess lemons is given i addition
to and does not replace, the treatment necessary for the asphyxdal lestans.
In this group are mcluded tears of the ges ruptures of the venous
sinuses, internal cerebral velns, bndging veins and meningeal nrteries
timple and depressed Iractures of the skull and cephalhematomas.

MEeNNOEAL TEARS, RUPTURES OF VENOUS SINUSES, RUPTURE QOF THE
VEIN OF GALEN AND RUPTURE OF THE INTERNAL CEREBRAL VEINS.
These condrtions are all caused by excessive moldmg of the head dorng
{abor ar delivery They are all assoclated with the Asphyxial Type of Intra-
cranial Infury (see page 50) The diagnosis can only be made with cer
lainty at sutopsy It can be inferred from the history the ahape of the head
at burth, the amount of blood in the cerebrospinal fluid as collected through
repeated lumbar punctures and the presence of surgical shoek, The signs
aﬂrymptwn:mthmeuhmziclhhocknddcdtounydctormltyu[the
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head that may be present, plus those of the Asphyxial Type of Intracranial
Injury (see prge 50) Pathology This vanes to include asymptomatic tears
m the substance of the falx and the leaves of the tentorium, splitting of the
superior layers of the tentorlum at 1ts junction with the falx, and laceration
of the superior sagttal, straight or Iateral sinus or smuses, and divigen of
the vein of Galen or of one or both internal cerebral velns All of these
lestons are accompanied by the cerebral changes associated with asphyxla
Those pathologlc states m which large venous channels have been ruptured
are characterired, m addiion by large intracraninl collections of blood,
particularly around the brain stem or in the ventricles, or both. Treatment.
This 1s limited to that suitable for surgical shock and the cerebral changes
produced by asphyxia and any poss ble Iate removal of ressdual subdural
or extradural hemorrhages. Early surgical interference Is impossible. Such
scverely injured patients as these commonly die shortly after barth, regard-
less of any therapy

RUPTURE oF BRIDGING VEINS Under certam circumstances of molding
In which there 1s marked displacement of the sagittal suture or of the squama
and the paretal bones, there will be teanng of the bridging veins durmg
their free course between the dural vessel and the cortical vessel Dependmg
on the point at which this tearing takes place, the resulting hemorrhage will
be either subdural or subarachnoid. In either instance the menmgeal hem-
orrhage will be accompanied and complicated by the associated Asphyrial
Type of Intracranial Injury (see page 50) which of itself requires trextment

in addition to that afforded the other dition. It is usually Imp
except at autopsy (and often not possibie cven then) to do more than infer
the source of these hemorrhapes

CEREBRAL SUBDURAL HEMATOMA. The subdural hematomas in infants
and the newborn are similar in almost all Instances to the solid sabdunal
hematoma, either acute or chronk in adalts (see pages 30 and 31)
The only significant differences are to be found 1n the method of makmg the
diagnoms and the fact that 1n the newbarn and in infants 1t ks no Jonger
optional but mperative to remove all of the ncomembrane surroundmg the
clot. It this is not carefully done, the normal growth of tho hemlsphere cov
ered by the membrane will be limited to the degree of stretch of the latter
and will be materially retarded, with resulting marked fonctional Joss later
m lfe The dugnoss is suspected when a baby who has been efficiently
treated for the Asphyxial Type of Intracranial Infury and who is not toxk
from dehydration no longer improves or starts to get worse. Verification
of the presence of a subdurnl hematoma, instead of being made by &
trephination, can be made by a transi 11 of tho subdural
space Bccamemnedoumpmkuhrly-pttobebﬂn:rﬂtnﬂrnﬂr-
bom, blateral needlo explorations must be done If evadence of & clot is
found, the ntramembrancus space may be emptied in part by suction on
the needle thus relieving any acute situation This treatment Is not definitive
or final, however and It must be followed by a bone flap cranlotomy with
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complete removal of not only the clot butall its limiting membrones Bilateral
crantotomies should not be performed Jess than ten days apart

SUBARACIINGTD HEMORRHAGE. This it entirely analogous to Troumatic
Subarachnoid Hemorrhage in the adult (see page 24) 1t may be effectively
treated by those methods that are wsed to treat the Asphysial Type of
Intracranial Infury (sce page 50)

RUPTURE OT THE MENINGEAL ARTEWICS. When an introcranial arlery
1 ruptured in the newbomn which s extremely seldom, it Is the middle
menmpeal artery This produces o temporal extradural hematoma that s nc
diftcrent i 1ts effect from one 1n an adult and that requires the same diag:
nostic methods and has the same therapeutie indications. This has beer
adequately covered in the previous section under Extradural Hemorrhage
(ste page 26) Associated with the meningeal hemorrhage is always somx
degree of Asphvxial Type of Intracranial Injury that requirey actlve treat
ment on its own account {see page 50)

Bone Injuries

Fractures of the skull fn the newborn occur as the result of compressior
of the head by misapplied forceps, Jocal damape by pressure against eithe
the promontory of the mother s sacrum or her symphysis publs in the cours
of Inbor or the use of the Scanzoni maneuver

Eca SHELL FRaCTURE Dlagnosis This i produced by the tip of one for
ceps blade which has been incorrectly applied to the head of the fetus. Sign
and Symptoms A palpable craclling and possibly some local deformity wil
be noted at the point of fracture, Pathology The break Is similar to the
seen n an egg shell when an egg Is dropped on something solid. There ma
or may not be 1 complicating Inracranial Injury of the Asphyxial Tvp
(see page 50) Treatment The fractore of ttsclf requires no treatment. An
snociated condition should be treated In accordance with the indicate
diagnoats and pa

Derressep FRacTure. Diagnosis Thus is produced most frequently b
local pressure on the sknll of the fetus durlng labor by the mother’s sacrs
promontory or symphysis pubis It may also be cansed by mrapplied forcep:
Signs and Symptoms There B a local celluloid-ball type of palpable an
vhible fracture of the skull at the point of Injury A cephathematoma ma
alwo be present, and there may be some degree of the Asphyxial Type «
Intracranial Infury (see page 50) Pathology The fracture is of the celli
loid-bell vanety Treatment The treatment ks operative The scalp incislo
shoo!d be short and [inear and the operatlon should be done under loc
anesthena only but with full formalty A small hole should be drilked |
the uninjured bone at the edge of the depressed fracture This drillhoke
most easily made by rotating the point of a knife blade on the skull. Tt
hole it then enfarged sufficently to permit the inserton of stralght, na

row penosteal elevator undl its end b opposite the deepest point of 1}
depression. The duna iy carefully and pently separated {rom the overlylr



54  THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

bore during this insertion. Care should therefare be taken to seo that the
elevator does not have to cross a suture line With the loner end of the
mstrument m the proper position, pressure i made outward on the apex
of the depression and the whoke fracture is snapped into place After ascer
taming, by waiting a few minutes, that there is no significant extradural
hemarrhage the scalp is closed m two layers without drainage The trac
tion outwards of these fractures by hooks driven blindly through scalp and
bone 1 dangerous and unsurgical and cannot be countenanced.

FRACTURE OF THE Base oF THE Sxuii. This results from the me of the
Scanroni method of applymng forceps. In this maneuver the forceps, after
being applied with their front looking toward the fetal forebead, are used to
rotate the head in such a way as to bring the forehead to the rear This may
involve twisting the fetal neck through an arce that may exceed 90 degress.
The forceps are then removed, reapplied in the proper posltion, and wsed
to make traction on the head with it and the fetal neck in the twisted posi
tion. Ax a result 1t is rather commonly discovered that a fracture of the basc
of the skull, meluding the foramen magnum, has been cansed. In addition
to the tremendons danger inherent in thus deformng the head and neck
relations, there s added, because of mterference with the respiratory tree
and compression of the venous channels leading from within the cranmum,
a high degree of Asphyxial Type of Intracranial Injury (see page 50)
Treatment The best treatment 15 ot to uso the mancuver

Cephalh and C fon of the Face and Scalp

Contusions of the face and scalp are caused by elther the notural counie
of labor or by the misapplication of forceps. They are of no significance
unless the facial nerve has been mjured. The treatment of such an Injury b
highlymdlvidmhmdmdmuxtbechmnﬂcﬂyinamdwkﬂlthcindl
cations presented by each separnte case Cephalhematomas These are more
propetly subperiosteal hemorrhages. The bleeding is limited by the anatom-
scal extent of the involved bone and does not communicate with the cramsl
cavity Itmnymchapo&ntntwhkhthohuo{blmdhtoﬂacmbpcdmtﬂl
space b suffictently preat to a transfusion, b These
hemorrhages must not be confused with the subgaleal cdema of a capid

d Both dith will absorb of themselves if left alone. In
particular the cephalhematoma must not be needled. Enough bone may
form om the surface of such & clot to give a sensation of “crackling” on
palpation. The new bone formation will not proceed beyond this pomt,
however

The Late Effects
GENERAL ConsEraTIoNs The late effects of cranfocerchral tnfury in the
newbom will vary from & slight mental retardation throngh idwocy and
spastic paralysis to the disappearance of large parts of the cercbrl sub-
stance and substitution therefor of flud in the form of porencephalic cysts
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or hydrocephalus ex vacuo It i not cectain that alf the fate changes, with
thelr vaned degree of functional loss, can be prevented by proper thempy
given catly enough because surgical possibihities are hmited and the most
that can be expected from them is the provision of a beneficial atmosphicre
1n which those cclis that might recover will be given the opportunity to do
%o and 1n which the undamaged cclls will not be damaged However ex
cluding the congenital abnormalites properly tuned and applicd surgery
In conjunction with properly conceived and exccuted obsictrics, can be
expected o reduce—and in a lmited series definitely has reduced—the
amount of this tragic y invalidbsm to o ble figure Ome
of the duties of every obstetrician s to be famuliar with this fact, and one
of the duties of every pedintrician is to be familiar with the methods by
which intractanial damage in the newbom can be recognized at once after
birth and, if he is unable or unwilimg to apply such methods and follow
them with appropnate therapy then it Is his definite responsibility to see
that some physician or surgeon 18 calied n wha is ready able and willing
The general practitoner who s both obstetrician and pediatrician has
double the responsibility of ether and by virtue of that pnvilege he can do
more than either in the field of prevenuon. No progress will be made in the
prevennon of these trapedies until every doctor who is in any way asso-
ciated in his practce wath such a handicapped child considers himself per
sonally resporuible for the invalidism and thereupon takes such educational
and other steps as are necessary to prevent, m so far as he i able its ever
occurring again.

Once the dic s cast, however and the deficient and deformed chuld is
broaght to the surgeon for treatment, two things must be made crystalclear
to all concerned. The first is that any declsion concerning therapy ot prog-
noss in the {ndividual case cannot be adequately made or be exp d even
to approach the facts untf afier the size and configuration of the brain have
been fized by p phalography All other necessary means of
{nvestigation shou!d also be wsed, but phalography is fund 1 and
cannot be dbpensed with, There may be some attached risk, but this must
be accepted for the sake of the greater benefits to be gnined.

MENTALLY DEFICIENT CHLLDREN WITH A NORMAL SzZeD BRay After it
s been d dbyap phalogram that the brain of such a
child ts of normal sze and after psychiatric studiet have shown that he 13
nevertheless mentally defectsve, such o child should be promptly institu-
l&o;ﬂimdh]alchooldcvm:dmlhecnmofmchddccﬂmﬂmpmacf

er kinds of functional defickencres, such as tic paralyms,
alter the need for such institutional care. fpeate o does not

MERTALLY DEFICIENT CHILDREX WITH PORENCEPHALY O HYDROCEPH
ALUS £X VACUO ok BoTiL After a preumoencephalogram has revealed such
permanent loss of brain snbstance as s incompatible with normal function,
and after prychiatric cxamination has shown that the child fs mentally defec
tive, he should be treated m the same way and for the same reasons that are
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lsted under Mentally Deficlent Chuldren with Normal-Si_ed Brains If such
patients have other functional deficlencies, such as a spastic paralysls, thh
will not alter the need for institutional care

MENTALLY NORMAL CHILDREN WITI SPASTIC PARALYSIS OR OTHER Ev
DENCE OF LocAL Loss oF CEREBRAL SURSTANCE Mentally normal children
may show the results of earlier neglected cramocerebral birth injuries in a
variety of ways Depending on the location 1 the cersbrum of the cell de
stroction there may be hemlanopuas, spastic hemuplegias, spastic hemmparest
monoplegla or diplegla, varlous types of tremor athetold movements, cra
pial-nerve palsies and 20 forth, all, however accampanied by a normal or
almost normal mentality If the loss of substance of the cerebrurm 1s larger
the prognous is obviously less hopeful than o the destruction is of the
cellutar order The nature of and ime devoted to such traiming as will provide
the nearest approach to normalcy for the affiscted patent will of necesuty be
conditioned by this knowledge It Is essentlal, therefore that & pneumoen-
cephalogmm be mado before therapeutic gymnastics and other farms of ex
erciso are begun If this demonstrates porencephaly or a hydrocephalus ex
vacuo the locaton and extent of the tissue loss, along with the necessary per
manent functional loss, must be reported to the physiotheraplst n charge of
the rehabilitory exerclses. In addition, these patents should be referred for
other training to persons especally tramned 1 deahng with the deficucncy
Thit may necessitate placing the chid for a long time, erther wholly or
partly 1n a school for cnppled chlldren or may necesutate certam surgreal
measures of a corrective naturs on the periphery but should not be taken
as 1mplying that such children shoold be permanently instutionalized. On
the contrary particular cre must be taken to sec that these children have
the type of famuly understandmg, sympathy and care that makes their home
the one place they prefer to live In This implies, of course that within ks
physical Limitations the deformed child accepts his full share of {amily re-
sponsibility abides by family ducipline and occupies no more important
place in the family circle than any other comparable member

TNE TREATMENT OF INJURIES TO TIE SPINAL CORD AND
CAUDA EQUINA

All these patients must be hospitalized for therapy

Geperal Considerations

Proper care of a patient who has suffered an mjury to the spinal cord of
canda equina will requiro the co-operative services of neurologic, geaito-
unmary plastk and orthopedic surgeons, a dietician a phystotherapist, 2
brace maker and & social-scrvice worker One of the first four of this group
must assume control of and respamstbility for the over-all care, the first
cholcs being the member who is most enthusiastic, is willing to grve the
necessary time huth:batpmnlkncwbdgeoltbcpmbkmlmdﬂ?d
and is willing to watch constantly the small detalls of therapy Even thes
attributes are useless unkess this sorpeon 13 also convinced that no matter
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how extensive the paralysis may be in such a patient and provided only
that he has full use of his hands, arms and shoulders, ambulation with fn
fallible twenty four hour control of bladder and bowel (without the need
of & urinal or other artificial aid)—as well as that degree of over-all re
habilitation that comes only with an ability to Iead a normal soclal and
work [ife withm the Omits imposed by the necessary use of braces and
crutches—is well within the possibilihes of present-day treatment. Failare
to attain these ends s excusable only on the grounds of uncooperation by
the patient and because of such other major orgamx damage as to make
them physically lmpossible of attalnment.

Diagnosis

Spinal-cord injuries fall into twelve dmgnostic classifications spmal
shock transecting and partlal cord injuries tramsecting, totally and par
tially destructive cauda-equina mjunes compressive and n
Injuries of both cord and cauda concussion of the cord atrophy and traw
matic syningomyelia of the cord and radwcular injuries. Spinal shock sccom-
panies every significant cord injory It cavses chaotic arefiexia of both the
somatic and visceral varletles. It ks not present 1n canda injuries. Because
of this characteristic, atonicity of the bladder and bowel and losy of the
sk vascular reflex are present as long as it i present. It recurs with ex
haustion, anemis, hypoprotelnemia, infection and after major surgery
Concustion of the cord Is associated only with gunshot wounds that are
limited to the bony wall of the spinal canal. It may be cither a transectmg
or a partial mjury Atrophy of the cord is presumably the result of vascular
tnadequacy It commonly produces symptoms of transectlon, but not neces
sarily so Traumatic syringomyelia is usually the end result of intramyelog-
enous necrous. The cavity is limited in extent to the approximate ares of
mjury It ly produces symp of only a partial lesion. Transec
Hons show loss of sensation and voluntary motor power eitber with of
without associated adductor-flexor-extensor spasms of tho muscles of the
arms, abdomen, spine and legs In accordance with the level of the infury
If the cord is involved The same mgns and symptoms spply to the cauda
injuries, except that spasms never occur Partial lesions of both cord and
canda leave varying degrees of sensation or voluntary motion or both i
the area below the level of injury Partial cord Infones may or may not
cause adductor-flexoc-extensor spasms of the nonpamlyred muscles. De-
strictive canda injunes cause symptoms that are analogous fo transechons
of the cauda bat are mare extensive Both compressive and noncomprexsive
infurles may be sssocisted with either a transection or a partial Injury of
the cord and cauda or with a totally destructive kalan of the canda. Com
pressive injuries thow a complete or partial cerebrospmal-flutd block by the
Queckenstedt test and by an increase of the protan conteat of !
fluid taken from below the block. Radicular injuries show signs of irnta
tion, compresslon or interruption of Individual roots and their periphers!
fields of supply
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fleeting, at the time of the injury must be transported face down on a solkd
[itter or some substitute that s longer than the patient and wide enough so
that he will not roll off. The victims must be rolfed and never lifted onto
this htter and ot moved at all at or from the acenc of the accldent, wntl
such equipment is available except for such amount as may be necessary
fo assure adequate respuration or control of major hemorrhage. Cerviral
cases—that Is, any patients with any degree of paralyss of all four ex
tremities—should have a roll of folded newspaper or a folded turkish towel
wrapped around the neck and keld 1n place with string or adhesive plaster
even before they are turned, and especully befare they are removed from
any vehicle that they may be in. Under no drcumstances should flexion of
the head forward toward the chest be permitted for any purpose whatsoever
Hot water bottles or other heaters must be used with the greatest care to
avoud burning any anesthetic or intensitive areas,

If the patient ks in severe shock he should be transfused with whole blood
at the site of the accident and before bemng moved

Procedure on Admission to the Hospital

If the patient’s condition permits, he should be taken to the ward by way
of the x my room, where enough films of the spine should be taken to give
some Idea of the bone damape, as well as a single film of the hmgs. The
chest fitm should be anteropostenor and designed to show asy air or floid
In the plenral cavity or pathology 1n the lungs themselves. The spine films
should be anteroposterior and lateral views and (if possible, and if the
patient s condition permits) should be stereascopic, otherwise the taking of
x rays should be postponed until later On admbssion to the hospital the
ward should be notfled, and the bed should be mads up with a draw sheet
over a sponge rubber mattress on top of a halr mattress and spring.

I the patlent s in severe surgscal shock on admission, 500 cc. of properiy
matched whole blood should be administered intravenowly in the emer
geney or ecident room before he Is moved further

Ho should be moved only on a full-length, sufficaently wids litter in the
tace-down ponition ahways rolled and never lifted, and under no circmm-
stances should hrs head be flexed on hus chest until after the level and extent
of the cord injury is determined.

After the patient has been admitted to the ward and rofled off the fitter
ontuthnnlr:adyprq:a:edbcd,the[oﬂcwingpmccduramldbcarﬂcd
out In approximately the prescribed order m all patients with cord and canda
Infurtes.

1 The systolic and dustolic blood pressures should be taken. If the
puheprmurcumar}oweronfu:cryﬂoh:prwm:bbdawloomm
ndult.orlftiwprcnumhwithlnnormzlﬂmiumdthcrebcﬂ.uicnleﬂdawe
of surgical shock (such as cold extremities, pallor sweatmg, restessncss,
apprehension and so forth) 500 ec of properly matched whele blood
should be given intravenously together with one ampouls (7% graim) of
cafleine and 1;¢ gram of strychnine, also Intravenously Heaters and blan-
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Recard pulse temperature respiration and blood pressure every four
hours and oftencr if ordered or indicated.

Measure and record flud intake and output.

Stap all food and flulds by mouth, meloding water and cracked ice,
until forther orders.

Change the patent s position from mde to back and to the other side
every two bours day and night. Change of position should be accomphshed
by ifting and turming of the patient on and with the draw sheet while his
head is rotated by an agustant (see page 128)

Change the patient s bed and clothing, clean dry and powder soiled
or wet skin within fifteen mmates of the time the bed is either salfled or wet.

Rub the patlent s back hips and heels paying particular attention to
the secral and trochantenc areas, every four hours until otherwise ardered.

Administer no drugs unless speaifically ordered by a doctor

Report significant changes In blood pressure, pulse rate respirstory
rate and temperature Report changes in color of face feet or hands. Repart
drowalness unconsciousness, convulsions, nnco-operation, confuswn and
manta. Report redaess or any break in the skin of the back, hips, battocks,
heels, knees, chm and occiput.

Adjnst paralyzed [imbs in midfiexron with sapports for the feet. Pro-
tect the patwent from the demsging effects of local pressure from weight
besaring by free use of pillows under bony supporting pointy.

Do not uss doughnuts rubber rmgs, Bradford or other type of frame.

Give an enema daily unless otherwise ordered.

Report suspected fecal mpaction at once.

9 Traction or hyperextenston or both—according to tho level of the
cord 1nfury as described below under the appropmats heading—should now
be mstituted.

10 A lumbar puncture shoukd be done with a manometer on the needle.
After abdommal compression to agure the patency of the ncedle and

the p or ab of a cer pinal fluld block shoakd
be determuned by means of & fractionated Queckenstedt test (see page 239)
Five centimeters of cerebrospinal flnid should then be withdrawn, enough
used for @ red and whrte cell count and the rest spun down for a foual
protein determination on the centrifuged flnid.

11 If the abdomen is siltent or distended a rectal wbe should be imserted
and left in place for thirty minutes ont of every hour Vomiting ar uppet
abdominal distention should be treated by Wangensteen suction
should be started at this trme.

12. Intravenous fluids In amounts sufficient to provide 4500 cc. pef
twenty four ho 13 for an otherwise pormal adult should be started. Ten pet
cent glucose alternately in distilled water and Lsotonlc salt solutlon thould
be used intravepously

13 The tidal dramnage (sce pago 84) should be set up and the vrethral
catheter attached to it

14 A cystometrogram (sec page 89) should bo made.
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ABDOMINAL DISTERTION Al Levels This should never be allowed to
develop All foods and fluids by mouth, includmg water and cracked ice,
must be stopped for as long as the abdomen Is silent and especially #f it is
distended A rectal tube should be kept In place for thirty minutes out of
cvery hour The stomach must be kept empty with Wangensteen suction,
and depressant drugs such a3 morplune and codemo should be avosded.
Other drugs, such a3 prostigmine, that are bowel stumulants are also conta
indicated at this stage as are hot applications, turpentine stupes, encmas and
the like Laparotomy no matter for what dugnostc reason, i contrmdi
cated unless the surgeon 18 willing to run the risk of being unable to replace
the distended paralyzed loops of bowel In the peritoneal cavity in the caso
of a negative exploration dove under the mrstaken diagnosis of an intre-
abdominal hemorrhage or a ruptured wmcus. After peristalus s agan
audible food and flulds may be started by month.

THE BowEL. After distention has disappeared and peristalns s re-estab-
lished the bowel should be cared for by dafly enemas, preferably grven at
the same time every day in order to thus initiate the “bowel training™ pro-
gram (see page 126) Care must be taken to prevent the development of
fecal impactions which, when they are present, must be removed manually
Mineral oll given by mouth In appropriate dosage Is helpful. The osual type
of enema will be soapsuds or ofl but at times a milk-and-molasses one will
prove helpful and necessary Cathartics arc not necessary

THE BLADDER. The bladder should be treated with tidal dratoage (sec
page 84) with the siphon loop set at 5 cm 1f the cystometrogram (sce page
153) shows an stom bladder Appropriate adjustments should be made in
the helght of the siphon loop for other stages of bladder recovery A ¢y~
Lmnetmgramlhouldbcmadonlmtoncenmkunbstbcbladdnh
narmal, in which case it needs no treatment. No other method of treatment
Iy satisfactory In particular emptying by overflow Incontinence by manual
expresalon of the bladder contents or through a suprapubic or permesl
cystostomy are al! contraindicated. The catheter must be elther whustie-
tipped or a rectal tube end must under no dreumstances exceed No 14 F
insize Folsy type catheters should not bo nsed except for special indications.

THE BoNE INJURY The bono injury should be treated by sfow hyperex
tension with traction It is theoretically passible that m cervical cases there
mlybomc.huninju.rypmmtutofuﬂhnrdamugcﬂ:ewrdbyextmnmo[
the cervical spine if it Is effective. Such an Injury requires troction n #
straight linc and without hyperextension. I bave seen this only in patents
with locked cervicul facets in which the hyperextension had no effect unt
the associated traction had unlocked the facets, and I doubt if the theoretical
danger of further cord damage is enough to counterbalance the practical
good of prompt hyperextension # it is sow and accompanied by tractlon.

The Cervica, Cases Traction and hyperextension can be carned out 83
an emerpency yeasure by hanging 5 pounds to one end of a line which i
carred over a polley and has the other end attached to a spreader over
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wiring of the splnous processes either atone or in combinatlon, Is contra
indlcated at this time Closed manual reductfon with or without an anesthetic
should never be attempted

Other Levels Hyperextension 1s best carried out by placing boards be
tween the mattresses and bedspring with a rolled blanket between the boards
and the mattresses opposite the kyphos (Fig. 9) By propetly adusting the

Flg. 8. Crutchfickd typs tongs for traction and extension of the cervical spoos i 1he
deflnitive treatment of a cervical cord Injury

slant of the bed traction end counter traction will be maintamed by the
weight of the upper body on one aide and that of the pelvis and kegs on the
other Further artificial traction is not necessary The rolled blanket shoald
be added to every day or 30 vntil the proper amount of hyperexteaston has
been obtmned. These patients must be kept In bed In hyperextemion for
six to cight weeks ar longer depending on the degree of recovery of noamal
bono cantour ard solid welght beanng repaic that has taken place. Thh
will bo determu 1 d by the x ray findings. They should then be fitted to an
Armstrong ty ! spnng-steel or other standard back brace untll x ray
evidence of ¢ bony umion of the Injured vertebras Is unquestionable The
braco must b worn whether they nt or stand. Violent exercise within the
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DiET As so0n as possible these patieats should be given a diet that con-
taing 3000 calories and 150 gm of protem per day Great care should be
taken to make sure that it 18 ingested A favormble nitrogen balance must
be maintained. Amino aclds in commercial preparations, as well as glecose
and galt, can be glven intravenously if necessary during the early stages.
Later tubo feeding can be resorted to Iif peroral feeding fs mpossible. It is
preferable to give the diet by mouth #s soon as possibic however It b
probable that many of theso patlents suffer from some degree of liver dys-
function. It s not known at present how to prevent or treat this Voelting
and gastro-intestinal upsets which sometimes are associated with the inges-
ton of such a high proteln dict can usuaily be prevented by reducmyg the fat
content to a minl All vitamins must be administered In lJargs dases.
This diet should be started at once after the accident and must be continued
until the patient 15 up and about, eating & normal diet and able to get out
of doors.

FLums The flud intake must not be allowed to fall below 4500 cc per
twenty four hours for an otherwise normal aduit. Ths should be scaled
down to sppropriate kevels In the case of children and cardusc and renal
invalids.

CeresrosPINAL FLUID Dunng this stage careful watch should be kept
on the protein content of the cerebrospinal fluid. A rse may be the earllest
sign of a beginning block and enable the doctor to recognire a compres
sive leslon In its early stages. Samples of cercbrospinal fluld are collected
by lumbar puncture The collection should always be preceded by a stedy
of the dynamics by means of a fractionnl Queckenstedt test (see page 239)
Compression of the jugular veins in this test should not be done digitally
but rather as a scrial compression by the inflation of a sphygr ter
cuff which has been wrapped around the patient s neck. The observations
are made every 10 cm from 0 to 40 and reverse. Gross blood In the cere-
brospinal flud with e major fractare of a lumbar vertebra necessitates daily
lmburdmmagcofallthoccmbrmpmulﬂu}dithpmcﬂca](ommmll
each puncture This should be o d untll the cerebrospinal fluid B
clear and colorless and Its protein agatn normal.

PRESSURE AND BED SorEs Pressure sores should not occur in any patieat
and will not if the patient is turned every two hours, his back kept clean and
dry his mtrogen balance and scrum proteln malntalned at normal and all
splints or supports that are fixed in relation to his bony weight-bearing
pounts done away with. Bed sares or decubit! never develop except after
Wmme:mdlnmnnccijmwlthmlmt}mofﬂwhmnyhyﬁol!hc
skun, or by sub is. When decubiti are present the
surrounding skin should be kept covered with tincture of benzoln (unless
the patsent 1+ allergic to it) pecrotic tissue removed surgically and a dl’Y
sterile dressing applied to the denoded uker If the bed sore is large and
there is & 31gr -0t loss of serum and its contained protetn the arca should
be skin-grafte as toon as possible as a temporary measare This may prove
to be a lifc saving procedure Surgrcal repatr should not bo undertzken
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d this stage Meticulons care must be given especially to thoracic and
u‘fﬂppcrnglumbar gc'cm-d mjurles because they are particularly liablo to develop
licating bed and pressure sorcs.

mﬂ(;ﬂrungv:. All major surgical procedures arc contraindicated during
this stage of surgical and spinal shock and for as long as s safe and wise
thereafter In particular cervical laminectomics, even m the presence of
compression of the cord, must, if at all possible be postponed. This admit
tedly 1ncreases the amount of cord damage but it Is prefernble to the out
rageously high mortality that accompanies such a procedare at this time 1f
a cervical operation cannot be postponed for adequate reasons the opera
tlon should be a hemil y the P 1 left intact
the surgery performed with the patient on his side rather than face down
and taction preferably by way of Crutchfield-type tongs, malntamed
throughout. Proviston for a decompression should be provided by leaving
the dura open at the close of the operntion (see pages 231 and 234) In
geoeral, cervical lammectomies should not be performed for seven to twelve
days and thoracic not for five to seven days after injury Lumbar lammecto-
mies may be done If necessary twenty-four or forty-eight hours after injury
depending on the patent s general condition In particular po operation
done for the purpose of openly redacing a dish can be © d
1n these patients wth cord injuncs.

Class 2 The Stage of Diagnostic and Reparative Surgery

Patients m this stage will have recovered from their surgical shock. They
may or may not be sl in spinal shocl. As a prerequisite to any operative
procedures the patient must be well nounshed and gaining weight, in nltro-
gen balance and hus nutrition must be “on the mend.”

GuNsaor Wounps, STAs WounDs, COMPOUND FRACTURES OF THE
SrINAL CaNAL, COMPRESSION OF THE SPINAL Corb or Caupa Equmva
OPERATIONS Débridement (see page 234) Whenever thero is a traumatic
communrcation through the skin to the deeper structures and especially to
the bone or dura, a classical débndement of all contaminated tissus along
the track with removal of all loose fragments of bone and foreign hodies
should be carried out as early as possible but in any event withln seventy
two bours of the tume of injury if the patlent 13 not in surgical shock. Chemo-
therapy and antiblotics must be used freely but they cannot be regarded as
u substitute for a proper débndemeat. If the dura has been opened as a part
of the injury its edges should be débrided and It can be keft open It should
not be deliberately opened by the surgeon, however Nothing should be
done 1o the cord 1tself or to the clements of the cauda. Irrigation of the
wound with salt solution or other flmd s contraindicated. Penteilin and
sulfanilamide crystals thould be kft in the wound and cspecmlly intra

Decompression (seo pages 231 and 234) The need for a more accu-
nte(ﬁxgnumo(nnyp:ﬂm]ugy!hathprﬁemcnnmwbemctbyad}ag-
nostic laminectomy At this operation the Injured area of the cord, as well
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a3 a normal segment or two above and below should bo exposed and
stimulated clectrically below at the site and above the injury This verifies
the presence of a transection by the absence of muscular contractions m
myomeres below the Injury as the dmect and ymmediate response to elec
tneal stimulation of the anterior cord above the injury Synngomyelic cysts
should be inclsed and their edges sutured back to make certain that they
sty open Any cerebrospinal-flud block that 1 present should bo relieved
by decompression, the dura In these instances being left open. In my ex
perence open reduction of dislocations by forcible instrumental leverage
of facets is too dangerous to be practiced in these cord injunes. An ex
posure that is too wide is preferable to one that 1s too small and enongh
laminas, regardless of the number should always be removed to wnsure this.
The postoperative care of upper tharacie laminectomuics should nclode
limited fixation of the shoulders and upper arms to prevent tearmg out of
the stitches that are used to approximate the intcrscapular muscles, with
partial separation of the wound.

Rhiotomy for Spasm. This should be an anteror rhizotomy and shoukd
be donc only after visualization and electrical stimulation of the damaged
ares of the cord hms made 1t certain that the injury there 1s actually a com-
plete anatomic transection. The tenth eleventh and twelfth thorack, the
five lumbar and first sacral antedor roots must be divided bilaterally and
after electncal stimulation. The sccond sacral root 1 identified by clectrcal
stimulatron with resultant bladder contractian as evidenced by the prodoe-
tion of a troe emptying contraction in & cystometer attached to the parthally
filled biadder by way of an inlylng catheter The second sacral root and the
roots below it should never be divided. Rootlet rhizotomles for the relef
of spasm associated with a partlal cord mjury should not be performed at
thrs tme  Posterior rhizotomy for spasm i often not effective at all aod i
atways less effective than anterior Rhbizotomy by means of blind fntrm
thecal ingections of akeohol 1s inaccurate, ineffective and carries an wnpre-
dictable chance of permanently paralyzing the bladder and bowel and espe
cially their sphincters (sec also page 109)

Surgical Repalr of Bed Sores This should be carried out dunng this
stage Skingrafting of the sore 15¢lf if resorted to must be regarded a3 &
temporary procedure only The choice between Linear suturo rotetion faps,
double pedicled flaps and delayed flaps will depend on the size of the et
it Jocaton 1n relation to welght-bearing points the patient s resistance and
the surgeon s yudgment. Z type repalrs ars not suitable In any case all
scar tissue must be excised underlying bone removed sufficiantly to do
away with all osteomyeliis and to expose s cancelious bleeding sudace
the walls of any bursa that may be present removed and the flap sutored
in many layers withont tensson. Hemostasis must be meticnlons. Draimege
should be pri vided, nevertheless and must be through & stab wound and
not through the incmion The dranage matenial should be a fenestrated
stiff-walled rubber tube The type of suture mmterial is of no consequence
except that catgut 13 not suitable. There are other cqually important
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technlcal detmls with which the surgeon must familiarize himsell before
undertaking surgienl repair of these leslons.

Renal and Bladder Operations Any necessary renal and bladder oper
atlons for acute conditlons such as require the removal of stones and the
closure of suprapubic and other bladder or urethral flstulas should be done
1n this stage Pyclotomies uretcrostomies, resection of the urethral sphinc
ters and fnjection of the sacral spinal nerves supplying the detrusor and
sphincters (sec pages 104 and 105) should not be done at this tme
however Nephrectomies should be done enly (ot speclfic Indications and
if they caneot be avolded.

Osteomyelitis of the Hip Joint Exclslon of scptic osteomyelitic acetabula
and heads and necks of femorn can be done during this stage It indicated
Cup arthroplasties arc contraindicated in these patients ot oll tmes

THE BoNE InJury It is during this stage that the boae injury heals

jently to insure stabilization In the face of early moderate exercises
and the start of weight-bearing. This second stage docs not end until this
has been accomplished. The use of plaster of paris and other splints that
are fixed in relation to the patients body must still be avodded.

THe BowrL Asinclass 1

THe Brapper. The bladder is maintalned on tidal drainape (e page
84) By the time the patient Is ready to leave this stape his bladder should
be reflex or normal providing it and its sphincters have not been denervated
by the cord or cauda infury

Dot Asin class 1

PrysiomiiERAPY If the pamlyis & flaccid, physiothernpy should be
started and pressed acuvely during this stage. Muscle setting, active assisted
motion passive moton, massage and mainterance of full range of moton
m 2l joints should be instituted and maintamed. Physiotherapy of the par
alyzed extremuties bs contraindicated in the presence of “spasmy™ or hypet
tonic muscles.

OCCUPATIONAL THERAPY Short range diversional, casily accomplished
progets should be started.

Numsa Except for quadriplegics all special nurmng should be elimi
nated daring this stage Failure to do so prevents the development of that
essential stimuloy that comes only from self-care For this reason the
patient must be moved out of any private or semiprivate hospital accom
modation be may have had up to this point and be placed in o ward Instead.

Bep Exercises ¢ The importance of bed exerchses cannot be over-estt
mated. They aro the foundation upon which all later physical rehabilitation
rests. They chould be started as soon ax the bone Injury permits. Thelr
scope wvtmylndlcnglhthﬂdbelnmudumpld]yuponlblc A
back-sphint may be used if Deep-breathing cxercises push ups
from a prone positton work with dumbbells and spring exercisers to de
velop handgrip upper arm, thoulder and scapular muscles and the setting
of abdominal beck and leg muscles must all be pushed actively The pa
ﬁmuhouldmnmhmmbalancchimxl[whﬂcsltﬂngcminbcdmd
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to Initlate forward flexion excrcises at the waist. In this way he will
mobilze his hip joints and thus kearn to reach his feet. This permuts him
to put on his own shoes, socks and splints and thus facilitates adequate
self-care and fnitlative

L Ll .

Flg. 10 Loops of rubber tubing for U 23 sclf-exercisers by quadriparctics &2
quadrip'egies Note that the boopa not only hang from above but are also sitached
10 the besd and wde of the bed.

I!t.hcp-.mcﬂuxnc{undrl]:ll:gk:01’llqlmdrlpm_rcticlltru‘tll:um.ldl:ﬂ:l"l'o‘e
made in design ng and constructing speclal equipment to faciiate tho
greatest poss ble practical use of whatever muscles he has that are #ll
under bus voluntary control. A spoon, knife, fork and pencil, for examplt,
may prove usable f made with @ large or specially shaped handlo. He
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can be equipped wath and taught to use  rod to operate the heys of o
typewnter In peglected cases spring and turnbuckle splints can be used
to stretch contracted finger and clbow tendons and to mobliize these joints
A stiff In particular every cffort should be made to develop any remain
mg trieeps finger and wrist flexion and extension that may have been
teft. In nddition excrcises to train nonparalyzed pronator musces as a sub-
strtute for a paralyzed tnceps so that extension of the forcarm on the arm
and fixatlon of the efbow In extension may be attained must be started.
Pulley excrauses are helpful and 1n the severe cases loops of rubber tubing
of approprate length hung down from an overhead bar or attached to
the head and sides of the bed are very useful a3 a method of providing
2 combination of active assisted and passive motion that is entrely within
the control of the patient himself (Fig. 10) Excrclsers that support the
weight of the paralyzed arms dunng the actinty of any weak muscles that
still function are especially desirable A two-branched mietal goose-necked
frame each branch of which s equipped with weight bearing loops of wide
webbing designed to support the weight of the upper and forearm respec
tvely may be indispensable The loops are suspended from cords which
run through pulleys and which end in counter balancing weights Thus s
an extremely helpful apparatus for facilitating exercise and use of paretic
arms. By appropnate modification such an appamtus can be fitted to a
wheel chair as well as to the bed. Its use may make such selfcare activitees
a3 self-reading, torning pages, writing, using a typewriter and the like pos
sible where without its use these activithes woukd elther be impossible or
would require the scrvices of an attendant that could otherwise be dis
pensed with

Later in the convalescence of these patients full use should be made of
holsts, electrified wheel chairs, elevators and smilar apparatus powered
by modemm, uitre-cflicient electriec motors. In this way a maximum of actly
ty Is permitted the patient In response to no more effort than 1 required
to push or otherwisc move a switch

In general it may be sald that the greater the imagnation of the doctar
and the patient m inventing substitutes for lost motlons n quadrplegics,
the grenter the reward in terms of increased activity self-care Initlative
and normal soctal relations for the victim

The patient fremalns in class 2 on an avernge of from two to eight
months.,

Clars 3 The Stage of Wheel-Chair Mobilization

By the time the patient is ready to enter this stags his bone injury will
be healed sufficiently to allow him to st up either with or without a back
pliat and 1o take active cxerclse All major duagnostic and reparntive
surgery will have been completed. Hos bed sores will be healed and be
will fave no or at most, only mimmal spasm. His bladder will bo reflex if
the cord infury has been a transection and normal If the cord injury has
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band should be attached to e prolongntion of the outer upright of the
calipers by free swingmg, nonlocksble hinged joints placed accurately at
the Jevel of the trochanter For patrents with paralyns below T1 and above
T8 a back brace with an abdominal pad attached in place of and similar
to the pelvic band Is necessary The back brace need not coms higher
than to overlap the lower ribs in back. Its purposc Is to act as a substrote
for the paralyred paravertebral muscles and thus permit the chest and
pelvis to be moved as 2 umt. Patients who have cervical injurtes and who
can sit upright should be provided with & Zimmer-type brace modied to
mclude a pelvic attachment (sec page 136) If bilateral calipers caa be
used on such 2 patient s legs, and of he Is able to stand this brace Is used
as @ separate unit in addition to the calipers with a pelvic attachment.
Patlents with partial paralysis will bave to have thelr splints desrgned to
meet therr indrvidual needs and mn accordance with the level of cord of
canda inpury

Wheel chawrs muost also be provided at this tume (see page 247) They
thould be af Light strong metal, collapsible and constructed with the big
wheels in the rear and with eflaent brakes. Elght-dnch front wheels make
them easler to handle. The arms should be removable and supports should
be provided that can be swung Into place behund the calves Adjestable leg
supparts will oaly be necessary for patients with stiff knees or hips A high
back may be cssential for quadriplegics. A pad of foam rubber shoald be
used on the seat under the patient s buttocks.

The Jength of tume that the patlent spends In this stage will depend
sokly on his initiative and industry

Class 4 The Stage of Early Ambulation

The objects to be attalned in this stage are an Increase in the strength
of the patient s crutch muscles, the development of confidence In his ability
to keep himself erect and an increasmg mobillty with the help of his
crutches Untll these ends are met it 13 useless to try to advance forther
along the road to mobilzation, When these ends are attained, he leams
the swing-through crutch gaft as # prelimary to greater skills o he
paraplegic and as a necessary foundation to the too- and four-pomt and
other sumpler garts if ho has only a partisl cord ar cavda injury

Mar EXERCISES * These are continued and Increased in scope, length snd
sevenity over those of the previous class (see also Clasy 2 Bed Exercises
page 75)

BrACES AND CRUTCHES * He learns to pat on and take off his own braces
without belp and is fitted to crutches if bo has sufficlent uso of his shonldess
arms and hands,

CruTcH BALANCING * Crutch b i : first paralk]
bars then agmunst the wall and finelly in the center of the room—are
learmed Following this he progresses through the shufffe to the swing-fo
g2it, 10 turns and finally to the swing-through galt and If possible to two-
and four-point walking.
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RrspuUaL Seasats. It Is during this stage that reskdual spasms of the trunk
and legs may mantfest thermselves. 1€ they {nteeferc with ambulation they
must be dealt with surgically by such procedurcs 23 an anterior rhizotomy,

icq, tendon lengthening, neur 1 ymies and peripheral
denervation by rovocaine or alcohol Injections, Attempis to correct for the
spasm by loclang the caliper braces together at the ankles should not be
countenanced. This Is procrastination will not prove successful in the long
nun and will eventually be replaced by surpical correction of the spasms.
At present spasms Involvmng the arms o qoadsiparetics particutarly are
wirtually Impossible to cortect other than by persistent exercise when mild
Cervical thizotomy unless of the rootlet varicty while it will stop the spasms
will also elimk any panying vol y motlon

Parx  Complaints of pain should be treated symptomatically only at
this stage. Destructive nevrosurgical operohions are not jwstifiable at this
time.

Facwiries ror TRAINING. I facilities for tminmg are better outnide the
hosprial the patient can now be moved to a hotel of boarding houso and
attend ambulation classes from there. This usoally means that ko will have
to have the help of an attendant to aid him in getting to and from classes.
This attendant need pot be a trained nurse but rather should be an mdi-
vidual who will act only as & “prime maver " I pacticular he should not
uaurp any of the personal-care and mobility skills that the patient has
already scquired,

The time spent in this class will usually cover from two to four moaths.

Class § The Stage of Intermediate Ambulation

This stage merpes imperceptibly with the preceding stage. It is devoted
pomaniy o incressing the patmnts sirength and endurance This i3 pos-
sible only If he has confidence the attribute that he should have acquired
m the previous class.

AMBULATION ¢ Mat exercises are increased still further so that bo can
Yearn » greater amount of and i ingly plicated ambulation. This
permit 2 widening of the scopo of his socia! and work Ufe. As minimem
requrements he learns to turn around, walk sideways and beckwards and
to mount low curbs and ramps. He learns to get 10 and out of automobiles
He must be able to wear his braces all day to walk 150 yards wrthont
stoppiog. to ambulate on all kinds of terrain and must walk to and from
mmuhundotherm\wﬁcs.}bmunbcnblatomumockvupola
llmdudnrcctwithmlhemfﬁcug;huumh,mloomlnagim
time open and close doors, answer the telephone while standing, learn to
dove a specially equipped automobile and so forth, in his braces and with-
out evidence of fatigue Such activities will be at most only partly within
;encho{th:qundnpueucmdwﬂlumﬂyheimpon{bkforﬂwqmd-

Pané If hus pain is one that fustifies it and
Tateeal cond

that
respond to that therapy an ean bo expected to

y at T1-2 segment
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now permissible, Other operations for patn such as lyus of the canda
equina end sympathectomy can also be done at this time If they are
indicated. Therapeutrc or other use of narcotfcs ahould be counte-
nanced.

The time required for this stage will be from two to four months.

Class 6 The Stage of Advanced Ambulation

Thus Is the final stags. It is in this class that the patient acquires skl
He cannot do so untll he has achleved confidence strength and endurance
the first by the end of class 4 and the other two during claxs 5§ All that
has been previously kearned m the classtoom i3 now practiced m publc,
at fist with the help of an mstructor and later alone. Ho will gradeally
dispense with hus attendant and increase his initiative and independence to
normal. Shopping trips, walks In crowds and traffic, visits to restaorants,
actual employment of automobiles, taxis, buscs, streetcars and trains, &s
well as overnight stops m hotcls and many other similar activities are all
undertaken and perfected At the very least thesc must include learning
to et up to an erect positton from the ground without help walking over
rough terrafn, gethng up and down all types of stairs with and without
hand ralls, in and out of all types of chairs and theater scats movmng hm-
scf and his wheel chair in and out of automobiles and walkmg 300 yards
a day in addlton to other actlvities. These requirements will, of course
have to be modified for the quadriparetics and quaddplegics.

Ths stage will take from six to eight weeks,

Care of the Genltourinery Tract
Voluntary Control of Urinatfon

This depends primanly on the meural comnection between the sacral
spmal segments, with therr peripheral profongation, and an organ that i
equipped with a wall that can distend but retain within wide limrts its
capacity to contract, regardless of the amount of that distentlon Sach
functional actiwity Is known as the strefch refiex and is an essential char
acteristic of the urinary bladder *

The bladder recetves urine from the ureters 1n increments of the ordert
of magnitude of drops. When the bladder unnc has reacked a significant
amoimt, such as 30 cc., its presence stretches tho detrusor and provides &
scnsory stimulus that is transmytted over the parasympathetic nerves to the
second, third and fourth sacrel spinal segments This Impulse is then routed
to an anterior hom cell transmuted into a motor impulse and passed out
of the cord (without leaving these scgments) by way of the parasympa
thetic motor nerves. This motor jmpulse stimulates the detrusar fibers to con-
tract and the tocalled internal sphincter to relax, thus permitting urine to
escape mto that segment of the urethra that is central to the exernal urethral
sphincter Its presence there acts as & sensory stimulns of a second reflex.
This fmpulse travels toward the spinal cord over the sensory fibers of the
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mtemal pudic nerve (@ somatic nerve) where it enters the second third
and fourth sacral segments by way of the somatic sensory roots, It is then
routed to an antenor hom cell in these same segments and tranamuted
into a motor mpulse which [caves the cord by way of the anterior somatic
roots. Subsequently this motor Impulse travels over the motor fibers of the
interna) pudic nerve (a somatic nerve) and stimulates and thus causes
relaxatson of the external urcthral sphincter This completes the opening of
the passageway from the bladder to the outside, thus ndding the bladder
of the urme However the contraction of the detrusor muscle that starts
the process can be inhibited and the emptying of the bladder postponed
up 1o whatever cntical level of il is peruliar to each individual bladder
Such effective inhibitory mpulses con arkse from psychic and subconscious
a3 well as conscious Jevels, The central-nervous-system ongin of the first
two appenrs in general to be in the hypothalamic reglon The impulses
pass down the cord 1n an unidentified tract and ympinge on the detrusor
by way of the pamsympathetic nerve supply They are permanentty absent
m all cases of cord transection, regardless of level, and in all cases of
radicular and pelvic injories that denervate the bladder wall The sympa
thetic nervous system as such is not Involved. The third, or conscious,
source of inhibition 15 effected through the somatic nerve supply to the
external sphincter Voluntary contraction of the external urethral sphincter
and adjouung perineal muncks b caused thereby These Impulses arse
m the voluntary motor cortex travel down the cord in the lateral columns
and pass from the cord by way of the internal pudic nerves. These Im-
pulses, which act only to close the urethra, do not of themselves inhitat
the emptying contraction of the detrusor They do, however afford time
ard possibly act as a stimulant for the subeonsclous infubitions of such
contractions  Any cmptying contraction that ls inhibited is followed by
clongation of the detrsor muscle fibers, with a comeguent enlarpement
of the capacity of the organ. Forcible stretching of the muscular wall of the
bladder to a point of maximum ¢longation of the fibers causes tetanic con-
tractions These are foliowed by a paralysus that s mechanleal and not
neural and that is followed in turn by rupture Valuntary mediatlon of
:hui;{m emptying contractions 1 nat pouible except through fallure to
t

A third source of innervation s found in the wall of the bladder This is
an aglonomous nervous plexus such as those of Auerbach ond Melssner
which arc present in the wall of the Intestinal tract. Under ordinary cir
csrmmncuuhunumedt}mtthe(urmerhumcdnnyorrcgulmungand
distributing the moscular contractions of the detrusor evenly With the blad-
der completely dencrvated, this plexus assumes control of the detrusor and
the internal sphimcter The control u ineficient however and will produce
only incffcctive short lived emptying contractions. The sympathetic nervons
system has the fonction of transmitting pan impalses from the bladder

Pathways other than these that tranamit any blagder semsatl
pain are not certainly known Y ons thort of
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Tidal Dralnage Cystometry Bladder Training and Sphincterometry

Tidal drainage cystometry bladder tralning and sphincterometry are
[nterdependent. When properly used in comblnation they ensure that every
patient who has had an injury to the spinal cord, conus or cauda equina
and who 15 intelligent and co-operative will have infallible twenty four hour
cantrol of urlnation regardiess of the severity of the cord Injury
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Fig 11 Original tidal drafnage spparatus, now dmcarded in favor of Ister modelt

TDAL DRaINAGE Tidal drainage Is @ method whereby the urinary bladder
can be alternately and sutomatically filled and emptied with the help of
irrigating fluid the intravesical | Iy ined at predeter
mined level puddliing of restdual urine and overstretehing or shrinkags of
the bladder wall prevented and the bladder maintained in a close approxi
mation to a physiologically normal state cven when completely scparated
from the suprasegmental part of the central nervons system. The propet
use of the apparatus depends permarily on cystometrographic demonstration
of the type of bladder to be scvered Those hydrodynamic lawa that have to
do with srphonage determine its activity Its proper functioning depends on
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(he maintenance of an airtight siphon system during the persod of emptymg
of the bladder

Siphonage is activated whenever 3 predetermined intravesieal pressure
has been reached The siphon b broken and Inactivated by the admisslon
of alr as soon ns the bladder is emptied The apparatus Iy thereby left in
cuch a condition that the cycho can begin agaln The control of the admis-
ston of aur into the system was accomplubied In the original apparatus by

Frg. 1. A wthfactory tidal drajnage the model that
t the Currel-
Dakin tube. e fie

the use of a water trap This trap had to be filled before the bladder was
filled and before the siphon system could be made alrtight it had to be
emptied after the bladder had been emptied before the siphon could be
:mk:n. Subsequent Improvements led the irrgating flurd directly to the
ladder rather than by way of the trap (Fig. 11) and then replsced the
teap with a capllary tube The bore of this tubc was too small to permit
cmuﬂxnlrtncmcrlobrmkthcnpbmulonguﬂ»crynemconuh\cd
any flud. Through the use of a four-outlet Carrel-Dakin glass connector
a built n cystometer was included with thi air vent (Fig. 12) Fimally
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the arr vent and cystometer were amalgamated by the use of a tube with
a sufficlently large bore to act as a cystometer the apparatus was glven
the features of the air vent by being made mirtight except for the air that
entered and escaped through a hypodermlic needle thrust through a rubber
connectian st jts top (Fig. 13) All previous models have been abandoned

m favor of these last two which have been given cxtensrre and thorough
tnals. Both aro catirely and equally satisfactory if properly
st up and used. Neither Is adequate unless used In conjuncton with
WﬂﬂmCmmmlmdom-mhoruhcmrddwmﬂonrcquirﬂit
The irrigatmg flurd thould be either 1 20 000 aqueous Zephuran or one-
half of one per cent acetic ackd solutron Potastium permanganate, 5p
water salt solution and borc ackd solution shoald never be wsed. The
solutfons M 20d G of Suby et aL® should be used only for specific indi

cations. i3
Constructic n of the Apparatus As will be seen from Flgures 12 and
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ccnampumoflhcnppamtmnrccommonlobothmodch.’ﬂwsclrcﬂrc
following

AloodcnlllmLeqn’fn'cdlotlluchmcmlulhcfmio(bﬂddLbdbcd.mrlnl
6\‘1(cc(lun;tvyun:hc:‘idclnd\hhunhclfsbyﬁhyl[nchnlldlhcrmdlndcn
opposite sides. A centhmeter scale marked every 03 cm, with 1t zero at the same
kwlulhepuimupubh.bmﬂcdtolbelldeo{lhcnpr‘lxmlhntbelcnrcnhel[h
on.themolnd.aﬂn;lhcbhdderkvdn{mtdtahmcbﬂmmdw1cub¢la~

A 2300<c expitator bottle to which an airtight Marphy dropper that does not have
a hole fn Hs ¥ide fs attached by an appropriate beogth of rubber tublng, an sdjustable
comprexsion clamp controiling the mte of flow throagh the dropper The wspirator
bou.lehnnmv:dlnﬂutmth:lopdnl!ol\heuandmdﬂmlnluhch‘cdwhhl
sterile gauze or cotfon plug

A waste bottke corked with & doubly perforated atopper containing short pieces of
sla tubiog In the perforation.

A No. 14 F saft-rubber rects] tube for use as a catheter in male patients, and elther
that oc 3 Na. 14 F soft-rubber mushroom catheter for use in female patients, bed in
place by appropriste adbesfre strapping spplicd (o the pers of the publs, respectisely
It m fmportant that the maximum sire of the catbeters be llmited to No. 14

To construct the apparatus shown in Figure 13 the following material
is needed 1n addition to the basic equip Listed above s

A picce of glats tmixog 70 em. Joay, with & bore of about 3 mm, (the omet;
ube) whose opper end b attached by & short plece o o
oo sl by of rubber tubing to the outlet of

A hypodermic needlo with & patent bore, which i thrust throg,
rubber tube. This s the afr 1emr = b 000 wall of e



90  THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

demonstrated that this is slow enough to reproduce the physiologle response
to the normal filling that takes place by way of the ureters. In every caee s
catheter that i3 not of the Foley type is fastened in place m the bladder The
aspirator bottle 1 elther type of tidal-dramage apparstus is replaced by a
cylindrical glass contatner graduated n 25 cc. The siphon curve b
raused to 50 cm sbove the bladder level. The cystometer 13 first filled with
an appropnate bland flusd and all air bubbles evacuated, after which it b
closed off at the point of attachment to the catheter by a clamp The bladder
is then emptied, the catheter i attached to the cystometer and the clamp
13 loosened. The compression clamp between the cylindrical contalner and
the arrtight Murphy dropper havmg beent opened 10 that fluid flows at the
proper rate of 90 drops & mmute and the menlscus m the cystometer tebe
having been adjusted to the bBladder level by the addition of anv neces-
sary flusd, it iy possible to fili the bladder and read the mtravesical pressure
sumultanecusly The pressure fs read in connection with the helght above
ze70 of the meniscus in the cystometer tube The amount of fluid that is Jn
the bladder at any one time is determined by readmg the fluid kevel m the
glass cylmder Changes In this level of as little »s 10 cc. can be appeozh-
mated with sufficlent sccuracy to Justify recordmg. Each change in mtr
vesical pressure—whether up or down—that 1s noted on the cystometer is
recorded, and oppostte 1t s placed the amotnt of flesd that has rug ever fnto
the bladder up to that point. An additional notation ls mede whencver there
is leakags about the catheter or whenever the cystometer tube or siphon
curve averflows. Recordings sre continued umtil 400 c¢ of flakd has run
through the apparatua, unless there Is reason to fear reflux up the vreters, in
which case smaller amounts and lower pressures are used. The catheter It
then dt d from the apparatus, and the bladder ks allowed to empty
itself with the open end of the catheter held at zero [evel. This urine is cob
lected and measured. When this process s completed the catheter is lowered
and eny residual urine that flows out by siphonage is also collected and
measured. The operator will then have two parallel colomns of figures (ooe
bemg mtravesical pressure readings and the other intravestcal catne centh
meters of fimid) as well as the smounts of the residual orme and the erine
in the bladder at the cJose of the procedare.

Interpretation. From these data necessary Informatron concernmg bladder
f can be obtained. The p of emptying contractions 1s indi
cated when the intravesical pressure reaches or exceeds 50 am. of water
when there 15 leakage aronnd the catheter or when enther the cystometer of
the siphon curve overflows. By noting the amomt of fluid that has been
delivered to the bladder between succeeding emptying coutractions, it &
possible to determine the periodicity and frequency with which the coatrac-
tions occur

The cin e of basic tonus can also be observed. By subtracting the lowest
mmmhlpmm&um!hehiﬂ)atmdnoﬁnglbeammtdﬂuid!hﬂ
has gone through the apparatas a fairly Accurate estimate of the shape of
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the curve of basic tonus can be obtained This Is a function of the frritability
of the detrusor moschke

The minimal capacin of the bladder s the amount of fill that has col-
lected between the first and second emptymg contractions

The residual nrine is best expressed in percentage of fill. To obtain this
the amount of urine collected by siph with the catt pening held
below the zero level (residual urine) §s divided by the sum of the amount
of fill (usually 400 cc.) and the amount of urme collected from the bladder
at rero level at the close of the procedure

Temporary clevations of intravesical pressure that neither rise to the
height of an emptying contraction nor cause leakage about the catheter are
aborted emptying contractions

The presence of an anal or bulboca ernosus reflex is determined last of
all. The test s made by pricking either the perinnal region or the glans penis
with a pin and observing whether or not there is a reflex contraction of the
anus If there s a contraction the reflex 18 normal {f there is none it Is
aboormal.

By plotting the two columns of figures (centimeters of intmvesical pres-
ture and cubke centlmeters of intravesical fiuid) on co-ordinate paper a
graph of the bladder actrvity dunng this expenmental fill can be drawm.
Thrs 15 not necessary for adequate interpretation, bowever Figure 14
depicts the comp renlt of ¢ ic daota collected as described
above from observations on the bladders of normal persons.

In the mterpretation of cystometrograms certan information is essentmnl
other data are not essential but may posibly be useful, and some are mis-
leading in an estimation of the degree of recovery of bladder function. The
essential cystometnic information 18 as follows the presence of emptying
contractions—only normal or reflex bladders develop the classic emptying
contractions the curve of bask tonus varying from the flat curve of
atonicity to the steep gradient of hypertonicity—the former may be present
in normal bladders and will be present between the emptying contractions in
reflex bladders and the latter occurs as described below: an anal or bulbo-
cavernosus reflex, which is present only in the absence of spinal shock
wt:n!h:lntcnmlpudicn:rvcnndmlpmlﬂ:ordconnccﬁommint:gi,
indicating exther normal voluntary or abnormal involuntary reflex control of
the external urethral sphincter and the capacity of the bladder which will
bclmlnlunlﬁgurevarymgfromthclnrgeumuuntthnthllmhcdonlyby
the elastictty of the bladder wall and s collected in atonic bladders to the
small amount that is present in bladders that are hypertonic, hypertrophied
and shrunken or infected—a minimal capacity below 150 cc is abnormal.

1t 1s useful to know whether or not aborted emptying contractions are
i S T L

can tell w
wbcmmpa cr his bladder is empty or full and needs
ltmaybcmblzadhgwdcmmlneu!whalpoimth:dulmmvoidocam
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and at what point pain develops. The finst Is a functlon of the patfents
ability to inhibit emptying contenctions and ls motivated by such a wide
varlety of stmuli—varymg from fnabtlity to urinate whife in bed or in the
presence of another person to the cffect of & total cord transection—that
conclusions based on it not only are unrelable but may lead onc astray The
scosation of pawn in the blodder wall if present, means that the organ is
being dangerously overstretched. If not present, it may mean the same thing
only this tme that the danger will be greater because it is unrccognimble.
In addition it may be pointed out that any Interpretations made by the
patient, and that therefore require an intact nervous system are valueless in
the face of an anatomically or physiologically transected spinal cord The

L—/’._’..—:—::i:/ e

A R A R W A e T W R R T R

Flg 15 Grapin of the sctivity of an atonic bladder as measured by cystometry

The opper graph was mads 10 kours and the lower graph 43 days after & cord Injury

The hitter however demonitrates ¢ redetelopment of the atonkity follow{og an
scate infection and the recurrence of spinal chock. * e

observer who bs accustormed 1o rely on such observations 1n his clinfeal work
will find lumself without them and at a Joss in the typo of case in which he
most needs cystometrography

When a human spinal cord is transccted either anatomically or physio-
logically below the fourth cervicnl and above the secand sacral segment, in
ddition to & pl hesia and a total Joss of all voluntary motor
coatrol below the level of cord mjury the immediate response af the bladder
is to become atonle (Fig. 15) The detrusor muscle does not contract at all.
The internal sphincter closes tightly and remalns closed and unresponsive
to sny physiologic stimul during this phase. The external sphinctec s
rﬂn;d;;]ngﬂwmﬂmdbtﬂmbomwmmmmﬁcxumnbolhhcd.Any
em; g that occurs is only the result of leakage through the contracted
intu'nahphmmtmdmkuphccbacauxofthaehnkﬁ?oﬂhebuddcr
wall and not by virtoe of any contractile effart on s part. The bladder
capscity i3 Omited only by tha clasticity Bladders that have advanced
bcyundthhmgcwwardmryuummmhlntheprmohp‘hal
thock exhaustion, sepsus toxemia and hypoprotelnemia (Fig. 15) The
length of ime that a bladder remaing In this atonic stage depends on these
complications the severity of the Injury and the efficiency of the treatment.
Thtn:ﬂﬂngetmrdrctuvcryhdu:adcrizcdbytbcdmlopmtd
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incflective aborted emptying contractions (Fig. 16) The level of baske
tonus bs slightly higher than that in an atonic bladder The Internal sphincter
is tightly closed end opens oaly partlally in response to the mefficknt,
aborted emptying contractions of the detrusor muscle. The bulbocavernosas
and anal reflexes may retumn. There are no emptyng contractions. This
stage may be extremely short and will be missed H cystometrograms are not
made frequently enough These bladders discharge small amounts of urine
frequently Their capacity 1s at first Jarge but becomes increasingly smaller
a3 hypertrophy of the muscular wall develops These biadders regress to the
atonic stage for the reasons given above The Jength of time that the bladder
remains mn this stage again depends on any ph and the effich

of treatment but not on the seventy of the infury This Is the autosomons
stage so0 called because 1t Is belleved, but not proved, that the neural con-
trol is exerted by way of an intramural autonomous plexus

A R et A SN A e o SR -

o
Fig. 16 Graph of the sctivity of sn sutooomous bledder a3 mesured by cystome(ry
16 days after a cord njury Note the aborted emptying contractions.

The third stags townard recovery is the hypertonic. This Is characterized
by something approximating tetany of the detrusor muscle (Flg 17) Itls
in a nearly constant stats of contraction the curve of basic tonus ks steep
and the intervaly between emptylng contractions are extremely short. The
internal sphincter reacts physiologically opening with each emptymg con-
traction and closing in the intervals. The external sphmcter responds r©
flexly and the anal and bulbocavernosus reflexes are present. The bladder
capacity as measured by the amount of urine stored between empiyiog con
tractions, b small. This stage Is often of short duration and eltber regresses
toward atonicity or progresses to the reflex stage An acutely infected but
otherwize normal bladder may give a cy ogram that is fdistinguish
able from one made during this stage Normal uninfected bladders exhibit
theso characteristics fust before emptying if they are distended beyond
normal limits but have not been so stretched a3 to have become mechan-
Ically incapable of cantracting (Fig. 14)

The final stage is that of the refiex bladder (Fig. 18) In small children
who have not yet learned to obey the dictates of civilization this represents
normal bladder ectrvity Increase m capacity and training In the inhibition
of cmptylng contractions produce the control that is spparent later as
normal adult mucturition Under certain condittons, however this inhibitory
ability can be lost again the norma! bladder reverting to reflex activity In
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Fig 17 Graph of the sctvity of a hy
5§ duays after a cord Ingary Nculhchl;hbuiclmmndlbo(dmi:typeu{mptyinl
tractiont.

om!

Fig. 18 Gm«mmﬂ-mwnmmmv
of the

mooths after mfury Note the regul
b-bn=|mmduwcomplaumpmuoubew-tnchmnumm

bladder fs the wamo as that from which the graph in Figure 16 was made.
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the absence of any physical impairment of its nervous connections. Emo-
tonal stress such as extreme fear of death or bodily harm may so relax the
inhibitory effect exerted by the higher centers that the person expentencing
such an emotion finds himself—if the bladder has not been emptied just
previously—swet with unne once the danger 1s passed. Coma 1f sufficiently
deep produces the same chain of events if it is less profound, and even
though the victim ks out of consclous touch with his surroundings, Inhlbitory
control continues to be exerted however and the bladder is prevented from
emptying (sce p 103) Convulsive seizures with the profound coma and
Joss of “sphincter control™ of grand mal, on the one hand, and the momen-
tary unconsciousness without soiling of the petit mal attacks, on the other
as well as the vartions between, illustrite these phenomena in all degrees.
Reflex bladder activity is also a function of the anatomically and physio-
loglcally transected cord. Under such conditlons 1t 1s the beat end result that
can be attained, and bladder tramning as dexcribed below 1 merely 2 method
of making practical use of this phecomenon. It is this actrvity that bas been
referred to m the past as the “automatic bladder  In nontransecting in-
junes, it i not and should not be considered an end result. In these 12
furies, the activity is analogous to that of the reflex bladder of the normal
infant. Further training enables the patient to regain the normal inhibitory
control just as the child does as he grows older In this reflex stage the
detrnsor musche contracts reflexly and compietely in response to the sensory
strmutus provided by the stretch of a crincally filled bladder Durmg the
fill and befare the accumulation of this critical amount of urine any empty-
ing contractions are aborted In favor of a stretch reflex and consequent
increase in the capacity of the argan. The internal sphincter remains closed
until the emptying contraction takes place when It opens and permuts mrme
to escape into the postenor urethra This 1n tum, acts a3 a sensory stim-
ulus that causes the external sphuncter to relax reflexly from its previously
contracted closed positon The bulbocavernosus and anal reflexes are
present. If the cord injury is nontransecting, the patient also has the abllity
to relax and contract the external sphincter voluntarily If the Injury is 2
transecting one this voluntary control is permanently Jost. If the bladder
has not been allowed to shrmk dunng the carly stages of ity recovery from
atonicity its cntical capacity vanes from 200 to 400 cc or mars When jt
docs cmpty all the contents are expelied. Reflex emptymg fn cases with a
transected cord may also be initiated—regardless of the amoimt of the con-
tents—by ton of the abdominal muscles, stimulaton of the
abdomen, thigh and other areas of the kg, cathetenzation, movement of the
bowels and change 1n position Facilitaton of muctuntron as a pert of the
“mass reflex” 1s no more than an indirect and coincidental effect. Regres-
ﬂonmwnrdutonichyukcsplwclnth:mdiu!ccuon,wxzmh
B major of pre and so forth. A
dccr::smcapucity——cndhmccmincruxlntbcnumbcrdﬂ'ﬂpfymi
contractions—develops In the presence of cystitls vesical calculi and pro-
fonged suprapubc drinage Urlnary retention despite the presence of
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otherwise cfiicient emptying contractions has been shown to be cansed by
Typertrophy or fibrosis with a preudo-medlan bar {formation of the internal
phi and by unpredictable spasm of the cxternal sphincter 1t is prob-
able that this retention has its orighn, ot least in part in injudicious early
treatment of the bladder and it a complication of too prolonged nnd con
stant or suprapubsx dralnage.

Destructive lesions that arc complete and nvolve the sacral segments or
roots of the spinal cord or the parasympathetic plexuscs, and hence com-
pletely dencrvate the bladder with regard to its central connections, foree
the bladder to depend on Uts intramural plexus for neuromuscular control
Thxs ability develops after the bladder has recovered from the atonic stage
The resultant bladder acthaty duplicates that described above under the
term “autonomous bladder” (Fig. 16) This I the best physlologic end
result that can be obtained in such cases. Becawse of the total denervation it
1s impossible to impose bladder tratning on these patlents. That does not
mean, however that the patients must accept o contracted bladder that will
hold only 30 or 50 cc and that Jeaks almost constantly Even in the face of
total denervaton, the bladder capacity can be muntained at normal by the
prompt use of tidal drainage in the pr 1 bed stage When the
patient s ambulant, unfailing twenty four hour control can be established
if the patient contmues to wear an indwellng catheter and very often some
thing that approximates reflex emptying in an ineficient way can be devel-
oped to such a degree that the catheter can be dispensed with. Duardng the
day the catheter i closed by a clamp except when the bladder is emptied
at intervals of three or four bours. During the night, while the patlent 13 in
bed, the catheter o opened and attached to o tidal-drainage apparatus with
the mphon curve set at 10 10 12 cm The biodder wall i3 thus kept from
hypertrophy and contraction, and the patient Is enabled to kecp himself dry
and clean at all trmes. The catheter is removed cleaned, resterillzed and
replaced aseptically once a week and the apparatns taken down cleaned
restenlized and reassembled after the same mterval One half per cent acetic
acid or 1 20 000 aqueons Zephiran solution is uted as an frrigating fiuld.
Any peron of ordmary intelligence can without difficulty be taught the
proper care of himself and this apparatus.

Impalses reaching the bladder by way of the sympathetic (as distin-
guished from the parasympathetic) and somatic nervous systems have no
influence on the function of storage or discharge Denny Brown and Robert
m&uﬁmmmmmnttheeﬂsan!ﬂumd:\hnmm
on concerns the transmusnon of
o pain from that organ appears to

Brappex Tramitia Bladder training should be necessary only in patients
wath leally or physiologically d cords It will be effective
mﬂyﬂth:paﬁcmmknnnmum;mzinmminunpmbkmnndw—opcr
ates, lﬂhebhdd:rmbccnpmpeﬂyamdiorlmmthaﬂmedinhny such
tramning 1s not necessary with nontransecting cord Injurles. It Is neflective
h\palknuwﬂhdulmcﬂveleﬂomo[lhemnlmrdormoulndo!thc
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parasympathetic plexuses It cannot be imposed on and Is not succesatul in,
any patient who is In spinal shock, who has an oncontrolled “mass reflex”
type of spasm who is mentally deficient or nnco-operative or who has a
suprapubic or perineal cystostomy bladder obstruction from any cause an
overstretched bladder with a wall that 15 mechanically incapabie of contrac
tion because of constant distention a bladder that has a wall that over
reacts to mimmal stretch stunull, an iofected biadder vesical or remal
calcull, pyelitis or pyeloncphrosss general sepsls, toxerma exhauston de
bilitatson, hypopro avitaminosss, Jarge unhealed bed sores or the
like The bladder actvity must be of the reflex type and the bladder capacity
at least 200 cc In paticnts with an active mass reflex the lower half of the
abdaminal wall must have been paralyred either because of appropriate
thoracic root destruction as part of the lnjury or following operative bt
lateral antenor dorsolumbar rhizotomy To prevent gemtourinary fnfection
the floid intake must not bo aliowed to fall befow 3600 cc fn twenty foar
hours during the perfod of training. Biadder trafning 1 much essier when
the patient is ambulant in sphnts and with the ald of crutches, but its initia-
tion should not be postponed until this stage s reached. The patient most
have sufficient use of his hands to clamp and unclamp the catheter must
have a watch must understand the clements of the problem he is faced with
must be co-operative and must be willing to assume full responsibility for
the solution of that problem With these requi met, all that is neces-
sary is paticnce and perseverance on the past of both the patient and the
doctor

Control of micturition 13 possible in the presence of a transected cord
because the bladder of not otherwisc altered, can be distended to a polnt
where it contamns from 200 to 400 cc. of urine before emptying and because
an emptying contractson can be initiated ay a reflex response to approprrate

sumuli at any time prevsous to that pornt, By appropriate regulatron
of the fluid intake the time that elapses before this amoant Is colected in
the bladder can also be predetermined This will vary individually and from
hour to hour during the day and night 10 accordance with the efficlency of
the early treatment and with the filtratton charscteristics of the patlent’s
kidneys By reflex emptying of the bladder under controlled conditions
mmedately before the contents reach the crtical level, solimg with nrine
at unexpected times can be prevented.

The first stage in the training Is to conditron the bladder so that ft will
distend to the pomt where it balds 200 cc. or mare without developing an
emptying contraction This phase can and should be started while the
patient 13 still 1n bed and as soon as the bladder activity has become refiex
m type To do this the catheter is Jeft in place but disconnected from the
tidal-drainage apparatus and clamped off for an hour and a half at a fime.
At the end of each of these perfods the catheter Is opened, the open end
placed 20 &3 to empty into a urinal and the bladder made to contract by
appropriate reflex sti ion such as ge of the abd scratching
of the thigh or any simular procedure that 13 effective. Forcihle expalsion of
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the contents by pressure through the abdominal wall should not be prac
tweed under any arcumstances. The flufd intake Is adjusted so that no fluld
is taken between 7 00 F21 and 7 00 At During the other twelve hours
300 cc. should be ingested every hour preferably on the hoar This fluid
fatake remams the tame throughout the trafning period and thereafter until
full adjustment and control are obtamned. The paticnt should be held re
sporsible for drainlag his own bladder at proper intervals during the day
At mght the catheter should be attached to the tidal-dminage apparatus.
After he 13 able to go for a week without kenkage between emptyings, the
interval should be increased to two hours. The process is repeated untit the
same requirement can be successfully met. After thls, the interval is in-
creased to two and 2 half hours and then to three hours. The greatest diffi-
culty is usually encountered in making the change from an hour and one hall
10 two hours. 1f ealage occurs at that tme or at any other change the patent
thould be put back on the next shortest interval for another week or so and
the shift upward tried agauin.

When the patient can successfully manage a threehour interval without
leaknge he thould be taken off tdal dratnage nt mght. Instead, he should be
awakencd and made to empty the bladder every two hours until a week has
patsed without Jeaknge, and subsequently every three hours. He will then
be able to retain the bladder contents for three hours at & ime without leak
age, day and night, but the catheter will still be in place The actwity of the
detrusor muscle has been conditioned, but not that of the sphncters, To
attain that end, the catheter should be removed entirely and the tme
interval between emptymngs cut back again to an hour and a half The inter
vals are then increased as indicated above but withoat the catheter The
bladder should be catheterrzed once every twenty four hourt, immediately
after 1t has empticd {uelf, and the amount of residual urme noted. I the
residual orme 15 30 or. or less or if it steadily decrenses in amount each day
the training may be continved. If, however the residunl urme increnses or
remains the same, the traming should be interrupted to make sure of the
cause Thus will require sphincterometne studies and a cystometrogram. It s
doring this stage that obstruction caused by a spastic external or hyper

phicd {nternal sphi b evident {f it exists, Such a conditlon

{ly requires Injection of the pudic merves or resection of the
mterna! sphincter but this should not be done until a serious effort has been
made and encugh time allowed to elapse for the sphincten to correct therr
own spasticity Any other obstruction t0 emptying must be corrected at
once and before the training can be continued, It is at about this time olso
that the patlents begin to be ambulant. This change from the recombent ar
sitmg o the erect positson also alters the bladder actmty Tt 1s often found
that coatrof of mictunton which ia entirely satufactory with the patient erect
fails miserably when he returns to bed Increased exerche such as preater
aglity fn using crutches, may akso cause temporary intermuttent leakage
wmwmmmﬁﬁﬂaﬂddnmﬂumhlngm%uﬂ
pu'tmpx(o\h:cx&m\du\hﬂzrr:p\amnt,wmmmmﬁcdﬁ_
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cultles sooner or later particulariy i an increase m ambulation B insisted on.
It 15 also helpful of the panent makes a practice of using the tollet rather
than the unnal at each bladder emptymg. The poution of the body and
possibly also the psychology of unnating in such surroundmngs appear to
be conductve to greater efficiency in mucturition. In especially difficult cases
much help can often be obtaned by making the patient keep his own in-
tale and output chart. This shoul include a time schedule as well,

Complications Once the patient has reached the stage where be can go
for three hours without urmating or leaknge durmg both day and night, he
can be aliowed to go through the might without being awakened at afl or
at most, oaly once. The daytime interval can also be extended from half
an hour to an hour if the need apses. Under no circumstances should the
interval between draimnges be shortened snch a procedure will quickly
cause regression of biadder functon. Any unexpected break in efficlency
should lead to prompt Investigation of the causc For example # vesical
calculus that had been cntirely asymptomatic until the patient was well
past the first stages of ambulation Is a common cause of such regression.
Sudden mability to control micturitfon has been found to have been cavsed
by 2 small papilloma that had developed and was mbsed m splte of prevt
otis cystoscopic examinations whilo the patent was under treatment for 2
cord injury Removal of the stone and fulguration of the papilioma per
mitted both patrents to regain twenty-four-bour control of micturttion.

Successful bladder trmmnmg can be acquired by any patient with a tran-
sected cord if the requirements discussed above sre met. It fs acqured
much more easily and rapidly however if the bladder Is kept in # state of
physiologlc normaley during the hmmediste postunjury convalescence by
the proper use of tidal ¢ s d by the y nomber of
cystometrograms As powmted out above, an automanc bladder although
better than a contracted or permanently drained bladder cannot be con-
sidered a satnsfactory end result. It Is merely a prelininary stage i tho 1t
turn of bladder function and should be recognized as a coodition that can
be transmuted mto unfailing twenty four bour control of mictunbion if tbe
physician fs alert to the possibilities and the patent Intelligent and co-

tive

Patients with denervated bladders (dve to destructive lesions of the
sacral cord or roots or parasympathetic plexuses) havo the same contral
but must be willing to wear a catheter constantly and to use tidal drainsge
at mght. They are tramed m the manner described sbove to increase the
intervals between bladder dratmages fram an hour and a half to three hours,
except that they never reach the stage of training without catheters or the
stage n which they are not awakened at night. It Is possible that resection
of the mternal sphincter will eventually prove to be the soluton that will
pamﬂremorﬂattheh:dmﬂnguthﬁtﬂmdnbandomncﬂtcﬂhﬂﬂﬂ
drainage apparatus m these casex.

No satisfactory method of treating the unnary difficulties of patients
wﬂhWbﬂndshmbccang!hcrlhmtohntemaﬂcﬂdaﬂ!
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open and close the catheters during the fint part of the tralning period U
that ddfficulty can be overcome there is no reason why such patients should
not cventually sttain bladder control once the eatheters can be removed
After that the reflex emptying that follows sensory stimult set up by
scratching the abdomen or thigh will be within the scope of their limited
activities Patlents with nontransected cords with hand paraiysis traceable
to cord changes associated with hematomyelia will have normal bladder
actiity If thelr bladders are properly treated from the start. The only prob-
lem is to obtain unnals that they can use when necessary With normal
control of micturition accidents can usually be avoided because of the
leewny permitted by vittue of the ability to Inhibnt an emptying contraction
for a reasonable and possibly o consdernble period.

Patlents with couda-equina injurics that do not denecvate the bladder
may nevertheless have suffi ly disabling bladder symp to prevent
a normal social and work Lfe. Cystometrically the only varation from
normaky s a decreased capacity and evidence of hypertonteity In that
emptying contructions develop mare frequently than normal and the curve
of bas tonus i stecper than normal. The bladder symptoms are usally
extreme uwrgency frequency dribbling and unexpected major leakage
Vaned other symptoms of mdiculits also develop the usual ones bemg
paln alone or in combination with the type of unnary difficulty described
above. Clmical evidence suggests that to correct the bladder symptoms the
radsculitts must be relieved and the bladder stretched if 1t has shrogk. Pre
operative Investigation of the dynamscs of the spinal cerebrospinat fluid s
essential and usually reveals a partinl and often complete dynamic block.
1f it can be done at all relicf of the radiculitls Is accomplished by a decom
pressrve [nmmectomy in which the five laminas overlying the cauda equina
arc removed, the dura bs opened for the {ull length of the woand and any
neurolysis that may be possible s carrled out. The wound is then closed
without drainage and without cloang fhe dur. The patient Is put on tidal
dramage adjusted to meet the 1 of the ¢ ic findings and

to stretch tho bladder If necessary This iy continued until the capacity has
been raused to over 200 ce. after which bladder tralning as deseribed above
s msttuted. If the detrusor hyperactivity is not relieved by such means
dmmummmtbehldmh}ccmaonh:mnlnenumdacﬂbedon
page

Fluld Adf In certain and especally in patients the car
ofwhoseg:nimurmnymnlm:bcmncglcctcdln&zﬂf;mmhsdm:
thetr central-nervous-systert injury e satistactory fuid adjostment proves
to be virteally impossible on account of the irregulanty of wrmary secre
mmmhtmrhnmﬂﬂhmg:mdh!%—xwum
hour on the hour for the twelve waking ones the bladder when cmptied,
wﬂlwm:tmmcunmnuumcmm}ychc.mdwmcLhncsmmuchm
700 ¢ lnlhclaltcrimunccu.ndmlmﬂulnmncu!nwhfchmecon-
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incidence of bed sores, or damage to the bladder wall and, in efther case,
may effectively prevent bladder training. Figure 19 demoustratea thb ir
regularity graphically The solution of this probiem Is slmple and obviou.
If the patlent does not have a chromc pyelins and if the redoction of his
flud intake will not ight up a dormant one the total fluid intake can and
should be cut from 3600 ce. to about 2400 cc. for the twelve waking hoorn,
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Fig. 19 Fluld mtake and urinary catput grapbs. Note the regularity of outpot that
has been attabned by making the fntske frregular

The patient should then chart his urinary ontput against his fluid intake
2nd, figuring two hours as the average time necessary to get the fluid taken
by mouth through the kidneys and Into the biadder cut down his fiuid &
take two hours before each peak of fluld output and add those amounts ©©
moﬂuld.ningatcdtwohampnarmtholowpoinuolhhﬁuidomp\m
This as shown m Figure 19 lovels off the nrinary secretion, tends to ¢0
away with overfiling and underfilling of the bladder climlnates Jeaksge and
thus permits bladder training. If the patient is given the responsibility far
making this adfustment be will usnally accomplsh it in two or three days.
lenglumedhprm&mlexpcﬂmcehuwtodﬂlwﬂhthhphﬂndhh
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daily Iife he can be counted on to continve to do 30 thereafter and will thus
assure his own welfare 10 a degree that the doctor would be unable to nc
complish unaided

Tie Ust oF TipaL DRAINAGE AT HOME At umes it s advisable to pro-
vide for the use of tida) drainage In the patient s home This Is particularly
true when the patient has sustained such an injury as to denervate his blad
der create an autonomous bladder and require the constant use of an In
dwelling urethral catheter Such patsents can care for their bladder-draimge
needs during the day whike active and out of bed by regular emptying of thele
bladder at three hour intervals, Thelr bladders wall be hept 1n better con
Aithon Tum less ik of Infection cause less of a Ioundry problem and permit
soander sleep if the catheter is attached to a tdal-drainage set at mght
however Anyone of ordmary intelugence can be quickly taught to take
down, sterifize and reassemble the apparatus, which can be attached to
erther the head or the foot of the bed. Weekly supervision by a visiting
nurse and monthly checkmg of the apparatus and of a specimen of urine by
a doctor asxure its cfficlent functioning. This can be verlfied by an intm
venous pyelogram twice a year Cystometrograms can also be done as indt
cated The best lrrigatmg solotion to use under such crrcumstances 18
1 20 000 aqueous solution of Zephiran.

THE USt oF TIAL DRAINAGE IN ASSOCIATION WITH CRANIOCERLBRAL
InJuriEs, Care of the genito-urmary tract 1n the prescnce of a cramocercbral
injury is more a matter of recognizing the need for such care than the solu
tion of any problem in respect to the methods to be used. A study of the
mechanism of normal micturition will d rate that it is lafly a
spmal-reflex mechansm that can be brought under control by certaln higher
centers m regard to inhibition of function The application of this knowledgs
to the varied loss of cerebral function that accompanies crani bral in-
jones 15 the key to the care of the gemito-uninary tract when such an injury
is present. As long as the patient retains sufficlent contact with s environ-
ment, even fn the presence of apparent unconsciousness and faitore to re-
spond to noxdous stimull, to realize that he is not in a situation suitable for
orinatlon for 5o long will he inbibit the bladder-cmptying contractions and
refuse 1o urinate Thus the bladder becomes more and more distended, until
finally the sphincters are forced 1 spite of the attempted inhibition and
enough urine escapes to relicve the intravesical pressure but no more, As
d:bhddcrﬁlh-ph:thhumepmumpmlcd.chm:o(mepam
dicomfort and frustration the patient is restless and frritable attempts to
get out of bed and 13 difficult to handle He u suffermg trom overflow in~
conninence and hu symptoms will be largely relieved by cathetermzation
Any such comatose patient who passes small amounts of urine frequently
must have hrs bladder emptied forthwith If the patient’s coma lessens from
this level, he again becomes abk to indicate his need for the urinal and b
again capable of something approaching normal bladder coatrol.

oo et o s b b pln e b o kmpe s sy
ability to Inhibit emptying
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contractions Is lost. The biadder reverts to a pure spinal-refiex mechanism,
This is the type of bladder function that Is present in small untrained chil-
dren end In patients who have reached the proper end stage (as far as therr
bladder Is concerned) of a transection of the spinal cord above the level
of the sacral segments. In theso patients the bladder does not empty mtf)
it has been distended and its wall has been stretched to the point of fil that
Is entieal for that particular bladder When this potnt is reached an empty
ing contraction is completed and the bladder is entirely emptied These
paticnts pass large amounts of urne infrequently and are quiet and deeply
comatose

Observation of the typo and amount of bladder emptying in unresponsive
patients with a craniocerebral infury will yleld valusble prognostic evi-
dence A change in bladder emptylng from overflow incontinence to reflex
emptying will indicate an Increaso in the depth of unconsciousness and will
point toward an increasingly bad prognosis. The reverse of course, is of
good prognostic 1mport.

Patients who are unable to indicate their need for a urinal do better #f
they are placed on tidal dramage at once The siphont curve should be set
as for a normal bladder The apparatas shonld be coatinted in use untll the
patient is agun able to communicate his needs in a notmal manner The
trrigating flnid should be 1 20 000 aqueous Zephiran solution

THe HyreracTive DETRUSOR. This condition is usually first recognired
when attempts are made to Install cffective bladder traing, etther wnth o
without a catheter The commonest canss of such uncontroliable hyper
actiity 13, or was the presence of a so-called “mass reflex.” The biadder
actrvity s & secondary effect of this In that it results from the contimued
irritating stimulation applied to It every tane the abdominal prmscles con
tract, This not only renders the bladder more senshive to sensofy stimull
but actually sets up a conditioned reflex through which the bixdder i
trained to empty Hself in response to a minjmal rather than 2 maximal fill
This condition is easily demonstrated by cystometrogram and cannot be
corrected untll after the mass reflex activity of the back abdominal and
kgmusclc:huboc,ndatmycd.lfthcbhdderbubcmk:ptmmhedmd
free of infection by tho proper use of tidal drmmage, the completion of such
a corrective procedure will be all that fs required to permit proper biadder
tramtng. However if the bladder has beent or is Infected, if there arp stones
present or if the “mass reflex” has been allowed to continue
for six, etght or twelve months or until an sbnormal conditioned emptying
reflex has become established, it will be mpossible to correct the detrusor
overactivity and oversenmitivity without resorting to other morc diecl
measures.

The most effective of these appears to be & combrnation of stretch of the
bladder wall by tidal drainage and repeated temparary denervation of part
of the detnisor This appeary to destroy the sbnorml new conditloned
emptying refex that hay been set up and allows the filling and eaptying of
the bladder to rovert to its original rhythm
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Temporary degervation of the detrusor is accomplished by the infection
of § to 10 cc of 1 per cent procaine solution into certain of the foramina
of exit of the sacral roots. The number and identity of the roots chosen to
be tnjected depend on the amount of denervation desired and on the alt
important fact that the solution must oot be Injected jnto both third sacra)
roots simultanecnsly Tt s usual to inject the second and fourth sacral roots
on one side and the third sacral root o the other side reversing the dis
tribution at each subsequent injection. From two to six of ten injections
may be necessary to obtain the desred result. They should be repeated
every two to scven days and should always be preceded and followed by
a cystometrogram. The anal reflex may be diminished or abolished tem

porarily by thus procedure.
The technic is as follows The patient is placed flat on his abdomen 1t
the paticat is hetic in the lumboscral area b of hrs injury no

local anesthesra will be necessary If he fs pot, it is better to carry out the
procedure under Pentothal sodium, although it can be done under local
anestheswn if necessary The fourth-fifth lumbar the Jumbosacral and the
first-second sacral Interspinous spaces are identified by inserting a needle
in each. Thu grves the operator a constant check on the position and direc
tion of the vertical midsacral line. The posterior infenior spine of the flium
13 xentified on one side and & needle 18 inserted one finger breadth medual
to thrs point, pointing slightly upward and slightly inward The point should
be felt to eater easdy the first sacoul foramen. The procedare is repeated on
the other side If the dura is perforated and cerebrospmal fluld escapes, the
needle should be withdrawn enough to stop the flow Roughly a finger’s
breadth beneath the point of entry of the first needle and somewhat closer
to the mwdvertical line will be found the second sacral foramen similarly be
low that and still closer to the midvertical linc will be found the third and
then the fourth. The needles will have to be pointed more and more upward
and somewhat more medially to enter each suceeeding mtervertebral for
amen. When three needles are properly n place on each side from 5 to 10
cc of a 1 per cent solution of procame should be injected Into the sccond
and fourth foramen on ooc side and in the thurd on the other after which
the needics can be withdrawn Before each infection the needle should be
aspirated for cerebrosplnal fluid or blood if either can be obtalned s
position should be changed before injecting the anesthetic If the injectdon
15 successful, a cystometrogram done after the injection should demonstrate
an increated bladder capacity a flatter curve of basic tonus, better and more

nearly pormal spacing of emptymg contractions, no reskdual urine and a
diminished or absent anal or bulbocavernosus reflex,

Sphincterfc Complications

THE HYPERTONIC OX SPASTIC EXTERNAL URETHRAL SPHINCTER. The
same conditions that frequently kead to hyperactivity of the detrusor may
landalsomhypcﬂonlatymrpamc{tyo{lhecxt:malmﬂuallphlncmr

This usually occurs alone but may be found ns o concomitant of & hyper

RN



106 THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

tonic detrusor or m conjunchon with hypertrophy of the internal sphinc
ter

It should be emphasized at once however that spasm of the external
urethral sphincter has no necessary connection with Aypertrophy of the
internal urethrol sphincter In the present state of our knowledge the
spasm of the external sphuncter is simply an example of muscular over
react:on to a minimal sensory stimolus There 13 no element of hypertrophy
n 1t. It charmcteristically appears in partial cord injunes with or without a
“mass refliex” It appears to be the same type of conditroned reflex that 1s

with the mercury manometer: mercury U-tubo type masometer

exemplified by the hyperactive detrusor and It develops m a sumilar way
and from sumdar causes. It s demonstrabls in the majority of mstances but
ot always by o properly performed cystourethrogram, or by the gnpping
of an intre-urcthra! instrument. Clmically thers may be & sudden interrup-
tion of the unnary stream followed by only partml bladder empiyng *
significant bladder reudual on catheterization immediately after yohmtary
arination a normal cystometrogram and pormal or refiex behavior of the
bladder whea an mlymg catheter has been loft in place, together with & total
mabiutyu(mepaumnommamunurmxﬂyutbwﬁndlmwmﬂdmdl
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cate when the catheter Is removed Finally a sphincterogram will usually
but not always yleld final confirmatery evidence

Sphincterometry 'The purpose of n sphincterogram 1s to meawre the
resbtance to the passage of a stream of fluid directed Intra urethrally
against the external face of the external urethral sphincter and at the same
fame to avold all complicating ortifacts such a3 kakage and so forth In the
male this 13 possible in most cases in the female it ks much more difficult
In both the bledder is emptied, Jf possible without the usc of n catheter
before making the test

TECHNIC. The apparatus (Fig. 20) except fos the mercury manometer
13 sterflized before use It consists of a 2-ounce Asepto syringe the tip of
which 18 inserted in the urcthra. For use m the female this end fs enlarped
by pushing onto it an acorn-thaped flanged rubber dmphragm orignally
used to cover certain contamers emploved In the blood bank. This dia
phragm 15 oniginally intact, bat for use in sphincierometry it closed end
must be pierced by a hot nail so that the nozzle of the Asepto synnge can
peoetrate it completely This enlargement of the glass syringe tip is neces-
sary in order to prevent back-flow from the urethra, The rubber diaphragm
s known as the Fenwall Tel-O-Vac Diaphragm No 9264 and Is made by
MacAllister and Bicknell. The otber end of the Asepio syringe Is closed
with a perforated No 4 rubber cork in which h placed one end of the
horizontal arm of & glass T tube with an inside diameter of 4 mm. The
other end of this horrontal arm is attached to the nozle end of a 50-cc.
syringe by an appropriate length of thick walled rubber tutang with an in
side diameter of 3 mm. The vertienl arm of the glass T tube is connected
to one open end of & U-shaped mercury manometer with the scale marked
fn mulffmeters and with sufficient mercury in 1t 5o that with the manometer
upright and level the menuscus in the open arm rests opposite the zero
mark on the scale

Before nung the apparatns the operator must be certain that the plunger
in the 30-cc. syringe moves very freely that the manometer connection Is
clamped off at ity point of junctlon wath the glass T tube and that all of the
apparatus except the manometer and its connection is filled with 2 hland,
stenile aqueons tolution, such as normal salt ar weak boric acid solation
The s asst (this procedure cannot be carried out by one man
alone) then 1nserts the tp of the Asepto syrings (with the rubber dia
phragm 10 place if used In o femake patient) Into the urethra and com-
presses the latter with the fingers of his right hand 1n such n way as to
produce as nearly as possible a watertight fit. With hls left hand he sup-
wmuwmmdﬂmmnpﬂghtmlﬁmwm:memmqu
b opposite the rero 1n the scale The operator then removes the clamp be
mmrbchbclndthcmnmmnnd:umpmmmonﬂnpmngnof
the 50-cc. syringe This will produce & rs¢ in the mercury o the U tube
that will approximate in terms of millimeters of mercury the reslstance
offered by the external urethral sphincter to forcible pamsage of flaid from
wiﬂmtlnwud_mﬁgumhptuumcdmbclhcmmcinrnpuctmtbg
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forcible passage of fluid from within outward. The readings are only ap-
proximate and there 15 an clement of error in the resiliency of the walls of
the rubber connecting tubes and in the virtual Imposibility of making the
Ascpto synnge-urcthra ot watertight in clther sex. Nevertheless, despite
these possible inaccuracies the method has already more than pustified
its use

Normal resistance of the external sphincter lles somewhere between 15
and 30 mm. of mercury Readings of pressures higher than 30 mm. mdicate
abnormally increased reslstance of the sphincter and hence the inescapable
diagnosiy of hypertonucity and spasm It should be noted that the maximal
pressure reading will register only ily on the because
Just after this point has been reached the sphincter relaxes and the pressure
of course falls to zoro An original pressurs of zero in the apperatus, pro-
vided that everything 15 watertight and airtight, mdicates an atonic external
urethral sphincter that presumably s atonic because of denervation. Pres-
strcs between O and 15 mm. cannot be interpreted at present because of
lack of experience and Information

Treatment 1f there s sphincterometric and clmical evidence as noted
above of a spastic or hypertonic external urethral sphincter and if the cord
1s not transected, a retarn to normal tonus  with reflef of these symptoms can
be assured 1n most such pat by tr di d toward temporarily
destroying what seems to be a conditioned reflex. This permits the re-estab-
Ishment of the normal sensory-stimutus and motor-response relation. This
is permanent providing the circumstances that activated the aboormal con-
ditioned reflex have been done away with This desired result is sccom-
ploshed by temporerily denervatmg one half of the sphincter at a time
through the injection of & 1 per cent solution of procaine in the neighbor
hood of one internal pudic nerve where It crosses the ischial tuberoslty as
well as in Alcock s canal. The procedure is as follows With the patient
comfortably and firmly placed on one side with the Jower leg straight and
the upper flexed at the knee and hip so that the hschl tuberosity that {3 to
be njected is uppermost and promment, the tuberosity s Jocated by palpa-
tion. The operator stands facing the back of the patient, If the patient has
sensation mn the area local anesthesia is used throoghout if there s antes-
thesia from the pre-existing discase or mfury no other anesthetic is neces-
1ary A threednch short-bevel peedle 1s then introdnced inward, upward
and laterally in such a direction as to strike the ischial tuberosity A sufi
clent amount of a 1 per cent solntlon of procainc Is injected in 8 fan-
shaped area around this pomt with the purpose of apesthetizing the sensory
branch of the mternal pudic nervo as ft crosses the tuberosity The needlo s
then withdrawn and o longer one inserted throngh the same track, after
which it 5 “walked” to the medial inferfor edge of the tuberoslty alipped
over this edge and advanced laterally inward and upward underneath the
shelf formed by the bone at which point more 1 per cent procaine is In
fected. If the mjection has been mads directly into the nerve in Alcock s
umLMﬂculnpaluwﬂlhccnmd.Afmdnpcdumlnthhmﬁonh
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anesthetized, care being taken not to direet the needle medially Such a
procedare would perfomte the rectum A properly placed injection will
paralyze the semsory and motor branches of the internal pudic nerve and
may causc & paralyshs of one half of the external anal sphineter a3 evidenced
by loas of the anal reflex on the side ipsilateral to the injection as well as
certalnly causing o paralysls of one half of the cxternal urethral sphincter
o3 evidenced by o significant reduction in the btatned at o
postnjection sphincterogram  Any amount of 1 per cent procune solution
(without Adrenalin) that is necessary up 1o 50 cc. may be used

The peak of the effect of the infection will usually not appear for fiteen
minutes and may not appear for thirty minutes. The anal sphincter will
have regamed its tove and reflex actinty In twenty-four hours or less, The
vrethral sphincter wall have regatned normal tone I twelve hours or lese,
and spasms will not usually reappear for another forty-eight hours or more
Indeed, one injection may cffect a permanent return to normaley A check
sphincterogram and a determination of the residual urine at once after com
piete emptying without a catheter shoonld be carned out the third day after
the Injection. Repeat injections may be made untl it is apparent that relief
of spasm has been effected or that the method has failed. Only one side
should be injected at a time In case of failure, careful scrutiny of the field
for the bask activating onginal cause of the sphinctenc spasm will nearly
always prove that the former bas been uncorrected and s still exerting jts
original harmful infl The lnjection H fu] also pamal a
varying number and amount of the perineal muscles. This is merely a jusu-
fiable inference, however smnce this paralysn cannot actually be demon
strated.

THE ATONIC OR FLACCID EXTERNAL URETHRAL SPHINCTER. This ks the
most disabling condition, as far a1 effectrve rehabilitation is concerned, that
can affect any patient who has been paralyzed as the result of a apinal-cord or
cauda-equinma injury or as the result of # destrucuve injury of the pelvic
wall ot its It predi either phete bil 1 destruction of
the internal pudic netves at any place {n their peripheral course, complete
bilateral division of the tecond, third and fourth sacral roots at any place
from thelr point of origin In the sactal cord to the superficlal face of the
sacral intervertebral foramina by way of the cauda equina or a foral
destraction of the sacral spinal coed. Treatment No effective direct method
duuazkmthhgmbkmhubecndﬂbcdﬁcmmmble:pﬂltngd
whn:zmumehnppemmbelnlh:bhddawhmcmthnmﬂmnmd:
cmctcnnbeu:cdforonlybythewdpad;,wnmpm{mu,me
ﬂymﬁm&:m&mct:nmmummm

around ter The on; Lies
ly hope the prevence of an intact

If & male patlent who has not been crrcumcised decides to
constantly .mmwaummmmaﬁam
5 certam to be excoriated and ulcerated by the constant wetting with
In spite of the patient s best efforts at malntanin 8 urine

g cleanlineys, whenever a
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rubber unnal of any semipermanent type b worn for kong periods at a time.
This 15 partrculerly troe of the conventional mak rubber urmal, which Is
wommn strapped to the leg Thrs type has an “clephant s trunk™ form of open-
ing, into which the penis is thrust for fts full kngth. Bemg made oaly in
standard sires, thete unnals bear no pecessaty relation to the actoal length
or size of the penls to be inserted into them Leakage and excotiation of
the glans 1s inevitable. David Paull” has evolved what appears to be a saths-
factory way of getting acound these difficultes (Fig. 21) [he perforated

[ ;
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Fig 21 David Paull' make urinal connection coodor, thick-walied small-bore rabber
tubing; machived pecforated plastic botton  speclal skin cement.

i
:
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closed end of a condom 1 stretched tightly over a plastic buttea with a bole
in its center and is held 10 plsce by Inserting the condom-covered button
into one end of & thick-walled rubber tube with an insde dlameter of 310 3
mm. Ths small diameter provides the siphon action that is o exsential 0
the cleanlmess of the pears. The other end of the rubber tubing bs attached
appropnately to the urinal affer removing the “elephants tronk.” Tbe
condom 15 then shipped over the penis after ths skm at the base of the shaft
has been pamted with “skun cement.” The thin rubber of the condom makes
#n nirtight connection with the sKin Sizco the other cad of the condom-
urinal connection 1s also airtight and since the small Internal diameter of
the rubber connecting tube creates a suction regardicss of the patient s posi-
tion, balanitis exconation preputlal swelling and so forth are chiminated.
The condom s disposable and cheap The skin cement is pontrrinting. A3
a resalt, the penile conpectian can and should be changed three times & day
with & sosp-and-water cieansing done each time. Since a new condom
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used with cach change further protection is given against cxcoriations
caused by the otherwisc necessary use of old apparatus This method of
controlling urinary Incontinence traccable to a flncehd urcthral sphincter
is prefernble to the use of a Cunningham (or pendle) clamp Since this clamp
is essentinlly a spring clip that closes the urethra by excrting prewsure
through the shaft of the penls, it will cause pressure sorcs cdema lschemic
nectosts ulceration and excorlations that may be difficult to cure unless the
clamp is properly adjusted frequently released, kept iculowly clean
and used with micthpence

Extravesicular Complications

THE OvERsZrD URETHRAL CATHETER. Perhaps the commonest compll
cations wcrdent to the proper care of the bladder in the prescence of an
mjury 1o the spinal cord or canda equina are those Incklent to the use of too
fare a urethral catheter The indwefling catheter whether used in the make
or female—and particularly 1n the male—must never under any circum
stances exceed 14 F 1in sze The preferable type of catheter is whutke
tipped or has the opening in the end. If such Is not obtainable a rubber
rectnl tube of the same size is better thon an ordinary sxde-opening
catheter The Foley type of catheter should not be used for prolonged
periods. The bag irritates and In tome cases has caused necrosis of the
muocous membrane of the bladder wall when its adjustment has been dis-
turbed. Its presence also tends to kead to overnctivity of the detrusor Any
indwelfing urethral catheter interferes with the normal dralnage of the
urethral secretions. If it is over 14 F in size it may effectively preclude all
possibility of such drainage

UreTHRITIS EPMIDYMITIS ORCHITIS, SEMINAL VEISICULITIS AND
UneETieal FisTULAS WITH EXTRAVASATION The urethmi glands and thew
sccretions are always contaminated if thelr discharge 1 blocked this con-
tamination changes to infection and urethritls results. Follosving urethntis,
epididymitls orchitis seminal vesiculltis and urethral fistulas with extrava-
satlon of urine socceed each other In rapid succession, present the usual
ugns and symptoms of infection m the particular organ involved, and
should be referred to a genitonrmary specialust for treatment. In the prev-
ence of urcthritls the catheter should be removed and replaced with a new
sterile one of proper size if catheter drainage is still possible 1if this Iy not
possible the catheter should be removed and not replaced untll the local
problem has cheared up It is usually unnecessary to section and e the vns
deferens untll afier the third ive attack of epldidymitls or orchitis.
By the same token K{tbindicnttd,lthmelu:mpoﬂponethhopcmﬂw
at thiy tme in the mustaken belie! that the epxdidymis or oven the tegticls is
stll & functioning organ Acute epididymitis and, more cspeclally acute
orchrtis should not bo regarded lightly A fatal septicernla may develop
with death within twenty four hours of the appearance of the fint symptoms
or signs of infection in the testicle, Urethra! fistalas with or withont exirav-
atation of urine may be very difficult to close and the genltourinary sur
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geon should not be expected to undertake the closare of the chronic fistutas
in the presence of involuntary spasms of the muscles of the legs sbdomen
or back

CoMPLETE DESTRUCTION OF THE URETHRA. This occurs 1 women who
have inssted on disregarding the doctor s orders or have mistakenly been
allowed to it in a chair for too long a period before thetr nutritional state
warrants {t. This destruction will usually be only 2 part of a widespread
neglected bed-sore problem, i o ly lated with bilateral jschisl
sores and may be complicated by osteomyelitls of the under surface of the
symphysis of the publs The destroyed nrethra wall be replaced by a fakse
pessage between the bladder and the vagina with of counse the total logs
of all sphincteric control. There 15 no known treatment for this conditlon
once jt has been estblished. Any complicating osteomyelrtis should be
treated m accordance with well established methods and the associated
bed sores dealt with as they would have been treated had the urethra
remalned intact, This i the typo of case where waterproof dresmngs,
made 80 by covering the ordinary dry sterile dressmg wath a piece of plas
tic sheeting held in place by adheuve strapping, will more than prove their
worth. The dressings must be renewed daily or oftener and all weight
bearing on the affected areas must be rigorously avolded

STRICTURE OF THE URETHRA. The presetice of & stricturo of the urcthra
in the male may antedate the onset of the spinal-cord or cauda-equina in
jury It Is more likely however to result from the therapeutic use of urcthral
catheters that are too large are oot cleaned or are not removed and re
placed often enough. The presence of a stricture greatly interferes with the
rehabilitation of the bladder Its treatment, therefore should not bo peg-
lected. In particular the {mpassable type presents an extremely difficult
problem from every polnt of view In the major sirictures therapy will un
doubtedly include suprapuble dratnage of the bladder and the presence of
ﬂlcum-kcmmmunbcrcgnrdcdalmcofth:d:ﬁmtnludmuomfmthh
operatron in the spinal paralytic group of patients. This varicty of stricture
also has & bad penito-urinary tract prognesls, cven with suprapub ¢ drain-
age The reason for this is that such bladder drainage in such patients In-
evibly leads to the formanon of calcull uretersl reflux, dilated vreten
and hydronephrosis—any or all of which are nearly always complicated by
infection, sooner or later Some form of ureterostomy 1s wsually the oaly
practical method of saving any part of the nrmary tract and may cven have
to be performed as a life-saving measure Final declsions concerning types
and methods of therapy however must be left to the genitounnary spe-
ciatist.

1HE HYPERTROPHIED PROSTATE. An infury of the central nervous sy»-
tom whether the spinal cord or cauda equina s involved or not, docs not
prevent the development of hypertropby of the prostate or its cnlargement
from any other local cause The obstruction to urinary outflow and assoc-
ated bladder and other complications will bo easity demoastrated if Joohed
for The treatment b the same a3 it would have been had there been no
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central-nervous-system injuty and should be carried out by a competent
genitourinary speciafist,

Mechanical Complications

Certamn complications that arfse {n connection with the evolution of o
paraiyzed bladder sre primarily mechanical in nature and arisc out of mis-
coneeived and misapplied methods of tr

SHRINKAGE AND Frarosts of THE BLADDER WALL. This follows constant
drafnage that is used wathout interruption It makes no difference whether ft
i the classic urethral constant drainage or drainage through a suprapubic,
perinenl or any other type of bladder or urethral fistula The mechanical

1on of stretching of the detrusor leads finst to contraction
then ta sheinkape and finally to fibrosis of that muscle If infection in the
bladder is added, the process will proceed with greater rapidity and a preater
degree of permancnt deficit. An unstretchable biadder that has a storage
capacity of less than 30 cc. may become a permanent fixture in as short a
ume as six months of constant dramage to which hay been 2dded 2 low
grade cystitis The carlest stage of contractioa s reversible if tidal drain
age, with the apparatus properly set up and properly nsed s resorted to at
once (see page 84) The siphon loop must be set high enough to exert a
stretching effect. Shrmkage can wmaily be greatly helped and perhaps com
pletely corrected by the wse of tidal d ppl d by repeated
chemical partial denervation of the detrusor ns described above (seo page
104) A contracted, shrmken fibrosed bladder wall cammot be altered
however and as a result the patient s deprived of a reservoir for the collec
tion of udne and eannot keep himself dry without the ald of a unnal used
comtantly day and night.

MEecHANICAL OVERSTRETCH OF THE BLADDER WarL. This condition
develops as a result of Iack of understanding of the biadder phystology
cspecially in connection with spinal shock. The naive bellets that because
there is an overflow from an overstretched  overfilled atonic bladder it will
come to 0o harm wnd that catheterization is unnecetsary and therefore the
bladder will take care of itself without belp or if necessary can be alded in
1ts cfforts to prevent overdistention by manual forcing of its contents through
srongly rest Ph lead 1o such physical damage to the fibers of
the detrusor that they can only begm to shorten after the bladder s distended
by 500 ar 600 cc. of residual urme which never moves out of the bladder
Cystometrograms done on such bladders with the cor 1 fill of only
400 cc (sec page 89) give the appearance of en atonk detrnsor If the
ﬁﬂhwnﬂnucduntﬂthcmcdnmcrcmtnmonnpinbecomcpomb\e
any type of bladder function, from atonic to and includmg reflex, can be
dﬂnmnmm¢mbmmlmmhmdlﬁmhmuon Overflow e
tmtbmmwcxptuﬁmdurhgmdmcpolkydmmmmpyin
Lhcbehdlhatlh:bhdd:tunmkemrcdiml!lhouldnllbecumpkmly
atandoned and cannot be condemped 100 strongly Treatment otherwise is
«till in the formative vage Talbut‘hmdcn:edmdpeﬂumedunopcndou
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on such mechanically per ly distended bladders that promises to cor
rect an otherwise uncorrectablo conditon. A segment of bladder wall is
removed and the cut surfaces resutured, thos rendenng the mechanics of
contraction more favorable for the remaining and now smaller detrusor
URETERAL REFLUX. A plication of the over hed bladder wall,
whether on a mechanical or on a physlologically dencrvated basts, may be a
uretera! reflux with an ascending ureteritis leading in turn to scute and
chronie pyelitis, hydro-ureter hydronephrous and destructoa of the kidaey
or kidneys. This conditfon develops because neglect of the biadder m s
early stages or improper treatment (or both) bas so stretehed or damaged
the bladder wall that the valvelike action, which under ather conditions will
prevent reflux of the contanunated or mfected bladder urine up the ureter
i done away with The ureter and then the kidney 15 infected and then
stretched by the transmisslon of the Intravesical pressare upward, hydro-
urcter and hydronephrosis develop and the function of the kdney is de
stroyed. Here agamn, the best cure s prevention Early peoper use of tidel

drainage and of grarms will el all chance of urcteral reflx.
1t it and {ts complications are already present they must be treated a3 well
s passible by a genitourinary epecualist

HyPERTROPHY OF THE INTERNAL URBTHRAL SPHINCTER. Hypertrophy
of the internal urethral sphincter ks not related, except by chance, to spmm
of the external nrethral sphmcter (see page 105) It 1s not a necessary ac

pant of the changes produced in the urinary bladder by infury to
the spinal cord or cauda equing, as some surgeons would have ns belreve.
Proper treatment of the bladder with tidal dransge from the very fint day
of the injury will prevent its development, barring other complcations.
Negiec!mtbenﬂymtmcm,cﬂnmlnndmbclluwalinkcdmnol!he
bladder and upper urinary tract, unnecessarily prolonged spinal shock and
probably the use of too-large indwelling urethral catheters will Jead to its
development. T have not as yet seen it in women The dagooshs §s made by
chinfcal evidence of obstruction of the emptying of the bladder 1 the #b-
sence of caleuli, hypertrophied prostate o spasm of the external urethra!
phd plus the cy pk findngy and demonstration of an appro-
priate deformuty by @ cystourethrogrem. The first and last criteria give the
more accurats and rellable data for dagnoshs Treatment should be i the
hands of & genrtourinary surgeon he should never hesitate to remove to0
liutle tissue rather than too much. I have seen petients who were continent
and rchabiltatable as long as they were willing to put np with an indwel-
mg catheter rendered per Iy | inent—catheter or not—and per

ly g an ive so-called resection of the
intermal urethral sphincter Thkh:mgcdylh:tmmbcxvo&dedltlﬂ
cOHs
After the obstrcting tivsuc is removed the hypertonic detrosar must be
dealt with I‘hmmybeposdbhthmu;ﬁ!}wpmp:ruxofﬂdﬂdrﬂm&
I(hunat,th:sacn]ncrvu:hou]dbcm)aacdudacﬁbcdmpaplw
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Fallure to recognize this need wall obviate any success that might have beea
obtained by the resection of the tssue

Complications Based on Infection

Acute Cystimis Acute cystitls b a preveatoble infecuon and should
never occur Itisalways a potential danger however as long ns an indwelling
catheter must remaln in place It has been conclusively demonstrated that
in the abtence of any other cause the presence of a sterile small, indwell
mg urethral catheter that Is In place in either malke or femake for seventy two
hours ot longer s always associated with bacterial contammation of urine.
In the absence of bladder stones and residual unne and with the aid of tidal
drminage this contamupation will remain contamnation and not become an
mfection. If ressdual urine collects, if stones form or are deposited from
the kordneys, if the tidakdrunage apparatus Is improperly sct up and used
if cystometrograms have been 0o infrequent, if the catheter b too large,
becornes encrusted or Is not changed every week, if the mucous membrane
is iritated by the use of improper imrigating solutions, if a suprupubic or
perineal bladder or urethral fistula 1 present or if the bladder has become
cither d or overdistended through neglect, a snbacute or acute
cystitis will develop 1t is best treated by forcing fluids—prefernbly water
and preferably by mouth—up to 5000 cc. per twenty-four hours if the
patient s kidneys and heart are normal and he or she fs an adult. The acti
vating factors, some of which are listed above must be corrected also
Additionnl therapy whether drmps or not, s of little moment one way or
the other Usually however although not actually helpful it is at least
harmiess, unless it Jeads to the neglect of the all important correction of the
activating element and the administration of sufiiclent fluid,

For the treatment of acute urethritls acute epldidymids acute orchitis
and acide semunal vesiculitiy seo page 192

AcuTe Urcrents. Ths results {rom an extenston of an infection that is
present in the bladder or in the renal pelvis or from a block of the urdnary
flow by a stone stricture, scar or the like Treatment thould be in the hands
of a gentourinary specialist.

ACUTE PYELITIS In spinal-cord and cauda-equina inunies, infection in the
renal pelvis will have ascended from the bladder It will not develop except
mmmnmcu.ﬂlhe;nhmtundhhbhddermndcqunulymcdfmby
properly used udal drainage When it ks present, 1ts thernpy is » problem for
the genitonrinary specialist.

PYELONEPIROSIS CARBUNCLE OF THE KIDNEY PURULENT OBSTRUCTIVE
Pyeums. All these conditions, when they develop as complications of
spinalcord and cauda-equina injurles are preventable by appropriate and
pmpcxuummntu(lhcgmhourmarytmtfmmlhcmylmmThcyarc
unnecenary complications of the central-nervous-system Injury Thelr treat
ment should be 1 the hands of a competent genttourinary specialist.
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ReNAL AND BLADDER STONES. It Is epparent that repal and bindder stones
are significant complications of spinal-cord and cauds-equina injurles caly
when carly treatment of the genitournary tract has been Improper neg-
lected or absent. As a result, the genitoudnary tract has become Infected
from top to toe, the patlent has had to be immobilired more completely and
for longer periods of time than would otherwlse have been necessary amd
the stage has been set for the formation of the ficst stones. If they are m the
bladder alone, and if they are removed promptly and treatment otherwise n
revised bladder obstructions ehminated and the patlent mobilzed, they
may nat re-form. If the catheter can be elmated as well the chance of
their return is drmninished still further If they are In the kidoey alone or
in both kndneys and the bladder their very presence perpetuates the clinical
and frequently subclinical mfectron that activated and mantains them, md
they will re~form egain and agaln uatil the Infection and every last stone
have been efiminated. The chance of doing this, onco the process has begun
is very poor This Is one condition that virtually can be oaly eliminated by
prevention If that has been neglected and stones are already present, thar
trentment should be i the hands of & gemtourinary speciaiiat. Only properly
used tidal drainage from the very start, the Ingestion of at Jeast 3600 cc. of
water per twenty four hours, a proper diet with enongh calories and protein
and carly bed mobilzation are eflective as preventive measures, Specal
diets and other stmilar methods are not needed and are not effective

Complications Produced by Surpery

Suprarugic CysTosToMy The use of this surgical procedure as o method
of caring for the bladder that is disabled on sccount of a spinalcord o
canda-equina mjury s never indscated uniess the purpose of the operation
is to remove a stone or foreign body from the bladder or to supplerment the
surgreal closure of a urethral fistula, In the first two nstances k should be
closed at the end of the operation and bladder emptying cared for by an
inlying urethral catheter Expenienco has demonstrated that suprapabie
cystostomy is even contraindicated under combat conditions. The cootr
indicatton holds whether the dealoage Is provided by A formal operative
inasfon through the bladder wall or fs accompifhed through a supr®-
pubic stab wound with e trocar Such drainsge leads to shrinksge of the
bladder wall, infectiona of its cavity the collection of residual urine, the
formation of bladder stones, prolonged umnecessary functional duability of
the bladder maceration of the skin, more frequent formation of bed sores,

y pam prolongs of spinal shock, Increased difficulty of re-
habilitation unpocessary surgery and increased morbidity and mortality

PERINEAL CystosTory This s mentioned only m order to condemn it
It bas no place in the treatment of these bladdera. In addition to the compli-
catlons lsted above under Suprapubic Cystostomy It presents the sdded
difficulty of @ urethral stocture and s an impediment to biadder drainage
earhen the patlent sits crect and thus Kinks or compreses the drainage tube
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Constant Urethral Dralnage with or without Manual Irrigation

Constant urethral catheter drainage alone s ineffickent, leaves residual
bladder urine and promotes unnccessary bladder and higher urinary-tract
Infection and shrinkage of the bladder eapacity It offers no advantage over
tidal dramage and p many disad pes When bined with
regular intermittent manual irrigation, it is more useful than without that
additon but b preferable to tidal drunage only when the bladder has
collected such large amounts of mucus, blood, crystals or small stones that
the urethrnl catheter cannot otherwise be kept patent. Solutions M or G of
Suby et al ¢ 1 20 000 aqueous Zephiran or % of 1 per cent seetic acid
solutions make the most useful imgatng fimds. Potnssium permanganate,
boric acld, tap water and normal salt solutions should not be uscd, as their
use promotes the conditlons described above as necessitating manual frrign
tion If constant drainage with manual lmgation s indicated the drainage
itself should be intermittent in order that the intervemung filling of the
bladder may serve to keep its walls stretched. This method is the next
preferablke one to tidal drainage but nevertheless should never be used ex
cept where specifically indicnted as Tisted above

The Syndrome of Sympathetlc Nervous System Overactivity and Visceral
Dustention

Ths syndronie 8 most commonly seen in transecting cord injuries and
in relation to distentton of the urinary bladder although distention of the
Large bowel may also cause it. It has been noted in patients with cord in
juncs at all levels but never in the presence of uncomplicated cauda-equina
inyunes. It » imposalble to predict in advance what patient will and what
pauent will not show the syndrome 1t does not occur dunag the period of
spinal shock and duappears after it has mamfested itsef with the rede
velopment of spmal shock from whatever cause, only to recur when the
spmal shock has disappeared in its turn It is more common wath the hyper
tonic refiex and refiex bladders than with any other type but may also occur
with distention of the largs bowel. In a typical attack, tho biadder contents
reach & cntical level of fill, which varies with each patlent. When this level
is paxsed, further fill and resulting bladder distentlon came profuse sweat
ing, usually but not lnvariably ar exclusively in the paralyzred aren of the
body This 15 succeeded, if the bladder is not emptied at onco by & severe
poundmg headache 1f the process bs allowed to continae, the blood pressure
rwet-—perhaps to very hugh figures —and unconsclousness develops, with
orwnhoutconvuhivcsemnu,whnh,hhmld,hnvebccufoumdby
death in certain not too well authenticated mstances. The attack b aborted
thchladdcrorlugnbowd,nﬂ)ecuemnybe,hcmpﬂcdprlormuu—
comcioumens 'l'hemnchcmbcpmvcntcdbyoonm.uﬂyrcnnctmgthc
bladd:rﬁllmlcnltunthcmﬂnllevd.’ﬂ:kwﬂlnotcumthcnﬁach,bow
ever md;hm&nxmmﬂmﬁﬂxmwo&rupadtyonhzbladdﬂ
and bowel a1 to prevent adequate bladder and bowel trining, they ma
effectively prevent what would otherwise be a satisfactory rehabilitation Y
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The mech and phystopathology of the attacks are not well onder
stood, bat it is probable that some form of rather widespread reflex dis-
turbance of the autonomlc system functron is set up Drugs that affect the
sympathetic nervous system have been administered without any constant
effect. Injectron of the sacral roots in the same manner that has been de-
scribed for the treatment of a hypertonic detrosor (see page 104) and -
fection of the Intcrnal pudic perves as used in the treatment of a spastc
external urethral spluncter (seo page 105) have given reliet, but the number
of cases that have been subjected to this therapy 1 too small a3 yet to
promise anything definite. Mobilization hras seemed (o help at times, #od at
times the attacks disappear of thelr own accord and for no explamable
reason.

Drugs in the Control of Urlnary Infection

My cxpenence with the use of drugs to contral the contammation and
possible infection of the urinary tract in patients with spumalcord and
cauda-eqnina mjurics has been disappounting, They aro not necessary if the
bacteriz are held to a contamination level because removal of the fortgn
body whether catheter or calculus, will permit the return of the unne to
its relatively sterile normal state Water preferably given by mouth at the
rate of 5000 cc. per twenty-four hours for an otherwise normal adult, has
done more in my hands, to control genitounnary-tract mfection than any
type or amount of drug—provided, however that ndal drainage Is properly
wed In conjunction wath the water and provided further that in infections
external to the biadder the urethnal catheter 15 withdrawn at once and kit
out until the Infection has subsided, Of all the drugs streptamycin seems 0
be the most useful but at times pemcillin Chloromycetin  Aurcomyan,
Gantristn and the vanous sulfonamedes bave been effective It is defimtely
usefal ta keep the bladder urtac an the acid side In these cases this 13 003t
efficiently done by nsing 3 of 1 per cent acetie acid solation as the utigating
solution m the udal drainage apparates P per is danger
ous because it is actually alkaline. It shoold never be used as an imgating
solution No matter what therapy ks used howewer 1t 13 impossible to per
manently control infection while stones are present anywhere in the genlo-
urinary teact, and 1t s impossible to prevent contamumation from which in-
fection gets its start under adverse conditions of treatment, as Jang as 20
mdwelling catheter must be used.

Osteoporosiy
The metabolism of cakum particulardy m s relation to asteoporosis of
thebomo{thcpanlymdpoﬂlmotthcbodyanduvcm!ﬂa.huwd!
been scratehed, and much more needs to be leamed than has been
to date The following are among the lmited facts now avaflable to us, and
appear to be true The osteoporosis that appears in conncction with mafuries
o(tbetplmloordandcaudacqtﬂmulmlmdtothcbouymumdmc
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weight-beanng mobul must be ded n the (ace of clmical osteo-
porosts, especally when mobifization has been sccompanled by or bas
caused multple fractures of the bones of the paralyzed extremities,

Sexmal Fanction

Sexual Function In Injurres to the Spinal Cord and Carda Equing in Men
In men this function must be considered from the two polnts of yrew of
Jertility and potency

FERTILITY The best evidence mdwcates that traumatc mjury to the spumal
cord and canda equina does not preclade fertility On the other hand, sech

y complk a3 repeated atiacks of epididymits of

orchutls (sce page 111) and surgical divisian of the vas delerens may cause
1t. Before final decision is or can be reached concernmg the fertihty of the
individual male, therefore, testicular biopmes sperm counts and other
studies on the semen should be carried out by s specialist in thix field

POTENCY ¥ ** Potency depends on the ability of the subject to have
erection as wel! as an cqaculatron and to accomplish miromission

Erection takes place on a purcly segmental refiex basls. Snprasegmental
coanections are pot necessery The reflex may be activated by elther gen-
eral peychic or local tactile stimuls. It 13 to be amumed that the former lm-
plics some degree of ntegnty of the pathways that connect the sptnal refiex
centers and the suprssegmental areas. Ther location is enknown but ap-
pears to be in the spinal cord, since complete tramsection of the cord at any
fevel abolishes their tr ission Tactite fation of the glans sets vp
seosoty tmpulses that travel to the second, third sad fourth secral segments
by way of the mternal pudic nerves. Efferent impalses leave these same scg-
ments as & reflex response to these seasory sumuly, travel by way of the
parasympathetc nerver and cause dilatation of the arteriokes of the penit,
with d steation and congestion of tho corpora cavernoss and corpus spoo-
gosum Other eflerent impulses, stimulated by the same sensory mechanism,
leave these tame segments sumultaoeously over the Internal pudic nerves to
caus contracuon of the penurethral muscles with resultant compression of
the venous drurage channels of the penls The only anatomic conditions
that will prevent erection are complete destruct.on of the sacral spinal scg-
ments ot their foots or both, transecton and destruction of the cauda equina
and transectrop and destruction of all the pelvic parasympatbetic plexuscs.
In man there secms to be no “center” for erection in the spinal cord. Thbs
reflex act can be ly inhibited or abolshed, however by psychic
mpulses If such prychic inhibition can be controlled all make patients that
have becn subjected to a spimal-card o canda-equin fjury regardless of
level or type except as noted above have the apatom and peurcloge
equipment to bave an ercction. ARl otberwise normal male patents, whether
they can have an crection or not will retain thelr litidinous interest in the
cpposite sex

Ejecularion 1 takes place so far as our present evidence indicates, =3
the sesult of a cumplex purcly spinal segmental reflex. I da cot beleve that
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of other muscles throughout the body The sensations of pleasure and therr
appreciation that accompany the orgasm, on the other hand, require intact
central connections. These sensations are absent In patients whose cord »
transected above the sacral segmental kevel.

Intromisnion Effective coitus may be barred by the physical mpossibility
of effecting mtromisston despite the presence of an erection. This disabilty
will arlse from the somatic paralysis of the legs and trunk. Despate the best
efforts of both parties, nothing can be accomplished as lang as the panalyzed
male remains the aggressor In such instances successful coftus and resulting
impregnation can be accomplahbed by reversing the physical reiatonship of
the individuals and at the same time depending upon the female for 2oy
necessary aggression,

Sexwal Function in Injuries to the Spinal Cord and Canda Equina in Wornen

Much kess is known m detail about the effect of spinal-cord and cinds-
equina injories on the reproductive and sexual activity of women than ©
known about 1ts effect on these activities in men. It is to be expected that
the neural mechansm will conform in afl but certam details to that known
to function in men, and, indeed, this appean to be true. hantz’? potnts oat
that the ovary and the falloptan tubes ar¢ Innervated by branches from the
sympathetic plexuses (especially the hypogastnc plexus) and by other
branches that travel with blood vessels The central connections are throngh
the tenth eleventh and twelfth thoracke nerves and the lumber nerves. The
uterus and vaghna recerve innervation from both sympathetic and para-
sympathetic anging, the nerves ansing from the uterovagmal plexos. Ths
correaponds to the prostatie plexus in the male It is continuous supenarly
with the hypogastric plexus. Other sympathetic fibers come from the lower
lumbar and sacral sympathetic trunk. The parasympathetic fibers ongmate
in the sacral spipal cord and travel by way of the pelvic ncrves The chtors
Is surrounded by a cavernous plexus with both sympathetic and parasym-
pathetic fibers that are closely associated with the vascular supply to the
organ and are also connected with the somanc nervons system by way of 8
branch from cach of the mternal pudic nerves. The labla bave thelr chief
peural conoections with the samatic nerves by way of the fHo-inguinal, the
internal pudic and the perineal branch of the posteror cutancous nerve of
the thigh. The autonomic supply comes from the vesical and vagiml
plexuses.

MENSTRUATION OVULATION INTRA-UTERINE GROWTH OF THE FETUS
AND NomaaL Dertvery Kantz further states that “there Is no conclusive
evidence for the direct functional mnervatron elther of the ovarian follices
or the Interstitial secretory tissne therefore it cannot be assumed that the
ovanan furctions are subject to direct nervous regulation.” If this hokls
troe, there should be no interference with elther menstruation or ovulation,
20 far as the ovanan function Is concerned, by any level or type of bnjury
to the spinal card or cauda cquna. This 13 known to be g0 He further pomf
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out that the “smooth musculature of the female genital tract has the capaclty
to undergo thythmsc contractions in the absence of nerve impulses. The
oactovity of the musculature s regulated in part through hormenal agents
and m part through its innervation ™ Thus normal intra-uterine growth of
the fetur—other thingy being equal—as well as nonmal delivery at term
:houldtnk:placelnthcpmscncco{anytypcorkvcloﬁn}urytolhospinal
cord or cauda equina. It is known that this Is also true

GENITAL REFLEXES. The control of genital reflexes 1s sald to be wdentical
m the two sexes and to be located in the sacral and thoracolumbar segments
of the cord in women The same Is true of the neurnl pathwayt over which
the respective sensory and motor Impulses, whether ic or le,
travel. Thus, stimulation of the clitoris produces engorgement and erection
of this organ, which is analogous to the erection in the male and culmmates
m a summation of sensory tmpulses arising In the external genrtalin A dis-
charpe of eflcrent unpulses over the thormeolumbar sympathetic ¢ 1
follows and mdoces emptying of Bartholins glands, a that 1
analogows to the expulsion of semunal fluid In the male. At the same time
piythmic persialtic contractures that are propagated {rom the fallop
tobes to the uterine musculature and that causo expulsion of mocns will be
caused by ncural impules from the “summation pool.” At the belght of
sexual exciicment these contractions culmunate (after spreading to the
vagna) m rhythmee contractiom of the sphincteric vaginal muscles which
are activated by somatic nerves.

Orarsyt Orgasm, whuch, as in the male is a sensory appreciation of the
culmination of the zex act, requires central suprascgmental connections 1n
both sexes. Tt is therefore abscnt in both sexes whenever the spinal cord 1
transected. The neural pathways mvolved appear to be the same in women
23 those in men. Destroction of the sacral cord or roots, or of the lower
thoracic and upper Jumber cord or 1ts connections with the sympathetxc
paravertebral ganghonated chain, or destruction of the cauda equina, should
prevent the formation of a favorable mechanical atmosphere for the jm-
pregmiion of any ovum that has been made available desprte the logic
d:ﬁutSuﬁidem:rpuimmhunmmnmuhL:duy:ttopcunltndog-
matc statement m thes regard.

Insmnmn:ykhhmwnthntmmmﬁon,m\aﬂon,mhm,impngm
tion (so far as the nonmechameal factors ars concerned) intra-uterine fotal
gmmh,mrmnldd}vuyundthemxrmnld:vehpmzmc{thnbm‘mw{m
nonnallacmﬂoucmuknph:eﬂnothﬂcdcrcdm!hbymyomﬂam In
lpimdthemdmymmmd:mdh)mytotbespmlm
Ofcnudaeqmnn_ltkfurﬂmknmthatorguminthckma]cwmbcnb‘cm
dlhetp{mloordumwct:dabovcﬂlcncmllezmmtallanuu.
mm:dthntdcﬂmmlvelc:lomdthenmloord,iurmu, the canda equina
and the thoracol cord or 1ts with the paravertebral

sym-
pa!hzhcpngﬁonataddulnwﬂ]lnwmnmsmh:lcrfmmththcmm
mﬂnanndthemalgnhﬂmﬁmthathcouncct:dwm]co{m.
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The Efiect n/Ama-larDormlumwah!..o(mrymSe.anlAa[dty

Iumcunpropcdypcrformcda.ntcrlordonolmbarrhlmcmnywﬂ]m
prevent ercction and will not preclude fertility This does not mean that
erections that were present pror to the rhizatomy may not be lost after that
operation It does mean, however that in 2l such cases that have been
studfed the Joss of erection could have been caused by any ous of a number
of possible alternatrves There are as yet not enough data to be certatn about
the effect of rhizotomy on efaculation Tentatively on anatome groands, it
appears most reasonable to assume that unless the operation is dose caa
patient who has sustained a terrifically widely destructivo injury of the
thoracolumbar cord the operation will have no effect on the cpcalation.

In women the operatron has been shown 10 have no efiect on menstm-
tion, ovulation impregastion normal develop and oonnal defivery of
the fetus,

Care of the Bowel
Normal Defecation'® 3

The procets of notmal defecation depends first on the regulated peristalie
passage of the food fram the upper end af the esophagus to the descendmg
colon secondly upon its storape and sobdification in the descending coka
and sigmoid, and finally on Its intermuttent delivery to the otherwise empty
rectum for discharpe through the snal canal This procedure b controlied
to approximately the beginning of the jejusum, first by the somanc perves
of the mouth and throat and then by the thoranic parnsympathetc netve
supply From this point to the descendmg colon the sympathetic plexuses
on the posterior abdominal wall take over They are succeeded by the pars-
syrupathetc plexuses of the pelvis which act on the descending colon, 8¢
sigmoid, the rectum aed the internal anal sphincter Fimally tho somate
nmulupp]ymcpeﬂmlmutclaund!hccmmﬂmﬂlphimm
paresympathetic and sympathetic neurones arc everywhers miermivgled
mduupamo{unmonmmmmmmdtonupamddtw":
mmmlmncmpﬂydommhmm,mmmhwd
certain areas as indicated above Correlanon and arderly transngssion
lhucmmcn-nmpubamgowmcdbylbemmmurﬂphxmd%
and Auerbach and thereby produce peristalsis. Theso latter plexmses
the full length of tho Intestinal tract. Chemical, hormonal and
prodmunhogovemthznwclummlmixlng.ﬂrd]gm}m.‘htlw::
and degreo of hydration of the food bolus and, secondasily ‘hcﬂ”ﬁgd_
pmgn:uzhrongihthomeWlu:nthebc—!mlmbecnmiucedum-nminu,c
uets only and is ready for excretion, It has reached and 1 stored
descending colon and old.

mhmmgnofmmnﬂfwmammbbymwm
wuhthcordcﬂycbcm}calnndhomomldipﬁwpmduumdlhomﬂ“

mavbcamcdbypsydﬂclnﬂmmkbulmmr:mww
of the normal inhubitory mAucnce that may be brooght to bear &0
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Ing of the bowel by Impulses ansing In the higher centers. The seat of ongin
of these Impulses and the polnts of thelr impact on the central or autonomic
nervous system are not known. There can be no doubt about their effect,
however Except by direct stimulation of the ntestinal walls, either through
tho abdominal wall or by digital lascrtion Into the anal canal, it Is impossible
for the normal person to nltiate peristalsls of either the small or the Iarge
bowel

The act of normal defecavon therefore concerns the descending colon,
the sigmold, the rectum the intermal and external anal sphincters, the
perineal musculature and the anal canal, As detalled by Starimg'? In a de
scription that has not been superseded it Is usually infiated by s voluntary
incrense of the intra abdomunal pressure To accomplish this, the patient
holds his breath and compresses the anterior abdomunal muscles In re
spomse to this stimulation, past of the stored contents of the sigmold w
moved into the hitherto empty rectum This shift of contents may also take
place without voluntary contraction of the anterior abdominal muscles bat
rather by permstalus alone. Its place i taken 1n the sigmaold by material ad
vanced from above from the descending colon. The contents of the rectum
arc thus increased until there Is sufficient stretch of 1ts walls to initiate a
sensory stmulos, which promulgates a perstaltc wave that in lts turn ends
with a umultaneons contracuon of the rectal wall and relaxation of the
ternal anal sphincter This activity Is apparent to everyone who has ever
passed flatus unexpectedly and inappropriately This particular tensonmotor
reflex v mednted through the parasympathetic pehvic nerves and the second
third and fourth sacral spmal segments. With the relaxation of the internal
sphincter some of the fecal content moves from the rectum into the inter
splunctenc portion of the anal canal and there sets up a second sensorimotor
reflex. The impulses that medinte this second reflex travel in both directions
over the somatc internal podic nerves and produce relaxation of the ex
ternal anal sphincter contraction of the perineal muscles and elevation of
the levator ant muscles. This combued actrvity opens the anal passageway
permits the discharge of the rectal contents and stralghtens ont the recto-
amal canal The rectum empties itself completely during this suceession of
events. If fecal content s still left in the sigmold, and possibly also In the
d ding colon, this ining material & moved to the rectum from
which it 11 expelled through the anal sphincters and cansl by a repetition of
the same process. Except during defecation the rectnm normally remalos
empty Stmulation adequate to produce a rectal emptying contraction can
be provided by cither gas o solid materal. Liquld maternl in the sigmold
or rectum, however especially if frritating, will cause hyperperistalsls, with
waves startmg high up in the colon and, In severe cases, rectal tenesmus
Ideally normal defecation takes place as a conditioned refiex and Is most
ctﬁdtmi!noeﬁmntcomclomoonlrolhexrﬂcd.lnpﬂrﬁcuhr conscious
attempts to hurry the process lead to inhibitlon and thus to interference with
thes conditioned reflex actlvity Defecation should take place in a warm
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room on a comfortable tailet seat, at Jelsure and at the same tme every day
Tt will be facilitated 1f the Individual reads, smokes a cigarette or otherwne
promoies mental relaxation and inattention to the movement of his bowels.

Bowel Care in Associatfon with Injuries of the Spinal Cord and Cauda
Equina

Care of the bowel In patients suffermg from the resnlts of an Injury to the
spinal cord or canda equing i, for practical purposes, limited to thoss ps-
tients i whom the bowel has been deprived by the mpury of jts cercbral
compectiops or bes been depervated by destruction of the aacral cord or its
roots or of the peripheral nerves formed from them Such deficiencies hmply
a trantection or near-transection of the cord at any fevel, destroction of the
sacral portson of the cord or 1ts roots ar destruction of the parasympathetre
supply and the external pudic nerves m the pelvis. Thrs has been dealt with
in general under the appropriate headiogs n the section Injurles to the
Spinal Cord and Cauda Equing (sce page 56) This sechon will therefore
deal anly with bowel training and certain miscellaneous clated probi

BoweL TraINING This bs a necessary prerequusite for complete rehabill-
tattont 1n those patients who have had & cord transcction. Success in bowed
training depends on the formatron 1n the patlent of a conditioned reflex that,
when mvoked, will canse prompt and toisl emptying of the rectum and
awcending colon once every twenty-four or forty-elght hours This training
will virtually gonarantee that the bowel wall not discharge its contents at any
tune other than the chosen one provided that oo Jocal mmtation s altowed
to develop To facilitate such regulanty the coutents must be kept In soch
condltion, by an appropnate diet, that the stool 1s soft and formed when 1t
reaches the rectnm

For initation of bowel trainmg the patrent must be free of spinal shock,
ble to st erect, and not constipated ho must bave an oaderstanding of the
problem to be solved and he must be willing to make tho necesaary ©o-
operative effort 1o attain that solotion. There must be sufficient remainiog
neural connections, bath antoneme and somatic, to assure the maintetance
of thase seflex arcs that medute the persstalas of the descending colon #nd
rectum and the contraction and relaxation of both sphincters. As a starting
pomt, the patrent must choose some specific time of day at which be pro-
pases to empty his bowel for the rest of bis Ife Each day at that tunt, bt
is gven an cnema and then seated upnght on & bed pan or preferably ¥
commode, if his mobilization has not reached the pomnt at which be can st
on the toilet If his mobility and training permit, however he shoukd wke
the enema m the bathroom jast befare situng ou the toflet After approx-
mltelyuvwcknfth.upmgmm,thcmenmmpndua]}ydcan&cdm
amount over another week or ten days. At this time the encmas shouk be
omitted on every other dsy and a small dose of milk of magsesa given.
Thxsmmbcingr:dcdatmchaﬁmepdorwmgmmxﬁummmrﬂhl‘
h,:cu]m.rlu:cﬁccﬂcamclw.'-ciWn.hthet!J'uc':l'tclsm‘lfﬂl’CT'EYIS’YY“]S“"”’O‘Y""L
The rroer time and dose of milk of magnesta must be determined by ex
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periment. At this same Ume the patient is started on mineral oil by mouth—
1 ounce—night and morning. This dose b continued until the ofl beglng to
leak from the anus, after which it Is reduced to 8 point at which it keeps the
stool soft but sill formed and no longer leaks between defecations. The
enemat are now gradaally ellminated, and the use of milk of magnesia fs
increased in frequency sufficient to cnsure daily or bldaily movements. After
the enemas have been climinated the milk of magnesia Is then eliminated
in its turn by reduction of the amount of each individual dose and by reduc
ing the frequency of the doses until it too i no longer necessary At this
point the stimulation provided by the patient s bemg in position to defecate
will be enough to ensure its taking place It 15 not necessary to strongly
compress the abdomen as an aid to defccation under these circumstances—
indeed, 1t 1s not desirable. However gentle rotary rubbing of the anterlor

bdominal wall simut ty with the expeeted nctivatton of the bowel
fint by the ¢ncmas and then by the milk of magnesia is helpful and desic
able dunng the tmining penod Intra-anal digital stimulation prior to
defecation thould not be necessary Harsh cothartics and, indecd, any
cathartics except mmeral ofl by mouth should never be used cxcept for
definrte indications Under such cir milk of magnesia should be
used again Some patients do better if the bulk of therr stools s increased
by the use of a bland agar prepamation. This can best be determined by ex
periment. Active ambulation is of the greatest help 1n maintaining regularity
of bowe] movements by such a conditioned reflex mechanism

Bowel Training in Patlents with Destructive Injuries of the Sacral Spinal
Cord or lts Roots or Both 'The usual injury in such patients does not com-
pletely divide the parnsympathetic supply to the large bowel. For this reason
the colonsc and rectal peristalsis is sull active and the internal anal sphincter
continues 1o act reflexly even in the face of a flaced or atonie external
tphincter Such patients arc contlnent and can be trained to move thelr
bowels by umtitution of o conditoned reflex, as described in the previons
section.

Bowel Tralmung in Patients with Complete Denervation of the Pelvic
Colon Rectum and Sphincters This condition results from complete de
struction of the cauda equina or extensive injunics to the pelvis and its walls
with bilateral complete obliteration of the parasympathetic plexuses and
both internal pudic perves These patients are not and cannot be continent
according to presently avadable knowledge. Bowel tmining is imponible
Thelr best hope i3 a well placed, properly constructed colostomy to which
13 fitted & properly constrocted colostomy bag. The patients muat be trained
m the proper handling of the colostomy This training and the constructlon
of the colostomy should be turned over to 2 general xurgeon ekilled in large
bowe! surgery

Bowel Training in Awsodiatlon with Cranlocerebral Infuries No par
ﬂmh:pmblcmumnchtcdwithcamo(ﬂmbowelh:lh:pmo(.
cramocerebral Injury The standard enemas and cathartics are nsed in
wmul ways. The operator should bear in mind, however that saline
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tics and particularly magnesium sulfate used as a purge are equally effective
a3 dehydrators and unless he wishes to produce 2 double effect it {3 better
to use some other vanety of cathartic and one that ks not of itself dehydrat
ing. It should also not be forgotten that violent purging, no matter what the
means used 1 also extremely dehydrating

Muscellaneous Data

ANAL REFLEX. Integrity of the somatic nerve supply to the external anal
sphincter can be determined by demonstration of the anal refiex and by the
presence of & palpable contraction of any part of this muscle on the finger
Inserted into the anal canal

ImpactroNs Impactions must be carefully guarded against at all tmes
in petients with spinal-cord and cauda-equina injuncs, even after bowel
control has been attained The presence of an jmpactron is usnally mani-
fested by unexplained intermuttent attacks of diarrhee The discharged
bowel contents will contam a high percentage of mucus, but will reveal no
evidence of blood. If the impaction cannot be removed manually it should
be softened first by an olf-retention enema, which 18 then followed by a
milk and molasses enema.

THE INTCORITY OF THE PARASYMPATHETIC NERVE SUPPLY to the dc
scending colon, sigmord and rectum with jts internal sphincter can most
easily be demonstrated by a study of a cystometrogram. An atonic bladder
and external urethral sphincter will almost always indicate a totally dener
vated rectum and anal canal unless the atonicity bas been caused by the
presence of spinal shock. An nutc bladder pred a partially
denervated rectum and anal canal a reflex bladder a rectum and anal canal
that have a pormal segmental nerve supply

Turning a Patient In Bed with & Draw Sheet

The use of the ordinary linen draw shest that Is put on every hospital bed
to cover the mbber draw sheet 15 the best, most efficient and least dangerous
wnytotm-nnpnucntwbohwnﬁncdtobcdutherunltofnxpiml-caﬂ
or cauda-cquma njury Only in this way s it possible to move the entire
body and head as a unit and thus avold adding to the damage already
present. Since all such patients must be moved from side to back and then
to the other ude again every two hours while they are bedrddden, it Is Im
portant to have such a trouble-fres method available. Of course, the same
thing, 0 far 23 moving » cancerned, can bo accomplshed by using the
Strylc:xfnmeoroneofiumod:ﬁcaﬂom.bmthhcumbcrmolppanm
is expensive, 15 0o more efficient and bas such other contraincications that
I have yet to find its use advisable.

Whmlhapaumthmbemowd.mccdpdmﬂdmwmeetmpuﬂcd
out from beneath the mattress on both sides and rolled up until they can
be grasped firmly One or more attendants, according to the stze and welght
o!thcpadcm,grupﬂmro]lcdedpotthnthcdmdthandeo!ﬂm
patient. If a cervical Injury 13 present another attendant must hold the sides
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ulthcpuucnuheadundmmltmd(hcncckat the same rate as the body
ts turned Only In this way will flexion, torsbon o1 Iateral bending of the
cervical spme be p d. The opposite atiend pull agninst cach
other and ughten the sheet nder the patient (Flg 22) These marcuvers
are prelimmnary to the actual turning, which is carried out as follows To
turn the pabent from his back to his keft side for example the attendant or
attendants on the patient s right maintam their pull on the draw sheet and

B
®
o

dition Idt its edge up and toward the patent’s left side During

procedure the attendant or attendants at the patlent s left merely keepltlll:l:
sheet tight (Fig. 23) This rotates the patient in one prece (Flg 24) but
places him dangerowly close to the Jeft edge of the bed. To carrect this,
both sets of attendants muntain ther hands and the sheet in the same rela
tive poutons and acting In concert Jift the patient without changing his
newly rotated position and move him bodily to the center of the bed (F,
25) W’uhlhcpnmtthmpmpcdyphwd.undnfmhhlep,bodymzd
urmmndimlcd,pmw:dnndunbﬂimdby;ﬁﬂﬁws,tbnibeﬁbnpln
tocked bencath the mattress and the covers are readjusted To tum the

patient from his back to
with the mdes reversed his right side the previous steps are carried out
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To change a patient from his side to hss back, he s fifted oa the daw
sheet, after It has been tightened, and moved o the side of the bed away
from which he is to be turned After straightening the patient’s Jegs, the
attendant facing him holds the sheet tight and honzontal, The attendant
behind the patient brings his part of the sheet agamst the patient s back,

Fig. 23 The patient rolicd toward his jeft.
H)

after which the two attendants, working in coocert, turn him toward his back
while supportmg him front and back with the sheet, until he is flat In the
middle of the bed. Thero, after hls legs, body and arms are adfusted, pro-
tected and stabilized by pillows, the draw sheet Is agam tucked beneath the
mattress and the covers are readjusted.

After thes has been demonstrated and practiced once or twice, this method
O(turnlngpntwullcanbewﬂyclrﬂcdoutbytwonunaoroniaﬂﬁ
(three in the cervical cases) except when the patient by excestively large o7
heavy when four or five wall bo necessary No other method Is safe or can
be countenanced, no matter what the level of injury Neither hyperextension
on a blanket roll nor tractron with Crutchfield tongs or 2 flanncl-bandage
halter contraindicates the use of this method.
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Braces snd Spllnting
No part of any patient with a spinal-cord or canda-cqidna infury shotdd
ever be enclosed in plaster of paris

The need for braces and splinting of vanous parts of the body in patients
with splnal-cord and canda-cquina injurkes falls into four catcpories. The

Fig. 24 The patlent turned on his left sido at the cdge of the bed.

first has to do with emergency splinting at the scenc of the accident the
others concern any other splinting that is necessary until the vertebral Injury
has been bealed and is permanently stabilired In position and the patient
is as fully ambualant as his infory will permit.

Emergency Splinting
Tbcmeparﬂculucmcrgmcy in cases of spinalcord Injunes that re

linting, ks the cervical injury Here the
Ehngcro(movingﬂmpnﬂeutwhommppoﬂfarthcnoc.kmdhudhw

Ve
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great that the splinting mnst be immediate must be of a type that can be
applied with the patient fiat on the ground and without the need of Eftmg
his head and must be of matenals that are casily and immediately available
almost everywhere These requirements are met by newspepers and mall
turkish towels. Elther one can be used as an effident emergency cervical
splint. Befare being applied, both aro falded lengthwne m such a way that
their folded width corresponds to the width between the angle of the

Fig. 25 The patient moved to tho center of the bed. Noto the artendant tormmg tbe
patient’s hesd.

patient s lower faw and his clavicle. In cither case one free end s pusbed
beneath the patient s neck, pulled through and wrapped sugly around and
aronnd untll the paper or towel is entirely used. The wrapped matenal B
then held in place by tying a string around it or by the use of adhesive tape.
The splmt must not overlap the Jower aw and must provide a shelf oa
which the lower jaw and occrpat nde and by means of which flexfon and
extension of the head are prevented. With this splmt in place the patent
mnmbcmﬂedmhu!mwimhu[mbadwﬁmnhﬁmd‘d
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towel in such o wav o3 to allow him to breathc and vomt freely He should
be left in the same place and In this position if transportation cannot be
undertaken at onet and then later can be safely rolled onto whatever
stretcher or substitute therefor is used to transport hum to the hospital.

Other than being transpotted face down ond at full length with lateral
steadying supports made of rolled blankets, large rocks, pillows overcoats
and so forth there is no occasion ta provde emergency splinting for other
kvels of spmal-cord of spme Injury

Primary Haspital Splinting
Finst splinting of cervical injuries fn the hospital shonld be combined

wath traction and should replace the folded newspaper or towel The prefer
able method bs wath Crutchfield tongs (Fig. 26) (sec page 235) These are

Flg 26 Crutcbfield typs tongs b place.

runiature ice toags in principle The ice ar head holding tips of
the ton,
:;:eqmppcdmmlhnrppoluuthmmmncdlnmnmnpl:olamdcg
skuﬂby-qxcmldrﬂlpointmmng-pdnumpmrnwdlmlﬂp—
Pping or from penctrating too deeply into the skull by appropriate locking
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great that the sphntmg must bo immediate must be of & type that can be
lpphedwiththepademﬁntonthegmundn.udmthomthcnwdalﬂfﬂng
tus head mdmuﬂbeo{mntcrhhthntmnsﬂyandlmmcdhtdynﬁhbh
almost everywhere These requirements are met by newspepers and small
turkish towels. Elther orie can be used as an efficlent emergency cerneal
splat. Before being applied, both are folded lengthwhe m soch & way tha
their folded width corresponds to the width between the angle of the

Fi,u The patient moved to the center of the bed. Note the attendsot tarmg te
patient’s hesd,

padmtsbwa}nwmdﬂxchwhlndthcrunmofmmdupmﬁ
beneath the patient & neck pulled through and wrapped snagly aroand .
aronnd until the paper or towel #s entirely nsed. The wrapped matenal
then held In place by tying a string around It or by the use of sdhesive txpe.
Thexplmtmmtmtowﬂaplholowujlwmdmuﬂpruﬁdcnlb‘“l:
which the lower jaw and occiput ride and by means of dhich flexton
extention of the head are prevented. With this splint In placo the paticst
can now be rolled on his faco wnth his forehead supported on s fady folded



-
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dcvxcca.‘Ihetougsmboapp!rd azywhere and the certain,

ot be moved to an operating room for the purpose mzlamm
andlhcnp:m:cﬂcdjnstbc}owmdnnru'}ortotbcplmulﬂnhmcuh
such a position thntthepuﬂtﬁcyexmwmbcpamlklmﬂmmrmﬂkm
axhvfthcmwimlspincmdwlmled!hﬂlbcywiubalnuﬂuumdm
»s poaddble Aﬁ:radjurtmrutmd}ockhg,ummhuwpmmmmbe
hungfmmtbctonpbymcamo!umpcpu.ucdovcrupuﬂcy Through

ff ..

g 27 Flannel

adjustment of the helght of the pnlfey the Line of traction fn refation to the
line of the cervical sploe can bo paraliel, kn flexion or in extennon.

At umes Crutchfield tongs are not available and perhaps may mot be
procurabls for some hours This valuable timo should not be wasted and
until the tongt can be procured traction with a homemade fannel-bandage
bridlo should be substituted for the newspaper or towel splmt (Fig 27)
This latter aliows the use of & maxhnum amount of weight of only 5 povnds,
however To make the brydle, & flanne! bandage 2% oc 3 inches wide b
folded lengthwite on uself €0 that it i of such # Jength a3 to make ¥ Joop
mundthnpaﬂcﬂudlmaudnmaﬂowfmmdsex(mdmgbcynndhhmﬂ
for o matter o 4 10 6 mches. A similar but somewhat shorter length of
flanncl bundage 11 prepared i the samo manper The first baodage iy then
hooked around tbpntknftmhmmmtboﬁmcndxpmlnghmalwdt

.
bandege baher i place.
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flannel loop and by rausmg and lowenng the pulley of the “Buck’s exten-
sion,” the apparatos can be adjusted 1n such 2 way as o exert traction m
eny direction and to equalize the pull between the chm and occlput. No
mare than 5 pounds thould be used with this apparatus, however because
of the danger of producing pressure sores on the chm and occiput.

Pnmary hospital splmting for spine and spmal-cord myuries at other
levels Is adequately cared for by hyperextending the patient over a bianket
roll that has been placed between bed boards on top of the spring and be
ncath a hair and a foam-rubber mattress. The roll should be pleced at 2
pount approximately opposite the kyphos Its size will determune the amount
of hyperextension (Fig. 9 page 71)

Splinting for Mobiiztion

Mobilization prior to weight-beanng and ambulation requires splmbng
that is designed to maintain the reductron and the posttion of the damaged

-

Fig. .9 Aﬂmmtypumppmmmﬁﬂcdhylhemmhmcmulpﬂﬂchndmﬂhﬂ

bone until the latter 1 solid, and yet affard the patient the benefit that comes
from increased actity In cervicalunjury cases this requires the wse of &
Zimmer type support, modifled to include a pelvic attachment (Fig. 29)
Th:Zimmrr—ty-pcmppcﬂcommsoftwo}cuhcrﬂ.nedmeu]mp!mol

to fit the chin and occrpat, respectively th:harche.ldcntwoﬂlrmdfd
uptights that arc adjustable for height. The cups are fastened to esch othet
bylcadl:rnnpsltth:usldu.ThtymmppoﬂcdonnntcﬁotmdPu"
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and cervical cord, renders this goal unattamnable Sudden, unpredicable
steetch reflexes cause flexion or extenslon of the lower extremities and trunk,
with precipltate loss of balance. The result is cuther a fall or a rescue by the
instrustor erther of which offers a psychologic and mechanical hindrance
to ambulation progress. Moreover decubitus ulcers, an ever-present threat
In paraplegic patents, frequently result when braces ars forced on 2
markedly spastic subject.

With these complications successfully treated, however a coatour trsc
ing, supplemented by measurement of the curcum{erences of the extremities
and the trunk, is made of the parts to be braced. When these measurements
arc made the patient must be lylng face up oa & fat surfece The peescribed
brace 15 then grven to the patient, and he is mstructed 10 1ty application n
bed When this is learncd together with other bagic elements of self-care
the patent Is decmed ready to begm ambulatian traming

A basic premise must be borne in mind concerning the factars mvatved
fn choosing the proper brace for & piven patient  The function of the brace
Is not the support of body weight but the malntensnce of pormal pestusal
relations through splinting action In effect, the muscle groups responsibie
for masptaining the body m an exect, stable posltion are replaced by external
mechameal supports, with maxmom retention of pormsl point funchion.
Three determinmg factors may be mentioned. The first Is the level of the
wjury which is usually the most impartant smgfe criteron for determiniog
the type of brace that the patient will need. When the optimal stage for
brace fiting described above has been reached, there Is pumlly a close
cotrelation between the level of mjury and the type of brace indreated. In
most cases the type needed may be accurately determined in advance by
careful mescle analysls to ascertaln the exsting defiart. Snch sty should
be dope at regular intervals dunng the course of rehabilitatran, pot ooly for
this purpose but as an index of improvement as well perticutarly in partisl
lestons of the cord and cauda equina. Minor variations in the standard beace
may be mdicated thereby Moteover the patfent must be obeerved fn all
phucsolummhuonmmmgmorderthltlpmpadcchcnmﬂb‘
reached. Any changes are usually variations Jn 8 mngle category of bre
rathier than between categorics—such ax changes in the constructien of &
back brace

The second factor is the severity of the mjury whether it is & partial o
a complete lesion of the cord or cauda equima Selection of braces for coe-
pletc Jesions 15 relatively simple but partinl lesions prescat & greafef
problem smce the level of infury canaot be closely correlated wth the type
of beace {ndicated. For example, a patrent with & partnl coed eston st the
ﬂﬂhccrvimlugmemmayrcquucndcubicupﬂgm}egbnncwﬁhldmp-
[mupﬁngonthenxhtmds:lmplawhtdmp—fombnecont}nkfn'lm
situations must again be met Individually on the basts of thorough macke
anatysis and clinical observation of the patient in ambulation the app-
ance that most nearly replaces the existing defieit is then chosen

The third consideration compruscs malformations that may bo presest.
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or to transection of all or part of the flaments of the cauda equina. Spasm b
rarely a problem. This injury 15 most frequently seen in patients with partial
keslons of the sacral cord and cauda equina In such involvement, the func
ton of the brace is to substitute a compensatory force for the lost dorsi
flexors of the foot and if necessary to stabilize the ankle Paralysls of the

Fig 31 Calper type long leg brace with a detachable drop-foot spring attachment.

tiblalis anterlor extensor digitorum longus and extensor hallucis longus
muscles will result 1 a drop-foot with little change m ankle stability Such
patients, therefore arc adequately supported with the wire drop-foot bract,
tnce no lateral stabilization of the ankle is required In cases in which there
is complete 1033 of all muscle activity below the knee however stabilization
of the ankle is desirable since such stability is normally chucfly depeodent
on the Interaction of the muscle groups of the lateral and posterior aspects
of the leg. This u best accomplished with the double upright drop-foot
brace which provides good bilateral support of the ankle joknt and positive
spring drop-foot correction
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Long Leg Braces (Figs. 31 and 32) The specifications for long leg
braces are a3 follows

CALIPER TYPE 1ONG LEG DRACE WITII DETACHADLE DROP TOOT SPRING
(Fig. 31) The upnghts arc made of 3, by *1¢ inch stecl have a hinged
Lnce jolnt with a drop-nng lock and calf and thigh bands of 17-gauge

Fig 32 Caliper type long kg brace with hinged nklo jont
and strTup attochment.
Drog-foot sprmyg and thoe are permaneruly attached,

tprmg sicel, padded with 3/, inch sheet sponge rubber which is covered

;ﬂmulmdnﬂ'-canklz}u\mhofﬂxmhpﬂtypc with a detachabk drop-

{001 spting. The drop-foot spring with a standard attachment above 11

;tcmdbdcwwnitcclimt:pbm measuring 36 by % inch by means
2 detachable slotted plate that fits over a button forged an the end of the

:::ppme The weight of each broce with a shoe is 5 pounds 8 cunces,
the total weight of both braces with shoes 11 11 pounds.
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LONG LEG BRACE WITH HINGED ANKLE JOINT AND STIRRUP ATTACHMENT
(Fig. 32) The uprights are made of % by 3{¢-mch steel and bave 2
hinged knee jount with drop-ring lock. The calf and thigh bands are 17-gang
sprng steel padded with 34 ¢ inch sheet sponge rubber covered with calf
siin the drop-foot spring is permancatly attached above and befow oo
aitber side of a semildnged ankle jomt. The weight of the brace without a
shoe iy § pounds 8 ounces and the total weaght of both braces 13 11 pounds,

INDICATIONS. The cluef single ndication for thrs type of brace is the ks
of stability of the knees. This added factor marks the diffcrence between the
functions performed by thus brace and thoze of the double upright drop-foot
brace The ability to mantain the legs in extenslon and consequently to
raalntaln the body in erect postare is dircctly dependent on the ntegrty of
the quadrceps femoris muscle Should analysis and the clmical tegt of hav-
ing the patlent stand erect Indicate that the activity of these muscles 15 kost
or 30 weakened as 0 render extension of the legs inadequate, thes furchon
must be replaced by long leg braces. These deficits occur predominantly &
the result of cord injuries below D9 segment but may be duc to severe
partinl injorles or to complets transections of the cavda eqmna at of befow
the level of the third lumbar vertebm, Any remaining unparalyzed flexons
of the lcg arc necessarily densed their notmal action &t the knee by virtue
of the fact that the knes joint Is locked in extension by the brace, and are
not of primary importance in determiming the type of brace used for fojunes
of this Jevel Their importance, #s 15 true of any remalning function of the
quadriceps femoris muscle lies In determining the type of gait the patient
will use. Thus brace assists by enabling the patent with complete or partisl
loss of function from the ninth thoracie through the fifth sacrzl segment 0
stand erect and to be truned to use the gait best swted to his lnjury

These two types of long leg brace arc presented because of thelr relatve
ments and disadvaniages. The first, with a detachablo drop-foot sprivg, ¥as
devised in an effort to overcame the difficulties imposed by the caliper-stop
brace while retaming the advantage of a detachable shoe. The caliper-stop
boee morcover particularly with heavier patients and those sctively o
giged In ambulaton, is often subject to recurrence of the drop-foot owlog
to posterior bending of the stops. This happens becanse all the ambulatio?
garty—but particulary the swing-through—tend to cause forciblo plantat
fiexion of the foot, extra stress therefors betng exerted on the stops. Stmilar
tenston 15 exerted when the patient ascends stairs and other obstacks whet,
dunpg the course of the ascent, the too of the foot is caught
under 8 protruding ledge. The detachabi¢ drop-foot sprng type of long KE
brace, on the other hand, bas the drop-foot sprng fastened permanenty
above but the lower attachments of the sotted plate to the protroding
bunmonms:hxmmadenﬂﬂthcaﬂpcnmhnmﬂmpmmw
tmxioncx:rtcdbymd]lpmpcﬂyadfn:wddmpJootspﬂngnﬂommmﬂl
plﬁ.nmrﬂcxmndthelomandhupmvedmmcﬂ:cﬂve!hmﬂﬂp‘mt:’;]
rec!J.ngthcdn:cp{ooL’l'h-::pun;;llmuldbcl:mmﬂeltoir.vm;:q:»ortmxlﬂme
upnght!nordatoroducethclmdcncytocvmionaud.bducﬂoﬂof
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foot, which may otherwise result if the mechanical advantage is too great
Forthermore  the spring must be properly adjusted 1o prevent over—corree
bon The chief pdvantages denved ore the convenlenee of application and
removal, withont the necesuty of removing the shocs, and continued drop-
foot cotrectron, The advantage of the second type of brace with its hinged
anle joint and stirrup attachment, is the provision of a slight Increase in
Tateral stability of the anlle wuth the stame good drop-foot correction The
hmge may be comtructed to allow plantar flexion of the fool. The obvious
disadvantape of this brace bs the greater difliculty of application and removal
and the necessity for removing shoes and braces simultancously

In the use of either of these braces, theee polnts of chinxcal importance
should be emphasized The hinped ankle joint should be placed | em above
the tip of the lateral malicolus in line with the transverse axis of the talo-
tibml Joint. The knce joint should be placed opposite the midpomt of the
medial and lateral condyles of the femur (the points of emergence of the
transverse axls of the knee jant) If the knee jount bs placed too high it
will be noted on sitting that the thigh bands are displaced antenorly and
tend to cut into the soft ussues of the posterror surface of the thigh. The
reverse s true when the jomts arc too low There Is & tendency though less
marked, for similar prexsure to be excrted on the leg with a dlsplaced hinged
ankle jount, and if the fower ends of the uprights are excesslvely high they
may tear the patient s clothing when worn under street clothes. Care should
be exercised in determming the height of the thigh bands. These should be
pizced on a slant with the laternl extremity 1 to 134 inches higher than the
medal end. Excessive height of the medi2l end may cause the formation of
decubitas ulcers over the ischial tuberosities and undue pressure on the
perineum and penitalia.

LONG LEG BRACES WITH A PELVIC DAND (Fig. 33) The specifications of
neiong leg braces with 2 pelvic band are as follows The uprights are made
of %, by ¥4-nch steel with calf thigh and pelvac bands of 17-gauge
3pong stecl, padded with 34 lnch sheet sponge rubber covered with calf
akin, The ankie jolnt i of a caliper type and the kneo joint i & drop-nag
Jock-humge point. The uprights are extended to a pomt midway between the
preat trochanter and the crest of the tum with a free hinged jout allowing
anteflexion and retroflexion at the hip mcorporated oppasite the great
trochanter The drop-foot spring is fixed above and is detachable at the thoe
by means of a slotted plate that fits over the button of the instep bar The
Pebnc band is secured by a single padded leather strap The welght of the
brace with shoes 1 12 pounds 9 ounces

INDICATIONS Analysis of the component parts of this brace indicates that
s only additional featurc comparing it with tho Jong leg brace, ks the pelvic
band. This bs attached by mereasmg the length of the lateral uprights of the
Yoag leg braces and fastening tho band to the uprights with a frecly moveablo
Ep}om No Jock Is attached. Its adoption for use by the peraplegic patient

Wmmmcdmrpcctﬂclnzﬂuﬂmmmmmbebwm
egment that are 5o complete as to deprive the patient of the fanctions dis-
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cussed above ander the Indications for the long leg brace will 10 certain
nstances require the pelvic band extension in additron. The same foot and
ankle support is needed, as well as the capacity to mamtmn the knes fn
extenston m a standmg ponition. The additional factors involved are the
rotation deformities occasioned by the loss of part ot all of the functrons of

Fig 33 Caliper type fong lex brace with pelrio busd. Tbe hinge at ths bip joint B
freely moveable,

the internal and external rotators of the thigh, Paralyns of the external thigh
rotators when combined with some remaluing fonction of the internal rot-
mrmﬂumamadmlwhﬁcﬂdszmhyofthc}nwvrumﬂai”w{
leg braces alone are used Tb.upodﬂourmdmitdlﬁmhforlhﬂl”;:
to swmg through wmoothly and to regain balance properly during am!

tion. Conversely unopposed external rotation of the feet interferes even
more with these maneuvers. Tho specific fonction of the pelnc pand 13 10
corTect either of these two formss of musculsr imbalance by fixing the Jower
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extrermitics in the proper anteroposterior alignment of 5 degrees external
rotatlo. As would be expected however no appreciabic laternl stabiliz
tion of the hips can be obtatned In additlon since the chicf point of such
instability io high lesions i In the lumbar portion of the spinc Recognition
of the need of a pelvic band may only be possdble through » study of the
patient s ability to maintain proper abgnment of the lower exiremitics
during ambulation

1t 15 essenthal that no Jock be placed on the jomt In the brace that is
oppasite the trochanter smoe the normal ction of the hip joint must be
preserved, regardiess of the gait used Moreaver the hip jolnt of the brace
must be placed at the proper kevel to obtain maximum function of that
jornt. When It 15 too high there ks downward traction on the peivic band, as
well as undue pressure by the thigh band on the antenar aspect of the thigh
when the patient rs 1n the sitting position I it Is placed too low there is
upward thrust on the pelvic band and pressure on the posterior aspect of the
thigh The pelvic band should fall midway between the crest of the {lium
and the greater trochanter In order to avoid pressure over the bony prom!-
nences, with possible decubitus-ulcer formation. The comfort of the patient
mast also be considered in injuries that requure this spimt, because the top
of the anesthetic area is usually below the polnt of contact between the
body and the band.

LONG LEQ BRACTS WITH BACK BRACE ATTACHMENT (Figr. 34 and 35)
The specafications of these braces are as follaws The loag leg braces and the
tateral supports of the back brace sre mrde of & by 3, inch steel, wmath
calf and thigh bands of 17-gauge spring steel and a back band of 17-ganpe
sprmg steel or dureluminum, which is padded with ¥ ¢-inch sponge rubber
covered with calfskn, The anklo jownts are of the caliper type, with detach
abie drop-foot springs The knee foints have & drop-nog lock with a hunge
jomt, and the hip jonts are of the freely moveable hinge ¢ype. Abdominal
support 1s provided by a prece of 11-cunce duck fastened to the laternl stee]

lements with multiple canvas websteap

INDICATIONS The use of this typo of brace 15 limited to the highest levels
of cord injury—that b, those that are above D9 segment. The distingulsh-
mng fearures of the brace are lateral hip stabiliration by functional replace
ment of the muscle groups controlling the actions of the peles wnd Jumbac
spine and fonctional onification of the thorax and pelvls as & substitute for
the paralyred trunk muscles. The degree of impairment of these muscle
groups depends on the [evel and compietenesy of the injory If anafysis of
the approprmate Tar activity inds a defict of clinkal mpor
tance artificial support must be wsed to replace the following wital func
uons the maintenance of the erect posture of the trunk the hteral stabllity
Dtﬂupc}vumdhmbarlplnamdtbcnmntenmccoﬂbononunlpclm
melination ﬂwﬁmohbac!uncdom,oxmdmcnmcco[ﬁnccmmt\m
of the truak, is performed by the fliocostalis lumborum, loagrssimus dorsi
¥od quadrates lumborum moscles, which are all extensoes of the spinc and
ncprtdomln;ndyinmrvntcdbylh:ﬁmfau:huubarnguwuuelu\e:plm!
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cord. They also act as latern! flexors by contraction of the homolateral with
the simultaneous relaxation of the contralateral group The second fonc
tion—that of stabilization of the pelvis and lumbar spine—is provided by
the intrinsfc muscles surronnding the hip jounts and the fnmbosacral groap

o

Fig M Flg. 33
Figs. 34 and 35 Caliper type fong lex brace with back suppoct. Fig. 34 Frot wew
Fig. 35 Back view

of musclex. Although the former contribatz appreciably to peivic sability
the latter appeary clinically © be the more lmportant. In sddition to theke
ammmmﬂm‘dm&pmmlmwmmﬂwz
eswnnal They perform a dual function They pot only are Important

ﬁ:mﬂdLbCIumburrp‘newmommmmthcuwonotmcpdTE
and lombar spie to malntain the normal angle of pelvic inclinatios- e
aogle fcmedbetwccnthgtmecou[ugatcmdtbcba-lmnulwnh b
patient 1n the standing position is rormally 50 to 60 degrees. Paralysis
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these two opposed groups occurs with transection at the sixth thomee
segment or above and results in Jumbar lordoss with & marked inerease In
the angle of the pelvic Inclmation This Is increased by any hip-fiexor con
tractures that may be present. Such lordosn is very disabling and virtually
prohibits the aftalnment of balance and subsequent ambulation. The add:
trion of the back brace is designed to correct this and to malatain extension
of the trunk by articulation with the thoracke cage above and with the lateral
leg supports below The pelvic extension produced by the Infenor transverse
portion of tho back attach gether with the repl. of the ab-
dominal musculatare function by the abdominal support, tends to malatam
the normal pelvic inclination Side sway at the hips Is climinated by the
lateral upnights, and thigh flexion and extension are relained throngh the
freely moveable hinged hip joint (Figs. 34 and 35) The latter action Is
also indsspensable In teaching the patient the proper swing-through in
crutch ambulation By belng allowed free extension at the hip jomt, the
patkent 1 epabled to balance momentarily with the thighs m shight exten
sion after completng the swing-through while lifung his crotches forward
to begin the next swing-through. The ability to get the hips forward after
compietion of one swing-through in preparation for the pext Is eysential
for efficlent swing-through ambulation, regardless of the type of brace
emplayed.

1t s In connection with the use of this brace that the necessity for proper
P bulation therapy becomes most evident. Any spasm of the muscies
actmg on the thigh, pelvis and trunk must be relieved otherwise, the patient
will be subject to sudden “jacking” forward or backward as the result of
2 mass reflex jnsuated by the stretching of these muscles m the act of
swnging. The psuient most also have picted the basc 3 of
balance, since it is particularly important in lesions of this level that stability
and a feeling of confidence be acquired. Shoukd all medrcal therapy of a
well developed mass reflex fail and the patient refnse surgical correction
this type of brace cannot be employed consequently the most efficient
ambulation cannot be attained The alternative v the koog leg brace with
a2 pelvic band bot with locks on the hip joints and & wider abdominal
port. This combination allows the patent to substi flexton and i
tn the lnmbar spme for normal hip motion because of the spllating effect
provided by his spastc muscles This is not an efficient method of ambu-
[ating, and this is pever 1 ded a3 the procedure of cholce
bat only as a last resort under these particalar crrcumstances.

The height of the back brace has been the subject of moch discussion and
experiment, but the optrnum has proved to be 4 cm below the infenor
ange of the ecapulas (Figs. 36 and 37) This 1s suficeently high to allow
Smdmkuhuonwhhthclowuponjonahhclhondccagnandydnlcw
€Bough to permit free action of the scapulas and other elements of the
pectoral girdle Higher back braces are superfluous, since the thoracic cage
hmﬂmﬂymﬂ:uppo«wdbyupmmumdm:pcamﬂmdk.Apod
Uve objection to braces extending above this paint ks the Interference offered




148 THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

to the proper use of crutches, which become entangied with the back-brace
extension. The height also has a direct bearlng on the total wenght of the
splint, which at best exceeds that of any other type. Any attempts to redoce
the weight by substituting duraluminum for the uprights and transvene
struts of the back brace have resulted In faflure because of the great stress
that the appliance is called on to bear Some weight, however may be

y w4 T

A il
F1|.}6.Plhcnlmﬂn.c-1bcrtypelm1le:bnuwlhnbkappatsm¢ll
A back view B sido view

spared by the use of sheet duraluminum jostead of 17-gruge steel In the
mnmbodyulthcbackluppon.buti\mhcrmollhhmatﬁfﬂﬁfm“
doomed to falure

The caliper with a detachable dm;rloollprlngmdevdopcd]"d"i:i’
lotpaﬂtnumthbackhmcu,llncelhnlmmp—typckgbrwcwkh -
nndbuckbraccnmchadrcqukuthewhune:ofmourtwopﬂw;.
the application and removal of the tmwicldy device. With callpers pla
detachable drop-foot aprng the patient can wear shoes continually bl
mccnﬁpenmmmcnhouandlhmpmccedmhcotbebmmfmm



THE CENTRAL NERVOUS SYSTEM 149

upwand. Unless o caliper lock is employed in addition  to stabil the ankle
omt, some stability may be sacrificed, however This fa justifiable since it
means the difference between o brace that i3 procticable for use and one
that is not.

PREFABRICATED ANKLE JOINT TOR LONG LEG BRACIS A prelabricated
ankle joint for the long leg braces that combrnes the stability of the caliper
stop-lock and the flexibiinty of the detachable drop-foot spring has recently
come on the market. Ttis sofd under the trade name of the Pope Foundation

3
Frg. 37 Patent wearing caliper typo kg leg brace with » back support, Sested A
{romt view B akic viow

197 South West Ave Kankakee, lllinois, and b designed to be incorpo-
fated mto the lower end of the lateral upnght of the long keg braces between
that point and the shoe attachment. It is 50 bullt a3 to provide solid Iaternl
support for the atkle to be detachabic from the base plate In the heel of the
shoc and yet 1o provide the desirable mobile sprng-type of drop-foot cot
rection by virtue of an mcorparated coil-spring opposite the ankle joint.
The teanon of this spring s adjnstoble to suit the Individual's need So far
after fuirly extenuve usc this seems to offer the best solution of the problem
pased by the need for support for drop-fect in patients that can wear long
leg braces. The added expense i not prohibinive.
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Migcellaneous (Fig. 38) In patieals whose injudes are abows {he At
thoracic segment, certain special appliances made for the arms may prove
useful, dependmg on the distribution and amount of arm muscle paralyss
that is present. Among these are the trrceps brace used to matam the arms
in extension o leather mitt with straps to hald the paralyzed fingers in fiexion
around the crutch-grip (not shown) and a leather wristlet to mamtam wrst
stabulity Others are the knee strap that 1s nsed when necessary to prevent

L
r- - 4
s Oy

Fig. 38 Miscellancom hracer. Upper left, knee prap: middle feft, “T” strap lowe
teft, detschable spresder bar right, decper”™ brace.

genu varos or genu valgns, and the T strap that performs & shmilar func
ton at the ankle jolnt, A cock-up sphnt ls made of a wire frame with tram
verse canvas web supports. A sleeper or & temporary brece for v o ¢
legr and the cock-up splints are used in the earlier stages of mobilzation
beforo the patlent becantes ambulatary They atd in preventmg flexion coo-
tractures of the wrist, ankle and knee ﬁcd:udmb}e:pmdﬁbarhm‘t
stomally employed in teaching the swing through to paticnts In class 4 bu
its further use 15 discouraged It 13 stiached by cither end to both
uprights at the ankle Jevel by means of balts and wing nuts andpfw";:
sirultancons forward movement of the Jegs. Tho Taylor back barce {
shown) fs used for the correction of spinal deformities mm the
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| which scvere hyphosis develops in high thoracke and cervical
II be noted that the indications for splmdng for ambulatton are based

ly on the fon of a tr ing Jeston at the level
«d In lmomplcic or partial lujurino(mccordbclvwmcccrvknl

L.

Fig. 39
Ll?lndﬂCmmuclbnolkmlnde}ohhlucd t long leg braces
atber & pelvic band or a beck support. Note mcchlq;}“ulyg:ctho;:hka

wec joint and the freely moveable nmlochbleh int. 3% The
o and the knee jomt i Jocked, fp Jolnt Fiz pad

g
w

and of the cauda cquina, it is impossible to state categoncally in
xt exactly what type of appllance will be fndicated, not only becanse
* wide variance 1n the Initial pattern of muscular dysfunction but also
12 there may be gradual Improvement 1 muscular power over a perfod
oaths following the trauma. Muscle analysis i3 induspensable as the
1step m deciding on the splint requiretents when the patent Is ready
acing. With ths information at hand and with the specific function
xmed by each type of applunce borne in mind, a rational appronch
be made to cach individual problem. In cervical cord infuries the



152 THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM

extent and dutribution of the paralyns in the arm muscies will determme

the apphances necessary 10 attnin the greatest amount of uselul moton.
Brace Construction

The knee Jock used In the Jong leg bruces is recommended after testing
several more complicated types (Fige. 39 and 40) Tt is of simple, rugged
construction and requires only 2 minmpum of machining and repair This

Fig 40 The patient is seated and the kace joint b nnlocked.

gravity lock ix easily manipulated and foolproof during use. More elaborate
locks are more expenmve are Liable to damage by twnsting or bending and
may fead 10 unexpected falls.

The wiith of calf and thigh bands s of practical importance. As & ge0-
erel ruke, best rerulty are obtained from narrow bands Circulatory embar
rassment may well result in older patients If calt and tugh bands are €00
wide or laced too fghtly This precaution is particalarly applicable in ps-
tients with any changes in or other Impairment of the peripheral circulatio

Steel i the materisl of cholce although its welght b somewhat greater
than that of duraluminum. Its durabllity and capacity to withstand torsion
and stress particularly those of the higher braces and fn heavy patients,
make It hreplaceable by any of the Yight altoys at present avaflablo Further
more, observations on duralumlnum braces indicate that joints made of thiy
metal deferiorate rapidly and that the frequent twisting of the uprights
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necess]| constant

successlul.

N

nt, which is rorely If ever completely

Gaits

It Is essential, In any discussion of braces to mention the type of gait
that may reasonably be employed with & ghver applimnce. Pauents requiring
oaly drop-{oot braces will have the most nearly normal gait. Their oltimate
requirements may be lmited to one or two canes, and they will vary from
normal only in that they will tend to proceed on 2 rather wido base with
steppage pait. Initially it may be necessary to tratn such paticnts with
crutches instead of canes, but the use of crutches should be discournged as
rapidly as possible—the most obvious objections to them belng that they
call attention to the patient s handienp and promots n feching of dependency

The type of gait to be emplayed by patients with long leg braces will
depend on the degree of function remaining in the thigh flexors. Should
these muscles be adequate to advance the Jegs even though they are not
strong enough to support the patient s body werght, elther the four point or
the more mprd two-point crutch gait is feasible. In elther case, the patient
should also be taught the swing-through, which is the most rapld of all gnits
and which may be required in situations in which speed is desirable, as in
crossing strects at traffic Iights. This type of gait can be taught to any prop-
erly prepared patient with & complete or partral lesfon below the finst
thoracic segment and Is mandatory for those with loss of thigh flexors and
with lugher paralyses The pelvic band group will not usually have enoogh
fonction remalning to aflow them to use the two-point and foar-point gaits
and consequently must be taught the swing-through with the preliminary
temporary swing-to gait.

For patients requirmg back braces, the only practicable gait for distance
walkung s the swmg-through, which should be taught to all such patients
except those with lestons above the second thoracic segment that aro so
KCYETT a3 tO Cause gross impairment of arm function. As in the pelvic-band
group the swing-to Is taught as & prelminary to learning the swing-through

The swang-to Is retained only for ring in close quarters whers the
lack of space renders the swing-through impossible. Since their hip folnts
must be moveable for efficient ambuolation, it bs incumbent on these patlents

mmnmmmwmdbalmmhdmmdcdofthowmthlm
mjurles

No pathent should be permitted to attempt elther the shufflo or & swing to
£alt untll be has toronghly mastered the art of balancing with first one and
then both crutches off the floor unsupported elther by ap Instructor or by
mﬁdalmammpmumdmdwnﬁdcmegﬂnedth:mbyhubadc
requirement in the later progress through the shuffle and swing-to and in the
acquislilon of an efficent swing-through galt. Concurrently snd Iater all
palents must go through a period of atenslve mat work and other calis-
thenics detigned to strengthen the muscles of the pectoral girdle and arms
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to & polnt that will permit them to mect without fatigue the strest of weight
beaning that Is demanded for ambulaton Tlus is particularly tmportant ia
the group with the higher cord mjuries
Levions high enough to mvolve the perve supply to the muscles of the
upper extremity usually force the patent to walk with a swing-fo or shuffe
galt.

Discipline
Patients with severe spinal-cord or cavda-equina injaries often present
cfficalt discrphinary problems. They and those closely related to or pro-
fessionally associated with them may have extremely difficult sdjmstments
to make These are psychological firat of all, and then soclal, financial end
operational. Succesaful adjustment 18 only possible to all concerned if the
ultimate goal is kept afways in view This goal fs to provide the patient with
the greatest possible amount of rehabilitation. Psychologrc rehablitation i
possible in Hts fallest rense only when physical rehabllitatron 15 as near per
fection 23 possible. This applies not only to the adjostment required of tho
patient but to that required of his i diate famidy hm dant or nursc,
his doctor and Hus friends as well
The formdation of physical rehabilitation s the ability to care for oosd
self. It fs during this early period of traming that the problem of discipline
may appear Any Instance of lack of self-disciplne, which may be mank-
fested as refusal to eat, the wse of foul language, lquor drinking, throwing
things or physical violenee i fundamentally an emotonal outbarst that
quite anafogom to lemper tantroms in & child. Attempts to correct it by
sympathy the application of reason, acquiescenco or physical combative
ness only make bad matters worse Tho only effectrve way of dealing with
thds problem at this tume is to isalate the patient physically deprive him of
his audience and withdraw all services until tho emotional storm is over
There should be no hewtatton about this. The wife, sttendant or murs
should glve bum clear wamnmg gt the first of soch outbreaks that whea the
next occars she will drop what the fs doing, whether it Is feeding him
ciraning or bathing him, grving him an enema, changing hls bed or anything
elso and npeither retom nor resume brer activities until an apology has beed
offered and accepted, There should bo no recriminations, fixing of bame.
nagging of punishment s an aftermath, however A prerequisite to 2
cessfnl discipline—and espectally to & maximum rehabifitation—is a comm
p}c::knowkdguhyzbep.dmgmdaped;ﬂywhhimaﬂmhmﬂyd
hia condition and all that it tmplies There 18 no greater detnment fo ¢
adjustment and rehabilitation of a paralyzed patient than a husbend, wi€
or parent who refuses to face the facts and coptinves to Jive in & dreas
world that includes the impossible A corollary to this lmportant statement
Is that before he makes a progaosis the doctor must know tho facts and b
.bxotouplammanfuuymcnmﬂyummuﬂomﬂymdnndmmndlﬂrm
all concerned. hard
Further disciplines are thoss of self-coatrol, determination, coarage,
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physical labor unwillingness to accept undeserved sympathy and a burning
deire to eam community respect by retaining and maintaining sclf respect.
Means toward thes¢ ends arc the keaming of scli-care the acquusition of
maxmum mobility ambulation if possible, the acquisition of a gainful oc

pation and proper ad) to uncorrectable physical deficiencies As
Frankln D Roosevelt s taid to have remarked “the only permanent
deficiencres arc in the head ”

Miscellaneons Problems
Spasm in Conjunction with Retalned Voluntary Motion

Perhaps the most important (and still unsolved) problem affecting para-
pepcs and quadriplegics s the treatment and correction of any disabling
spasm that is nssocinted with such o degree of voluntary motion that if the
latter were divorced from the spasm it could be pat to pood practical nse
m ail the various actrvities of rehabilitation and especially in those of sclf
care and ambulattion This spasm differs in no way from the spasm scen in
the body area below the level of an anatomically transected cord, which
has been described under the peneral term “mass reflex.” It is predominantly
addnctor-flexor m type but may be chiefly extensor or a combinatlon of
the three. I have never seen any abduction phase in this condition. The
spusm does not occur in connection with uncomplicated cauda-cquina in-
jurles, These spastic mouons are set off by any munimal noxious stimutus
Ths causes spreading muscular contractions that are followed by a reaidual
hypertonus in the contracted positions. It 1 best and most typleally elicited
by applying the noxious stimulus to the foot, ankle or lower leg but in
scvere cases may be caused by the lightest of tactile stimuli on any point of
the body or extremities that is neurologically below the spmal segments that
have been Injurcd. The cord injury in the type of case under discustion may

compresuve or p ve, i3 a partial injury and may be at any
level from the fifth cervical to the fifth sacral scgment. Not enough cases
have been observed to determine as yet what the commonest level Is if any

Although invisible the spasm affects the larpe paravertebral muscles and
lhosethnt[urmpano!thepcn:ﬂornbdmulnnlmﬂequaﬂyumnﬂyu
It aflects the surface muscle groups If severe 1t is painful and its prolonged
mewluumetmdoncmmmjmulddormhluthﬂwiﬂbeper
manent, and grdual diminution of the cffectivencss of the associated
retained voluntary mobon. Electrical stimulation of such spinal cords in the
spimal segments above the Injured area will produce active contractions of
the muacley of the legs and lower trunk, thus indicating Intactness of some
dlh:mmlcndlnglmm-bcvcthcdamg:mmcﬁmlwmmon;mhw.y;
below it. It is certain that the spasm can be abolished (in company with the
voluntary motion) by spinal anesthena. It is unaffected by chemical Inter
Wﬂm“lhﬂlympath:uc—nm—«mmpathmymlthnmuﬁmcdby
dﬂﬂ'ﬂtﬂoﬂdlhepelvkzpam:ympalhﬂicmltmbummpkl:lyor
Pln‘hﬂylbolhhedlnthclepbypmcnmeinjecﬂmdthendauc,the
obturator and the femoral nerves in the thigh for as long as the anegthetic

/e
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and analgesic effects remain Durng the anesthetic penod volustary motac
control 13 also lost but retorns with diapy of the hetic effect.
In the mild cases abolition of spssm may be permanent even after the
paralyss has duappeared and especially after several injections. Injections
of the scistic and other lower-extremity nerves and the resultant refief of
spasm 1 the Jegs do not affect the spasms in the trunk or arm musces,
however

Mild spasm In the trunk and legs may be relioved by a decomptesure
laminectomy over the site of the cord Injury This relef does not always
occur however In one patent the pain of severs spasms in the arms has
been done away with by partial rootlet thizotamy, bat the amm spasms
themselves bave not betn affected otherwise In another paticnt cervical
rootlet rhizotomy permancntly abolished the sparms without any Joss of
voluntary motion. Injection of the sacral roots with procame for & spastk
deteusor and of the nternal pudic nerves for a spastic extermal wrethn!
sphuncter (see pages 104 and 105) has bad oo effect on any spasm other
than that of the bladder and sphincter The spasm whether mild or severt,
can alio be temporarily dimimshed or even sbolished by exhaustmg the
spastre les through Thus maumom physlotherapy B ef
fective for & timre and will remaln so as long as the muscles are in a state of
exhanstron With rest, however !hcnpumrcﬂmhwverccuﬂ.lnmﬂd
cases it may be diminished or even done away with. Inpecton of the brachial
plexus with procaine has been ineffectual in severe arm spasm in that the
temporary relicf was minumal, did not aflect either the trunk ar leg muscks
and wras as scvere as ever after the ancsthetic effect had worn off.

The cause of these spasms—not oaly In the patients with & partiaf cord
njury but also n those wath & transected cord—has not as yet been demon-
steated, It fs known, however thatmuouand}y:hd!huuppﬂwd
lower cut cuds of a transected cord at the pomt of tramsection gores refie!
of spam only dunng the penod of spinal shock. After this has parsed off
the spasm returns as before

The trestment 1 ducouraging and bafling. The first cxseoh} however
1 to know definitely whether or not the cord lnjury s a transecting or ¢
partial one This makes exploration and clectrical stimulation of the cord
mandatory as a first step before any dieet treatment can be Dntelligeatly
concerved or put into effect (sce pages 228 and 231) 1 there is compres
won of the myured an adeq d pressive lamf must
also be provided (sce pages 231 and 234) If these procedures demonstrate
thntﬂlccnrdkmuﬂcdnmhmgutobapmedhypw}:ﬂﬂmgﬂﬂ“m
dorsolumbar rhizotomy as a method of dealmg with spasm of the trmnk and
fegs. If the cord tnjury is & partal oac but the associated residual yohmtery
modmbe}owtbekvdolmjuryunppnrmﬂywﬂﬂkumbchnﬂm
even fn the abience of spaxm an anterror darsohunbar rhizotomy mst
eventually be performed Stuccmvdclnyhdomgm‘ﬂlbcurmcﬂ’kd

¢ deformities of tendons or joints, only a minimal postpoacment
before its performance should be comntenanced.
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It on the other hand the partial cord Injury ks 80 minimal that = high
degree of restdual voluntary motor control Is present in the Jegs and trunk
a permanently destructive operation such ns a rhizotomy Is not permis-
sible and recourse must be had to penpheral neurotomles tenotomies

yek fcs and the Jike supp} d by T Ine injections and physio-
therapy to the pomnt of muscle exhaustion These measures should espe
clally include active mat exercises and persistent actlve ambulation

No intelligent advice conceming the treatment and rellef of trunk and
leg spasm In the group of patients that fall between the two extremes of
anatomical tronsection and mirumal partial injury of the cord or in the
group of patients that have disabling spasms of thetr arms regardiess of
the seventy of the cord Injury can be given in the light of our present
knowlkedge Everythmg cxcept permanently destructive procedures shoukd
be repeatedly tned the patient should be encouraged to make the mast of
what possibilities he has and the profession should be stimulated to study
and restudy this problem with a view to its eventual solution

Flexion Contraction at the Hips and Assoclated Lordosis

This complication is definitely the result of neglect. It may be that the
patient fafled to follow the doctor s advice it may be that the doctor failed
to order proper physiothernpy soon enough, it may be that the physio-
therapist was incompetent, of 1t may be—and this 15 the usual cause—that
everybody concerried just didnt think it worth while to make any effort
At more than day-to-day therapy This laloez faire attitude springs from
the conviction that “suice oothiog can be dome fo relieve the parmiysls
and the patient is a permancent mnvalid anyway the sooner he dies the
better ™ Nothmg could be more unjustfied and more unworthy of all con
cerned than this point of view nevertheless, neglect of this or of omo of
the other opportumities leads solely and directly to what may be a very
disabling and unnecessary deformity This type of Jordosis Is especially
likely to develop in the presence of the spasm that may be associated with
A transected cord,

Cause It comes about by virtue of the contractures that develop in the
Dliopseas, the tensor facis lata and tho sartorius. The first two aro the
most important. When these muscles are permanently shortened, the pelvis
& tilted forward in an effort to permit apparent extension of the hip Vary-
Ing degrees of humbar lordosis develop A patient with this deformity Is very
tauch more difficult to splint 1n prepatation for ambulation than H It were
Tot present, and many such patients canpot ambulate at all even If splinted.
Since, far practical purposes the deformity Is present only with a cord
transection above D9 segment, the sphist must of necessity mclude a tho-
racopelvic cage m addition to the two calipers (sce page 145) The fiting
Ol'thi:agemdlhcﬂndlngolamnt:rblthnthldﬂenoughtnwh]mmd
the stresses exerted on it Is time-consuming and difficult (Fig. 41) Be-
cause of Iack of understanding nod tho difficulties of dealing with this
problem, efforts to correct or compensate for the deformity are usually
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abandaned and the patient Is Improperly classed as one for whom smboh-
tion and its accompanying mobiiity are not possible.

The diagnosis is made by the finding of = significant lordosis of the
lumbar spine (Fig. 42) and is venfled by the following mancuver The
patient is pot flat on fus back on o hard surface Both legs are flexed ot
the hip as far as posuble This will flatten the Jumbar spine and place the
pelvis In its proper plane One leg i1 then mantained m full fleton and
the other 15 extended at the hip to the polnt at which the extension can-

A )] [}
for
Fig. 41 Caliper Jong leg braces with beck mpport modified to compenmtt
« severs lembar lociiate 4‘p-mmmmd.dd‘ma back view= C patiest stsading.
ek viow

mmmd{ummmmmgdmwmmmwm:d
clevation of the hoel above the flat surface will indicate the degres of fixed
bup-fiexion The examunation is repeated for the other leg with the position
of the legy reversed.

Treatment Treatment must do two things. The fascla-lats and decp figh
fascia must be divided horizontally %o thoroughly that thero are no looget
any palpable fasclal bands under tention and the ilopsoas must bo &P~
rated from or dovided at fts attachment to the kesser trochanter In severe
contractures this Iatter drasion should be camplete, but In the Jess sovere
umaorwhnetbcreumﬂlmddmldwhmmycvutmlofﬂmmﬂfk
one can, as recommended by Peferson ! content himself with dividing
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only the tendon and the medial half of the muscle Even with these exten-
sive Tesections, continuous and active physiotherapy must be contioued for
a long time in the hope that the scar will not retract enough to cause a
repetition of the deformity This should include stretching the scar by
hangmg the patient s legs over the side of the bed He should be lying

produced by uncorrected contraction of

zﬂnwnmsdue{'.httﬂ-p B partial correction of the lordosls by full fexton of
fight hip joint. Noto the extremo eontraction of the hip flexors on the left as evk

w‘?ﬂheunmppoﬂdpoﬂtkno(tb.khln.

trm:vcm}ymmxlhcbedmhhbndz,whhhhhmmduonthcedp
Thhmncuvcrlhouldbecxrrkdumn!bancvcrynlgmmdmrymom
mg for significant periods of time

The prognosts, even wath thiy active therapy s not too favorable in
neglected cases—and almost il cases that show this condition have been
peglected. The cut tendens and muscles reunlte wth scar tissue, the sear
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enbess there is a significant amount of voluntary muscular control to
proceed at once to doing an anterior dorsolumbar rhizotomy thus doing
awgy with the basic causative factor The residunl contractures can then
be dealt with by peripheral op with some r ble hope of
permanent reliel.

Fig 43. Arthrodesls with fuslon of the rght kuee joint. Note the resultant incon-
enence,

Perlarticular Calcification

The cause of this conditron i not apparent. It does not appear to lic
I teanng of the perosteum or muscles it may be associated with hema
tomas m the musches, and it b probably a function of the abzormal calelum
metabolism agsociated with clinical and subelinicnl genitounnary tract in
fectlon T havo pever scen 1t except in those neglected cases in which
genltourinary-tract infection was all too easy to demonstrato and was of
long standmp. Motion in the joint does pot affect its ocourrence. The
Glcfied aseas slowly enlarge to a certaln size that is unpredictable in ad
Vance. No therapy that influences thelr progress is known. The mass may
Ot may not be so intimately associated with the joint that it involves the
Wﬂ&lmmu,mhmaybcphccdntndhuncchmaﬂyorpmteﬂcﬂy
lhwmmmhca:du!lhhtypedaldﬂcuﬂoninthopmﬂyzcd
Upper extremities. Exciston for cause—such as reactivating flexion n a
blocked oint-—may be tried It ts an unsatisfactory bloody and usually
hcfﬁdcntpmdumhowcvcrluumuxretmd:tobclpmmptmur
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shold be no hesitation in employing this procedure as ofien a3 necessary
daily and even twice daly evacuation by this means being usually essential
This s a procedure that must be carrled out only by a skilled and practiced
bronchoscophst, however because the rish Inherent in the required posi-
tioning of the patient wath the strain on the ged and possibly disk d
cervical vertebras and cord can only be kept within rensonable limits
through the greatest dexterlty and gentleness As a prophylaxis which in the
Yast analysis is better than any treatment this group of patients should be
carefully quarantined from all vintors with any respimtory tract Infection
however mild

Hyperhydrosis

Many but not all patents with splnal-cord njunes will suffer from belng
constantly bathed in perspiration The sweating area may be but Is not
necessarily limited to the parts of the body that are above the paralyzed
section, Sweating is abo an accompaniment of the syndrome of visceral
distention sweatmg and rise in blood pressure (sce page 117) The cause
of this extremely annoying disablity is unknown but, a priori appeans to
be associated In some way with a disturbance of the sympathetic nervous
system. The type and level of cord injury appears to have no bearmg on
the occurrence of hyperhydrosts. No certaln method of control Is known,
It may stop or decrease, without evident case after a laminectomy the
rele! of spasm, or the institution of control of the bladder and bowel.
Medicinal applications to the skin have no wfluence Constant bathing of
the skan in perspiration does not macerate the skin, nor does 1t predispose
10 presyare or bed sores uniess the perspiration 13 mixed with unne, There
ks 2 posnbility that it may be asociated with Joss of body temperatture
control, as I have noticed that certain patients who have sweated profusely
earlicr in their disease, later cease to persplre and take on tho temperature
of therr susroundings They appear to have lost their ability to either cool
th in & hot atmosphere o warm themselves in a cold one. Thus
Inabifity to sweat may be a problem in hot weather because of this dis-
imange of the mechanism that normally leads to reduction of body
beat by evaporation of perspiration. Air-conditioning of the room ar ward
has been the only solution in such cases. Hyperhydrosts and anhydrosu
do pot occur in pare cavda-equina injares

Gynecomastla  Testlcular Atrophy Abnormality of Liver Function and
Abnormalitles of Renal Function

This group of conditions have a common denomunator In that their
tgnificance their cause thelr frequency and therr treatment arc as yet
taknown. Gynecomastia alone or fn conjunction with testicular atrophy
has been observed efther sngly or m combinatlon in male paraplegics
tod parap The slgnes f and tre of these con

°
;ﬂ’ﬂmu Is not known. Comparable findings have not been noted in the
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rence. Physiotherapy does no harm nor do mat exercises, ambubatron o
self-care activities. The most effective treatment devised to date s to leare
the calklfied areas alone, treat the gemtounnary tract cffectively and
mobehze the patlent as carly and as muoch as possible. The dagnas 5
mads by x ray examunation

Phiebltls Thrombosis and Emboli

From present available figures 3t appears that phictutls, venous thros-
bowu and resulting pulmonary emboR occur in between 5 and 8 per cent
of all types and Jevels of infunies to the spinal cord and cauds equmi
Phlebitis and thrombosds occur in both feroral and spinal vewns, and pu-
monary emboll may be Joosed from exther source In additrom, advancmg
necrosts of the cord tissue that has been caused by major interference
with its venous circulation may follow femaral @y well as spmal venom
thrombosis, When the diagnosis is made, the standard trestment of lg2
dono[thaph}cbhicthmmbmtdwlnntthedndallltulhculdbcﬁ
sorted to quﬁmocuhcklngmtheeﬂ&cwucymdmo!mmguhnﬁ
mdluhspnﬂnunlecumuoLlnwma(tpmd-cmdmdcmda—
equina mpury Ht is obvious that prolenged immobilization of the Jower et
tremuties plays no part in the production of venous thrombi or embok

Respiratory-Troct Infection

The importance of preventing respiratory-tract infection Ia patients with
upper thoracic or particularly with cervical cord injurres cannot be aver
estimated The problem s a mechanical ono and depends for its signf-
camuonthelnubﬂnyouhapmlenttowughupmamszmmcdh
the reapimtory tree mxupphunaon}ymthnlunpbutukaww
trachea, the Iarynx and the pharynx. The cervicel patlents cspecially ¢
pmcdasthcymaybcthmughpan}ymohhomootthclnlcrwﬂﬂ“d
accessory resplratory muscles, and being obliged to depend on the dir
pmmumfmmofmxemmdmummmdw
exudates ns well ay those that drip down the upper respiratory tract from
thephxrynx,nmcnndnamldnumc,wﬂld:mh:thdrownmtﬁw
lmlwprmnp!meanmmtnkmtoauhihlthdrrcmonllntbcmﬂdﬂ'
cases stunulation of the cough reflcx, Hquefactioa of the exndate by stex®
inhalatjons poa:m}dmmsemdmuouomcpmrymmdﬂdnwrﬁw
may bo effective Such drugx as atropine and, of course tho sulfonamides
and antiblotics should bo used as necestary and indicated. Tho adminbstie
tionolnchuaswclluaﬂme.mmt.batmn:quh-edfurﬂ:cm:lmcmnoc
of cardiac and circulatory comp aro tisl Tight strapping with &
draﬂlrldhﬂlwphnctmpptng.uducﬂbed:hcwbemblthhm
(see page 67) grcauyinmmtbeeﬂaalmsofcouﬂﬂnsmdw
pot be neglected All other dm-rbcdam(.eemnﬁ")‘;
mmuxvmauonmm(lhobapnﬂkcd.Dc:pholﬂlhﬂ.W
may be still necessary apa:hﬂymﬂvpaﬂeuuwilhlcerviﬂlom’dmm’
tiom, to empty the reachable portion of the lungs by broneboscopy Ther
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should be no hesitation in employmg this p dute ax often as y
dafly and even twice daily evacuation by this means belng usually essentiat
This s & procedure that must be carrled out only by a skilled and practiced
bronchoscopist, however because the risk inherent in the required posi-
tioning of the patlent with the straln on the damaged and possibly disl d
ccrvical vertcbras and cord can only be kept within reasonable limits
throagh the greatest dexterity and pentleness. As n prophylaxis, which in the
fast analyns is better than ony treatment, this group of patlents should be
carefully quarantined from all visitors with any respiratory-tract infection
bowever mild

Hyperhydrosis

Maay but not all patients with spinal-cord injurics wall suffer from belng
constantly bathed In perspiration The sweating aren may be but s not
ecessarily Emlted to the parts of the body that are above the paralyred
section. Sweating Is also an accompaniment of the syndrome of visceral
distention, sweatmg and rise in blood pressure (see page 117) The causs
of this extremely annoylng disablity Is unknown but, a priori appeans to
be associated 1n some wany with a disturbance of the sympathetic nervous
system. The type and level of cord Injury appears to have no bearmg on
the occurrence of hyperhydrosis. No certaln method of control is known
It may stop or decrense, without evident caye after a laminectomy the
rebef of spasm or the institntion of control of the bladder and bowel
Medicinal applications to the stin have no Influence Constant bathing of
(e skm In perspimtion does not macerate the skin nor does it predispose
{o presture or bed sores unlesy the perspiration is mixed with urine There
b 2 possdbility that it may be assockated with loss of body temperatiure
coatrol, as T have noticed that certain patients who have sweated profuscly
earfier In their disease, Inter cense to perspire and take on the temperature
of thew surroundings. They appear to have lost their ability to eitber cool
th in a hot phere of warm themselves in a cold one. Thua
Inability to sweat may be a problem in hot weather because of this dis
ate of the hanism that normally leads to reduction of body
heat by evaporation of perspiration. Ar—conditioning of the room or ward
bas been the only solution 1 such cases Hyperhydrosis and anhydrosns
0 not occur In pure cauda-equina injurics.

Gynecomastia  Testicular Atrophy Abnormality of Liver Function and
Abrormalities of Rendl Function

This group of conditions have & denomi in that thelr
sgmficance, their cause, their {requency and their treatment are as yet
unknown. Gynecomastia alope or In conjunction with testicular atrophy
bet been observed either singly or In combination In male paraplegles
0d paraparetics. The slgmificance frequency and treatment of these con
?'“mlhnmkncwnCompamblcﬁndlnphnvcnotbccnnminlhc
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rence. Physiotherapy does no harm, nor do mat exercises, ambulaton o
sclf-care activities. The most effective treatment devised to date is to kare
the calafied areas slone, treat the penitonrinary tract effectively and
mobulize the patient as early and as much as possible The diagnoss b
made by x ey examhation.

Phlebitis Thrombosir and Emboli

From present available figures it appears that phlebits, venous throm-
bosis and resulung pulmonary embolf occur m between 5 and 8 per cent
of all types and kevels of Injurles to the spinal cord and cauds equma
Phlebitis and thrombosls occur in both femoral and spinal veins and pak-
monary cmbalt may be loosed from cither source In addition, sdvancing
necrons of the cord tissue that has been caused by mejor mterference
with its venous arculation may follow femoral 23 well as spmal venow
thrombosis. When the diagnosis is made the standard treatment of fgz-
tion of the phlebitic thrombosed vem at the classical sites should be re
sorted to Expenence s lacking In the efficiency and use of anticosgulants
such as heparin and Dicamarol In thess cases of spinal-cord and cands-
equina injury 1t is obvions that prolonged immobllization of the Jower ex
tremities plays no part in the production of venous thrombi or embol.
Respiratory-Tract Infection

The impartance of preventing respiratory tract infection in patients witb
upper thoracle or particularly with cervical cord injudes cannot be over
estmated. The problem 1 8 mechanlcal one and depends for s sigaif-
cance on the nability of the patient to cough up the secretons formed i
the resprratory tree. This applies not anly to the lungs but abso to o
trachea the larynx and the pharynx. The cervical panents especilly de-
prived 25 they may be through paralysls of the use of the itereostal 30
y respuatory and bewng obliged to depend oo the dit
phragm alone for the forcibls expulsion of bronchial, trachea] and larynges!
exudates as well as those that dnip down the upper respiratory trect from
the pharynx, nose and nasal sinases, will drown fn thelr owm secretions
Imlulprmlptmmmmmkmmlmktinthdrmllnﬂjumﬂdﬁ
cases stimulation of the cough reflex, liquefaction of tho exudato by steam
inhalations, postural dralnage and suction of tho pharynx ander direct vsioa
may be effecuve Such drugy as atropine and, of course Lhcmﬁnn@d“
and antibiotics should be used a5 v and Indicated. The adminisirt-
ﬁondoxygtnuwcﬂuaummmmthntmmquktd[onhem‘mwm
dwdhcmdcmhtmymmpcmmmmmimwhgm‘
circular adhestve plaster strappung, # described elsewhere In this section
(seo page 67) greatly in the cflectt of coughlng and

not be neglected All other measures described above (sec page 67) ©
h:cmnseoxygcnaﬂonmmtnhobcpmctn:td.Dc&pltclﬂmbWh
maybenﬂ]ncoumrycxpcciauyinthapnﬁeuuw{thlnerwcdcordmm
don.toemptvth:reachabkpo:ﬂanolthelungbybmncbwm
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should be no hentation in cmploying this 7 dure as often as Y
dally and even twice daily evacuation by this means being usually eascntial.
This Is a procedure that must be carried out only by a skilled and practiced
bronchoscopist, however beeause the misk inherent In the required post
tomng of the patient, with the strain on the damaged and possibly disl d
cervical vertebras and cord, can only be kept within rensonable limits
through the greatest dexterity and pentlencss. As a prophylaxis, which in the
last analysis is better than any treatment, this group of patients should be
crefully quarantined {rom all visitors with any respimtory tract infection
bowever mild

Hyperhydrosis

Many but not all patients with spmalcord injunes will suffer {rom being
constantly bathed in perspration The sweatmg area may be but Is not
necessarily limited to the parts of the body that are above the paralyzed
section. Swenting is also an accompaniment of the syndrome of visceral
digtention, sweatmg and rlse in blood pressure (see page 117) The cause
of this extremely annoying disablity i1s unknown but, a priori appears to
bo associated m some way with a disturbance of the sympathetic nervous
system. The type and level of cord injury appears to have no bearing on
the occurrence of hyperhydrosis No certnin method of control 15 known.
It my stop or decrease, without cvident cause, after a laminectomy the
relief of spasm, or the msututron of control of the bladder and bowel
Medicinal applications to the skin have no mfluence Constant bathing of
the skla in perspiration docs not macerate the skin nor does it predupose
to pressure or bed sores unless the perspiration 13 mixed with urine. There
bs & possibility that it may be associated with loss of body temperatture
control, as I have noticed that certaln patients who have sweated profusely
cardier In their discase later cease to perspire and take on the tempernture
of thelr surroundings They appear to have lost thefr ability to cither cool
themselves in a hot phere or warm themselves m a cold one Thus
toabflity to sweat may be a problem 1 hot weather because of this dis

of the hanism that normally keads to reduction of body
heat by evaporation of perspiration. Aur-conditioning of the room or ward
bas been the only solution wn such cases Hyperhydrosis and anhydrosis
o not occur in pure cauda-cquina injuries.

Gynecomastia  Testicular Atrophy Abnormality of Liver Funcdon and
Abnormallties of Renal Functlon

This group of coaditions have a d. inator in that their
dgntficance their cause, thelr frequency and thewr treatment are as yet
uoknown. Gynecomastla alone or in conjunction with testicular atrophy
has been observed elther singly or in combination in male paraplepics
and parap The signifi freq and treatment of these con
ditions ks not known. Comparable findings have not been noted in the
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Abnormality of or interference with the liver functron is gald to occur
in male paraplegics Verification and, even more understanding of this
observation awalt further study

The rats of secretion of urine from the kidney vades within wide Hmits
in certain paraplegic and quadnplegic patients (see page 97) This s
highly complicated problem that is closely allsed to circulatory efficiency
bladder function, fluld intake temperntime control, sweating and {nfection.
The surfaco of this problem has not cven been scratched, and virtually
nothing is known about the matter at this time.

Flaceid Scollosis
Quadriplegic children who have been rendered so by a cervical cord
infury suffer from a scoli of the thoracolumbar spine that can only

be described as flaccid In tha condition the spitte assumes S curves in any
direction whenever the attempt Is mads to hawo such patients sit erect
(Fig. 44) The deformity does not become fixed, as far as my expenence
has shown, and it can be straightened out and the spine returned to its
nrarmal configuration by traction on the head with the patlent upright—
provided that the bone Injary is healed—or by placing him flat on his beck
This lack of support to the spine i obviously primarily traceable to the
total flaccid paralysls of all the paraspinal les, which o ch dstic
of quadriplegics. Secondarlly however the elasticity and Instabllity of the
lgamentous and jolnt structures of the vericbral column during chikdhood
must bo a factor es well. In support of this theoretreal concept Is the fact
that I have never scen this kind of scoliosls in any adult with a compar
abls mjury

Its presence I8 a major detriment to the self-care activibies that are
necessary if any degree of rehabilitstfon is to be granted these patients.
They cannot «it erect, hence cannot Jeam to balance and bence are greatly
handicapped m making the most of what is lett of the musculature of thelr
hands and arms, The assocuted abdominal compression camsed by the
slumping also interferes with bladder rehabilitation.

I do not know of any satisfactory treatment. Plastic jackets fittod from
a plaster mold made with the patient held erect by head-traction have
proven the most satifactory In maintsining the normal spine configamtion
when the patient b sitting, but these have obvious disadvantages. Amoog
them are the necesslty of contlnued replacement to match the child's
growth, their heat in summer the difficulty of getting a “skin fit,” and the
Inevitable development of pressure sores under the welght bearing polats.
Surgical fusion sppears to be mpractical Plaster of pars jackets ar
worse and more destructivo than plastic oncs, And steel-back braces of
the Taylor type are Ineflective Much more ngenulty should be uted It
the sotution of this problem than has been apparent to date.

Patnful Hands
Quadriplegics will c Tty complain of burning and bonng
pain in their paralyzed hands. There will be pothing characteristic about
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the signs and especially there need ot be any local evidence of vasospasm
or vasodllatation Ingction of the stellate or the upper three thorack
sympathetic punglia with procaine will confirm the canse as minor cau

salgla (see page 205)

T
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Fig. 44 Flaceid scolioms, patient sltting and lying.

mnfpﬂlcdmljefﬁnmwhhprmlucmnympemmnd}duthcydo
P and expecially f the Infction xite b indurated or If the perlod
umf:ud grows cootinuously shorier after each Injection more active

Py most be wstituted. Before doing this however it I well to be
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sure that the causalgia doet not spring from an irntated injured cermcal
root (see'pages 177 and 179) Stereoscoplc oblique roentgenograms shookd
be taken to show the cervical mtervericbral foramina in crows secton
therefore and a cervical myelogram should be done Any evidence of
significant occluslon of the appropnate intervertebral foramen or fonm-
ma or of protrusron or extrusion of a cervical disc with compresvon
radiculitls, should lead to appropnate decompressive surgery as n pee-
limunary to further and more radical interference with the sympathetc
ganglionated chatn.

If thero is no evidence that compression or imtation of the cervical
roots s the cause of the pain or causalgia or both, then no tme shouid
be wasted before injecting the fiest three thoracle sympathetic ganglia with
procame i this hes not already been done or doing a surgical resection
of theso gangiia und their intervening chain. The progmosis gets jocreagngly
poor with the postpanement of active therapy

Flipper Hands

Elderly people who have been rendered quadnplegic by accldent, par
ticularly if they have been undernourmshed for any significant kength of

T

Fig. 45 Flrpper fand. Upper hand, fipper- lower hand, nonmal hand for comparmot-

time prior to their njury uwt[lulhnﬂl.ryoungnduluwboﬁcmm;‘.‘:
huhccnncgkdcd,wﬂ]ﬁcqumﬂydcvd@addomltydthckhﬂdﬁ

can best bo described by the term “fipper bands” (Fig. 45) The fnpent
are fixed in extension wath little of no movement in the jomnts, the ad
hnﬂowolthcpalmdhappm:mdd}chmdmdﬁm!ooknﬂﬂlﬂ "
been flattened out by pressure 'I‘hlu:ppurmmsrel:'nnw‘m“"“‘mc

LhcquPhYMbuufcoamu:otthatbcnumdhypommumhﬂ”“
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and of formajyy ed pri that Overlies (h, distay
end of Metacarp, e at g the foy, fin, In )
there wyy be X-ray ritic Onco lablisheg, fhcg
I} highly eslstap pbyxiolhcmpcut!c
of passjz ible 83sted noqjyn 0ipalagion
of the ts, mg 82 in vy i nn:tching Contracteq
4 the Jike should Iy The s must pe made
10 Inprgt Larpe *0ounty op all the Vitam, I on to fufy, pi ly
balancey dict In 00 1 apnes g 10 be helppy to Mimulyg o0
the larp, Vessels by the Upper thoray and :upmdavicular regiong by

loca}
tﬂalhtnny It may pe that ¢hyg increngey the circula!lon of the CXtremiyy
This lrcatian 1 veny fnrmqucnt, 20d it hay oy been Observeg &nouph
10 Warrag, rrmmmcndaxion of the ygo of Acry Corlisone or thoracye
Spatherje block The Prognosjg | Probapyy, bad i 20y evene,
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both up and down He wore two prostheses. Another akso wore two prov-
theses, to which ho had Just been fitted. He was able to stand erect on them
with the aid of crutches. The third was like the second, except that he
was less steady In his balance

Fig. 46 Tho use of & prostheshs to replace A leg amputated through the hip oot ko 8
paraplegic. Patrent with and without the prosthesis.

Amytold Disease

Amylod disezse will develop in paraplegics or quadriplegics from the
same causes that bring 1t abont in chronke infections discascs. The odly
diﬁnmhmntﬁwcmmnummmpatmuwimaddzﬁmﬂcmmk
spual paralysis. Whenevcrnthpmentitmayheregudcducndm
oin:g!ectafthcpa&ent{uth:urlkrﬂ-gcxo{tbcpmt‘lpiﬂﬂ‘iﬂ}‘;ﬂ
period. Here too sepus that has been out of control and stayed 20 ‘:
a year or more is the basis for the amylold disease. Its Jethal effect

h d by any hypopr iz or avitami that may have beed
permitied to develop orbya.uyrmc.mhlha!mayhavobcenlﬂdﬁvdm

h istxc chemical changes in the arine and blood serum and a stroagly
tive Congo red test.
wﬁmﬁzwwamylmmuincﬂmnmwmwh
prevention together with adequate well conceived and properly o
ueatmcmof(hoﬁmdnmmtxlwpshThapmgnosbhdutofthomﬂCEbad
Lbntcamcdthcamylo{dommlhntlflhepmgnudso!thufmmﬂh
the Istter 15 ahko bmﬂlhntolthcformcrhgoodlhc-mymmy
cuwtopmgrmnndh:mwmsuncumnyevmmgrwmlh
ing benefit to the patient.
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Combined Cranlocerebral and Spinal Cord Injuries

This combination occurs sufficiently frequently to make It necessary for
the surgeon to always bear it in mind as a possibility It is most likely
to take the form of a craniocercbral and cenical spinc or cord Injury
although any level of cord damage may be assoclated with the head jn
jury Once the combmaton is thought of the dlagnosis Is apparent because
the slgns and symptoms of the respective injuries differ In no way from
those scen when either leston 1s present alone As far as treatment s
concerned the most important consideration is to remember that when
there is a cervical 1njury present it is Important to provide fixation of the
spine In extension before proceeding to treat the cranlocerebral injury
Other than that, all diagnostic procedures and therapeutic methods should
be carried out as directed 10 the appropriate sections under the respective
beadings,

Functional or Anatomical Union of the Severed Spinal Cord

It should be elearly understood that incontrovertible evidence exists that
demonstrates conclusrvely that once the human spinal cord has been
divided at any level it cannot be made to unite and will not unite except
by scar tusue. The passage of ncural Impulses from levels above such
m anatomical division to segments below the mjured orca, with resultant
retorn of either somatic sensation or voluntary motion 18 permanently out
of the question, No matter how much time Is allowed to pass, the barrier
will remain plete. Apparent fcal severunce deduced from such
datz s the ume degree and extent of the panalyss or semsory loss can
not be verified by clinleal signs alone however Complete physiological
Interruption of impulses has been mdisputably shown to be present in
the early stages of cord Injuries in patlents who later have recovered
virtmally normal sensation and voluntary motor control in what was ong-
mally a totally paralyzed ares. Per contra patlents who have retained a
certain degree of sensation and voluntary motor control for a few days
immedmtely after » cord injury only to permanently lose both these func
tions with the passage of tumc are not uncommen. In the first group the
functional loss 18 traceable to local edema without destruction of the cord
tmsue and hence is followed by recovery In the second, 2 partial injury
detenorates to a destructive complete transverss myelits becanse of the
death of previously Living tissoe from ischemic necross, venous throm
bosks, swelling and pressure necrosis. It 15 axiomatic that a certain differ
ential dagnosis between a permanent and a temporary transecting myelhis
ﬂlnonlybemad:byc.xpmur:olmccordfurlhepurpowolekctrba]
stimat above the d. d area (sce pages 228 and 231) or by the
Passage of tme Spasm, whether fiexor or extensor or both, is not diagnostic
ol the pathology of the cord injury Onee it has been established and has
been permanent for a matter of six to cight weeks in 2 demonstrated
20d proven anatomucally transected cord however it cannot be expected
wdﬂlpmrorn}tcr(o:u\cbmterunknlhcpu&:utgmmm:pm\
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shock, The reverse 11 also true  that Is, that once the patrent Is out of
spinal shock and hes been free of spasm for aix to eight wecks, and pro-
vided that an anatomcal transection of the cord has been proven to be
present by appropriate electrical stimulation at 2 laminectomy the spamm
can be counted on not to appear later In the course of the divease. On the
one hand nothing is to be gained by postponing surgical such
manamznordomolumburhlmtomy——(ormr:l}dwbcuxpamhpm-
ent as described above nor on the other hand, should the need for such
opcmziver:)]e!bcmucipamdi.nthctunmlnthuubamceo{q;am:fm
the initlal two months have passed, alivays providing spinal shock s pot
present durdng that pesiod.




2

The Treatment of Iyuries to the Cramal Nerves

These patients ordinarily must be hospitalired for treatment.

Genernl Considerations

Crantal nerve injunes arc almost exclusively assoctated with craniocere
bral mjurles or occur as the result of damage at operation

Except for the fifth nerve it s Impossible to recognize, for therapeutic
purposes, damage to the vanous nuckl of ongin of tho cranial nerves
When such damage does occur it is always a part of the greater and more
widespread cerebral damage that is of iself paramount in the determina
ton of treatment. Certain cramal nerves have long, unsupported courses
along the floor of the skull or are 3o situated as to be in close proximuty
to vsoal fracture lines. Among the former are the oculomotor nmerves
and among the latter the olfactory the tngemumal, the auditory the facial
and the optic nerves. These geographical charactenstics have much to do
with the determination of the frequency with which the individual nerves
are infured.

The Olfnctory Neeve

[niurytoﬂmmveoccmupmulnmnjmbrdmiury It o untreat
able except as a part of the more extensive injury

The Optic Nerve
Injury to thrs nerve occurs as part of a craniocerebral injury or as the
retult of muntentional or deliberate injury In the course of an orbital or
miracratual operation. Care should be taken to wam the patlent or his
responsible relatives of such injury at the earbest possible moment. The
mpury is untreatable

‘The Third, Fourth and Sixth or Oculomotor Nerves
Damage to these nerves is commonly associated with craniocerebral in~
funes involving the basc of the brain or the floor of the skull or occurs
n the resolt of mtracranial operations involving the anteror and middie
lowas Trolated paralysls of one sixth perve also occurs, according to
Cogan™* after spinal mnestherin Treatment of the perve injury itselt i
heffective but much can often be doue by approprate ophthatmologpe
m
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surgery The patients should be referred promptly to an ophthalmalogst
for this purpose. It Is fortunate that the prognosis for recovery fn thes
cases is always better than it sppears to be As a result, operations oa the
external ocular muscles designed to correct deformitres resulting from thew
paralysis ghould be delayed until 2ll chance of relnnervation has vanished
following recovery of the involved nerve from ts original infory The bo-
lated sixth-nerve paralyss associated with spinal anesthesm (see pago 215)
needs no treatment, as it recovers in soms wesks of ity own sccord,

Tho Trigeminal Nerve

Injury to the tngemwal or fifth cranlal nerve is commoaly asocted
with 1nfunes to the face and forehead and with operations on the faws, the
Gasserian ganglion and its root. There may also be an injary to the central
part of the nerve m the upper part of the spinal cord and in the medulls.
The symptoms and signs include paresthesias hyperesthesia hypesthesis
and anesthesia In the sensory distnbutlon and motor paralysls of the motor
portion Treatment Injunes to the tract in the spinal cord or medulls &re
untreatable Inuries to the motor root are also untreatable Injurkes to
the sensory root are untreatable as such bat the dry and Insensitive comea
that accompanies injury to the fibers that eventually make up the fint
dividon must be treated. The eyelids should be sotured and the eye covered
untd such time as alcerntion of the cornea is no longer to be feared. After
that (usually within a month or six weeks) tho lids can bo separated agazh
but the patient should wear goggles or some similar protection, especially
when the eye 15 exposed to dust or wind. An ophthalmologist shoukd hove
charge of the eyo during thus period. The parcsthesias of the face that pot
mfrequently follow mjury to the sensory root sre virtually untreatable, as
13 ancsthesia 1n the same area from the same cause

Injuries to the ganglion produce virtually the same problems as the oot
njurtes, except that the complications ansing out of the dry anesthetic €y¢
are more stubborn and mors difficult to deal with The treatmeat i1 the
samo as that for the symptoms caused by injury to the sensory rool

Injuries to the intracranial portions of the three sensory brapches e
untreatable except for the eye comp{lcauam,wh}ch;hou}dbchzndkd”
descnibed above Injurkes to the extracranial branches cannot be repaired:
Persistent pain in the area supplied by the second and third branches may
require mtracramal surglcal section of the semsory root for relief, 2o o7
treatment bemg possible The supraorbital and infracrbital nexves, H i
jured externally should be dealt with locally if necessary mdﬂ
Inthcaxo!tbcmpmmhulmmy}ocdmmouldbncmm
mcpmxnmlmdofzhedmd:dnervebolatcd,muhcdmdﬂedwlth o
If possible the supraorbital artery should not be disturbed, because ol
danprofpfodudngpartnhulunwhoflhrp}nhmdmlm:g
apparently traceable to overnctivity of the ummommﬁbuﬂh“mv:aml
or In the wall of the vessel Treatment of theso Iatter symptoms Is
ously umsuceessful Pain following injury to the infracrbital nerve can st
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surgery The patients should be referred promptly to an ophthalmojogrst
!urthhpurpomlthfommawlhnthcpm@oshiwrmryinﬂm
cases 13 always better than it appears to be. As a result, operations on the
external ocnlar muscles designed to correct deformities resuiting from their
paralysts should be delayed nntil all chancs of reinnervation has vanished
following recovery of the wvolved merve from its original fnfury The f30-
Inted sixth nerve paralysis associoted with spmal aneathesia (see page 215)
needs po treatment, as Jt recovers in some weeka of ity own accord.

The Trigemtnal Nerve

Injury to the togemunal or fifth cranial nerve 13 commonly assoclated
with wnjuries to the face and forchead and with operations on the fawy the
Gasserian ganglon and jts root. Thers may also be an mjury to the central
part of the nerve in the upper part of the spinal cord and In the medolla.
The symptoms and signs includo peresthesias hyperesthosia, hypesthesia
and anesthesia in the scrsory distdbution and motor paralysis of the motor
portlan. Treatment Injucies to the tract in the spinal cord or medafls are
untreatable. Injurles to the motor root are also untreatable, Injuries to
the sensary root are untreatable as such but the dry and inmsensitrve cormea
that accompanies mjury to the fibers that eventuslly make up the first
division must be treated. The eyelrds should be sutured and the eye covered
until such time as ulceration of the cornea Is no Jonger to be feared. After
that (usually within a month or six weeks) the lids can bo scparated agaim,
but the patient shonld wear goggles or some similar protection especially
when the eys 15 exposed to dust or wind. An ophthaimologist should hawe
charge of the eye dunng tius penod. The paresthesins of the faco that not
Infrequently follow injury to the scnsory root are wirtually untreatable 25
Is anesthesia in the same area from the same cause.

Injunes to the ganglion produce virtually the yame problems as the root
injuries, except that the complications arsing out of the dry apesthetic eye
are more stubbom and more difficult 1o deal with Tho treatment ls the
same as that for the symptoms caused by fnjury to the sensary root.

Injutres to the intracranial portions of the thres sensory branches are
untreatable except for the eye comphcatioms, which should be handied a1
Mbednmlmurumtbcema’nnhlbﬂncbaa.mbcw
thtcntpammthcnmmppucdbyﬁwmdnndthkdbmmhmmy
requice mtrncramual surglcal ection of the sensory root for relief no other
treatment bewng possible The supruorbutal and infracrbital perves, if in
jured externally should be dealt wath locally If necessary bcumnofp;l‘;
mtbcunofmeummrwmlmﬂﬂym‘wwb‘wm
the proximal end of the divided nerve solated crushed and ted with

of the
If possible Lbempmmbﬂnlamryshonldnotbedkmbcd.bcamc
dmg:rofprodmmgpumhalu.nmchollhuppmnmdloulﬂmtilﬂé
apparently traceablo to overactivity of the antanomic fbers that travel
orlnﬂlewnllotthevusd.Tr:atmmtofthuclanctsymptmnhu

amlyunmmfuLPaLniaﬂawinginfurwaboMnm-bimlmvcaum
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times be relieved, after exposure of the nerve ot the Infraortital foramen
by erushing and ligation it the trunk §s not too frayed or damaged.

The Facial Nerve

This s damaped as part of a cranlocercbral injury as the result of ear
operations, at the point of damage or operation in the region of the parotld,
&3 a complication of the tempora! extradural approach to the ganglion and
root of the fifth nerve, or after exposure of the side of the face to cold or a
perustent draft. It may also be injured in the posterior fossa by accident,
or otherwhe 1n the coursc of an operation for Ménidre s syndrome or for
the removal of a cercbelloponune-angle tumor The treatment of myurics
of the intracranal portion is out of the question. The best that can be done
i to correct as well as possible the resutting facial parnlyss, These efforts
ate largely Jimited to various plastic and sling operations on the face
itself.* 17 They should be left to the speembst in plastic surgery Injuries
to the nerve In the fallopian canal can, in certain Instances, be repaired by
graftmg within the canal’®1? # 31 or by grafung the cut end of the dustal
part of the nerve to the cut end of the central part of the surgically divided
hypoglossal or spmal accetsory nerves 1n the neck.™ 33 If the Iatter anas-
tomoses are successful, motion will be restored to the pamalyzed faclal
muscles but will be accompanied by annoying and frequently cmbarrassing
Involuntary motions of the tongue, shoulder eye or bead, The restored
motor functon will be limited to useful motion and will never be com-
pletely normal. The plastic and sling procedures can also be used in these
instances. The same general methods apply to injury of the main trunk
the parotd region. Attempts at suture are only rarely successful. Injury in
the course of an operative extradural exposare of the ganglion and root of
the fifth nerve in the temporal fossa result from hemorthage In the hiatus
fallopil. Tho facial nerve 13 not divided in these instances but is compressed
by 2 blood clot in the canal. The lost function osually returns In slx to eight
weeks after the clot has organized Support for the facial muscles during
the time that they arc paralyred should not be neglected, however Tn all
cases, and untll return of function takes place or permanent support i
provided for them, overstretchmg of the paratyzed muscles can be prevented
to 2 worth-while degree by frequent massage of the face in an upward direc
Lmiromuxcormofﬂmmum.htmrdthcoummthmmdtmpcnl
regon by the patient himself. Electrical shmulation at regular mtervals s
aks0 helpful and maintains the contrmactity of the paralyzed muscles Bell's
palsy or a functional interruption of the facial nerve from exposure will
practically always recover without active therapy durected toward the nerve
itself* Masenge and so forth, of the muscles during the time they are
paralyzed {3 essential, bowever

The Nervus Intermedins

Thit part of the facial-nerve complex 1 undoubtedly injured at times in
course of scvere craniocerebral Injurics and 13 certainly tnjured wain
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poseful surgreal division in the treatment of MénRrc s syndrome No treas
ment i possible
Injury to the vestibular apparatus may occur as a part of damage to the
internnl car As a result, the patient will have the typical signs and symptoms
of loss or alteration of vestibular function The most bothcrsome will be
cuzziness, which is only persistent with partial destruction of the npparntus.
Total destruction of the semlicircular canals will cause temporary dizziness
that fs self irmited and that requires no active therapy other than avoidance
of nvalidism and immobilimtion. Partial destruction of the labynath may
require treatment If the symptoms persist for more than six to eight months
after the patient Is agam netive. The deabling vertigo di on
turning comners and lack of stablility 1n relation to the patient s positon In
space are annlogous to n nontrumatc Ménlére s syndrome. It should be
treated in the same way Conservative measures should be employed first.
These must include splinting of a flapping drum maintenance of an open
tian tube the limitation of salt Ing and the adml fon of
small doscs of the barbiturates. If the symptoms do not subalde in six
months under this repimen, surgreal division of one vestibular perve in the
posterior fossa may be carried out.

The Glossopharyngeal Nerve

Injury to thus nerve occors 30 infrequently and ceanses such a paucity
of signs and symptoms as to be virtually unrecognirable. Treatment is
mpossible,

The Vagus Nerve

Thu b usually damaged as part of a craniocercbral injury in the region
of the medulla and pons near the point of origln of this and tho eleventh
nerve in the course of an operation for removal of a postenor fossa tnmor
or In the neck m the course of an operation on the thyrold gland or other
operative procedures 1n that general area. Treatment of the nerve injury
isclf 13 impossible but prompt atiention must be paid to any respleatory
obstruction resulting from the cadavenc pomition of the vocal cords, In
balstion pocumonun must be carcfully guarded against Intobation or
tracheotomy must be performed promptly when indicated The Iaryngologist
thould be consulted at once and he should be grven full charge of the treat
ment for this condition as well as for the loss of or alteration In the voke
that i produced by this lesion.

The Spinal Accessory Nerve
This i usually damaged iIn the course of extensivo cramiocerebral in-
ruries, the removal of a posterior fossa tumor during any operation from
the region of its polnt of origin from the braln stem and spinal cord to its
emergence through the jugular foramen in the skofl ar durmng a dissection
of the neck. Intracranial injurics are untreatable Diviston of the nerve in
the neck, when recognized, should be dealt with by kmmediate end-to-end
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sutaro Support for the arm and shoulder and splinting of the neck must be
provided in addition Drooping of the shoulder and displacement of the
scapula renfltmg from paralysls and atrophy of the trapezius and sterno-
mastold 1n old nnrecognized cases should be referred to the orthopedic
speciailst for treatment.

The Hypoglossal Nerve

This Is usually damaged as a part of severe crarocerebral infuries, In the
course of an operation for removal of a tumor of the posteriar fossa or In
the course of surgical operations on the neck Intracran’al injurles cannot
be trrated Extracranual injuries, if recognired, should be dealt with if pos-
sible by prompt end-to-end anastamosls of the drvided nerve Oral hygicne
must bo scrupulous and watch must be kept lest the patient choke himself
or inhale forelgn matter because of the paralysis of the tongue
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by the root or roots 1n question Pathology The root may be compressed,
distorted or partly divided. The compresslon or distorhon may be from
bone fragments, narrowing or distortion of the mtervertebral foramen or
dulocation without fracturs of adjscent vertebras. Irritation or phyuologic
or partial anatomic division, with or without tearing and possibly assoctated
with local hemorrhage will result. Trearment Direct treatment is usually
Limited to the operative removal of any aberrant compressing agent, such &
a fragment of bons or a foreign body The approach vanes wth the mdi-
vidual problem and is conditioned by the associated injurrer. If the damsge
has been caused by a stab or gomshot wound the tract should be débnded
as part of the procedure Chemotherapy and antiblotics shonld be vsed both
locally and parenterally Suture of partially divided or tom roots fs only
mrely possible or successfol Such direct operatve therapy should not be
undertaken unless the preoperative diagnosis is bly

Any nonoperative Indirect type of thernpy—which Is the wsual method—
is best carried out by the use of any eflective treatment of the assocmted
fracturo or distocation of the spmal column. Tins will nearly always call
for traction hyperextension and fixation of the spine (see page 63)

Acute Transection of a Spinal Root

Thus follows the same types of infury that are described under Aewte
Nontr ting Spinal Radiculitis The dlagnosis iy p d and mmally
mads fust as in the previous section, except that actual transection can only
be verified by surgical exposure and electrical stimujation of the root In
question. Transection will be evident through fatlure of stimulation of that
part of the root that is central to the injury to produce appropriate periph-
eral motor and sentory responses. Pathology There is a complete transe¢
uon of the roctlets ar of the root at any point in 1ts course Such divided
roots do not regencrate if sutared. Nearomas do not form on the cut cod
of the central segment. Treatment There 13 no effective treatment keading
:orecovuyoffnncﬂcnofu.nytouﬂydfvrdadrplnn]moLHmmPﬂ“
caused by compression by scar of the cut end of the proximal segment can
be treated at times with a varying degree of success by surgical neurotyss.
In afl i 1 which the dlagnosis of total ic division of the
roothumtbceﬂverlﬁedbymuﬂhnﬂonlndclccmcalldmubmﬂu
root should be presumed to be capable of sufficient Inherent ability to rep2f
itself and the stroctates to which 1t s distributed peripherally should be
Kept in a3 pearly normal a functional state as possiblo until all chance of
such repair with fts resumption of function, is out of the ques-
tlon. Thus may not occur until after & year has elapsed follosring the injary
although evidence of retnrming function will usually manifest itself earfier
The normal tomcity contractility and Iength of any paralyzed muscles 43
well as the normal mobility of any jolats that may be mvolved, must be
maintalned durmg this period. Physiotherapy splmting in the position of
optimom nse and passive and active assisted motion must be religowsly
mrbdouLTbewpxmdmumnbemppkmmmi,Hmryby
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eral electrical stumulation of the muscles and by measures designed to pro-
mote the eirculation of the extremity With the first return of volumtary
motion active use must be carcfully restricted to that which b well within
the limits of muscular exhaustion. Sphinting shoukd be continued until
danger of overstretching or distortion of the weak muscies by their non
parelyzed antagonists or because of the dead welght of any dustal part of
the Hmb is obviated.

After it is apparent that no repair of the injured root is golng to take
place or after surgical exposure has venfied the presence of a root transec
won and it is evident that the functional loss is permanent, sppropriate
crthopedic procedures such as tendon and muscle transplants  tenodeses
relnervation by nerve transplant and arthrodeses may ail be considercd
The needs of each case will be highly individunlized and therapy must be
peovded accordingly

Chronle Nontransecting Spinad Radicnlitly

Thhs is commonly initiated by 2a Injury to the vertebral column that was
considered minor at the time of its occurrence Repeated similar injuries,
each of which produces symptoms that last langer and that are increasingly
severe and each of which causes increasing pathology produce T
that tend to become progressively more disabling over a period of tume
until the patrent finally demands adequats dmgnosis and effective thernpy
The usual causes are a rupture of a cervical or Jumbar disc, with protruston
and then extrusion of the nuckus pulposus wath invasion of the interver
tebral canal, or Increase bn the amount and cakclum content of the tisues
1hat surround the joint between the adsoining facets, with resnltant narrow
mg of the intervertebral fornmen. Thix causes on Increasmg cornpression of
the appropriate root.

Ruptared Intenvertebra) Disc
Lumbar

The diagnosiy 15 suggested by the history and physical findingy It 1s
confirmed by the demonstration of an appropriate defect 1 a column of
raiopaque materlal that has been previously introduced info the Iumbar
wberachnold space Parhology Thero Is rupturs of the posterior portion of
the annuluy, and posiibly of the posterior spinal bgament a3 well, with at
Arst protrusion and later extrusion of the nucleus pulpotus in such a direc
tion &3 10 irntate, deform or compress one particular root in i loterverte
bral canal or deform or compress and posyibly imtate any part or all of the
cauda equina st the appropriate evel Thers is frequently an mssoctated
unstable rel hip of the lumb 1 or interlumbar arficular facets and
some degree of so-called “hypertrophic arthris,” neither of which plays
any part in the ctiology the pathology or the production of the symptoms
Frequently there is also # narrowing of an mtervertebral due tpace Thus is
confimatary but not of itself diagnostic of an extruded noeleus or ruptared
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disc. Motility between adjacent vertebras demonstrated at operation and
thought to be either ebnormal in amount or extent s not a sign of erther
a ruptured disc or a protruded or extruded nuclens Multple ruptures of
duscs with multiple protrusions or extrusios with appropnate defects in the
dingnostic study of the radiopaque subarachnord column occur with greater
frequency than would be expected Distortron or compression of the appro-
priate roots will be found at operation Signs and Symptoms The symptoms
are those of any acute low-beck conditton superimposed on @ background
of chronic low back pem with umitation and spasm of the paraveriebral
muscles, together wath pain that spreads down the distribution of some part
of one eclatic nerve In certain cases (midline extrusions) the symptoms
may involve an area corresponding to the peripheral distribution of more
thap one root and may even spread over parts of both legs. The agas that
go with spasm of the paravertebral muscles, acate and chronic arthnts of
the mtervertebral jolnts and frrdtatior or laterruption of ooe or more rools
are suggestive but are not diagnostc unless confirmed by a properly done
myclogram Treatment In the earlier stages, and usnally before the dag-
n0sls {3 more than suspected these patients shoukd have the benefit of con-
servative nonoperafive therapy This should be carried oot under the
directron of an orthopedic specialist. It should consist of graduated exercses
combined with rest and possibly fixation of the spine by appropate spimt
ing in the hope that the protruded nucleus will recede the rent in the annahus
close and a subsequent rupture with recarrence of symptots be prevented
by the development of greater stability and increased Jocal range of motrof,
2l made possible by an crease In the srength and effectiventss of the
great muzcles that snpport the spine and pelvis

Once the diagnosis by cstablished, or once 1t has been decrled (In e
doubtful cases) to make the diagnosis by exploratory laminectomy how-
ever and a ruptured disc wath a protruded or extruded nuclens that deforms
a root or the cauda bas been demonstrated, the opening through the at-
nuhus and the posterior Iigament should be cnlarged sufficiently to permit
the removal of all duc tsswe as well as the opposiag surfaces of the ver
tebral bodies Care should be taken not to perforate the anterior wall of the
disc, however as this will, m alt probability damuge ano of the jtizc vessht
and may lead to an otherwise unnecessary leg amputation The diagnoss
and even ths demonstration at operation of & ruptured lumbar in
disc does not of itsclf justify or indicate fuslon of the spine The deasion
concerning the need for this procedore should be made as if the disc had
1t been Involved and the fuslon was noeded of not necded only becanse of
other appropnate indicatons

Tbeptmapcmtlvecamkuhnpmammthcmnmloumomeuﬂw
operation ttself Appropriate exercises that will stretch withoat irritating the
shortened irritable back and jeg muscles as well as the scar In the back most
be farthfully practiced. In edditfon graduated increasingly severe exerchi
of & general nature should be prescribed
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Cervical

The diagnons Is suggested by the history and physical findings and is
confirmed by x-ray dumonstration of a significant narrowing of the appro-
pnato Intervertebral forumen through the use of oblique flms, and by a
constant appropriate deformity in the outhne of a column of radlopaque dye
mtroduced into the cervical subarachnoid space Narrowing of the duic
space may also be observed by X my Pathology There Is a rupture of the
annulus and, rarely of the ligament overlying onc of the lower four cervical
discs, wath elther compression of the antenor aspect of the cord through the
overlymg dura or narrowing of the appropnate intervertebral foramen
Protrusions and extrusions of nuclei from ruptured cervical discs are prone
to cakafy and form solid {rremovable tumors anterror and latern! to the
cervical cord and fts roots The so-called “hypertrophic arthritls” is usually
present and efther may or may not contnbute by its presence to the signs
and symptoms. Signs and symptoms The signs and symptoms are those of
tmtaton or interruption of any appropriate cervical root, or imtation or
local destruction by compression of a part of the structures in the antenor
cervical cord Pain sensory abnormalitles, muscular wenkness, atrophy and
s0 forth fn the neck shoulder arm and hand are charactenstic of thus
disease iof a root fs Involved. If the cord is compressed there will be signs of
fnvolvement of the long tracts. Treatment In the pateents with milder signs
and symptoms 1t 8 worth while o devote o reasonable period of tme to
conservative therapy This 1s carried out not with any idea of changmg the
thape or size of the protrusion or extrusion, but rather n the hope that,
through lessening the irritation of the soft tissues that surround the facets
and the intervertebral fornmen any swelling that is present will subside and
the tusues will become more elastic and the paraspinal muscles Jess im
table As a result, the imtation and compression of the root may be reduced
o a pownt where the symptoms and signs will largely disappear The methods
ved i this conservative therapy are those that provide support for the
weight of the head on the shoulders rather than by way of the cervical spine,
after any necessary relief of muscular spasm has been accomplished by
traction. The former include the Thomas collar and fixation of the cervical
spne by other more effective splinting. The Zmmmer type of cervical brace,
o which has been added a postenor member that fixes the splint to the
patent s peivis s the preferred splint (see Fig. 29 pege 136) The Iatter
Is accomplished by skeletal traction or by bed rest with hyperextension with
or without traction If after a reasonable time, it is apparent that conserva
tve means have been Ineffective direct operative therapy must be resorted
1o Tho involved area 13 exposed by a mimmal hemlammectomy the dora
opened and the cord rotated sufficiently to expose the compressed root
after divinon of the necersary number of Iateral attachments of the dentate
figament. Unless the protrusion or extrumon 13 casily exposed by extradural
disscetion and then as canily mobilized no attempt shoald be made to
femove it. This s particularly true if it is calcified. The rsk of accompany
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ing irreversible damage to the cord or roots is too great otherwne. If such
a tumor Is in the midline and irremovable two or three of the lateral
attechments of the dentate ligaments should be cut on both sides to allow
for greater mobility of the card, and the dura posterior to the cord should
be left open. If the tumor is lateral, the compressed root should be decom-
pressed by enlarging the intervertebral foramen rather than by any attempt
to remove the puclear tissue. Appropriate phystotherapy and exercises, not
only for their local but for their general effect as well should be preseribed
postoperatively Symptomatic reltef m often disappointingly small in these
patients. Morcover new peripberal disabilities, Includt lg (sec
pages 201 204 and 205) may be produced, may last 2 long time and may
of themselves, require treatment after these cervical operahons

Radiculitis from Other Types of Compresshon

This p-uctically never occurs anywhere other than 1n the cervical spne
The diagnasis prior to operation, i undutingulshable from that of a latera!
rupture of a cervieal intervertebral dise and 15 made by the same methods
used In patlents suspected of having the latter condition Pathology Irrita
tion compression or interruption of a root of roots 1s present and s caused
by the invasion of the intervertebral foramen fn queston by so-called
“hypertrophic bony spurs” or by thickening and loss of elasticity and depost
tion of new flbrous tissue with or withont calcification in the
region As a result, there is encroachment on the root, with compression
1ts point of exit from the intervertebral foramen. The dgns and symploms
are essentially the same as those listed under Ruptured Intervertebral
Disc—Cervical. The treatment is essentlally the same as that recommended
under Ruptured Intervertebral Disc—Cervical except that operation will
be postponed in favor of comservative therapy for a loager time




4

The Treatment of Inyuries to the Peripheral Nervous
System

All these patients must be hospitalized for therapy
GENERAL CONSIDERATION\S

There are certain factors that affect all attentpts to repalr damage to the
peniphernl nervous system. Perhops the most important ones are an appre
cratron of the source of the blood supply and knowledge of the fact that the
caly part of a cut penipheral nerve that can be unsed surglcally to effect
functional anion is the eplacurum,

The Blood Supply

This is abundant with many n conslderable overlap and a
good collateral crrculatron.® Nutnent branches are given off and pierce the
substance of the nerve trunks from superfichal longitudinal vessels that lie
on the surface and in the cpincurium Their elasticity is slight, bowever
and even minimal stretching will occlude the vessels (and especully the
vems) with resulting Ischemia thrombosis and necross at any suture hine
Further stretching will add necrosis with permanent loss of function of
previously undamaged parts of the nerve trunk Residunl scarring in or
wroynd the nerve dinunishes sull further the amount of blood and bence the
nourshment that reaches the axoncs.

The Nerve Tromk®®

The nerve trunk, the outermost sheath or covermg of which s the
epincurium, 1s made up of fascicles each of which 1s surrounded by its own
Perineurdum. The fascrcles consist of nerve fiber bundies interspersed with
blood vessels and contaiming myelmated axones within Schwann sheaths,
Nerve Impulses travel through the axones to reach end effectors, or from
the end receptors to reach the spinal cord. Growth of a nerve can take place
ouly with the help and connvance of the Schwann cells and only toward
the periphery Any attempt to transfix a nerve trunk with the relatively
&ross needle and sutures used in surpical repair (23 compared wath the
miroscopic intraneurnl structures) necessarily leads to hemorrhage edema,
destruction of axones and development of intrancural scary that effectively
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blovk the growth of axones and Schwano sheaths with peniphera! atrophy
and disappearance and replacement of these structures by scar Penetration
of the axones ncross the line of division of the nerve It thus prevented
because of their inability to find and enter Schwann sheaths. Effectrve func
tiona} union of a cut penpheral nerve tnkes place poly because the axones
grow toward the periphery and In thewr growth are guided toward the
cffector or receptor end-plates by empty open Schwaon sheathn, In the
absence of the latter the direction of growth of the axones is confused, dis-
sweainated and lrregulac It o thi teegular growth that manifests itself as
a neuroma on the distal cut end of the proumal segment. Degenerated and
fibrosed portions of axones that bave been severed from thelr central ends,
and empty depenerated and fibrosed Schwann sheaths wath hematoma and
scar form the glioms——commonly called neuroma-—on the proximal cut
end of the distal segment.

Sorgical Repate™

Successful surgical repair of a cut peripheral nerve must meet the follow-
ing requirements

1 The cat end of the proximal scgment must bo completely niable, free
of scar neuroma or hematoma and undamaged by mechanical insolt. Only
in this way can free peripheral growth of the axones be assured.

2. The cut end of the distal scgment must be campletely viable, free ol
scar gltoma (neuroms) or't and undamaged by mechanical insalt.
Ouly in ths way can the axones that are to grow scross the gap find open
Schwann sheaths to recerve them and gulde them on thelr way toward their
respective recepiors and effectors.

3 The appronmation of the opposing cut surfsces muat be accurate and
free of hematoma. The cut surfaces must be at right angles to tho long #xes
of both the axones and the Schwann sheaths. Approximatien of the cul
surfaces must bo of such accuracy that there is no overlapping, bolgng oc
outfolding at any peint, and the sfitches that hold the approzimaied Kz
foces mn place must be under Inttle or no tenalon.

4 The suture matenal must bo of the smallest practical calfber nan-
irritating to far as possible swedged onto onc-half curved needles that are
as smell as poesible and inserted only through the epineurfum.

5 The earflicr the repalr is done provided that 1t meets these basic re-
quirements the more perfect and the greater the amount of union.

6 There must be no wound sepais.

7 Tho bed in which the suture Jins is o rest must be as freo as poxible
from scer and granulation tissue and 1f possiblo should be in the substance
of muscle notinlppmxmﬂouwhhtcndum—mdlumymtmdirwﬁ!
under tho culancous scar

The Optimum Time for Suture ™ With these requirements in mind,
ft must be apparent that altbongh mmedinte yutare after the ayury is the
1deal procedure it may be impossible impractical or unwrc to attempt it
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means of neuroms to-glioma tension sutures with immediate full flexion and
later slow extension of the involved folnt may be belpful, but oaly mthin
narrow Jimits. The y traction is inh 1y dangerous because of the
possibility of cauung ischemia swelling, thrombosts and stretch pecrosis of
the stretched part and thus potentially widening rathrer than nerrowing the
gap Other reasons for fadure are fixation of the proximal segment in the
postoperative cxcatrix and excessive 1ntraneural scar formation.

Grafts 33 In Iato repairs heterografts and homografts are unseless and
should not be employed. Antogenous free grafts if they are of the “cable”
type and if the mdividual unrts are not too hrge, may prove successful bat
cannot be counted upan Single autogenous free grafts are the most success-
ful, provided that the graftor nerve is small the grafted nerve bs of the same
size and the surgical technic perfect, 1t 13 better but not essenthl, to graht
sensory to sensory and rmotor to motar nerves. Autogenons grafts dooe In
stages promise more success but necessitate the sacrifice of one major nerve
in the extremuty

Thrambin Suture Technic #~¥ What will probably eventuaily turn out to
be the universal method—and what Is certainly at ths time the most atro-
matic and most effective method—of uniting cut peripheral nerve ends fs the
so-called “thrombin-suture™ techmc This was canceived by Seddon Young
and Medawar developed by Singer Tarlov and Benjamin and perfected by
Bateman In its final form the prepared cut neural surfaces to be approxi-
mated are kept from rotatlng by two opposite radially placed sutures through
the epmeunum of erther Accumate jonless approximation is
accamplished by carcfully tymg these same stitches The suture line Is then
completely bathed in a solution of warmed human thrombin, with the aid of
an adjustable latex mold, until the thrombin Is solidly clotied (a process
sa1d to take from three to scven nunutes) after wihuch the wound s closed
with the usual precautions Thess include care to avoid disruption of the
potentially united surfaces and removal of all clots from the cut perve
surfaces, meticulous hemostasts and no dralage Unfortunately because of
Iack of knowledge of 1ts possibilities, ignorance of the technic and usavail-
ability of the molds, this method is at present hmlted in 1ty uss to £¢
caalized chmics and has not spread to those nonspecialized surgical-accident
or emergency rooms where the bulk of this surgery Is first secn and whero
this techpic s most needed.

Postoperative Identification of the Integrity of the Suture Line Al
repams, whetber immediate delayed or late, should be marked with &
single tantalum wirs stitch placed at s known distance on exther side of
the suture Imo Theso stitches should be mserted through the epineuriom
only Frequent x-ray films visualizing thess stitches should be taken daring
convalescence a3 & check on the ntegrity of the suture Hne A separation of
thotwummha,ummnrcdlnthcﬂlmmdwmpuedwnhdxmm
measurement, will notfy the surgeon of the need for resutare at the easliest

passible moment.
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Physbotherapy

This should include massage limited passive manipulation of joints,
muscle setting inside casts and, most particularly palvanic stimulation of
the paralyzed muscles two or threc times o week It should be started as
soon as possible and conunued until voluntary motion returns ot until it =
apparent that the repalr 1 a faiture. Ample time should be allowed for the
suture Ime to heal fimily before extending the joint whenever positioning
of the mb has been resorted to in order to bridge a pap

Diagnosis

Repud, ly accurate preliminary determinstion of the actual pres-
ence of an interruption of any of the major periphers! nerves cun be carried
out by a muumum of simple tests as worked out by Livingston®®

For the arm  loss of perceptron of pin-prick in the distal phalinges of
the index finger (median nerve) and the fifth finger (ulnar nerve) the
inability to extend the distal phalanx of the thumb (radial (musculospiral)
nerve) Inability to flex the forearm at the elbow (musculocutancous perve)
and loss of deltoid functron and inability to abduct the arm (axillary nerve)
Combl. of radial dian- and ulnar-nerve deficits indicate a brachial
plexus interruption.

In the leg Joss of quadrceps function and probable vascular injury
(femoral nerve) Joss of dorsifiexion of the great toc (peroneal nerve) and
plantar flexion of the great toe with the motion starting from a peutral
pesition (ubial nerve above the knee) In both nstances loss of both dotsr-
flexion and plantar fiexion of the great toc (sciatic nerve) anesthesis in
the plantar area (tibial nerve below the knee)

Functlonal Return

Finally it must always bo bomne in mind that no matter how perfect the
rtpnhlndﬁemmdlmdpcnphmumdnnumﬂtyhubm
the retum of function whether motor or sensory wall always fall somewhat
short of rormal.?? # Satisfactory even though not perfect, recovery can be

pected under such o however Perfection of repair Is also
Mﬂedbyﬂ:crelnﬂouoflhelnjurytothe}onguho{thcncm It
*ppears that, in genenil, the more pronmal the {njury i to the body the
forther from nommaley ks the eventual retumn of function. In the arm in
jumes, retemn of stereognosis and two-point discrimination is rare and
Tetum of normal function to the small muscles of the hand is leas than 1n
mwmmclswhmcfuncuonuknmcﬂnghtumo!mncuonlumlk
ncm}:n;uruuc.xtrcmely poor Morcover the surgeon and the patent
mut be prepared to recognizs that no matter how perfect the technic,
fallure of furctional woon may still occnr for unpredictable and uncar
rectable reasons, They must thercfore bo prepared to face re-exploration
©t 2 8&brided nerve a3 soon #3 fallure s appareat.
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SPECIFIC INJURIES

Local Trama with Irritatlon and Local Swelllng of g Peripheral
Nerve or Nerves

The diagnosis 15 made by an appropriate history of an approprate mjury
with the immediate production of symptoms of hritatron, compression of
loas of function of the nerve or nerves m question. The signs will usoally
be those of partual interruption. The pathology 13 that of a Jocal swelling
of the nerve elements within the nerve sheath which occurs wath no or at
most minimal, intrancural hemorrhage Mmumal permanent changes in the
mucroscople structures of the nerve will be present. Perineural hematamas
may organize 1n such a way as to compress the nerve. If they are of suffi-
cient degree and length of application, they will cause intraneural destroc
tion that will be manifested by permanent loss of function Treatment
should be devoted to maintaming the paretic or paralyzed muscies in mor
mal tonos and Jength and to maintainmg full mobillty In range and facility
of all paralyzed jownts by appropnate physiotherapy supportive splmts and
the hke X ray therapy if carefully used, may hasten the absorption of any
large perineural hematomas and thus lessen any possible perineural scarring
and compression. Recovery should be complete

Compressive Medlan Neuritis in the Carpal Tunnel

This condition has recently been brought to the attention of the prole-
slon 1n a number of commmnications of which the most recent s by George
S. Phelan under the utle, “Spontancous Compression of the Median herve
m the Wnst."® It is also known as “tardy median palsy ” The symproms
and sdgns arc those of a slowly developing median nenrins Liputed to the
sensory and motor dustribution of the median perve In ane or both hands
The first symptoms arc sensory i nature. They may develop after some
such obvious cause as damage to the bony structures of the wrst but may
also appear spontancosly without any known cause. If allowed to progress
untreated, major disability of the hand may develop not anly becase of the
hypesthesta and anesthesza but also becaue of weakness and atrophy of the
thenar muscles The spontaneous vanety takes years rather than months 10
develop and 15 very much more comman 1n women than In men It does not
appear to have any constant relattonship to occupation or to arterfosclero-
sls. Phelan suggests, on the basls of the typo of therapy needed and the
good results obtaned therefram that an analogy between this condrhon and
Lbemlhd“tﬂgggrﬁn@r”:nddc&nrvnhsdlmmaymmuyh‘
dmwn It appears that the fundamental patkology of “tardy median palsy”
13 compression of the medlan nerve where it lies in the carpal tunnel mme-
diately decp to the carpal ligument. Treatment 1s diviston of the carpl
Hpmcnlthroughamwcuclkmtnaﬂonnarthcd]unlvolumd
the wnst. This exposes the median nerve its entrance into the tunnel and
thccnrpalhgamtnt.]‘hchgnmcmis:htunluulnarndcinzhcdjm:bond
the long axis of the grm and the tunne] thus unroofed If the nerve is coa
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strcted locally by additional contraction of Ha sheath the ahenth should
also be split in the long axls of the nerve. According to Bunncil** any
aberrant vessel that may be present should be drssected from the nerve and
placed away from it. The prognosis for recovery of normal semsation is
pood, and for the return of function of the parctic atrophied muscles, fair

Cortusfon of a Peripheral Nerve or Nerves

This conditron s simiiar to the preceding except that intraneural hemor
rhages of uignificant degree are added to the pathology The diagnoxis and
pathology otherwise are the same as noted In the previous section with the
excepuon that the signs and symptoms arc more scvers and much more
lasting, Treatment Conservative therapy should be used only for the length
of time necessary to satisfy the doctor that it Is effective With fallure of the
symptoms to begin to subside In two or three days, or in the face of an
increase in the signs and symptoms while conservauve therapy ls being
effectively rendered diate expl of the damaged portion of the
nerve of nerves should be undertaken I after the penneural hematoma
has been removed and the nerve odequalely expased, the nerve stself s
wen 0 be swollen tense and hemorrhagic and of it does not properly
transmzt either motor or semsory electrical stimuh through the damaped area
In accordance with its function, the epmeural sheath should be split for the
full length of the damaged aren o arder to permut decompression of the
In 1 ¢} The opening shoukd be covered with “fbrn foam »
and, if possible, the damaped part of the nerve should be transplanted into
the substance of the belly of some adjacent muscle. The greatest gentleness,
minmeal handling, asepsis and eut h b are fal No
tourniquet should ever be used. Conservative therapy as outhned under the
preceding section thould be started at once after the operation

Partial o Complete Dividon of & Petipkeral Nerve

The Acute Stage

The diagnosis ts made from the appropriate hustory and physical signs
and symptoms of functional Interruption. In particolar it should always be
made an absolute rule that 1n all Inclsed or stab wonnds of any part of the
cxtremities, the supraclavicalar regon the side of the neck the lumbar
Paravertebral region and the buttocks, a complete and detnied report of afl
®nsaton of the skin and of the voluntary motion of all muscles below the
pomt of mfury must be put on paper while the petient s conscrous and
Co-operative—and particularly before he 1 hetized. Thix {x ity
Recessary In injorres in which there has been extemsive damage to any ten
oo and in injurres of the palm of the hand the wnst and the ontecubital
And popliteal spaces The parhology 1 that of a partlal or complete division
0 the berve trumk, with the resuitant characteristic microscopsc degenerative
td early cleatrieral changes above and below the point of section. The ™
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most effective treatnent 13 atraumatic, accurate end to-end suture of nor
msl nerve tissuc at the earliest possible moment. Rotation of the cut ends
In relation to each other should be a8 slight as possible. The sature materml
should be erther cotion, mlk ar tantalum wire, and there should be no
tenslon on the sutare line Single adsacent sutures of tantalom wire, one on
clther side of the suture line should be placed at a measured distance from
cach other through the eplneunum The wound should be x myed at once
after dressing and at mtervals duning convalescence noti) nnion is assured.
If 2 question of separation at the suture lme arses later theso serfal 1-mys
will confirm or deny it. As httle suture matenal as 15 commensurate with
a sathfactory union shoold be used. It should be limited fo the epmeurtom
and should pot be put through the substance of the nerve liself. The cat
nerve ends must be identfied by electrical stimulation pror to suturing.
The suture line must not be wrapped Instead, 1f it 15 at all posaible, 1t
should be burled In the belly of an adjacent muscle If this cannot be does,
careful hemostasis, critical asepsis and repalr of the wound with no dead
spaces and & mmimum of nuture matenal 30 as to prodoce as Uitk scarring
#s possible, offers the best hope of maximal repair and mmimal intraneural
and extrancural scar and compresuon. Postoperative therapy as oatlined
above should be started as soon as posuble and persisted In until it Is evi-
dent that repair will not take placo or that function is again normal.

The Chronic Stage

The chronc stage of e partial or complete division of a periphen] perve
or nerves results from one or more of the followlng- failare of unfon in &
properly timed and properly performed end-to-cnd suture no surgaal re-
pair of the severed nerve compression of the nerve in external scar or
callus interruption by nternal scar mustaken sutare of the cut end of the
proximal part of the cut nerve to the cut end of the distal part of & tenden
& neuroms in comtinuity an unrecognized unremoved reskdual neuroma
after attempted suture the contraction upward and downward of the distal
and proximal parts of the cot nerve the total absence, through destroction
of a Iarge segment of the nerve, the compretsion and functional interrup-
tlon of the nerve by appheation of Carglle b sections of veuss or
arteries, fibnn films, cellophane and tantalum or other metal foil that k2t
been wrapped about the suture lne In an otherwise effective repar
Pathology ’I‘hereummugwithnecmdsunddutmcﬂonnfﬂmwrbm
intraneural structures, peuroma formation on the proximal end and &
glioma on the dhtal end. Peripheral axonal growth s blocked. Schwann
sheaths are filled or destroyed and their cut ends may be distorted or com-
pressed. These changes may extend for long distances proximally and dis-
tally The diagnosis is made from tho history and physical findings, bearing
particularly 1n mind the posnts listed above The absence of signs of retura-
ing fanction within no mare than three months of an othcrwiss properly
performed satare 1n which localtung tantalum sutures were not meed 18
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sufficlent to Justlfy re-exploration and resuture unless the original wound
bas been septic In that case the wait should be prolonged until it is certaln
that all residual bacteria in the wound and any chance of secondary infec
tion arising in the second operation from a nidus in the scar of the first
wornd have been climinated. Treatment Once the declslon has been
reached that there is no chance of re-establishment of functional continmty
in the wnjured nerve and once the surgeon has satisfied himself that the
conservative treatment outhned under the previous headings wall be of no
avatl in restoring innervatlon to previously anesthetic and parnlyzed parts,
and provided that chance of sccondary sepsls from a previously infected
wornd has been estimated as a cakculated nsk there is no point In delaying
reexploration any longer The operation should, first of all, be so designed
that normal uninvolved nerve tissue Is exposed and visible both above and
below the mjured area Once normal nerve tissue has been demonstrated,
the nerve trugk Is followed toward the center from both ends until the
damagped part is holated and identfied as far as possible. Electrical stimu
laton is an essential help during ths dusection

With the injured area isolated the method of repalr will depend on the
findings. All external compressive agents must be removed and the nerve
decompressed from the outslde Compression of the Intrancuml clements
by scar within the sheath as evidencrd by gross appearance and interfer
ence with electrical conductivity can be dealt wath in certaln cases by the
forcible injection of isotome salt solution beneath the epineurium (internal
netrolysis) If thiy falls and there is no expectation of any practical return
of fonction the scarred area should be resected untll normal nerve tissue
8 reached and an end-to-end annstomosts carried out at that point. Thus
will undonbtedly Hvolve the mobillzation of both segments of the nerve,
with freeing and mobiliumtion of any various branches In partial sections
the uncut ntact portion must not be disturbed It should be allowed to fald
on itielf to compensate for the shortening necessary to effect end to-end
satare of the divided segment Fixation of the arm or leg in such positions
11 will yield most slack and the transplantation of nerves from behmnd to
hm"fﬂm%mwellulhoﬂ.mlugu(nppmpdalc bones, are other
belpfol measures. When large defects mako repairs otherwise mpousible
mt‘““muof\hecutnemmbolumr:dbythd:mmdor
pewromatous ends to tendon or perfosteum across the front of a fofnt in the
mpoﬂuonlumd:n“ymmpmduc:mmhingo(thetmnbmma
foint is slowly extended. After it has been fully extended, enough extra
kength may sometimes be obtained o allow for end to-end suture of normal
eTve tissne across what looked at first like a completely unbridgeable gap
This i5 of uncertain value however because excessive stretching causes
rdvancing intraneural destruction

Nmmmdg.lmmlhnlnmprmnt,whctherlnconunultyoru
;’mﬂm tions of cut nerves, must be resected to a normal appearing cut end

nerve before any end to-end suture should be attempted. The same
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precantions relative to suture that were noted under Partial and Complete
Divislon—Acute Stage must bo observed If possible, all nerve sutore-lmes
should be buned in the belly of any adjowning muscle. Cable-grafty made
from normal uninterrapted nerves taken from the legs or leg will sometimes
be successful in bridging large gaps that cannot otherwse be crossed. The
cable must be of the approximate stze of the host. Heterografts and homo-
grafts will not survive and are useless. Agaln the unlon of the grafts must
be mads end-to-end to normal nerve tissue and without tenaion. It should
be buried in a muscle belly The hemostasis must be meticulous and the
asepss beyond question and no such repair should be undertaken without
using an adequate electrical stimulator The postoperative care will depesd
on the difficolty of the repair Repaurs that depend for thelr success on the
stretching of normal nerve tissee through extennon of flexed jolnts must
not be endangered by extending the joints too soon Two weeks at least
should elapse before extension is started—and more If 1t is thought neces-
sary X-ray check of the radlopaque sutures sct on either sido of the suture
Imo should be made frequently to make sure that the suture line has not
given way and the ends sepamated. Muscle-setting exercises within the cast
should be practiced and physlotherapy es outlined above, started as 5000
23 possfble—and 23 s00n as one can be sure that the end to-end repar will
not be endangered. This should be continued untll maximum retum of
function has been demonstrated or until it is evdent that the repalr bas
failed and another operation is required.

Periphera] Nerve Infurles Assoclated with Fractures of the Long Bones

Certain fractures of the long bones—and especially of the humerus and
the fibula—mny produce loss of function of peripheral nerves that mant
fests rtsclf alowly and does not become apparent mntil considerable time has
elapsed. The neural symptoms are caused by compressing or stretching (he
nerve trunk on or over bone, the original Injury often mot damaging the
nerve at all.

Fractures of the Humerus

The charncteristic fractures of the humerus that cause delayod symptoms
of penpheral nerve dnmngemthouoft.helha!tutthcjuncﬂoﬂoflbe
middle and upper thirds In the immediate viclnlty of the radial (musculo-
spiral) groove and of tho external condyke during childhood.

FRACTURE OF THE SHArT The fracture of the shaft may so stretch the
radial nerve by the growth of a callus or by malunton that its function i
gradually interfered with to the point where & wrist-drop develops. This
particularly troe when a plaster-of parls cast has had to be applied to the
whols arm and wrst to maintain satisfactory positioning of the fractur®
fine The nerve is almost never included In the callus—t s atretched over
it and usually fixed by perineural scarring of the soft tissues It may be
thinned out or symmetrically enlarged and harder than normal. Transmis
ston of electncal impulses through the damnpcdmw{ﬂnryirummml
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to compkte absence in accordance with the scverity and with the length of
time the stretching has been present. Treatment must Include resection of
the callus sufficiently to relieve the stretch the transplantation {f possible
of the injured part of the nerve to a new bed In the belly of a muscle ex
ternal and if necessary and indicated, Internal neurolysis, and resection and
end-to-end sutare of the nerve trunk If the condition is recognized and
treated early the prognosis for recovery Is good otherwise the prognosis
varres with the length of time the nerve has been kept on stretch,

Fracrure or THE ExtExnaL Covpyie Fracture of the external con
dyle during childhood kends to alteration of the comparative rates of growth
of the two humeral condyles. The damaged external condylo grows little if
any whereas the undamaged intemnal condyle grows at a pormal rate The
resalt }s that the transverse hine of the elbow jont 13 twisted 1 such a way
a3 to put the ulnar nerve on stretch m its ulnar groove every tume the elbow
Is flexed. Depending on the degree of joint distortlon, this constant local
tauma and stretching will produce symptoms of partial jnterruption of the
ulnar nerve in a varying number of years. These symptoms will usually be
confined to the hand and will be both motor and sensory The freatment
must inclode exposure of the nerve at the elbow at least, with determination
of the amount of interruption by clectrical stimulation above the point of
damape The internal condyle of the humerus can then be resected without
openmg the joint cavity and the nerve Ieft in place if a proper bed can be
made for 1t. It must not be kelt in contact with cancellous bone or allowed
to cross a bony prommence. If these provisions cannot be met, the nerve
must be transplanted to the front of the arm well toward the center and at
least the damaged aren burted in the bellies of the muscles. To do ths ade-
quately the skin inciston must be kngthened both upward and downward
The nerve itself should be dealt with locally by external or internal neuroly
s or both but should not be resected and resuturcd at this time. The appear
tnce of the nerve at the point of injury will be the same as that of the radial
nerve deseribed In the preceding section

Fractures of the Head and Neck of the Fibula

Fractures of the head and neck of the fibula, and especially those of the
neck of this bone are prone to produce some degree of common-peroneal
neuritis. Even If the bone injury rtself has pot caused durect injury to the
berve jt may nevertheless be so compressed by the application of a cast or
tight bandage as to lead to severe paralysis Indeed, even m the absence of
fbuba fracture the improper application of a cast to the lower leg, for what
€ver purpose will very frequently cause peroneal pressurc neurits. The
Symptoms commonly are first noticed when the cast is removed, and unkess
2 careful neurologrc examination has been made prior to its application and
the nerve-fmction found to have been intact at that time it will be impos-
ﬂbictomt:lh:thmolonmolpamlyxmmﬂwruullolmhprmmor
:’:;}zhf‘"! from accident, the patient develops a foot drop with paralyals

peroneal and extensor muscles of the foot and toes. Thero will also be
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2 small area of hypesthesta or anesthesia on the dorsum of the foot. De-
pending on the level of nerve dwislon, the muscular paralysis may be disso-
ciated with retention of eversion, and the anesthesia may be extended up the
Iateral aspect of the lower leg, The pathology may vary from anatomic divi-
sion with teaning of the ends to an intraneural neuritis with sweiling, hard-
ness and immobility or flattening and stretchmg of the nerve The detalled
pathological dlagnons must await confirmation by electrical stimulation.
Treatment will vary with the pathology response to stimulation and gross
appearance at operation Accordiagly rt will vary from resectron and suturs
to internal neurolysis, either of which may if necessary be supplemented by
the removal of the necessary part of the fibula.

Nenromas
In certain insta (as, for le, in 1ons) where 1t Is desir

nbktoclunmamucummax,itiswditohlveurmctbodnfdoingwthath
numple and that will always succeed. Such a method was first brought to
the attention of the surgical profession by Major R, C. Elmshc and by

Professar McMurray then of Sir Robert Jones cimic in Liverpool

Elimination by Method of Treatment

ELMSLIB AND MCMURRAY'S METHOD. The nerve to be cut is croshed ina
strong clamp If-—as, for example, with a largs nerve such as the saatc—
it 15 too Inrge to be cruhed casily it can be split 1n two parts each of which
is dealt with as though it were an entity of itself. The mrerve is then Tgated
at the crushed area with braided silk. The silk will vary In size in sccord-
ance with the stre of the nerve bemg ligated but it will be clasufinble a
“Iarge” under all circumstances. The nerve is then divided through um-
crushed nerve tissue distal to and far enough from the to to Jeave a definite
frings. The amount of crushing and the firmmess of the gature must bo 50
adjusted as to leave the epineuriom mtact. 1t this s properly domo a cont
shaped closure of the cut nerve-end will form, within which the axones will
be unable to grow and form another neuroma. The Hgature must be non-
absorbable, and the amputation of the nenroma or the ligation of the freshiy
cut nerve-cnd must be so sitnated as not to be incloded in any surlace scar

BoLpREY'S METHOD ! Another equally sathfactary but more time-coa-
surmung and less applicable method is to bury the proximal cut end of the
nerve 1 the medullary cavity of an sdjouming bone This was devised by
Boldre:

Tm{anaMEmoD“Tcncﬁ,ofTurm,Imy has described a method in
which the cut end of tho proximal segment of nerve s sutured end-az In
the beily of & muscle He reports good results.

Plexus Injuries
Lumbosacral Plexus

The chances of occurrence of an accesalble Injury of tho Fambosacral
plcxmlnwhkhtheumdatcdin]urﬂmnotofﬂmmdvﬂmﬂmm
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be small. So far as I know no report of Injury to this structure per se is
included in the wartime medreal Iiterature Moreover I have never scen one
in an actrve trmumatic clinle dunng the past twenty years and I know of
pone reported from any other civilian clinic It is concelvable that o stab
or gunshot wound could produce an isolated reparable injury of this plexus,
however 1 so the diagnos’s would have to be made s usun! from the signs
and symptoms of an injury to more than one peripheral nerve of the pelvis
and leg, and the pathioloyy would be in accordance wath the Lind distribu

oo amount and Jength of time the damape was present before bewng ex

posed by operation after the injury  Treatment would be governed by the
same principles that govern treatment of Brachlal Plexus Injurles These
are detaiked below

Brachial Plexus

GENERAL CONSIDERATIONS, In the past it has been customary to identify
brachnal-plexus injuries as being of Erbs or Klumpke s type The former
type described damage to the upper (fifth and sixth cervical) roots cord
and branches and the latter comprised Injurics to the lower (seventh and
eighth cervical and first thomacke) roots, cord and branches. The medial
cord was now classed with one type and again with the other More detalled
ad carefol study demonstrates that such clasnifications are artificial and
of 10 practical use They should be abandoned in favor of descriptions of
the specific root, cord or branch damage ss evidenced by consideration of
all the signs and symptoms presented by the given patient. In addition to
the esual contusions and stab and guashot wounds to which other periph-
enl nerves are subject, the brachial plexus Is peculiar w thet it is most
frequently sobjected to teanng and stretching injuries.

CoxTUSION OF THE PLEXUS Contusion of the plexus results from a direct
blow on the supraclavicular region in the presence of a minimal amount of
(o1 00) stretching of the plexus by forcible separation of the head and one
thoulder The diagnosis is made from the history wath the finding of Httle
of 10 supraclavicular hematoma modernte swelling of ths region and a
variable but usually mild degree of sensory and motor paresis m the shoul
der and arm, with an occasional extension 1nto the hand and fingers. In the
newbomn thus is & frequent accompantment of breech delivertes. The chief
pathology is perineural swelling with moderate hematoma formation and
compression of elements of the plexus, and possibly some mild ntrancural
wwelfing. The upper trunk or upper two trunks aro tho nerves usunlly 1n-

The sensory and motor paresis or paralysis 13 dutribated accord
ingly Treatment The whole arm should be splinted In abduction at the
mld-crullcan to the korrontal, the forearm flexed and supinated and the
iy 2 proximal phatanges slightly extended and maintained tn this posi-
. by appropriate flxation until the supraciavicular swelling 15 gone and

Paresis and paralysis have disappeared. In addition motst heat applied
::‘nym’lhtlweﬂlngmdpouiblymcumfu]lygh’cnx ray therapy In
fme region will usually prove usefnl Massapge, mobilization of the
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jomnts through therr complete range of motion and active and asosted
passiee motion shonld be given three times a week. Adnly may remahn
ambwlant if they are willing and able to wear the necessary “airplane spliat®
corctantly In the newborn the abduction of the arm at the shoulder and
fiexion of the forearm at the elbow should be maintatned by fastening the
wnist of the Involved arm by an approprate wristlet and shing to the head
of the crib and at the game time fastening the baby in such a way that It
will not crawl up and get rid of the abduchion by appropriate positroming of
itself Another method 1s to fasten the hand and wrist of the involved am
to the top of & cap that in its turn ts held in place by being mads to enclose
the babys whale head and to tie beneath the chin.®® Usually the two
methods work well in combination, X ry therapy s usually not advisable
in the newbom, but all other therapeutc requirements must be met. Splints
are not necessary
PERrIPLEXUS HEMATOMA. This {s merely an extension of the foregoing, in
the direction of greater seventy The history diagnosis and pathology are
the same but worse The supraclavicular swelling 13 greater and will be
discolored, the hematoma 18 larger and more extenmive and the signs and
symptoms are more marked. There is more paralysis and less paresis.
Treatment The fundamental treatment is as described under Contusion of
the Brachial Plexus above and should be instituted at the earliest possible
moment. Early x ray therapy should slways be used. Aduolts should be
confined to bed and careful watch should be maintained to be sure that
actusl progress toward normaky with eliminatton of the signs and symp-
toms, is taking place
The difficult therapeutk: decision to make In this and the succeedmg
diagnostic classifications of plexus injuries is  when to abandon conservative
nonoperative therapy In favor of the more radical operative methods. Eady
operation presents the advantage that the hematoma is still flusd, or nearly
so and can be removed at least in part, and the periplexus tmsues thos
subjected to an adequate toflct. Moreover if any of the plexus has been
tom, opportunity 15 thus afforded for eardy end to-end repair This b
greatly simplified by the absence af an organized scar Postoperative wonnd
drainage can be instituted, with the resultant reduction of wound swelling
and hence reduction of compression of the pkexus a3 a whole The dlsad
vantages of early operation are largely those of subjecting the patient un-
necessarily to an operation in the face of nevitable heallng without opera
tion the mescapable risks of any operative procedare and the formation of
s scar in already damaged tissoe On the other hand, once the optimom tirme
h,,pﬂgcdtmopendwtharpyundndivempcalpmcu?ummzmed,
much less can be accomplished than could have been domo earlfer—and,
moreover it will be much more difficult to do even that. The plerus in-
hereatly relatively lmmobile as it Is, will even more o by per-
]mlﬁlxnmundmmng-mdonof ( « ends must be much
ter because of neuroms formation T scarring, and thero
~ill be an increase 10 be brlu,. A sutyre The strur
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tares are less casily identifiable and damage that might otherwlse have been
apparent ond reparable Wil o Invisble and hence remain untreated.
Finally the incision must be¢ more extensive and resection or removal of
the clavick may prove necessary whereas carlier cxposuro woukd have been
adequate without this procedure

On the whole it Is my bellef that It is better to operate uselessly and too
carly than to deprive the patient of the opportunity to recover some func
tion that he would not othcrwise have had by performing an opermtion too
late or even failing to opcrate at all In any event, if operation is to be per
formed 1t should be carricd out within three months—and better within one
month—of the Injury Regression or increase of signs and symptoms calls
for Immediate surgical interference whereas cessation of improvement with
loss of forward progress calls for operative Interference withln one month
after progress has censed or even earlier Later operations, that is onginal
operations performed more than three months after the mjury should nev-
ertheless be performed 1 spite of the discouraging outlook, if only for
greater nccuracy of diagnosss, for & more realstic estimate of the possibulities
of any kind of t and as a prel y to making a hopeless prog-
nos and forcing the patient to accept tendon or nerve transplants as a last
resort,

At every operation, no matter what the interval after injury electrical
sumulation of the exposed ncurnl tissues is an essentnal part of the data on
which a dechsion 15 reached concernmg the thempeutic possibilities. Except
in the frankly explorntory procedures that are done late the whale plexus,
from the cervical intervertebral foramina to its termination m the axilla or
lower must be completely visualized and all varlous nervous elements
stimulated before a decision can be reached concernlng the best method of
dealing with any pathology that is present. Roots avulsed from tho inter
ertebral foramina cannot be repaired and it is a wasts of time to suf
more distal peripheral divisions whose fibers originate In the avulsed £
End-to-end anastomoss of any divided cords or hranches after resectio
the neuroma and “plioma” back to normal azones and Schwann sheaths
well s of any intervening scar tissue is the preferable procedure. However
became of the inherent limitation of mobility of the structures 1t may be
better 1n certaln instances to have “half a Joaf mther than none” and to be
content with something less than a satsfactory resection in the hope that
some function will matenalezre by way of a suture that would otherwise be
impossible All scar tismuo must be removed, In any event, befors any kind
drtp:lruun:mpced_luccrmacmlnwhlchthmtmbecnmough
duuucﬂmtopmcntmychm:eo{cnd—to-cndmmreoftboma}ofm
and there are yet minor nerves still intact that, if sacrificed, could be sutured
to the proximal cut ends of the frrcparably damaged major nerves, such a
procedure as sggested by Larje 4 of Moscow can be carrled oot at any
time He has described 1ts uso in the upper Injuries of the plexus. The hntact
tong thoracic nerve was employed to relnnervats the cut suprasczpular the
two anterlor thoracic nerves to reinnervate the cut musculocutaneous, and
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two of the radial nerve branches to reinnervate the cut axillary nerve. As
he notes, this procedure s useful In the late cases as a substitute for tendon
transplantations which are the only other therapeutic possibilites at thxs
time I see no reason why, in appropriate such a e
ment could not be carned out at any tinte

It Is frequently necessary to divide the clavicle In order to oblam ads
quate exposure and moblilzation of the plexus and its axillsry extengon
Postoperative anion of the divided clavicle may be difficnit, incomplete and
deforming. The need for immobilization of the shoulder to sccomplish ft
may interfere with the more necessary physiotherapy that s exsenthl for
the arm. As a substitute for wirlng and so forth, Elkin®® ¢ showed that the
total removal of the clavicle, which was st times necessary in dealing with
lesions of the great vessels in that neighborhood, merther was deformmg noc
affected the function of the shoulder Moreover it saved a great deal of
convalescent care and greatly sumplified the entire operation. I am comvmerd
that where the clavicle has to be mobilized in men for the repair of brachal-
plexus injuries, it can be removed entirely without hesitation. The removal
should be subperiosteal, an inch of bone being left intact at either end
Removal of the clavicle has the further and, at umes, greater advantage of
permutting s0 much anteromedial transposition of the shoulder as to permit
an end-to-end suture within the plexus that would be impousible with the
clavicle still in place An otherwise unbridgeable gap between the cut ends
may be shortened by a centimeter and sometumes mare and thus completely
chminated.

Ths most wseful Incinon for expoasure of the plexus 1s onc that starts
one half inch Iateral to and on the level with the sternoclavicular jomt and
extends diagonally backwerd and outward scross the sopraclavicular por
tion and buse of the neck. A right angled extension running aoog the an-
terlor aspect of the shoulder down the anterlor border of tho axilla and, i
necessary still further down the #rm wall give complets exposure with a
minime! diviion of the structures 1n the neck. As noied above, in such an
extensive dussection the clavicle should be removed snd not replaced.

RUPTURE SHREDDING AND TEARING OF THE PLEXUS. These conditons
are the aftermath of a forcible separation of tho head and one shouider o
of a forcible complete or partial avulsion of the arm from the shouider In tho
newborn 1t 15 & frequent accompaniment of difficult breech deliverfes. The
amount of damage and the degree of ivolvement of the plexus will depend
chiefly on the degree of tho lateral fiexion of the neck and the simoltascons
depression of the shoulder The greatest injury wiil be in the upper partoe
of the plexus that is closest to the splne bnt there may be other infunes
that will affect to a varymg degree all the other parts of the nerves. The
diagnosis will, in general be mado when the signs and symptoms that affect
the region of the shoulder and upper arm have a root distribution pesiph
emally and when there 15 a history of the characteristie type of injury
Symptoms of injury to the other roots and the middle and fower cards will
be present i the hand and forearm. Injury to the firet thoraci root ar 1Yo
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Wl frequently produce a Hotner s syndrome  Pathology Such injuries will
always be accompanied by a perplexus hematoma  In additlon there wilt
be typkeal pathologic changes that affect in varying degrees a varying oum
ber of all parts of the plexus This may include completo rupture intrx
neural ruptures, intrancural hematomas, stretch necrosts, swelling within
the nerve sheath and later scar formotion within and around any part of or
the majonity of the plexus Treatment is carried out in accordance with the
outline given in the preceding section

STAB AND GUNsHOT WoUNDS OF THE PLEXUS The diagnosis Is apparent
from the history The pathology will be some vasiant of that found in the
periplexus hematomas and in rupture tearing and shredding of the plexus
In addition there will be a wound of entrance and possibly one of exit. Asso-
ciated injuries to nearby bones and other structures fn the region are fre-
quently present The rreatment will [ollow the principles hid down above
under Periplexus Hematormas The wound must be débrided in eccardance
with the type and degree of bruning and infection of the wound and before
either a primary or secondary suture s attempted. Complications will
Include serfouns vascular injurres, with encurysm formation
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The Treatment of Injuries to the Autonomic Nervous
System

All these patrents must be hosprtalized for treatment

GENERAL CONSIDERATIONS

Injuries of the autonomic nervous system prodoce recognizable symptoms
only when the paravertebral ganghonated chains or the terminal filaments
in the extremitics are Involved. Other portions undoubtedly arc also af
fected but because of their close assoclation with other central and
peripheral nervous system structures that, when injured, produce such
overwhelming symptoms, injuries of the antonomlic system are unrecog-
mzable. Such is the situstron in relation to the cranial parasympathetc
system and, for that reason no effort has been made to deal speafically
with these fibers a3 entities Instead, they have been ignored (except m the
case of the nerves intermedius) in favor of a discussion of the somatc
cranial nerve with which they mn On the other hand, mjury to the pelvc
parasympathetrc fibers produces easily recognbzable symptoms and signs
that can and should be duff: iated, both in diagnosis and in trea t
from the signs and symptoms of injury to those somatic nerves that arc
closely associated with them. Finally it should be remembered that in the
Iast analysls the chuef function of the autonomic nervous system is to fnflo-
ence the general bodily welfare through motivating smooth muscle Vaso-
spasm, vasodilatation contraction of the bladder and bowel wall and their
sphincters, the activity of the sweat glands and many other similar processes
control ehmunatios, body temperature tissue nutrition in the face of local
ischenua, the blood pressure responses and reproduction. It is not unrea
sonable 10 expect, therefors that this system may be subject to mjury and
further that if it ls subject to {njury the resultant changes may likewiso be
widespread and have more than usually deleterfous effects.

THE SYMPATHETIC NERYOUS SBYSTEM
Injuries of the sympathetic as opposed to the parasympathetic nervoos
system are recognizable largely after tho alleviation of any symptowms that
may be present. This Is accomplished by the production of either sympe-
thetic paralysis or changes in bodily function that are known fo be mediated
exclusively by this group of nerves.
200
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Causalgla and Allled Conditlony
General Considerations

Injunes that cause the discases in thrs group involve the terminal filaments
of the sympathetic nerves, and the symptoms aro limited to the extremlties.
1t includes o number of discasc entitles that are usually regarded as scparnte
conditions However, the greater expenence that has been made possible by
the larpe numbers of patients Injured durng World War Il suggests strongly
that they should all be regarded as varying monifestntions of the mingle
disease process kmplied by the term “Injury to the peripheral sympathetic
pervous system ™ The indvidual entities Include the Major Causalgia of
Mitchell Morehouse and heen'™ 4% Post Traumatic Dystrophy of the Ex
tremities (Sudeck 5 Atrophy etc )** Volhmann s Ischemic Contracture™
Tramatic Arterial Vasospasm®™ and Homans Minor Causalgia® Al
though they differ in seventy and details all these conditions occur 1n asso-
cation with trauma to the Involved cxtremity all have at someo time
peripheral vasospasm as part of their pathology the symptoms of all are
releved by the production of either transitory or permanent sympathetic
paralysts and the final deciston as to dingnosks rests on this therapeutic test.

The causative trauma may be either extroneous or operative The out
stapding symptom is pain of a severe constant, burning character and the
ooe constant sign Is some degree and type of vasomotor abnormality It
seems to be reasonable, therefore to deduce that an injury to the peripheral
sympathetic nervous system is a constant starting point but that the second
ary cffects of this constant factor vary somewhat with each individual
disense, In major causalgia, for example there Is always an Injury to a
majot nerve of an extremity and tho outstanding symptom Is always ex
crucating, burntng pata at the tip of the limb In Homans minor causalgla
there I po structure or tisue that i conslstently injored. However the
outstanding symptom is constant pain that is less severe than but of the
fame general type as that i major causalgla and that 13 constantly asso-
ciated with penipheral vasospasm In Sudeck’s atrophy there i agatn no
structore or tissue that s always specifically injured. Vasaspasm, however
s again t, but 18 now iated with cdema and tends to mvolve
particular regions and to produce atrophy of penartreular tissnes, incleding
bone In Volkmann s nschemic contracture although the activating injury
s nonspecific the response is strictly limited to the arteries of the mb the
hichemic necrosls being & secondary phenomenon associated with spreading
Invol t of the collateral artenal ¢l on. T arterial spasm
it a milder and less effective form of the maro lethal conditlon seen in
Volkmann s ischemia
Major C, Igla (The C. Igia of Mitchell Morehouse and Keen)t1 4

Thia is the most disabling and the severest manifestation of injury to the
petipheral sympathetic nervous system. The dlagnois s established by the
production of sympathetic paralysis in the involved limb with the imme
diate and consequent relief of the signs ond symptoms that are not cauged
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by tlssue atrophy and ankylosis Such o disgnostic sympathectomy b ob-
ligatory when e patient states that ho has had a severe injury to an extrem
ty—most frequently as the result of a gunshot wound—which has caosed,
among other things, a partial mterruption of one of the major peripheral
somatic nerves of that extremty This nerve Injury b nsually but not neces-
sarily a partial one It is known also however that major causalgm will
occur at times 10 a small number of instances in connection with 2 tota)
interruption of & major somatic peripheral nerve of an extremity Any
associated vascular injury will not influence the onset, course or trestment
of the duscase There 13 at present no good evidence to show that the
patient’s pre-injury emotional, vasomotar or other characteristics mfoence
in any way the post accidental occurrence of major causalgia The patient
will complain of & constant or partmlly remittmg burming pan, limited to
the dista] part of the extremity and usually restricted to the fingers or palm
of the hand or toes or sole of the foot. The outstanding characteristic of this
pain is its immediate increase whenever the patient undergoes any emo-
tional activity or Is subjected to such stimuli as nasse, bright lights, musc
and so forth. Molsture applied locally to the painful area, whether hot or
cold, uvually affords some relie! as does immobility Sleep when atamed,
gives marked to total relief For these various ressons the patents will
sepregate themselves as completely as possible fram other people 2ll pokse,
bright Iight and emottonal upsets, become Introspective, mentally dull and,
except for their overweening and all-absorbing interest in thelr causalgs
extrermty without mterest in anything except keeping 1t moist, wrapped-up
and immobile, Moreover since the extremity Is hyperesthetlc they wall not
permit any but the most sketchy local examination.

Pathology The detailed pathology is not known. However there will be
the usual pathology that accompames 8 severe wound of an extremity and
that includes at least a partial divinon of at least one major somatic nérve
somewhere in 1ts course from its exit from the intervertcbral foramen to ity
peripheral termmation. In a small munonty of instances the interruption
may be anatomically as well as physiologacally complete

Signs In addition to the signs caused by the nerve injary there may be
the peripheral signs of either vasodilatation or vasospasm. In the first -
stance the involved part of the hand or foot feels warm, is redder than
normal #nd may verge on the purple It is mottled, the skin ks normal In
texture and there may be cither abnormal or normal sweating. In the Iatter
instance the mvolved part of the hand or foot will be pale and slightly
cyanosed the skin dry and scaly or thin and shmy and the pails curved
and atrophied. There 15 frequently an abnormal Jocal growth of halr as well.
The peripheral pulses will be narmal. There seems o be some dissgreement
concerning the significance of skin temp tests, oscillometric studies
and 10 forth designed to demonatrate alterations in peripheral blood flow
The conscnsus seems to be however that what evidence there ls indk
cates that there may be relative vasodilatation cven in the face of more
proximal vasoconstriction. Varlatioas in motor and sensory pasalysks of the
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Hmb will be 1n accord with the Jocation and extent of the associated penph-
erol nerve Injury They may be virtually impossible to elcit however
because of the matent s apprehension, hyperesthes) tiopal instability
and sclf-absorption. In patients who have gone untreated for a matter of
months, local changes that of themselves produce permanent functlonal Joss
are present. These include atrophy and chronic incurable ukeerntion of the
sk, atrophy and brittiencss of the nalls osteoporoals, fixation of the jounts,
tendon contractures, patlor cyanosis coldness, local increased halr growth
and local sweating of the skin. In addition personality changes, drug addic
tions and actual psychosls may also be present. Theso phenomena will not
necessarily be nltered in the late coses by esther diagnostic or thernpeutic
sympathetic paralysis.

Treaiment Once the diagnosis hns been estoblished and rellef of paln
and other symptoms not caused by permancat deformmg tistue changes has
been obtained by appropriate procaine block of either the stellate and third
thoracic or the lumbar sympathetic gangla, should be inved
by repeating the procaine mjections proiided that the perdod of relief con
tinues to kengthen significantly with each ding mpection. If the period
of relief remaips the same or decreases, the production sympathetc
paralysis by injection should be abandoned and surgical sympathectomy
substituted therefor The surgrenl sympathectamy muost be preganglionic and
must produce sympathetic paralyns not only at the site of the pain in the
petiphery of the extremuty but ako in the area that has been fnjured. Only
in this way will plete relief be obtained. 1 plete rellef after sym
pathectomy expecially in the lumbar region, is Indicanen for reoperation,
wiib removal of any higher ganglia and the mtervening chamn as well as a
scarch for aberrant or aboarmally placed gangla It is well to keave 2 silver
Bp a3 well a5 a silk ligatore on the stumps of all branches leading to or awey
from the ganglionated cham as well &s oa the two cut ends of the chain
self. Thes permits the opermtor to check the actual extent of his denerva-
lon by postap ve X-ray Although there 13 po evrdence that
Tegeneration of the sympathetic chain with remoervation of the previously
Qunlgic part will lead to a recurrence of the caomalga it 13 well 1o be on
the safe side and take pams to prevent regeneration, especwlly 1o the
thorecw, chain. For this parpose the two cut ends of the chain ns well ay
the cut ends of jts branches should be crushed and then ligated with silk.
In additlon, the ends of the chain shonkd be turned upward and downward
respectively and burred by suturing them within muscular tissue

Amgnulmponan!aslh:ﬂmpyby:ympnlhﬁaomyhm:ﬂmingof
the local treatment of the associated penpheral nerve tnjury after causalgia
has developed Regardiess of type or needs, this phase of the therapy must
never be used to treat the causalga. If it is 20 used it will merely make bad
matters worse and be entirely wnsuccessful. Moreover it should not be
siempted in any case until after the sympatt y has ehminated the
CGuuulga. Only then can the indicated caploratory or therapeutic surpery
bePttformedonthcdnmapadncrmotncrve:wid]unytmpaofmoomamd
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without making the patient worse than he already 15 The technre for dealing
with this part of the causalgic syndrome differs In no way from that wed
to treat pertpheral nerve infuries uncomplicated by causalgia. Ths has been
described in detall In the appropriate sections on pages 184 and 188 For
elgn bodiet resting 1 contact with the damaged somatic nerve may be
removed prior to sympathectomy however as thrs procedure will at tmes
grve relief without further surgery

Sudeck 5 Atrophy**

This conditlon ks known by a varlety of names s only vaguely under
stood and {s often unrecognwed The diagnosis is established by the produe
tion of aympathetic paralysis of the involved extremity and consequent re
Def of the pam and other symptoms and signs that kave not been cawsed by
2oy per ly disabling ch that hayo already developed.

The symptoms and signs are limited to the extremities, and fo addition
prodoce changes that tend to localize In the nelghborhood of the jomt
nearest the site of injury There will be o history of an injury that may have
been mild, or of & local infection that of itself does not appear to be an
adequate cause of the patlent’s complaints, Treatment of both these cond-
tions will have been adequate, yet the patient will still complaim. In the
carly stages of the dusease, m addition to perxistent boming pain with
paroxysmal exacerbations the extremity will be warm  there will be edems
of the subcutancous tissues and adiolning jolnt capsole apd the puuscles
will bo hypertonic. The paln tends to be rather closely hmited to the site
of the Injury and does not tend to spread. It has been stated that at thn
time there is local vasodilatation. In a matter of weeks the picture changes
to one of vasospasm, the skin becomes shiny cold atrophied and cyaoti,
the edema disappears, the joint becomes stiff and a spotty osteoporoals of
the banes of the extremity can be demonstrated by x ray Thrs esteoporosis
Iater becomes diffuso and may occur without any associated bone injary
Tho pain persists, and the atrophic changes aro increased by duuse The
severity of the causal Infury appears to have no mflacnce on the course
of the disesse which may be extremely vartsble. The milder cases will be
self limuted and may end befare bone changes appear These and the some
what more severe cases closely resemble the patients described by Homans
as suffering from minor cansalgiz At tho other extremo are the more sertous
and perxistent cases, in which the pafn Is much worse and in which perma
nent dibling tusue changes take place These can scarcely be distin-
guished from the late untreated cases of major cansalgha referred to above.
Wbcrmth:mﬂdcrimmsmawompanicdbyonlythatdcgmcdnﬂ
absorptlon that intedteres with the perdormance of ganful Jabor by the
paﬂent.Lhmcwiththcmostwvcretypawﬂlhaveﬂxnmcldndofm
mnalmsﬂonthatumlnthcpmlougcdumrmtcdmofmjmcamﬂ-
gla. Such patlents may demand amputation threaten or commit sulclde of
require confinement Functional and economic rchabilitetlon is a wirtual
mpossibility under such circumstances. The paticnt s pretranmatie perso?
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ality scems to play no part In the onset or causc of the disease There need
be no significant mjury to the blood vesscls muscles or somatic penpheral
nenves of the extremity to produce Sudeck s atrophy but there must bave
been some degree of local trauma or infection, or both preceding the onset

Pathology The specific pathology is unknown The inference is drawn,
from the soccess attending that type of therupy that induces sympathetic
paralyns that it is in some way concerned with the vasomotor function
The permanent atrophic changes scen m the skin  subcutancous tissues,
jont structares and bone arc indistingubshable from that found and de
scribed In these thssues from other more familmr causes, however

Signs In the carly and mild cases the signs are those of local vasodilata
tion imposed on whatever signs may be present that have been caused by
the natecedent trmuma or infection In the later and more severe cases the
ugns are those of local P with inted atrophic changes and
ankylosis indeced by earlier penarticular muscle spasm and edema, the
edema of the Joint structure the osteoporosis and the voluntary immobility
of the part. Emotional and mental changes may be added.

Trearment The trentment is the same as that outlined under AMafor
Causalgia In addition penartenal and perivenous sympathectomy may be
tned. The maun artery of the hmb and the chief vesscls involved in the
traumatized area may be thus sympathectomatized jo the mild and early
cases with some hope of suceess, but if these methods fail resort should be
bad at once to the paravertebral procedure

The Minor Causalglas of Homans®*

It s not certam that these cases are not variants of the group described
above under Sudeck s Atrophy Becauwse of the frequency of thelr occur
tence and the lack of recogmition accorded them by the medical professton
it seems worthowhile 1o classify them separately however

The di ix is established by the production of sympathetic paralysis
and resuliant relief of the pan and local vasospasm 1n the affected mb In
most cases the symptoms and signs are limited to one extremity although a
spread in milder form to the other member of the pair has been described.
There will be 2 history of a mild injury a prolonged rather aviralent Jocal
infecton of o superficial wound, or a preceding obstructive thrombophlebitls.
None of these conditons will appear t0 be an adequate cause for the
patient s symptoms Treatment of them will have been competent but will
have afforded no relief from what appear to be atypical symptoms and signs.
The patients usually are not studied from the point of view of their Jocal
Vasomotor function until some months or more have passed. At that time
Vasospmm of the Infured member with resultant cold, sweaty cyanotic,
sheny and perhaps edematous or atrophic skin will be present. It Is possible
that there may have been earlrer bocal vesodilatation that was unobserved or
mmrecognized, exactly as been described in the Sudeck s Atrophy cases.
Just as thu Iocal vasospasm with s deleterious effects b the cutstanding
10, %0 2 pervistent burning pain that teads to be localized t0 the damaged
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arez and 15 made worse by cold, dryness jarnng and attempted use of the
part fs the outstanding symptom of this conditon Homans states that “if
such persons have any charactenstics 12 common, It is the possession of
cold, damp cyanotic hands and fect, as exhilntions of an underlying sym-
pathetic irmtability of central angin.” These stigmas are not & prerequisite
of minor causalgia, however Many patlents have a “irigger pomnt™ that
when stimulated will cause an exacerbation of their pain The secondary
cffects of the vasospasm that is, skin atrophy changes m the mlls and
subcotaneous edems tend to be closely limited to the region surrounding
the site of the original injury The pain i severe but not so severe as to pro-
duce the emotional or psychotic disturbances that are scen in major caus-
algr. Nor do these patients withdraw themselves from social contacts On
the other hand gainful labor is impoasible because of physrcal madequacy
even though to a careless observer the symptoms may all appear to be sub-
jecive Although hysteria and ncurosis may be superumposed on the under
lying physical defect, these patients always ask for nothing mare than relie!
with the resultant ability to return to work, and should never be regarded as
either malingerers or pure lcs. Certam patients will show signs, such
83 osteoporosls and jolnt changes, that mako thelr classification in the minor
causalgia category rather than in Sudeck s atrophy group a matter of per
sonal preference on the part of the surgeon. There can bo no doubt that
there is a large overlap between the classfications. In the patents with
typical minor causalgia there need be no signlficant injury to maor nerves
or vessels of the extremlity moreover the signs do not need to group them-
selves in relation to a jomnt, nor i3 there necessarly any nignificant injury
to bones, muscles or tendons.

Pathology The pathology }s unknown. However Inasmuch as relief s
afforded by the production of sympathetic paralyss it may bo presumed
to be connected in some way with the vasomotar functions of the extremitxs.

Signs In additton to the remainmng signs of a pre-exsting mild Injury
infection or thrombophlebltis of an extrenuty (and usually of o part of e
foot or hand) the signs are those of moderately severe Jocal vasospasm,
with its associated moisture, coldness pallid cyancsls, shuny tight appear
ance of the skim and atrophy to a varying degree of the rails and tips of the
fingers and toes There 13 moderate hyperesthesla but no anesthena and 10
voluntary motor paralysis Voluntary limitation of motion may be preseat,
however Thess signs are not necessanly distributed In accardance with any
anatomic or physiologic pattern In some cases there may be booe strophy
or osteoporosts demonstrable only by x-ray examunation. Scarch should be
made for signs of e sympathetic-nervous-system Iability in the uninvolved
extremuties.

Treaiment Treatment is the same es that outlined umder Sudeck s
Atrophy In addition if tho “trigger arca™ 1 discrete and stumlatton of it
consistently cffective, Novocain or procatne may be injected subcutancously
throughoat its extent as another method of treating thrs particular subgroup
of patlents 1f 1t s unsuccessful or only partially successtui, this maneures
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shoald be promptly abandoned in favor of the more direet attack on the
sympathetre nervous syvtem as outlined in the two preceding sections

4 olhmann s Ischemic Paralysis®

This condition is still generally and wrongly believed to be assocmted with
supracond; lar fractures of the humeras and to have been caused by tschemn
aming oat of pressure from a clot in the antecubital fossa. Folsle 2 how
ot m a well documented paper has pointed out that ischemia with its
resaltant deformuties similar to the Volkmann type is not necessanly lim
fed 0 severe mjunes s certainly not restneted to an association with frac
tares and may appear in the kg although it is rare for any part other than
mam to be affected. As will be scen his concept predicates a dufferent ap-
proach to therapy and promises less invalidism and deformity than the
treatment based on the older ideas

Diagnosis The name “Volkmanns™ 1s limited to thss condition when
8 occurs in the arm. The diagnosis of acute Volkmanns contracture is
made when the patient develops vasospasm of the penphery with cold,
cyanotic, moist fingers and hand within the first thirty six hours after any
type of infury As this progresses pam of burming character accompanied
by fiexion of the fingers appears This pain 1s creased by forcible exten
uoa of the digits Pulsation will be absent m the termmal artenies of the
extremity In patents scen later on in the course of the discase there may
bea hustory of constriction by a sphnt, arcular cast or bandage with begin-
Rmg tendonous contractions and continued and rather more widespread
penpheral evidence of vasospasm assoclated with pain Stil Inter the cir
culahon will have agam returned to normal, but there will be permancnt
deformities with tendon contracture loss of voluntary motron and muscular
atrophy The paln will have ceased by this tme.

Pathology The fundamental pathology scems to be a post-traumatic seg-
mental arterfal spasm of the main artery of the limb which rapidly spreads
tolachde the collateral erculation of the same limb with resultant kschemla
ol the bellies of the flexor muscles of the arm and forearm, If this process
B 20t Interrupted in ume 1t leads to nectoss, fibrosis and atrophy of the
muscles, a3 well as tendon contracture with deformity The pathology is

and does not resemble depencration from sepsis or muscular
There may be hemorrhage under the bicipital fascia in addi-
ton, bat this s not an ctiologic factor The somatic nerves are not injured
= the typical case There may be local visible or mvisible injury to the
w“n-bmdﬂ:hnotmcnunlmdwproducdmofﬂlhtypco(
preading
hs‘m The carly slgns are those of peripheral painful vasospasm extend
z"F""“"”mfnlh.:ﬂpa{nncxtrcmrtytuw-rdsiuutmchmcmw the body
I:qmmmpmkdbyﬂcxion contraction of the fingers and at times
“ome local swelling of the arm As the discase progresses the vaso-
Mnmd“mﬁﬂlepahudccrmﬁc flexion deformitees however
with them appear muscular atrophy paralysis and e rapidly in
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creasing loss of function With the cessation of the vasospasm the periph-
eral pulses return to normal.

Treatment The most important thing about the treatment i to start it at
the earkiest possible moment. Once the diagnasns of Valkmann s coatracture
has been made the patient must be considered to be as moch 3 surpeal
emergency and as badly In need of instant thernpy as, for example, one
with a ruptared abdomipal viscus. All cirenlar and constricting dressmgs
should be completely removed. M the elbow has been held m fiexion 1t
must be extended The part should be ekevated and kept mildly warm
These however are subsdiary procedures, are not curative and serve only
to occupy the time while preparations are being made to provide spectfic
therapy This therapy is the production of sympathetic paralyss In the in-
volved extremity This should be done by the inpction of Novocam er
procaine about the second and third thorscac sympathetic ganglis—and, if
necessary the stellate ganglon as well—on the same slde as the affected
arm If the njection is properly placed and relief Is to be obtamed by thn
method, it will be apparent at once by the disappearance of the paln, the
appearance of flushing, dryness and warmth in the previously cysnosed,
wet, cold extremity and by the patient s ability to extend fally and painlessly
tus previously flexed immobile fingers.

If immediate complete relief does not follow paravertebral mjection s
described above and the sargeon is confident that hus injection has been
techorcally perfect, he should plan to Immedately expose the brnchisl
artery from the middle of the upper arm through the antecubital fotss t0
beyond 1ts bifurcation. If after such cxposure and a wait of five minutes
thereafter the artery remains contracted and nonpulsating m any part, that
contracted spastic portion should be excised in toro 1f it is less than & cm
long. If the spastic poctron Is more than 6 cm long it is necessary to remove
only a S-cm. section of the spastic artery The two free ends of the artery
are ligated 10 esther event and peed not be jomed. It b not necesnry to
expose or touch the nerves nor to meise the bicipital fascla except to cxpose
the artery At the close, the wound Is sutared in layers that inclde the
incised fasca The future treatment is carned out In sccordance with the
other indications artsmg out of the injury Treatment of the later ngns and

P after the latory deficlency has repaired itseif unaided are
orthopedic m nature and mcluds tendon lengthening tenolysis, arthrodesss
2nd so forth as indicated.

T ic Arterial Vi s

Probably this should not be classed as a scparate entity except as 2
menns of calling attentson to its Importance It lies somewhere between
Sudeck s atrophy and Homans minar causalgia.

Diagnosis Pathology Signs It is characterized by the signs and symptons
of a perpheral vasospasm of & moderate degree In rts characterntic {orm
this s lmited to the distribution of & penpheral terminal artery as, for e
ample thcdomﬂspcdi:ortbculnnnrndh]nrt:ﬂu.’mccondrﬂonb
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more prone to develop in the kess severe injurles that do not necessanly
inclode direct domage to either the arterics or the nerves of the involved
extremity The pain surface hyperesthesta self Imposed personal isolation
and immobllzation (usually in flexion) of the involved extremity all are
characteristc of major causalgia, except that every sign and symptom s
very much less in degree than is true of the more scvere condition. The
diagnosis 18 confirmed by relief of symptoms following the production of
sympathetic paralyss by adequate paravertebral lumbar or thorack sym
pathetie block.

Treatment Once the diagnosis is made treatment is continued by re
peated injectlons with Novocmn or procaine as long as the periods of relief
continne to lengthen. If they remain the same or decrease, the mjections
should be abandoned and a preganghonic surgical sympath y should
be performed. The thomclc operation should Include division of all pre
gangliomic central connections of the second and third thoracic gangha,
scction of the ganghonic chain below the third thoraaic ganglion and trans-
plantation of the otherwisc intact chain after ligation of its cut end, upward
fnto muscle In addition, the cut ends of all neural structures should be
ligated with sk tes, both proxmally and distalty This helps to prevent
Later repeneration. Any necessary lumbar ganglionectomy dome for vaso-
spasm in the kegs should spare the first Jumbar ganglion in the male 1n order
to preserve his ability to ejaculate Faflure to obtain rellef by this method
of treatment should lead to prompt exposure of the main artery of the Imb
and resection of any permanently spastic segment as described under Volk
mann s Contracture

Phantom Members

GENERAL ConsmErATIoNs Much is unknown about the causation, pa
thology end treatment of phantom members, bat they all have one thing in
common If they develop at all it1s only when the amputation has been per
formed after the sensory cortex has become sufficiently mature for the patfent
10 have developed a consclousness of the living behavior of the amputated
member In comnection with this, it fs said that phantom limbs are not
found tn “infants who have had a congenital amputation or in those who
bave undergone amputation in 1nfancy ™ On the other hand the incidence
given for the occurrence of a phantom vanes from 100 per cent (Foerster)™
to three out of eighty-six amputations (Cicslak and Stout) ™ Only one of
this latter group had a neuroma Livingston®™ described phantoms as being
Present thurty three and thirty-cight years after amputations done at the
1£c3 of nine and twelve years. The majority of writers place the occurrence
ol & phantom member at wirtually 100 per cent of all amputations done
within the developmental limits described above The phantom member
thhough msually associated with amputation of an extremuty need not neces-
taily be 20 Heumer'® has described one patlent whose penis was ampu-
tated and who has had @ phantom penls ever since Successful therapy wll
depend on a suceessful analysis of the symptoms or complaints that bring
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lhcpauenttothemgeonfortrcatmcnt'rhuha}ny:dzfﬂcuhmdnny
often be impossible The mere g of a ph member ol
catcdbymymhcrrympmms,hnotmmghtowmmtmmmpa-
tieats 50 afflicted will not nsaally ask for treatment. If pan s added to the
uncomplicated presence of a phantom member mtelligent treatmeat with
myhopeofmmcanmtbcdcddcduponuntﬂ,ﬂhkntmpom&wdu
s0 an analysis of the pain polnts to its causes or camse. Browder™ stata
that the incidence of painful phantom limb is 30 per cent regardiens of the
source of the pain.

NruroMa Group Since all phantoms follow amputation thers will be of
necessity cut perve ends and a scar in the stump Depending an the method
used for the handlng of the proximal cut ends of the perves, the amount
of wound Infection and necrosis, and the type of amputation, the proximal
cut ¢nds of the nerves will or will not grow nearomas and these newromas
will or ol pot be distorted and imtated by the scar In a clean amputaton
with o tusue necrosie and a minimal scar there will bo no pain from ertber
distortion of the cut nerve or the presence of a neuroma provided that at
the tume of amputation aff cot nerves are put on the stretch and crubed o
high as possible without damagng the endoneurium and the nerve then
tied at the point of crush by a silk tie. After Hgatlon the nerve shovld be
divided below the ligatars and a cufl left to prevent slipping. The nerve
will then retract high fnto the stump where it cannot come in costact with
the scar aud will nat graw & neuroma (see page 194) However miess off
perves that are cut are sdentified and so treated, the Iittle one that the
operntor {orgot about will become adherent to the scar and will gow 2
neuroms and may be the source of pain. Cut extremity nerves not treated
in that way will be sources of potentlal pan whether or ot a phusiox
member is present, The pain that is thus produced tends to be Jocal, B8
intermtient, occurs and increases with mechanical iritaticn ot fajury of
thesmmp,h:hmpand“elcctric”andmnybcmf:nedan;hepwm
but does not eriginate in the ghost. A jumping stump may

with such pain %D:Hndo{puinhmltvcdby}fmhpedmd&
nouromn or meuromas. It can be successfully treated by freeing af the
neuromas from the scar resecting them and then treating cach individwl
rew:clndnervcttmpudmﬁrd.buvn.ﬂhtbmpywiﬂnﬁncoﬂb‘h“
type of paln It will have no Influenco on the presence of the ghost, noae 02
vasospashic pun  noae on crampung pain in the limd and poes on a0y
psychoncumd;wdmgtddkumﬂutmybcprcsﬁL"Ttht{w“dl:f
is not relieved by any other p dare except {ateral co

at the level of D2 segment for the lower limbs and at the level of C2 &5
mmt“lmmcuppcrhmb&Expammdumapq;pedmhwm
that high cervical cord y admitted] iaf?
ducm?t!ilzumuhtghakvelmdhprdcnbhmnmcdmm‘gmm
m;emltypnlmmmﬂ:mnmrdotmydwwhiﬁﬂ; Cq"w_d
mental stage Propesly performed revision and ampuiation nmzf:db]
romas done on all perves® and dons oaly for the type of pala &
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the neuroma will obviate the need of anterolaternl cordotomy for this cause
i almost olf cases.

Vasoseastic Grour Extremities that are subgect to the trauma of ampu
tation are akso Ipso facto subject to the vanous types of signs 2nd symptoms
described above under the headings Major Causalgia Minor Causalgia
Sudeck s Atrophy ond Traumatic Arterial Vasospasm If they can be bo-
lated and Identified in these complicated cases, these symptoms and signs
will comrespond 1o those described above under these varlous headingr
However if the paln astoclated with the phantom comes from several
different sources in the stump the symptoms and signs will be & conglom
enation of those from each scpamte source and therefore will be more
difficult to identdy So far as the causalgla or vasospastie groups of symp-
toms are concerned  they and they only can be venfied in regard to thelr
souree by the production of a temporary sympathetic parelyns in the atump
by paravertebml injections of Novocmn at appropriate levels If sufficient
relief s afforded by this procedure it con be repeated or i necessary
preganglionic surgical sympathectomy can be substtuted for it. It is certain,
bowever that this therapy will relieve onl) this fype of pam. It will not
alter the presence or absence of the ghost nor will it affect the syndrome
of neuroma urhation the cramping pain of the ghost or any psychoneurosis
or drug addiction that may be present, This type of paln s not relieved by
any other type of procedure. However this procedure can and should be
combmed with any other that fs appropriate i the wsual complicated case

INTIINSIC PATN Group Pain other than the above m the phantom limb
I, a3 described by Browder and Gallagher » of two varietier. In the two
types considered sbove, any spread of the pain Is toward the ghost and away
from the stump In thus third group however the spread 1 towerd the
stump and away from the ghost, and the ongin of the pain and lts chief
location are in the ghost In the first variety of thes latter group the pain is
tmnsitory with a sensation of buming, tingling, coldnens, numbnesy, fuli-
muurocq:bmﬂyafc]cctrkshocbhhwommmcdhtctyaﬂcrumpu
ialon but for the most part gradually wears off and at its wort b no more
dnnbmhcnomah.oli'sd!raqununou It may bo ated
with the other types of pain described above but the therapeutic Indications
rest ebiewhere in such

Tn the other variety the paln is miractable extremely severe unremitting,
t source of peorons end drug eddiction and one that wrgently requires

The outstanding feature s pawnful postural distortion of the ghost
oc of any part of it. It bs usually a lon of cramping, squeczing,

mg and the like Otber symptoms are the digging of the ghost fingernsils in
the ghost palm, the twuting backward and downward of the ghost toes
under the sole of the ghost foot,  feeling as though wire were being twisted
sbout thre extremity or that It was cocased n cement. All these symptoms
“cumhed\otheﬂmnmdfmlhemcuiptntvﬂ)cﬂlna]eﬂmmltyoflbn
Phamom.'l'hcym‘yoaaumconruna}onwdthdlhcrorbotho[thupdn!u]
states described sbove but treatment of these latter does nothing to relieve
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the former Confusion on thls point has “scrambled™ the therapy of this
type of pain Neglect or Inability to treat the pain problem of a phantom
member analytically has condemned patients to unnecessary prolonged
misery and mvalddism. Treatment The suggestion by Poole® and Browder
and Gallagher*? that a dorsal cordotomy at the approppate level bo per
formed for this kind of pain appears to be well worth while, partcularly as
the mdications are clesrly stated and the results In six patients have been
promising, especially as regards phantom foot. They recommend that for
lower-level dustorted painful phantoms of thrs type the cordatomy be per
formed at the midthoracic level and that all the flbers of the domal columm
on the side of the ghost be divided. For similar conditions in the opper
extrenuty 1t bs recommended that the lateral two-thirds of the dorsal column
be divided in the level of the second cervical segment. It s said that ths
procedure wall not disturb either galt or station. This therapy fs applicable
only to this type of pam. It will not relfeve other types but may be com-
buned, when necessary with other appropniate procedures. It has reslted
In the loss of the phantom ln addition to relief of the pain in three of the
six cases

PsycroNeUROTIC GRrOUP Finally there is the groop of patients who bave
a complicating psychoneurosis or drug addiction or both. The majority will
bave many operations without relief and will have gradaally added to thelr
own as yet unsolved problem by emotional nstability and drug addiction.
Treatment of thrs group 1s highly expermmental. It s much easfer to ook
back and say what should nor be done in the future on anotber similar
patlent. The following can be sald with some certainty however Firt, 00
more than one revision and oae reamputation of the nenromas should be
done. This one that /s done, however ruust be dape properly and must
include alf the neuromas present 1n the stump Neurotamies or other inter
n:pnonnfncrvcmmbathlghcr)cv:h,uw:nurmmptmuunuiﬂnﬁmb
for relief of pam, merely make bad matters worse Any surgical attack oo
Lhcrympmhcﬂcncrvomxyucm;houldbedthcmmmofnmﬂsm
operation, perinrtenial sympathectomy 10 particular being ineffective Intra-
theeal infection of alcohol will do no good s dangerous and should never
be carnied out. Posterior rhuzotomy §s contraindicated, nat cnly because it is
ineflective but also because the resulting widespread penpheral anesthesis
merely adds to the tronble In particular the proocdnrudmihcdll:me
should only be carred out for specific indications and never as & “last
resort”

Other therapy In these patients s still highly experimental. Cortical abla
tian,* which at first promsed much, has proved but a weak reed to kan on.
Frontal lobotomy m one of sts forms is a final admison of dcfeat by the
doctor but may yet prove to be the best salution of these difficult problems.
This #s especally true if the unilateral operation should prove effestive.
Nelther lobotomy nor cortical ablation s justified, however except 83 &
counsel of despair lnda]]concrmcdmmc}urlyundmundlhatbolh
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procedures as carrled out in relation to the tr of ph bers
and their pains are still experimental and promlse nothing.

Infury to the Central Connections of the Sympathetic Nervous System

There {s suggestive evidence to the effect that extensive destructive spinal
cord injanes that are severe enough to destroy all or most of the central
connectons of the sympathetic nervous system will produce sterility and

ence In men. There is no known treatment for this loss other than
possibly artificial sumulation of the gonads in the hope of collecting enough
activo and viable sperm to permlt artlficlal insemination

There Is some reason also to suppose that it is damage to the thoraco-
fumbar chan or its eentral ions that renders path with thoracle
cord injunes more prone to develop bed sores than patents with cord In-
Jaries at other kevels, ncluding those who have caudz-equina Injunes.

TIE PARASYMPATHLTIC NERVOUS SYSTIM

Injurles to the cranial portion of the parasympathetic nervous system are
not recognizable as such and hence cannot be treated if and when they
occor

Injurles to the sacral portion occur almoest exclusrvely as part of injuries
to the sacral spinal cord or cauda equina. In addition to their effect on the
bladder and bowel which has been dealt with under the appropriate head-
mgs in the section on spinal-cord injurles, these Injuries produce impotence
In men. Treatment is unavnlling, except as indicated in the preceding sec
tlon on injury to the central c ions of the sympathetic nervous system
The detalls of the effect of such injuries in women are ot known as yet.
It can be stated, however that such wjuries do not effect the menstrual
cycle and preciude neither pregnancy nor normal delivery of normal full
term children.
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The Effect of Spmal Anesthesia on the Central Nervous
System

General Considerations

These patlents must be hospitalized for treatment. In addition to the
desired effect of enalgesia or anesthesla caosed by the Inpection of varkom
drugs nto the splnal subarachnotd space unexpected and cven lethal side-
effects may be caused not infrequently In the present state of our knowk
edge it appears that these unexpected complications anse from toxic effects
on the respimtory centers the tiusues of the spinal cord and the roots of
!hecaudaequim,oruthomﬂto(dcmycﬁnlmtmnofthsmoudtbc
cruda cquine by the unsuspected introduction of & strong incompatible
chemical.

The Toxic Effect on the Respiratory Certfers

The toxic effect of spinal anesthesia on the respiratory centers ks always
unexplainable and atways unexpected when a spinal anesthetic is properly
sdministered. It is recognized, however that its deketedons effect comes
about directly as a result of the anoxia that it has caused and only se¢
ondardly from the toxicity The best therapy is to keep the oxygen content
of tho patients blood and tissues and especially that of the brain, from
falling below a level that is incompatible with continued cell hfe Messures
to accomplish these ends must be initiated promptly however becanse
thres minutes of total anoxia and vot more than ten punotes of serions
relative anoxia is sufficient not to kill the patient but to canse such mid
brain damage a3 to permanently decerebmto him Colncident with tho ce3-
sation of respiration during an operation that Is being done under spmsl
anesthesia, 1o time should be wasted on any activity other than startig
some type of efficknt artificial respiration. Oxygen may be
simultancously but Is of no value per se unless it can be inspired mto the
lungs. One fifteenth grain of strychnine and 74 gralns of caffein both
given intravenounsly may be used as adjuncts to the artificial respiratron
but are meffective alone. Manual artificial resplration is not efficlent niess
dlcplucntca.ubcpmumthoﬁoormdtwommed-mndanumlﬁ
able to do the work Compresston and relaxation of the chest whike the
patlent is sull on the operating table produces virivally no respirstory

214
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exchange Immedlate use of a mechanical respirator Is the best insurance
agamt destructive anoxia and anoxemia Such an ald should be immedi-
ately available and kept constantly in proper working order Once de
cerebration has been established the best that can be hoped for the patient
1 lifc as a vepetable,

The Toxic Effects on the Spinal Cord and Cauda Fquina

The todc cffects of spinal anesthesla on the cord below the fourth cer
wical segment and on the cauda equina are also completely unpredictable
They are not recognizable until enough time has passed for the normal
postanesthetic paralytic effect to have wom ofl at which time it Is dis
covered that the patient is stll paraplegic. Any level of the spmal cord or
caody equina may be affected but the most common site I the cauda
equma.

There appear to be certmn correctable factors that predispose to thus
paralysis. For example the incidence s very high when there is enough of
 subarachnoid block to canse puddhng and interference with the diffusion
of the anesthetie solution. It 135 good prophylaxis, therefore to do a Queck
enstedt test before inpecting any spinal anesthetsc There seems to be reason
to befleve that hemorthage from a pml blood vessel may predispese to
tansvense toxic myelitis It is good prophylaxis, therefare, to postpoue the
g of a spinal anesthetic in the face of a bloody lumbar tap

I » paraplegia continues after it should have disappeared, a laminectomy
must be performed not later than twenty four hours after the onset of the
tboormal paralysis or twenty four hours after the estimated time of re
covery from the therapeutic paralysis An occasional case will recover dur
Iog thls twenty four hour penrod. There are also other patlents 1n whom
&Panlymdoesnotsmnlodcvclopforfrom three to seven days there
baving been no abnormalitics present in the interval. These cripples should
be given the benefit of & laminectomy also In the couda-equina paralyses
2 lumber laminectomy with exposure of the entre cauda should be done.
The subarachoold space must be thoroughly wrigated with sterile Ringer's
soluhon, with the patient in a semu-crect position After this has been dons
the wound, except for the durs, shoukd be closed without drainage (see
Fage 231) I the damage affects the spinal cord decompressive laminec
tomy should be performed at the appropriate Jevel with electrical stimula
tion of the cord above and below tho damaged area meluded as part of
the operation (pages 228 and 231)

The Toxic Effects on Cranial Nerves

Pmmpunlpho(thedxthmnlalnmhmbeendunfbedun

of spinal ancsthesia 18 It ks said not to appear for seven to
1D days after the thetic has been administered. It dsappears alowly
4 requires no spectfic therapy It 13 presumed to be traceable to a taxic
effect of the anesthetic, but this fs oot certawn and netther it nor any other

hﬂ“"h”beennnull}ydcmonm:mdulheamc.
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The Toxic Effects from Allergy or Sensitivity

Certaun patients appear to be senmtive to certain of the drugs that are
used for spinal anesthesia. Thoso that are thus sensitized may react locally
m the spinal cord or canda equina, or both fn such a way as to prodoce
an abnormal paraplegia. The most effective treatment is prophyfaxis by
desensitization the adminustration of Pyribenzamine and, best of all, the
use of another kind of anesthetic. It 15 worth-while, therefore, to test the
patient’s sennitivity to the proposed spinal anesthetrc before usmg it

The Toxic Effects from Unsaspected Contamination of tie Spheal Anesthefic

The practice of keeping sealed ampoules of anesthetic solutians that
are to be wsed subsequently for spmal heng carries certaln msks with
it that mast be guarded against. Hairline cracks and porous glass, withoot
dissolution of continuity in amponles that have been stored for sterilization
in solutfons contaning akeohol or formaldehyde are known to bave ked to
contamination of the contents of the ampoule by these corrosive sotutions.
As long sx the storage solution was colorless, the contanupation was un-
known and impossible to recognlze The injection of such a contaminated
solutton i3 known to cause a profound nmediate demyelmuzatioa of the
roots of the canda. If this myelin is allowed to reman floatmg free n
the cerebrospinal fluid, it lhortlyenusuthcdmlopmemohdhaiomﬂ{l:
deform and interfere with the t isslon of impulses over the comp
roots. This is manifested by a penpheral sensory and motor paralysis
of varying degree that 15 permanent, is added to the immediatc post
anesthetic paralysss and In the late stages Is virtually antreatable. The dif
ferential diagnosis between such chemreal demyelimzation and the toxe
radicullfts described above cannot be made except at operation, and oaly
then by the finding of free myelin or fat globules floating in the fumbar
cerchrosplnal fluld. The need for an carly diagnostic and decompressive
lumbar Iaminectomy is urgent and imperative in thess latter cascs If ther®
is & history of a preceding spinal anesthetrc induced by a solption that bas
been stored in a glass ampoule that has been sterilized by immersion in 2

luth ining alcohol, formaldehyde, an ackd or a strong caustic: No
delay in performing the operation thould be countenanced, and the twenty-
four hour walt for possible self-cure that fs permissible in the former grouP
should bo abandoned. At operation an extremely therough wrrigation with
sterile Ringers sofrtion must be carried out, with the patient in a par
tially erect position the dura must be Jeft unsutured and the rest of the
wound must be sutured in layers without draaage. For the late cases i
which deformung fibrons adhesions are already present, &
laminectomy should be performed and as moch mechanfcal nearolyss
carried out as can bo done wth the ald of an efectrical stimulator 24
without producing more damage Agaln it Is better to leave the dura
unsutured when the wound is closed.
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The Storage of Ampoules Containing Solutlons

The best way to treat contamination by toxic sterillzmg solutions of the
contents of glass ampoukes s by prophylaxis. All solutions no matter
what thelr prospective use that are bought In stenle glass ampoules may
be further sterlized on the outslde by storags In any satisfactory antl
septic solution provided that the solution has been colored a deep red by
the additlon of an approprate inert dye The ampoules should not be used
until they have been so stored for at Jenst thirty days and should never
be used at all if on removal from the stenlizing solution they show any
trace or tinge of red or plnk discoloration.

Adbeslve Csuda Equlnitls

Ahhough not caused dircctly by the anesthete solution adbesive canda
equinitis may result from the means used to introduce it mto the spinal
subarachnoid space Any lumbar puncture may produce subarachmotd
bleedmg. If repeated punctures are made under such clrcumstances & sig
nificant amount of free blood may collect. If this blood 13 not removed while
still fluld it will organlze form restncting fibrous adheslons and compress
any or all of the elements of the cauda. Such compression will {nterfere
sith the transmission of newral Impulses through the involved roots and a
progressive peripheral loss of function will follow (Sce pages 63 and 72)
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Emergency Operations and Other Surgical Procedures

EMERGENCY OPERATIONS
General Considerations

All crenlal and spinal operations, whether emergency or not, camy
kess nsk of death, prolonged iliness, and permanent disabilities for the
patient 1f they are performed in a neurosurgical clmic by 2 surgeon &s-
pecially trained 10 neurologic surgery He will have the help of an oper
ating-room purse and an assi: who are acx d to neurosurgeal
technie  Available for his mmmediate use will be the consultant, X 3y
Iaboratory and particularly blood-bank facilities that are peculnr to 8
large general hospital. On this account every effort should be msde to
transport patients needing such operative therapy to such 2 hospral, ¢
gardless of any reasonable distance

It should never be forgotten, farthermore, If the question of saving tlme
Lﬂsu,thattheﬂmccod:umcdmbrmmmopaumttomencmmm:

is exactly the same or less than that d by the
reaching the patient. From this point of view therefore transportation a3
such is not a factor What 15 a factor b ts the time ed in

the hosprtal prepanng for and performing the operation. Provided that
notification is gven by telephone when the patient leaves for the hospatsl
with a well organized neurosurgical servico that neurosurgical staff, being
familiar with the peculiar peeds of the operation in question, havmng the
necessary equipment and being used to dealing with such emerpencles, can
sct up the operating room in advance of tho patient’s arrival Actual ex
pencnce hes demonstrated that, if necensary the Inchion in the skin can
be made fifteen minutes or less after the patient arrives at such a cimic.
On the other hand, if the patient is at a hospital that has po such pearo-
mmalhﬂmhhopanﬂmmmnmtmemmmlmmmﬂ
no significant advance arrangements can be made. Under such clreum-
stances, moreover mymrycqmpnrmwﬂ]umaﬂynatbetvnﬂlmﬂ
In the hospital but will arrive only with the neurosurgeon the nure xnd
the house officer of any will be uncertain gbout and wnfamiliar with the
needs and peculiarities of the operator and, 23 a result, all preparations
will have to be held in abeyance untll his arrval. Again, experizace has
demonstreted that In such & caso under normal cireumstances the skin
Inciskm cannot be mads for at feast ono and vsually two kours after the
218
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amval of the neurosurgeon This compares very unfavorably and to the
patient s detriment, with the previous time of 8ftcen minutes
In addition to the saving of time there is tho equally important consid
erabon of added safety for the patient. For example, a moro accurate pre-
operative diagnosts can be made n the neurosurgical clinle before dectding
whether the operation is indeed necessary Furthermore if the case Is one
in which unpredictable emergencies may anse and have to be promptly and
sdequately dealt with at short notice, it the postponed opcration suddenly
becomes Imperative or if major postoperative complications may be ex
pected, then it is better for the patient to be sl d where these probl
an be dealt with most expeditiously and with greatest efficeency These
benefits more than counterbalance the disadvantages that go with increased
distance from family and fricnds, the decreased fee that Is paid the Jocal
physician and possibly even the more crowded and less famlliar housing
wccommodations that may attend the patients transfer All patlents with
wunous, doubtful, or emcrpency cramocerebral and sprnal-cord injuries,
therefore should be trnsported to the nearest nevrosurgical center at the
very carfiest possibl t, by wt means of transportation is mast
easily available and regardless of any reasonable distance mvolved. The
caly contramdicatlons to moving such a patent ars surpieal shock and
madequate sphnting. The latter should be dealt with at the scene of the
sccident and must be provided before the patient may even be moved
from that site The former can be d by the administration of
whole blood or in ity absence plasma, or failing this, 200 cc. of & 50 per
cent solutlon of glucose given intravenously during the trip
Even with this wide Iatituds however it Is sometimes impossible bo-
camse of fog, storm, the breakdown of public conveyrnces and the Inac
cesaibility of the slte of the accident, for example, to move the patient who
must be operated on as an emerpency to the ideal place. Rather than per
mit him to die by default, an attempt to perform any neceasary operation
must be made Jocally with what help and what material are at hand. The
mismom equipment with the aid of which the emergency procedures
d-:itcﬂxdbclc‘wcunbopcdormcd ax far a3 the mechanical factors are
concerned s listed on pape 242 Today all hospitals no matter what their
17p¢, tlze, Kind of staff, epectalty or ather condltion should be chligated
to have such miai quipment In thelr possession and usable at all
“m-mﬁrumemrgiﬂlpamnn:lhconcem:d,ntrymnﬂsmgcon
oroﬂxrld:qm!dytnlncdmrgconwhohonlhemﬁufnmlﬂhormml
thould be able wath the ald of such descriptions as are appended herewith
o carry out with some degree of efficiency and In the necessary absence
‘;m‘:mﬁihelp those neurosurgrcal procedores that cannot be postponed.
Joch requirements are & part of the implications of the use of the word
£ruenal” ug applied to surgery He should not attempt to perform and
mmmhghukeg&gmmhmdaﬂndtypedmmkn
bCIbletnm ly altcrnative but by the same token he must
do & better job when asked than the man without surgical train
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ing would do Such a surgeon will be up to dato on the surgcal literature,
will make judicious use of such postgruduste educatronal facilties a5 are
avallable and will thus be able to meet those requirements that are peces-
sary to make the meaning of the word “general” before the word surgery
into something more than “abdomnal.” The responsibility for maintaining
such standards rests on the staff and trustees of the hospitals,
Crankocerebral Operations
The Temporal Exploratory Trephination

This is the basic procedure for all emergency cerebral operations except
those done for compound fractures. The patient 15 anesthetred # neces-
sary and desirable, with an inhalation or intravenous anesthetic. The shaved
scalp Is sterilized. A vertleal inclsion extendmg upward from the Jere]
of the external auditory meatus toward the vertex and topped by s hod-
zontal imb that fs carried 5 cm. in either direction from the end of the
vertical limb 1s then outlined by scratches on the scalp The upper end o
the vertical limb must extend st least 3 cm. medial to the squamofrontal
suture The entrre ares ls then circled with a 1 per cent solution of procatne,
which is injected into the supragaleal thisuo and the temporal musck
Drapes are 50 placed as to coincide with the anesthetized circle, The ver
tical limb 13 incised first, the scalp and galea belng cut 1n oge Jayer and
widely separated In all directions from the temporal fascs Hemorrhage
from these Inyers 13 best controlled by placing spaced hemostats on the
galen, regardless of the posltion of the bleeders, tarmung the former outward
2nd holding them n a compact group with an elastic band. The temporal
fascla i then mcused vertically and separated from its top attachment to
the bone for 2 cm. antenorly and posteriorly as well as from the underlying
temporal muscle for its foll width, The temporal muscle s incrsed vertically
and detached on its medial end from 13 attachment to the boos for 2 an.
anterdorly and posteriordy as well as so widely from the bone that the
squamahdcnudedlmmth:rbg:onoltheﬂoorofmc:kuﬂtothﬁsqﬂlﬂm‘
frontal snture and for fts entlre lateral extent. The skin galea, temporal
fascls and muscke are then forcibly retracted laterally and held in place by
a sell-retalming retractor Tb:xqm.mnunowpe:fmﬂadwhht.h:ﬂudm
dall fust lateral to the squamofrontal suture and the perforatron is entarged
with the other two drill points The underlymg dura is scparated from the
edges of the drill hole and the bony opemung further enlarged with rongeurs
in a arcular direction tpt:«.‘la]pu!.nsbcmgmkﬂ:!tl:reﬂ:r(rvet!:u:l:-ctfy'hﬂf
at the squamofrontal suture This opening is made big enough to permit
uuyuucmannndlntcrasymbdmnlmmlpuladcnofamedlmn-dﬁd
Cushing brain spoon Care must be taken not to Injure the mxddle menin
geal vessels or of they should be torn, to close both tom cnds with dlver
clips or silk strtches through the dura. The dura Is now opencd m a stellate
manner and the corners turned back over the edges of tho bomy opem
fng and held »n place with welphted sutnre Joopa. If possible the arschnoid
should not be opened. Extradural or subdural exploration should now be
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carned out over the varlous regrons of the cercbral cortex with the aid of
the brain spoon and a Hghted retrnctor The presence of a significant
hematoma beyond the area of visualization can be determined sufficiently
to fustify further bone removal and a larger dural opening by retricving
sgnificant amounts of fluid or clotied blood in the hollow of the brain
spoor. Particular attention should be paud to the frontal and the parietal
arcas as well as to the cortex near the sagital midilne, The subdural ex

ploration with the brain spoon must be done gently in order to avald the
ruptore of any invisible brdging veins If no clot is found extradorally or
sabdurally if the brain is neither swollen por edematous and after hemos-
tasis has been metculous the wound including the dara, Is closed without
2 drain. The Ioyers are sutured scparately with interrupted silk sutures in

serted in the muscke the temporal fascia the galea and the scalp A dry
sterike dressing should be applied and held In place with a voluminous
gauze bandage. The skin stitches may be removed in three or four days.

Subtemporal Decompression

If the brain 13 found to be or become swollen and edematous, 1t 15 essen
tml that a Lrpe subtemporal decompression be provided If the boay and
dural openings are too small a “button” of cortex is forced strongly
throogh thiy fuatus and the vessels leading to and from the “button” arc
compressed and closed Thromboss, ischemic necrosis and neighborhood
swelling develop and increase Unless they are promptly relieved they will
ame hembation of the temporal cortex through the Incisura brain stem
compression and death.

The operation is camned out as descnibed above under The Temporal
Exploratory Trephination 10 snd mcluding the point at which the dura has
frst been bnersed 1 the cortex bulges through this first dural inclsion, and
particalarly of the former splits, the dural opening should temporanly be
thosed with a pattie of moist cotton and more bane removed at once, To
Provide the necessary increase in room, the horizontal scalp incisbons should
be cut and (he resulting antenor and posterior flaps of scalp and gakea
temed forward and backward. The bone removal must be carried to the
Poct whero all the squama from the floor of the skull to above the squamo-
troatal srture in & vertical durection and from o lateral insertion of the
temporal mescle o the other in a horizoatal drrection completely re-
moved. 10 after this the brain is still very tight and the cortex tends to or
:’z-prn. the dura shoald be opened by making paraflel vertical inclxions
bei This permits & gradual release of ntradural tension the final release

8 tccomplished by a single incrsion which is carried rapidly across the
crested dural strips If the brain is not so tense the dura s

Opened tn the usual steilate fashion. No attempt should be mado to explore
‘defwwb&mnlcloummrpﬁt the tentorfum in the face of this con-
a5 the compression of the cortex by even a minkmal amount of
ety retraction will prod hem is and later spreadmg
The brain may be ncedled however if there is reason to
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beading, unul the pomnt ds reached where the dura is to be opened The
dugnosis of extradural hematoma if not already certain will hase been
serified by the prehminany tramtemporal exploratory trephination and the
finding of a clot in the extradural space After the opening in the bone has
been made the clot is completely removed by suction except where it is
adherent to amy venous snuses A scarch s then made for the source of the
dot I it iy arterial the open tom end of the artery should be closed with
a1k suture through the dura or by a silver chip Tom arter es will ot
remain closed # they are mercly coagulated If the artery Is the middle
meningeal and is torn too close 1o the foramen spinosum for the application
o a cbp, the foramen may be filled with and the ortery closed by com
prossioa by & mixture of dry cotton and bone wax or plugged by a wooden
Pg »huttted out of a stenle throat stiek and foreed into the foramen to
prodoce the same effect. If the artery Is torm outside the cranial cavity and
o the bleding cannot be permancntly controlled in any other way the
erazhil operation mest be suspended, the neck prepared and the external
carotid artery exposed and tied in the neck

111115 & vein that bs bleeding and especially of 1t #s the sinus that bleeds
some form of Gelfoam Fibninfoam or Ovyeel should be packed over the
bleeding polnt and held in place under firm pressure for five minutes by
the clock. If none of these substances are avalable a muscle stamp-graft
tken from the temporal muscle shoukd be used and handled o the same
fxbron. Melther of the foams, nor Oxycel or muscle will control kemor
gz from a torn artery

Any necessary enlargement of the bony opening 1n eny direction that
* 1 allow proper visualization and controf of the bleeding vessel 13 not only
Permizsible but imperative After the bleeding vessel or vessels have been
tlosed, the dara Is opened for decompression If the compressed bram fais
10 &xpand within & reasonable time (say ten minutes) a lumbsar punctuce
hould be performed and warm sterlle Ringer s solution should be injected
under pressure by way of the lumbar subarnchnord space, In safficent
Douats to bring the cortex up to Its proper level The closure is carmed
o0t s deseribed under Subtemporal Devompression (se¢ page 221)

For the Removal of an Acute Subdural Hemorrhage

«.his diagnown cannot be certainly made nor can the clot be lateralized,
lulﬂ:m 20 exploratory trephination Preparntions must therefore be made
Uy oat the exploration bilaterally should this prove nccessary This
“oudition may be bat usually s not such a fulminating emergency as the
‘Ti;cmwm# The source of the hemorthage is always venous.
AeUle cases that require emergency operation do not bave a mgnificant
mﬂqmoﬂlyumlyauxdbylhcmpmmofabddgmgwm
by Asociated cerebral damage, and are almost always accompansed
Srebral contusion and laceration They are commonly found at any
OVt the cerebral cortex but may occur between the cerebral hemi
Oc over the cerebellar cortex
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After the diagnoss has been verified by an exploratory trephination (sct
page 220) the exploration is extended to become a subtemporal decom-
pression as described above (see page 221) The clots, blood or bloody
flnd should all be removed especial care bemng taken to include those parts
that Lic over the tip of the frontal lobe and on the floor of the temporal
fossa under the temporal lobe. Meticulous hemostans Is essential if & re
current clot is to be avoided Enlargement of the opening m the bone and
dura to the point where proper visualization and control of any bleedmg
veins are obtained is therefore mandatory Hemostans and closure are car
ried out as described under Extradural Hemorrhage (sce pege 222) except
that it may bo necessary and wise to drain other subdural areas beside the
subtemporal one Forcible expamsion of the shrunken, compressed and
onexpanded braln by injection of warm sterile Ringer’s solution by way of
the lumbar route, as described under Extradural Hemorrhage (sce page
222) is esscntial in these cases. After the wound has been closed a dry
sterile dressing held m place with a gauze bandage should be applied. The
skin stitches may be removed 1n three or four days.

For a Dlagnostic Stab Wound and Therapeutic Section of the Tentortum
and Inclsura Tentoril

Ths operatron Is indicated within six hours after a critical Lumbar punc
ture when the patient fails to improve or continues to get worse (see pages
7 and 19) 1t is also possible that further experlence will demomtrate
that it is advisable to prevent the inclsural hemiation a3 a prophylactic
measure, and as a part of the eperative therapy of acnte cerebral extradural
and subdural hematomas. If it is to be done at all 1t should be carried out
before the brain has become 30 edematous as to make retraction of the
occipltal Iobe umpossible otherwise the danper of cortical liquefaction
necrosls from the locnl pressure pecessary to expose the tentorfom s
prohibitive

A subtemporal decomprestion Is performed as described above, and any
extradural or subdural hematoma that may be present Is removed. The
bony opening is then enlarged postenorly and downward sufficiently to
expose the outer end of the petrous pyramid, the anterior end of the lateral
sinus, its connecting group of corthcal velns and the adjonmg leaf of the
tentorium. All further procedures are carrled out posterior to the petrous
ndge. An avascular area of the tentorial leaf is chosen and a stab womnd
14 to % cm. long ts made at this palnt, If thero is a herniation of the tem-
poral cortex through the inchrura, cerebrospinal fluid that has been trapped
bencath the tentorfum will well up under pressure through this wound in
amounts varying from 30 to 50 cc With the escape of this cerebrospinal
fluld, the mereased intracramial pressure which until now has been only too
evident, will be promptly lowered to normal or below normal Jevels. This
permits furtber upward retraction of the occipital lobe durlng which, how-
ever graatcammmtbcuzmcdmnvoidinjurymﬂ)etwosmuplﬂf
veins connecting the cortex with the lateral sinus. In particular the posterior
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group of vems centered nbout the vein of Labbé must on no account be
damaged or closed beeause it i 2 major channel for the drminage of venous
blood from the Rolandic vein The anterior group of the veiny draln the
temporal area and mav in case of absolute need be divided, but at the nsk
of causing a permanent hemlanopla Great care must be taken to avold
mbstaking an anteriorly placed posterior group for the anterior group There
I, moreover still a third group of veins at the anterior aspeet of the middle
fossa that connect the Syhian vessels with the cavernoas sinus. These are
not in the operative ficld presently under discoswon With the release of the
mereased Intracramial pressure one blade of o scissors can be placed beneath
the tentorlal Jeal and the leaf can be cut in an anteromedial direction
throagh avascular arcas until the rim of the incrsura is reached At this
point there may be a arcular venous sinus which will necessitate dvision
of the incisurn between silver chips. The incisurn cannot be comidered
complettly divided with the resulting cssenup) redief of pressure on the
braln stem umlets the two separate divided portions of the inclsura and
thelr attached tentonum can be and have been folded back upon them

selves—once posteriorly and one anterlorly When this has been accom-
plished and fous h is obtained, the wound should be closed
as described above under Subtemporal Decompresdon (see page 221)

It s essential fn these cases to provide a large decomprenive openlng in
both the bone and the dura and on no account to close the dura at the
end of the operation. If there i no escape of cercbrospinal flind through
the tentorial stab wound it appears In the light of cur present knowledge

that {t 18 reasonable to conclude that incisural herniation is not present und
that there s thercfore no need to scction the incuural nnp except as
prophylaxria. A dry sterile dressing held in place by a gauze bandage shonld
be applied after the wound has been closed. Stitches can be removed on
the third or fourth day

Multiple Diagrnostic Exploratory Trephinations
It may be neceasary at tunes to make multiple exploratory trephinat]

In order to Jocate an otherwise unlocalizable meningeal hemorrhags. If thisy
procedure is determined upon it is better to reserve the subtemporal ex
ph over the nondomant hemisphere untll the last or pext to the
last, {he fast being the suboccipital The others sboukd be Wifrontal and
Placed within the hair line but anterior to the coronal suture bipanctal at
bout the center of cach parietal boss and bi-suboceipital opposite the
widpoiaty of the underlyng cerebellar hemispheres Of the two subtem
poral trephinations the npht thould be reserved untll the last in right
banded and the left until tbe last In Jeft handed patents

The whole head should be prepared and all the proposed supraoccipltal
mcizlons seratched on the scalp before any drapes bave been put in place
nlfmnullndparklnlhchlumcncllhcrddclhmldbcdnpcdinpaln
21d the temporal Incisions covered wiih amall sterile dresaings. The wonnds
wbc\m\mmdlm“ywmuprm\ﬁduﬁouolmmm
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long exis should be made in the sagittal direction. All layers, inctuding the
penosteum  are cat at one time, the periostenm is scraped off the bone and
the wound 1 held open with a self retaining retractor that inclodes all
layers The bone is then perforated the perforatton enlarged to the full
size of the largest Hudson drill point and the dura separnted from the
overlying bone along the edges of the trephine A small, flat-angled dural
separator should then be inserted and swung in all directrons to loosen and
permit the escape through the trephme of mny adjacent but visible extra-
dural clot. The dars 18 then opened in a stellate manner and tbe same pro-
cedure carned out subdurally In case of suspicious but uncertai findings
the bony and dural opening may be enlarged with the ald of a rongeur and
scrssors to permut the introduction of a small Cushing biin spoon, and the
explored area thus widened. If the explorations are negative the dura
should but need not be closed. The soft tissues are closed with interropted
sk gutores in the galea and skin. The wounds are not dratned. If the ex
plorations have been started over the dominant hemisphere the temporal
exploration should now be carmed out as described, except that the incision
should be vertical and placed in tuch a way as to form a potental part of
any subseq tnawon for fr ol exploratory trephination as de-
scrbed above (see page 220) The last exploratory trephination prior 1o
making the suboccipital mcisions should be in the temporal area over the
nondominant hemisphere and should, If necessary be enlarged to the pomt
where It can have a decompressive effect. After all wounds have been closed
a dry sterile dresung held in place by an Ace type bandage should be
applied. The skin stitches may bo removed in three or four days.

At this point, and in the face of a negativo exploration of the anterior
and middle fossas, the decuston must be made whether to proceed at 00co
with the suboccipital trephinations or to postpone doing them untll an
estimate of the cffect of any subtemporal decompression that may bave
been provided can be made. This will depend on the indlvidual characters-
tics of the cass in questlon. When it 15 decided to go nhead the patient must
bccurcfuﬂyplnccdfaccdowncnnmbdhrh:admnmdlnmchlpod-
tion as to inure a good alrway It 18 better and usually possible to do this
without using an intratracheal tube which is ikely to cause later resplratory
complications and should be avolded uccptmcaxoflbmlumnmhy
In any event, when the patlent has been anesthetized and is In the propet
position, the inclsions should be anesthetized locally with a 1 per ceat sold
tion of procame They should be 6 cm long, extend opward and
and be centered oves the midpomt of the underlying cerebeltar hemlspberes,
well below the attachment of the tentorfum with fts contained sinwes nd
teibutary vems. All fissoes should be drvided layer by layer and the wound
edges held apart with a self-retaining retractor that inclodes all layers.

The bonc should be perfornted—abways beartng 1in mind that it 1 €X
tremely thin in this reglon—and the perforation cnlarged with other doll
polnts and rongeurs to such o size that a good exposure can be
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After inspection of the extmdural space the durn shoukd be opened and
the subdural space inspected

1t a clot bs present m either space it should be removed, and the wall of
the asterna magna should be perforated and the cistern emptied to make
sure that there has been no tonstllar herniation If necessary the openings
in the bone and dura mny be enlarged further in all directions to permut not
only good exposure but the exercise of great care and gentkeness In operung
the custern and certainly In attempting to cxtract any hernlated tonsils. After
the clot has been removed and the condition of the tonsils verified—or if
the exploration has been 2 negative one—the wound including the dura,
should be closed in layers without dralnage Interrupted silk sutures should
be used throughout. A dry sterile dressing with a gauze or Ace type bandage
thould be applied. The skin sutures may be removed in seven to nine days
of they have not caused necrosis from having been tled too tightly in which
case they must be cut or removed earlrer

Débridement of Compound Fractures

CoMPOUND FRACTURE OF THE VAULT Débridement should be carned
out withln forty-cight hours of the infliction of the Injury must be carned
cut within seventy two hours and should ror be done until the patient s
out of surgical shock and his blood pressure stabilized The operntion i
trich bess urgent if the preliminary treatment of the scalp wound has been
proper and done as described above (see page 32) The operation should
0ot be attempted unless the preparation of the scalp is adequate umless
the snegthetic m properly chosen and unless 3 pints of whole blood are
avaihable at the start

Under a general anesthetrc preferably Pentothal sodiam given intea
venomly with ether by the drop method on an open mask (and without
nitrous oxide and of possible without an intratracheal tabe) as second
chowce, the entire scalp should be chipped and shaved. After this has been
¢ompleted the wound should be covered with dry gauze and the rest of the
scalp scrubbed with gauze or a soft brush and sterile soap and water for ten
minutes by the clock. The soap and water are rinsed off with three spong-
mgs with aqueous Zephiran (1 20 000) after which the scalp Is scrubbed
with ether on gauze three times following which all the scalp except the
wound b painted with a 2 per cent alcoholic solution of iodine The wound
md!bthcnxprmdnndcullured. Its edges and all the surfaces that can be
reached wath & cotton swab arc covered with full-strength tincture of lodlne
Itit is available the antisepuc detergent pHisoderm with 3 per cent hoxa
chlorophene ks to be preferred and should be substituted for the soap There
Dﬂvdbenuconscq-uml change In the rest of the preparation, however In-
cutons that will permit débndement and adequate exposure of the damage
and some mrethod of plastic closure of the sealp are now scratched on the
skin. A ares enclosing these scratches and cnough other tisue to allow for
“hatever underminmg and mobil may be y Is encircled with
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a 1 per cent solution of procaine in the subcutaneous and muscolar tisspes.
It is vawise, unkess the patient is deeply comatose to carry oat the opera-
tion nnder the local anesthesia alone The prepared field is draped In such
a way es to expose all that lies withm the procaine nng, after which the
actoal débndement or mechanical exciston of all contaminated and non-
viable tissue may be commenced. The scope of the operation will depend
on the operator’s judgment 1n regard to the extent of the contamination and
the amount of what might be spoken of as any “fringe limitation™ of coo-
tamination that has already developed, or in regard to the amount of contral
of later infection that he belicves can be made good by the use of chemo-
therapy and the antiblotics In this connectlon it should be borne constantly
In mmd that, except in the mumplest and most superficial wounds, nether
of the latter aids can be considered to bo of any effect without the basc
débridement. The débnd should be recognized as incomplete unless
every layer that has been contaminated, from sealp to ventricle incluuve,
is débnded unless all nonviable tissue is completely removed—thus apply
ing particularly to necrotic brain, blood clot and bone fragments unless the
blind end of the contnminated tract ia seen, débrided and emptied of all
forcign bodies except for maccessible mussiles unless all large and, of pos-
sible, all dural defects arc closed ond unless the scalp defect over the
risaung bone 1s closed without tension and without drainage. Débridement
of brain tissue should be done by suction without irrigation A cramoplasty
should not be performed at this time Fifty thowsand units of penlcillin
should be left in the wound at the cloas and the surface of the bone and the
scalp tissues frosted with sulfanilamide powder Penicillin may be put fnto
the ventricles, but this shonld not be done without good reason

COMPGUND FRACTURES INTO THE FRONTAL Smvuses. In principls, treat
ment by débridement k tho same for compound fractures involniog the
frontal alr sinuses as it is for compound fractures of the vault alope. There
is however a variation in detail, neglect of which will Jead to eventual
unnecessary sepsis, morbidity and mortality These detalls ar covered
above (see page 36)

COMPOUND FRACTURE OF THE CRIBRIFORM PLATE AND COMPOUND
FRACTURE OF THE PARANASAL SINUSES OTHER THAN THE FRONTAL
SINusEs Detalls of operative therapy for these coaditfons are adequately
covered above (see page 37)

Spixal Operations
Exploratary Laminectomy at other than the Cervical Level
thndoueuancmerpcythhpmcedmhmuaﬂydtﬂpﬁdm
as a decompressive procedure.

The first problem 15 to locate the center of the Incuslon In lis propet
relation to the undertying damage Evenwit.hthcbclpufx—rlynhhmzybe
difficult because of the swelling from trauma, the amount of fat or the con-
formation of the patient s back. It Is therefore wiser to center the inclsion
over the upper edge of the anesthetic area and to extend the upper end at
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keast four spinous processes above and the lower end three spinous processes
telow this pomt. Infinitely prenter harm s donc the patient, when the
operator refuses to provide himsell with an adequate exposure than is
commensurate with the increased difficulty of heahing a long (as opposed
to a short) wound I prefer to have the patient on his side In the Jumbar
puncture position rather than flat on his abdomen Respimtory excursions
are better there Is no greater danger to the spme and any mnhalation anes
thetie that has to be given is handled much more ensfly in this lateral
position

The incrsron should be stnctly in the long axis of the spine and os accu
rately as possible in the midline After the patient is anesthetized locally
with a 1 per cent solution of procaine and draped, the incision s carried
down to the ups of the spinous processes. Hemostasis is best obtalned by
placmg spaced hemostats on the deep fasan without regard for the actual
bieeding pornts, turning them backward and holding them grouped and in
place with elastic bands. The superficml tissues are then separated from the
lembodorsal fascla or n the upper thorerc regon, from the superficial
layer of muscles for a short distance on elther side of the midime The
fxsch or the muscles are then cut loose from the lateral aspects of the
spinous processes with the electric cutting current of the Bovie apparatus,
This procedure should be started at either end of the wound, at the second
nomal spinous process and lamina above and below the damaped area
respectively The lamunas of these same normal vertebras are then scraped
clean of muscle and the soft thstes at the two ends of the wound sepa
rated and held by self-retaming retractors. With the normal tusue planes
lhusdcmonm-atcd,lh:xp[nouspmccssmdlammuo(thaﬁmnonmd
vertebra above the damaged aren are removed with rongeurs. This exposes
pormial dura, which may or may not be pulsaung. This stretch of dura
should then be opened 1n the midline and the arachnotd and the posterior
surface of the cord exposed The cord may or may not be normal, but ths
exposure will at least provide a plane for future dissection toward the center
of the wound If the dum has not previously been pulsating, it will start
to do 50 with the first release of the cerebrospmal fluid from the arachnold
$pace, unless there i a block higher up The same procedure is then carrfed
oat at the first normal spinous process and laminas below the damnped
region. Thhs Is the point at which it s possible to determing the presence ar
lb!cnceotublock.l{ablockupmcntmtherlhedmnortboanchnaid
below the damaged arca will pubsatc even after the flufd bt permitted 1o
Gscape from wthin the latter By this time the surgron should know ths
€xact position of all the layers and stroctures that he must deal with With
"hhkmwbdp:ungmdc and by working from elther end toward the
center of the damaged area, he should bo able to uncover the mtervening
tpmal cord withont Inflicting further damage to it. Moreover #f the cord is
compressed at any point it should be posuble to pin pomnt the compressing
3gnt as well as the compressed area The surgeon will thus be certain of
having decompressed the cord at the crucial point. No detaded Instructions
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can be given concerning the methods to be nsed I any individual case for
theso Iatter maneuvers, but any that are contemplated must be carrled oat
geatly All tissue mcleding the bone must be cut and on no avcount levered
or pried All scarred tissue superficial to the dura must be removed. At
least three and preferably four spines and paurs of laminas should have
been removed and the dare opened for the full length of the wound After
mspection two appropnate digitations of the dentate ligament should be
cut on esther side and the cord rotated aiternately to both sides by trection
on the dentate lignments. This should expose the anterjor wall of the spinal
canal and allow the operator to satlsfy himself that there has been o pos-
terjor hernlatron of & nucleus pulposus from an acutely ruptured desc. Aoy
swollen area 1 the cord may be needled with a hypodermic needke on 2
syringe but should not be incised on any sccomnt. The presence or absence
of a block outside the cxposed arca may be determined by passmg 2
molstened No. 8 or No 10 F soft rubber catheter through the subdural
spacs 1n the appropriate direction. Preparntions should now be made to
stlmulate the anterior surface of the cord If any appropriate electric stimy-
lator is avallable If normal cord has not been exposed to a sufficient extent
above and below to permit this procedure another pair of laminas and 2
spinoas process should be removed as indicated. The stimulation is first
carried out below the Injury The stmulatmg points are placed m contact
with the anterior aspect of the cord first on one side and then on the other
They must be placed inside the subarachnold space The current 1s gradu-
ally mereased untll there are and lvely jons of one or mort
of the leg muscles on the approprlate sido In response to each stmulus. The
stimulator is now moved to an analogous point above the injured srea and
the stame current applied in the same way If the contractions result m
before the operntor can be certam that the patlent s cord has not been
anatomically transected, regardless of rts appearance On tho other hand,
ﬂnommwomofthclegmuuﬂuucuuwdbynlmuht}moﬂhcmfd
above the level of inury then the operator can be equally certain that the
cord has been enatomically transected, regardless of jts appearance, aud
that all chance of return of voluntary motor activity bas been permanently
lost.

Regardless of all other considerations no attempt should be made in the
presence of a cord wjury to perform an open reduction of any dislocation
that may be present. The nsk of producing cord damago that would not
otherwise occur I too great. This, taken In conjunction with the practically
Connmtubihtyulthcwrtebmstogmwthcirmwﬁdnmonmthcscw
of kept in hyperextension over a bianket roll, and with the fact that an ade-
quate L y with a sufficiently fong opening left unclosed mn the dura
provides relicf of & cord compression for the time necessary to reduco 2
kyphoxbym.chhypcr:xtcnn)n,obviatcltboncadfornn‘-hld-lnﬁcrom
procedure If there has been no cord compresshon the dura is closed, the
suture line covered with fibrin or Gelfoam and the rest of the wound closed
in Iayers without drainage. Interrupted silk stitches are used throughout.
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Great care must bie taken to place the sutures in such 1 way 23 not only to
approximate the cut edpes of the vanous layers accurately but also to close
all dead spaces. Hemostasls must be meticulous. A dry sterdle dressing s
spplicd to the sutured wound and held in place with adhesive tape strips
No further dresung §s necessary except in the interscapular repon. Here
bandages applicd In soch a way as to prevent formard movement of the
shoulders with resultant pull on the sotured paraspinal muscles are essential
1o prevent doruption of the wound. They must continue to be used mul
the wound Is completely solid—a matter of ten days at Jeast.

Decompressive Laminectomy at other than the Cervical Level

This procedure should if possible be combined with the exploratory
diagnostic procedure described above but may if necexsary be carried out
alone. This operation §s done exactly as described nbove (see page 228)
except that the dura s not sutored at the close The space between i cut
edges should be covered with suffickent fibrin or Gelfoam to insure apainst
teakage of cerebrospinal flukd from the subarachnold space. If this is pot
done a certain number of patlents wilt develop a cerchrospinal-flnd fistula
o cyst that will necessitate later reoperation and resuture,

Exploratory Hemilaminectomy in the Cen kool Reglon

It Is Inadvisable and unnecessary to do a full lammectomy for explora-
tory diagnostic or decompressive purpases i the cervical region. Removal
of the spinous processes with the interspinous kgaments, and of the Jammag
with the interlaminal Nigaments bilaterally may so weaken the support of
the bead oa the shoulders as to require permanent sphnting that would not
Otherwise be needed. In particular this objection applics most strongly to
the disruption of the hgamentum nuchae and its adjacent structures.

Furthermore patients mith a damaged cervical spine must be handied
with particalar care, 5o far as their oxygenation and respimtion are con
cemed. Thas their position on the operatmg teble and tbe continuance of
traction during the long period of necessary immobilization is of the greatest

The choce of anesthetic 15 of only slightly less impartance, Tt {s
mdoabtedly true that many pattents have been successfully operated on fn
& proas poution with or without traction, under an inhalatton anesthet,
ad have been subpected (0 a total launectomy withoat grievous later dis
hility bt wath increasing expenence it has become all too obvious that
{0 save the maximum number of lives, to cause the least possible amount
o permanent disability and to accompilsh the maximum good with minimal
Ussue damage at the ume of operation, certatn rules must be followed. In
meﬁmplwc.bdmnda.mgcducrﬁcdlpincorcordmbcopcnmdou
trection with Crutehfleld tongs must be provided (see page 235) If this
bag ot been done during the waitmg penod preceding hemilaminectomy it
hould be carried out as the first step m the latier operation. During transfer
{rom bed 10 operating table an assistant should be assigned to do nofking
Slcept maintain traction by way of the tongs and to stendy and tumn the
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patient s head as necessary The patient must never be lifted but must atways
be rolled The opernting table must have a bar with a pulley on its far end
attoched to the head of the table in such a way that the traction rope kead-
ing from the Crutchficld tongs can be passed over the pulley The patient is
then placed on his side with hus uppermost leg flexed at the hip and knee
and his lower leg straight, the traction rope passed over the puliey and
10 or 15 pounds hung from the free end of the rope The patient #s then
supported in this poution with sandbags. Firm pillows are placed under his
head and neck so that the cervical spine is Jevel and both it and the bead
are firmly supported. He 13 strapped to tho table in this positon with his
lower arm supported on an arm board. The weight of his upper body should
be carried on the exact pownt of the shoulder with the shoulder-girdle ex
actly vertical, and the weight of his pelvis on the Jowermost of the {lla. The
body—but not the shoulders—may be rotated slightly forward if necessary
but not enough to interfere with the motion of the patent's diaphragm,
masmuch as respiration depends solely on the efficlency of this ruscle.
Oxygen should be adminmstered constantly If posable the anesthetic should
be lmited to o 1 per cent soluton of procaine injected locally If supple
mentary anesthesia 13 necessary Pentothal sodinm should be given watra-
venoualy in the protruding arm or through a leg vem. In any event, a needle
wufficikently large to permit rapid transfusion of blood must be in place and
connected with a constant dop of 5 per cent ghicose m sterilo salt solation.
This apparatus must be kept runmng In constant working order Nefther
morphine por nitrous oxide should be administered at any time, but atro-
pine In appropriate doses may be given The second chokee in anesthetis—
and {t is 2 poor one—is cther by the drop method on an open cons and
without prelminary nitrous oxxde A mouth alrway will prove helpful, but
an fntratracheal tube Is too dangerous to use because of the probability of
further cord damage through the manipulations and deep anesthesm neces-
sary for jts imsertion.

The occiput and neck should be shaved and prepered as usual The
wclsion should be exactly in the midilne and in the long axis of the peeck
The correct placement of the incuion will mean the diflerence between
relatively Litle bleeding and a continual oozmg with an attendant signi-
ficant, unnecessary ks of blood. The operator’s abillty or mabllity to keep
hus Inclsion 1n the avascular tlasue spaces that separte the muscles in the
midline of the deep tissues will depend on the exscttude with which the
Incision 15 located m the midlne of the skin and supcrficial thsues. The
hnponancca{ﬂlkrequlmmemcannctbcmmxumdmindﬂm‘hw}d
reanhirom]‘mt-bavathepomnorrlmolthefommcnmpumw“x
spine of the second thoracic vertebra. After all layers of the neck are (hot
oughly injected on both sides of the midline with a local anesthetic and the
arca draped the ekm and deep tusues should be divided with a kuife
followed by the cuttlng current of the Bovie apparatus down to the tps of
mlpmompmandth:ocdpimlbons.Aﬁutheposmdurdpl“ﬂl‘
splnous processes bave been reached, the fascla covering the muscles (if it
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is demonstrable) is divided lateral to the midline in such a way as to kave
a fringe of this tissue, wide enough to permit it use In closing the wound,
attached to the spinous processes and the Interspinous ligaments. Only the
upper cervical gutter is to be denuded The muscles are then scparated from
the intact sccond and third spincs and laminas above the highest and then
from the two Intact spincs and laminas next below the lowest damaged
vertebra. This should be done first with the Bovie cutting current and then
wmbperiosteally from the side of the spinous processes and the posterior
surface of the lammas as far laterally as possible The soft tisrues are sepa
rated and hel in place with self retaining retrmctors and the first and if
necessary  the second intact lamina gbove the damaged area is removed
exposing the dora. The spinous processes are not removed nor is the inter
spmons Higament cut at any point This same thing is done at an analogous
kevel below the damaged area The exposed normal dum s opened above
and below and the presence of an Intervemng cercbrospinal fluid block s
demonstrated by noting subarachnold pulsations above and nonc below
Pubations above the block may not appear until after the subarachnoid
space has been openced. This is a normal finding under the clrcumstances
The dissectlon now proceeds from either end toward the middle All bone
must be cut and Lifted out of the wound with greatest care and should never
be pred, levered or twisted as a means of removal. With the foll kength of
dura now exposed it should be opened from end to end, great care bemg
taken to avoid damage to the cord beneath it. This procedure should relleve
any block or compression of the cord that may have been preseat. Two
dightatlons of the dentate ligament are now cut and the cord is rotated
gently townrd the center 1f more room is needed medially the base of one
Ot more spinous processes may be removed subpenosteally and without
diruption of the continulty of the interspinous ligament. The anterior wall
of the cervical canal should be inspected and palpated with an angulated
dural elevator to ascertain whether a nucleus pulposus has protruded How
erer o attempt should be made to remove the latter unless it can be [ifted
out caslly and without any risk of trauma to the cord. Fragments from a
comminated fracture of the laminas on the other side can be reached and
spusted or carefully removed from inside the canal after subpedosteal
removal of the base of one or two spinous p opposite the damaged
The cord can now bo electrically stimulated as described above
(sec page 230) the stimulating points bemg placed intra-amachnoidally
gainst the anterlor surfaces first below and then above the damaged area,
and the current incrensed until contractions of the leg muscles appear
Stmuhation of the cord above the damaged area must be carried out below
the level of the fourth cervical segment. If the cord 13 sumulated higher than
that, the diaphragm will be made to contract forcibly and may go Into
fpusm, With the completion of the stimulation and the relief of any cord
Compression, the wound b now ready to close If the procedure has been
done for diagnostic and exploratory purposcs only—and this should never
bfw‘dmak:nmanmergmcyapemﬁan—-the durs is closed and the suture
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line seated with a coverlng of fibrm- or Gelfoam 1f it has been performed as
2 decompreasive operation the dura should be left open for the full length
of its incision and the space between the cut edges well covered with fibrn-
or Gelfoam o0 that any dapger of the formation of a later cercbrospinal
fistula or cyst from leakape through the tear In the arachnoid is obviated.
No dramnge is used Interrupted silk sutures are used to close the wound
throughout. A dry stenle dressing held 1n place by adhestve strips 1 applied.
No further dressing Is necessary Under no circumstances should open or
closed mampulation designed to reduce any dislocation that may be present
bo countenanced. The risk of further damage to the cord 1 too great, par
ticularly m view of the fact that such reductcon can be accomplithed with
a minimum of risk and to a greater degree of perfection by the proper use
of tractton The patient 1s returned to his bed with the same care and the
stme constant traction that was wsed 1 transporting him to the operating
room. When he has been returned to his bed, his traction 1 re-established
with the aid of the apparntus attached to the bed,

Decompressive Hemilarminectomy in the Cervical Reglon

The description of this operation has been included in that of Exploratory
Hemllaminectomny in the Cervical Region (see page 231)

Débridement of Compoiund Fracture of the Spine and Spinal Cord

The treatment of compoond fractures of the spine and spinal cord, fn-
cluding the canda equina, is not of fiself an emergency U however 1
spinal-cord injury that has been compounded must be operated npon 23 an
cmergeney for other reasons, the tmct, includingthcdum.lfhhubccﬂ
perfornted, should be débrided layer by layer The spual cord and the
cauda equins should nof be débrided Any Iotdgnbodhl.incmdmgthmt
missfles that are not firmly imbedded in & vertebral body should be re-
moved. If the dura has not been perforated, a decinon whether of not o
open It at the time of operation will depend on the clrcamstances peculiar 1o
the particular case, In peneral the governing factors are the kength of 1me
since the inpury thepmbabmtyoffonmbod}aothcrdlmmhﬂbbciug
m the wound, tho cficlency of the preoperativo chermucal and antlbionhc
Lbcmpyﬂncdcgrccandkwlofmrdm}u:yudct:rmim:dbycﬂnhlmd
X ray examinations the possibility of dural penetration being present bat
invisible thacxpcrknceandlhﬂuftheopcmtornndthcadcqqum’
nul:mncnnndcqmpmanAﬂdcfrommemodlﬁcmondthaindﬁmm
permit excision of the tract or for a bemflaminectomy in the cervical regrog,
and the possible failure toopenthcdmwnhamulmntinlbﬂhymdlhﬂ'
visuallze or sumulate the cord, the operation 13 cared out as described fn
the appropriate scctions (sce peges 228 and 231) These wounds should
ncverhedralncd,mdbdmbdngdmcdthzrnwrudacus}mﬂdbcfmﬂtd
with sulfanilamide powder Preoperative care so far as concer the com
pounding tract should be limited to the local applhcation of sulfanitamide
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and a dry stenile decssing, with no probing or washing nad a mimmum of
handhng.

The Application of Crutchfield Type Tongs

These are built on the principle of ice tongy. A satlsfactory type Is manu
factured with 2 sct of drill powts of such a size that the hole that s bored
fn the skull is of the proper caliber to recrive and hold the tong-points
firmly and without shipping. Traction is made from the hingo of the tongs.
The tongs can be applied anywhere in the hospital and the patient shonld
pot be moved to the operating room from bed, for example, only for apph-
cation of the tongs 1t s important to choose the right points of nsertion
These should be points that, in the antcroposterlor plane will permit the
tongs to excrt pull m such a direction that the Imo of traction will be
panafkel 1o the normal long axis of the cervical spine. In the superoinferior
direcion the points of wnsertion shoukd be so placed with regard for the
width of spread of the tongs, as to be in the flattest contour of the supero-
lateral aspects of the skull The points should be equidsstant from the
sapittal hoe. With these two locations determuned the head shaved and
the skin prepared and anestheured locally small incisions arc made in the
salp, the perlostcum s inclsed and the dnll point used to perforate the
onter table, Stitches are then placed in the scalp wounds but not tied. The
points of the tongs are inserted in the dnll holes and the screw mechanism
Is operated in such 2 way as to farce the points into the diplod and the
et table and thus to jom them tghtly into the holes in the outer table
When the points have been forced m as far as they can go the mstrument
ks locked in position and traction up to 30 pounds of weight (If necessary)
1 applied by means of a rops over a pulley The techmical insertion of the
tongs ks not difficult, but they will not function with ther proper efficiency
tless the drill holes—and benee the pofts of the tongs—are properly
located on the skall, If thus js accomplished and if the direction of the scalp
wounds is in the line of pull, traction with this nstrument will be painless.

OTHER FROCEDURES
Lumbar Puncture

(See also page 7 and Critical Lumbar Punctire page 19 )

Luombar puncture i a basic procedure in the diagnosls and treatrent of
Al trauma o the central nervous system Al surgeons should be 5o familiar
with It that they need never give & second thought to lts perfarmance

Tz EQuirssNT The cquipment needed for a lumber puncture follows

A 20-ce. syringe fitted with a hypodermic needle and a needle that is
1%4 10 2 Inches Jong and that has a 20- or 22-gauge bore.

Atleast 10 cc. of 2 1 or 2 per cent solutian of procune I the procaine
iD":'Jmllllccllnn.mpoulc: that have been sterilized by Immersion and stor
‘#mnﬂlfuingloluﬂomlbcyxhotﬂdbcdmrdtdmdnotmcdm]mtbe
Setilidng solution has been colored (preferably red or blue) and the con
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t;;:;s)o(the ampoules in goestion are crystalclear and colordess (see page
Two lumbar puncture needles either of the Fremont-Smith type or of
platinum and duplicating that model

A calibrated standpipe, Fremont Smith type of manometes which &
made m two sections.

Two clean dry stenle test tubes with tightly ftting rubber corks.

A palr of dry sterile gloves

Sufficient sterile pauzs for sponpes. Two stedle towels, ether, 2 per cent
alcoholic lodine salution and a sheet folded kepgthwise.
PERPORMANCE OF TAE PUNCTURE The 8rst atep ln the punctare will
depend on whether or not the pattent s co-operatian can be obtamed. I
thes Is Impossible or mpractical the following restramt should be used The
patient shouid be turned om his right side one end of the folded sheet placed
under his peck from belund {orward, pulled scros the front of his body
and passed from Jeft to right under and aronnd both knees This end i tixn
brought back across the body 1n the opposits direction to meet the other
end, which now extends forward across the left side of the neck. These toro
ends are twitted around each other (thus farming a8 fgure 8 2round the
body~—the neck bewng in the upper loop the knees 1 the lower and the
crossing being opposits the sbdomen) until the patient's knees and neck
ars sufficently approximated to render him helpiess. One atiendant, elther
mals or female then koeels on the bed (after the pathent has been mored
to fts edge) wath his or her knees firmly agalnst the patent s abdormen and
with the twisted ends grasped in both hands. There Is no need to restrain
the patient’s arms and no oeed for more than ome attendant ff & shee! is
used as described.

1f the patient 15 co-Opemtive 1o restraunts or attendants are necessary o€
advisabie. Under theso circumstances the patient s placed on his right side
with his back at the edge of the bed, his right leg and hip extended and his
Hlknmlndhlpﬁcmd.Tbcr:AhouIdbeuplﬂwbcnﬂlhbumdmdhh
anms should be comfortably duposed. His back should bo straight, and 50
atternpt should be mado to flex it

Regardiess of the co-operatron of the patient the identificatron of the poiat
of imsertion of the needle and the skin preparabon are the same, a3 follows.
The spaces In the midlize between the first sacra! and fifth hombar the 02
a0d the fourth lumbar and the fourth and the third Jumber spines are
Identified by marking cach Jocation with the operator’s thumbaail. He then
puts on the dry sterlle gloves without prellmunary scrubbng or sterilization
of his hands, and without contaminnting any part of the glove other that
lhcmethtspmgeheldmhhﬂmedbAndhﬂWWﬁ"tm
ether and then with a 2 per cent alcoholic solntion of fodine, an ares three
or four inches square that is centered over the fourth and fifth Inteqrpinous
space Iodmcthxldno(bcu:cdillheprepamﬁmuhh:;klnhnlnmhﬂi
the use of water however and 1t should not bo nsed in any concentration
greater than 2 per cent. It should be used 52 a tincture, and it may be used
after acetone mstead of ether The amount of skin painted with the Sodine
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should be strctly lmuted to the local arca in which the puncture bs to be
made To cover the entire back with jodine or any other antiseptic as &
preparation for the insertion of a needle Jess than 3 mm in dameter 15
uscless The co-operative patient must be warned  before its application
that the ether will be cold. A stenle towcl is now pushed betwezen the patient
and the mattress just below the sterile skin field.

The next step Is to sce to it that the puncture Is made painless by the
provision of adequate local ancsthesla If the patlent s unco-operative and
must be forcbly restrained as described above steps toward that end should
be iostitated forthmith. If he is co-operathe however his continued co-
operation will depend on his faith in the operator s honesty  Any statement
bv the operator that “there will be no pain™ will, of it {s not the literal truth
negate all previous and foture efforts to obtain such co-operatron Per con
tra, 1f the operator knows that he will cause pain ond that It Is fmpossible to
prevent it a statement to the pattent to that effect will mantain the latters
co-operatrve attitude After this prelimmany any one of the thumbnail
marls 5 mcked out and an intmcutaneous ingection of procaine made In
the midline at that point. This creates a wheal which 1 the future pomnt of
erientation for the Insertion of the needies. The patient should be warned
that the making of a wheal will be painful but thereafter there will be no
pam This future absence of patn s ensured by usmg no less than 10 cc. of
procaine (and more if 1t B8 nccessary) and by injecting each layer of tisue
scparately and in such & way os to form a cone of anesthetred area with
1ts apex at the mtradermal wheal and 1ts base at the dura. The sides of the
cooe will mclude the penosteum of the adjacent bony structures, and the
Inpected layers from the top down will be the subcutancous tisue the
hmbodarsal fascia and interspingus ligament, the paravertebral muscles,
tho adacent periosteum  the interlamunal gaments, the cpidural fat and
the dara Hself After o wait of two or three mi to give the hetic
8 thance 1o take effect the puncture can now be performed with the Jeast
possible reaction on the past of the patent. The needie is inserted through
the tkm by way of the intradural wheal. It 15 pointed shightly upward in
such & way as to parallel efther the Jower edge of the upper spinous process
o the upper edge of the lower sprmous process and must be kept exactly in
the midsagrttal plane of the body The first obstruction will be the lumbo-
doraal fascu, the second the intralaminal ligament aod the third the dura.
Both the ligament and the dure, and especnlly the latter will usually give
the tactije sensation of a “click.” The lumbar subarachnold space can then
be entered casily and without trauma. The opposite wall of the canal should
R0t bo touched becauss of the danger of producing bleedmg.

There i3 no such thing as a “dry tap " in tho sensc that faflure of cere
brospinal fluid to pass through the needie ind that the subsrachnold
tpace has ceased to exist or 13 empty It means mther that the operator’s
acedle has falled to enter it While & dry tap Is practically always traceable
10 4 misplaced needle, a very low cerebrospmal fluid pressuro or a scarted
dherent canda equina with loculation of the spinal flud may yreld so Littie
fud 23 10 give the Impression of a dry tap Fallure of the cerebrospinal
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fluid to flow adequately or steadily will mean that the needle bevel is only
partly through the arachnoid or that the needle 1 blocked by a nerve root
or has pulled out of the space If the flow of cerebrospinal flusd suddenty
stops after 1t has been well started, or if the pressure suddenly falls to zero,
2 “critical lumbar puncture” has been performed (see pages 7 and 19)
Pain down the leg means that the needle has touched a nerve root. The
needle should bo withdmwn and relnserted. Suction should not be used to
determine the location of the pornt of the needle. Impingement of a needle
point against bone on the way m indicates failure to follow the mid-
sagittal plane exactly failure to depress or elevate the needle pomt so that
the shaft parallcls the angle of one spmous process, or failure to place the
origmal potnt of the needle through the skin exactly n the midline So-called
hypertrophic arthritis will not, but a low surgical fesion can, prevent the
domng of a lumbar pmctore Except for the psychologlc implications it s
as casy to do @ lumber puncture with the lumbar curve unchanged or even
with the patient in oputhotonos as 1t 1 o do it with the degree of flexion
that the operator imagines he obtains by the bending of the lmbar spine
provided that plenty of procaine is used and no pain is caused Ths sp-
parent change in the position of the lumbar spine Is actually prodnced by
flexing the knees, hips and neck.

The stilette Is now withdrawn the lower half of the manometer put in
place and the little handle on the butt of the needls tumed so that cexebro-
spinal fluid rises m the manometer Alr bubbles are climinated and the
assurance of obtalning the maximum rse of the column of cerebrospinal
fluid 1+ made certan by rotatmg the manometer to a harizontal position #
necessary The excurmions of the column are then observed for their rege-
larity extent and comnadence with respiration. The co-operative patient can
now be told that the needle 15 m place that everything 13 sanafactory and
that he should relax. After a walt sufficiently long to insure a bess line of
premsure that is uninf d by or far contractions, the
cerebrospinal-fluid pressure is read and recorded a1 that figuro that Is the
mean between the maximal and mmimal excurmoas of the minmcns in the
manometer If fuid is to be withdrawn It should now be allowed to drp
imooncof'.beclcm,drystmﬂctsttubm.Nomoreﬁxdd:hmldbemavcd
than s necessary for the tests that the operator has in view and certainly
nomomthanm]l}cwcrth.cocrebmspimlﬂu}dprwmmnminmumof
120 mm. m a normal adult, lying on one side with his back sppraximately
lovel relaxed, camfortable and nnrestrained. Unless primartly performed
for special tests such s a Queckenstedt test (sce below) digital decom
pression of the ugalar veins in the neck on either one ar both sides should
never be done One-sided compression s not accurate enough to justfy ifs
meB[latcnlcomprmionummhmomnccmtewhcndoneudm‘ibed
bclawbmthmumncumfcrd(ﬂngoﬂxrwtw.luparﬁcnhrmhhm
procedure no matter how it s done cannot be countenanced in patients
who are suffering from the effects of craniocerebral injury No dressiog Is
required to cover the needlo puncture atter withdrevral of the needie.
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The Queckenstedt Test

GryrmaL Constperations This test is designed to show whether or not
there i interference with a wave of pressurc flowing in the cerebrospinal
findd from the lateral cerebral ventricles to the lumbar subarachnoid space
Soch a pressure wave is induced by bilateral compression of the jugular
vans in the neck, This causes Interference with the venous outflow from
the cerebrum and the cranlal chamber with a resultant increase in intra
ventricular pressure The ission of this | d pressure to the
tumbar subarnchnord space is measured by changes In the column of fluid
in a manometer attached to a needle that has been inserted into that space
Additional and more exact imitation of the vertical progress of the pres-
sare wave can be accomplished by added similar observations mads on a
munometer that is attached cither to a needle that has been inserted mto
the custerna magna or to a ventncular needle inserted through posterior
parietal barr holes into a latera! ventricke Thus pressure comparisons may
be made and the presence of a block between ventricks and cisternal or
kmmbar regions or between crsternal and lumbar regions may be deter
mined.

THE TEsT A lumbar puncture 15 performed as described above without
the removal of any cerebrospinal flid The patency of the needle is verified
by compression of the patient s abdomen and by the observation of a re
sutant and significant nse and fall of the column of cercbrospinal fluid in
2 manometer The patient s neck has been previously wrapped in an ordinary
Tykos sphygmomanometer arm band with the rubber bag arranged 5o that
both jugular veins are beneath It A blood-pressure manometer and pump
wre attached as usual to the auff After o base Ime of cercbrospinal-fluld
pressure has been established with the ouff pressure at O the latter is raised
by Increments of 10 mm. until 40 mm 1 reached and then lowered by in
crements of 10 mm. until O is reached again Between each rise or fall a
ficent pause is made to permit the cerebrospmal-fluid pressure to level
off while the coff pressurc is mamtaned at a constant figure The cuff
Pressures are recorded In two columns, onc from 0 to 40 and one from
4010 0 and after each such reading the corresponding cerebrospmal-fluid
Pressure is alo noted After a basc line of cerebrospinal-flud pressure has
fzun been lished 5 cc of cerebrospmal fluid is withdrawn and the
manometncs repeated. This may be done a sccond time 1f necessary The
femoved cercbrosplnal fluld is carefully saved, taken promptly to the labo-
T2iory and analyzed for total protein content. Thus analyns is as impoctant
s the dynamics and is as much a part of the test as the latter

A negative or normal Queckenstedt test will show a regular raphd rise
of lrmbar cerebrospinal-fld pressure from 0 to 400 or 500 mm. of cere
brospinal flaid in consonance with the wmerease of cuff pressure from 0 to
40 and a corresponding fall to the origmal levels with the reduction of cuff
Pressure from 40 to 0 The total protein content of the cerebrospinal fluid
>ill be less than 45 mg. per 100 cc Abnormal tests will be indicated by an
Iegular slow or absent cerebrospinal-flurd pressure rse or by failure of
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the cercbrospinal-fluid pressure to return to its onginal level at the end of
the test. Any variations that may be present will be more marked in the
successive tests that are done after the removal of the increments of 5 e
of cerebrospunal finid. Such observations justify the conclemon that there
Is a partial to complete block at some point between the ventricles and the

In such cir the total protein coatent will be greater
than normal in the specimens of fluid that have been withdrawn from the
lumbar subarachnoid space

Cistern Puncture

It Is at times desirable to coliect cerebrospinal fluid from, or to measare
Its presaure at, some point higher than the Jumbar reglon. This should be
done by a cistern puncture In this puncture the needle is lnserted through
the space between the posterior edge of the foramen magnum and the
lamna of the first cervical vertebra

EqQUIPMENT The equipment is the same as that described onder Lumbar
Puncture (see page 235)

PERFORMANCE OF THE PUNCTURE. The patient 1 placed on his right side
1n a comfortable poution and with his head sopported n zuch a way that
the cervical spine is horizontal, fixed and supported by its right nde. The
head shonld be slightly flexed. The back should be steadled by pillows, the
left leg flexed at the hip and knee and the right leg straight and extended.
The puncture should not be attempted unless the surgeon has the patient’s
full co-operation ar unless the pateent Is too deeply comatoso to be arcused
hypammlmmuultshwldncmbe-tmmptcdwimoutlgwuﬂmmm
on disturbed or unco-operative patiegts. The uppermost spinous process
(usually the second cervical) that can be palpated is located and the sk
over 1t marked with the operator’s thumbnail after the posterlor surfzee
of the nieck and a small arex aver the lowest occiput have been shaved, The
ﬁc}dhpmpandufmalumhurpmcumlndtbcapcmtmp'nﬂm‘::
of dry sterile rubber gloves and anesthetzes the mmwm
dctpfrlaytn[mmllﬂnwbaalthathurtpbwdlhcﬁlmnbnﬁ]mﬂ'-
drrection of the anesthetized tract should be imard and upward and 6
ligxwdtommmmamtbem]dllncnttbuoocfpm}mlmwﬁd‘lm‘b‘;
t:rlorrimdthe‘forammmag;uumThclumbar-p&mcmmncedhl’whh
ptuhcdthmughmetkhwhhmpointdﬂwtcdupwudwdhﬂﬁml
the object of hitting the posterior edge of the foramen magnum. Wi o
u:ammzmmnmmhmmmmnymwmm
it 15 felt to slip over the rim of the foramen Iththmpuxbcdmm“
upward for 14 cm the stflette remaved and the needic opered. N ﬁngt
byﬂlﬂumntheopcrutorwmhxwfcllthanccdlz“d}ck"mrmzhthﬂ '
dumundwﬂlhavninmtcdmenccd]ehmmcdﬂemﬂ,w*mmm“mm
escape of cercbrospinal fiuid. If cerebrospinal fiuid does not cscape,
neediec may be cautrounsly advanced a further % cm mmmﬁcﬁm‘dm‘
,penetration exceed 1 cm beyond the rim of the foramen—and cvenl
+ amount 1 justifiable only for very good reasons. These
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the cerebrosplinal-fluld pressuro to return to its original level at the end of
the test. Any vanatrons that may be present will be more marked in the
successive tests that aro dono after the removal of the increments of § cc.
of cerebrosprnal flmd  Such observations Justify the conclmsion that there
is a partial to complete block at some point between the ventricles and the
manometer In such circumstances the total protem content will be greater
than normal in the specimens of fluld that have been withdrawn from the
lumbar subarachnoid space

Cistern Puncture

It is at tunes desirable to collect cerebrospinal fluid from or to weasore
Its pressure at, some pomt higher than the Iumbar region. This should be
done by a cistern puncture. In this puncture the needls i inserted through
the space between the posterior edge of the foramen magnum and the
lamina of the first cervical vertebrm.

EQuIPMENT The equipment ls the same as that described under Lumbar
Puncture (see page 235)

PERFORMANCE OF THE PUNCTURE. The patlent i placed oa his right xide
1 a comfortable position and with his head supporied In such a way that
the cervical spine s horizontal fixed and supported by its right dde, The
bead should be alightly flexed. The back should be steadled by piliows, the
left leg flexed at the hip and knee and the right leg straight and extended.
The puncturs should not be attempted unless the surgean has the patient s
full co-operntion or tnless the patient s too deeply comatose to be aroused
by painful stimuli It should never be nttempted without a general anesthet
on duturbed or unco-operative pauents. The uppermost spmous process
(usually the second cervical) that can be palpated is located ard the skin
over it marked with the operator’s thumbnail after ths posterior surface
of the neck and 2 small area over the Jowest occiput bave been shaved. The
fleld is prepared as for a lumbar puncture and tho operator pats on & pak
of dry sterile rubber gloves and anesthetizes the subcntancous tissues snd
deeper layers from a skin wheal that has replaced the thumbnall mark The
direction of the anesthetired tract should be inward and upward and do-
signed to terminate tn the midbne at the occiput just superficnal to the pos-
terior rim of the Yoramen magnum The Jumbar puncturc needle s then
P“‘hﬁdm“ghthnlhnmmiupomxdnew;dupmrdudmmw‘;ﬂ
the obpect of httlag the posterior edgo of the foramen magoum.
mnnnprﬁng poim,gthenccdlchthcncnrcfuny “walked” dowmward mntl
it B8 felt to slp over the rim of the foramen It is then pushed inward and
upward for % cm  the stilette removed and the needio opened. Normally
By (s tinie the operator will have felt the needle  click™ through the fight
dmundﬂhwinxﬂcdmcnccdkinmmcmwiﬂw'ﬂumg
escape of cerebrospinal fiuid. 1t cerebrospmal not escape
n:ch}:nmybcmuuomlyudnnmdnfmthcr!/.a-n Innocaxlhmld!hi
pcne!mnon:xcccdlmbcymdlhoﬁmoflh:!mmcn—dndm!h‘;
amount 1 justifiable only for very good reasons. Theso figures should
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reduced appropriately for the ncwbom and for small children After the
asterna has been catered fluld may be collected and pressure measurements
made as indicated and needed. No dressing Is required to cover the needie
puncture after withdrawal of the needle.

Injectlon and Recovery of Radlopaque Ol

These procedures can never under any circumstances be classed as
emerpencles. The directions hercwath are only included for the sake of
completencss,

The injection of radiopaque ofl into the spinal subarachnold space shoold
be wirtually restncted to the lumbar area. Cisternal Injections should not
ordinanly be practiced, because of the strong possibility of introducmng at
least some of the oil into the curve of the anterfor inferior portlon of the
ocorpital bone The ofl 13 thus situated “around a corner” and cannot be
recovered From there it may spread through the cranial amchnoldal and
ventricular spaces, with the possible production of & wide vanety of organic
pathology that may include complete blockage of the aqueduct of Sylvius
Visealization of the cervical subarachnowd space should be accomplished,
it at all possible by moving the oil upward from the lumbar reglon, with
the greatest care being taken to prevent any of it from entening the cranial
cavity If there 1s a subarachnoid block below the cervical and above the
lumbar region and the need is urgent, ofl may be injected into the cistern
bat it should be done only as a specially calculated dsk,

THE INJEcTION The ofl 15 introduced mto the lumbar subarachnoid
space by means of an ordmary lumbar puncture. However unless the flow
of cerebrospmal fluid Is completely free from interference unless the tip of
the needle Is entirely in the subarachnoid space and unobatructed, unless
the brospinal flmd is } d by blood from a hemorrhage pro-
doced by the puncture and unless the lumbar puncture 13 enturely painless,
the oll should not be injected The liabllity of extra arschnoldal injection
of the oil with the resultant impossbility of its withdrawal and the produc
tion of scattered shadows that will comphicate the interpretation of later
myelograms, i otherwise too great to justify the risk. A fresh start shonld
be made on another day Not less than 1 cc. and preferably from 5 to 7 cc.
of ofl should be injected steadily and without admixture of air after which
the needle should be withdrmwn and the approprate end necessary fluoro-
scopic observations and permanent roentgenograms made No dressing
desirable or necessary on the needle puncture after withdrawal of the needle.

THE WITHDRAWAL. With the observations completed, the patient should
again be adjusted for lumbar puncture more procaine used if
and the needle reinserted. After It has been ascertained that the needle tip
is in the subarachnoid space and neither partially nor completely blocked,
the oll thould be puddled at the bottom of the sac by adjustment of the
patient s body under the fluoroscope and then moved slowly upvard—still
under fluoroscopic control—until 1t I in contact with the tip of the needle.
Allhhpdntmcuon:houldbtncmdlhmughth:nted]ebynmfﬁdmlly
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largs syringoe and the ofl thus withdrawn under fluoroscopic control and, if
possible without interruption The needle 15 then withdrawn, No dressing
is necessary over the needle puncture after the latter has been withdrawn.

Removal of a Broken Lumbar puncture Needle

A not Infrequent complication of lumbar punctures s the dncovery that
because of & sudden movement on the part of the patient the point of the
needle has been jammed into the bone the shaft twisted and the needie
broken, leaving the buned piece invisible m the tissnes of the back. If the
stiletie happens to be In place at the time of the break, the brokea piece
may rarely be extracted with the former when it is pulled out. If it is not
in place, however it is a great mistake to try to reach the fragment by any
meany short of a formal operative removal

The patient should be taken to the operating room after the pomt of
wsertion of the needle through the akin has been carefully marked. In the
operating room the field should be prepared as i customary for & regular
surgical operation and then, with the puncture wound as the center a cir
cular inclsion with n radlus of from 1 to 134 Inches shonld be scratched
around the wound on one side of the midvertical Iime of the back. The two
ends of the circumferennal scratch should then be extended straight laterally
across the mudvertebral lme for a dutance of 1 inch. After draping, the
scmicarcular fiap with its base between the two ends of the dreumferential
incinon and with the puncture wound m its ceater should be cut in such »
way as to include in one layer all the tissues of the skin and the superficial
and deep fascia down to the lumbodorsal fascia. This flap, when tumed
Iaterally on rts uncut base will reveal the broken end of the needie fragment
in nme out of ten cases Removal b then mmply a matter of extraction of
the fragment under direct vision. In the few mstances 1n which the fragment
is too short to protrude through the lumbodorsal fascla, & umilar semicr
mlarﬂapuflumbodorulfmawithiubamnlthnmidvcmmlunelbould
be dissected from the muscle on the side of the spinous processes that corre-
spondaroﬂ:eddcoftheinmﬁonufthenxd]a.Aﬁamryo(ﬂx
fmgmcnt,thcwmmdxbuu}dbommmdlnhyanwiﬂlmtctmptedﬂl
stitches and without dratage.

H the needle s nelther visible nor palpable with the aid of these ex
pocnru,thclnmlnmwﬂlh.nwtobcnnmmdjustummm‘dimry
laminectomy chmhnnyddnybetweenthedimryafthebmkm
the shaft of the needle and the start of the operative removal of tho frag-
ment, adequate x ray films (preferably stereoscoplc anteroposterlor 2nd
lateral views) must be taken before attemnpting removal.

MINIMAL INSTRUMENTAL AND OTHER EQUIPMENT
Instrumental Equipment
The following Hst includes a mimmal amount of nstrumental and other

cquipment that s casentia) for the proper performance of cmergency neno-
surgical operations Th:cuplmlCnndc:plmlemkedbdumncbhun
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indicate that it is necessary In the doing of cranial operations and laminec
tomies, respectively The firm names listed are those who are either the sole
manafacturers of the Instrument thus designated or the distributors throagh
whom they arc sold.

Anhes
Handles, Bard-Parker No 4 (2each) No 7(leach) 3
Blades, Bard Parker Nos 22 15 11 Suffidlent
number

[oXe!
(ol ol

Forveps Hand

Cushing Brain Forceps, with Teeth (1 x2) 3
Cushing Bram Forceps, without Teeth (Serrated Jaw) 3

[oXe]
[l o

Forceps to Apply Silver Clips
Mchenze 6-inch Curved
Mchenzie, 6-mch Angulated
Mchenzie Clip-Holding Rack
Mckenzle Silver Brain Clips (100 to a vial}

aaaan
el alale
N—=N N

Scissors
Curved Mayo, 53, mch
Metzenbaom, 7-Inch
Lahey s Goiter Curved, 534 Inch 3

—

ann
[l et
—

Hemostats
Halstead, Straight, Box Lock, 3 Serrated Polated
Tips
kelly Curved
Halstead Mosquito Snaps Curved
Allis Clamps
Lahey Goiter Clamps (Triple Hooks)

Retractors Hand
Cushlng, Aluminum (Mucller No N§-225) 3
Flexible Copper Retractors (Reed No 1991) 1 2
3 and 12 mch 1each
Cushing Bran Spatulas (Reed No 1928) 6- 6%
and 7% Inch lench
Cushing Brain Retractors (Reed No 1931) 8-inch 2
L Cushing Vein Retractors (Reed No 1932) 7%-inch 2
L Volkmans, Blunt Rake (Reed No 2160) 4 & 6
Prongs
L Tsrael Blunt (Mueller No GO-992) 10% inch 4
L

anan O

[l nl of ol o
~r

AN

aon

[eXeEo NN e}

2 cach
Prongs

C L Pilling Brain Retractor Electrically Lighted with Ex
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tra Bulbs end Dry-Cell Battery Box (Mueller No
NS-P15150) 2

Retractors Self Retaimng
Gelpl
Lurens Mastold (Reed No 2833)
Munro (Codman & Shurtleff)
Beckman s Golter blunt (Reed No 2838)
Chandler with All Blades (Edw Weck & Co., 135
Johnson Street, Brooklyn, New York)
Frazier Laminectomy
Kanaval Laminectomy (Mueller No P 15106) 2

Periosteal Elevators

C L Love-Adson, Sharp 74 Inch (Mueller No NS-684) 1
L Adson (Moeller No NS-687)

Rongeurs

C L Stille-LuerMultiple Action, Angular (ReedNo 1555) 1
C  Bacon Cranial Forceps, Angular 8%-inch (Mueller
c
c

naQa
[NEXNNES]

o o
(SR

No NS-295) 1
DeVilbiss Bone Cutting, 7 Inch (Reed No 1556) 1
L Stille-Horskey Double Actlon Bayonet (Reed No
1549) 1
Luston Bone Cutting, Angled on Side, 7%-inch (Reed
No 1515) 1
Kerrison Panch, 834 and 6% inch (Reed) 1each
Stille 6-mch Straight, Angled on Side, and Angled on
Flat (Reed Nos 7230 7231 and 7233) 1each
Pituitary Rongevr Cushing, Straight and Angled
{Codman & Shurtlefl) 1each
prll

C L Hudson Cranial Set with Perforator Burrs B & C and
Cerebellar Extenslon (Mahady No 1630) 1

Miscellaneous

[ ol ol o

Frazier Dural Hook
Frazier Dural Elovator
Graham Nerve Hooks, blunt (Mueller No NS-605)
Grooved Director
Clinical Thermometer for Ringer's Solution
Asepto Syringes, 2-0z.
Suction Tips
Glass Drinking Tubes
Frazler Metal with Finger Release Valve, sizes 1
2 and 3 (Mueller No NS-565) 1each

anaa oo
ol ol ol el ol okel
S TR
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cL
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|l ol o
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ol il il ol SR ol ol alf all u)
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Backhaus Towet Clips 12
Jones Tawel Clips 12
Franer Ventricular Needles (Reed) 6
Penrose Type Dmins, 7, and 4 inch Sufficient
Novocain Kit for Local Ancsthesha

10-ce. Tonsit Syringe 2

Lucr Lok Tip Needles, 3dnch (21 gaupe) 2 inch

{20-pauge) and 3y-nch (25-pauge) 2 each
Fremont Smith Lumbar Puncture kits Complete 3
Wide Rubber Bands 24
Larpe Steel Safety Pins 24
Luken s Bone \Wax Ample supply
Gelfoam Hi2 Thrombin 1000 U Normal Sait 20
cc Vial Ample supply
Sterile Ringer s Solution Ample spply
Sterile Normat Salt Solutlon Ample supply
Serile 1% or 25 Novocawn or Procaine Solution  Ample supply
Crutchfield-Type Tongs with Drill Polnt 1
Soft Rubber Catheters No, 6 F 4
Scissort for Catung Halr 1
Eleetre Hair Clipper 1
Safety-Razor Blades 12
helly Hemostats 2
Towel, Sterfle 24
Half Sheets, Sterile 12
Cranjotomy Sheets, Sterile 2
Laparotomy Sheets, Sterile 2
Bovic Apparatus with 2 Scts of Attachments (Kmfe
Needle Loaps etc) 1

Wall or Other Soction (with 2 lengths of large, un
collaptible rubber tobing to be sterilied and in-
cloded with the instruments) 1
Provision {or prompt emergency whole-blood trams-
{uslon

Adeguato
Shampaine C flum Hepdrest, to fit any table
(No S-1380-D) 1
The follownng medicine should be availabla in the operating room
50% glocose solobon for intravenowms injection
Caffeine for mtravenows inyection
Caramine for mtravenons Injestion
Neosynephrine
Morphine
Pentothal sodivm {or intravenous injection
Strychnuine for {ntravenons infection
Aminophyliine for intravenous Injection
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246 THE TREATMENT OF INJURIES TO THE NERVOUS SYSTEM
Bed Attachments for Bedridden Paraplegic and Quadriplegic Patients

Some form of overhead frame is essential to the care and rehabilitation
of these patients. Whatever is used should be permanently attached to the

Fig 47 Pramework of koo piping bolted to tho head of a bed.
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Bed Attachments jor Bedridden Paraplegic and Quadriplegic Patlents

Some form of overhead frame is essential to the care and rehabitatien
of these patients. Whatever Is used should be permanently attached to the

P ey
Fig. 47 Framework of iron prping bolted to the head of a bed.

bed and must project from the head toward the foot far enough to emable
the patient to pall himself upnght m the nitting pontion. Any type of Balksn
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frame with appropnate attachments will do but the modification shown in
Figures 10 and 47 has proven more than wsually successful It is made of
11 ainch pipe tmo 6<-foot lengths of which arc bolted with three bolts
each to the head of the bed The tops of the two upnghts are jomed by a
cross-bar Projecting from just below the top of the two uprights and held
by nght angled pipe fitungs is a rectangle of pipes These extend toward the
foot of the bed for two feet and from the cross bar are hung two chains
equipped with handles and so placed as to be 9 inches toward the middle
from each side-bar This will provide firm support for any sclf-mobiltzation
the patient may wish to do In addition—and to be wsed as exercisers—are
toops of rubber tubing fastencd to the head and sides of the bed and to the
cross-bar overhead Proper use of these loops will excrese all the shoulder
arm and hand muschkes Thelr re<rstance can be increased by increasing the
amount of tubing i each loop

W heel Chalr Specifications

The most useful and relable wheel chair 18 the folding automobile chair
made by Everest and Jennings of Calfornia. Those patients who have to
use it for long periods of time should pad the seat with a square of thick
sponge rubber Thrs is more attractive and more easily handled if 1t 15 en-
closed In & Raterproof plastic casing equipped with a handle. Quadniplegics
may need detachable cxtensions for the back to support their head and
shoulders and certainly should have padding on the arms. The ordinary
speafications follon below

This char shoukd be the Everest and Jennings universal model with the
large wheels behind, should be equipped wath hand rims brakes chain
locks, detachnble arms, foot board extension adjustment and adjustable foot
boards with wooden leg rest panels. The small front wheels should be elght
Inches In diameter
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Bed Attachments jor Bedridden Paraplegic and Quadriplegic Patlents

Some form of overhead frame is essential to the care and rehabilitation
of these patients. Whatever s used should be permanently attached to the

Fig. 47 Framework of fron piping botied 10 the bead of a bed.

bed and must project from the head toward the foot far enough to enable
the patient to pull himself upright in the sitting positian. Any type of Balken
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frame with appropriate attachments will do but the modification shown In
Figures 10 and 47 has proven more than usually succesful It s made of
11 inch pipe tmo 6 foot lenpths of which are bolted with three bolts
exch to the head of the bed The tops of the two upnghts are joined by a
cross-har Projecting from just below the top of the tao uprights and held
by nght-angled pipe fittings is a rectangle of mipes. These extend toward the
foot of the bed for two feet and from the cross-bar are hung two chains
cquipped with handles and xo placed as to be 97, Inches toward the middle
from cach side-bar This will provide firm support for any self mobilization
the patient may wish to do In additon—and 1o be used as exercrsers—are
Joops of rubber tubing fastened to the head and sides of the bed and to the
cross-bar overhead Proper use of these loops will excrcise all the shoulder
arm and hand muscles. Their resictance can be increased by increasing the
amount of tubing in cach loop

W heel Chalr Specifications

The most useful and reliable wheel chair bs the folding automobile chair
made by Everest and Jennings of Calfornia. Those patlents who have to
use kt for long periods of time should pad the seat with a square of thick
tponge rubber This is more attractive and more casily handled if 1t is en-
closed 1n a waterproof plastic casing equipped with & handle. Quadnplegcs
may need detachable extensions for the back to support their head and
shoukders and certamly should have padding on the arms. The ordmary
specifications follow below

This chair should be the Evcrest and Jennings universal model with the
large wheels behind should be equipped with hand rims, brakes, chain
locks, detachable arms foot board extension adjustment and adjustable foot
boards with wooden Jeg rest panels The small front wheels should be elght
wnches in diameter
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The Cost of Medical Care in Paraplegia
and
How It May be Modified by Rehabilusation Services

By

STANWOOD L. HANSON Aslstant Vice President
Liberty Mutual Isurance Company
Boston Massachmsetts

The concept that the cost of the med:cal care of spmal-cord injuries may be
modifted by competent rehabilitation of the paralyzed patent s a new one
The practcal applicatson of this concept more than justifies ity wider up-
phcation. The data on which this clalm is based are described in the follow
ingpagamdmdcﬁvedfromtheuxpcﬁcmufulargnhmmwwﬂcr
of workmen s compensation Lisbility They have been amassed In the counss
of dealing with the disability and the resultant cost of medical care which
were assocmted with spmal-cord mjures that have occurred In induwtry
Myoburvnﬂomnhomdmtothntthefnctouwchnnminko!tndundal
cases are not disstmilar to those ansing out of similar Injunes that havo
occurred I the armed services, from highway acodents or from athletic
injaries to young people. The problems that may be anticipated by the
person or organkzation responsible for providing the care'and paylng the
bill are largely the same

Under workmen s compensation laws industry and casmlty Insurance
carriers have the responsibility for paying not only a weekly indemnlty to
the patient but also for any necessary surgical care hospitalization nursing
services, drugy prosthetic appl and dant care The ts vary
mdmdepmdmtupouthnpuﬂcuhrlnwwhhhuincﬂcctluthuim
vidual state, ternitory or federal jurisdiction, When compensation laws were
ﬁmndoptcdbmhtypcsofp-ymcuuwemlmﬂ(adbothuto.moummdn
tallmpn:ﬂodofumedunngv.hich!.hcywrml\dbepaynblc.0~v"el'thcyearlv
however constant Iegislative changes have increased the amount of these
payrncms,mweﬂasdxkugﬂlofﬂmcdmngwhlcht}wymmbcmadolo
cover medical treatment and hospital care At the timo of wnbing, far ex
ample, in twenty-one of the stetes, territories and federal ]

248




THF COST OF MFPDICAT CARE IN PARAPITGIA 249

indemnity payments continue in the event of permanent total disability
for as long as the Injurcd worker may live Spinal cord parnlysis usually
qualifies as such a permancent tolal disability Tn thirty five of the states,
tertitories and federal juridctions medical services must be paid for as
long as they are deemed to be necessary  even though they may be required
throughout the hife of the patient In paticnts with spinal cord injurles these
services mav well include several mapor operations and other procedures as
wcll as special drugs and apparatus In addition to this special nursing may
be necded around the clock for a penod of weeks, months or even years.
Since the cost of hospital care including extras In most well-equipped in-
stitoirons exceeds $15 per day it ks o matter of casy arithmetic to determine
that such scrvices may cost, excludve of the surgcal fees from $1,200 to
$1 400 per month per patient This 1s from $6 000 to $16 000 per year

dependent upon the amount of private nursing care required. Since indem

oity benefits will usually vary from $1 000 to $1 800 a year in addition the
over-all cost of one of these cascs may well range from $7 000 to $18 000
per year Any surgcal fees must be added to this sum They will vary
greatly and will depend upon the amount and type of surgery required.
These high costs may continue for a long time In the files of the Liberty
Mutual Insurance Company for example there exist records of cases m
which hospitalization has been required for eight, ten and filteen years It s
scldom realized that under present-day conditsons the medical costs In just
one of these cases may exceed $100 000

These hugh costs are 1n large part, a ncw communmity responsibafity They
are a pew respomitnlity because prior to World War 11 persons who sul
fered from injunes of the spinal cord usually died Immedmtely followmp
the injury or within a matter of months. Durlng aud since Workd War II
bowever surgical methods of handling these injunes have been more pen
cnlly understood and hence more cffective Patlents who formerly died
will hve and unless steps are taken to prevent it, will by virtue of that very
fact suffer many complications that would not have had time to develop
otherwlse, This adds months vears or possibly even a Ifetiroe of haspltaliza
tion and special nursing care.

The experiences of the armed services in World War I as compared with
those of World War 1 illustrate this problem very well Figurcs which have
been qooted from armed service records Indicate that there were some 400
cases of traumatic spinal paralysis os the resnit of World War I Only a few
of these paticnts were alive twa years after the recelpt of their mjury During
and followmg World War 11, however some 2,300 or 2,400 “paraplegics™
were brought back to this country from combat arens. The great majority
of these are still alive and morcover appear to have an indefinite Ife ex
pectancy The expericnce of the Liberty Mutual Insurance Company as
disclosed 1n the medical histonies contalned 1 its files is umilar Pror to
World War 11, most of their patients with spinal-cord injuries caused by
mdustoal accidents dred wathin 5 reasonably short penod following the
Mmjury On the other hand the few who lived were forced to remaln in hos-
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pitals because of the complications that developed as an Integral part of
therr longevity Most of thesc invalids required special nurees. The improve
ment in care that developed dunng and after World War 11 wath the advent
of the new drugs and the spread of improved surglcal methods Increased
their Mfe expectancy but did not reduce their morbidity The cost of the
resultant increase m y hospital and nurying care therefore rose but
with no compensatory fncrease in the rehabilitatory benefits derived there
from Methods adequato to correct this economic and physical wastage had
still to be devised.

The present life expectancy of spinal cord paralytics is unknown becauss
0 appropriate sctuarial expenence has been accumnlated under present
day conditions but there are known to be many patlents who fave main-
tained a good health record for a number of years and whose life expectancy
appears to be unchanged from normal If these patients are to remaln with-
out benefit of rehabilitation and henice to require hospitalmation for in-
definite penods, the medical costs will run into tens of thomsands of doltars.
For example the writer kmows of one patknt with quadnplegia on whose
sccount an American reinsurance compeny anticipates a loss that may
approach $400 000

From observations of patients with traumatic spinal parlysts which has
been caused by other than industrial Injuries, the problems invotved appear
to be entirely similar Unlets very speclalized diagrostic and surgical pro-
cedures are undertaken, the tragic and blzarre complications of “paraplegla”™
sct in and unlkess methods looking toward rehabilitation are employed, hos
pltalization or attendant care will be required

It is apparent that the problem of paralysis as the result of a spisal-cord
mjury cannot be dealt with in part only To do so merely emphasizes the
tragedy of the disability It bas to be dealt with as a whole, pot only to
preserve Life but to rehabilitate the individual from o pathetic invalidnm
and to do away with the tremendous cost of that invalidism

Under many of our compensation lawa, a person who has lost both arms,
both legs, or any two thereof clther by severance or by panlysss, is deemed
to be suffering from a permanent totel disability under the law and is en-
titled to the maxmimum of compensation benefits provided by the particalar
Iaw that applics in his case In a number of states this provdlon It for a
Lfetime No savings in weekly Indemnlty can, thercfore, be galned by the
mhabﬂlutionolupﬂkntwhohbdngpﬂdundcrﬂnpmviﬂomofmch
alaw Even m the absence of such legal provislon and because pamplegics
are not good candidates for competitive employment, the possibility of
savings in mdenmity is donbtful and does not coustitate a principal finandial
goal. Any major saving wll have to lie therefore, in the field of relief from
the need far long-contmued hospitalization, special nursing, or attendant
care in a convalescent home and from the cost of treating frequent fare
up:ormmwmpﬁaﬂwswhichmml&dywmhmnm
properly motivated and not taking dally exercise An cxtra dividend on the
moncy lnm!adinrmhuvinpwﬂlbelbeimmcumbkmﬁﬂacﬂanthal
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comes {rom returning one of these paticnts to his home and family with the
prospect of a reasonably actrve life in his community

In on attempt to meet these needs the Liberty Mutual Insurance Com
pany began to study the progress belng made by the few chinies or senvkees
speclalizing in the over-all handling of this type of case These studies werce
conducted to determine whether or not there existed programs for para
plemes that would prevent the onset of many of the complications usually
anticipated, and that could rchabilitate the patients to a point where the
need for indefinite hocpltalization and special nursing cace no longer existed
It had been demonstrated in a few clinics that patlents could be taught to
balance themsclves when sitting up to move from bed to wheel chalr and
from wheel chair to bathroom stool and bath tub to take care of thelr own
bodily needs, to kearn to walk with the ald of braces and crutches to dress
themsclves, travel drive cars and In numerous cases cven to work at seden
tary jobs. Thus such patients might expect to hve reasonably normal lives
and to avoid the necesuty of permanent hospitalization a life confined to
bed and the need for nursing or attendant care

Encournged by these findings similar rchabflltatory procedures have been
undertaken in twenty-one cases covered by this company under workmen s
compensation laws. It was soon apparent that whenever such pamlyzed
patients could be brought together and handled In a ward or In a group of
bospltal rooms constituting as it were & speclal service with specally
trained hospital nurses and attendants for them the need for the specinl
nurses was reduced or ehiminated entirely 1n a matter of weeks. When to
this was added the specialized care described herewath and by Denlng,
Deyoe and Ellison,* not only was the need for special nursing care removed
but the patrent was stimulated to become independent and to ly
attempt to do more and more for himsell Furthermore, a comparson with
our earlier experience demonstrated the volue of moving such cases into
specinlized surgieal chinies for paraplegics, where all of the dignostic and
surgcal services described 1n this volume were applied and where a co-ordi
nated and all-out program for the rehabulitation of the patient was in
sututed The length of hospitalization wns shortened the Incidence of
complications reduced to a minlmom permanent morbidity was donc awny
with and Iife expectancy increased with elimination of the need for future
bospitalization, attendant care at home and the like Thus the costs were
reduced at a falrly early date and were mamtalned at o Jow level as time
Went on, not only without detriment to the patient but usumlly to his
comuderable benefit,

These rehabilitatory efforts were suceessful to some degreo In all twenty
cac patients, all being graduated from the necesuty for continuous hos-
Pialization Three or four in the older age group where there was a
malipheity of complications may require future hospltalzation Tn the
belance of the cases, however no substantis! future periods of hospitaliza
lion are anticipated although they will require periodic examinations to
forestall any possibility of Iater trouble Fourteen of the patients havo been
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returned to gome form of sed y wark or are engaped m thesr own besl-
nesses, varying all the way from reparring watches to drrving & trock with
special controls and conducting a truckmg business Employment Is inter
muttent m some mstances but, in all of the fourteen, the patients appear to
bave been permanently returned to a relatrvely pormal family and com
munity Ide.

Based upon the best possible estimate of the Ife expectancy of thess
fourteen patwents and figured from the point of view of savings in both
indemnity and in medical expense a study of the esumates of costy demon-
strates that this rehahllitatory eflort has saved the company $903,500 00
for an actual expenditure of $115,830 00 Forty thousand seven humdred
dollars were savings in weekly indemmty payments and $863,200 00 were
savings in medical costs (Table 9) There have been no cases In which

Tame 9 Sivivos EFFECTRD BY REHABLITATION OF FOUKTEMN PARALYZED PATIENTA

»HOoT BAYTNOR WT

spurtmaren CPUMUTATID pnimason
Estimated weckly Indernnity $305 700 00 $265,000.00 340 200 00
Total modical cost $1,127 700 00 $264,500 00 $263,200.00

cont
T e tanon $119830.00 593,500 00

c.ﬂom:trchabmtadonmdnazpayoﬁwmcxmr,mdthowdsdumaf
applylog sppropriate and qualified rehabilitation services in industrial pare-
plegm cases seems to be well demonstrated. It would appear therefore, that
notonly\hebutmcdmdbutvirtmﬂythconlymthodwhlchcanbu
utiltzed to minmizs the cost of the care of any patients paralyzed as the
result of an injury to their spinal cord or cauda equma is the application of
the very best possible diagnostic and surgical services at the beginning, the
pmvhiandthebutavnﬂnblcnmngmfuru}mgasrthnwdedbm
no longer and the use of all possible procedures that lead to rehabilitation
uearlyutheoo-ndiﬂonolthopancntwﬂ]pmnktomybytbmmcihud!
can the need for continzed hospitaltzation or attendant cars be avoided and
the hope of restonng the tnfortunate victim to independenco and earming
povwer be realized
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The Responsibility of the Hospual Trustees and Staff

Moch still needs to be done to reduce the mortality and alleviate the in
validism and suffenng that develop all too frequently as the result of
inurics to the nervous system The information necessary to accompluh
this is steadily accumulating but is not readily available. This text was
wrtten 1o fill this gap nnd as an attempt to make some of this knowledge
available to all who want it. The determination to translate this information
into better care should have the enthusiastic support of hospital staffs and,
U pecessary the active stimulus of hospital trustees. Therr activities alonp
these lines are complementary Unilateral action by one without the support
and co-operatrion of the other 1s ineflective For ple lavish equip

provided by the trustees b not only uscless but may be dangerous if the stafl
it not professtonally competent to use it to its best adwnntage The promise
of pood community medical and surgical care that its presence Implies can
not be {ulfilled otherwise and without its proper use the citizens that pro-
wide the money to pay for such equipment arc deceived and deprived of the
retorny that they should have on their investment. Per contra a competent
stafl that is progressive nnd enger to raise the standards of medical care and
practice may well be frustrated and prevented from doing thelr best work
by the absence of such equipment. In this case the community will believe
that the staff are to blame when sctunlly it 1s not thewr fault but rather
attributable to the short-sighted policies of the trustees. Only by innstenco
on the part of the staff that the trustees provids them with adequate tools
and help and by the trustees that every member of the staff continually
endeavor to Improve his professional background and knowledge, wifl the
gmpimlmuymmpponbymd, ition in tho ity It s designed

serve.

The above requirements are usually casily met in 50 far as “genernl
surgery” and “genern] medicine” are concerned. The same ako applies to
certaln specialties such a3 nose and throat or genltounsary practice. The
public has been educated to demand the best and to recognire incompetence
in the handling of patents In these categories Unfortunately thus is not
true of newrosurgery This 13 a relatively new and unfomilinr subject. It is
regarded with tomething akin to awe by the community Moreover the
common belief by the public and medical profession alike i that the num-
ber of patients suffering from discase or injury to the nervous system s fow

kix)
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at the time of the onginal suture will be greatly handicapped and may be
impogsible because af the need for & wide excision of the scarred cat ends
of the nerve Even at best they are much less cffective than & properdy doas
primary suture In $0 far as return of fanctron is concerped

The other group—thoso pateats who have been paralyzed as the result
of spinal cord damage—are even mare pathetic. This has been emphasized
10 the preceding chapter from the pomt of view of community costs, The
prcture is even worso from the point of view of community
The institutions in this country that are equipped (outside of the veteruns
and certain armed services hosprtals) to properly care for auch tnvallds can
be counted on the fingers of ono hand The number of such patfents 10 need
of such Institutrons} care as a ry prerequisite to rebabilitation other
wise unattainable to them is in the many thomsands. These pabents require
a long hospitaliration they and therr families frequently cither do not have
or shortly run out of enough moncy to pay hospital bills they te up hos-
pital beds that the steff wants to use for more finid surgmcal or medical cases
thelr care requires a meticulous attention to detail which the surgeon fn
chargo 15 not only unwilling to learn how to give, but will not provide even
of he does know how becauss of the e it takes 2nd finelly those cwillan
centen that are willing and able to cope with this problem are already badly
overcrowded and have waiting lsts What more natural then, than for the
commumty bospital that hms had thiy incubuy dumped fn its Iap and far the
general surgeon who Is not really interesied in the problem and who 1s bemg
subjected to constant pressure from the superdntendent (o free the bed for
better paying, less troublesome and more fluld patlents to arrunge for the
transfer of this d ber of their professional family to the county
hosputal, the poorhouse or to some nursing home, even in the light of certain
knowledge that this but signs his death warrant after subjecting him to a
lingening, pawnful illness complicated by bed sores, kidney and bladder
stanes renal mfectiom, a constantly wet or soiled bed, apasms and deform-
ity Who can blame the family or the patent for believing that death cannot
come too soon under such circumstances and that when it does comse it &
& merciful release to all concerned? This particular problem i so bug that
it is not only a matter for the attention of the trustees and stafls of small
hospatals but should be the active concern of the big hospitals and the com
munitres a3 well. The key to its solution still remaing with the general sur
geon, however Hccmprevcmv.hcinvaﬂdhmbyincrndnghhh)owkdg
of how to handle such injuntes and he can make the community sec that
fafiure to provide means for the rehabilitation of these patents is not only
short-ughted and upeconomic but, warst of all, Is uochantable and an
evation of proper responubifity as well

What, then are the responsibilitles of the trustees and staffs of hospitals
fa relation to patients with injurks to the nervous system? If we consider
memphommkﬂmm:mmtomuml;n?mﬂhm;ﬁ

tals, all large privately supported ta centers

ﬁﬂumd all mcfung bospitals, if they would fulfill their duties and
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obligations to the public and to the medscal profession can do no less than
Include in their orpanization a full Aedged formal neurosurgical clinic, The
detalls of orpanization of such a clinic are too well known to need re
capitolation here but they must include a visiting and house stafl of neuro-
surgeal speclalists and all ancillary services and personnel. Thelr function
15 to sct the style In the treatment of injuries to the nervous system to con
tribate  through public and profcssional cducational activities and by n-
vestipation and the writmg of sipnificant papers to the advancement of the
art, scrence and practice of mediaine in fts larpest sense to teach under
gradoate and postgraduate courses and to act as a center for consultatron
and information, and as a court of last resort for the staffs of the small
community hospitals. To this end the stafls of these larger hospitals must
wnsist that all kerious, undingnosed difficult deterforating and operable cases
of injunics to the nervous system be transferred to them for definitive treat
ment. They must be prepared to visit and consult with the stafls of the small
hospitals and they must do everything they can to discourago the dolng of
peripatetc ncurologreal surgery If they do operate under the necessarily
unfavorable surroundings of o small hospital the operation must be stnictly
reserved for those occaslons when it cannot possibly be avolded and be
cause it 13 in the best interests of the patent. By the maintenance of such
standards and the imposition of a high degree of professional intepnty
among themselves, these larger hospital specialized staffs will do more to
encourage and strengthen the hands of the willing but overworked local
general surpeon and improve his and the medical profession s public rela
tions than any other means that is presently at hand

The responsibilities of the trustees and stafl of the small bospital are even
more Important to recognze and infinitely more difficult to meet. First the
stafl The prime reqursite for the stafl is to discipline itzelf to a potnt where
s members are constantly striving to Increase thefr skill and knowledge
Improve their professional standing and, if they cannot kead at least remain
in the front rank of the medical parnde This requires famflianty with the
contents of the leading medical journals attendance at appropriate medical
meetings vintatlons to other hospitals monthly critical analyais of fallares
mistakes and deaths pood and up to date records and postgraduate educa
tion not only along those lines of basic sckence and general medicine and
surgery that are appropnate for all who practice good medicine but also
m such a way as to promote individual specialized knowledgs so that each
lilﬁmcmberknmmmelhnnmyothcrmemhernbcmlomememrglcd
specialty The essence of this knowledge is for cach individual to know what
he does not know about tus specaal interest. He will therefore ses that help
is called for as s00n as necessary and that if it 1s in the best interests of the
patient to do so0 the latter will be promptly moved to a Iarger hospltal with
better facilities and & more specialized staff. Only In this way can the mem-
bﬂlnfﬂnlmﬂbcrudytomcetthnrnpomibﬂjﬁaﬂujmlhmwnupon
';;;;;m the admission to the hospital of paticats who have been severely
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The g of these req Is particulacly important in the
handiing of tmamstic nenrosurgxeal problems. As has been polnted out
lbove,mmofluchpmbknnmﬁrnmbyﬂ:ogmemnupwinl
sl o hosphtal If ho Is comp and familiar with his own
necessary deficlencles and has, as ke should have, a working knowledge of
traumatic gery  be will promptly gnize that, after the prelim-
inary treatment of surgical shock and the collectson of enough evidence to
warrant & presumptive dlagnosts which pred, ¢ cond: the care of
which Is beyond his skills, such patients should be prompily transferred to
a nearosurgrcal center It is obviously In the best interests of the patisat to
do this as soon as powslble For this reason and becauss all the essential
information hes afready been collected, be will not waste the patrent s, the
consultant s or his own time by asking the consultant to visit the local hos
prtal 10 see the pelient prior to treesfer but will make all seceseary arrange
ments over the telephone. This same attitede will and should govern n alf
serions undugnosed difficult, deterioratmg and operable newrosargica!
condrtious. The only exception to this rule occors when, for some good
reaton, transpoctation to the neurosurgical chinic i {mpossible by reason of
the breakdown of all facilites It is at this point that it is of valus to hare
ope member of the local surgical staff tramed to & greater extent than the
others In this specaalty Ho shouid, if he has to do 20, be able to carry out
hfe-saving emergency cranial or spinal surgery This is not done as & pre-
ferred method of treatment but as one that is better than none at all which,
because of the breakdown of teansportation, 1s the only afternatrve. The
simple neurosurgical cases that are not in the above categary and that stay
simple can be treated as well locslly as they can bo in a speem! clink
provided the surgeon treating them has had the necessary postgraduate edu-
cation, kmows his own limitations and is willmg and eager to get help when-
ever there s any question of his needing it

Neurosurgery done m the small y bospitals by specialists who
travel over the couatry cperating m one such hospital after another s bad
neurosurgery It is bed for the local doctor becanse he has to accept more
of the responsibility for preoperative dugnous and proparaion, and for
postoperatrve care than he is able trained or shonld be expented to. It fs
bad for the penpatetic consultant because it s a delibernte performance that
i contrary to all his traumung, #s 8 éscnfice of bis Ideals and an afiront to bis
knowledge of what 15 best foc the patent. It bs bad for the patient became
it deprives hum of tus proper nght to survival and complets recovery with-
out affording hum any opportumty fo object to this deprivation Decause
such surgery 11 more canvenent for the locat doctor the consultant, the
pmcnt’thﬂyorhnemployefbnozmldequatemnum!mlnpa{mm-
ance Proper neurosurgery the kind of neurosurgery that every doctor
middcmnndfarhnwﬂ:achllimmlybadoﬁl:dun.dcqmuy

Wd rrgical room = properl; ned neurosarpeor,

e NG o <3 lid residents and having

specnafly trained operating
m‘m@?}y avaiinble such facil "~ 4 i Minad henk aod
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other specal consultants In addition the neurosurgeon must personally or
through his resident live with his paticnts twenty-four hours a day Just
beeause a patient does not happen to be a member of the dactor s family is
no reason to deprive him of facilities that would be available otherwise.

No staff can meet these requirements without help and encoumpement
from the trustees and support from the community It is for the trustees,
acting as representatives of the community to sce that such support is
fortheoming and to provide by proper supervision and the wise expenditure
of the funds entrusted to them, the necessary equipment and ancillary per
sonncl a3 practical cvidences of thelr encouragement. In addition they
should manifest their practical interest in the patient s welfare by attendance
at the monthly clinico-pathological and record mectings by encouragng
postmortem examihations, by promoting the doing of good pathology by
sceing that the records are adequate and up to date by providing oppor
tunity for postgraduate education of the staff and by the malntenance of
professional ducipline All these requirements and others are part of what
the trustees owe to the community in return for the money that has been
raised and grven to them to mantain the hospital Because of thewr ponition
they can wicld a tremendous influence both on the commumty and on the
practice of medieme In it I they tacitly approve the repreheusible actions
of a stafl member by falling to drscipline him on account of madequately
cxplained deaths, invalidism or infection, for example they merely depress
the Jevel of community medical practice, promote the doing of further bad
medicine and are false to the trust imposed on them by the citizens It on
the other hand, a doctor such as referred to above is deprived of the right
to use the hospital on account of his actions then the practice of medicine
in the community fs improved, individual patlents Jearn that their interests
are being protected, the delmguent doctor 13 forced to mend bus ways and
Increase his knowledge or retire from practice and the public sceing that
their money 15 bewng expended wiscly and in therr best interests, gladly sup-
port a bigger and better hosphtal. This in turn leads to the acquisition of a
pathologist, a better X ray man, an anesthetsst, a more skilled laboratory
technician, a physiotheraput and so forth, all of which leads to a fucther
unprovement in medxcal practice and hence better care of the individual
citizen The trustees power is great—they can make or break a doctor
locally by wnthbolding the privileges of the hospital from him or not. They
shonld use such power with docretion but once they have been satisfied that
s excroise 13 m the best interests of the community they should use it
promptly efficlently and without fear or favor

Traumatic neurosurgery s no longer the sole bunness of the specialiat in
hhchhmedhaﬂ;lluachnrgconlh:mlmgconalougwﬂh acute
abdomens fractures of the extremites, amputations and the llke The
genenal surgeon cannot properly meet this responsibllity withouot help from
the specialist, however and must so organize his small community hospltal
23 1o take the best advantage of the nearest neurosurgical clinic. The trustees
of his hospital will support this arrangement, serve as a lmison between him
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and the puhblic he treats and which supports him and enforce proper self
discipline in his own best interests. The speciallsts and the gheal
chinics in their turn set the standard of practice of neurosurgery guard the
Jocal surgeon aganst the depredations of the penpatetic specialist, provide
active consultative suppart and co-operation through facifitation of transfer
of approprate patents to the large surgical centers, and aid the general
surpeon to acquire greater knowledge, Increased efficiency and a troer
apprecaation of his own importance in the community by seeng to it
that he has every opportumity to participate In graduate and postgraduate
education.




10

Rehabilitation

Rehabilitation ks a poorly understood and a wrdely misused word. Webster s
Collemate Dictionary gaves as a fourth definizon of the verb “To fit to
make onc s livelihood again -~ " Our modern way of life is so complicated
that, while this Is undoubtedly desirable It has to be regarded as a secondary
goal the first being physical and psychologic rehabiltatlon According to
the Shorter Oxford English Dictionary st means “The act of restorng to a
previous condition 1o set up again 1o proper condition ® The usual atternpts
at rehabilitation artse out of a desire to “restore to a previous condition”™ but
snee most of the patients who need rehabulitation after thelr tnjury have
permanent organic functional defects that make such a restoration impos-
sible, the attempts are bound to fail As a result the patient becomes im-
patient, discournped and unco-operntive If on the other hand, the alternate
definition—*to set up agan In a proper condition”™—is used as the basis
of rehabilitation then It Is apparent that such a “restoration to a previous
condition,” in additlon to bewng impostible m nat y Thus the fiext
requsite for successful rehabilitation is to set one s goal within the practical
Limits of soccess.

Setting onc s goal for rehabilitation within the practical limits of success
must not mean that once these limits have been established they camnot be
expanded The Limits of accomplishment must be regarded ns elastic. Th.s
abulity to expand Is inherent in the rehabilitation of all those m need of it,
but particularly 5o in the group of patients that have nervous-system in-
juries. In these individuals the learning of ene skill leads directly to the
kammg of another that had previously been regarded as beyond the realm
of accomplishment. A quadriplegic whose only talent appears to be hmited
to the acquisition of the ability to sit erect in bed has by that very ability
slarted the process that eventually enables him to wash and feed humsel! to
develop hitherto unusable arm muscles, to propel himself in a wheel chair
10 use & typewrlter to visit neighbors and frends to become a member of
the local soctal community again to redevelop o co-operative cheerful atti-
tade toward family friends end ity and lly—just because
he took the trouble to learn to sit erect—to become an asset instead of a
labilty ta the community The second requlsite for rehabilitation Is never
to be satisfied with what you have

The third requusite for rehabilitatron s to realize that true rebabilitation
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means rehabilitation of the whole and not just of isolated parts. No man or
woman can exist a3 a mass of unconnected isolated parts or skills. This i
especially troe when an injury has depnved us of the abillty to use some of
the skills that we have previcusly taken for granted. Just as in the normal
indrvidual all physical Tlectnal, emotional and social activities must be
integrated to be effectrve and to keep the individual on an even keel, 8o the
mvalid 1 need of rehabilitation must retntegrate his damaged machine so
that it acts as a unt, even though the unit is no fonger as effective as 1t was
before the injury Smce total rebabiltation is made up of the sum of the
rehabilitation of the various units as well as of thelr integration, neglect of
any one unit will have & deletenous effect on the rehabilitatron of all others
and of the whale as well It is uscless in a patient who has sustaned a
cramsocerebral injury for exampls, to expect effective rebabilitation if his
headaches are treated but hrs declining general health and the detenioration
that goes with 1t are allowed to continue unchanged It is Mevitable that
such & patient will remam and prefer to remain an mvalid at home that any
phyucal effort will Iead to fatigne and that a permanent neurosis with suf
ficient subjective symptoms to justify it can be predicted and will mevitably
develop instead of the desired rebabilitation. An even bettér illustration fs
found in the confusion that has ansen over the need for paraplegics to leam
to ambulate as a part of therr rehabilitation. The ability to ambulate is only
one unit of the greater total problem of the rehabilitation of such a patient.
Another is the ability to control his bladder and bowel, another 13 the
ability to take foll carc of himseH another is the maintenance of re-
ciprocally pleasant relationships with s family friends and community
and still another Is to have an effective knowiedge of himself an inslght Into
his own motrves and a realistic appratsal of his deficits. Not only must hu
physical capecities be developed to the utmost but his intellectual capacity
as well.

The need for learnmg ambulation has been much discussed. My expen-
ence would indicate that learning to ambulate denves {ts importance among
the other skills of which it is one from the fact that it is the finst major test
that the patient must succesdfully negotiate if he 15 to be able to faco up to
the greater and more searchmg demands made on him later It requlres both
physical and mental adjustment and development, and 1ts accomplshment
carnes with it a tremendous Lift toward further efforty. It serves abo as a
menasure (but not the only measure) of the individuals Getermination to
remain rehabulitated. The practical uss of continned ambulation is extremely
Limited as such, cven to a paraplegic, but the continved ability through use
nndpncﬂce,wmovenbomﬁcclywhhd:cdddbncumdcmtchalﬂl
» contlnuing ever-present standard of accomplishment that keeps the other
mare inportant rehabilitatory attribates at an equally lugh level. Nothing
hmor:ducourlghgthmm)esnpluemwhohuld:thchmpitﬂpmﬁd
olhbabmty(odo-goodxwing-through.detmn]ncdto“ge!wmcmof
a fob,” who has bladder and bowel control, & good emotional and intellec
tualuudaxmnd]ngaihhowupmbl:mmdlgoodflmuhlmdoamnunhy
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Y Hulation b

it was too much trouble ”
afority this b the first step toward disintegraton with fts use of
sumption of enemas, a cynical attitude about employers and the
\n employability fomily quarrels, the abandonment of all soclal
d the reinstitution of the condition everybody had worked 50 han
. The third requirement for rehabilitation then Is that not o
ch part of the organism be rehabilitated but that the whole ma
mbination has 1o be *<¢t up bgaln in proper condition” and kept t
The fourth requi for rchabil is that the patlent s ¢
all have been correctly diagnosed the pathalogy correctly en
oper and adequate treatment provided, and any organic disease |
: present be static and have reached an end point prior to the st
it the preliminary steps of rchabilitation. These requirements an
ous that they are frequently overlooked and consequently not
ne following fllustrations will serve to emphasize these points. It |
r example, that a patient who complains of pain and other sym;
s nght hand sufficient to prevent gainful employment for month
wer injury to the same forearm will be classed much more of
urotic or s malingerer than as legith ty suffering from what i3
correctable Homans Minor Causalgia. On investigation it will
ten appear that none of the doctors who have cared for the path
‘et even thought of this diagnosis. Agam, 1t iy useless to try and |
patient that his back no lonper burts following removal of an ¢
acleus pulposus, that any assouated bladder disability is tracen
uo-uicptoﬂadﬁxnndthalhestmu}dmummwrkdup(mthz
yms, when ad & ates that the patient
uunndhcm’:cuudncqulmusmlhparuﬂdcncmdonmdlhrh
uhladdu uwtllupcﬂnulhy‘pulhnhnndpmndcwnbolh]cp
postop ve subarachnoid hemorrhage or perl
:amng,Anr,‘ ion for hendaches and dizry attac
iated with inability to work, that 13 based on a dingnosls of post ¢
curosis cannot be expected to hold water when proper inve
cmonﬂnm the presence of a cct:brnl subdaral hematoma that |
ized and even unthought of since the accident and the rer
‘hich oﬁm the only possibility of cleanng up the patient s symptc
wmbility of a paraplegic patient to learn to balance to care for hin
> ambulate and the consequent failure of all efforts to rehabilitate
nmedsately exphinable when the pck-krufing that has persisted &
part of his spasms have been “relieved” by obturator neurectomy
eripheral operatrons has at last been recognized With proper den
t inclodes the paraspmal muscles the patient promptly leams
kill, incinding ambulation that have been denied him becapse ¢
orrect dingnosts and thus can be rehabilitated with relative ease
wnilar patent attempts rehabilitation but refuses to ket the doctorn
m sprsm by any surgical procedure In consequence his self-ca
flective, he cannot move himself about freely he cannot balance in
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cannot ambulate his bladder cannot be trained and shrinks, and his braces
must be 30 designed a3 to exert corrective pressure on his spastic kegs. The
acqulution of these various skills and others is out of the questson until
the spasms are climunated. Morcover his complete rehabifitation MAY never
bepom’bkbccalmolﬂlcpcmamnlomnjcchnnguthathlwdﬂﬂopcd.
Rehabllitation predicates the best and the most palnstaking sccuracy
medical and surgical diagnosis and care Without these prerequisites re
habilitation 15 impossible

The fifth requirement for rehabilitation is that no attempt be made 1o
remeke the individnal to a pattern that iy different from his former pre
accident ons, The ordinary common laborer cannot be expected fo kearn
watchmaking, for example just as there is little use in providing a corre
spondence-school course in accounting for a patent who has had no more
than one year In high school. This is all aclf-evident but it carrles with it
implications that are not generally recognized. Patlents who have permanent
organic and functional deficits that are the result of their injury and which
make it impossible for them to return to their old occnpations must not be
cast ando without any alternative employment an that account. Every eflart
should be made to place them in a position where they can work in 2 job
that is similar to their old one but that ks within their new capacities. This
is not as simple as it appears. Let us take, for example, the patient who has
ruptured an Intervertebral disc in industry has had the extruded nuciens
successfully removed and the radiculitls relieved. He comes to the end of
his convalescence and is ready to go back to work. He is told and has
demonstrated to himself that be can do any kind of waork that does not in-
volye liftlng with his back Hu previous job had been that of an jron-
moulder and was one that requured the fting and handling of heavy plates
of steel. 1t is obvious that he cannot return to this work, However he knows
no other He goes back to his previous placo of employment and asks for
re-employment but 1n mnother job The usual answer is (a) that there is no
other job open but to come back some other time (b) that he Is unem-
ployable because he is umunsurable and (¢) that hus employment in anotber
job in the plant mvolves disruption of the senjority relntionships in the new
fob and that the union will not consent to it. He then goes from employer to
employer and cach time recerves what amount to the same answers as soon
as he says that be has had a back injury and an operation. 1t he tries to con
ceal these facts the imnformation is available to and 1 obtained by all major
mployu:andbythd:tmumncemﬂxfmmncmtnllkﬂngoundmﬂd

11vabl

injuries The patient shortly becomes inced that he i ploy
develops now symptoms as well as e p tion plex to r lize his
unemployability and scon b actually ployable on this account.

Rehabilitation shonld prevent this and is impossibls in the face of it. Re-
habifitatton predicates not only that the process be governed by the patent’s
pre ojury make-up characterlstics and abilities but that steps be taken to
see that re-employment even if 1t cannot conform to the pre-injury stand
ards, is nevertheless provided and is #4 like the latter as possible
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Finally the moxt important requirement of all for rehabilitation s that
the person 1o be rehabilitated shall be fired with the deslre to be Independ
ent—independent physkcally independent Intellectually and emotionally
independent soclatly and if possible to have some degree of independence
financially He must also recognize that true rehabihtation is impossible
as fong as chanty that ks undeserved even though mven under the name
of a pension a compensation payment free trckets to entertalnments, or
uncamed community privileges s aceepted 1t s still charity and under
such clrcumstances is as dmintegrating to the soul of the recipient after an
acadent as it was before This docs not mean that the true chanty that Is
well deserved is bad as long as It Is recogmized as charity and as long as it
n deserved 1t docs mean however that no matter what else 15 accomplished
in the field of rehabilitation real rechabalitation has not been attained as long
a1 undeserved charity is considered 1o be the recipient s dght. Without this
drive to be independent, atternpts at rehabilitation are no more than empty
postures and 2 waste of trme  All other requirements can be met but without
the active, intellipent determination of the patent to make the most of what
e has or can develop 10 become a respected, sell resp g ber of his
family and his community and to be as independent ns possibke from every
pont of view includmg the physical, all efforts ot rehabiltation will fail
dismally

It must be cvident that rehabiliintion to be complete in any one indi-
vidual, requires o highly complex education which has to cover the ground
(:wm the pﬂ:th:ﬂ matter of job tralning to the suecessful institution of mch

al k I relatlonships as those that must exnt between a
man and his wife and his commumty The very csseace of rehabilitation
however rests within the patient bimself and is compounded of hus deter
mimation to make tho most out of a/ his potentialitles and to face courage
ovsly and to conquer the multiplictty of educational hurdles that must be
topped to attain this desired end. The most fmportant of these hurdles are
phnical emotional psychologwcal sexual and financial The final poal is
reached when the victum has developed sufficient 1nsight about and under
standing of his own deficlencies to grasp the significance of these barriers,
to be able to laugh at bus failores and not get puffed up at his snceesses and
to refuse to admit that he canrot improve his condition no matter what
degree of facility he may have already attained
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ftorage of 216, 217

Ancuryymy, berry hemorrhage from, 43

Anhydrosis, 163

Ankle, lateral stablhty of 143
sabilization of, 140

4, 119




conttrictive, for fracture of fibula,

fchenic necrosit, 72
hormy layer of skin, maceration of 72
Lincar sultrre 4

R
3



ds, calf and thigh, 15
414y 143

i of, 138
etebral dise rupture, 181
In 157

vith back brace, 145
indwcaton for 145
fordonis In, 147

petvic inclination with, 145
abdity Lateral, with, 145
Hasm with, 147

Lhorax and pelvic undficatson, 145
Hom, 138

o, 140

byl in, 138

n, 139

139
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Cauda equina, ln}urk-x syrn-mama of 63
mn\;-nrulbn

colhatera! circulatlon In, 201
diagnosls of 201 208
emotional {actors i, 200
ctiotogy of, 201

extrancous stimull in, 20
forelgn bodics (o, 204
Homans minor 203
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G in urinary nfecth 1 Ci tufury position in bed n, 23

Cloguiste cortex bernfation beneuth faix, 11 ueep fn, 28 =

Clreomefalon, 109 ﬁd.lldnhxnln.lw

Chtern puncture, 240 30-32,35-38
equipment for 240 44_46,47 52,53 193 194, 218, 71-224,

C!triophﬂk:n!puk scrylic plates fn, 46
adberent scars in,

hnumEmlLdmnmtsutJ 8
7

fractures of the skull, operations
for 35-38 217 228
spine, operwtions for 73 234
18

operations for 160
re-guion of cut tendons In, 160

in, 161

tendon, o Volkmann's parabyshs, 207
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Deconpresthve operations, 73 193 194

Decutit, 72, (Sc¢ sho Bafiores)
Dd«ﬂwhmmmmml.mzv
aabocerebmal fyones, 12

-3

Drug addiction, 210
Drups for comuldony, §
fesplratory deprevsant, 6
in wtinary ifections 118
Nura, thickened, 31

©
Iar external, Hood from, 37 38
cerebrospinal fuid from, 33
rlugeing of 38

porral, 1 4 Emocumam, 183
In spinal cord inurkcs, 1 6, 177 spliung of 189
n spinal cord tramsection, 126 theloon of, 187 oen. 21
chdarymz‘u}lhbbddammln;n Erectron, 170 v
dagnosls of, 23 Dibey 17
o newbon, 49 Eustachizn tbe, 175
pathclogy of 23 Exammaton, neurologic, §5
symptoms of, § Esatement, 12
toxk, 23 Eagrenes, bed, 75 79
treasment of 24, 25 batancing m, 75
Dmr\nhopdluomfotpam,!l m“"ﬁ%”
Int :rmhdebcmbdpLu,‘?
Uon of, 20 in px tic state,
nm,nd' palkey tn, 76 16
D:pum, 1 dtting erect bn, 79
ﬂﬁﬂml:mmlﬂ swppoct for aron o, 76
ad aboladon, 153 whee
ad respect, 195 ma, 79 m'i.!-x,n,-n
and couTage, bakancing
o, e Lo N
and ul orm,
for h'l”,, four-egged progression fn, 79
morsing, 71 pesout roll in, 79
rhyyical, 135 shoricrutch walking, 79
o peifcare, 153 balnce,
wif-respoct, 1355 Extremities, suoctated infuries to, 1
and seif-control, 154
aod goomthy 153 F
Dalocasions of spine, 63 Face, cdectrical fismulation of mmesckes
M}Mﬁmhmm )
Dizzines, of 173
Draioage, posanl, 19, 67 patn in, 172, 14
from bumgs, 161 ucl
Dreasing, primary 2 tpam of, 174
aETpeool 112 support for muscies of 17)
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tract, bladder stoncs In, 5,

encrsting cystitis, 5
mfection of, 4, 118, 119
cloncphrosty, §

Fibala, fracture of 193 Py
peroncal nerve infury in, 193 renal abacess, §
plaster of parks cast in, 193 renat! stones, 5, 119
tight bandage in, 193 QGlioms, 184 191
head and neck of, fracture of 193 Glacos, 25
Flngers, forced flexion of, 207 Grafting of nerve, 173 186, 192
Flstules, badder 115 Gynecomastia, 163
Flukd(s), 116
bakance, 21
in bladder training, 98 Hands, Mipper 166
Iotake, T2 164
graph of, 16, 25 e of, In training, 88, 100
Head, flexion forward of, 64
frri| 8 molding of, 5
acetic ackd, 117 Headaches, post-lnfury 18
bore wld, 117 Hematooa, 195
permanganate, 117 Hemilaminertonry 181
salt solution, 117 cervical, 291
solutlon G 117 Hemipiegia, ipsiiarenl, 9
solution M, 117 3, 67
tap water 117 Hemorrhage in antecubital region, 207
low of, 4 cercbral, from berry ancurysms, 43
n newborn, 51 extradural, 26
outpat 16 ipallateral,
Fontanelic in pew borm, 50 operation for 27
puncturo of, 52 pource o, 26
Toot, dorsihexors of,
forceable plantar fiexion of, 142 for, 77 3033,
Foramen megnum, hernistion of, 8 44,52,5) 112,283
Forearm, paralysis of 207 Ed
Forelgn body mbalation of, 13 tn fractore of akull, 35
Baur-gauat. m st
of pertplam, 195, 196, 199
of external condyle of humeruy, 193 of pocs, 41
of fibule, 193 4
of humerus. Sco Humerss, fractwre of in the rewborm, 53
in osteoporosis, 119 43
of sbat of brmerws, 192 tn, 44
of skull. Seo Skw? fractures history o, 43
of spine, 63 needling for clot in, 44
lobotowy 212 pathology of,
Fuslon of spme, 69 180 rymptoms of, 43
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Hemortage, suboortikal, tramcortxal Ine
chion in, 44

Aokl tpe, 1 30
mned type, W0
neomembeane [n, 30, 31 37
1
-
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Hydroureter 114
{tygroma, 3
Hyperentention, 63
1y pern dronn, 163
snhydrosis with, 163
appircations to shln in, 163
hody temperature control in, 163
vascular hypertentlon with, 163
visceral dmientlon with, 16)
Hypertenuon, vasaular with hyperinydro-

1n hedsores, 72
in bladder training, 98

I
Idiocy 49 $1 53
Impactiony, fecal, 68 128
Impregnavon, 1.3

Incisura tentoril, divislon of 42

wnencapsalated, 3t section of 42, 224
subperiostaal, 4 operation for 42, 224
bone in, 34 368
lou of blood in, 34 Infection, repal, in osteoporoshy, 119
ncedn;;zoru 1s
wbpul. Aurcomycin in, 118
eereboal, in bladder
tpimal, .15 n, 118
Herntaton, | Qi drugs (n, 118
of forzmen mmagmm, 8 Qantrisis in, 112
of temporal cortex, 15 penkillm i, 118
operation for 4., 224 ' ns
Hip, fexion contraction of 157 onamides i, 113
o of, 157 tidal dransge In,
diagnouls of, 158 catheter b, 111 118
lordosls apsocirted with, 157 Inhataton of forcign
progrosts in, 159 from, 67 175, 176
tliting of peh s fn, 157 159 steam, 6
trextroent of 158 Tnitative, petent’s, 48
Hip joint, cup arthroplasties for 75 sirtonarmic nervous systern, 200
osteomyelitis of 73 canda equina, 56
operation for 75 central pervous system, 1
Hoksts, crantal nerve, 171
Homam causalgle, o, 206 18
Horner's sy ndrome, 199 fear of, 46

Hy ex1acmo 49 51 35 %6

Hydroms,
Hrdroephrosis, 114




of, hernilaminec

hydrooephrotis of, 114
pyeliths of, 114, 115
Prelovephrosh of, 11
pmmtobmmumumu

Knee, loss of fimction below 139
lom of stabiltity of 142

INDEX
Lumbar [ntervertebral 17
Laumbar pancture, 20, 25 66, 235
citial, 10, 38
criteria of, 21
equipment for 235
necdle broken o, removal of, 242
orrence of,
Lumbar vertebaas, fnjury of, 63
pican,

N
Neck, Injury to stroctures of, 13
stiff, 40
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Nevrosh, intramyvelogenown, 62
chermic, in cauualga, ~01
of cortex, <0
of ocaiprtal lobe, 41
of shin fn bedhorer, T
Meomembrane {n subdural hemorthage 10,
ns
Nenve(s), auditory 174
cochiear 174
canial, 4171
in crasdocerebnl injures, 171
i of orgm of 171
panlyds of 4
totk effect of spimal ancsthesla on,

repuk of, 185
skin Inctnom for 185
1
time of 184
resection of 191

277
Nerve(s) perfpheral, suture line in, separa
ton of 190

umbon, failare of 190
wrappings of 185 190
swriling of local, 188
therapy x-ray (n, 158
thrombin-salure technic in, 186
x ray treatment of 188
peroneal, bone remonal and, 194
of 193

direet injury to, 193
chectrical stimulation of 194
fracture of fibula with, 193
infury of 193
ncurohysis of 194
omet of parahysls of 193
paralysis of time of onset of 193
resection of 194
sature of 194

padic, injctlon of 118
internal, 113

radlal electrical shmmlatien of, 152
and humerus, fracture of shaft of 192




oniplnll inchora, section of 4 =
mdrm-f-m-:u n:hﬂouof,l% personne] foc 218 S
treatment of, 194 peeferred hospatals for, 218
by burylog In boae, 194 reoal, 75
by barying in mncle, 194 sving of tme in, 218
by crush and lfgation, 154 for scalp wounds, 34 43
Newbc:{n,sap-lhylu.so by spectainty, 218
ay 8
cyanosh {n, 50 catvical 21 234
e decompeession, b
energy back In, 49 débridement, 234
failure to nurse in, 50 decomprestion, 73 231
Beccidity in, 50 exploratory 228
fontsnelle in, cervical, 231
handling of, respoase to, 49 28 131
hypertonicity in, srgical ahock in, 219
intracranial injory traumatic type of 51 sentortum, inclsdon of, 224
mmmm'hhnu,s 172172 umwuﬂmmmim
prior to, 218
aclens pulposas, extrmdon of, 63 179 181 uvphhndm.uqiantzy
pmtn:dcndof.ﬁl'lﬂti!l A mltiplo dagnostic,
falture s
NN“ b u:trmu.;l;nvound.m
Nursing, special, eitmination of, 75 bone, 38

for bemorthage,
m

frontal 36,
[} simuses, 36, 37 228
Occipital lobe, ixchemdc pecrosis of, 41 vaul, 35 227
therapy 75 pine, 73, 234 m
4 for hemorrbage, extradural, 27 53
Operations for arteral spasm, 208, wl “
for attophy post-traumatic cercbral, 44 30-32,52, )
for bedsores, 74 for bemiation of temporal cortex, 4.,
bisdder 75,78
brachial plenus, 196, 199 scctlon of, 42, 224
for median nearitis, 18 for median pearith, 188
cordotomy anterolatenal, 81 210 for neuritls, compressive median, 188
dorsal, 212 furmurums,dhﬂ.mtbnof]ﬂ
20 for osteonyeliths of hip joint, 75
for crandoplastic repair 46, 47 on mm:l,lM—lBS, 159 150,
tongs tn, application of, 235 191 194 203
for débridement of spinal cord, 234 for contoson of, 199
73 193 194 231 remal, 75
of spinal cord, 73 23 rhirotomy amterior dorsolumbar 74
dﬂtrucdw,fnrp]n,al rm::;t-m o
emergency 21 o wounds,
spinal, for compound fractmres, 73 24
Crutchfield in, of, 235 81 210
subtemponal, 21 dorul, 212
equpment for 218 7
for fractures, compound, of spine, for demyelicization of canda, 216
&bridement of 134 injry 73 234
of sknll, cribrifrm plate, 36, 37 Igmiotdwwhmblf“
228
froatal slnuses, 36, 228 tentartum, stab wound of, 42, 224
paranesal simmses, 36, 37 228 daisloa of 42,224
vaglt, 35 227 Orchlith, 111 120
by geoenal srgeon, 219 Orgasa in men, 121
meningesl, extradural, in woamen, 123
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Wﬂmﬁilh ofhlp Joint, 73
for 75

Oxseopdastic
of skull, 43

Wﬂiﬂomfo( n 212

pastunl drstortion of phantom , 211
Piychancurosis, 210, 211
for 210,211
10 211

wpread of, 2
for £2,210 211
treatment of, 21 212
type of 211
visometic, 211
Pantopagoe 179241
P‘“‘N‘.Hmsih.
49 51 %
Paralytic Bem, 4
Pararympathetic pervons atem, (28
Injariey, 213
10 bladder plexm, §7
in 2

279

Tetiarterial sympathectomy 208

Perfarcutar ~04 08

fretincurium, 183

Petiphera! nervey, operations on, 184-126
189 191 194 "03

Peripherat sascular coflapse oo

Petivenous vy mpathectomy 203

Pﬁﬂl’!ﬂl > 1 netve injury by fmactured fibula,
9.

Personnct for emergericy operxtions, 218

Fhantom membery, 709

cordotoary for 210, 212
cortical ablatlon In, 12
cramym in, 210, 211
dlaprosh of 211 212
dnug addiction with, 210
frontal lobotomy for 212
Incidence of 210
intrinske pain group of, 211
hmvlmnnmpln.zw
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Shoukder drooping of 176 Spawm, ‘oluntary motion, roothet rhirotomy
firation of in lamincctomicy, 74 in, 156
tampoution of 192 treatment of 156
Shoffie gait, 157 Spastk pecabysm, 49 51 56
Smusy, pamnasal, cranloplastic repair fn,  Specialists and emergency operations, 8
47 Sperm counts, 120
Siphonage, 85 Sphincters, anal, 93 M 96
fin, 28 bladder 78 93 94 96 lO! 14
spplicatiom to, 163 cuernal urethral, 105
rafiing in bedworey, 72, T4 atonk, 109
maceration of homy layer of 72 dreumcston in, 109
necTosis of n bedsores, 7o clothing, waterproof 109
SAull, defects in, 47 cystometrogram [n, 106
fractures, comyp 4 ; of 106
denervation of, 108
of anbnform plate, 37 109
n, 38 of 97
devitalued bone in, M mass refics fn, 106
foreign matenal in, M4 pady, 109
of frontal sineey, 36 penfle clarmp, 109 111
from gumbop woundy, 34 roskimzl urine, 106, 109
infecton of, 34 spasm of 97 105 109
of et ear 37 sphincierogram, 107 109
of mastold cells, 37 sphincterametry 107
meningeal ot n, 33 apannn for 106
of mlddle car 37 urinal, David Panil's connection,
operation for optiowm tme of 33 110
of parannal simnes, 37 rubber male, 109 110
of petrom ridge, internal
primary sutore of 33 utomic, T8
of vault, 34 cystourcthrogram in, 114
veotricular invohement of, M hypertrophy of, 114
depressed, air embotiom in, infections, 114
cerchrospinal fukd in, 45 avertlzo catheters in, 114
cortical adheslons in, 45 pudic nerve, ingections of, 78
(ragments unlited in, 45 resectlon of 78, 100, 114
in, 45 sacral pervet, of, 114
osteopinie fap in, 45 spasm of 78
Xky n, 45 with spasm of external sphine
newbormn, base of skult, 34 ter 114
fracture type, 53 resection of, 100
oz shell type, 5 mklxbhd.deruunhr;,w
1 5
Spaxm, 78 97 105 109 114, 137 147 205 crometry 99 107
Spinal coxd, atrophy of, 62
a0, cervical, ancus in, 6
broachiolar refiex radlal, 15 comprematve injuries of, 62
hemifacta), 172, concuson of, 62
17 geocral
reddaal, 81 inprics of, admmsaion to haspital, pro-
of armm, 81 ceduro on, &4
effect of, on ambulation, 81 bhadder in, 97
oL legs, 81 bladder emptying in, 65
of cervical
:‘_ﬂhn:m‘d‘ [} defecation m, 126, 127
Lrunk, 81 dugnoiis of, 62, 63
rhirotomy for 74 oumng care of 71
motion, 155 of sacral cord, 78, 97
abolition, of, 158 SYmptom complenm n, 63
cause of 156 trantportation of 63
1n, Inuries of €



282 INDEX
Spinal cord, severance of 1. Staff, hospital, responaibilitics
tplmlnnﬂ:}:;,mxkcﬂbcuof.lls Std]lhmh\htﬁwﬂf,d;
tramection Streptomycin in urinary infections, 118
unloq of, aoatomlcal, 169 Stimulanty, 6
169 Stimulator electrical, 185 190, 151
Splnal fuston, 180 tube, 14
Injucies combined with cranlocere-  Stones, bladder in oateoporosis, 119
bral injurics, 169 in osteoporotis, 119
compoand bz Stretch refiex, 82, 138
with compreation of cord, 73 Stricture,
of cands equina, 73 Strychnine, 6
from gunthot wounds, 73 Stupor Increasing, 40
Imowledgo of 154 Subarachnokd collapec o, |
marmml redoction of, spinal block In, 215
maving in, 71 Subcoctical clot, ncedting for 44
operations for 73 incitlon for 44
from stab Subdurul hematorma. Seo Hemorrkaye rub-
73 74 81, 156,210, 212,
216, 28 231 234, Subluxation of spine, 63
Spinal roots, xvultion of, 157
Spinal shock, 117 Subplal benorrhage, 32, 215
dl'cl:toﬁouhhddcr s
of,l}l 133 Suction, 22, 162
136 under darect visdon, 16
dhiocstlons of, 63 mechanical, 13-17
fhation of, in oxtemion, 65 routine, 18
fusion of & Wangensicen, 4 66, 63
injury of, 63 Sudeck s atrophy 204 205
{umber vertebel Injury of, 63 causo of, 204 205
subhoatiom of, 63 diegnosts of, 204
thorwcic vortebral Infury x-rays of, 65 in, perlarticular 204 205
Splinting, 218 spasm in, periarticuiar mmce, 205
for ambulatton, 137 treatment of, 203
with Anmstroog spring-steed brace, 137 vasodilatation in, 204 205
Crutchfield tongs, 133 in, 204
for emergency 131 Sulfonamides {n orinary infection, 118
In cervical Infudes, 131 133 36
in fnjuries at other than Jevels,  Surpical shock, 1 22,35, 50, 51 64 67 218,
133 136 219
Dewspapers ay, 132 Suture, primary In compound fractime of
turkish towchng s, 132 akmll, 34, 35
with flannel bandags halter 134 Bwalowing, interfererce with, 13, 15
m, 136 Sml?]mxsl
for mobilltion, 136 8 o
with Armstrong brace, 137 Sympathetic nervons bladder In, 97
with Tuylor back brace, 13 Injunes of 200, 213
with Thomas collar 137 n urination, 83
with Zinmesr-type cervical brace, 136 vhceral distention syndrome, 117
with pelvic 69 137 in
primary hospetal, 133 04
Crutchfleld tooga, 133 in H 206
with flanne! bandsge helter 134 for pain, 82, 210, 211
hyp-rextenmion m, 136 08
presure sores i, 136 205
wlth traction, 133 In Sodeck’s atrophy 205
with Taytor buck beace, 13 surgical, 203, 205
Emporary 2 mzns
with Thomas oh: 137
with traction, 133 in Volkmmann's chemic paralyth, 208
with Zlntoer-ty pe cervical brace, 136 Sympathy 155
with pelvic 6 137 o, 23
Syringomyelia, 62

Spongmg, topid, 7
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T
Tarlalum plates, 46
Tuyhoe tack brace, 13
Tomperatuce control of bady 16)

Tempond cortex, hernlation of  through
Inciame, 10

Temporal fonsa, focreawe In solid comtent of
39

Tentortzm as fulkcrom, 9
operations on. 42, 2.4

trap in catheter

conncctions, 58
Thpe, saving of in emengency operations,

mne
Tongs, Crutchfieidtype &
Trachea, intubation of, 22
Tracbeotomy 13-16, 21, 178

Tramlng fachtes for in spinal casey, §1
onde hospital, 81 '

use of stiendant, 31

Traosportation of centra! pervous system

of cramoceredaal fnpmies, {

handimy of centrad pervous systery Ine

frdes, 2

Tramportation Litler wse of 2
position of patkent during, 2
Piot (o operation, 218
of spimal mrdnr!nhﬂk-\. 2,6

Turning a patent in bed, 128
Tumentine stupey, 63
Two-point g, 153

dratnage of comstant, 117
fitola of (11 116
axtmevatation, 111

spason in, 112
Urethral catheter 111 118



Vasospastic 2 olkmann's hchemic  paralysts, fescla,
VYoin(s) bekiging raptzre of, 30, 3t 52 H‘::lpiu],lnckimocml
tnjary to, 52 fingers, fiexdon of, 207
cerebaal, 52 fachemia in, 207
Jup:hd rcu-épramud;m pclnh,zmm
Vepom compression of, 4 uuxnmih:t.m
Venom slmues, trars of, 52 vasospearn In, 207
an-lda,um:ﬂ,cdhpnni‘u w
distortion of, 45 ’ suction, 4, 65, 64
drainage of, 11 ‘Waterproof ciothing, 109
of Welght-bearing in ostroporosts, 119
ponctur of 51 Whed chals, 79 80
Ventricalogrsphy ln chronkc sbdural hem- arm, remavabic, 80
ocrhage, 31 big wheeh on, 80
Vertigo, 175 beakes oo, %0
Vbc:rlldb‘fmﬂun nshypcrtydmda, MM":O
Visem, roptured, 3 163 exercises in, 19
) hﬁﬁb-;fcﬂ.w
Vocal corcs, cadaveric position of, 175 mobilization in, 77
Vociting, 5 &6, T2 pad, foam rubber 86
Vofimann s bachemic paratysis, 207 specifications, 247
hemorthage in, 207 suppoxts, calf, 80
arteris! spas, segmental, n, 207 Wounds, soft-tiseue, 3
;nd:hlh
oo e e g oy i of e, 4






