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PREFACE

Spinal cord injurtes present nteresting but difficult prob-
lems 1 many branches of medicine and surgery The expen
ence gained from the relatnvely small number of cases over
a period of years i enslian life has recently been greatly
sugmented by the large number of cases during the recent
war The care of large groups of patients tn Army gencral
hospitals has offered a unique oppostunity for the coopera
tron of specialists 1mprovement of techniques and evalu
ation of methods 1t has also led to improved results both
in reduang mortality and mn furthering the extent of re-
habilitation

This book brings together scattered findings in the many
aspects of spinal cord injuries and records 1n some detarl
the experiences 1n Umited States Army general hospitals
For conventence the book has been divided into sections
each of which concerns a special field Lach section synthe
sizes recent findings and cludes some new materral A
spectfic program of treatment has been suggested whenever
possible

All the contributors to this volume were actrvely engaged
in the care of patients with spina! cord injunies during the
war and have made contributions m their respective fields
All acknowledge the invalusble ard of the many devoted
nurses WACs and corpsmen who contributed so0 much shill
and patience to the life and welfare of each soldier under
their care Without thetr help the new data assembled here
would not have been possible
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As a result of the methods of treatment developed dur
ing the past few years the prospects for patients with spinal
cord injurtes have been greatly improved Most patients can
expect eventually to live a comfortable socral and produc
tive life.

Thts book 15 prepared for the express purpose of pro-
viding for the student gnd physician 1n one volume the i
formation ganed by the various authors from a wide ex
pertence with the management of such patients tn the Milt
tary Service as well as from their expeniences 1n avilun hife.

It 15 intended that this volume shall be concise and an
easy reference and for this reason no attempt 1s made to
expend space 1n lengthy reference to other writers excepting
where dufferences of opinton prevail or revolutionary contrt
butions have been made Those writers whose experiences
and wnhngs we have drawn upon will be acknowledged 1n
the bibliography at the end of each section.

Prior to completion of certamn portions of the text the
authors of two chapters namely Dr R. Nelson Hatt and
Dr Douglas A Thom, died It 1s with deep regret that the
loss of these leaders 1n their field 1s reported

GCP
FHM
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Chapter 1
HISTORICAL NOTL

WiLuam G Rutts Jr M D

In Counulles (1) excellent historical summary we first
find mention of the spinal cord about 100 B c by Hippoc
rates  Celus 1n the 1st Century AD and Arctacus i the 2nd
Century AD also made references to functions of the spinal
cord The carliest known reference to traumatic \esions of
the spinal cord 1s found in the Ldwin Smith (2) surgical
papyrus 1n which six cases of injury to the cervical spmne
were described The characteristic dislocation displacement
and crushing of the vertebrac were presented In addition
to the gross lesion of the spine tself paralysis of all four
cxtremities urinary incontinence priapism and mvoluntary
ejaculation of semen were also described Beyond this un
usual surgical document nothing of note regarding injuries
to the spinal cord 1s recorded until Galen 1st Century AD
conducted experiments on the effects of trauma to the spinal
cord He found for example that a longitudinal slit i the
cord fauled to disturb function to any serious degree while
transverse section of the cord at various levels produced
paralysis of the area below the segment The significance of
this work of Galen seemed lost on medieval surgeons who
believed the spinal cord was comparable to the marrow of
any other long bone Operations for fractures of the spine
were first advised by Paulus Acginta (n the 7th Century but

{3}






HISTORICAL NOTE 5

close of World War I and World War II 1t 1s of the utmost
importance for those future victims of transverse mychitis
etther due to war or to peace ime accidents that every effort
be made to erase the ancient and mediesal concepts prevalent
cven today that these cases are hopeless and helpless (5)

REITRENCES

1 Counile, C B Tice Practice of Medicine ™\ 201 202 W F
Prior & Co.,, Inc

2 Elsberg, C A Ann M History 3 271 1931

3 Framer C H and Allen A R. Sargery of sbhe Spie and
Spinal Cord D Appleton & Co New York, 1918

4 Kuh N T Wartime Actsvitics of Army Medical Department
New England | Med 235 6 184 August 8 1946

5 Kuhn Wm. G, Jr The Care and Rehabilitation of Patients
with Injuries of the Spinal Cord and Cauda Equina A pre
liminary repogt on 113 cases | Newrosarg 4 40-68 147
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this suggestion was 1gnored until several hundred years later
when Frabicius Hildanus 1n 1545 again referred to the ad
visibility of surgery mn such cases However M Lous
(1774) actually undertooh the first operation for this con
dition It 15 of historical interest that the surgeons of this
period were much more concerned with the bony lesion
than they were with any mjury of the spinal cord or of
its various nerve roots

The matter of gunshot wounds of the spmne and spinal
cord was brought to light during the American Civil War
In the AMedical and Surgical History of the War of the
Rebellion, are found reports of 642 such cases of gunshot
wounds or 0 25 per cent of the total number of wounds re
corded mn these volumes The approximate percentage of
such spmal cord injuries 1 World War II was 0234 per
cent (4)

War 1s without doubt the largest single contributing
factor to the study of 1njunes of the spinal cord The studies
of Frazer and Allen (3) 1n 1918 which were summed up
in the monograph Sxrgery of the Spine and Spinal Cord,
give a good general survey of the effects of spinal cord in
jury However ther work was limited to 2 much smaller
number of cases that survived transportation to this country
from Europe, then have been returned to this country from
all parts of the globe following cessation of hostilities
World War I Of approximately 20 per cent of all spinal
cord injury cases that were evacuated to this continent suc
cessfully after World War I only 10 per cent of these sur
vived the first year It 15 estimated that there 15 less than 1
per cent now lving of the group on which studies were
made Since modern advances in Mediane and 1n transporta
tion have been so great 1n the years intervening between the
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the carly hours after ijury with the result that the general
health 15 so impatred that recovery of cord functton or re
habilitation 1s greatly delayed or impossible

The excellent results obtained by Munro (29) in the care
of patients with spmal cord wjunies at the Boston City
Hospital prior to World War I gate tremendous stimulus
to military surgeons It was soon demonstrated that proper
care of the neural injury need not 1n any way interfere with
good nursing care attention to the urnary tract and general
nutation and also that prompt and vigorous attentron to
all these factors from the outset was necessary to promote
the maximum opportunuty for life and recovery or rehabili
tation

CLASSIFICATION OF INJURIES

Injurtes to the spmnal cord may be roughly classtfied as
(a) Open and (b) Closed

Open snpurres, which ate common 1n war resulting from
bullets and shell fragments ntroduce the danger of infec
tion, hemorrhage and the phenomena of concussion but do
not often destroy the stability of the bony spine Hence
though they often require open operation for the control of
hemorthage for the most part they do not require additional
support with cast or brace etther in the acute or convales
cent stages  Open mjuries due to stab wounds are prone to
produce partial lesions of the cord Injunies to the spmat
cord due to the concussive effect of high speed projectiles
may be spread over many segments

Closed snpuries may result from any force that can n
duce fracture or fracture duslocation of the bony column
These are common with highway and industrral accrdents
in sports particularly diving and work n mumes  Since
the wound 15 closed, there 1s no danger of tatraspingl infec



Chapter I
NEUROSURGICAL ASPECTS

Frank H. MAvyrFELD M.D

INTRODUCTION

The primary objective 1 management of patients with
spingl cord injuries 1s to restore cord function to normal
Unfortunately this 1 often unattamable, for the spmal cord,
once destroyed, has no power of regeneration.* Hence, m
many cases permanent partial or complete paralysis 1s un
avoidable In the latter event every effort must be made
to prescrve 1n the best possible state ail unparalyzed muscles
w order that the patient may become self sustaining cven
though his actrvity be Limited to the use of crutches or
braces or even to a wheel chair

It 1s often smpossible to determine at the outset whether
there 15 a possibility of recovery for the clinucal findings due
to contusion or concussion may be identical with those of
transection It 1s essential therefore that great caution be
exerased 10 handling patients with spinal mjuries to avoid
additional trauma to the cord Overemphasis of danger on
this score however often has led to neglect 1n the care of
the skin, the urinary tract, and the general nutntton during

‘Pﬂumuurcctmmdtdbyw'mddlnxbtmmdetw;aumby
the.ui}wfmlamondu.bmnocndmo(rtgmﬂ-ﬂonof coed 13
o yet

{6}
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the early hours after njury, with the result that the general
health 1s so impaired that recovery of cord function or re
habilitation 1s greatly delayed or impossible

The excellent results obtained by Munro (29) tn the care
of patients with spial cord mjuries at the Boston City
Hospital prior to World War 11 gave teemendous stimulus
to military surgeons It was soon demonstrated that proper
care of the neural injury need not in any way interfere with
good nursing care attention to the uninary tract and general
nutrition and also that prompt and vigorous attentron to
all these factors from the outset was necessary to promote

the maximum opportunity for life and recovery or rchabtls
tation

CLASSIFICATION OF INJURILS

Injunies to the spinal cord may be roughly classified as
(a) Open and (b) Closed

Open smyuries, which are common mn war resulting from
bullets and shell fragments intreduce the danger of infec
tion, hemorshage and the phenomena of concussion but do
not often destroy the stability of the bany spine Hence
though they often require open operation for the control of
hemorthage for the most pact they do not require addsttonal
support with cast or brace either 1n the acute or comales-
cent stages Open njunes due to stab wounds are prone to
produce partial lesions of the cord Injuries to the spinal
cord due to the concussive effect of high speed projectiles
may be spread over many segments

Closed wjuries may result from any force that can
duce fracture or fracture dislocation of the bony column
These are common with highway and industrial accidents
M sports particularly diving and work 1n mnes  Since
the wound 1s closed there 13 no danger of intraspinal infec
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tion and hemorrhage of surgical significance rarely if ever
occurs  On the other hand, the structural support of the
spinal column 1s greatly weakened, thereby entatling the
necesstty of caution 1 handling lest additional cord njury
be created, and also requiring the use of supporting casts and
braces before the patient can be ambulatory In many 1n
stances the bony deformity may be sufficient to cause com
pression of the spmnal cord If this compression 1s of
sufficent degree to cause progresstve damage or to prevent
recovery 1t must be corrected by manipulative reduction of
the deformuty or by surgrcal decompresston The trauma to
the cord with closed 1njury 18 usually confined to the site of
fracture

‘With these exceptions the problems of management are
sumglar whether the lesion be open or closed in the early as
well as the late stages

The neurosurgical aspects of spinal cord injury may be
propetly divided tnto two phases (a) Early and (b) Late

During the eacly phase the neurosurgeon s efforts are
directed towards the promotion of recovery of cord func
tion If these efforts fal he may be called upon 1n the late
stages to control pain or disabling motor spasms that inhibit
rehabilitation  In the 1nterests of clanty the discussion of
the early phase will be considered under the headings (1)
Methods of Examunation, and, (2) Trextment, wheress in
reference to the late phase the dugnosis and treatment of
each problem will be discussed jountly

-
FiG. 1 Duagramatic representation of the sensory dermatomes, front
and back, and also the relatve posttion of the spinal cord and verte
bral column  No doubt cervical dermatomes 5 6 7 and 8 and dorsal
dermatome 1 carry some sensation to the shoulder and anterior chest,
but their prinaipal function 1s in the arms
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ANATOMY AND PHYSIOLOGY

1t 15 not within the scope of this volume to review enturely
the subject of anatomy and physiology of the spinal cord.
It appears necessary however, to pomt out certamn features
of these subjects which appear to confuse the physician not
trained n neurology

The spinal cord 15 2 segmented structure (Fig 1) and
m the embryo fills the entire canal but, in the process of de
velopment, the bony skeleton lengthens more rapidly than
the cord, so that, i the adult, the lower end of the spinal
cord 1s usually opposite the mterspace between the first and
second lumbar vertebrae  Accordingly the spinal dermatomes
do not correspond to the equivalent vertebrae though the
roots do The clincal importance of this 1s obvious An n
jury to the spinal column at the tenth dorsal vertebra, for
example will affect the cord at D-12 etc. About the trunk
the dermatomes conform generally to the segments How
ever, the lower four cervical and the first domsal segments,
for the most part, subserve the arm with the result that the
fourth cervical dermatome almost adjowns the second dorsal
dermatome sbout the trunk In g sumilar manner the lumbar
and upper sacral segments supply the legs  (Sec urologteal
aspects for supply to bladder )

The lower end of the spinal canal 1s occupred by the roots
of the cauda equina which are essentally perspheral nerves
These structures are remarkably fexible and they by no
means fill the bony canal Hence significant boay deformuties
at tines produce little evidence of nerve mjury Furthermore
the antentor toots of the cauda equina are capable of regen
eration as are perrpheral nerves and hence lend themselves
occasionally to surgical repair  Lesions of the caudz equina
induce flacad paralysis and loss of tendon reflexes (lower
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Fic 2 Diagram dllustrating the basic reflex are of the arm
and leg and its relationship to the pyramidal teact (motor)

motor neuron) for the basic reflex arc 1s broken (Fig 2)
In contrast, when the spmal cord itself 1s injured spastic

paralysis follows with hyperactive reflexes for the basic reflex
arc 18 usually intact below the site of ijury
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Every cord 1njury at any level will create a combination
of upper and lower motor neuron lestons by destroying the
reflex arc at the site of injury but leaving that portion below
the mjury 1ntact Through the thoracic area the lower motor
neuron phenomenz, due to the destruction of one or two
segments 1s not clinically recognizable but in the regon of
the conus medullaris or the cervical bulb where many seg
ments are compressed 1nto a short area, 1t 1s possible to dem
onstrate at trmes evidence of flacadity of the muscles o
certatn segments with spastic phenomena present below
(Fig 3) Allen (1) has demonstrated that the arex of cord
contusion following compression from fracture dislocation
1s distributed as a double nverted cone and may spread over

FiG 3 Photograph of a patient with fracture dislocation of C 3 on
C 6, with complete transection of the cord. Note the bilateral wnst
drop (flacad) Thus patient subsequently developed massed reflexes
1n the lower extremities
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T'c. 4 Diagramatic representation of cord compres
sion showing segmental destruction with transection
Note the merted double cone described by Allen
(Redsawn {rom Cohen and Lambert War Injunes of
the Spine and Cord Surgery of Modern Warfare,
Third Editsion Volume 11 Bailey Williams and Wil
kins Baltimore 1944 )

an area of three or four segments Gunshot wounds of
course may produce much more extensive damage (Fig 4)

One would anticipate that clinical signs of an upper
motor neuron lesion would appear simultaneously with the
njury However due to a poorly understood phenomenon
generally spoken of as spinal shock the paralysis may be
flacad and all reflexes completely absent for several days or
weeks even after complete transection of the cord (see
massed reflexes)
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EXAMINATION

If consciousness 1s retamned the patient with a severe
spinal cord injury 15 mnstantly aware of motor and sensory
paralysis below the level of injury and usually volunteers the
information that the legs cannot be moved and are numb and
complains of pain at the site of njury This information
should lead the first observer to exercise great caution
handling the patient At times however due to altered state
of consciousness from a comnadental head injury or the con
fuston and excitement that accompantes shock, the patient
may not be aware of his state Under these curcumstances
the examuner can usuzlly determine by punful stimul, such
as a pinch or pin prick, if sensation and/or motion 1s lost.
Having made the determimation that cord myury exsts and
proper precautions for transport arranged additional ex
amination may be deferred until the patient has reached the
hospital where after any emsting shock 1s controlled, &
complete examination may be undertaken

The examiner s objectrives include the location of the
leston, sts extent as reflected by loss of function whether
1t 18 progressive, statsc or umproving

Complete physiological section of the cord will abolish
2ll sensation and motion below the level of mjury For
varble periods the paralysis will be flaced 1n type and all
reflexes absent for several days or weeks There will be foss
of sweat over the anesthetic area and retention of urme
If the lesion s high there may be marked abdominal dis-
tention due to a paralytic deus This may last for several
days With lesions in the cervical ares respirations are
labored due to loss of the accessory respiratory muscles
There 1s often & fall of blood pressure resulting from the
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loss of sympathetic pressor tone to the peripheral blood ves
sels With injury to the cenvical cord the temperature may
nse presumably as the result of ascending edema that has
reached the heat regulating mechanism of the bram and
this 1s often a morbid sign

Careful record of the inttral sensory, motor and reflex
defiat and any other finding should be made for comparison
with future findings for treatment 15 dependent upon the
patient s chinical course (Fig 5)

The reader 1s referred to any of the many good texts in
neurology as a guide 1n methods of neurological examimation
In general 1t may be stated that the determnation of sensory
loss 15 2 more preaise method of localizing the neural lesion
than motor or sympathetic changes It 1s well to point out
however certan signs which are dependent upon alterations
of motor and sympathetic function that aid n localtzation
Paralysis of the shoulder muscles for nstance places the
lesion 1n the upper cervical area. Paralysis of the muscles
of the hand with escape of the shoulder muscles places the
leston 1n the lower cervical area The latter 1s often asso-
aated with & Horner s syndrome particularly of the leston n
volves the eighth cervical or the first dorsal segments Pr
apism occurs with cervical and upper dorsal lesions generally
this 1s not constant, however Retractions of the umbilicus
upward with respuations wdicate 2 low dorsal lesion ete.

Analysis of the reflexes constitutes & mast important drag
nostic step Due to  spinal shock all tendon reflexes are
absent tmmeduately after 2 cord mjury particularly if the
injury 15 complete On the other hand a flexion plantar
response 1s usually elictted on stroking the sole of the foot
The writer has regarded thus finding as evidence of complete
cord section of observed during the first few hours after n
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EXAMINATION

If consciousness 1s retained the pattent with a severe
spmal cord mjury 1s mstantly aware of motor and sensory
paralysis below the level of mjury and usually volunteers the
information that the legs cannot be moved and are numb and
complains of pain at the site of injury This information
should lead the first observer to exercise great caution in
handling the patient At trmes however due to altered state
of consciousness from a coincadental head injury ot the con
fusion and exatement that accompanies shock, the patient
may not be aware of lus state Under these circumstances
the examiner can usually determune by pamnful stimule, such
as & pinch or pin prick, if sensation and/or motien 15 lost.
Having made the determinstion that cord mjury exists and
proper precautions for transport stranged, additionsl ex
amination may be deferred until the patient has reached the
hospital where after any ewsting shock 1s controlled, 2
complete examinattion may be undertaken

The examiners objectrves include the location of the
leston its extent as reflected by loss of function whether
it 15 progresstve, static or improving

Complete physiologseal section of the cord will abolish
all sensation and motion below the level of injury For
varable periods the paralysis will be flacad tm type and all
reflexes absent for several days or weeks There will be loss
of sweat over the anesthetic area and retention of urne
If the lesion 1s hugh there may be marked abdomumnal dis-
tention due to a paralytic leus This may last for several
days With lesions 10 the cervical area, respirations are
labored due to loss of the accessory respiratory muscles
There 1s often & fall of blood pressure resulting from the
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jury whereas a plantar reversal (Babinshs Oppenherm Got
don ctc ) 1s thought to mdicate a more favarable prognosis
The same would be truc of a tendon jetk  Tor example of
examination immediately after a cord njury shows all tendon
reflexes and pyramidal tract signs below the level of njun
to be absent along with lnss of mator and sensory function
it 15 probable that the lesion 1s complete On the other hand
if one can chcit a knee jerk ankle jerk or a Babinsha sign ot
1s probable that a substantial portion of the cord 15 structur
ally intact and capable of recoven

With the passage of spinal shack which may extend as
long as several weehs pecuhiar phenomena begin to appear
in the muscles below the lesion principally in the legs and
may progress to a state of extreme muscle tone m which
massed reflexes are set off by stimuli anywherce i the anes-
thetic zone The onset and course of development of these
changes 15 very varable and inconsistent Indeed it vanes
greatly 1n different cases and 1n degree in the same case
particulacly when influenced by systemic infection (see
motor spasms and massed reflexes) As this begins 1t may
be mistaken for recovery and hence must be interpreted
puardedly Some have mterpreted these findings as indica
trve of a complete lesion and in many instances 1t does de
velop when the lesion of the cord 1s complete  On the other
hand 1t does occur at times when the lesion 1s incomplete

Most patients who show these clinical findings never
improve for the cord cannot regenerate  Some (33) believe
that an ncomplete leston always can be recognized dunically
but the writer has observed several cases of cord mjury due
to bullet wounds which appeaced complete to astute and ex
pertenced examuners who subsequently showed recovery and
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Name

Age Dale

FiG. 5 Sensory record of s pattent with injuty imvolving the fint
dorsal dermatome Note vanous types of shading to indscate mo-
dalities involved This record should be completed on every patient
whea he 13 fiest seen and repeated at frequent tatervals thereafter
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FiG. 62, Fracture dislocation of the spine with complete cord lesion
Note the sheaning force of the leston with fracture of the tenth nb

on the left side and the eleventh nib on the right  Practure caused by
s tractor falling on the patient
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also several patients with closed injuries that were mnterpreted
as complete have gone on to excellent recovery

While 1t 15 recognized that cases that show findings of
complete physiological block offer @ poor prognosis never
theless they should be treated on the assumption of possible
recovery

Incomplete Lessons  The lesion of the cord may be re-
garded as incomplete when any evidence of function 1s pre-
served below the level of mjury The perception of sensation
even though 1t may be confined to deep pressure may be
regarded as a hopeful sign A positive Babinsk: or a retamned
tendon reflex dunng the first few hours after injury 1s tndica
trve of a partial leston and with clesed 1njurres offers 4 fauly
favorable prognosss There are certan pecular and muslead
1ng neural patterns, particularly 1n the sensory field, that may
confuse an mexperienced examuner For wmstance, testicular
sensation 1s recerved through the twelfth dorsal dermstome
whereas scrotal sensatton s derrved from the sacral segments
Hence paimn on pressure of the testicle when the leston 15
below the twelfth dorsal dermatome does not indicate that
the lesion 1s partial

Having determuned that the leston 15 tncomplete a dis-
criminating neurologcal record should be made and checked
frequently by repeated examunations for the election of
treatment and the prognosis are dependent 1n large measure
upon the progress either for better or worse that takes place

X RAY EXAMINATION
Thorough x ray examination of the spine 15 an essential
procedure and can be accomplished safely i most 1nstances

Fractures may be shown fracture-dislocations visualized,
foreign bodies localized and bone healing recorded (Fig 6)
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Rarely however does the picture record the maximum de
formuty that has occurred with closed ijurics for as a result
of recoil the bony deformity 1s reduced 1n many stances

The exammer should be aware of certam pitfalls in refer
ence to x ray examnation  Lor example 1n x ray study of the
cenvical spine 1t 15 necessary to mnclude open mouth views to

Tic. 7 Drawing of fracture of the odon
tord  Open mouth view required to vis-
ualize in x 13y

show the odontord and the atlanto-axial jounts (Fig 7)
Fractures of the lower cenvical spine may be overlooked un
less the exposure 1s made while the shoulders are berng pulled
down and traction 1s being maintamned on the head With
compression fracture of the upper lumbar vertebrae, pain 1s
often referred to the sacrum (McKeever) Coleman and
Meredith (11) state that with combined head and shoulder
myury fractures of the cervical spine are so common that
this part should always be x rayed cven though there are
no symptoms referable to 1t

The localization of foretgn bodies should be cheched just
prior to operation for 1f they are within the canal they may
move with change of posiwon (Figs 8a 8b)
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TG 8b X ray of 8s three days later indicating that the fragment
has shifted in the spinal canal Note that it 18 several segments lower
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Fic. 82. X ray of gunshot wound showing path of bullet and bullet
imbedded 1n the sproal canal.
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tient who comes m with cvidence of cord mnjury and whose
course 15 onc of improvement spinal puncture 1s not mndt
cated Whth penctrating ounds, wiile the chincal level 35
spectfic and the indications for operation clear-cut, hence
spinal puncture 1s not necessary, but in those patients where
paralysis 1s severe or where it has been mimimal i the be
ginning and has been growing worse 1aluable information
1s gained from this test

Queckenstedt Test Normally the fluid column i the
spinal canal 1s continuous with that of the cramal cavity
Hence when the intracranial pressure 1s rased the spinal
flurd pressure 15 also sncreased The sntracranial tens on can
be raised at will by jugular compression Tailure of the
spinal fluid pressure to nise sumultancously would tndicate
that the normal channel connecting the two spaces ts ob-
structed The Queckenstedt test utilizes this prnnaple to
determne 1f the spinal cord 1s compressed To perform the
test, a lumbar puncture ts done in the usual manner The in
stral spinal pressure 1s recorded It 1s then necessary to insure
that the puncture 1s satisfactory by having the patient cough
or stran or by pressing on the abdomen while the mano-
meter s still atttached to the needle These acts raise the
intra abdomunal pressure engorging the communicating lum
bar vemns with the result that the spal fluid pressure s
raised slightly perhaps 20 to 50 mm of water It quickly
retumns to its former level when the intra abdominal pressure
1s lowered There s a slight alteration with pulse and res-
pirations also When bilateral jugular compression 1s ap-
plied either digitally or by inflated cuff (Fig 10) the
spinal fluid pressure will i the normal begin to rise almost
tmmedutely and may increase by 200 to 400 mm within
five seconds It will retura to 1ts former level within five to
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LUMBAR PUNCTURE

Information relative to bleeding nfection and the cere-
bro-spinal fluid dynamics may be gamed by lumbar puncture
Bleeding of significant degree 1s not common with closed
spinal njunies  Penetrahng wounds however ntroduce the
danger of hemorthage and secondary wfection

The normal spinal fluid pressure raages from 100 to 200
mm of water and the fimd 13 clear and coloriess

The puncture 1s performed more easy m the lateral re
cumbent position (Fig 9) but 1t may be performed 1n the
face-down position 1n certain arcumstances In patients with
spinal cord injury the sitting position never should be used
In the paraplegic patient no anesthetic 1s required, but other
wise local infiltraion with procamne ts necessary

The indications for spinal punctuse however are de
pendent upon the patient s progress  In the case of the pa

[

Fi, 9 Spinal puncture needle 1n place with manomcter attached and
jugular compression being applied.
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Fic. 11a. Old compression fracture, showing angulabion 1n a patient
who developed gradual progressive paralysis over a peniod of eight
years following an 1njury

n most clinics to interpret the test as showing no block,
a partial block or a complete block

While the test does not localize the potnt of compression,
1t 1s 2n extremely valuable procedure and should be carried
out on all patients with spinal cord injury It 1s advisable
that 1t be performed soon after the mjury as a baseline for
determuning progress 1f the patient fauls to show chinical 1m
provement or grows worse Coleman (12) has long con
sidered this a valuable procedure The wrter with Cazan
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ten seconds after release of jugular compression (Fig 10}
1f the spingl canal 1s patent

If the canal 15 obstructed the spimal fAlwd pressure 15 not
affected by jugular compression (Fig 10)

If the lumen of the canal 15 reduced below the diameter
of the needle used but not completely obstructed [Poppen
and Hurxthal (35)] the wse of the spinal fud pressure
may be delayed several seconds after jugular compression
1s applied and then rise slowly but will not reach levels as
high as the normal After release of yugular compression
the spinal flurd fall 1s slow and may not seek the orgunal low
level (Fig 10)

Queckenstedt originally proposed that the normal re
sponse be labelled a posttive test and the abnormal 2 nega
tive test. This 1s confusing however and it 15 not customary
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the normal This may be true Usually however, ulceration
of the shin 1s an expression of ncglect  If the position s
changed regularly at two or three hour intenals and care
exeraised to protect bony pomats ulceration will never occur
provided urinary sepsis 1s avorded and nutrition mamtarncd
Rubber rings and gaure nings afford little protection and
usually gne the nurse a false sense of secunity  Standard

Fie 11b  Myelogram, showing almost
complete block at site of angulation
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(26) showed however, that obstructton of the canal was
not wncompatible with functional recovery and sccordingly
not a fixed indication for surgery

MYELOGRAPHY

Visuatzation of the spinal subarachnoid space with con-
trast media 1s not often necessary after spinal cord mjury
The level of the lesion can usually be determned by x rays of
the bany mjury and the neural defiat, and the presence of
compression may be determined by the Queckenstedt test.
Myelography 15 indicated at imes, however partrculacly with
partial cord lesions or lesions that show late progression
(Figs. 11, 11b)

TREATMENT

Theoretically fractures of the dorsal and lumbar spine
should be transported face-down and cenvical fractures face-
up However it 15 5o rare for those who discover the victmms
to be capable of this dizgnosis st 15 advisable that they be
transported with the least manipulation of the bad. pos-
sible and face up with the head supported between sand-
bags, nith precautions exerased to msure an adequate air
way If the trip 15 to 1 olve many hours, precautions should
be taken to prevent decubsts for the necrosis which leads
to decubits may occur within three or four hours

Transportaion about the hospital should be done care
fully wath sufficient attendants to tnsure that motion of the
spine 13 mmunal With one person holding the head another
the legs and a third rotating the trunk, the patient may be
safely turned for x rays and pursing care

It often bas been stated that the shin of the paraplegic
15 more vulnerable to trauma and hence to ulceration than
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paralysis cven though portions of the cord are presened
and capable of recovery It must be presumed that the effect
of concussion 15 capable of masking signs of bleeding and
compression from foreign bodies and /or infection and hence
it 1s w1sc to explore and correct any such changes as may
lead to additional damage even though the injury of the
cord appears to be complete

It 1s 1n connection with closed juries that there 1s wide
difference of opmion concetning the sndications for laminec
tomy Some contend that decompressive laminectomy should
be done m all cases Others are equally commutted to the
philosophy that decompressive lammnectomy 1n closed 1
juries 15 never indicated The writer rarely finds 1t necessary
to perform a lamimectomy but under two circumstances it
1s done  first 1f 1t can be shown that bony compression 1s
retarding tecovery 1n partial cord lesions  and secondly
1n those cases where obstruction of the canal 1s demonstrated
and x ray reveals sufficient deformuty to cause cord compres
sion and chimcal findings harbor doubt as to whether the
lesion 15 incomplete

If one can approach this question 1n each case with an
open mind usually wiser decisions will be arrived at Rarely
15 there indication for laminectomy as an emergency pro-
cedure in the patient with an acute closed injury In general
one can assume that the greatest deformity of the spmne
occurs at the moment of impact and that the changes noted
subsequently 1n x ray are after the recoil has produced par
tral reduction This deformuty still may be sufficient to pre
vent recovery The compression may be the result of dis-
placement of one vertebra on another or the result of an
wndriven fragment of bone, but no method of examination
with which | am famtliar will enable one to deaide immed:
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hosptal mattsesses supported by boards are adequate. Specul
air or rubber mattresses are not needed Treatment of these

decubats when formed will be covered ia another section

EARLY MANAGEMENT OF SPINAL INJURY

With penetrating wounds, stability of the spinal col
umn s usually maintamed Therefore transportatron oper
ative correction and early calisthenses of required, often may
be undertaken without supporting casts or braces

Fracture or fracture dislocation must be immobilized
etther with supportive splints or tracion The period of um-
mobilzation varies depending upon the extent of the frac
ture but usually entasls immobiizatron mn a horizontal pos-
stion for at least six weehs before the patient 15 allowed to
sit up with cast or brace  Cervical fractures are treated with
skeletal traction from the outset. Dorsal and lumbar com-
pression without cord sapury are smmedately reduced by
hypesextension and immobilized m 2 plaster cast. When
these tojuries are assocuted with cord myury, it 1s prefer
able not to use encasement plasters from the outset, as 1t
whibits the close peurological observation that 15 so 1m-
portaat However oace the issue of operstran upon the
spine ts elunimnated the patient 1s placed 1o plaster and started
upon & vigorous exercise program (see orthopedic section)

INDICATIONS FOR LAMINECTOMY
It 1s generally agreed that exploratory lammectomy s
mdicated in all patients with penctrating wounds of the
spine  Matson (25) drawing upon his own experience and
that of other muditary surgeons m World War II has docu
mented this premiuse well Thus stand apperrs justified since
the concussion effect of the projectle often mduces complete



NIUROSURGICAT ASPICTS 33

paralysis after admission should have the lamina at the site
of injury removed Patients wath fracture dislocations who
fail to recover adequately should have the fracture disloca
tion corrected (11g 12) usually by open operation On the
other hand the presence of an x ray deformuty does not 1n
ttself warrant lammectomy (Fig 13) Remarkable degrees
of dislocation can occur without tnjury to the cord when the
laminac of the superior fragment become detached from
the body  Bony healing in this position often occurs without
any sign of cord mjury at all

On the other hand certain patients with 2 fracture or
fracture-dislocation will show progressive paralysts when
they become ambulatory as the result of gradual displace
ment of fragments In this instance decompressive lamnec
tomy and/or spinal fusion may be 1n order (Fig 14)
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Fic 12b  Paralyms relieved after partial reduction with removal of
lamina and articular facets and bone graft
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Fi6 122 Fracture dulocation of C 5 on C-6 uncorrected by skeletsl
traction. No paralysis until patient became ambulstory when raprd
onset of weakness 1 the legs with pan 10 the arms developed

ately that correction of the bony deformity 1s necessary As
a rule 0o harm will accrue to the patient as the result of
delay for 2 few bours or a day or two The presence of blood
wn the spinal canal ot an obstruction as shown by the Queck
enstedt test are not adequate indications The distress of
greving relatrves and friends also 1s not considered an ade
quate indication for operation A patient who has an in
driven fragment of bone erther of laming or an articular
facet, and who fails to recover should have that depressed
fragment of bone removed A patient who shows progressive
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TiG. 142. Compression fracture of the first lumbar verterba with dis
placement of the postersor half of the body Paralysis minimal until
the patient became ambulatory

Cervical Injuries — Skeletal Traction Fracture and
fracture-dislocation of the cervical spine are most satisfac
torly treated by skeletal traction applied to the skull The
writer has had no occasion to do a laminectomy on a cervical
1n)ury siace the introduction of the Crutchfield tongs method
of tracuon (Fig 15) The tongs are simply and easily ap-
plied They are centered over the vertex in line with the
mastord processes A special dnill point creates an opening
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Fic. 13 Duloation cervical spine C5 on C 6 after traction with
Crutchfield tongs for four days with 15 Ib weight, Dislocation not
reduced due to inteclocking facets Note widening of intervertebral
spaces and stought spinal axws  Excessrve stretchung may produce
brachual plexus symptams
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sirable but not necessary  The structure of the tongs permit
the patient to be fed and tumed while traction 1s still applied
and the patient 15 quite comfortable

Inexpertenced surgeons complamn of difficulty mamtam
ing the tongs n place In this clinic, traction 1s often mamn
taned for four to six weeks Only one skull infection has
been encountered

Recently Vinke (41) has developed a new tong (Fig
16) The mventor claims that the loching device beneath the
outer table prevents slipping either out or 1n Thompson has

FI6 15 Crutchfield tongs in place
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Fi6. 14b Panlyss corrected after decompression and spinal fusion

through a stab wound of the scalp The tongs then are fixed
m place with setscrews and traction applied with 20 to 25
pounds over a sigle pulley Reduction of the dislocation
may occur within a few minutes to & few hours The weight
ts then reduced Occastonally complete reduction does not
occur (Fig 13) but a moderate degree of duslocation 1s
compatible with spinal stability Perfect reduction 1s de-
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sirable but not necessary The structure of the tongs permit
the patient to be fed and turned while traction 1s stitl applied
and the patient 1s quite comfortable

Inexperienced surgeons complan of difficulty mantain
ing the tongs 1n place In this clinte traction 1s often main
tained for four to six weeks Only one shull infection has
been encountered

Recently Vinke (41) has developed a new tong (Fig
16) The inventor claims that the locking device beneath the
outer table prevents shpping either out or n Thompson has

Fi6 15 Crutchfield tongs 1n place
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FiG, 16 Vinke toags for skull traction. Note the Jocking devise be
tween the 1nner and outer tables (safety megsure)

developed hooks that apply under the zygoma Hoen has
placed wires through the skull To this observer either of
these techniques 1s satisfactory though the wires through the
skull ncur certain risks that prohubit 1ts use by one not skiled
1n neurological surgery

Bony njuries 1n the dorsal and upper lumbar area are not
correctible by skeletal tracion Hence where compression of
the cord of sufficient degree to require decompression 15 pres-
ent laminectomy with manspulative reduction of the disloca
tion 1s the procedure of choice When operating upon cases of
thus sort, the possibility of a ruptured intervertebral disc 1n
addition to the fracture must be recognized. Certain of the
deformuties can be corrected by hyperextension, a0d in prop-
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erly selected cases this method of treatment should be tried
prior to operation

TECHNIQUE Or LAMINECTOMY

The patient 15 placed on the table face down usually on
a cerebellar rest The latter 1s essential if cervical laminec

Fic 17 Speaal instruments used 1n lanunectomy
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FiG. 18 Technique of lenunectomy showiag cord lesion.

tomy 1s to be done Anesthesia may be local or general
Figure 18 reveals the spectal mstruments required for lamg
nectomy  Figure 17 shows the steps of exposure

When operation 1s done for a penctrating wound the
path of entry should be debrided 1f 1n the field and the bony
arches removed with great caution lest the rongeurs displace
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bone or metal within thereby mfhcting additronal trauma
All bone metal, clot and dcbris should be removed  Often
tumes penctrating fragments will come to rest in the spinal
canal and induce severe cord damage without penctrating
the dura Nevertheless the dura should be opened unless the
field 1s infected  Unless infecton 1s present, tight closure of
the dura muscle and shin should be done

When the laminectomy 15 done for closed injuries one
should exeraise great caution 1n dissecting the muscles and
removing the laminae lest the unstable jont be manipu
lated thereby creating additional mnjury It 15 better to open
normal tissue first, approaching the mnjury site after exposing
2 normal lamma above and below

If operation 15 done within the first few hours after in
jury the cord may look surprisingly good even though the
paralysis appears complete  Actually the pia 15 rarely tom
and so mamtans the cord 1n grossly normal contour even
though it 1s completely disintegrated Palpation will usually
reveal the softened segment  If operation 1s done late one
may find the proumal and distal end jomned by filmy scar
tissue.

The postoperative care of cervical lamnectomy should
mndude the continued use of sheletal traction

After dorsal or lumbar lamunectomy for fracture dis-
location 1mmobdization 1n a hyperextension cast 15 neces
sary

CONTROL OF PAIN
The severe pain that goes with acute njuries (s not a
surgical problem Instead it 1s properly treated by um

mobilzation and analgesic drugs On the other hand m
the later stages of management the control of pain may
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become an smportant and trying problem The profound
psychic trauma that 1s inflicted on the able-bodied mndividual
who suddenly becomes paralyred and must accept a life of
permanent paralysis 1s profound Some never adjust, and
of those who fadl to adjust may complan of pan The pan
varies widely, and it 1s at times most dufficult to determune
whether the symptoms are purely on 2 functional basis or
the result of mechanical encroachment on pain pathways etc
It 1s necessary therefore that one should pot consider de
structive operations for the coatrol of pam 1n the paraplegic
unless psychutric investigation has been tred and found
meffectve

IMMOBILIZATION
a. Pan caused by an unstable spine usually can be con
trolled by immobilization either by cast or brace or by
fixation with boae graft.

RHIZOTOMY FOR PAIN

b In radicular pamn due to retaned bone or metal frag
ments or fibrosis about the nerve at the site of tnjury and of
clinical findings indicate that the pamn 1s confined to only
one or two roots, removal of the retained foreign bodies
or bone and section of the roots in question will pro-
vide relief  (This 1s not to be confused with rhixotomy for
massed reflexes )

SYMPATHECTOMY

¢ Burning pamn i one leg 1s seen at times after pene
trating wounds of the cauda equina. This may be causalgic
1n type and warrants 2 diagnostic procaine block of the lum
bar sympathetic chain  If relief follows lumbar sympathec
tory then 15 justified
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CHORDOTOMY

d Numcrous patients with cord transection complain
of intractable pain an Foth legs  In certam snstances this 1s
lystenical and the aid of a psyclnatnst should be sought
before resorting to surgery 10 the pam stll persists onc 1s
justified m sectioning the pamn tracts i the spal cord (Fig
19) This 15 an operation that should be undertaken only
by one of considerable shill and experience

DRUGS

¢ The use of drugs 1n the control of pain 1s mentioned
only to condemn 1t These patients are casily addicted to
the opiates and these should be withheld except dunng
the acute phase of the iliness

CONTROL OF MOTOR SPASM (MASSED
RETLIXES)

Among the most disturbing phenomena that appear in
the patients with cord mjury 15 massed reflexcs or motor
spasms Tlus 1s more often seen with complete transection
of the cord but also occurs with partial lestons  After passage
of the peciod of spinal shock the tendon jerks appear there
15 a withdrawal response with plantar sumulation which
gradually increases 1 excitability and power until they are
set off by any stimulus in the anesthetic zone such as stroke
of the skin particulaly about the genitals  Attempts to
turn 10 bed or to take foot may set off motor spasms that
involve all the paralyzed muscles These precipitate force
ful emptying of the bladder They heep the patient fatigued
They preatly unpede nursing care and limt the patient s
capacity to engage 1n calisthenics or other forms of rehabyly
tanon (Tig 20)
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Fic. 20 Patient with complete lesion of the upper dorsal cord with
panful adductor and flexor spasms

Riddoch (39) evidently considered this as a cerebral re
lease phenomenon created by transection of the cord How
ever little 1s actually known of the pathologic phystology
It does not occur 1n all patients with simnilar lestons  Further
more with lesions at identical levels the spasms may 1
volve different muscle groups Elkins and Wegner (18)
have dassified them as simple flexion, crossed extension
extensor thrust reflex stepping and mass reflexes The ex
tensor thrust they thought to occur 1n partial lesions only
Investigations by Pool (35) and Scarf (40) led them to
conclude that scar tissue (n the distal end of the cord mught
account for the spasms by exating the postertor columns

—

FIG 19 Techmque of chordotomy A cut 4 to 5 mm., 1o depth 1s
made to extend from the dentste ligament to a point 1 mm, snterior
to the anterior root. It 15 necessary to make the section several seg
meats shove the point of pan  Pain and temperature sensation 1s
sbolished on the opposite side of the body below the level of section,
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Ther work was interesting and pasnstaking but late develop-
ments 1n their cases defeated these arguments Whatever
the causative mechantsms, the motor spasms present a dis-
tutbing problem to the patient at times and require cor
rection

Munro (30) proposed bdateral section of the anterior
roots from L 1 to &1 in order to render flacad the muscles
of the legs which caused the disturbance yet would leave
the reflex arc to the usmnary bladder intact This has been
done successfully by many surgeons though certain technscal
difficulties 10 sdentifying the desired roots have led to error
at imes  Munro states that the last dentate ligament identr-
fies the first lumbar root Botterell (3) however finds this
nconsistent but points out that the first sacral root 15 always
much larger than tts adjecent root below The procedure of
rhizotomy as recommended by Munro and modified by
Botterell was adapted for patients with severe massed re
flexes who had no chance of improvement Shelden and
Pudenz (40) have controlled these spasms by the use of
93 per cent alcohol mjected mto the region of the cauda
equina, and the wnter has come to use this as the procedure
of choice m the control of motor spasms The reflexes mn
the legs are abolished, yet automatic bladder function s not
wterfered with It was thought that only temporary relef
would follow this procedure The writer however has one
patient who was myected four years ago who still has no
return of motor spasms A spmnal puncture needle 15 passed
mto the second lumbar mterspace with the patient mn the
latesal postion and the buttocks elevated at an angle of
45 to 60 Five cc of absolute alcohof are then mnjected into
the subarachnoid space and the patrent turned quickly on
his back and mantuned in this pomtion for at least three



NTUROSURCICAT ASPICTS 17

or four hours The alcohol, being lighter than the cerebro-
spmal flud gravttates to the caudal end of the sac and
around the anterior roots The release of spasms 15 almaost
nstantancous

It 15 necessary to emphasize that cither rhizotomy or
alcohol injection are destructive and srrevocable procedures
and hence should be applicd only when all hope of recovery
of voluntary function has been abandoned
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Chaper ITI
UROLOGICAL ASPECTS*

GrorGe C. PraTHER, M D

INTRODUCTION

The urological problems arssing from spinal cord mjury
have been recognized a5 of major importance for many years,
and expeniences i the recent war have confirmed this view
As the patient survives the 1nibal impact of the mjury and
the immeduate procedures designed to restore the maxumum
neurological recovery attention must be promptly directed
to the urnary tract in an effort to avord serrous complica
tions and to make possible optimum recovery of bladder
function

Throughout the chapter the respected opiuon of many
contributors to the subject have been quoted. In the clinscal
phases personal opintons and observations supplement the
views of others

In order to carry out & proper program of treatment 2
thorough understanding of the normal urinary tract and the
wfluence of disturbed nerve supply to the various organs
appears essential We first brefly review the normal anatomy
and physiology of the bladder and summarnze the expent
mental and clincal dats on the urinary tract after spinsl
T ¢ Reprinted through the courtery of Charles §Tbomas | Publusher
from the Amenican Lectures in Neurosurgery Series
S R LR S gy
s, 1949

[32]
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cord njury We then describe methods of study and forms
of treatment and finally discuss the possible complications
that may anse in the urogenital tract

THE BLADDLR

GENERAL DESCRIPTION

The bladder 15 a balloon shaped organ with a dis
tensible mamn portron and a small nech like outlet (in
ternal urethral ortfice) Two small openings (ureteral
orifices) are located near the internal urethral ortfice The
trangular area formed by the tho ureteral onfices and the
internal urethral onfice 1s called the trigone and 1s covered
by mucous membrane which 1s firmly attached to undeslying
muscle tissue The trigone therefore, rematns smooth and
unwrinkled m appearance even though the bladder 1s empty
The transitional epithelium lining the mamn portion of the
bladder 15 loosely attached to the muscular part of the wall
by & layer of areolar tissue (submucosa) This loose attach
ment produces 2 wrnkling of the mucosa when the bladder

1s empty and permits a smooth surface when the bladder 1s
distended

MUSCULAR WALL

The muscular wall of the bladder consists of three inter
woven layers of non-stuated muscle fibres An outer long:
tudinal a middle crcular and an wner loagitudinal layer
are collectively known as the desrasor muscle In the caudal
portion of the bladder (bladder base) the ureters with their
muscular wall penetrate the bladder obliquely Their muscu
lar portions fan out underneath the trigone the mesial por
tion joiung a sunilar portion from the opposite uteter to
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form the posterior (transverse) border of the trgone while
the lateral portions run obliquely medtalward over the blad-
der neck to end in the region of the prostatic urethra as
described by Bell (9) *

Gnffiths (59) has written an interesting hustorical account
of early anatomical descniptions of the bladder musculature
Apparently Galen was first to observe the longttudinal, trans-
verse and oblique fibres 1a the bladder wall and a sphincter
like mechantsm at the bladder neck, but Fallopius was first
to regard these fibres as muscle The term  detrusor muscle
was onginally used by Spiegel to designate only the longt
tudimal fibres but Elden 1n 1722 used the term to wnclude alt
layers of bladder muscle

Gniffiths also performed careful dissectrons of the human
bladder after distending 1t with methylated spirits to harden
its wall He believed the trigone was composed of only the
wner layer of muscular fibres being separated from the
outer layer by a thin layer of fibrous tissue  Guffiths found
the trigone as a distinct structure only 1n map and some
monheys

BLADDER NECK

The exact arrangement of imvoluatary muscle fibses 1o
the region of the internal urethral orifice 15 still obscure
despite numerous anatomical studies by competent observers
among whom are Guffiths (60-61) Bell (9) Young and
Wesson (197) and Wesson (193) Although there 1s prob-
ably not 2 complete ning of muscular tissue at this point
sunilar to the anal sphincter the fact that urine does not
ordwanly pass beyond the bladder nech and mto the urethra

* Numbers refer to bibliograph ¢ sefercnces of corresponding number
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n the non voiding state implies at least the phplologlml
custence of a sphincter mechanism

Brefly one may visualize muscle fibres from the bladder
wall and trigone comergmg toward and surrounding the
internal urethral ortfice some fibres forming the posterior
border of this opening while others sweep laterally and an
tetiorly 1n sling like fashion into the region of the pro tatic
urethra to join 1n the ventral portion of this channel

Whatever the details of the anatomy of this complex
region may ultimately prove to be there can be no harm m
continuing to use the term  anternal sphincter 1€ tt 1s under
stood that the common crreular arrangement of the muscle
1s not inferred

ATTACHMENTS

In the region of the intemal ueethral onifice n the male
the neck of the bladder 1s firmly attached to the prostate,
which 15 10 turn supported by the penneal muscles An
teriorly the pubor esical ligament forms a connection between
the bladder nech and pubic bone Posterorly the recto-
vesical muscle 1s found betw een the base of the bladder and
the rectum The vertex of the bladder 1s connected to the
anterior abdominal wall by the remains of the urachus in
the form of a fibromuscular cord known as the middie um
bilical ligament  Pentoneum conenng the obliterated hypo-
gastaic artenies as they course from the lateral surface of the
bladder toward the umbilicus forms the anterior false higa
ments while peritoneal reflections from the bladder to the
lateral walls of the pelvis and to the retrovesical or sacro-
genutal folds form the lateral and posterior false ligaments

In the female the posterior surface of the bladder 1s

relation to the anterior surfaces of the upper part of the
vagina cervix and uterus
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BLOOD VESSELS

Artenies which supply the bladder are branches from the
hypogastric artery on each side of the bony pelvis. The
supertor vesical arteries supply branches to the dome of the
bladder and branches of these vessels are sometimes called
the middle vesical artenies The infenor vesical artenres are
dustributed to the fundus and base of the bladder and to
the prostate and seminal vesicles Veins are less well defined
They form a complicated plexus ground the infenor sucface
of the bladder near the prostate and end 1n the hypogastric

veins
NERVES

Nerves concerned with bladder physiology include sympa
thetic and parasympathetic fibres collectively described as
the autonomic innervation, and somatic nerves that supply
the external urethral sphincter In addition, pathways from
these nerves to higher centers deserve consideration They are
known as suprasegmental pathways

Ellrott (42) 1t an historscal review of contributions to
the neuroanatomy of the bladder gives credit to Budge (21)
and Gunnun (58) for demonstrating that impuises capable
of producing contraction of the bladder reached that organ
erther via Jumbar spinal roots in the hypogastric nerve or via
sacral roots 1 the pelvic visceral perves

One difficulty for a complete understanding of the neuro-
anatomy and physrology of the bladder 1s the fact that it
differs from anumal to animal Gruber (62) has stressed
the vasiable origin and route of efferent nerves to the bladder
un different species of animals and even mn anunals of the
same species  As Elliott stated s number of years ago one

canaot argue from the pacticular to the unverssl  There
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appears to be nced of further details, particulacly tn man
The present conception of the nerve supply ta the bladder
1n man 15 indicated 1 diagrammatsc form 1n Cigure 1 More
detailed description of suprasegmental pathways, the au
tonomuc and somatic nerves will now be given

Fic 1 Dugram of nerve supply to the bladder Although sensory

fibres are found 1n the trunks of the sympathetic and paraspmpathet;
nerves as well as 1o the pudendal nerve, all $€nsory nerves are corlxc
sidered as part of the somatic system.
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Suprasegmenial Pathusys Voluntary control of mic
turitton and the disturbed bladder action accompanying
lesions of the cerebral cortex ndicate that the Jower nerve
segments supplying the bladder are connected with the
hugher centers of the central nervous system but the exact
pathways are not hnown

Numerous experimental studies summanzed by Lang
worthy Kolb and Lewis (92) prove that there 1s 2 definite
cortical influence on urnation In cats they demonstrated
that certatn cortreal areas when stimulated induced varumble
reactions which esther initiated or stopped mictunttion  After
removal of cortical motor areas the bladder became sensitive
to the stimulus of distention

Barungton (6) concluded that bladder tone 1s controlled
by the region of the lower part of the mid brain and these
findings were confirmed 1n expennments by Langworthy and
Kolb (87)

Fearnsides (49) quotes experiments by Mosso and Pella
cant (111) which indicated that cerebrovesical pathways run
n the posterior segment of the spinal cord Investigatrons by
Stewart (174) indicated that impulses to the bladder travel
mn the posteror part of the lateral columns and can cross
from one side to the other in the lumbosacral region In 2
review of previous contributors Creevy (31) concluded that
motor fibers to the bladder lte m or about the pyramidal
tracts while the sensory fibres course 1n the postertor col
umns In the spinal cord of cats Bacrington (7) also found
paths controlling micturrtron sttuated in the dorsal half of the
lateral column near the periphery and believed that the
pathways undergo extensive crossing in the segments from
which the pelvic nerves emerge  McClellan s (106) chinrcal
observations, however led hum to believe that both the as-
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cending and descending pathwavs atfecting the bladder he
close together in the anterolateral column

Clinical obhserations in which lesions of the motor cottex
produce a2 disturhance of bladder function ate common
Lewts (100 wdicated that bladder dvsfunction 1s more fre
quent after cerchral acadents which cuse a neht hemiplegia
than when the paralvais oxcurs on the opposite side To date
however there appears to be no one distinct cerebral area
which when stimulated will consistently produce a con
traction of the bladder wall

Autonomic Nertons Systenr The term autonomic nen
ous svstem as Tulton (56) has stated 15 used to describe the
nenes ganclia and pleauses which supply the innervation
of smooth muscle and clandular tissue throughout the body
and 15 characterized by svnaptic junctions in gancgha out
sude the central nenous system  Lancley (86) limited the
meaning of the autonomic svstem to cferent outflon even
though many of the nenes also carry visceral afferent fibres.
This practice has continued The reason for this concept 1s
that anatomucally the afferent fibtes are stmilar to those of
the somatic system They sumply anse from visceral structures
and run the same course as the autonomic efferent channels

Langley (81) dintded the autonomic system into two
diasions the svmpathetic and patasvmpathetic both of
which diffec from the somatie svstem by having svnaptic
junctions outside the central nervous system The differentia
tion between sympathetie and parasvmpathetic 15 based on
the pomt of outflow from the central nenous system the
dutribution ot the ganclia and the antacomsm in physio-
logical effects on visceral tissue which recene innerva
tion from both divsions Synapses of the parasympathetic
dnasion arte found 1 the tissue innervated but svRaptic junc
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tions in the sympathetic system are 11 a chain of ganglia or
1 paravertebral plexuses

Sympathetsc nerves anse from cells in the lateral horn of
the grey matter of the spinal cord and leave the cord 1n the
ventral roots of the thoracolumbar region They emerge from
the corresponding spinzl nerve at a point distal to the junc
tion of the grey ramus 1n the form of a ubute ramas com
muntcans  According to Shechan (167) white rami are de
rived from the first thoracic to the second lumbar nerves -
clusive

Many preganglionic fibres 1n the white rami proceed to
ganglis 1n the sympathetic trunk others lead through this
charn to prevertebral plexuses and perhaps some go ditectly
ta prevertebral plexuses

Postganglionic fibres emerge from prevertebral plexuses
m the coeliac, renal and mesenteric regions to form a plexus
1n front of the bsfurcation of the aorta known as the supersor
hypogastric plexus (presacral nerve) Sixty per cent of the
fibres 1n this region are sard to be medullated and a2 few
ganglion cells are also reported tn this plexus The distinct
ness of mdwvidual nerves and the total width of the plexus 1
variable

Below the promontory of the sactum the plexus dvides
mto right and left lateral divisions known as the hypogastric
nerves (inferior hypogastric plexus) and descends mto the
depths of the bony pelvis Gross dissections by Ashley and
Anson (2) (Figs 2 3 and 4) dsclose that deep n the
pelvis these nerves are close to fibres of parasympathetic
nerves (from S 244} and with them form a flat band Like
structure called the pelvic plexus, in which the sympathetic
fibres Lie lateral to the parasympathetics  Sympathetic nerves
from the pelvic plexus lead to other smaller plexuses and
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FiG. 2. Topography of the plexuses, ureter and ductus deferens
subpertoneal level. Showing the strucures related to the pelsic
colon and rectum, nimely ureter bladder, Iigaments and nerves
The panetal pentoneum of the lesser pelvis has been removed, and,
additionally the vesical part of the visceral pertoneum. The scrous
Lryer remams as the pelvic mesocoloa, the covening of the wlon and
rectumn, the rectovesical fuaamdllsoutheb{hmmrscptmnwh:dl
descends between the blidder and rectum (fasaa of Denonvilliers
ourked by arow bere) The ureter ductus deferens umbilical Iiga
ment (oblrterated artery) and nerves have been freed from the thin
stratum of subpentoneal zerolar tssae.

(From Ashley and Anson, Surg Gynec & Obye,, 82-600 1946 )
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Ductus deferens
Plex Plexus pelvicus — /Plexus vesicahs
4

—"Plexuﬂ
prostat

Truncu;\
sympath ~—__ C
-———

™M plnfonnw A viscerales

plexus pudend:
FiG 3 Relatron of the hypogastric plexus to the terminal vessal
plexus, and to the deeper ramt derived from the sacropudendal
plexus. The latter arc situated at parietal level Depicting the rec
tum, uripary bladder ductus deferens, ureter pelvic autonomic
oerves, and related structures The following have been removed
pelvic colon proximal part of rectum (distal scgment retracted)
supetficaal leaf of autonomic nerves to the pomnt of severance of the
rectum (opposite fifth sacral vertebra) The nerves are followed
toward the rectrovesieal excavation the ductus deferens 13 mobilized
as far as its point of junction with the seminal vencle, where the
assoqated nerves lie wrthia the rectrovesical fold The hypogastric
and gluteal vewns are exposed The sacral sympathetic chawn, with
communrcating fibres from the second to the fourth sacral 15 ex
posed s 15 alo the subajacent pinformus muscle The layers shown
are 10 succession  hypogastnic and pelvic plexuses lodged chuefly
i subpenitoneal aerolar tissues  beavy retropertoneal connective
tissue, upon which the visceral branches of the sbove named plexuses
rest or through which they pass visceral ramr of the sacropudendal
plexus of nerves musculature (piriformus passing from the sacrum
through the grester scatic foramen)
(From Ashley and Anson, Swrg Gywec & Obsr B2 601 1946 )
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116 4 Form and composition of the deeper leaf of nerves. Show
ng the pelvic plexus, the superficial leaf of which has been entirely
removed to exposc the deep laer of the pelvic autonomic plexus
and the nerves contnibuting to its fabric. The nerves from the second
to fourth sacral (erigens) rematn intact, and the anterror continu
atron of the pelvic autonomic plexus has been followed ventralward
to the bladder seminal vesicle, and prostate The rectum, transected
at coccygeal level has been retracted The large vein which overlays
the first sacral nenve has been removed. The superficral group of
vessels 1s exposed (superior and muddle vesicular artertes from the
obliterated hypogastric) the deep vessels (hypogastric and external
ihac) remain covered by the heavy lamina of the pelvic fascia The
main mass o the plexus 1s partetal ta position, resting upon tissue
which 1a turn lies immediately upon the obturator fascra

(From Ashley and Anson Sarg Gyuwec & Obyt 82 602 1946 )
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thence to the bladder, prostate, seminal vesicles and proximal
urethra.

Smal! fibres from the sacral portion of the sympathetic
trunk also join to send filaments toward the bladder

It has been belicved that sympathetic nerves are dis-
tributed to the bladder wall and the region of the bladder
neck but Langworthy (92) mamtans that studies in the
cat Lt thesr distribution to the tragone, Bells muscle, cresta
urethrae and the blood vessels of the bladder Recent gross
dissections 1n man by Ashley and Anson however, do not
suggest any lack of distribution of sympathetic fibres to the
bladder itself

Parasympathetsc nerves that supply the bladder arise from
cells 1n the lateral grey matter of the spmsl cord and emerge
1n the ventral roots of the second, third and probably fourth
sacral segments The medullated preganglionic trunks
formed from the branches just mentioned are known as the
pelvic nerves or N Ergentes (nght and left) and proceed
close to the wall of the bony pelvis to the region of the
pelvic plexus The pelvic nerves lie medually to the sympa
thetr fibres 1n the plexus and continue to the Eladder Syn
apses may occur 1n the pelvic plexus or in the bladder wall
itself

Somatic Nervous System Nerves of the somatic system
which are distributed to the region of the bladder may be
etther motor or sensory

Motor nerves of this system related to bladder physt
ology arise from anterior branches of the second third and
fourth sacral nerves to form the pudendal nerve (internal
pudic) which leaves the pelvis through the greater scatic
foramen crosses the spine of the wschium and re enters the
pelvis through the lesser scuatic foramen After accompany
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ing the mternal pudendal vessels along the lateral wall of
the sschio-rectal fossa it divrdes 1nto two branches, the pen
neal neme and the dorsal nene of the penis (or clitoris)
The penineal nenve gnes off muscular branches which are
distributed to the external urethral sphincter (compressor
urethrae muscle) and to the muscles of the perineum

Sensory nertes afferent from the bladder and adjacent
regions are probably present i the sympathetic, parasympa
thetic and somatic trunks  Fulton emphasizes the fact that
most afferent neurones are so constructed that each may
excite motor units n several spinal segments

Although the sensory fibres run 10 the autonomic trunks
they are not a part of the autonomic system Further evt
dence on this point as origmally presented by Langley 1s
found 1n the work of Nesbit ez a/ (130) Following paren
teral administration of tetra-ethyl ammonium bromude there
was evidence of blockage of transmission of nerve impulses
over both sympathetic and parasympathetic channels The
vouding contraction of the bladder was either diminished
constderably or abolished zlthough the ability of the bladder
to maintain an approximately constant intravesical pressure
with varyiog volumes of fluid was not abolished Visceral
sensation 1n all the bladders studied by them was totally ua
affected by the drug thus presenting conclustve evidence that
sensory fibres from the bladder should not be constdered as
part of the autonomuc system

Duning clinical studies Riddoch (153) observed that with
a lesion above the sixth thoracte segment visceral sensations
were entirely absent In cases with transection between the
sixth and etghth thoracic segments bladder and bowel dis
tention sometimes produced an uncomfortable sensation
which was referred to the epigastrium
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Later clinical studies by Riddoch (156) indicated that 2
severe Jesion at the level of T 11 would abolish vesteal senst
bility He concluded that 1n man the main afferent fibres of
the inferior hypogastric nerves lie between the eleventh
thoracic and third lumbar segments of the spwnal cord
D Arcy McCrae and MacDonald (37) believe that there 13
evidence to wndicate that sympathetic trunks transmit sen
sory impulses 10 man as well as 1n anumals  Denny Brown
and Robertson (40 41) also belteve that a sense of dull
pam 1o the Jower abdomen 2nd adjacent regions when the
bladder 1s distended may be carnied by sympathetic channels
although McLellan (106) has stated that thoracolumbar
sympathetic fitres carry no sensory components from the
bladder

Studies by Learmonth (95), Riddoch (156) Langworthy
(91) and others indicate that painful sensations from the
bladder base trigone and proximal urethra are carned 1n
sympathetic trunks and may jomn the spinal cord as high as
the nnth thoracic segment.

Riddoch found that with complete bilateral lesions of the
cauda equina involving the last four sacral roots the pents
and urethra were entirely anesthetic, but a patient could be
aware of a full bladder Touch sensation in the region of
the trigone and adjacent bladder wall could also be recog
nuzed

Langworthy has reported that the principal afferent fibres
concerned with muscle sense and superficial sensations over
the dome of the bladder are carred 1n tracts leading to the
second and third sacral segment of the spinal cord It 1s
believed that pamful sensations from the dome of the
bladder and the common sensation of the need to void are
cucried 1 the parasympathetic trunks
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The pudendal nenves comvey praprioceptive sensations
from the regton of the external sphincter

ACT OF URINATION

Micturstion 1s a reflex act even though in the normal 1t
1s under voluntary control The reflex actrvity 13 dependent
on increased intravesical pressure which titiates g stretch
reflex  and leads to contraction of the detrusor muscle The
bladder muscle 1s not a sumple elastic ofgan

Mosso and Pellacant (111) found that 1n normal men an
intravesical pressure of 18 cm of water usually produced 2
destre to urnate They found the desire to vord was closely
related to intravesical pressure but not necessarily related to
the quantity of flurd 1n the bladder Their studies also dis
closed that the bladder could accommodate increasing wncre
ments of flusd (within limits) at a constant intravesical pres
sure by undergoing a diastole Likewise with partial evacu
ation of 1ts contents the bladder appeared capable of systole
to avord a reduction of intravesical pressure to zero The fine
contributton by these same authors revealed that psychic re-
actions have an influence on intravesical pressure Thus it can
be seen that bladder muscie has many interesting properties

To return to the phystological steps 1n the act of urina
tion we repeat the concept of sensory impulses being carned
0 parasympathetic trunks as the result of increased intra
vesical pressure and nitrating the stretch reflex These 1m
pulses are carried to the sacral segments of the spmal cord
to contact efferent parasympathetic neurons Efferent m-
pulses over parasympathetic chanaels lead to vigorous and

sustained contraction of the detrusor muscle in the bladder
wall
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In order for muctuntion to occur urine must pass the
bladder neck. Although not completely understood, the
physiology of the bladder neck needs brief discussion From
cystoscopic observations and both resting and vording cysto-
grams Uhle (186) concluded that the mnterpal sphincter 18
the muscle which closes the vesical onfice and retamns urine
in the bladder There are three possible ways by which the
bladder neck may open at the time of urmnation They are
1 passively, 2 tmhibitory impulses via the parasympathetics
3 whubition vis sympathetic necves Gruber (62) bas stated
that expeniments have supported all three of these pos
sibrstres

Deany Brown and Robertson (40) found that the pres-
sure necessary to open the bladder nech during mictuntion
was not constant and vaned between 18 to 43 cm of water
This pressure caused by reflex contraction is lower than
intravesical pressure produced by voluntary tightening of
the abdominal muscles, yet without actual contraction of the
detrusor no relaxation of the bladder neck occurs They be
lieved that the internal sphincter contracts and relaxes 1n
rectprocal relationship with the detrusor muscle It 1s not
under voluntary control and sts action 18 believed to be sec
ondary to detrusor actrvity

Muellner (112) recently reported a fluoroscoptc study
of bladder activity in the normal human after filling the
bladder with 2 nonurritating opaque medwm He found that
the first visible steps m voluntary mictunition were 2 down
ward tug in the region of the mternal sphincter of the
bladder (presumably caused by relaxation of the muscles
of the pelvic floor) and an increase in ntra abdominal pres
sure associated with a fixed duphragm at the end of in
spiration
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The contraction ware of the detrusor muscle began m
the regron of the tngone procceded along the bladder base
and up each side of the bladder so that temporarily the ver
ucal diameter of the bladder became increased and the hont
zontal diameter became decreased The dome of the bladder
then contracted directing the hydrostatic force downward
tonard the bladder nech and urethra at which time unna
tion occurred

Foltow g experimental studies n cats Langworthy
Drew and Vest (91) concluded that the vesical onifice was
pulled open by contraction of the detrusor and by the nise
i intravesical pressure

Further study 1s needed before positive statements on the
mechanism of bladder neck physiology can be made The re
laxation ts not wholly dependent on detrusor contraction ot
high mtravesical pressure after spinal cord njury as will be
seen later in this chapter

The action of the detrusor and internal sphincter mech-
amusm described above 1s believed to imtiate another reflex
that results 1n relaxation of the external sphincter, follow
ing which urination takes place

So far our description of urination has been Limited to the
reflex aspects of this act The voluntary mfluence ongmnates
in higher centers of the central nervous system exerts an
whibitory effect on reflex contraction of the detrusor and
lengthens the interval between vordings  Fusthermore this
inhibitory action may be augmented by voluntary contraction
of the external sphincter

In summary the stretch reflex leads to reflex contraction
of the bladder and can cause unnation Inhibition of de
trusor activity and contraction of the external sphincter at
higher centers permit voluntary control
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OBSERVATIONS OF NERVE STIMULATION
AND INTERRUPTION

There have been many interesting expermental and
clinical observations on the effects of stmulation and inter
ruption of nerves to the bladder Some of these observatons
will be reviewed 1n the hope of providing a better under
standing of bladder physiology even though part of the data
appear wnconsstent  In order to be as speafic as possible
the sympathetic, parasympathetic and somatic systems wall
be regarded as umits and the effect of stimulation or mter
ruption noted 1n each case

Sympathetsc Nerves Information about the mfluence
of sympathettc nerves on bladder action has been obtuined
from man and expenmental animals

Stimulation of sympathetic nerves to the bladders of pa
tients during surgery has been observed by Learmonth (95)
who found the following effects contraction of ureteral
orifices increase i tone of tugone contraction of mternal
sphincter contraction of prostatic musculature, contraction
of seminal vesicles and ejaculatory ducts contraction of blood
vessels of trigone and no change mn the dome or lateral walls
of the bladder

Stimulatton of sympathetic nerves to the bladder of ant
mals has led to varable findings depending on the antmal
chosen the degree of distention of the bladder at the tume
of the experiment and the intensity and duration of the
stumulus  Gruber (62) believes that the varability of re-
sponse to sympathetic stunulation 15 primarnly dependent
on the tonus and degree of irntability of the organ at the
ume of stmulation MacDonald and McCrae (101) msist
that the nature and degree of anesthesia used for the expers
ment influence the response



UROLOGICAL ASPFCTS 71

Gnffiths (60, 61) found that i dogs, stmulation of
sympathettc nenves produced relaxation of the bladder 1f 1t
were 1n a state of tonic contraction preor to the experiment

The cffect of stimulation of sympathctic nerves upon
intravesical pressurc i cats appears somewhat vanable  Ac
cording to Langworthy (92) there 1s a brief rise in pressure
followed by a slow fall to a pomt below the ongmal level
As the quantity of flud in the bladder increases the relaxa
tion effect 15 less well defined  As a near capaaty volume 18
reached stimulation of sympathetic nerves again produces a
fall 1n intravestcal pressuce

More recently, Hegre and Ingersoll (69), have agamn
demonstrated the dual phasic response (contraction or re
Iaxation) of the detrusor muscle in cats following electrical
stimulation of the hypogastric nerves The experiments were
done on animals under light nembutal anesthesia with var
able degrees of bladder distention 1n order to study the
response of various portions of the detrusor to sympathetic
stmulation  All parts of the detrusor participated i the
diphasic type of response The physiologic state of the
bladder at the time of shmulation of the sympathetic nerves
determined the magnitude of each phase In general, the
response consisted of an immediate, rapid and unsustained
increase 1n mtravesical pressure followed by s gradual de
crease to and below the pre simulatory level

Langworthy (91) and co-workers generally agree that
higher pressure 15 required to force flud through the urethra
10 cats dunng stimulation of the sympathetics but believe
that the level of urcthral resistance or contraction 1s at the
level of the prostate rather than the bladder neck They he
lieve the phenomenon 15 due to contraction of muscles of
the urcter Bell s muscle and the crista They do not agree
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with Elliott (43) that a vanable arca of muscle on the dorsal
bladder wall of the cat 15 supplied by sympathetic motor
fibres

The effects of mterruption of sympathetic fibres (1o the
presacral region) to the bladder in man has been described
by Learmonth (95), who found ureteral orifices open 1n
ternal sphincter and trigone relaxed, blood vessels of trigone
dilated, and the bladder wall unchanged. These changes were
less evident three weeks after operation  Subsequent reports
by others have not supported the early enthusiasm for this
type of operation designed to relieve certain bladder dis-
sbilites and Munro (121) has demonstrated that there 15
no change 1 bladder physiology 1 women following this
type of procedure. D Arcy McCrae and MacDonald (37)
maintain that there 15 no evidence that the sympathetics tn-
fluence the mternal sphincter and no evidence that the sympa
thetic fibres have 2 purely exator or mhibitoty action on
the normal bladder as 2 whole It 1s agreed, however that
some sensatton can be transmitted over sympathetic paths

The older gencralization that there 1s effective antag
ontsm between the sympathetic and parasympathetic systems
1s not valid

Parasympathetsc Nerves Evidence of the influence of
parasympathetic necves on the bladder can be gamned from
observation of interruption of these nerves 1 man and from
experimental stimulation 2nd interruption 1n animals

Bilateral stmulation of parasympathetic nerves to the
bladder n z2mmals by well known contributors such as
Budge (21) Grffiths (60 61) Ellott (43) Langley (86)
and Barrington (3) produced a rise m intravesteal preysure
except when the bladder was 1n a state of tonic contraction
1 which case relaxation ensued When stimulation was unt
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lateral contraction was limited to the corresponding side of
the bladder When parasympathetic fibres on one side had
been mterrupted stimulation of corresponding nerves on the
other side at a later date caused contraction of the whole
bladder musculature

Evans (48) ngenwusly recorded nervous activity over
mptor pathways to the bladder by means of a recording
osailfograph  He found increased actisty when the bladder
was sufficiently distended and this led to a concerted effort to
expel its contents A ssmultaneous inceease in the discharge
to the internal sphincter apparently inhibited an 1nherent
tone and resulted 1n relaxation when the detrusor contrac
tion was a powerful one Likewise the same type of obser
vation on sensory nenves from the resting bladder showed a
rather low rate of discharge However when the bladder
wall was stretched by distentton a sigmificant increase of
discharge occurred over these nerve fibres

The cffect of wterruption of parasympathetic channels
to the bladder in man can be observed 1n patients with a de
structive lesion 1n the cauda equina  Complete bilateral inter
ruption of these fibres causes urnary retention and the
voluntary type of mictunition 15 1mpossible Overflow 1n
continence follows and 15 associated with munor contractsons
of the detrusor muscle Later increased tonicity of the bladder
wail 15 common A few cases have been reported i which
vigorous sustained reflex contractions developed Detasled
aspects of clinucal findings will be described later

Bilateral section of parasympathetic nerves to the bladder
10 animals gives results similar to those 1n man Experiments
by Ellott (43) Barnngton (5) Langworthy (92) and
others show retention of urine and distentron of the bladder
following Bulateral section Recovery to a state of penodic
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with Elliott (43) that a vansble area of muscle on the dorsal
bladder wall of the cat 1s supplied by sympathetic motor
fibres

The effects of interruption of sympathetic fibres (1n the
presacral region) to the bladder 1 man has been described
by Learmonth (95), who found ureteral onfices open, 10
ternal sphincter and trigone relaxed blood vessels of trigone
dilated, and the bladder wall unchanged. These changes were
less evident three weeks after operation Subsequent reports
by others have not supported the early enthustasm for thus
type of operution designed to relicve certamn bladder dis-
abilittes and Munro (121) has demonstrated that there s
no change m bladder physiology 1n women following this
type of procedure D Arcy McCrae and MacDonald (37)
matntan that there 15 no evidence that the sympathetics 10
fluence the 1nternal sphincter and no evidence that the sympa
thetic fibres have & purely exator or hibttory action on
the normal bladder as 2 whole It 1s agreed, however that
some sensation can be transmutted over sympathetic paths

The older generalization that there 18 effechive antag
onism between the sympathetic and parasympathetic systems
1s not valid

Perasympatbetsc Nerves Evidence of the wfluence of
parasympathetic nerves on the bladder can be gamned from
observation of interruption of these nerves i man and from
expenimental stimulation 2nd interruption 1n amimals

Bilateral stsmulation of parasympathetic nerves to the
bladder in antmals by well known contributors such as
Budge (21) Guffiths (60 61) Elliott (43) Langley (86)
and Barrmngton (5) produced a rise i intravesical pressure
except when the bladder was n 2 state of tonic contraction
1n which case relaxation ensued When stimulation was uni
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Expenimental obscrvations by Evans (48) indicated that
when relaxation of the external sphincter takes place dur
ing vording a cessation of nerve impulses could be demon
strated over the pudendal nenves feading to the bladder

Section of the pudendal nenves 1n man does not produce
any interference with unnary control or the efficiency of urt
nation Lither the external sphincter or the bladder neck
region can be disturbed without foss of voluntary control
Unilateral pudendal neurectomy was tried by Huggins
Walker and Noonan (80) 1n six patients with vesical atony
They repocted moderate improvement and a weahened anal
sphincter as the only consistent findings

Emmett, Daut and Dunn (45) recently studied the effect
of bilateral pudendal nenve blodk in indwiduals with no
neurologic lesion  All subjects could votd normally urina
tion could be induced at will and no mcontinence occurred
1n various body positions

Barnington reported some incontinence 1n cats after bt
lateral section of the pudendal nerves but Langworthy found
no noticeable evidence of urinary leahage 1 sumilar expert
ments Beattie (8) quotes Dennig to the effect that voluntary
control over bladder action can continue after section of the
pudendal nerves

Gnffiths demonstrated that in dogs resistance offered by
the urethra was the seme in the living and the dead and that
1t remauns the same after division of the pudic nerves or after
transection of the fumbar portion of the spmal cord

Watkins (191) also believed the external sphincter un
doubtedly was paralyzed 1n cases of spinal cord 1njury In
several cases of cauda equina injucy the bladder neck was
found to be dilated but no incontinence occurred  He con
cluded that the resistance in the urethra was due to pressure
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involuntary mucturition occurred but complete emptymng of
the bladder by a forceful stream was not common Ellrott
found that normal micturttion occurred after unilateral sec
tion of parasympathetic nerves

Langworthy demonstrated hypertrophy of muscle fibres
to account for thickenmng of the bladder wall after iter
ruption of parasympathetic channels When unilateral section
was done this change in the bladder wall occurred prina
pally on the paralyzed side

After removal of both the parasympathetic and sympa
thetic nerve supply to the bladder 1n animals Elliott noted
that the bladder wall was still capable of munor waves of
contractton sufficient to cause small quantities of urine to
be emitted from the bladder but the contractions were netther
rthythmucal nor forceful Perhaps thus action 1s facilstated by
the nerve net in the bladder wall as described 1n 2 review
by Zimmerman (199)

It becomes evident that the parasympathetic nerves are
the wmportant nerves for the proper and normal function of
the bladder

Somatic Nerves The pudendal nerves supply the com
pressor urethral muscle (external sphincter) and accessory
muscles of urination such as the schrocavernoss and bulbo-
cavernosa. The external sphincter 1s masntamned in 2 closed
position and opens during unination only after the bladder
neck has opened  Denny Brown (41) has proved that volun
tary effort can produce a prompt and forceful contraction or
closure of the external sphuncter but that 1t cannot be opened
or relaxed by voluntary stmuli

Semans and Langworthy (164) demonstrated that n ang
mals stimulation of the distal portion of the severed puden
dal nerve produced rhythmic contractions of the ischio-
bulbocavernosus muscles
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Expenimental obsenvations by Lvans (48) ndicated that
when relasation of the external sphincter takes place dur
ing voiding a cessation of nenve impulses could be demon
strated over the pudendal nenves leading to the bladder

Section of the pudendal nenes m man does not produce
any nterference with urinary control or the efficiency of un
nation Esther the external sphincter or the bladder neck
region can be disturbed without loss of voluntary control
Unilateral pudendal neurectomy was tried by Huggns
Walker and Noonan (80) in six patients with vesical atony
They reported moderate improvement and a weakened anal
sphincter as the only consistent findings

Emmett Daut and Dunn (45) recently studied the effect
of bilateral pudendal nene block mn mndniduals with no
neurologic lesion Al subjects could void normally urina
tion could be induced at will and no mncontinence occurred
in various body positions

Barnington reported some incontinence in cats after b
lateral section of the pudendal nerves but Langworthy found
no noticeable evidence of urinary leakage 1n similar expert
ments Beattie (8) quotes Dennig to the effect that voluntary
control over bladder sction can continue after section of the
pudendal nerves

Guffiths demonstrated that m dogs resistance offered by
the urcthra was the same 1n the Iving and the dead and that
1t remains the same after diviston of the pudic nerves ot after
transection of the lumbar portion of the spina!l cord

Watkins (191) also believed the external sphincter un
doubtedly was paralyzed 1n cases of spial cord jury In
:zvu:;ltgaﬁsdf;lfuc:dud;uﬂl:m injury the bladder neck was
cluded that the resistance 1n E?E:;::cw:?::d s

¢ to pressure



76 INJURIES OF THE SPINAL CORD

and elastiaty of tissue surrounding the urethra 1n the region
of the tangular ligament.

Experimental studies in the cat by Langworthy Drew and
Vest (91) ndicated that the collapsed urethra offered a cer
tain resistance to the escape of urine which was not affected
by section of the pudendal nerves sacral roots or sympathetic
fibres

INFLUENCE OF DRUGS ON BLADDER ACTION

Despite constderable expertmental work describing the
influence of drugs on bladder phystology there are few post
tive statements which can be applied clinically with effect
Duscussion presented here 1s therefore necessarly brief

Henderson and Roepke (72) found support for the old
1dea that the purely znatomical dviston of the autonomic
nervous system nto sympathetic and parasympathetic divis
10ns 1s pharmacologically meantngless at least as 1t concerns
the charactenistics of postganglionic fibres The same authors
(71) also presented date to indicate that there 1s both a
cholingeric tonus mechanism n the bladder as well as a con
tractile mechanism of a dufferent type

Langworthy Kolb and Lew:s (92) summarize their opin
1ons by stating that 1n man atropine may decrease the actrvity
of the stretch reflex to relieve urgency and frequency and that
the new compounds of acetylcholine will stimulate strong
vesical contractions

At present there are at least two products capable of act
ing as parasympathetic stmulating agents that are available
namely Urecholine and Furmethide Lee (96) has reported
that Urecholine increased the tone and contractility of the
norms! bladder and the type showing hypotontc dysfunctian
Likewise Furmethide causes increased intravestcal pressure
and 1ncreases detrusor response
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MECHANISM OF VOLUNTARY CONTROL
OF URINATION

Bladder phystology s 1ntercsting because acton 1s mott
vated through autonomic nerves and yet can be controlicd
by voluntary impulses Voluntary control of urination mplies
cerebral actnity as part of the mechamsm  Expenmentally 1t
has been possible to cause contractions of the bladder by
stimulation of vanious portions of the brain  Studies 10 ane
mals by Langworthy and Kolb (88) showed that there 1s a
mechanism in the regon of the cerebral motor cottex con
trolling the function of urination as a whole and that in the
rid brawn there 13 an area that influences tone of bladder
muscde Langworthy (92) concluded that there 1s evidence
of cortical representation over the function of mictuntion
and that the coordmation of vesical function was dependent
on reflex arcs through the mid brain

It 1s believed that voluntary retention of urine between
each unination 1s due to nhibitory impulses that originate 1n
the cerebral cortex The voluntary removal or cessation of
whibitory impulses permuts the stretch reflex mechanism of
the bladder to predominate and results 1n mictunition  Ac
cording to Fulton the concept of mbibition was claborated
by Webbers who concerved a possible wider implication of
the fact that sumulation of the vagus nerve stopped the heart
beat

Studics by Denny Brown and Robertson (41) showed
that willed effort can produce powerful contractions of the
bladder which 1n their form and rhvthm do not dufer from
spontaneous contracttons of the bladder This 1s believed to
occur not as the result of voluntary excitatton but 3% the
result of eliminating mhibitory impulses, either conscious or
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unconscrous They also believed that by voluntary restesint
of urination, vesical contractions can be stopped

After fluorascopic studies of bladder activity Muellner
(112) suggested that voluatary control of mictuntion begins
by relaxatton of the somatically supplied pubococcygens
muscle thus causing the region of the nternal sphincter to
drop down and mutiate a reflex detrusor contractton As
has already been mentroned, the reflex contrsction begins o
the regon of the bladder neck, spreads from the bladder
base up the sides and to the dome of the bladder

At the tune of voluntary mterruption of the urinary
stream  Muellner found the liqud medium stopped at the
bladder neck (not farther down at the external sphuncter)
this indicating that voluntary cessation of voiding 1s pre
sumably brought about by combined action of the perineal
muscles induding the levator an1 and pubococeygens and not
by the mternal sphincter mechanism tself

There 1s however no evidence to indicate voluntary con
trol of the state of the bladder neck (internzl sphincter) This
region appears to be dependent oo and 1n reaprocal relation-
ship with the detrusor muscle and s closed to the passage of
urine except during contractions of the detrusor sufficient to
produce urination

The external sphincter can be closed but not opened
voluntarily

THE BLADDER AFTER INJURY OF THE
SPINAL CORD
Severe injury of the spinal cord produces a profound
effect on bladder activity
We know from recorded observations n man and in
ammals that i the absence of complications time contributes
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to changes 1n bladder phvsiologs Time 15 an tmpoctant
though varable factor 1n these changes The immeduate dis-
turbance 1n the bladder and subsequent changes mav be
spoken of as stages of the rutard process of recorery
Knowledge of these phenomena is mmperative to propesly
mterpret the status of the bladder at 2 gren time to venture
some opuuon regarding the eventual end result and to evalu
ate vanous forms of treatment.

Even though 1t had been known that 11 amumals bladder
actrvity resumed function after spnal cord mpury Kidd (82)
stated that before World War I patients seldom recosered
from paraplega It was considered that a bladder once
paralvzed was not likely to recover An automatic bladder
was considered an extreme ranty  Kidd emphaseed the m
portance of the work of Head and Riddoch (67) m demon
strating the possibility of establishing an automatic bladder
10 war casualties

Holmes (77) studied the recovery of bladder actreity
after spnal cord mjury by cystometnc exammations and
found that 1t passed through three phases or stages which
were not abruptly separated. Munro (118) also reporred
three stages in the recovery process if the transection was
akove the sacral segments When the cord lesion was due to
hematomyelia or edema at any level he believed four stages
could be identified.

Our own observations on patents injured 1n the recent
war were confined to examnations begining not eaclier than
several weeks after mjury However we were able to follow
the patients i our series for a period of twelve to fifteen
months #nd recorded cystometne studies peniodically dunng
that time We were able to tdentify three stages of recovery
although the cystometric picture during the third stage 15 de
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pendent on whether the transection 1s partial or complete

The duration of each stage 1s vanable and 1s subject to
fluctuation depending on the presence or absence of com-
plications not only in the unpary tract but in other parts
of the body These stages should be considered as rerog
nizable but merging phases of a gradual and contuous de
veloprent

Before considering the three stages 1 the natural process
of recovery n some detail we must consider a phenomenon
known as spmal shock which dommates the findings 10
the first stage of recovery

Spsnal Shock Following sersous wnjury of the spual
cord there 1s an immeduate but usually temporary suppression
of all reflexes caudal to the jured segment Fulton says
that Marshall Hall first used the term spinal shock to de
scribe this condition 1n 1843 The term has continued 1
good usage and more recently has been defined by Munro
(119) as that condition which when caused by spinal m
jury of any type produces suppression of alteration of seg
mentzl reflex actrvity below the level of the cord tmjury

Spinal shoch occurs in all vertebrates and Fulton has
stated that its intensity varies with cerebral development.
This 1s consistent with the observations of his associates that
the seventy and /or duratton of the phenomenon 1s progres
sively manifested 1n the cat, dog monkey chimpanzee and
man.

Studies by Fulton Liddell and Rioch (34) demonstrated
that in the cat spinal shock did not occur unless the ventral
quadrant of the spinal cord was sectioned Later Fulton and
McCouch (53) stated that in man sectioa of the cortico-
spinal tract leads to spinal shock Fulton further suggests
that the present concept of spinal shock tndicates & suppres-
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sion of reflexes caused by sudden withdrawal of continuous
exatation which normally occurs from suprasegmental levels
via the descending pathways

T'irst Stage of Recorery After injury of the spinal cord
the bladder, as a reflex organ, 1s immediately affected and
dominated by spinal shoch. This 1s mantfested by atoniarty
of the bladder wall and loss of reflex contractions of the de
trusor  Thus the bladder becomes distended to large ca
paarty reaching to or abore the umbilicus  Overflow mcon
tmence may occur after a period of twenty four to forty
eight hours and 1s the only type of unnatron that can be ex
pected

Cystometnic studies during this stage show 2 bladder
capable of large capacity with low intravesical pressure and
without evidence of reflex detrusor activity It has been
called an  atonic neurogenic bladder  Holmes (77) found
no pressure recorded until four to eight ounces had been
introduced 1nto the bladder The pressure then rose slowly
to a level of 8-10 em of water after twenty ounces had
accumulated  On emptying  the pressure curve repeated
ttself In other words at this stage the bladder presented
only the property of elastiaty The presence of cystitis caused
10 change in the cystometric record during this stage and
the findings were the same for injury at all levels of the
cord or cauda equing  He found that this phase lasted from
days to weeks According to Thomson Walker (184) this
stage may last from twenty four hours to eighteen months

The difficulties that anse from lack of prease definttion
are evident tn the term of atontc neurogenic bladder  Nes-
bit and Lapides (131) made cystometric observations on
patients under spinal anesthesia and 1n two patients with
spinal cord mjury who were placed on constant dramnage
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pendent on whether the transection 1s partial or complete.

The duration of each stage 1s variable and 13 subject to
fluctuation depending on the presence or absence of com
plications not only 1n the unnary tract, but 1 other parts
of the body These stages should be considered as recog
nizable but merging phases of a gradual and coatinuous de-
velopment

Before considening the three stages 1n the natural process
of recovery 1n some detail we must consider 2 phenomenon
known as spinal shock which domunates the findings in
the first stage of recovery

Spinal Shock Following serous mjury of the spinal
cord there 15 an immediate but usually temporary suppression
of all reflexes caudal to the mnjured segment Fulton says
that Marshall Hall first used the term  spinal shock to de
scribe this condition 1n 1843 The term has continued 1n
good usage and more recently has been defined by Munro
(119) as that condition which when cused by spinal 1
jury of any type produces suppression or alteration of seg
mental reflex actrvity below the level of the cord njury

Spinal shoch occurs 1o all vertebrates and Fulton has
stated that its intensity varnes with cercbral development
This 1s consistent with the observations of his associates that
the seventy and /or duratron of the phenomenon 15 progres
sively manifested m the cat dog monkey chumpanzee and
man

Studies by Fulton Liddell and Rioch (34) demonstrated
that 1n the cat spmal shock did not occur unless the ventral
quadrant of the spinal cord was sectioned Later Fulton and
McCouch (33) stated that 1n man section of the cortico-
spmal tract leads to spinal shock Fulton further suggests
that the present concept of spinal shock indicates a suppres
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transection at the level of the sacral segments or cauda
cquln:

Third Stage of Recorery Further recovery of the blad
der to a third or final stage will depend on scveral factors
namely the extent of the mjury of the spinal cord, the level
of the njury, the general condition of the patient and the
seventy of mfection 1n the bladder

The type of bladder to be hoped for in the final stage of
the recovery process 1s dependent on whether the transection
of the spinal cord has been partal or complete In order to
clarify our position on this point the followtng statements
should be made

Cases designated as having complete transection show
complete functional nterruption of the spinal cord at a grven
level over a long pertod of time

In some cases complete division of the cord can be demon
trated during surgical visualization  Others who may not
have had lamiectomy have shown no evidence of voluntary
motor power or return of sensation below the level of the
1njury duning a period of at least six months after mjury

It 15 expected that the bladder of the patient with com
Plete transection will progress to a final stage mn which
berrodic imvoluntary forceful and effctemt mucturtion 1s
characteristsc.

The patient 1n this final stage has no voluntary control
over the periodic reflex vording but during the one to four
hour intervals between voidings there 1s no leakage of urine
We have observed that frequently the intervals between unt
nations are much longer with the patient 1n the sitting pos
ition than when he 13 flat 1n bed The reason for th s how
ever 13 not clear The patient with this type of bladder be
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before bladder distention had a chance to occur In both
mnstances cystometric pressure was 10 12 an of water at
300 cc. 22 am at 500 cc. and 28 an at 600 cc. (i one
patient)  Although these readings are lower than m one
cystometrogram (Fig 8) that 1 have designated atonic
bladder, Neshit and Lapides feel that such curves do not
show stoniaty Perhaps hypotonocity might be more de
scriptive Except for waves of reflex contraction it 1s often
difficult to dufferentiate between the tone of a normal and
hypotonic type of bladder

Neshit and Lapides believe that overdistention of the
bladder 13 the cause of atonicity

Second Stage of Recovery In a vanzble period of time
a return of muld reflex activity caudal to the injured segment
usuzlly becomes evident and produces changes in the ac
trvity of vesical musculature The progression from the first
to the second stage occurs gradually but can be demonstrated
by cystometric study The bladder has & smaller capacity
intravesical pressure is increased and the curve rises more
rapidly Reflex contractions of the bladder wall can be ob-
served but they are of wsufficient strength or duration to
produce efficient emptying of the bladder Munro (119) be
lieves that these contractions are due to a reflex arc that lics
wholly within the bladder wall For that reason thts stage
has been given the name autonomous cord bladder and s
manifested clintcally by overflow econtmence

The 2mount of residual unne n the bladder 15 smaller
than during the first stage, perhaps because bladder capacity
18 not 0 great

Lewis (98) Neshit and Gordon (129) and Munro
(118) have stated that the autonomous bladder may be the
fingl stage of recovery in cases which have had complete
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spinal cord show some evtdence of veluntary motor power
and sensory appreciation below the level of the lesion
although this may not be cvident for several months after
ijury

1t 15 to be hoped that patients with pactial transection
will progress a third or final stage characterized by volun
tary micturition sufficient to produce efficient emptying of the
bladder The necessity for manual pressure over the lower
abdomen dunng muctunition  straming during voiding and
diminished sensation from the bladder regton may be accom
panying features but there 1s voluntary control The organ
under these arcumstances might be termed a  voluntary
neurogenic bladder  Bladder capaaty 1s within normal
limits and bladder restdual 15 vanable

Although the terms complete and incomplete transection
have been emphasized because of therr importance m pre
dicting eventual outcome and judging results of treatment 1t
1s often difficult to state with assurance immedrately after
njury whether the leston 15 complete or not As Ruches
(153) has stated during spinal shock there can be no re
liable data about the degree of nerve njury

The letel of smmry 1n the spinal cord may also have
some bearing on the degree of recovery Even though
Denny Brown (42) and Head (68) have recorded cases
of complete transection at the level of the conus or cauda
equnz 1n which an automatic reflex type of bladder has de
veloped Lewrs (98) and Ruches have emphasized the fact
that patieats with complete lesions above the fumbar seg
ments develop an sutomatic type of vording much more
fonslxstently than those m whom the leston 1s below that
eve

Other factors of importance 1n the fecovery process mn
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comes familiar with his indrvidual trme schedule and learns
to govern hus actreities accordingly

We found that emptying contractions of the bladder
usually create an intravesical pressure of 70 am of water or
more Holmes (77) found oscllations of bladder pressure
mdependent of reflex contractions of the legs and did not
believe bladder activity a part of 1 mass reflex.  On the
other hand Head and Riddoch (67) found that perpheral
sumuly often 1nitiated the automatic reflex evacuation of the
bladder except 1n cases of complete transection of the cauda
equina

Bladder capacity in this stage vartes between 150 and
400 cc

In our senies bladder residuals were found to vary be-
tween thirty and nnety

The term  sutomatic reflex bladder has been used to
describe this type of vesical activity It 15 the nommal end of
the path of recovery 1n those who have had complete tran
section of the spinal cord

Most patients with complete transection can be expected
to progress to the final stage just described, but there are
few who appear to remain 1n the first or second stages of
recovery even though the nerve lesion 1s above T 10 bladder
infectton 1s mumumal and general condition excellent Thus
limited recovery 1n a small group of cases 1s usually asso-
cated with continued flacad paralysis of the lower ex
tremuties The cause of the falure of progression to an
automatic type of bladder 13 not known It 1s possible that
lack of vasculanity in the distal segment of the spinal cord
has led to necrosis with msufficient tissue to permit a suttable
reflex arc

Cases designated as having partral transection of the
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Bladder Among the various types of examenation which
wll prove useful in determming the status of the bladder
are cystometry, cystoscopy, cystography urnalysis and the
determination of bladder residual

Cystometrse study Cystometry can be used to determine
bladder tone (relation of the volume of bladder content to
mntracystic pressure), presence or absence of reflex contrac
tions of bladder muscle, bladder capaaty maximum volun
tary pressure and sensation to bladder distention  Rose
(160) has been prommnent 1n pomnting out the value of ths
method for the study of bladder physiology and pathology

Although various forms of mstruments for this type of
study have been advertised and devised a simple model as
shown in Figure 5 easily disassembled and sterilized 15 apt to
prove informatrne While there 1s no automatic recording de
vice in the cystometer described here, the observer and re
corder of the exammnation will learn more about the ind:
vidual patient by closely watching the proceedings than he
cn nfer from a casual glance at any completed record In
some models of tidal dramage apparatus cystometric ob-
servations can be made without addittonal equipment

Two features appear important 1n any apparatus used
for this exammnation A water (or very sensitive anerord)
manometer 1s required to measure small changes 1 intra
Cystic pressure A constant drip method of filling the blad
der duning the determination 1s to be preferred to the older
method of introducing 25 to 50 cc increments of flud mto
the bladder at intervals The manometer 1s never shut off no
reflex actroity 13 missed and there 15 no confusion or delay
while awaiting the downward stepladder changes in pressure

0 common immeduately following the sudden introduction
of farger amounts of flurd
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clude a positive nmitrogen balance, freedom from toxic and
febrile states and absence of decubitus ulcers The absence
of gross infectton 1 the bladder 1s likewise essential for
optimum rate of recovery of this organ Infection in the
muscle layers of the bladder followed by fibrosis cannot be
be expected to result in acceptable function

As the early treatment of the paralyzed bladder has be-
come improved in the past decade, there are now many more
patients lving after spinal cord injury All observers have
become aware of the various complications that often plague
the paraplegic patent and which often cause faulty bladder
actson

Although the stages of the natural process of recovery
of the bladder have been described, we must be aware of
the many exceptions and alert to the conditions responsible
for the same The numerous discassions of bladder neck re-
section use of drugs to relax or stunulate the detrusor sacral
and pudendal nerve blocks and subarachnoid injections
an effort to rehahiitate the bladder after spinal cord 1njury
serve to warn that restoration of an efficent and soally
acceptable bladder action 1s not always easy

EXAMINATION OF THE BLADDER
AND BLADDER NECK

Study of the bladder and the region of the bladder nech
18 necessary in every case not only for sccumulatve data
but for proper treatment 1f one 1s to obtan the optimum
result i each patient Perhaps not all of the following
methods of exarmination are applicable 1n each case nor are
they essential during the immediate days or weeks following
myury but they will be mentioned so that they may be used
selectively
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cathetenize with stenle precautions using an 18I two-
holed (Rohinson) catheter Empty bladder and measure
the restdual urine

If patient 1s already on drainage, release clamp on
catheter and empty the bladder

Fill the calibrated 1rngating jar shown in Figure 5 with
stertle water or boric solution of approximately room
temperaturc and unscrew Hoffman clamp above closed
Murphy drip bulb to fill rubber tubing and manometer
tube Secure Hoffman clamp and permit fluid 10 mano-
meter tube to drop slowly to zero mark  Clamp rubber
tube feading toward catheter

MAKE SURE ALL AIR HAS BEEN REMOVED
FROM TUBING!

Connect apparatus to catheter with glass connecting
tube and permit approximately 10 cc. of solution to
enter bladder by releasing Hoffman clamp Agamn se
cure the Hoffman clamp

Adjust manometer tube so that the zero matk 1s level
with pubis of patient and flurd 1n the manometer tube
can be seen gently osallating as respiratory waves at the
zeto mark  (Respiratory waves usually have a 1 to 3
om water excursion )

Note level of fluid 1n 1rrgating jar so that manometric
readings may be correlated with the gradual increase n
bladder content

Instruct patient to relate any sensation of desire to
void or discomfort i lower abdomen

Unscrew Hoffman clamp above Murphy bulb sufficiently
to permit a rate of flow of approximately 125 drops
per minute

Record manometric pressures on chart as each 25 to 50
cc. increase 1n bladder content occurs Note and record
extent of reflex contraction waves

Record any sensations of destre to void

Occusionally record the increased manometric pressure
when patient 15 asked to strain 1n attempt to voxcf(mul
mum voluntary pressure)
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.

Ao T bing
7 Powd colibraled ia ent.

Fre. 5 Sunple cystometer using princple of coastant derp filliog of
bladder and the sndication of intravesrcal pressure 1n an. of water
The set consusts of an infusion bottle, rubber tubing Hoffman clamp
closed Murphy dop bulb Y glass tubing straght glass tubing end
board calibrated 10 cm  Apparatus should be atoclaved between
mdvidual studres

Recommended procedure for examination with the model
shown m Figure 5 13 as follons
1 If pattent 15 not on dramnage ostruct him to voud, tf
possible and determine the amount
2 Have patient 1n supine position on bed litter or exam-
trung table
3 If patient 1s not on drainage cleanse genttala and
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Munro (117) described three types of normal bladder ac
tnity as demonstrated by qystometnic study  One 1n which
spaced emptying like contractrons occutred throughout the
experiment 2 One 1n which emptying contractions occurred
toward the end of 2 400 cc fill in the form of unspaced
tetanic contractions and, 3 Onc m which there are no
emptying contractions until over 400 ¢c have been mtro-
duced 1nto the bladder In a study of normal indrviduals how
ever Simeonc and Lampson (169) found that spontaneous
bladder contractions were practically never seen until a steep
nse i pressure occurred Their gstometric cunves could
be dnided into an 1itial nse a relatinely flat area and a
final sharp nise

Muschat Carp and Charney (128) stated that too much
stress has been laid on the pressure cutve They stressed the
importance of the composite picture which consists of 2 The
first desire to vord b The pressure curve gradually rsing
and c. Maximal voluntary pressure of 60 to 80 mm Hg

Examples of pressure curves 1n normal individuals as
recorded by Wathins (190) are shown in Figures 6 and 7

Followsng smyury of the spmal cord cystometssc findings
are immedately altered During the period of spral shock
(first stage of recovery) with associated loss of reflexes below
the level of mjury the pressure curve 1s low and flat bladder
capacity 15 increased to 500 to 600 cc or more no reflex con
tractions are evident and sensatton of distention 13 lacking
cxcept 1 low lesions 1n which pamnful sensatrons may be
described 1n the lower abdomen Example of a typical
cystometric chart n this stage (often called an atonic neuro-
genic bladder) 1s shown n Figure 8

As the bladder begins to show recovery from sptnal
shock to the second stage which has been called autono-
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PRESSURE
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N6 6 Normal Cystometnic Curves  Pressure curves in an of water
of the normal bladder at rest Curve a represents the hughest and

b the lowest curve 1n a series of examinatrons. First sensation at
100 cc.in 2
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VOLWE cc

and at 130 cc. in b
(From Watkins Brit [ Urol 6107 1934)
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Iig. 7 Normal Cystamet
ric Catve  Shows the pres-
sures recorded on a blad
der with pormal innerva
tion The vertical lines
nsing from the curve at
rest indicate the result of
attempted uniostion. The
fiest theee sttempts had
very little effect A marked
increase of pressure re
sulted at the next two cf
forts when the man was
requested to stran as hard
13 possible with hus ab-
domsasl muscles. At the
last attempt at unination
the muctuntion reflex has
been released and the high
pressure which results from
contraction of the detrusor
rauscle 15 shown. First sen
sation noticed at 250 cc

{(From Wathins Brit JUrof 6108 1934)
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cystometric chart will, therefore, differ greatly i the two
groups In nstances of complete transection patients in the
third stage with an automatic reflex ty pe of bladder have the
followng charactenistics  normal to ncreased initial tonus
rarable pressure cune capacity between 130 and 400 cc

forceful reflex detrusor contraction with urination when ca
paaty has been reached, no sensatton of bladder distentron,
and frequently vanable flushing or sweating reactions in
upper part of the body when bladder reflex 1s akout to act

cm
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Ccmu;oaoomsooeoo

lowser abdoninel
pain

Fic. 9 Cystometrogram illustrating the second stage of
fecovery 1n patient with complete transection of mid-dorsal
Emun of the spinal cord Rise 1n pressure s mather steep

t there are no refiex voiding contractions The lesion 1s
too high to permut more than a 10 an rise by maximum
voluntary pressure (MVP)
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mous cord bladder by Munro (118) and McLellan (106)
the cystometric chart reflects the following changes m-
creased inutial toous faurly steep pressure curve, capaaty
limited to that of 2 normal bladder munor thythmic de-
trusor contractions rarely greater than 10 cm. of water and
wmsufficient to empty the bladder, lack of defimite desre to
votd, and in some patients a feeling of lower sbdominal
discomfort when the bladder 1s full A cystomctrogram
dlustrating this stage 15 shown n Figure 9

As indicated earlier 1n thus chapter the third (final) stage
to which 1t 1s hoped all patients will progress depeads on
whether the transection has been partial or camplete The
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cc.
Frc. 8 Cystometrogram showing an atonic bladder the first stage
of recovery following severe spinal cord mnjury In 2 few cases this
stage may be permanent although the majority progress to the second
and third stages
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sensation are normal  Figures 12 and 13 show cystometsic
studies of patients with partial transcction of the cuda
equina

In addiion to the routine data mentioned abonve 1n the
discussion of cystometry  Mullenix (111) has advocated de
termination of acfire or maxmmum voluntary pressure tou
tinely throughout the entire process of bladder filling a pro-
cedure which we had already followed and found mterest
mg The difference between this value and the usual passize
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FiG. 11 Cystometrogram i patient with partial transection of cer
vieal partion of the spinal cord. Vording s now veluntary with per
feat control The cystometnic data are essentually normal and repre
sent the third or final stage of recovery an partial transections in
the upper sepments of the spinal cord.
(From Prather [ Urol 7 23 1947 )
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Figure 10 dlustrates the cpstometric chart m this type of pa
tient

In instances of partzal trawsectzon a voluntanly controlled
type of urmnation will show cystometrograms that may be
very dose to normal, espeaally when the lesion 15 1 the
upper part of the cord. Figure 11 illustrates the cystometnc
chart 1n a patient with partial tmansection tn the cervical
region. Jrutal tone, pressure curve, capaaty and bladder
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Fic. 10 Cystometrogram dlustrang the thid or final
stage of recovery i patieot with complete transection of
upper thoracre portron of the spinal cord Reflex contrac
trons occur penodicatly dunng constant filling but these
are msufficent to prodece vordiog until 150 to 200 cc. had
accumulated m the bladder The patient has an sutomatic
reflex type of annatron st farly regular iotervals with no
lexkage of urire between voidings.
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muscles cannot be voluntanly contracted there 15 hittle dif
ference between the passne pressure and maximum volun
tary pressure

It must be noted that varations are found in cystometric
response and that changes from onc stage to another do not
necessarily occur rapidly Repeated examinations are often
required to obtain an accurate mmpression of the functional
capaaty of the bladder muscle, and effectneness in vording
may 1 turn be influenced by conditions 1n the region of the
bladder nech and urethra,

We are convinced that cystometric studies are a neces-
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Fic 13 Cystometrogram 1 patent with partul transec
tion of cauda equins. Recovery to date 15 not complete
Pressure curve 15 somewhat flattened, but sooa after ths
cxamunation patient developed voluntary voiding which had
to be supplemented by abdormunal pressure
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values during filling was called expulsive force by Mull
enix who believed this factor important i prognosis of ahility
to vord Our interpretation of maximum voluntary pressure
15 that it reflects eather paralysis or mtegnty of muscles of
the abdomunzal wall and its value 1s prmanly dependent
on the level (and perhaps extent) of the spinal lesion. In
njusies of the coous or cauds equina with no paralysss of
abdommnal muscles voluntary contraction of these muscles
does raise 1otravesical pressure and may augment the
reflex contractions of the detrusor to advantage In mnjunes
of the upper part of the spmal cord since the abdomunal
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FiG. 12 Cystometrogram in patient with partial transectron of the
cauda equina Recovery to the third stage of voluntary vording has
been accomplished. Because the nerve lesion 1s low maximum vol
untary pressurc s essentually normal,
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No abnormality tn the appearance of the ureteral onfices
has been found except occasionally edema caused presum
ably by contact of the catheter or a suprapubic tube that was
placed too low sn the bladder

Cystographie study  Cystography provides indirect ob-
senation of the bladder and 1s useful to determine the gen
eral shape of the organ presence and size of dwerticula 1f
any spastiaty and approximate capacity The cystogram may
be obtained by x rays following the injection of 3 or 4 per
cent sterile sodum 10dide or of 8 or 10 per cent shiodan
through a catheter or suprapubic tube As an alternatne
films of the bladder region about forty five minutes after
mjection of media for intravenous pyelography often pro-

Fic. 14 Fic. 15

Fic. 14, Cystogram through suprapubic tube 1n patient with com
plete transection of dorsal portion of spinal cord. Patient 13 m the
first stage of recovery Bladder 1s atonic and bladder neck 1s dilated
Fic. 15 Cystogram 1n patient with severe leston of cauda equina
Bladder us atonic and bladder neck 15 relaxed
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sary part of the complete study of bladder phystology mn pa
tients with spinal cord injury

Cystoscopre stwdy  Cystoscopy for inspection of the blad
der 15 not recommended as a routine examination 10 the
early periods of disabiity However used selectrvely, it
supplements other examinatons and at times proves wvalu-
able to discover and deal with bladder stones and to explamn
abnormal findings 1n x rays

In the paralyzed patrent, the cystoscope should be used
only by those thoroughly familiar with the rostrument The
patient s Jack of normal sensation permuts too many liberties,
and may lead to injury of the lower unnary tract at the hands
of the untramed cystoscopust

The cystoscopic prcture of the normal bladder will be
omitted and remarks confined to changes as seen 1n the para
plegic patient During the first (atonic) stage of the re
covery process McLellan reported a smooth atrophic type of
mucosz with fine trabeculation. In the second stage of re-
covery we have frequently found moderately heavy trabecu
lation. During the third stage patients with complete tran
section who have an automatic reflex bladder show moderate
to heavy trabeculation During the third stage patients with
partial transection who are voiding effectively with voluntary
control show 2 normsl mucosa if the spinal lesion 1s high
and coarse trabeculation if the mjury has mvolved the cauda
equina

Trabeculation indicates a thichened bladder wall This 1s
apparently not entirely due to the effort of bladder muscle
working to overcome urethral or bladder nech obstruction as
it occurs 1n patients who are stdl on dramnage Hargrave
(64) noted a sumidar finding at autopsy n a patient who had
been treated by intermittent catheterrzation.
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Refimm up onc or Loth urcters we have occastonally scen
when the cystographic medwm has heen introduced through
the urethral catheter, Fut this 1s an infrequent rather than a
common finding 1n the paraplegic patient, at least dunng
the early months after mjury When 1t does occur it 1s prob-
ably the result of an inflammatory change mvolving the
ureteral onifice rather than a direct effect of the nerve lesion
Reflux may be found to ke more common years after the
wpry (Tig 17) In 100 routine cystograms m paraplegics
Talbot and Bunts (179) found 10 who showed vesico-
ureteral reflux They noted an obvious change in the cysto-
scopic appearance of the ureteral orifices in patients who
showed reflux a gaping orfice perhaps produced by 1n
flammatory changes or by the influence of a hypertonic
bladder — present mn all of therr cases In none was bladder
neck obstruction evident

Unine apalysts Examunation of the urine contributes to
our knowledge of the condition of the bladder Specimens
had best be examined at least occastonally by the urologist
himself Personal correlation of the microscopic findings and
chnucal picture 135 preferable to the usual formal data on a
laboratory report Likewise the immediate examination of
a freshly obtained specimen cannot be overemphastzed

The centrifuged urine sediment carefully examined under
the hugh dry lens (or orl immersion if stamned) provides an
1pproximate indication of degree of mfection n the bladder
although 1t 15 not necessanly indicative of the appearance of
the bladder mucosa  During an acute unnary infection with
Pyuria the bladder mucosa shows evidence of njection red
ness and perhaps edema or hemorrhagic areas The blsdder
Mucosa of patients with a mild chronic infection commonly
shows no change from the normal but when bacteria are
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vide satisfactory data if the dramnage tube of the bladder has
been clamped off duning the examnatton

During the first stage (spinal shock) the cystogram (Fig
14) should demonstrate a large smooth walled bladder which
if filled to capacity would fill the whole bony pelvis A
similar picture may also be found m scvere lesions of the
canda equnz (Fig 15) In the second stage of recovery
trabeculations produce irregularity 1n the periphery of & nor
mal sized bladder In the third stage the cystogram of
the distended reflex automatic bladder frequently had 2
rounded appearance with an irregular border consistent with
trabeculation (Fig 16) During the third stage in patrents
with partial transection the cystogram appears normal except
1 those with a lesion of the cauda equing, n whom the
bladder appears slightly dilated with a slhghtly ieregular

Fic. 16 FiG. 17
Fic 16 Cystogram as part of intravenous urogram in patient with
complete teansection of the mid-dorsal cord
Fic. 17 Cystogram scveral years after complete transection of spinal
cord in mid-thoracic regron. There 1s reflux up both ureters
(Courtesy Dr Charles Ney )
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Reflwx up onc ot Loth urcters we have occastonally scen
when the eystographic medium has been introduced through
the urethral catheter Lut thus 15 an tnfrequent rather than a
common finding n the paraplegic patient at least during
the early months after injury When 1t does occur it 1 prob-
ably the result of an inflammatory change imvolving the
ureteral aafice rather than a direct effect of the nenve lesion
Reflux may te found to ke more common years after the
npn (Fig 17) In 100 routine cystograms tn paraplepics
Talbot and Bunts (179) found 10 who showed vesico-
ureteral reflux They noted an obvious change m the Gysto-
scopic appearance of the ureteral onfices i patients who
showed reflux a gaping onfice perbaps produced by mn
flammatory changes or by the influence of a hypertonic
bladder — present 1n all of their cases In none was bladder
nech obstruction evident

Urine analyns Exammation of the urine contributes to
our knowledge of the condition of the bladder Speamens
had best be examined at least occasionally by the urologist
himself  Personal correlation of the microscopic findings and
clincal picture 15 preferable to the usual formal data on a
laboratory report  Likewise the mmmediate examination of
a freshly obtained specimen cannot be overemphasized

The centrifuged unne sediment carefully examned under
the high dry lens (or o1l immersion if stained) provides an
approximate indication of degree of infection in the bladder
although 1t 15 not necessanly indicative of the appearance of
the bladder mucosa  During an acute urinary mfection with
pyura, the bladder mucosa shows evidence of injection red
ness and perhaps edema or hemorthagic areas The bladder
mucosa of patients with a mild chronic infection commonly
shows no change from the normal but when bactens are
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present n bladder urine there 1s at least potentsal cystitis and
pyelitss

Badal Munro and Lamb (3), 1n a careful cultural study
of urines of pattents on tidal dranage came to the conclusion
that bacteria are always present i the bladder seventy two
hours after the mtroduction of an indwelling catheter They
found the most common organisms to be Proteus vulgans,
alpha hemolytic streptococcus and Esch coli  Our own
studies, during mulitary service, on routine cultures taken
from the distal end of & urethral catheter or suprapubic tube
after several months of drainage showed Pseudomonss
acrogenes Proteus vulgars staphylococer and Esch colr as
the most common urtnary inhabitants Predominating orgen
1sms were found to change from week to week.

There 15 0o doubt that any kind of a tube which 13 1
serted and left 1n the bladder for more than forty hours acts
as a foreign body There 1s naturally a foreign body resaction
consisting of the appearance of leukocytes and evidence of
congestion to provide & locus for bacterial growth Bac
terial growth ensucs but s 1n other parts of the body 1f the
region 1s properly drained and cleansed, and 1f adequate
body resistance 1s marntained, cliniczl evidence of infection
does not develop Therefore a positive culture of the urne
with any type of bladder dramage indicates potential but
not necessanly actusl clinical disease Cultures are advisable
however to determine proper medication should clinical evt
dence of sepsss occur

Experimental studies by David (38) are comparsble to
clinical experience He tmjected B Col1 into the bladders of
normal dogs to find that organisms remained 1n the urnme for
a time but no histological evidence of cystitis or pyeliis de
veloped If the animals had a bladder residual however the
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ntroduction of bacteria tto the bladder caused ulceratnne
gstitis and Widney infections  After section of the lower
dorsal spinc of dogs infection 1n wounds of the back was
followed by bladder infectton with the same orgamsms

Bladder Neck  Although 1t 1s generally believed that
the bladder neck, prostatic urethra extemnal sphincter and
membranous urethra relax or open after contraction of the
detrusor muscle has begun the regions are linked closely 1n
the physiology of thebladder In a complete study of bladder
action follow ing spinal cord injury, the region of the blad
der neck deserves study as well as the bladder itself In
formation about this portion of the body can be obtained by
cystoscopy with the forablique lens system or by urethro-
cystography Sphincterometry as developed by Simons (170)
we have not used It may offer possibilittes for future ob-
sen ations

Cystoscopic study  Cystoscopy 1n the type of patient
under constderation 1s not to be taken lightly but used se
lectively and without trauma 1t may provide valuable data
Except for study purposes 1t should be used only dunag the
latter part of the recovery period to discover changes at the
bladder neck which need correction 1n order to mmprove
bladder function

Although Uhle (186) made cystoscopic and cystographic
observations to study the method of bladder closure and
Burns (24) used similar methods to study the bladder 1n 2
series of tabetic patients Plaggemeyer (138-139) appears to
have been among the first to make cystoscopic observations
n pattents with spinal cord injury He descrbes complete
relaxation of the prostatic urethra and bladder nedh. In
four cases the tnigone appeared rased while 1n six the tn
Bone was atrophic. Cummung (32) recorded cystoscopic ob-
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servations 1n ten patients with spinal cord myury and de
scribed & relaxed bladder neck and a normal or hypertonic
external sphuncter  In further studies Cumming (33) demon
strated a dilated bladder nech dunng the stage of overflow
incontinence and concluded thet the nternzl sphincter 1
regularly dilated and presumably active soon after the
onset of paralysis 1t regains tone i periods of recovery
During the recent war many cystoscopic observations were
made on pattents with spinal cord injury but most have not
been recorded 1n the literature as yet

Personal observations in a senes of patients with spmnal
cord 1njury may be summarized &s follows In patients with
complete transection of the spinal cord 1 the upper and
muddle thoraac segments who had as yet failed to develop
any sign of reflex actity of the bladder wall and who had
flacad paralysts below the level of the lesion, the prostatic
urethra and bladder neck were found definstely relaxed and
dilated In cases with complete transection of the spinal cord
1n the upper or middle thoracic segments whose bladder had
recovered to the third (or final) phase and who were voiding
periodically with 2n automatic reflex bladder the bladder
neck appeared normal for the age group in the majonty
while 1n others there appeared to be a slight dilatation of the
prostatrc urethra  Patrents with complete transection at D 12
or below iavarisbly showed moderate to considerable re-
laxation of the bladder neck and prostatic urethra while most
of those with partizl transection at these lower levels revealed
slight to moderate didatation in the same regron When par
tal transection had occurred in the higher segments of the
cord the bladder nech commonly appeared normal The
above observations were made through a No 20T pan
endoscope with foroblique vision
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Bumpus, Nourse and Thompson (22) report that cysto-
scopic examination shows varous degrees of bladder nech
relaxation but 1n some they found constriction 1n the region
of the internal urethral onfice so that the bladder and pros-
tatic urcthra had an hour glass appearance In other cases
they obsened 2 bar type of deformity

Before a complete report can be made of the cystoscopic
findings of the bladder nech in patients with spinal cord
injury 1t will be necessary to correlate obsenvations i large
sertes, with a careful breakdown of the various levels and
extent of the cord lesion

Cystourethrographte  stndy  Cystourethrography and
other studies may also furnish information akout the con
dition of the bladder neck In 1933 Denny Brown and
Robertson (40) studied three cases of complete transection
of the cauda equina by cystometric studies with the proximal
tip of the catheter 1n the bladder in the prostatic urethra
and 1n the bulbous urethra It 1s difficult to see how they
could be absolutely sure about the proximal end of the
catheter 1n the prostatic urethra without x ray especrally 1f
the prostatic urethra were dilated as 1t should be tn this type
of lesion They stated that the degree of laxity of the
(internal) sphincter 15 directly proportional to the degree
of vestcal contraction both during actual discharge and dur
fing vesical contraction without discharge Denny Brown
1nd Robertson were unable to find any evidence of a func
toning external sphincter in their cases although the pres
sure at which discharge of urine began and termmated was
much higher for the external than the iternal sphincter

Watkuns (191) by cystography found wide relaxation
of the vesical neck 1 seven or eight cases with partial tran
section of the cauda equina and noted vanation of bladder



106 INJURIES OF THE SPINAL CORD

Fic. 18 Fic 19

F16 18 Urcthrogram shows dilated bladder ned. in patient 1o fist
stage of recovery The dye 1n the bladder surrounds 1 stone
(From Prather | Urol 57 278 1947)

Fi6 19 Urethrogram 1n patieat with complete transection in lower
dorsal region. Filling defect caused by tip of suprapubic tube can be
scen  Bladder nedh 1s dudated.

(From Prather | Urol 57 282, 1947)

nech during intervals of only a few minutes He found that
even when the internal sphincter was widely dilated there
was no escape of flud. He disagreed with the interpreta
tion of Denny Brown and Robertson according to which the
mternal sphincter should have been closed in the interval
between vesical contractions

Denny Brown (42) has also reported further observations
on the bladder neck by cystography In patients with auto-
matic reflex unnation he noted that with only 25 cc of
opaque solution i the bladder the region of the mternzl
meatus had the shape of a small dimple If distention was
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continued the dimple widened to a smail funnel and the
urethra was diated down to the verumontanum  He stated
that a funncl type of bladder nech was commonly found 1n
cauda cquina lesion because the procedure used to demon
strate 1t exates contraction of the bladder

Urethrography by the injection of a small amount of
opaque matenal through the urcthra from the external
meatus should not produce sufficient intravesical pressure
to cause reflex detrusor actnaty This type of examnation
should disclose the condition of the bladder nech 1n a rest
g state  Urethrograms dllustrating various changes in the
bladder nech are shown in Figures 18 to 22

Recent studies of this type were made by Prather and

Fis 20 Fig 21
FX. 20 Urethrogram in patient with complete transection n lower
dorsal region of the spinal cord Patient has good automatic reflex
bladder with stisfactory capacity Bladder neck 1s dilated
(From Prather | Urol s7 282 1947)

Fic 21 Utethrogram in patient with partial transection of the
tuds equina Tt shows no change from the normal Patient was
voiuding voluntanly with good control

(From Prather | Urol 37 276 1947 )



108 INJURIES OF THE SPINAL CORD

Petroff (147) 1n a seres of 129 cases of spinal cord 1njury
They found that 1n 36 cases of complete transection of th~
cord or cauda equina the bladder neck showed some degree
of dilatation n 30 a ratio of 5 dilated to 1 normal In 93
cases of partial transection of the cord or cauda equina there
was a ratio of 2.2 dilated to 1 normal
These authors also studied the relation of the level ot
snjury to the bladder neck changes In 29 cases of complete
transection of the thoracic portion of the cord the ratio of
dilated bladder neck to normal was almost 4 to 1 while
all pattents with complete transection of the cauda equina
had some degree of dilata
tion at the internal urethral
orfice In those with par
tial transection at varous
levels they found dilatation
of the bladder neck was
common and occurred with
ncreasing frequency from
the level of the cervical
region to the cauda equina
In an effort to determine
the significance of bladder
tone or bladder capaaty n
Fic 22 Urethrocystogram 1n  urcthrographic changes at
patient with partiel transechon  the bladder neck, Prather

of the cauda 1. Bl
covered to pemolmf;i:;ﬁ and Petroff compared 10
wg supplemented by straming  €a5¢S With automatic reflex
with abdominal muscles. The  bledders having hypertonic
bladder nech 1 dilated. type of bladder with ca
f;:‘;u; Prather [ Uro/ 57 278 paaity of akout 150 cc to 12
cases with other types of
bladders having a capaaty of over 400 cc  Some degree
of dilatation was prevalent in both groups
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A selected group of patients with spinal cord injury who
had had urcthrographic studics during a period of bladder
drainage were re cramined five to mine months later when
they were vouding and free of drainage with tubes  Cases of
both partial and complete transection were included It was
found that while there may have keen some change n the
shape of the prostatic urcthra and bladder nect Iittle or
no change 1n the degree of dilatation was produced by the
lapse of time or by the change 1n status of the bladder

Data contributed to date by various authors indicate
that dilatation of the bladder nech 1s a common finding 1n
patients with injury of the spinal cord but the correlation
of this obsennation with detrusor action appears difficult at
this tme tecause the dilated bladder neck 1s common with
both the hypertonic and atonic type of bladder because there
15 no marhed change n dilatation over a perniod of months
nvolving changes in bladder activity and because the groups
are not absolutely uniform

CARE OF THE BLADDER

Now that we have some 1dea of the natural history of
bladder physiology after injury of the spinal cord and some
knowledge of the various methods of study that can be em
ployed we must state the objectrves and principles involved
1 the care of the bladder discuss the various methods of
treatment available at present and state the results of treat
meat recently employed

Objectives of Treatment Our objectives can be stated
briefly and simply The pattent should become ambulatory
and free of uninary infection A patient who has sustained
2 partsal transection of the sprmal cord should attain volun
tary control of unnation and be capable of emptying his
bladder A patient who has a complete transection of the
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Petroff (147) mn a series of 129 cases of spinal cord njury
They found that 10 36 cases of complete transection of the
cord or cauda equina the bladder neck showed some degree
of dilatation 1n 30 a ratio of 5 dilated to 1 normal In 93
cases of partial transection of the cord of cauda equins there
was a ratto of 2 2 dilated to 1 normal
These authors also studied the relation of the level of
mjury to the bladder neck changes In 29 cases of complete
transection of the thoracic portton of the cord the ratio of
dilated bladder neck to normsl was almost 4 to 1 while
all patients with complete transection of the cauda equina
had some degree of didata
tion gt the internal urethral
ortfice In those with par
tial transectton at various
levels they found dilatation
of the bladder neck was
common and occurred with
increasing frequency from
the level of the cervical
region to the cauda equin
In an effort to determine
the ugnificance of bladder
tone or bladder capaaity 1n

FiG. 22 Urethrocystogram 1n
patient with partial transechon
of the cands equins. Bladder re
covered to permut voluntary vord
ing supplemented by straning
with abdominal musdeas  The
biadder neck 15 dilated.

(From Prather | Urol 57 278
1947 )

urethrographic changes at
the bladder neck, Prather
and Petroff compared 10
cases with automatic reflex
bladders having hypertonic
type of bladder with a
pacity of about 150 cc to 12
cases with other types of

bladders having 2 capacity of over 400 cc Some degree
of dilatation was prevalent in both groups
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The following opintons have been expressed in regard to
this type of treatment  Besley (11) reported that infection
rarely occurred without cathetenzation and that distention
of the bladder was not harmful either to the bladder or kid
ne;s Dunng World War 1 Vellacott and Webb-Johnson
(187) obsened sixty six cases i a forward arca for an av
erage period of thrce weeks  Most of the patients had been
wmpured only one to scven days previously  Of ten cases
which had not been catheterized 10 per cent showed uninary
fection In forty cases which had been cathetenized seventy
seven per cent were infected They preferred a non-catheter
program but reafized that infection occastonally occurred
without cathetenzation Kidd (82) also observed casualties
n World War I and stated that the Crede method of empty
ing the bladder was used in Trance 1n 1917 but he believed
many cases became infected and did not favor the non
drainage program David (38) stated that in early cases
which were not infected the use of the catheter was contra
indicated  He sealized however that if infection were
present, the situatton was entirely changed Cahill (25)
stated that since World War 1 he preferred to use the Crede
method or permit overflow With this treatment he noticed
L temporary rise in nonprotein nitrogen which improved
after reflex bladder action returned Priestley (148) ltkewise
advocated 2 non-catheter program Connors and Nash (28)
feported fifty four cases (only twenty-one of which had ut
My retention) treated without catheterrzation and main-
taned that there was no urmary fection 1 any They
tsted on Crede actvity every four to six hours and began
the treatment before maximum distention had been reached
Ruptute of the bladder was not encountered and only one
Patient 13 ga1d to have developed bed sores They admit how
ever the occasional need for cystotomy Theur paper does not
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spnal cord should attun snvoluntary, pertodic reflex voiding
at satisfactory intervals and be capable of emptying the
bladder

Principles of Treatment 'The treatment of the bladdet
1s simple, 1n theory

Unnary draingge should be provided durng the first
and second stage of recovery or some arrangement made 50
that overflow 1ncontinence will not contribute to or aggra
vate pressure sores over the sacral and trochanternic regtons
A type of drainage must be employed that will keep bladder
nfection at a pumumum not contribute to nfection of the
upper urinary tract, avord genutal sepsis not nterfere with
ambulation and permit ulttmate rehabilitation of the bladder
to # votding state

Prompt recogmtion of favorable changes 1n bladder
musculsture which are sndicatrve of progress to a third stage
of recovery 1s mperatrve These changes should lead to vol
untary voiding i patients with partl transection and cff
ctent reflex voiding 1n those with complete transectton

Methods of Bladder Care Although all agrec as to the
objectrves and principles described above opinion differs as
to the best method by which to accomplish these aims

Non-dranage program Over 2 period of years there
have been a number of authors who have advocated a strict
non-dramnage program The bladder 1s thus permitted to dis-
tend and overflow or manual expression of urine 15 accom
plished by abdominal massage of the organ every four to
six hours By refraining from the use of a catheter 1t has been
hoped that unnary infection might be avoided Temporary
distention of the bladder for a matter of hours 1s not harm
ful and does not interfere with the recovery process Long
continued distention of the bladder 1s harmful and interferes
with resumption of function
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not been done previously and if the urine 1s not infected
2 When infection 1s present this form of treatment must be
abandoned 1mmediately  Opintons differ as to the fre
quency of the development of uninary infection during a non
catheter program

The non-catheter program may prove satisfactory n ind1
widual cases when adequate personnel can shillfully empty
the bladder by the Crede methad and maintain a dry bed,
but where a number of cases are to be cared for at one time
or transportation 15 imvolved it 1s very doubtful 1f such a
program will either be safe for the patient i avording bed
sores or best for the bladder should unnary infection de
velop In recent years there appears to have been a trend
away from this type of treatment Resuits obtained by other
methods during the recent war have not been a cause for
regret nor have they led to renewed enthusiasm for a non
catheter program

Intermuttent catheter dramage In the treatment of spinal
cord snjuries the intermnttent catheter dramage program 1s
the worst type of treatment that can be adopted During
World War I certain Englsh installations used 1t as the
unwversal treatment for the bladder 1n cases of sptnal cord
injury Thomson Walker s (184) report of this tragic ex
penience should forever prohibit the adoption of this type
of program  In his sertes the estimated total death rate due
to unnary sepsis was 80 per cent During 1915 and 1916
Thomson Walker saw 339 cases which araved at the King
George Military Hospital two to three weeks after injury
Over 47 per cent were dead within cight weeks  Of those
who survived and were later transferred to another hospital
17 pet cent died of urmary infection

Intermuttent catheterrzation for longer than 72 hours
always leads to uninary infection and 1t 1s now a well estab-
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mentton the ultmate state of bladder function Wesson
(194) also favored a non-catheter program and appeated
overly opamustic when stating that they will all overflow and
be converted into automatic bladders within ninety six hours.
There are no quoted series of cases 1 his paper for detatled
information on thus form of treatment. Munger (115) advo-
cated 2 non-catheter program 1n those who had not been
previously catheterized but he believed all infected cases
should have suprapuhic dramage. Hinman (74 75 76)
likewse favored a trial at manual expression of urne as the
best method for the early development of an automatic blad-
der when 1t works and also the best method to avoid unnary
infection Manual massage of the bladder from above
downward toward the symphysis by the palm of the band
must be performed evesy four hours by the dock. This method
he acknowledged to be time consuming and to require con-
scientious personnel and 1t 1s applicable only when there
18 no urinary safectton and no mechanical obstruction  Broch
(20) hov ever believed that the tendency to mfection oo
the chronically over-distended bladder was nearly as great
as when catheterzation and bladder irngations were used
Riches had only partial success with manual expression of
unine and concluded 1t was neither safe noc certain for rou
tine use

A number of the earlier recorded proponents of this form
of treatment apparently advocated it Lbecause of the poor
results with a program of ntermittent catheterization. 1t 15
unfortunate that there 15 no sizable revorded series describ-
ing the ultimate type of bladder function snd the extent
of rehabilitation with this form of treatment

The optnions just quoted appear to agree that 1 It 1s
possible and sometimes preferable to treat the bladder by
periodic manual cxpression of unine if cathetenzation has
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(Robinson) soft rubber catheter or the balloon (Toley)
catheter may be chosen The balloon catheter with a 5 cc
bag requires less daily adjustment and avords the possible
pentle constrictions and abrasions of adhesne tape  Cysto-
scopic obsernations mn patients have convinced us that there
15 no bladder nech edema or necrosis caused by the distended
bag of the balloon catheter Turthermore 1t 1s the only
type of catheter that can be hept properly adjusted when
priapism 1s recurrent There 1s seldom intravesical enlarge
ment of the prostate 1 young males so the balloon type
catheter remains 1n satisfactory draming position 1n the
bladder The Robinson catheter can be used cffectively if
proper application of penile adhesive 18 maintained It has
a shightly larger internal diameter 10 corresponding suzes
than the halloon type

The catheter and the rest of the drainage system requice
daily attention  Lven though there 15 no evidence of en
crustation the catheter should be changed with sterile tech
nque every seven to ten days

In order to heep bladder infection mimnimal bladder
ttngations are required 1n addition to a high urmary out
put Irngations can be accomplished by syringe a closed
system with manual control or a closed system with auto-
matic control (tidal drainage)

Syringe wrigation 15 effective and occasionally necessary
if the catheter becomes blocked by debns or clot Facilities
for this method should always te at hand For routine use
however 4 requires sterile utensils for each irrigation with
each patrent, an exacting load n time and effort for the nurs
'0f personnel  Moreover there 1s a chance for cross con
amuaation from bed to bed when each catheter must be
disconnected and reconnected at each treatment This tpe
of trigation 15 not recommended for routine use
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lished urological principle that this type of drainage should
never be used over a pertod of more than a few days

Constant dranage In an effort to avoid over-distention
of the bladder as well as severe infection in the bladder
which resulted from intermittent catheterization, Kidd (82)
advocated dratnage of the bladder with a tied 1n catheter”
a form of therapy which has now been used urologtcal
cases for many years

The main objection to drainage of the bladder by a ure
thral catheter 1s the possible occurrence of urethral or scrotal
sepsis  Perwrethral abscess with fistula formaton at the
penoscrotal junction 1s & serious complication i the para
plegic patient The opening 15 slow to heal and may require
plastic surgery When voiding 1s re-established and the ordt
nary glass or metal urmal 18 used, 1t 1s often difficult to
prevent leakage of urme from the fistula into the bed ot
clothing  For this reason complete rehabilitation of the
bladder may be delayed for wecks by the urcthral fistula.
Scrotal sepsts although 2 defintte complication which may
result 1n loss of part of the scrotal contents 1s not dangerous
to life or likely to delay recovery materually if treated prop-
erly

The main advantage to dranage of the bladder by ure
thral catheter 1s the avoidance of surgery (cystotomy or
urcthrostomy) and the tume saved duning healing of a sur
gical wound

Expert care with close attention to gentleness and sterle
techmque wil pay high drvidends Crude handling of the
catheter will take its toll 1n complications The catheter used
must never be larger than 18F The urethra of the paralyzed
patient has no more tolerance to pressure than the sacral or
trochanteric regons

For urcthral catheter dramnage either the two holed
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(Robinson) soft rubber catheter or the hatloan (Foley)
catheter may be chosen The balloon catheter wath 2 5 «c
bag requires Jess daily adjustment and avards the passible
penile constrichions and abrasions of adhesine tape  Cysto-
scopic observations in patients have convinced us that there
15 50 bladder neck edema or necrosis caused by the distended
bag of the balloon catheter lurthermore 3t 1s the only
type of catheter that can be kept properly adjusted when
priapism 1s recurrent These 15 scidom intravesical enlarge
ment of the prostate n young males sa the balloon type
atheter remains 1 satiefactory draiming position 1 the
bladder The Robinson catheter can be used effectively 1f
propet application of perule adhesive 1s mamntamed It has
3 shghtly larger snternal drameter 1n corresponding szes
than the balloon type

The catheter and the rest of the drainage system require
daly attention  Lven though there 15 no evidence of en
Custation the catheter should be changed with stersle tech
fuque every seven to ten days

In arder to heep bladder infection mimimal  bladder
itngations are required in addition to a high urnary out
put Irngations can be accomplished by syrnge a closed
system with manual control or a closed system with auto
matsc control (tidal drawnage)

Syringe trrsgation 1s effectve and oceastonally necessary
if the catheter becomes bloched by debris ot clot  Faalities
for this method should always te at hand Tor routine use,
however it requires sterile utensils for each irngation with
€ach patient aa exacting load 1n time and effort for the nurs
Ing personnel  Moreover there 1s a chance for ctoss con
:;m‘“‘“ﬂﬂ from bed 1o bed when each catheter must be

sconnected and reconnected at each treatment This type
of migation 15 not recommended for routine use
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Closed system mansally controlied type of 1rrigation has
been commonly used 1n routine urological work for a num
ber of years Nesbit and Gordon (129) have employed the
method 1n patients with spinal cord mjuries We used 2 sim
ilar apparatus during multtary service with great satisfac
ton (Fig 23)

The umt can be casily sterilized 1n the autoclave and
kept ready for immediate use in sterile packs It 1s simple to
set up and quickly disassembled for re-sterslzation  Atten
dant personnel can irngate the bladder easdy quckly and
without chance of contarmunation as long as the irngating
flud 1s sterile  Setting up the umit takes no longer than
connecting the ordinary dramnage tube and over 2 long period

STIRILE GAUZE SPONGE

IRRIGATION JAR
750 1000 CC CAMCTTY

CATHETER OR SUPRAPUNIC TVSY

C
(I

—9
Fsc. 23 Diugram for dosed system of dranage and irngation of
the bladder manually controlled. To srrigate bladder open clamp
on A while B 1 pinched off  After the proper volume has entered
the bladder pinch off A and release B Repeat this maneuver several
times, then reapply clamp on A.

(From Prather [ Uro! 57 20 1947 T8 Med 162 Surg. Gen
enls Office, U S Army and Prather Preoperatire and Postopera
1ve Treasment — Mason and Zintel, W B Saunders Co 1946,

pg 301)
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the net saving of time and cffort 1s considerable  Irrigations
can be forceful (by gravity) so that the bladder 1s cleansed
thoroughly at each rrrgation

The patient may soon leam to rrnigate himself a definite
number of times per day as well as others can The individual
amount for each bladder il 1s casily seen on the calibrated
ingating jar so that with mstruction each patient can run
lus own unit (except cervical cord 1njuries with paralyss of
amms)

With this system there 1s no difficulty with failure of
dramnage by air in the tubing and no difficulty of renewal
of dratnage after a period of ambulation We belhieve this
system 1s simple effectn e and compatible with optimum func
tional actrvity of the bladder

Closed system, automatically controlled, (trdal dramage)
provides a closed system of drainage and irngation of the
bladder 1n which penodic imgation and emptying occurs
automatically  Laver (93) first described an automatic 1rr1
gutor (Fig 24) which he believed was based on two prm
aples 1 Water finds its own level and 2 Siphon  Munro
and Hahn (116) announced the use of a more complicated
apparatus for the same purpose 1n 1935 and dubbed it tidal
dramnage  Munro has championed this type of bladder
dramnage and irrigation since that ime  More recently Cone
and Bridgers (27) Lawne and Nathan (94) and Stewart
(175) and Bellis (10) have described simplified models
®hich are effective and permit cystometric studies without
further apparatus Illustrations of apparatus along principles
advocated by Stewart, and Cone and Bridgers are shown in
Figures 25 and 26 All of the various models aim to provide
tutomatic filling and emptying of the bladder at a predeter
muned level of intravesical pressure To be used intelligently
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Fi 24 Dugnm of easly auto-
mati¢ bladder iengator
RC—A watertight receiving
chamber with three
opentags
R—Contaner for irrigsting
fluid placed sbove the
apparatus
B—Bladder
CT—Catheter tied (nto bladder
T—Glass tube known as the
tower
55 —Rubber siphon tube
S—Stand — adjustable for
height
(From Laver Guys Hosp Gax
31172 1917)

Tidal Irrigator and
Cystometer Comblned

—A
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—C
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FiG. 25 Stewart s model of tidal
tngator and cystometer as mod!
fied from model by Bellis. The
proper dumeter of ar vent in
tube D can be more eanly ac
complished by using 14 1o, glass
tubing with 23 gauge needle
connected to upper end of tube
D by means of rubber tubing
(From Stewart, Lasces 1 288
1942)
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STERUE Glun:w
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WLt BOTTLE IRFUSION KELLY
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Avertive TUNE DRIP GLASE (MURPUY)
BOARD TUBING RUBRER
(Parwoon) ! 1 DIAMETER INSIDE
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FiG 26 Diagram of apparatus for automatscally controlled bladder
trrigation (tidal drunage) after the prinaple of Cone and Bridgers
A wooden stand on casters holds the infusion bottle and tubing The
ur vent must not be larger than the diameter of a 22 or 23 gauge
oeedle. If o dosed Murphy dnip bulb 15 used the air vent needle
an be inserted through rubber tubing just below the drp bulb
(From TH Med 162 Surg Genenals Office, U S Army Prather
| of Urol 57 21 1947 and Prather Preoperative and Postoperaiise
Treamens—Mason and Zuntel W B Sauaders Ca 1946 PE 324)
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previous cystometric studies are necessary so that the lerel
of the stphon loop may be properly adjusted

The system will not function properly if there 1s air 1
the rubber tubing leading to the bladder nor will the empty
ng of the bladder be effectrve 1f the opentng of the aur vent
15 larger than 2 22 gauge needle.

The solution used for an irrigatng medum 10 exther
the sutomstic or manually controlled system should be sterile,
antsseptic 1f possible, non trritating and preferably of such
quality as to delay or prevent phosphatic deposit on glass
and rubber tubing Stenle water saline, boric acid potas-
sium permanganate sulfandamide, and solutions G and M
of Suby and Albnght (177) are among the many which have
been tried with varying success

We found solution G too wrntating for long continued
use 1n the bladder ss manifested by bloody mucus w the
wrigating returns

Solution M, whose formula 1s hereby quoted,

Citric acad (Moncohydrous) 3235
Magnesum oxide (Anhydrous 384
Sodm carbonate (Anhydrous 884
Dustilled water q.s ad 1000 00

can be autoclaved and did not produce these undestrable
features and proved more effectrve than borc in delay
wng encrustations on tubing but the tngredients of the for
mula are not always immedately available in the lsrge
quantities often necessary  Boric 2cid can be used as the srrt
gating fluid wath satisfaction

It 1s desirable to have a distinctive colonng for the tert
gating solution so that no error or substitution can be made
by personnel when filling the irngating jar A small quantity
of methylene blue will suffice for this

The advantages of tidal drainage bave been discussed by
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Stenart (175) who believes that besides controlling mfection
it reduces the difficulties of nursing and medical care Wells
(192) was greatly impressed by this method during the carly
part of this war Kerr (81) and Nissen (134) preferred
treatment by tidal dramage where facilities and tramned per
sonnel were avatlable  Riches stated that the time required
for the development of a reflex bladder was slightly less
when this form of treatment was used Hinman (75) pro

poses tidal dramage 1n avilian cases when treatment by
manual expression of unne can not be done or 1s contra

indicated, and believ es 1t hastens the devclopment of an auto

matic bladder provided detailed attention 15 given to the
care of the catheter and the apparatus  Munro (125) urges
the early use of tidal dramnage to avord urnary infection

When this method was not used from the start, he found
20 per cent still showing urinary infection at time of dis-
charge from hospital 1n comparison to 8 per cent of those
treated by tidal methods from the beginning The same
author reported an earlier study of final results to show urt

nary infection 1n 73 per cent not treated by tidal ierigation
as contrasted to 15 per cent i whom this treatment was
used (118)

The disadvantages of tidal drainage clude those com
mon to all methods which employed urethral catheters over
# long period of time namely possible urethral and scrotal
%psis. Munro reported complications in the bladder urethra
and genttal organs m 19 per cent of those 1n whom tidal
dratage had been used from the tume of 1njury tmn compart
$0n to 26 per cent 1n 1 series before this form of treatment
“as begun A few mumnor objections may be peculur to the
“pparatus itself Lewis (100) found that the bladder was
Dot always emptied, due esther to change 1n position of the
Patient or aur trapping  Both he and Thomas (181) feel that
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previous cystometric studies are necessary so that the level
of the siphon loop may be properly adjusted.

The system will not function properly if there 15 aur 1o
the rubber tubing leading to the bladder nor will the emply
1ng of the bladder be effective 1f the opening of the atr vent
1s larger than 2 22 gauge needle

The solution used for an srgating medium i cither
the automatic or manually controlled system should be sterile
antiseptic 1f possible, non-untating and preferably of such
quality as to delay or prevent phosphatic deposit on glass
and rubber tubing Sterle water salme boric scid, potas:
swum permanganate sulfandamide and solutions G and M
of Suby and Albright (177) are among the many which have
been tried with varying success

We found solution G too irritating for long contnued
use 10 the bladder as mamifested by bloody mucus m the
icregating returns

Solution M whose formuls 1s hereby quoted

Citrsic aad (Monohydrous) 3235
Magnesium oxide (Anhydrous 384
Sodum carbonate (Anhydrousg 884
Dustilled water q's ad 1000 00

can be autoclaved and did not produce these undesirable
features and proved more effective than boric m delay
ing encrustatrons on tubing but the mgredients of the for
mula are not always immediately available mn the large
quantites often necessary  Boric acid can be used as the 1
gating flurd with satisfaction

It 15 desirable to have & distinctive colorng for the 1rn
gating solution so that no crror or substitution can be made
by personnel when filling the trriigating jar A small quantity
of methylene blue will suffice for this

The advantages of t:dal drainage have been discussed by
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comprchensne reports of Thomson Walker and Riches
addition to our own expertenices duting the recent war all
indreate that cystotomy presents no difficulty m the rehabilita
tion of the bladder to a varding state  Only occastonally s
sccondany closure of the suprapubic sinus necessany  Func
tional results and bladder capacsty are not influenced un
favorably cven after months of dramage provided bladder
tnfectson remasns mamimal

The suprapubic tube can be connected to a closed system
of dramnage and 1rngation manually controtled to avotd pos
sible cross contamunation by personncl using syninge un
gatons and with the closed system patsents often leamn to
trigate themselves efficiently a number of times each dgy
Cystometric determinations can be done va the suprapubic
tube 1f the cystotomy has been performed properly

Suprapubic drainage does not nterfere with ambulation
ot frequent changes of position 1n bed although st 13 trouble
some 1f 2 Stryher frame 15 to be used over a lang period

The disadvantages of suprapubsc dramnage are that it 15
2 surgical procedure and that 1t wiil take three to four weehs
for the sinus to heal during a period of urethral catheter
dranage when rehabilitation of the bladder 15 at hand In
addition, @ small suprapubic dressing 1s advisable Munro
(125) has stated that the tube 15 prone 1o rot and breah that
st fals to prevent puddling and that 1t promotes shrnhage
and fibrosis of the bladder wall Lihe usethral catheters the
SUprapubic tube requires changing periodicatly but our own
;tudlcs definutely refute the assertion that this form of bladder

famage leads to shonkage of bladder capacity

Lewts (98) has objected to suprapubic cystotomy unless
" 15 certaun that a fong period of dramage 1s necessary be
“duse of leakage of unine around the catheter We have not
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a thorough bladder irmgation should be used each dav
Bumpus Nourse and Thompson (22) who used tidal dram-
age 1n the majonty of cases at some stage of comalescence
during World War If found supplemental irrigations neces-
sary to prevent puddling of infected unne and accumulation
of calaum debnis 1n the bladder Thus occurred in spite of
thetr best efforts to mamtan efficent automatic drasmage.
Morson (110) objected to tidal drainage because 1t confined
the patient to bed

After personal expenence with war casualties treated by
all of the vanious methods of dramnage and wrnigation listed
1n this text we have the firm comiction that tidal dramage
1s an excellent method of protiding dramnage and rmgation
of the bladder but that st 1s not esseatral for the optmum
recorery or rehabilitation of the paralyzed bladder

Suprapabic cystotomy  Suprapubic dramage of unne
duning paralysis of the bladder has been advocated by a
number of urologists 1 an attempt to avord urethral sepsis
and to protect the upper uninary tract agamst sepsis Dur
mg the first world war Thomson-Walker (183) made a
plea for this type of program, and twenty vears later still
fasored qystotomy whenever Crede methods failed. Boyd
and Badey (19) believed suprapubic cystotomy was the log
tcal method of treatment, and Munger (115) favored this
dramage whenever unnary mfection was present. Hinman
(75) suggests ¢y stotomy when previously mentioned methods
of treatment appear to have failed 1 crvilian cases and advo-
cates 1ts immediate use 1n war condstions if the spinal cord
wjury 15 severe  Riches (152, 153) has advocated supra
pubic drainage at an early stage i the hope of preventing
renal infection, although he realized that there was no -
fluence on renal sepsis which was already established. The
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a Malecot tuke to the bladder to dramn the paralyzed bladder
Although we have not used the procedure the following
objections should be considered While the suggested place
ment of the tube avoids periurethral abscess and fistula at
the penoscrotal angle the possibility of prostatic and scrotal
sepsts ts not diminished  Of necessity the inciston and chan
nel for the tube 15 1n close proximity to an incontinent anus
and offers undue chance for uninary infection The bad effect
of pressure of the tube on penneal structures when in a sit
tng position also might delay wheelcharr ambulation
Should there be delay 1n healing of the urethrostomy open
ing prolonged urethral catheter drainage would be required
because the buttocks would be wet on each voiding The
abore considerations would seem to rule out this type of
drainage for routine use unless a scrics of cases demonstrates
that the akove objections are not valid

Pezzer or Hukeool tabe seorae P

Pm"l 28 Wrong placement of suprapubic tube causing pressure on

mg;:: with perhaps edema around uretersl onifices With the tube

the by position 1t 15 difficult to obtain further surgical exposure of

ot adder without opening the pentoneun  Following remaoval of
Suprapubic tube the sious 15 short and may require a Jonger

P;“"d to heal than when there 15 an oblique sinuy

(Fom Prather Buil U.S Army Med Depr 81 97 1944 )
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Pezzer or Halerol lobe menF
Soprapubac mauen

Tic, 27 Correct placement of suprapubic tube high n vertex of blad
der This avoids pressure on trigone permits easy surgaal reentry
mto the bladder and creates an oblique sinus when this tube 13
removed

(From Prathet Ball U S Army Med Dept 81-97 1944)

found lealage common when the cystotomy was properly
performed the tube properly placed and daily care matn
tained

The technique of cysto omy deserves mention  Ruches
(152) Prather (143) and Hamm (63) have emphaszed
the advisability of placing the tube high 1n the dome of the
bladder (Figs 27 and 28) It should also emerge from the
upper end of the shin masion These precautions prevent the
rding of the proximal end of the tube on the trgone and
urethra! orfices and produces an oblique sinus to facilitate
closure at a later date This technique also avords the pos
sibility of ifection of the pubic bone which mught occur
1f the tube were placed at the lower end of the incision adj
cent to the pubis

Perineal srethrostomy A few years ago Lewss (99) sug
gested urethrostomy 1n the bulbous urethra with nsertion of
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function following low spinal lesions (cauda cquina) are
the most responsic to transurethral resection: They have ad
vsed resection of small amounts of tissue from the entire
arcumference of the bladder neck, the total weight of re
moved tissue rarely exceeding 10 grams  Lven after oper
ation pattents with low lesions sometimes find 1t necessary
to strain 1n order to empty the bladder The above authors
found the results of bladder neck resection less spectacular
but still worthwhile 1n a numLer of patients with automatic
reflex vording but i whom there was still an apprectable
residual after urination
Baker Camney and DeRosa (1) found resection of the
bladder neck useful 1n attempting to restore proper bladder
function 10 elderly and debilitated patents with neurogenic
disease of the bladder
Stone (176) reported no hustological evidence of hyper
trophy 1n muscular tissue removed from the bladder nech,
bat rightly observed that this regon may cause obstruction
because of spasm or ngidity He also described the ten
deacy of paraplegic patients to bleed rather profusely dur
g surgery either during open operatton or with trans
urcthral procedures  Stone recognized justification for the
Operation despite a rather high morbidity rate Likewise
Talbot (179) from his wide experience with veterans of
World War 11 stated that resection 1s justified whenever
there 15 persistent residual urme associated with what ap-
Pears to be sufficient detrusor force as demonstrated cysto-
metrically
bcnffrzn;tbl(::d) has written many papers expounding the
er neck resection 1n the neurogenic bladder
Recently Emmett Albers and Anderson (47) reviewed thetr
collected clinical matertal and stated that a disturbance of
the urinary sphincters s probably the greatest single factor
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Cystoscofuc procedsres  Two types of cystoscopic pro-
cedures have proved useful on occasion for the proper care
of the bladder All instrumentation 1s potentially dangerous
and it 15 to be entrusted only to shilled hands This 1s e
pecially true in the paralyzed patient

Cystoscopic remotral of bladder caleuls, when they exst,
ts requtred before satisfactory rehabilitation can be sccom
plished Many small stones can be removed through the
sheath of the cystoscope or resectoscope with the aid of the
Cllik evacuator Larger calcult have to be crushed and frag
ments removed by sengation The atove mancuvers can be
done through the cystotomy wound 1f present or through the
urethra  If the patient has suprapubic drainage 1t 1s best to
nspect the bladder for calcult before changing to & urethral
catheter program The opening abore may be useful for the
removal of calcult

Resection of the bladder neck has been employed tn para
plegic patients to facilitate proper emptying of the bladder
For an eventual satisfactory functional result reflex actrvity
of bladder musculature must be present, and sufficent
sphincteric or urethral resistance must remain to avord con-
tinuous incontinence  In many instances a well defined
widening or relaxation of the bladder nech ts revealed by
urethrographic and cystoscopic examnation, In most cases
(1n our experience) the desired end result of functional con-
trol and effiient emptying can be obtained without revision
of the bladder neck There are, however instances of 1n-
cfficient emptying of the bladder i which adequate reflex
activity can be demonstrated cystometrically In this latter
group of cases resection of the bladder neck may prove vital
1 the restorztion of satisfactory bladder sctivity

Bumpus Nourse and Thompson state that as the result
of their expenence in the Navy during World War 11 dys-
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sphincter to relas must be corrected to achieve satisfactory
bladder function Ney and Duff (132) likewise reported
that spastiity of the cxternal splincter was not unusual
By cystourethrography they found opaque dye held up n
the regron of the external sphincter i postvording films

At times spasm of the external sphincter may be demon
strated or suspected in the urcthrogram  Dufficulty 1n passing
a catheter through the external sphincter may give a clue
Sphincterometric study may also prove helpful Careful
urethroscopy can be valuable to the traned examuner in de
termining the state of the external sphincter

Bors (16) reported 46 per cent good results fram using
bilateral pudendal nenve block 1n 56 cases He maidentally
found the bladder neck open after this procedure and specu
lated as to why this should be so Perhaps there are strated
muscle fibers as high as the bladder nech which become af
fected by the block Perhaps there are autonomic fibers in
the pudendal trunk which cease to be mfluentml after the
nerve bloch.

Rilling (157) has reported 1schio-anal abscess after pu
dendal nerve block 1n obstetrical cases the symptoms appear
ing six days after injection 1n several cases

Ney and Duff noticed relaxation of the external sphuncter
10 8 of 20 cases by urethrographic study m patients with
spinal cord tnjury This was found 1 both the spastic and
flaccid cases and was apparently not related to the level of
the cord lesion

They noted that general these patients had very small
bladder residuals

Block of sacral nertes can be accomplished by direct 1n
Jection or by spinal anesthesia permanently by subarachnotd
deohol injection or thizotomy The principal cffect 1s to
tholish tmpulses over parasympathetic nerves thus eltminat
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1n neurogenic vesical dysfunction  Residual unine 1s of course
the foremost problem — 1n fact they found that 88 per cent
of their cases had more than 100 cc residual  Following
transurethral resection they report good results n 80 per cent
of 79 incomplete spinal cord lestons and 40 per cent of 35
complete Jestons  An additronal number were reported as
improved The same authors belteved that the level of the
lesion was not signtficant and found therr best results
cases with a mnumal amount of reflex bladder activity who
could 1mitiate urnation by stramning Their poorest results
appeared to be i patrents with an automatic reflex type of
bladder

Although further experiences may alter the general opin
10n 1n regard to the role of bladder nech resection m spinal
cord infuries Bors (14) has probably summarized the rela
tive need for the operation by saying that 1t will be mdicated
n about 5 per cent of patients The procedure can be help-
ful 1n restoring satisfactory vording 1n some paraplegtc pa
tients whose natural progress has not been complete

Nexrological procedares 1o ad bladder function Al
though the urologist may be able to restore the anatomical
features of the bladder and bladder neck to as near normal
as possible there still may be grass dysfunction which can
possibly be improved by the blocking of nerves

Pudendal nerie block has recently recerved more atten
tion as @ possible means of facilstating bladder emptying 10
patients who show no obstructrve tissue at the bladder nech
and who have sufficient detrusor power Spasm or mvolun
tary contractron of the external sphincter can impede the
flow of urmne just as effectively as rigidity at the bladder
neck

Emmett, Daut and Dunn (45) by urethrographic study
concluded that spasticity or the mabulity of the external
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act as parasympathetrc stmulants in the bladder with a nor
mal nenve supply  Ney and Horowistz (133) deseribed fever
probably of pyclonephntic orign following the use of
Turmethtde 1n two patients wath spmal cord injury who were
Iknown to have bladder residuals and ureterosesical reflus

There 15 very luttle signeficant data about the mfluence
of drugs on the neuragenic bladder Drugs do not appear
to have signtficant practical actron on the paraplegre bladder
aither by stimulating reflex detrusor action or by causing re
faxation of hypertontc muscles

Bladder iramng for paraplegic patients with complete
transection after reflex bladder actron has become re-estab-
lished was recently discussed by Munro By clamping off the
urethral catheter for mtervals of one and onc half to three
hours it 15 hoped that the bladder will accommodate stself
to 2 time schedule to permut the patient to vord at regular
mtenals When this has been accomplished the patient 1s
then grven a trial on a similar schedule without the catheter

COMPARISON OF METHODS

It is dificult to compare the cffects of some of the
Methods described above for the calibre of the personne!
ppears as important as the method «f not more tmportant
Any method 1n the hands of unshled tdn iduals 15 apt to
end mn disaster  Several of the methods in expert hands can
Pproduce gratifying results
fcct\th describing a method of treatment we assume per

technique ta shilled hands experience with the method
i\lulnbﬂ.ry of equipment and knowledge of potential com
i’u’ﬁnoﬂ& In time of war when treatment must often be
fted before o hospital for definitive care 1s reached and
mgmblms of transportation ate encountered these rdeal
Ons are unattamable Furthermore 1t 1s often difficult
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ing all major detrusor activity In the words of Sheldon and
Bors (168) these procedures convert an upper neuron blad-
der 1into a lower neuron bladder Dramatic changes may
therefore be expected i the spastic or hypertontc reflex
bladder of small capaaty

Heimburger Freeman and Wilde (70) found that tem-
porary relaxation of the detrusor was accomplished by blodk
mg S —2 S —3 or both They also reported that the most
eficaent relaxation of the bladder nech was accomplished by
bloch of § —2

Bors Comarr and Moulton (16) found that spinal anes-
thesia elimunated reflex contractions of the detrusor and vord-
ing contractions disappeared  Sixty-one per cent were e
ported as temporary good results Following subarachnoid
alcohol mjection small bladders and spastic detrusors tm-
proved and led to good permanent results tn 62 per cent
Reflex contractions became absent immediately reappeared
after an unpredictable interval but were then msufficient for
complete reflex vording

The actron of drags on reflex activity of the bladder after
spinal cord mjury has perhaps not been fully exploited to
date Nesbit and Gordon (129) found that efforts to 10-
fluence erther sympathetic or parasympathetic actrity pro-
duced no cliucal benefit  Riches reported that drugs of the
acetylcholine type had no favorable influence on the bladder
during spmal shock, but appeared to enhance reflex con
tractions once recovery had set in  Our own observations
were confined to the use of atropmne 1n an effort to lengthen
the intervals between voidings in those with a reflex auto-
matic type of bladder after complete transection No ac
curate data were kept but there appeared to be some benefit
n ambulatory patients

As previously stated Urecholine @ and Furmethide @
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Drainage by urcthral catheter 1s an accepted program
but must be supplemented by bladder ierigations under stertle
precautions with a closed system ather automatically or
manually controlled Carcful hygienic attention to the cath
cter and urethra are required and a properly working 1t
gating system 1s cssential  Urctheal and scrotal sepsis are
potential complications The choice between manually con
trolled 1rmigation and tidal srrgation 1s open and depends
upon the avaslability of equipment and trasming of the per
sonnel  Rehabilitation of the bladder to a voiding state
should be probable

Suprapubic dramage with a properly placed tube 1s an ac
cepted program perhaps preferable sf a long perrod of blad
der drainage appears necessary or if transportatton problems
make the urethral catheter program difficult A closed sys
tem of irrigation 1s advisable Pertodic change of the tube
s mandatory This method avoids a certain number of genital
complications but eventually requires a period of urethral
drainage dunng closure of the suprapubic sinus  Rehabilita
tion of the bladder to a vording state should be probable
bat requires a slightly longer time than the urethral catheter
program

Removal of bladder caleuls when present will be neces
sy for proper bladder function regardless of the type of
dralmgc crnploycd

In the later stages of recotery 1t may be necessary to
employ urological or neurological procedures m order to
attan an cfficent and socually acceptable bladder 1 some
cases
For the bladder with a large residual one must study
two regions most commonly the cause of obstruction
namely the bladder nech and the external sphincter Trans

the
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to compare cffectn eness of methods except on a mass bass,
and even then several methods may have been employed m
an ndnrdual patrent.

Except 1n time of war few mdniduals have expenence
with a large sertes of cases Those who do usually have one
method of treatment which they believe the best. They there-
fore report the results of one method 1nstead of a compana
tne study of results of different methods with the same
shilled personnel It appears obvious that neurosurgeons
not tramned n urological surgery would prefer 2 method not
snvolving detatled urologtcal procedures if they do not 2p-
pear necessary  Although neurosurgeons and prinapally
Munro have contributed more to the rehabilitation of the
bladder in enilian life than urologsts st will probably re
main for the urologist with his various diagnostic and thera
peuttc procedures to make valid and conclusne compansons
of methods of treatment. The opportunity however s open
only to the urologist who 1s interested mgenious and skilled
and who has access to an appreciable number of cases.

After a review of 2 number of reports on the treatment
of the bladder after spinal cord injury observations of pa
tients treated by others with various methods and personsl
expertence with the care of a sertes of cases dunng the recent
war the following statements can be made.

A program of intermuttent catheterization s certain to
lead to disaster

A non-drainage program with overflow vording or Crede
emptying of the bladder may be used in the indrvidual case
unless there 1s evidence of urmnary infection With this pro-
gram 1t 15 difficult to maintar a dry bed and avord decubstus
ulcers. It 15 not a feasible program when & number of p2
trents are to be cared for or when attendant personnel s
Imuted. Eventual rehabilitation of the bladder s possible.
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text, White and Smithwich (193) quote Carrel and Guthrie
who proved that the totally denenated hidney could carry
on all the tenal function essenttal to hife, Marshall and
Kolls who found only a temporary tncrease m unne se
caction following renal denenation  Rhoads  VanSlyhe
Hiller and Abving who found no consistent cffect on esther
excretory effiaenqy of the hidney or on renal blood flow after
denenvation of the organ and Page and Neuer who could
not demonstrate any change in urea clearance values or n
unnary volume following renal sympathectom)

Innercation of the areter and the function of the nerves
to this organ cannot be described clearly Gruber has stated
that experiments have been confusing but 1t must be assunred

FI6 292 Fic. 29b

F;G- 292. Routine intravenous urogram after a number of months
grl;lmphc drainage There 1s no dilation of the upper ufinary

P, 29b  Purther mtravenous urogram several months after suto-
Matic reflex bladder action had become established  The upper
U0ty tract remains o excellent condition.
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urethral resection should correct the former and pudendal
nerve bloch should improve spasm n the latter regron. Est
mate of detrusor activity by cystometnic study 15 necessary
to evaluate the reflex emptying power of the bladder

For the bladder of small capaaty presumably caused by
hypertoniaty and excessrve reflex activity one can consider
the use of sacral nerve block to counteract parasympathetic
activity It 1s necessary to realize that any procedure which
abolishes all parasympathetic impulses via the sacral nerves
will necessanly elimmate all significant reflex detrusor
activity

Certainly no one should consider the correctrve measures
just described and which often involve irreversible changes
until all concerned n the problem are agreed that maximum
normal umprovement has been attaned

CHANGES IN UPPER URINARY TRACT
AFTER SPINAL CORD INJURY

Detailed discussion of the anatomy and physiology ot
the kidney and ureter will not be presented here  Our in
terest 15 confined to what Iittle 1s known about the innerva
tion of these organs and the effect of spinal cord 1mjury on
them

Inneriation of the kidney according to Gruber (62)
conststs of both sympathetic and parasympathetic nerves but
the function of the parasympathetics has not been proved
satisfactonly erther by physiological or pharmacological -
vestigators  He believes the sympathetic fibres contain both
vasoconstrictor and vasodilator elements and that the vaso-
motor changes induced by the achion of these fibres suffice to
explan changes n the rate of secretion of urne. In thetr
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from the urcteral onifices 1n jets  He found normal move
ment of the lips of the urcteral onfices and no incompetence
of the valve like mochanism With small catheters i the
lower ureters Fullerton then distended the bladder to a
pressure of 91 cm water to find no evidence of reflux beyond
the ureterovesical junction

Plaggemeyer (139) also found that the urcteral orifices
were normal 1n appearance mn cleven cases that he studied
Cumming (32) (33) found no evidence of ureteral reflux in
several cases dunng cystography and later concluded that
atony of the ureter 15 not common in those with bladder
paralysis and that there 1s no tendency toward hydroneph
rosts

Personal observations of intravenous urograms and ¢y sto-
grams 1n many patients duning the recent war confirm the
above observations  (Figs 29 to 31 sllustrate intravenous
urograms 1n paraplegic patients ) Unless there 1s basic ob-
structive pathology independent of the bladder dysfunction,
the intravenous urograms are normal and in only the rare
ase can one obsenve reflux mn the cystogram When reflux
does occur 1t 15 probably due to a localized change of the
urcteral onfice by inflammation edema and so forth rather
ﬂtilllfto a physiological change caused by the spinal 1njury
i

Talbot and Bunts (179) ohserved a series of 331 patients
over a period of two years and discovered that 5 per cent
showed 2 hydronephrosis which was not associated with
caloulus disease or evident obstructrve factors In this group
of bydronephrotic cases two-thirds showed evidence of
vesico-ureteral reflux

In a separate study Talbot and Lyons (180) reported
on the late renal changes in 182 paraplegic patents 1n wham
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Fic 30 Fia. 31

Fic. 30 Routine ntravenous urogram n patient with complete
transection of the upper dorsal portion of the spinal cord Bladder
had been on suprapubrc and urethral catheter dramnage with dosed
system of srngation manually controlied for over 2 yeat

Fic 31 Intravenous urogram after voluntary voiding had become
reestablished o patient with partial transection of the cauda equina

that the ureters are mnnervated by mhibitory and motor sym
pathetic fibres and motor fibres from the parasympathetic.
White and Smithwick have indicated that ureteral nerves are
known to carry afferent impulses but serve no known motor
function

After mury of the spinal cord there appears to be n0
anstomucal or physiological change in the ureters erther di
rectly attributable to the mjured nerve tissue or to the 1m-
medate altered bladder phystology

Fullerton s (52) notable ¢ystoscopic observations 1 pa
tients with gunshot wounds of the spine demonstrated that
ureteral peristalsis continued and that indigocarmin appeared
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peaally 1f bladder emptymg 15 incomplete or inflammatory
processes have permanently altered the vesicourcteral june
tron To properly interpret the upper urinary tract years
after spinal cord mjury, carlier studies on the same patient
must be available for comparison

In summary, there 1s no immediate alteration of renal or
urcteral physiology and usually no evidence of vesicoureteral
reflux caused by spinal snjury unless complicating factors
wter enc

CHANGLS IN SFNUAL ORGANS AFTIR
SPINAL CORD INJURY

According to Mettler (109) the chref parasympathetic
nertes to the genstal organs of the male anse from the
third and fourth sacral nencs to form the nene erigens
Stimult o3 er tlus route lead to pentle erection by dilatation of
the vessels of the corpora cavernosa T'ulton also stated that
secretion of prostatic flusd 1s increased  Both Mettler and
Tulton agree that in the female parasympathetic fibers enter
the uterus and tubes but T'ulton does not belteve that nerve
stonulation has any effect on the organ Vagmnal secretions
are however believed to be increased

Sympathetc fibres 1o 1he gemtal organs arme at the
pelvic plexus via the hy pogastric plexus In the male stimu
lation of these nenves leads to ¢jaculation by means of con
traction of the musculature of the semmnal vesicles and ejacu
Iatory ducts and contraction of the vessels of the corpora
@vernosa  Ejaculation can occur without erection In the
female according to Fulton sympathetic stunulation pro-
duces varable effects on the uterus depending on the spectes
nd the presence or absence of pregnancy

Somatic fibres leading to the perineal muscles through the
pudendal nerve aid 1n completing the act of ejaculation
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there was a mean nterval of two years betw een njury and
the observations —only 72 per cent were found to have
evidence of destructive renal lesions

Renal function 15 not usually influenced adsersely by any
neurogensc or back pressure effect per se in this type of -
jury  Plaggemeyer (140) found that renal function re
mamned the same over a two-year period sn a series of thurty
five cases which he studied Personal observations on hudney
and ureter during the past few years confirm the studies made
during World War I to again demonstrate that renal func
tion 18 mamtaned satisfactonly unless renal nfection or
calculus disease complicate the condition. These statements
refer to a perod of two years or less and include many whose
bladder has been rehabiditated to a voiding state At this
tume it 15 impossible to report the status of the upper uninary
tract 1n a large seres of cases 2 Jong time after mjury but
there are some indications of upper tract deteroration 0
cases with an autonomous bladder over a period of many
months  Long term follow up studies m & large senes of
patients 1s needed for these umportant data

Rogers and Bors (159) studied the renal function of
70 paraplegic patients They found that 471 per cent
showed tmpatrment of urine concentration and 57 per
cent show ed impairment of both dilution and concentration
Tubular excretion was measured by the phenolsulfon
phthalein test Twenty four per cent had a reduced output
of the dye The non protein mtrogen level m the blood was
normal ta sll They found no correlation between the extent
of spinal cord damage and the amount of kadney dysfunc
ton

Sporadic case reports by Hepler (73} and personal ob-
servations indicate that the long, term study may revesl an
wcreasing madence of upper unnary tract diatation, es



UROLOGICAL ASPLCTS 139

peaally +f bladder emptying 1s tncomplete or snflammatory
processes have permanently altered the vesicoureteral junc
tion, To properly mterpret the upper unnary tract years
after spmal cord injury, carlier studtes on the same patient
must be avarlable for comparison

In summany, there 1s no immediate alteration of renal or
ureteral physiology and usually no evidence of vesicoureteral
reflux caused by spinal 1njury unless complicating factors
intervene

CHANGES IN SLAXUAL ORGANS AITER
SPINAL CORD INJURY

According to Mettler (109) the chref parasympathetic
nertes to the gemital organs of the male anse from the
thid and fourth sacral nerves to form the nerve erigens
Stumuls over this route lead to penile erection by dilatation of
the vessels of the corpora cavernosa [ulton also stated that
seaetion of prostatic flutd 1s increased  Both Mettler and
Fulton agree that in the female parasympathetic fibers enter
the uterus and tubes but Fulton does not believe that nerve
stmulation hes any effect on the organ Vagmal secretions
are, however believed to be increased

Sympathetsc fibres 10 the gemtal organs arrive at the
pelvic plexus via the hypogastric plexus In the male sttmu
lation of these nerves leads to ejaculation by means of con
traction of the musculature of the seminal vesscles and ejacu
latory ducts and contraction of the vessels of the corpora
@vemnosa Ejaculation can occur without erectton In the
female according to Fulton sympathetic stmulation pro-
duces varuable effects on the uterus depending on the species
and the presence or absence of pregnancy

Somatic fibres leading to the perineal muscles through the
Pudendal nerve aid in completing the act of ejsculation.
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there was a mean interval of two years between injury and
the observatrons —only 72 per cent were found to have
evidence of destructive renal lesions

Renal function 1s not usually influenced adversely by any
neurogenic or back pressure effect per se in this type of -
jury Plaggemeyer (140) found that renal function re
mained the same over a two-year period 1n a series of thurty
five cases which he studied Personal obserations on hidney
and ureter durtng the past few years confirm the studies made
during World War 1 to again demonstrate that renal func
tion 1s mamtaned satisfactorrly unless renal nfection or
calculus disease complicate the condition These statements
refer to a period of two years or less and include meny whose
bladder has been rehabilitated to a vording state. At this
time st 15 impossible to report the status of the upper urinary
tract 1n 2 large seres of cases a long time after injury, but
there are some indications of upper tract deterioratron 1
cases with an autonomous bladder over a perrod of many
months Long term follow up studies 1n a large series of
patients 15 nceded for these important data.

Rogers and Bors (159) studied the renal function of
70 paraplegic patients They found that 471 per cent
showed impairment of urme concentratton and 57 per
cent showed impairment of both dilution and concentration
Tubular excretion was measured by the phenolsulfon
phthalemn test Twenty four per cent had a reduced output
of the dye The non protem nutrogen level in the blood was
normal 1 2ll They found no correlation between the extent
of spinal cord damage and the amount of kidney dysfunc
ton

Sporadic case reports by Hepler (73) and personsl ob-
servations ndicate that the long term study may reveal an
mcreasing incidence of upper ummary tract didataton e
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of all other spinal cord mjuries esther partial or complete
at any level

Talbot (178) in a study of 105 patients with the level
of ijury at T 11 or higher discovered that 75 per cent re
tamed the crectile reflex  In 77 patients with lestons at lower
levels Talbot found that 50 per cent showed erections

Ejaculation 1s also a complex segmental reflex function
15 reported by Horne, Paull and Munro Agan supraseg
mental connections are not necessary Their evidence mdi
cates that ejaculation will be prevented by 2 destructive leston
of the sacral segments or cauda equinz and can be affected
by an extensive lesion between the segments of T6 and L 3
depending on the destruction of the sympathetic components
10 this area of the cord In the surgery of the sympathetic
system Retref (150) reported that when the second lumbar
ganglion was left itact on one or both sides ejaculation was
not mnfluenced unfavorably

Fertility studies since World War IT are also of mterest
Bors Engle Rosenquist and Holliger (17) studied 34 pa
tents during a peniod of 4 to 56 months after myury Micro-
Scopic examunation of testicular biopsy speamens showed
changes n all but three The predominant prcture was tubular
ateophy with no change i Leydigs cells In general histo-
logical changes 1n the testss were less promment if the cord
leston was below T 11 Time did not appear to be an 1m
Portant factor They found no relatton between the testrcular
ﬁ“dlﬂgs and sex function
- In a simylar study of testicular biopsies Stemmermann

€8s Auerbach and Friedman (173) examined 16 young
Volunteer Paraplegics 1n good general conditton The husto-
Yogical picture of testicular biopstes 1n six patients was nor
:n" Ten speamens showed good maturation arrest with
g degrees of atrophy of germnal epithelum No
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Sensory nerves are belicved to travel both the sympa
thetic and parasympathetic pathways

After myury to the spmal cord and after recovery from
spinal shoch reflex erection of the pents and priapism are not
uncommon  Ejaculation has also been described In the
female, Fulton states that a normal menstrual period usually
follows withun five or six days of mjury and recurs at normal
intervals thereafter In animals pregnancy has been estab-
lished and completed after the spinal cord has been severed.

In a study of twenty cases Cobb and Coleman (26) found
that as a rule sexual function suffered relatively more then
urinary or rectal function after cervical injunes while m
lower injuries sex potency might return while there was still
lack of control of urine and feces

There have been several fine publications on this subject
since World War II which should be reviewed m some
detail Horne Paull and Munro (79) reported that erection
takes place on a purely segmental reflex basis and can be
accomplished without suprasegmental connections Afferent
sensory impulses that mrtiate the reflex are caused by tactile
sumulation of the glans They travel to the second third
and fourth sacral segments via the internal pudic nerve The
efferent unpulses leave these same segments via the para
sympathetics to cause dilation of the arterioles of the pents,
resulting 1n distention of the corpora cavernosa and spongt
osum Efferent unpulses from the sacral segments also leave
by way of the internal pudic nerves to cause contraction of
the penurethral muscles and compression of venous dratn
age channels of the penis

Home Paull and Munro found that destruction of the
sacral segments of the cord, cauda equina or parasympathetic
plexus are the only neurologic lesions that will prevent the
occurrence of erections  Erections can occur 1n the presence
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Renal Infection We shall not attempt to differentiate
dearly between pycloncphntis and the so-called cortical ab-
scesses of the hidney realizing that probably a number of
cases called pyelonephritis have microscopic abscesses in the
renal parenchyma It 1s difficult to offer proof of the exact
dugnosts m clinical work except in surgical specimens or
autopsy material

The mortality rate from renal infection was alarmngly
high dunng World War I and before the era of the present
unnpary antiseptics Thomson Walkers (184) report on a
large series 1n which 47 per cent died within eight weeks
cannot fail to create concern for the recovery of many pa
tients. Still others 1 his sertes died at a Jater date of gentto-
unnary mfection Vellacott (187) reported ten per cent
deaths from urological causes during the first month after
mnjury and 1t may be assumed that others succumbed later to
this same malady

Duﬂﬂg the recent war intras enous urography more effec
trve medicinal agents and bettes handling of the paralyzed
Madder helped to reduce the toll of renal sepsis  Although
¢ have no data for the first fen wechs after injury those
Patieats who w ete transported back to the United States have
in general done well

Ramnes (149) reported no deaths from urological causes
11 3 series of over one hundred cases observed for a period
of months Petroff (137) had only one death among seventy
Fatients over a period of 2 year or more and Prather (142)
feported only one death from urological disease tn a series
of sixty-one cases over 2 period of erghteen months
Patients who appear to have renal mfection after spinal
({‘ord tnjury usually have the diagnosts made on the basts of
€ver and perhaps pain, nausea vomuting urmary findings
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spermatogenic cells were present 1n & few while wn others
rare spermatids and spermatozoa were present. They re
ported that the material was madequate for appraisal of the
mterstital cells of Leydig No relation could be found be-
tween the presence of maturation arrest and level or duration
of the spmal cord leston sexual potency or general systemic
factors

Horne, Paull and Munro (79) made fertility studtes oa
18 paraplegic pattents by stimulating the semmal vesicles
and prostate electrically and obtaning the spectmen by mas-
sage of those organs They concluded that spmal cord tagury
ttself does not preclude fertility

GENITO URINARY COMPLICATIONS

In patients who have survined the direct results of the
injury complications may lead to demuse Unnary tract
complications have been promunent particularly the rensl
disorders which are to be discussed Even before the work
of Lister thought was given to the changes i the urmne of
paraplegic patients  Curling (35 36) belicved that the alks
line conditron of the urine was produced primastly by morbid
secretions of the bladder and secondanly from the deburtated
state of the hidneys Burne (23) likewsse placed the primary
complication 1n the bladder by finding foul ammonscal urine
m the bladder and acid urine 1n the hidaeys

KIDNEY
Renzl nfection 2nd calculus disease are the two serous
urinary tract complications  All too often they appear to exst
together each aggravating the other at the expense of the
host.
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The dragnosis of renal infection 1s usually made after
attention has been called to an abrupt rise in temperature
sometimes preceded by a chill Pain s not present unless the
level of anesthesia 1s below the level of the upper abdomen
If the patient 15 on dramage and has been showing a mild
unnary infection the urine will at times show a gross change
but this 15 not often a relable sign Those who are vording
2 clear unne will usually develop a cloudy urine with the
onset of an acute or recurrent infection

The first important question raised by a fever caused by
renal mfection s whether or not there 15 obstruction at some
powt 1n the upper urnary tract If there 1s no obstruction
for example by calculus medicinal measures can ke pushed
to the it If there ts obstruction these measures will
rarely be sufficient  Since ureteral catheterization 1s not a good
routine procedure 1 this type of case, intrayenous urography
152 good way of disclosing obstruction of a hedney The value
of routine study perodically during the afebrile peciod of
normal convalescence 1s enhanced by the ability to compare
flms taken Jater during a febnle episode  Only by pertodic
cxamimnztions of this type can the upper uripary tract be
indireatly visualized and the correct interpretation grven to
n episode of renal infection We have no hesitancy about
g intravenous urography during the first days of a febnle
feaction

Treatnient of renal infections today s far more effective
than 1t was some years ago even though complete and per
Manent sterrlization of the urtne 1s not always attamned Be
@use of the ever present necessity of forcing flurds to com
Bat calculus formation and the advisability of a high flud
OUPUL in renal infection, medicinal agents which requre
festnicted urinary output for thers best effect are not useful
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or exclusion of other causes The condition may of course,
be acute recurrent or chronic In only the first types, acute
and recurrent docs the temperature chart usually give 2 due

The mode of fectron as in those who have not recerved
spnal 1njury can be by the hematogenous lymphatsc or as-
cending routes In those with spmnal cord mjury 1t 15 diff
cult to prove which route 15 most common  As stated pre-
viously reflux cannot be demonstrated 1n the majonty of
cases so that 1t should not be assumed that the ascending
intraureteral path 1s the prinaipal route There are many
other possibilitics transmission to hidney via penureteral
lymphatics from an infected bladder dissemination via the
blood stream from septic foar tn other parts of the body that
nclude areas mnjured by penctrating mussiles and bed sores,
and transmission from the intestinal tract Petroff found
three cases with positrve blood cultures

The #)pes of organism responsible for renal mfection are
multiple  Although the organisms found in bladder urine
do not necessanly mean that the same bacteria are causing the
renal infection, they probably offer the best general guide
that 1s available without ureteral catheterrzation or surgery
Raines found Acrobacter serogenes Lscherichia colt and
Bacillus proteus the most common in cases showing pure
cultures of the unine In combination with the above va
ricties he frequently found Streptococcus NON HEMOLYTICUS
Alkaligenes fecalis and Staphylococcus AUREUS  Petroff
found the baclli mentioned above were more difficult to
eradicate then the coccus forms Prather stated that cultural
studies of urine specimens from patients on dramnsge usually
showed a muxed infection The bacteria most frequently en
countered were Pseudomonss Aeruginosa, Proteus vulgarns,
Escherichia cols, Bacillus cloacse and Staphylococer
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Streptomyain has proved a valuable agent for the treat
ment of gram negatne baallt n the uninary tract especially
i relieving the virulent febnile stage which has not been
controlled by the sulfonamides It can be used simultan
cously with sulfonamides or with pemcillin - Although the
opttmum dose of streptomycin 1s not agreed upon at this
wnting all appear to agree that large doses at the begin
nng of treatment help to prevent the development of re-
sistance by the organism With the present standard of
1000 000 units to the gram 300,000 to 400 000 units ntra
muscularly every three hours appears to ke the average dose
For best effect five to seven consccutive days of medication
2ppear to be necessary for a fair trial  Alyea (1) has found
this drug most cffective 1n an allaline urine

Peniallin appears to be our most effective agent agaimnst
coctus infections 1n the hidney Customary doses are 20 000
t0 40 000 units intramusculacly every three hours This drug
an be used simultaneously with streptomycin or the sul
fonamides 1f there appears to be need Pentallin 15 believed
to be most effectrve 1 an acid urine

Occasionally ureteral catheterrzation dramage or lavage
will be desirable 1n the treatment of renal mfection It
must be used cautiously always yet perhaps herotcally on
Ocaasion to relieve obstruction to facilitate diagnosts and
to prepare some patients for operation A very thorough
'tigation of the bladder 1s desirable before ureteral catheters
2r¢ passed through 1t on their way to the hidney

Renal calewds The combination of renal caleult and renal
afection 15 the great enemy of recovery in those who have
suffered spinaf cord mjury

Data accumulated during the recent World War showed
2 dl!mrbmgly high sncidence of renal calculi during a pertod
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Fortunately the use of sulfonamides pentcillin and strepto-
myan permit a high urmary output In addition to the un
nary antiseptics just mentioned and the high hquid take
and output the general nutritional state of the patrent must
not be overlooked Transfusions plasma ammno acds and
vitamins may play an tmportant part 1n the treatment.

For the renal infections caused by gram negative badilly,
the sulfonamides appear to be the best for routine use ex
cept 1n those who have developed sensitivity to the drug
Sulfadiazine or sulfonamides i one gram doses by mouth
every four to six hours around the clock with an equal quan
tity of soda bicarkonate has been our customary treatment
for the ordinary renal infection It 1s our feeling that larger
doses are seldom more effective and that even smaller quan-
tittes may be just as useful Once begun medication should
be continued for a pertod of five to seven days We have
gnen onc gram four times a day over a period of several
weeks without untoward reaction  If these drugs cannot be
used by mouth sulfadiazine can be utilized ntravenously
Although there 15 probably no reason why a patient with
spinal cord injury should be exempt from renal complica
tions of the sulfonamides we are not aware of any case
of anuria of this type

Sumons (171) has reported a study on the use of Man
delamine for sterlization of the neurogenic bladder Most
cases had significant bladder residual Mandelamine was
used 1n a quantity of 3 to 4 grams a day and for at least
45 days Cure was reported 1n 529 per cent of 68 cases

The current antibiotics chloromycetin  aureomycin and
terramycn heve proved effective in baallary mfections of
the urtnary tract and can be of use when patients are allergic
to or resistant to the sulfonamides
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Bowre (18} reported 186 per cont, Riba (131) 13 per cent
and Malcolm (103) 9 per cent

The frequent occurrence of renal caleulr m the recumbent
patient 15 @ well established phenomenon ocks (51) has
stressed the theee known efrologreal factors namely, infec
tion stasts and hyperaalemna

Patsents with tnjury of the spinal cord are commonly
confined to bed for a period of weeks or longer unhl sta
bility of bony structures pernut ambulation It 15 not sur
prsing then to find a high mcidence of stone 1n this group

Routmne ntravenous urograms tn 2 series of sixty cases
(Prather) many of whom had been bedfast and on bladder
dranage for many months, shos.ed no dilatation of hidney
pelves or ureters Simudar studies seseral months later when
vouding had been re-established likewise revealed no upper
urmary tract dilatation It s probable that ealculus forma
ton 15 pot due to any gross anatomcal change that can be
demonstrated by pyelographic study

Calcult can form rather quidly  Large stones have been
found to develop 1n & period of five months, snd 1t 15 ot
unusual to see a definite increase 1 size during an interval of
two months Bslateral stone formation was commoa, but no
more 50 than the unlateral distribution  Hiustrations of
unnacy tract cajculs i paraplegic patients are shown i Figs
32t0 38

Symproms are laching 1n those with transection in the
upper part of the spinal cord  Even pattents with a level of
anesthesia below the Lidney area seemed to have less pam
than the non paralyred patient Gross hematuna occurred
ocausionally but has been seen more often 1n orthopedic
patients confined to bed than n the paraplegic pateent
Nausea and vomiting w ere common symptoms aften thought
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Fic. 322, Two left renal aaleali m panaplegic patent with bigh
fever At tume of operation the left kidney was septic and contamed
muluple cortical abscesses. Left pyelolthotomy was dooe rather
than nephrectomy because of alculus 10 opper pole of opposte
Lidoey  Patient made excellent recovery from operation

(From Prather | Urol — tn press.)

Fic. 32b  Intravenous pyclogram showmg caleuls s Lidney
Fic. 32c. Postoperative mtravenous urogram following surgal e
moval of left renal calculi from severely septic kidney The hidoey
has excellent function.

(From Prather | Urol — 10 press.)

of approxumately fifteen months after injury Prather em-
ployed rouhne wtravenous urography at intervals of 6 to 8
weeks and demonstrated renal calcult 1n 315 per cent of
those with complete transection, and 1n 20 per cent of those
with partial transection. Other authors who did not differ
entiate between complete and incomplete Iesions also e
ported a high wadence  Petroff s figures were 20 per cent,
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Stasts i the hidneys must be combated by change of body
posttion every two hours This can be accomplished without
a Stryher frame A forced flutd program also helps to avoid
urinary stasis n renal calyces and pelves

At the present time hypercalauria 1s difficult to combat

Fic 340 Right ureteral caleulus at level of Jower border of sac

roiluc jomnt 1 pattent with complete spinal cord transection in
mid-dorse] region.

(From Prather | Urol — 1n press )

fb";v 34b  Retrograde pyelogram shows abnormal kidney and ureter
¢ the obstructing ureteral stone The numerous filling defects
*ere cused by imspisated pus  Right ureterolithotomy was done
»ith prompt recovery

(From Prather ] Urol —1n press )

tle 34c  Postoperative intravenous urogram following right ure
erolithotomy demonstrating excellent anatomucal and functional
fecovery by night kidney

(From Prather J Urol —n press.)



150 INJURIES OF THE SPINAL CORD

to be due to dictary upset until the correct diagnosis was

established

Accurate dragnosts can only be established by x ray In-
travenous pyelography 1s to be preferred to retrograde study

Fic 33 A small calculus 1n
upper right ureter completely ob-
structs the right kidney as shown
in the intravenous urogram. In
addition there 13 2 1mall stone
the right kidney Both calculs
were removed surgrcally at the
1ame operation.
(From Prather
press.)

] Urdl —m

as a routrne measure It 13
mmperative to determine the
degree of obstruction caused
by the stone 1f proper treat
ment 13 to be gnen. At
times retrograde examina
tion 1s necessary to make
the diagnosis but this
should be done only after
patnstaking 1rrigation of
the bladder to prevent 1n
troduction of orgamsms to
a clean field or new organ
1sms to a locale which s
already infected Stereo
scoptc and oblique films
often aid in the localization
of opaque shadows sand at
times are necessary to avoid
mistakes 1n interpretation.

Treatment should first
be directed against the

known causative factors The inadence of renal infection
can be reduced by proper treatment of the bladder by m-
proved general condition and by expert attention to foar 1n
other parts of the body particularly pressure sores A rou
tine daly liquid intake of 4000 cc 15 an ard n the prevention

of renal infectton

]
“
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wait until the patient 1s ambulatory before undertahing oper
atve removal  Calyeeal stones do not warrant surgery
Occasionatly, however, calcult will obstruct the hidney of a
bedfast patient and operation will be necessary if the patient
s to sunne The most efficient urinary antisepttcs are not
adequate to control mfection under these crcumstances

In the ambulatory patient surgery may be planned and a
tme elected hoping to remove all calculr before they be

FIG 370, Two large calculi completely obstructing the right

éldﬂty of a paraplegic patient that are known to have formed in
¢ months They were removed surgically

(From Prather ] Urol —n press)

Fru. 37h Postoperative intravepous urogram showing good func
botal and anatomucal recovery of night hidney following removal
of two large calculs

(From Prather ] Urol —in press )
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Fia. 35 Fic 36

FiG. 35 Bulateral single calculi in patient with partial caudz equm
transection  Stones were removed surgially No recurrence of al
cul: duting the following six months.
(Frem Prather | Urol —in press.)

Fic 36 Multiple unilateral renal calcul in parapleg pstient
which increased apprecubly in size over 1 peniod of four months.

(From Prather ] Urol — in press)

There appears to ke no spectfic method of correcting this
situation esther by dietary hormonzl or drug therapy

If calculus disease becomes established 1 spite of out
best cfforts 1t 15 still often possible to overcome this diff
culty by surgery The paralyzed patient tolerates renal surgery
surprisingly well In additton as time passes he becomes
more ambulatory so that if a clean removal of calculi can
be done the chance of recurrence becomes less

In the bedfast patient calcul: which are asymptomatic
and not associated with fever or hydronephrosis are not to
be considered immediately surgrcal If possible, 1t 15 wiser to
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mation sl be appreaable We hue been favorably sur
prised however, at the relatnvely low snadence of recurrence
m our own serics over 2 period of five to twelve months
Calculus disease 1n combination with nfection ts a serious
threat to the welfare of the paraplegic patient The stone
which 1s obstructing must be removed so that the present
usinary antiseptic agents may be permitted their full effect

URETER

Calewls Ureteral stones descend from the renal pelvis
and oceur mn the paraplegic patient as they do n any other
group of patients The tendency of renal calcult to grow 1n
sze farly rapidly and thus become too large to engage the
ureter produces a higher ratio of renal stones to ureteral
stones than seen 1 ordinany urological practice

The pain of ureterzl colic 15 often absent tn the paralyzed
P3tient with 2 high anesthesic level  Frequently it 1s 2 febrle
reaction which calls attention to obstructive pathology in
the urmary tract

The diagnosis 1s made by x ray and agam intravenous
urography provides information as to the degree of obstruc
tion that the calculus 15 producing When there 15 uncertaunty
about the nature of an opaque shadow 1n the course of the
ureter retrograde study especially 1n the oblique position
may be required

Treatment of urcteral calcult becomes a matter of keen
Jodgment 1 estimating the probability of spontancous pas-
3¢ and manual dextenty not only with cystoscopic instru
ments, but with surgery

Caleult of passable size not causing a febrile reaction
for more than minimal dilatation proximally can be treated
€Xpectantly in the hope that they will descend to the bladder



151 INJURIES OF THE SPINAL CORD

come obstructive or scatter themselves in the ureter so that
complete removal cannot be accomplished through one -
cision

Consenvative renal surgery 1s pammount mn the pana
plegic patient because of the greater than average possibility
of stone formation n the
oppostte kidney  Kidneys
which are grossly infected
with multiple abscesses
throughout the cortex will
at times recover and matn
tan function when o.s ruc
tion s relieved The pres-
ence of calculus discase of
the opposite hidney often
forces one to avord neph-
rectomy even though the
operated Lidney appears
gravely volved
Fi6 38 Bladder stone i para These statements do not
f;fi‘l‘ CF;'r‘d'C“t "“hu:‘“;PI:l: 1mply that nephrectomy
upper dorsal regron should never be done With

a normal hidney opposite 2

large pyonephrosis with a thin cortex, surgical judgment
takes precedence over rules

Nephrostomy and rrigation with solution G of Suby
and Albright has proved helpful but not umversally suc
cessful 1n our hands  Our experience confirms Bowie s find
ing that urigation treatment by means of ureteral catheters
1s not successful

Unless ambulation 1s enforced and strenuous efforts are
made to eradicate infection the recurrence of calculus for
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sole ingating medim  In most nstances the stones were
small

With Iittle or no sensation n the bladder symptoms of
this disability are minimal The diagnosts 1s usually made by
x 12y or cystoscopy  Chemical analysts usually showed that
the stones were chiefly calcum phosphate and caleium car
bonate

The treatment of multiple small calculi in the bladder
has not proved difficult They can usually be crushed if neces
sary with the cystoscoprc lithotrite and removed through the
resectoscope sheath with the aid of the Ellh evacuator At
tmes removal of calcult through a suprapubic sinus s
feasible

Infection  Long continued severe cystitss 13 likely to lead
to reduced bladder capacity as found by Head and Riddoch
They also found that any severe fever might tend to disturb
Previously established reflex action  As reported by Ware
(189) 1t 15 possible for a hypertontc small-capacity bladder
to develop within two to three months after 1njury  His case
45 an indn 1dual with a partial transection of the spinal cord
and was improved follow ing laminectomy

It s important to employ a program which w1l keep the
bladder free of gross infection

Redundaycy of Bladder Occastonally one sees 2 thich
walled, flabby biadder which appears mcapable of any mus

T 1esponse It simply acts as a reservorr for urine and
nfection

Although the patients were not neurological problems
Crabtree and Muellner 1948 (30) and Fish (50) have re-
borted success by the surgical exasion of about three fourths
of the bladder wall Perhaps there will be a rare mstance

hen this ype of operation will be indicated after spinal
cord pury
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spontancously Frequent x ray examunation will be required
to watch therr progress Cystoscopic mampulatron under
these circumstances incurs a definite rish of nfection above
the calculus 1f the procedure 1s not successful

Calcult judged too lasge to have a good chance of passing
spontaneously or those of borderline size which are respon
sible for a febrile reaction because of the nfected hidney
above 1t had best be removed by ureterotomy Surgery 1s
tolerated well by the paraplegic patient and 1t provides &
certain method of not only removing the stone, but relieving
obstruction as well Ureteral tnesstons, like those n the kid
ney heal at 2 normal rate and fistula formation 15 uncomr
mon. We have had an appreciable number of primary clos-
ures (of the ureter) with po unnary dramage from the
wound after operation

BLADDER

Calenlr Bladder stones are not a direct menace to the
life of the paraplegic patient but they interfere with re
habilitation of satisfactory bladder function and by srritatron
of urcteral ortfices may be responsible for reflux or ascend
ing infection

The mcdence of bladder calculi i mulitary personnel
duning the war who recerved spinal cord njury was appar
ently untformly high Prather (143) reported an madence
of 30 per cent 1o patients with complete transection, and 14
per cent 1n those with partial transection. These figures are
comparsble to those of Rames and Bowre who found that
27 and 32 per cent respectively showed bladder calcult.

Stone formation occurred irrespective of suprapubic of
urethral catheter drainage irrespectrve of tidal or manuslly
controlled 1rngation and during the use of solutton M as the
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process has begun  Systemic use of sulfonamides and pens
allin 1s logical and useful  Surgical dramage s necessany
only 1f a fluctuant abscess occurs  In wvirulent nfections
the process may cause extensie scrotal sepsis necessitating
epidtdymo-orchrdectomy

Periuretliral Abscess Infection tn the glands of the
urcthra may become severe enough 1n one area to lead to
abscess formation Thus occurs most Frequently during periods
of urethral catheter dramnage and 1s not uncommonly due to
100 large a catheter A large catheter 1s also apt to produce
pressure necrosis at angular portions of the urethra and cause
abscess formation In the paralyzed patient catheters lacger
than No 18F enhance the probability of periurethral abscess

Abscess formation 1s most common at the penoscrotal
angle and often causes sufficient nflammatory reaction to be
momentartly confused with scrotal sepsis  However care
ful palpation should lead to the correct diagnosis

The abscess stself 1s not serious but 1f urethral fistula
tesults following evacuation of the pus the recovery of the
Patent to a voiding state 1s delayed sometimes by many
weeks

Treatment of the abscess should be by systemic agents
sulfonamides and peniallin and masion and dramnage when
required A small urethral catheter may permut mntraurethral
dischacge of pus  As i eptdidgmutis  cystotomy does not
ppear advisable once the process has become full blown
$tnce a change to suprapubrc dramnage at this pont will not
ssuredly prevent the formatron of a fistuls

Urethral Drsericulum  Tn general thus leston 1 the
Paraplegic patient 15 acquired and not congenital It 1s lo-
Gted usually in the antersor urethra, and caused from de-
strucion of the urethral wall by inflammation or traums
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PROSTATE

With the employment of urethral catheter dramage over
a long pertod of time, prostatitss of some degree 15 probably
universal 1n the paraplegic pattent but 1t rarely appears to
be of clinical significance  Stnce there appears to be no good
reason to examine prostatic secretion tn these patients data
are not avaitlable

Prostattc abscess 1s apparently uncommon even mn patients
on urethral catheter drainage for many weeks Perhaps this
might be explamed at least 1n part by the dilated prostatic
urcthra which 15 common 1n many cases If the bladder nedh
and prostatic urethra are relaxed secretions from the pros-
tate emerging into the urethra would flow back easily into
the bladder

EXTERNAL GENITALIA

Epididynittss  Infection 1n the eptdidymis may occur
whenever there 1s urinary nfection presumably by retrograde
extension via the ejaculatory ducts and vas deferens Blood
borne infection 1s also possible but m general tends to cause
abscess of the testis rather than the epididyms  Eprdidymtis
1s more common during pertods of bladder dramnage by ure
thral catheter than with a suprapubic tube

In the paralyzed patient symptoms are negligible but 1n
spection of the swollen scrotum reveals the discase  Asso-
cuated fever 1s common

Treatment 15 the same as 1t 1s for the non-paralyzed p2
tient Elevation of the scrotum 1s an accepted procedure
which helps to relieve pain in the patient who has sensory
apprecztion  Reverting to cystotomy drainage sumply for
this infection 18 hardly advisable once the nflammatory
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the spmal cord  All but three of the 27 cases were patients
with complete transection

We know of no spectfic treatment although at times
have been on the verge of requesting neurosurgical advice
is to possible nerve sectron or block to overcome the con
dition

Impotency  Reported studies have already been de
scribed 1 the section of this chapter entitled  Changes in
Sexual Organs After Spwal Cord Injury

RESULTS OF TRCATMINT

An accurate suney of results of treatment as reported
by many weiters 15 difficult because the distinction betw cen
partal and complete transection has not always been marmn
tuned and often several methods of treatment have been
employed 1 one patient One can therefore present only
recorded statements with the understanding that all detarls
may not be available

In 1917 Thomson Walker who did not dufferentiate be
theen partial and complete transcction found 35 days to be
the average length of trme for the first two stages of bladder
fecovery  His cases were treated by ntermuttent catheteriza
tion and as mentioged previously the mortalsty rate was
very hugh Apparently some of his cases Jater had cystotomy
Performed  because 20 years afterward he reviewed the
;ﬁm and reported on the results tn a group whose mnjury

been more than 2 years past In a series of 100 cases
?nﬁ’had resumed voding with an automatic reflex bladder
pattents who had bladder capacity of 8 to 12 ounces
d 2 residusl varping between 00 and 6 ounces Pa
th larger apacity had a larger restdual

he foup,
hents v
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It commonly follows perurethral abscess if the abscess does
not lead directly to urethral fistula

Pate and Bunts (136) described 28 cases 26 of whom
had a history of periurethral abscess All patients were on
dranage with a urethral catheter at time the abscess first
developed

In 402 paraplegic patients Pate and Bunts reported an
madence of 134 per cent of perurethral abscess. Histo-
logtcal exammation of the excised diverticula showed a
squamous metaplasia of the normal pseudostratified colum
nar epithelilum  They advised surgical excasion and repair
as the best treatment with diversion of the urine almost
mandatory However only 3 of 10 operated cases healed
well In addition they had trouble getting the permeal
fistula healed when external urethrotomy was used to side
track the urine

Urethral Fistula Fustulae in the bulbous portion of the
urethra tend to close more quickly than those of the pentle
urethra provided there 1s no obstruction dustal to the open
ing They may close spontaneously in erther area

If spontracous closure does not occur fulguration of
the sinus will aid the closure of g small fistula When the
opening s larger surgical closure by plastic methods may
be required as described by Cordonner (29)

Priapism  As 3 reflex mechanism, priapism 1 conmon
in patients with spinal cord injury espeaslly those with
complete transection after the stage of spinal shock has
passed It 15 usually recurrent each episode lasting from 2
few minutes to several hours The erection disturbs the
sdjustment of urethral catheters if adhesive tape fixaton
1s used Hartwell (66) noted priapism in 27 of a series of
67 patrents with njury of the cervical or thoraac portions of
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the death rate of 64 per cent 1n injunes of the spinal cord

Riches reported a mortality rate of 62 5 per cent 1n com
plete transectron of the spinal cord and 158 per cent
complete transection of the cauda equina In cases of partial
transection of the cauda equina the reported mortality was
12.5 per cent as compared to 43 7 per cent for partial tran
section of the spinal cord

A later report by Munro (125) dealing with patients
completely paralyzed below the waist indicated that 24 per
cent of patients developed infectson of the gemto-urmary
tract while being treated with tidal drainage but that in
fection was present 1n only 8 per cent of this group at dis
charge These figures are compared to an madence of 20
per cent at discharge 1n a group 1n whom tidal dramnage was
used after other rmutial treatment and an incdence of 17
per cent when tidal drainage was not employed Sixty nine
per cent of his group treated exclustvely with tidal dramn
age showed no infection at any time

Reports by the same author on complicattons relative to
the bladder and genital structures have indicated an 1oat
dence of 26 per cent 1n patients before tidal dramnage was 1n
use as compared to an incidence of 19 per cent during the
past 6 years with an efficrent tidal dramnage system

Functionat results have been tabulated by Munro m a
series of 125 selected cases As listed 1n his table 4 com-
plete unnary control was attained in 58 per cent when tidal
drainage was used from the start, i 45 per cent when tidal
drainage was used after an mterval and in 79 per cent when
tidal dﬂlmgc was not used He does not say for what type
of case the tids) apparatus was not used nor what type of
treatment was used instead The reasons for failure i cases
0 which tidal drainage was used were vanable They do not
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Ruches reported 30 patrents studied m World War I m
which no one form of treatment was used In cases of myury
of the spmnal cord he found a period of o to 20 weeks before
vording was resumed (average of 12 wechs) while m those
having mnjury of the cauda equina a peniod of 6 to 68 weeks
passed before vordmg took place (average 26 weeks) FPe
nodic reflex mictuntion became developed best mn supra-
lumbar lesions he found, and the residual urme was rarelv
over 2 ounces. Of 20 cases with mcomplete transection. 9
recovered voluntary control after mtervals of 1 dav to 13
months He found that the presence of a suprapubic tube
for peniods of 9 to 15 months did not prevent e entual return
of mctuntion which was clmcalls normal except for the
presence of mfection and a 2 ounce bladder residual. Dur
ing a penod of 2 vears there was 1 mortality rate of 255
per cent, one half of these caused by unnan tract mfection.

Munro has reported the largest number of spnal cord
mpunes wcurred m aviln life In 1943 he reported 20
overall mortality of 57 5 per cent 1 40 thoraac, and lumbo-
sacral cord and conus munes Deaths due to gemto-urmnaty
sepsis were estrmated as about 17 per cent of the total deaths-
Some of these deaths, howerver were due to operative acct
dents. In 100 cases of cenvical cord injuries there was a mor
tality rate of 46 per cent, but genito-unnary sepsis was re
sponsible m only 65 per cent of the total deaths

Dennis (39) found that the higher the injury of the cord,
the higher the mortalrtv rate In the Covil War he quotes
the death rate for gunshot wounds of the cervical regron 25
70Pcrc\:nt,ofdoml rrponast‘)pcrcmt,mdofﬂlf
Jumbar region s 43 5 per cent

Cumston (34) found a mortality rate of 52 per cent m
lesions of the @uda equina, exsdently much less serious than
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Martin and Davis (104) realized that automatic mic
turiion may develop n the presence of a complete lesion at
any level of the cord or cauda equina although 1t develops
most rapidly when the leston 1s between C7and T 3

In their series of patients of 77 patients with cervical
lesions 143 per cent developed automatic mictunition of
288 patients with thoracic segment lesions 34 per cent de
veloped automatic mictuntion of 106 lumbosacral lessons
16 4 per cent developed automatic micturiion They found
great vanability ta the quantity of residual in the automatic
reflex type of bladder and also noted how changes in the pa
tients general conditon would influence bladder actvity

Medler (108) also reported on war injuries In a group
of 122 cases (partral and complete transection) two-thirds
were free of catheters at a time presumably averaging 8 to
13 months after mjury

Prather studied a series of 61 cases of spinal cord
juries  In 20 cases that had complete transection of the spinal
cord there were 2 deaths i an average period of nearly 15
months from the time of 1njury 1 of whom succumbed with
general sepsts that included the unnary tract The other
death was caused by acute hepatitis  Penodic reflex voiding
had been established 1 62 per cent without the use of tidal
drainage or resection of the bladder neck  Mictuntion oc
curred at 1 to 4 hour intervals dunng the day with a longer
mterval during the might Durning the mterval between unt
nations there was no leakage of unne Bladder residual
vaned between 1 and 3 ounces Several weeks after re
habilitation of the bladder had been saccomplished the urine
became grossly clear but showed positne cultures 1n the ma
onty These patients were ambulatory 1n wheelchairs or
on braces outdoors and indoors  Some took trips to sur
rounding towns via automobile
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discredit this method and would contribute to the failure of
any method Munro contends that in a selected group of
one hundred cases only one patient tn whom tidal dramage
was properly used for a sufficent length of time failed to
have nfallible 24 hour control of unnation at the tume of
discharge

Some years ago with only a brief expenience with tidal
dranage Munro (118) reported that the uninhibited normal
cord bladder (reflex automatic bladder as used by us) had
a storage capacity of less than 200 cc. 1n 90 per cent of cases
and that the average restdual was about 6 per cent of the
fill End points of progress were reached between seventeen
months and 17 years after injury There is no recent data by
ths author on bladder capaaty amount of residual and rate
of recovery in cases with complete transection of the spnal
cord now that 10 years of experience with tidal dramnage
have been acquired A larger capacaity may ke inferred from
his statement that patients can go a mmmum of 3 hours
during the day and the entire night without wetting them-
selves If one can assume a urinary output of 2 000 cc. per
24 hours with 6 voidings at 3 hour mtervals during the
day and nonc at mught bladder capacity would Le about
330 cc

Petroff has discussed the progress of pattents mjured 10
the recent World War Of 40 patients with complete tran
section who had had suprapubic cystotomy overseas he had
been able to transfer 42 S per cent to tidel dramage aad to
develop reflex automatic urination 1n them within a period
of approxumately 1 year from time of injury Patients with
partis] transection could, 1n general be rehabilitated to 2
voluntary voiding status within 6 to 8 months from time of

njury
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They also used bladder neck resection to dtminish or
climinate bladder residual in 16 cases with lesions above
the 10th thoracic segment In their series there were 2
deaths

Thetr results indicated that 94 per cent were free of
catheter drainage and that in the majonity the urne was
grossly clear Negatnve unmary cultures were reported tn
39 per cent

The data from the above sources indscate that urological
treatment of spinal cord mjurtes 15 now far more successful
than 1t was twenty years ago Several factors are probably
responsible Wider knowledge of the ability of the bladder
to recover sts functional activity has led to more energetic
and successful attempts at rehabilitation to a state of satis
factory vording The greater cleanliness of a stertle closed
system of dramage and wnigation has helped to reduce gross
bladder infection and prevent an uncertsin number of renal
complications In additton, the more efficent urinary ants
septics have saved lives and contributed to eventual recovery

Today the patient 1s justified n looking forward to
bladder function that will permut a reasonable socal exis
tence

Influence of letel of myury on end results  The level
as well as the extent of the spinal cord njury determines to
some extent the final status of the bladder and the success
of the long term program

Patients with complete cervical transection present special
difficulties 1n rehabilitation of the bladder because they can
not use their hands Since they are unable to use a urwary
receptacle they are sometimes best left on suprapubsc drain
age However if a partial transection mn the cervical region
1s untlateral the patient can handle a uninal satisfactonly and
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Cases 1n whom voiding had not become re-established
either were 1n poor general condition from associated 1n-
juries or had not suffiaent reflex bladder actrvity as shown
by cystometric study to re-establish voiding Those who had
developed periodic reflex micturttion did so withtn 3 to 10
months from time of mjury —an average of 577 moaths
After conversion from suprapubic dramage it was possible
to develop an automatic reflex bladder with the suprapubic
wound healed within a period of 4 to 8 weehs Most of huis
cases had had suprapubic cystotomy overseas A manually
controlled system of rrmgation was used during Eoth supra
pubic and urethral dramnage in the majonity of cases

Forty cases of partial transection of the cord or cauda
equna caused by war injuries were studied by the same
author up to 19 months from tume of mnjury the personal
study beginning after patients had been evacuated back to
the United States In this series there were no deaths and
97Y% per cent resumed voluntary vording 1n normal quantities
and with near perfect control Tidal dramage was used 1n
only a few cases and resection of the bladder nech was
necessary m only 1 case In patients who bad had unnary
retention for 1 month or longer the longest time from injury
to resumption of vording was 11 months and the aversge
period was 3 months  Fifteen per cent had resumed vording
less than 1 month after mjury

Bumpus Nourse and Thompson have reported a series
of 101 spinal cord 1njuries incurred 1 the Navy Of 56 cases
with injury below the level of the 11th thoracic vertebra they
found 1t advisable to resect the bladder nech 1n 39 Follow
ing this procedure satisfactory unination was established m
all but 3 They believed that the operation facilitated empty
ing of the bladder and contributed toward an eventual clear

urine
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age 1f voluntary straning and abdominal pressure do not
produce satisfactory emphying

Partial lesions of the cauda equina may be associated
with some 1ncontinence with the patient 1n a standing position
or during physical activity  During attempted urtnation some
straiming may be necessary to empty the bladder

Spmnal cord smury m the female Lack of wide expen
ence 1n females with thus type of disability prevents authentic
statements for this group The progress toward recavery
should be the same, however and the chance for urethral and
genutal complications less  During the early phases of the il
ness 1t would seem imperative to use a balloon type catheter
for drainage with either manual or automatic 1rmgation to
prevent overflon incontinence, a wet bed and decubitus
ulcers Rehabilitation to a satisfactory voiding state should
be possible.

MILITARY POLICY

Although complete data are not avalable to us some
information 1n regard to the urological problems of para
plegic patients can be summarized

MILITARY POLICY IN WORLD WAR I

There appears to be little official information 1n regard
to spinal cord njuries tn World War I The medical depart
ment of the United States Army lists 220 spnal cord 1njuries
with a case fatality of erghty per cent There was no definite
official program and 1t 15 ndicated that only patients with
partial cord injuries suned

Young (198) has stated that hecause at the time of
World War [ a course of non-ntervention was generally
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should Jook forward to @ normally functioning bladder under
excellent voluntary control

Patients with complete transection at the level of the
upper and muddle thoracic segments have an excellent chance
of developing an efficient, socially compatible, reflex type of
bladder as an end result The intenals between vording may
reach several hours and during the mtervals no leakage of
urine should occur In the supine position a bladder capacity
of four to eight ounces 1s to be hoped for In the sithng
position a larger amount may accumulate before a reflex con-
traction takes place A bladder residuzl of one to three
ounces 1s not uncommon Those with partial transechion at
this level should attain an efficient bladder with voluntary
control

In cases with complete transection at the level of the
lower thoracic or lumbar segments the establishment of
a reflex automatic bladder 13 less certain There are, however
2 number of reported instances 1n which very satisfactory
reflex functton has become established Bladder capactty 18
usually greater than with complete lesions at a higher level,
and & longer interval between voiding can be anticapated 1f
at the time of reflex contraction supplementary effort by
strauing or suprapubic pressure is used. These later aids
may help to avoid a tendency toward a lacger bladder residual
than 1s commonly found 1 higher lestons

Patients with complete transection at the level of the
cauda equins are unlikely to progress to an efficent type of
automatic bladder zlthough Denny Brown has reported cases
which have Munro however 1s not optimistic and bas
found an inefficient autonomous bladder the typical end
result In such an instance the bladder with an npprtcmblc
bladder residual may be best cared for by permanent dran-
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recessary for correct use  In addition assocrated wounds of
the chest or abdomen often prohibited the immediate]y fa
vored treatment

In spite of the hnow n difficulties much thought was ginen
to formulating a program, particularly s the Luropean
Theatre of Operations and long before D day The plans of
Davis, Sputling and Scarf for neurosurgical centers mm Eng
land to faalitate the care of spinal cord injuries have been
selated by Scarf (163) A program of tidal dratnage for the
are of the bladder was to ke snstituted and this method was
proposed for cases injured n Lurope Scarf says that the
Quuef Surgeon 1ssued a directive just prior to the 1nvasion
date spectfying that tidal drainage should be used It was
thought that rapid air evacuation from the continent to
England would facilitate this plan

Accordingly for some months paraplegic patsents sent
from Praace to England were all treated by tidal dramnage on
the continent  Gradually, however patients began to be re-
turned with suprapubic tubes As reported by Scarf, this
was due to sevesal factors  pumarily to the advent of new
imues 1n the theatre for mstance the 7th the 9th and the
I3th Pasts of the 7th Army had fought i the African desert
2nd 1n the Italian mountatns and thetr unIque experiences (m
these difficult teerains undoubtedly justified their belicf that
suprapubic dramage was the only safe method Others
smply had not come under the persuaston of the Chnef Sur
Beon 5 Staff and had evolved their own doctrines

The lengthening lines of communication delay 1n prompt
S¥acuation by adverse weather and changing personnel made
ntinuance of the tidal drasnage program umpossible

Sputhng (172) has also described the program 1o the

ropean theatee Between D day and V E day 1206 para
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belseved best, the Manual of Military Urology suggested fol
lowing this plan if possible Young did not hnow how suc
cessful this was but stated that it was apparently desiable
to use cathetenization or suprapubic dramnage in many cases

Coanors and Nash (28) review ed palicies of the vartous
combatants and found that the Brtish like the Amencan
forces never issued defimite orders or instructions regarding
treatment The French Army 1s belicved to have used early
catheterization and cystotomy later Inquiry by the above
authors from German and Austrian sources was unproduc
tive the reply stating that there were no statistics on the
problem and no preferred method of treatment.

POLICY OF THE ARMY IN WORLD WAR II

At the beginning of the recent war there was no officual
policy regarding the urological treatment of spinal cord -
jurtes This 1s readily explained Probably 1n no other type
of mjury were such divergent opinions positrvely expressed
by various authors as to the proper or best treatment. Dif
ferent methods of handling the bladder in avilian spmnal
cord injuries had been champroned and demied with equal
vigor by recognized urologists and neurosurgeons Expent
ences tn World War I had failed to imdicate any 1deal form
of treatment, but had demonstrated that the program of
intermuttent catheterization led to an appalling mortality
It 1s therefore understandable that 1n this confusion no officual
policy could be honestly advocated Tidal drainage had been
the only new form of treatment prescribed 1n ten years but
care of war casualties mught prohibit the use of this system
until the patient could reach well equipped fixed tnstalls
tions Furthermore, there were relatively few acquainted
with this apparatus its wtricacies or the cystometric studies
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common types of urological dysfunction that confronted the
urologust in modern warfare and reported that management
of the bladder still remaimns a debatable subject No con
clusions could be drawn as to whether or not tidal drainage
trgation 1s essential because statistics on parallel groups of
tdentical 1njurtes were not avarlable No conclusions could
be drawn concerning the relative ments of various 1rrigating
flueds used 1n tidal drainage but acid medi appeared to be
the most valuable Of 117 cases (extent of lesion not spect
fied) treated with tidal drainage, 50 per cent had some de
gree of return of bladder function Of a group treated by
catheter dranage in which tidal 1rrigation was not used 31
pet cent had a comparable return of vesical function Of a
group of 294 cases 199 required suprapubic cystotomy due
etther to early recogmition of a hopeless leston or failure to
respond to urcthral dranage Robinson found that patients
who showed marked or complete improvement did so within
3 weeks  He believed that suprapubic cystostomy after that
time appeared to be the logical therapy to insure safety dur
ing evacurtion or because of poor ultimate prognosts

Harrison (65) has summarized urological experiences n
the Southwest Pacific theatre  He has stated that best results
were obtained when early continuous tidal dratnage was used
by etther the urethral perineal or suprapubic catheter He
found 1t possible to use the urethral catheter 1 many pa
tients until an automatic bladder had been established
although a few patients cven with the best of care did not
tolerate a urethraf catheter For transportation over long dis
tances by air or water the suprapubic catheter proved to be
the casiest to care for and the safest method of dramage
Suby s salution was used for 1rmgations

Harrison advocated biw celly ¢ystometrograms to follow



172 INJURIES OF THE SPINAL CORD

plegtc patients were treated i general hospitals in the United
Kingdom Base alone The 1deal care, he has stated conssts
of transporting the paraplegic patient from the battalion aid
station to the nearest collecting station and sending him 1n
an ambulance to the nearest evacuatron hospital where his
general condition could be evaluated and he could be pre-
pared for prompt air evacuation to a neurosurgical center
Insertion of an indwelling catheter was the only urologial
measure advised at this stage

Only about 50 per cent of the cases could be handled 1n
this maoner The remainder had to be cared for in evacuation
and ficld hospitals for the first two or threc weeks after
injury

Once the patient arnved m a general hospital he was
placed 1n a speaisl ward with a urologist m charge The
care of the bladder was considered the most urgent prob-
lem In some of the centers tidal dramnage was used via the
urethral catheter for several weehs At the end of that
period of there was no return of spinal cord function a supra
pubtc cystotomy was performed Spurling states this was
believed necessary to faalitate immediate treatment of urt
nary sepsis and to make the patient ready for evacustion
to the Unuted States in the shortest possible tme When the
wound had healed well around the suprapubic tube and vri
nary sepsis had subsided, the pattent from e urological pomt
of view was considered ready for evacuation Spurling found
that 1t was not feasible to use tidal dramnage continuously 1n
an actrve theatre of war m a large group of casualties Fur
themmore, 1t appeared impossible during the trip to the Zone
of the Interior by any known form of transportation

Robmson (158) has also reported on expenences in the
ETO He found the neurogenic bladder one of the most
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many cases This improvement was not accomplished over
night but dunng a period of months excellent results were
not only obvious but simulating  Attention was also gven
to obtaining a renal condition as near normal as possible.

A survey for the Surgeon Generals office i October
1945 found that 948 of the 1430 paraplegic patients had
suprapubic tubes on arrival 1n the Zone of the Intenior Two
hundred and thirty six or 16 per cent of 1430 patients were
voiding on arrnal m the United States

In May 1945 the office of the Surgeon General issued
Techmcal Bulletin Medical 162 which made recommenda
tions for the treatment of the paraplegic patient. This proved
to be a stmulus for all who were charged wrth the care of
this type of patient and yet left plenty of opportunity for
individual professional accomplishment 1 these difficult
cases  Conferences and symposia were sponsored by the
fifth nunth and second service commands during 1945 and
led to a valuable interchange of ideas on this important
problem

A sunvey of 1430 cases 1n Army general hospitals was
made n October 1945 by Prather and Robinson (146) at
the request of the Surgeon General s office  As of that date
635 or 48 per cent had re-established bladder activity and
were voiding  Cases dingnosed as complete transection of
the cord totaled about 642 Twenty nine per cent were vord
ing periodically with an mvoluntary reflex type of bladder
actnaty 32 per cent were on urcthral dranage and 39 per
cent remained on suprapubic dramnage Of 750 cases be
lieved to have partial transection of the spinal cord 65 per
cent were voiding with voluntary control It can be seen
from these averages which of course do not represent the
final accomplishment or end pownt m the rehabilstation of
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progress being made toward automaticaty  Additional per
sonnel were assigned for handling spmal cord mnjuries  Cases
under Harrison's charge did not develop renal or vesical
calculs and automatic bladders were established before
¢vacuation in one third of the patients

After arrival 1n the United States usually six to twelve
weehs after mjury (from the European theatre) parplegic
patients were sent to one of a number of neurosurgical centers
located 1n Army general hospitals The trip from overseas
had often been an arduous one whether by air or by ship

Thorough re evaluation of the urinary tract by x ray
intravenous urography cystometrograms and cystoscopy
was nstituted and treatment continued The urological pro-
gram was at first left to the ability ingenwty and resource-
fulness of the urologist at each of these centers designated
for the care of the paraplegic patient. Also enlssted for the
welfare of these patients were capable representatives 1
various special fields such 2s neurosurgery orthopedics
plastic surgery nursing dietetics phystotherapy occupationsl
therapy and recreation Red Cross and the ministry Re-
habilitation of the patient with this difficult type of mjury
became 1 challenge to many fields of medicine

Organzed and improved urological treatment became
necessary to handle the large number of patients Sterile
closed systems of drainage and irrigation were mstituted by
some

Cystometric studies disclosed that many bladders were
capable of resuming function so that 1t was posuble to
tnstitute urethral catheter drainage with 2 closed system of
dranage while the suprapubic wound healed The final steps
removal of the catheter a trainung pertod for the bladder
and either reflex or voluntary voiding proved successful 1n
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of war we do not yet know, nor do we hnow the mortality
rate 10 cases who sunned the mitial shock of jury and
were returned to the United States However scattered re-
ports from neurosurgical centers 1n the United States inds
cate 2 remarhably low mortality rate during the first year n
thus latter group — probably not over 6 per cent, and these
not all due to urological causes What will happen during
comiag years 15 difficult to say Patients who have not been
discharged home have been transferred to Veterans Admin
1stration hospitals for further care and statistical data must
necessarily come from that source

From the experiences 1n World War II certain facts con
cerning urological care of spinal cord injurtes i war become
apparent

The soldier with bladder paralysis should have constant
bladder drainage by means of an 18F urethral catheter
connected to a stenile closed drainage system during the early
part of hus diness  Frequent wweigation of the bladder s 1m
portant and can be accomplished by a tidal apparatus or by
manusl control

1f neurosurgical survey indicates a partial transection of
the spinal cord, urethral catheter dramage can be maintained
with hope of recovery of bladder function 1n 2 peniod of
wecks

If neusosurgical opmion ndicates a severe mjury with
probable complete transection of the spmal cord and trans
portation over long distances 15 necessary a high suprapubic
cystotomy with manual irgation by means of a sterile closed
system offers a safe program

X ray study of the upper unnary tract by means of ntra
\enous urography at intervals of several weeks 15 advisable
to properly nterpret febnle episodes 1f they occur
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the bladder, that commendable progress had been made dur
ing a period of months after the injury

The survey produced further interesting statistical data.
Fifty six cases of perturethral abscess were reported forty
e1ght of which occurred during urethral catheter dramnage.
One hundred and seventy nine instances of eprdidymitis were
related 126 of which occurred dunng urethral catheter
drainage

The most common bactera found 1n the urine proved to
be B Proteus B Aerobacter Aerogenes B Pyocyaneus, B
Colt, Streptococcus Fecalis Hemolytic Staphylococcus and
Non hemolytic Streptococcus

Drugs had not proved helpful tn promoting bladder ac
traty  Resection of the presacral nerve was reported mn two
cases but both of these were faillures Resection of the
bladder nedl to faclitate emptymng of the bladder had
been tried 1n thurty three cases at that time with good results
wm nineteen and poor results in fourteen

Inquiry among the urologists on duty at neurosurgical
centers yrelded the following opmtons Twenty believed it
advisable to aim for resumptton of vording mn the paraplegic
patient, while two did not believe the effort worthwhile
Nine believed tidal dramnage was necessary for the cventual
rehabilttation of the bladder but steen disagreed with
that opmton Twenty three advocated cystometnc study
perodically to determne the status of the bladder although
three did not believe this type of examunation helpful

Unnary tract calculs proved to be an important potential
or actual complication It 1s known from the above survey
that at least 12 3 per cent had renal calculr and that at least
20 per cent had bladder calcult

The mortality rate in spinal cord injurses in active theatres
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There appears to be no reason to cathetenize the bladder
until urmary retention has been demonstrated However
when 1t becomes evident that the bladder will not tmmeds
ately resume function, the patient should be catheterized
under strict aseptic precautions with 2 number 18F two-
holed saft rubber catheter The catheter should be arranged
for constant drainage and connected to a sterile closed dramn
age system with provision for closed irrigation esther man
ually or automatically controlied

If neurosurgical survey indicates that 2 partial transection
of the spmal cord has occurred, plans can be made to con
tinue the urethral catheter program with the hope that volun
tary bladder action will be re-established m a persod of
weeks If neurologicul suney indicates that there 1s complete
transection of the spinal cord the urethral catheter program
can be continued unless contraindications appear, or supra
pubic cystotomy can be done and the tube connected to a
closed dramnage system In cases of complete transection a
number of weeks may elapse before a reflex type of auto-
matic bladder 15 established. With either the urethral or
suprapubic dramnage program frequent irmgations under
aseptic conditions must be used and catheters or tubes changed
periodically before they become obstructed or encrusted

Fluid mtake and output must be maintained at & high
lesel and the general state of nutnhion watched carefully

Routine tests of renal function as determined by blood
chemistry and phenolsulphonphthalem excretron should be
made and repeated at intenals to be determined

Cystometric determinattons should also be recorded at

mtenals of one to tno weeks to note progress of recovery of
bladder musculatuse
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Cystometric study periodically 1s necessary to determune
the proper time to aim for rehabilitation of the bladder

Tidal dramnage ts a good method of bladder wrigation
but 1s pot necessary for rehabilitation of the bladder to a
satisfactory voiding state

Cleanlness gentleness and personal ability remamn m-
portant factors mn urological technique and treatment

Resection of the bladder neck may ard certamn cases to re-
establish voiding

Peuallin  streptomyan and  sulfonamides have been
helpful :n controlling urinary wnfectton

Renal surgery 1s necessary at times to save life and to
prevent detertoration of renal substance.

The aum should be re-establishment of the bladder as
a satssfactory functioning organ and this can be accomplished
1n the majorty of cases

SUGGLSTED PROGRAM FOR TREATMENT

Before concluding this monograph we shall outline 2
possible program for the care of the urmary tract i cases
of spwnal cord tojury The following statements are not 10
tended as the last word on this subject The suggested pro-
gram represents simply our opinion based on an academic
review of contnibutions of many authors and our personal
experience 1n the rehabilitation of patients durning the recent
war We believe that this program 18 as foolproof as any
and that 1t should lead to a urmnary tract as functionally
efficient as the extent of the mjury allows We achnowledge
that a successful result depends as much on the skull and
attention of those i immeduate charge as on the several pos
sible methods of treatment
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Urnary studies including culture should be made fre
quently

X ray study of the urinary tract by intravenous pyelog
raphy should be done as soon s practicable and repeated at
intervals of several weeks

Sulfonamides and antibrotic agents need not be used rou-
tinely for the unnary tract, but will prove helpful if upper
urinary tract infection occurs

As soon as ambulation has been achieved or 1s tn 1m-
medtate prospect and the bladder shows a satisfactory cysto-
metric response measures must be undertahen to accom
plush satisfactory vording

If vouding 1s not resumed as might be expected by com-
bined urologrcal and neurological examination, cystoscopic
study of the bladder and bladder neck are justified When
neurologrcal improvement has reached a maximum, 1f there
1s evidence of bladder nech obstruction resection of this
region should be considered  Neurological procedures such
as temporary or permanent nerve blocks may be required to
provide acceptable bladder capaaty and the proper balance
between detrusor contractions and urethral resistance

Urinary antiseptics should be used vigorously after blad
der drainage has been terminated if urmnary infecton 1
present

A sincere interest 1n the welfare of the patient 2 strict
attention to aseptic conditions and an understanding of the
aims of trestment on the part of the medical and nursing
staff are essentsal for progress
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Chapter 1V
PROBLEM OF NUTRITION
A M KLrINMAN M D

INTRODUCTION

Loss of body weight 1s the outstanding clintcal manifes-
tation of malnutrition 1n patients with spinal cord njury
Tt 15 also a prominent finding 1n acute and chrofuc infection
malignancy severe trauma operation hepatitis uncontrolled
dubetes hyperthyrordism and many other discases One of
the remarkable features of this weight loss 1s the rapidity
with which 1t occurs A significant decrease in weight may
be observed within a very few days after an mjury an oper
ation or the onset of an infection, even of such an apparently
mnocuous one as an upper respuatory infection  Loss of
weight often occurs early 1n the course of diseases with n
sidious onset such as tuberculosis or malignancy before
other signs of systemic disturbance are evident The ease
and rapidity with which werght 1s lost under these diverse
and uarelated conditions are 1n sharp contrast to the diff
culties usually encountered by the otherwise normal obese 1n
reduaing It 1s evident that there must be 2 common me
tabolic response to a great variety of bodily sults to ex
plam these phenomena The nature of the response will be
discussed later

Regardless of the cause 1t has been known for many
years that this abnormal wesght loss could be minimuzed

{1931
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by dietary means The mmportance of & full diet in tubercu
losis 1s generally recognized The classical work of Shaffer
and Coleman (1) m 1909 demonstrated the therapeutic
value of a high caloric intahe in typhoid fever The increased
metabolic demands 10 hyperthyrordism are unversally ap-
prectated and careful attentton 13 usually pard towards meet
ing them But i many other conditions and especially n
trauma and surgical procedures the important matter of
preventing minimizing or even treating malnutrition 1s still
grossly neglected 1n spite of the teachings of Cuthbertson
Howard Elam Co Tut and others Among patents suffer
ing from spinal cord injuries, malnutritron was as common
mn casualties of World War II &s n World War I Fully
80 per cent of these cases duning World War I died within
the first few weehs (2) and presented a clinscal prcture of
cachexia associated with uncontrolled infection and exten
sive decubstus ulceration  Duting World War 11 the mor
tality was much lower due to advances in the treatment of
shock and infection and to the development of newer sur
gical techniques But loss of weight was unrversal and
emacigtion common The deleterious effects of malnutntion
on wound healing on the development and persistence of
decubitus ulcers on resustance to mfection, and on mental
and emotional reactions mahe it necessary to study the
manifestations and causes as well as the means of minimz
g and cunng such malnutation 1 these cases

CLINICAL MANIFESTATIONS

The following observations were made on a group of
82 patients with spinzl cord njumes who were studied at
an Army General Hospital in the United States The ma
jonty of the patients were battle casusltres but a constder
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able number had sustaned their mjuries 1n ways comparable
to civilian acadents ¢ g, collisions between motor vehucles
overturing of jeeps crash landing of mirplanes etc A
large number particularly the battle casualties had asso-
cated with therr spinal cord damage a vancty of other
types of injuries, each with its charcterstic complications
and sequelac These assocated injuries included chest, ab-
dominal and soft part wounds and fractures of one or more
bones

The outstanding clinical feature from the nutritional
standpont, was the rapid and marked loss of weight This
occurred promptly after the mjury and reached a maximum
within a few weeks The average weight loss was 49 41
pounds Ogly three patients lost less than 20 pounds
Twenty nine patients lost between 21 and 40 pounds 30
pattents between 41 and 60 pounds 16 between 61 and
80 pounds and three between 81 and 100 pounds One
patient lost 102 pounds In 41 cases no weight was regained
between the date of tnjury and the date of admussion to
the General Hospital, a period which averaged 80 days
In the other 41 cases the weight regamned averaged 17
pounds but the interval from the date of mjury to the date
of admission was 151 days, nearly twice as long

A wasted appearance was strthing 1n all pattents whose
weight loss was substantial There was obvious loss of
muscle mass and muscle tone was greatly diminished 1n the
non paralyzed muscles The skin was pale dry and lacked
turgor and elasticity  Decubitus ulcers were present 1n about
78 per cent of the cases Infected draiming smuses and
fistulae were common  Infection of the uninary tract was
unnersal and a high percentage of patients developed un
nary calouhi Chimeal evidence of vitamin deficiency was



198 INJURIES OF THE SPINAL CORD

rare. No cases of nutntionsl neuropathy or of scorbutic
petechuae, hemorrhages or gum lestons were seen  Frank
glossitis was poted tn two patients one of wham had che:
losts  Suggestive lesions were noted 1n a few others Frank
nutritional edema was present 1n only one case It 1s pos-
sible that laboratory studies might have furmshed evidence
of subclinical vitamin deficiencies but such studies were not
made

Anorexta was present tn all cases, and there was a par

TasLE 1

BLOOD PROTEINS

Number of
Average Lowest Results
Case | Number of |Total Protein|Total Proter | Below 60
No [Observation | Gms per | Gms. per | Gms. per
100 ce. 100 cc. 100 cc.

1 5 73 70 0
2 2 68 68 0
3 9 70 60 0
4 15 6 4 59 2
5 1 72 — —
[3 8 63 55 2
7 1 76 — —
8 1 61 — —
9 13 66 54 1
10 + 64 62 [
11 6 67 63 0
12 8 72 65 0
13 2 62 62 0
14 7 67 57 1
15 6 65 58 1
16 4 6 4 57 1
17 8 68 59 1
18 10 70 60 0
19 2 71 66 0
20 3 70 63 0
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Mitx Formura 1* ¢}

FOOD Gmd C| P |FCallCa| P [Na] €

Powdered

Skammed Milk

24 cup 100] 520 35 | 1] 3551 180 se0| 400 800

Skimmed Mill

1pint s00 25] 17 5| 1| 180] 610 480] 2535 550

Ega Whites—6 | 150{ —{ 18 || 70{ 23] o21] 255 233
TOTAL {77 70 5| 9 0s|t 813t 381 orqr 583

# Figures represent amounts per quart,

1 Vanilla, chocolate or other favonng sdded to formula, with sugar
to each Indmdial s tste

Mnx Forsura 2* ¢

FOOD Gms]C| P |F|Cal| Ca | P NELCI

Powdered

Shimmed Milk

1{ cups 175 911 61 | 2| 625{2 065[1 5400 74011 400

Skimmed Milk

1 pint 500| 25) 17 5| 1| 180} 610] 480| 255| 550

Egg Whites—6 | 150, — 18 L1 70| o23] o21| 255 233
TOTAL 116) 96 5) 3] 87512 6982 O41)1 25012 183

* Figures represent amounts per quart,

+ Vazulla, chocolate or other fa
A n“duﬂluﬂcm vorng added to formula, with smgar
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rare. No cases of nutntional neuropathy or of scorbuttc
petechiae hemorrhages or gum lesions were scen  Frank
glossitis was noted 1n two patients one of whom had ches
losis  Suggestrve lesions were noted i a few others Frank
nutritional edema was present 1n only one case It 15 pos-
sible that laboratory studies might have furnished evidence
of subclinzcal vitamin deficiencies but such studies were not

made

Anorexia was present m all cases and there was 2 par

TABLE

BLOOD PROTEINS

Case

Om\lmlh-&-un.—‘

Number of
Observation

Q13 D 00 ke OV 1RO 60 O e 13 1 1 60 = A D NI Ln

Number of

Average Lowest Results

Total Protemn|Total Protet | Below 60

Gms per Gms per Gms per
100 cc 100 cc 100 cc.
73 70 0
68 68 0
70 60 0
64 59 2
72 — —
63 55 2
76 — —
61 — —
66 54 1
6 4 62 0
67 63 0
72 65 0
62 62 0
67 57 1
65 58 1
6 4 57 1
68 59 1
70 60 0
71 66 0
70 63 [}
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MiLx FormuLA 5* ¢

FOOD Gms|C| P |F|Cal| Ca | P | Na| Cl

Dryco3§cup | 100) 46 32 |12f 42011 000{ 810} 400| 800
Milk I pint 5001 25| 17 5|20 350/ 600| 465 255 530

Eggs 3| —{ 18 |[18] 235 102| 336 2101 159

Van Ice Cream

e pint 125 28| 5 5015 2701 188] 150 — | —
TOTAL 991 73 0/65/1275(1 890]1 761| 865[1 489

* Figures represent amounts per quart,

1 Vanulls, chocolate or other flavoring added to formuls, with sugar
to ach indmduel s taste

Mk Forrmura 6* 1

FOOD Gms|C| P |F|Cal| Ca | P |Na| CI
Drycoleup | 1504
Mikipme | 5000 25 17 5[0l 350] 600 465 255 s30
Eggr4 200

Van Ice Cream
4 pint 125| 28 5 sl15| 2701 18| 1s0| — | —

69 48 0[18] 630{1 5001 215{ 600{1 200

—| 24 0124| 310 136 448 280 212

TOTAL 137) 95 0|77|156012 424(2 278|1 1351 942
* Figares reprovent amounts per quart,

o thVunlh, Chomhte oc other flavonng added to formuls, with suger
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Muk Formura 3* 1

Gms

FOOD orecf C{ P |F[Cal] Ca | P | Na| Cl
Dryco3§cup | 100] 45) 32 12| 4201 000/ 810] 400} 800
Shimmed Milk
1pint 500f 25 17 5| 1| 180] 610} 480 255/ 550
Egg Whites—5
plus 1 Yolk 175 -4 20 5 6] 135 O43[ 110 269 247

TOTAL 70| 70 0{19] 7351 653|1 400! 9241 597

* Figures represent amounts per quart.

+ Vamlla, chocolate or other flavoring added to formuls, wath sugar
to exch Indivrdusl s taste

Mk Fommura 4*

Gms|

FOOD orcefl C| P |F|Cal| Ca| P [Na| Cl
Dryco 134 cups | 1851 85| 59 22 775|1 8501 498 740[1 480
B

Skimmed Milk
1 pint 500] 25 17 5| 1| 180 6101 480{ 255/ 550
Egg Whites—6 1501—j18 H 70| 023 o021 255 233
TOTAL | |10 94 spaftoasfa 483t 999h 2502 263

* Figures represent amounts per quart.

+ Vanilla, cboaalne or other flavocing sdded to formule with soger
to each individmls
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the sodum thioqyanate method with a tendency to an in
creased volume for the group as a whole These findings
may be imterpreted as mdicattve of a sigmificant decrease
blood volume due chiefly to anemia The slight decrease
1 the quantity of the total circulating plasma proteins was
accompasnted by 2 decrease in plasma volume explaining
the normal plasma protetn concentration

Similar manifestations of malnutritton have been ob-
served by others not only 1 patients with spinal cord 1
Junes but after any type of severe trauma Rappaport (4)
1n postmortem examinations of six cases of traumatic spinsi
cord lesions found three common features (a) extreme
emaastion (b) severe anemus, and (c) @ spreading
flammation regardless of anatomic barriers indicating a loss
of general and local resistance  Champ Lyons (5) reported
weght losses of from five to 30 kilograms 1n patients with
chronically infected gun shot fractures His patients too
showed reductions of blood volume, defiats of total circu
lating hemoglobin and increased amounts of extracellular
flurd The plasma protens were normal

To summarize the chmeal manifestations of nutritional
deficency patients with traumatic lestons of the cord show
(2) marked loss of weight which 1s persistent and which 1s
reguned with extreme slowness and difficulty (b) slight
plasma protein deficency which 15 mashed by a concomnt
ant decrease m plasma volume (¢) modente to scvere
anemia (d) a tendency to an mcrease n the amount of
extracellular flud which 15 mdicatie of a tendency to
edema formation although visible edema 15 not common
() marhed anorexta The pauaty of clinical signs of vita
mun deficency 15 noteworthy The relationship between nu
tntional deficiency and resistance to mfection, decubitus



202 INJURLES OF THIP SPINAL CORD

ticular aversion to meats during the perio<d of marked inani
tion A chech of the dictary intake of many patients who
claimed to be cating well revealed daily lorle values
below 1000 and protein values of 50 grams or less Most
of the patients were emotionally unstable  One or more
of the following disturbances, in varying degrees were
observed i nearly all patients  cacessive irritabiiity, resent
ment temper tantrums (lcprcssmn, disinterest, npalh) and
impalrment of ability to concentrate These emotional symp-
toms appearcd to vary m mtensity with the degree of inani
tion

Anemia varylog in depree, v as found in nearly every
patient  The results of bload protein examinations in 20
cases are listed in Table 1 The number of observations in
diferent cases varted from one to 19 Seven patients had
levels below 60 grams per 100 ¢ at sone time durlng the
period of observation but most of the results were witiin
the normal range

Ling and Sprinz (3) studied the blood and plasma
changes in similarly wasted paticats Ihelr group consisted
of 27 individuals imcluding five of the 82 spinal cord cases,
who showed marked weight loss following traumatic in
Jurtes The averuge weight loss i their group was 30 pounds,
practically identreal with the average in the spinal cord
jroup There was a 7 per cent decrease 1 the quantity
of total areulating plasma protesns although the concen
tration remained normal The blood volume sliowed a de
crease of 26 per cent the plasma volume of 11 per cent
the red cell volume of 10 per cent and the total circulating
hemoglohin of 37 per cent helow the values obtained in a
Lroup of 50 normal adults There was a considerable varia
tion in the amount of extracellulitr fuid as mesured by
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the sodium thioqyanate method with a teadency to an
creased volume for the group as a whole These findings
may be imterpreted as indicatne of a significant decrease 1n
blood volume due chiefly to anemia The slight decrease
in the quantity of the total circulating plasma proteins was
accompanied by a decrease n plasma volume, explaining
the normal plasma protewn concentration

Simslar manifestations of malnutrition have been ob-
served by others not only 1n patients with spinal cord 1n
juries but after any type of severe trauma  Rappaport (4)
1n postmortem examinations of six cases of traumatic spinal
cord lesions found three common features (a) extreme
emacatton (b) severe anemuz, and (c) a spreading
flammatton regardless of anatomic barriers indicating a loss
of general and local resistance  Champ Lyons (5) reported
wesght losses of from five to 30 kilograms in patients with
chronically infected gun shot fractures His patients too
showed reductions of blood volume, defiats of total crcu
lating hemoglobin and increased amounts of extracellular
flud The plasma proteins were normal

To summarze the climical manifestations of nutritional
deficienicy patients with traumatic lesions of the cord show
(2) marked loss of weight which 1s persistent and which 1s
reganed with extreme slowness and difficulty (b) shight
plasma protein deficency which 1s mashed by 2 concomit
ant decrease m plasma volume (c) moderate to severe
anemta (d) 2 tendency to an increase i the amount of
extracellular flud which 1s indicative of a tendency to
edema formation, although visible edema 1s not common
(¢) marhed anorexia The pauctty of clinieal signs of vita
min deficiency 1s noteworthy The relationship between nu
triional deficiency and resistance to infection  decubitus
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ulcers urinary calculr and emotional instability all of which
are commonly observed 1n paraplegics wil be discussed
later

It 15 of interest to compare the findings 10 cases of
trauma with those observed 1n patients who have undergone
prolonged semu starvation in Japanese or German posoner
of war camps McDantel White and Thompson (6) have
reported their findings 1n & group of 1520 repatriates who
were liberated from four Japanese detention camps In ad
dition to emacation, clinical evidence of vitamin defiaency
was common. Visible edema, or a history of visible edema,
was noted 1n 68 per cent of one group who had been -
temned for an average period of 17 months, and 1 44 per
cent of another group who had been interned for seven
months Psychically these patents show ed apathy mnd:fference
and spotty amnesia  Mean values for plasma protein con
centrations were normzl, but three of the patients with
edemz had low values Sumilar findings were noted mn large
numbers of Japanese and German repatriates observed 1o
the aforemertioned Army General Hosprtal The differences
between the traumatized and the repatnated patients con
sist of a hugher inadence of visible edema and vitamin de
ficency and & more rapid return of appetite and weight 10
the latter These are essentially the dufferences betw een mal
putritton resulting from the metabolic response to wjury
and malnutrition duc to prolonged dietary imbalance and

tnadequacy
CAUSES OF MALNUTRITION

The loss of weight which invarably follows severe
trauma or infection 13 accompanied by an obvious reductron
10 muscle mass, ndicative of & loss of protemn tissue. Nu-
tritionsl deficiency under these arcumstances really repre
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sents a deficieny of protein A discuss on of the ctiology
of malnutnition 1 patients with traumatic lestons of the
spine 15 therefore concemned primanly with the causes of
protein deficiency and the mechanisms by wluch 1t 15 pro
duced

NITROGEN BALANCE

Pratetns are taken tnto the kody by mgestion in the form
of food or by mjection 1n the form of blood, plasma, albu
mm, protein hydrolysate or amino acid mixture The latter
two may also enter by mngestion Proteins leave the body
usually tn the form of non protein nitrogenous excretory
products or occasionally in the form of blood plasma or
exudate Information about the quantitative relationship be-
tween the total mtake and output of these substances 1s 1m
portant because 1t indicates whether the body 1s gamning or
losing protein  Since not all of these substances are proteins
but they all contain nitrogen determnation of the difference
between total nitrogen intake and output provides the neces-
sary information Those nitrogenous substances present in
food which are not proteins or protemn derivatives are neg
ligible 1n amount and may be disregarded

The end products of protein metabolism are excreted in
the form of non protern nitrogenous compounds The chief
vehicle for excretion s the unine some nutrogen being lost
in the stools and a very small quantity in the sweat The
amount of nitrogen excreted 1n the feces 1s usually constant
on ordnary diets and averages between one to two grams
a day (7) Duarthea or an excess of indigestible materal
10 the food may imcrease the amount of nitrogen 1n the
stools The excretion of mitrogen 1n the sweat 13 negligible
except 1n the presence of profuse duphoresis (7) Under
ordinaty curcumstances, therefore, varations 1 the amount
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ulcers urtnary calculi and emotional nstability all of which
are commonly observed 1n paraplegics will be discussed
later

It 1s of interest to compare the findings 1n cases of
trauma with those observed in patients who have undergone
prolonged sem: starvation in Japanese or German prisoner
of war camps McDaniel White and Thompson (6) have
reported therr findings 1 a group of 1520 repatriates who
were liberated from four Japanese detention camps In ad
dition to emaciation clinieal evidence of vitamin deficiency
was common Visible edema, or a history of visible edema
was noted 1 68 per cent of one group who had been
terned for an average penod of 17 months and m 44 per
cent of another group who had been interned for seven
months Psychically these patrents showed apathy indifference
and spotty amnesia  Mean values for plasma proten con
centrations were normal but three of the patients with
edema had low values Similar findings were noted 1n Jarge
numbers of Japanese and German repatriates observed 1n
the aforemertioned Army General Hosprtal The differences
between the traumatized and the repatriated patients con
sist of & higher madence of visible edems and vitamen de
ficency and 2 more rapid retum of appetite and weight 1n
the latter These are essentially the differences between mal
nutriton resulting from the metsbolic response to injury
and malnutrtion due to prolonged dictary imbalance and
adequacy

CAUSES OF MALNUTRITION

The loss of weight which ivanably follows severe
traums or mfection 1s accompanied by an obvious reduction
1 muscle mass, mdicative of a loss of protewn tissue Nu
trtional deficiency under these crcumstances really repre-
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almost complete stamation  As the food mtake declmnes
the resene stores of carbohydrate and fat are utshzed and
when these are neasly gone tissue proteins are drawn upon
to supply energy

Much more important than inadequate intake m the pro-
duction of a negatne mitrogen balance 15 the excessive nitro-
gen loss which occurs 1n traumatized patients  Part of this
loss may be attributed to actual hemorrhage plasma lost
from the surfaces of burns and wounds and to protein lost
1n exudates from nfected wounds, decubitus ulcers etc But
by far the most important factor 1s the excessne loss of
unnary mitrogen the result of a metabolic response to
Lﬂ]ufy

METABOLIC RESPONSE TO INFECTION
AND INJURY

The metabolic responses which are set tn motion when
an individual 1s subjected to traums, infection or other Eodily
msult are only now beginmng to recewve the attention
thesr mportance warrants The alteration 1n protein metab-
olsm the socalled toxic destruction of proten  which
ts associated with infectious disease has been recognized
since before the tum of the century That simular alterations
occur 1n response to trauma has been known since 1930
when Cuthbertson (8 9 10 11 12 13) published the first
of a series of papers dealing with this subject but thetr full

sigmificance and far reaching implications did not become
apparent until the recent war

NITROGEN METABOLISM IN INFECTION

It was hnown for a great many years that during the
c:ursc of certain tnfections diseases notably typhoid fever
there was an excessive urinary nitrogen excretion resulting
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of nitrogen excreted are reflected chiefly 1n the unine In
certain pathological conditions nitrogen may be lost through
the cozing of plasma from the surfaces of burns and wounds
i exudates from suppurating lesions by effusions nto
scrous cavittes and from frank hemorrhage.

In the normal adult the total nitrogen ntahe 1s equal to
the total nitrogen output and the subject 1s sard to be m
nitrogen equilibrium  When the take s grester than the
output a posittve nitrogen balance 15 sud to exsst and 15
indicateve of protein gain This occurs during active growth
and also when depleted tissues are replenishing their pro-
tein stores When the output of nitrogen exceeds the intake
2 negatrve balance exssts and 15 indicative of protemn loss
This occurs 1n starvation, i condittons charactenzed by ex
cessrve protein catabolism or by msufficient protein anab-
olism and through actual loss of protern such as 1n burns,
hemorrhages exudates etc Since each gram of mitrogen
represents 6 5 grams of protein, the net loss or gain of pro-
tein may be calculated from the mitrogen balance

CAUSES OF PROTEIN DEFICIENCY

A long continued negative nitrogen balance eventually
results 1n depletion of the tissue protens thereby produang
a state of protein deficiency This occurs 1 patients with
spingl 1njuries 10 whom the negattve balance 1s due both to
mnadequate nitrogen ntake and excessive nitrogen loss The
low caloric and low proten intake of many patients who are
supposedly eating well has already been mentioned Ano-
rexsa and abdominal wounds involving the gastro-intestinal
tract obviously contribute to the low food intahe As the
degree of mnamition becomes worse mental and emotional
symptoms appear and aggravate the increasing anorexiz
setting up a vicrous cycle which may lead ultimately to
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previous nutnional state of the wndwidual The adminis
tration of geaerous diets or of protein hydrolysate intra
venously fadled to prevent nitrogen loss

Noteworthy 1 the sertes of papecs from the Russell Sage
Institute was the diferent behavior of patients with tuber
culosts McCann and Barr (16 17) showed that i these
patients the nitrogen loss was not excesstve and could readly
be prevented by 2 dret contaming from 60 to 90 grams of
protein and total calories of about 2 500 These patseats had
previously lost considerable wesght and were 1n a chronrcally
undernourished state as compared with pattents suffering
from acute febrile illnesses who had been tn previous good
health

NITROGEN METABOLISM IN INJURY

The present knowledge with 1egard to the metzbobic re
sponse to injury ts due chuefly to the worl of Cuthbertson,
confirmed and amplified by Howaed (19 20 21) Browae
(22), Grossman (18) Peters (23 24) and others Im
medutely after snjury the unnary mirogen excretion is
normal Within a day or two however 1t begins to increase
rapidly to reach a peak between the fourth and the eighth
days after the mjury This period has been called the early
catabolic period The height of the peak, or the degree of
nitrogen loss vanes with the nature and seversty of the 1n
jury  After operstions the peak 1s lower and 15 reached
carlier between the second and fourth days The excessive
nitrogen loss continues after the peak has been reached, but
at a lower level This period has been called the late cata
bolic period and after severe injunes such as Fractures the
entire catabolic period may last for six to esght weeks or
longer The catabolic period s followed by one in which a
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10 a negative nitrogen balance Thus nitrogen loss was attrib-
uted to a toxic destruction of protein and was believed
to be due to the toxemua of the discase Shaffer and Cole
man 1n theur classical study of protetn metabolism n typhord
fever published 1n 1909 (1) proved that the astrogen loss
was greater than could be attributed to the combined effects
of the elevated temperature itself and the dictary regimen
of semi starvation then in vogue They showed that a diet
of from 3 500 to 5 200 calories and contarning an adequate
amount of protein could minmize or reverse the negative
nitrogen balance In a subsequent paper Coleman and du
Bois (14) demonstrated that typhotd fever pattents showed
a negative nitrogen balance 1n spite of a diet which fur
nished more calortes than the actual body heat expenditure
as measured 1n a calortmeter Loss of weight usually ran
parallel with loss of protern In some cases protein loss con-
tinued for days after the fever had subsided Simular results
were reported in patients with malana (15) arthritis ery
sipelas and 2 number of other infections The conclusion
arrived at by this group of investigators at the Russell Sage
Institute was that the negatrve nitrogen balance 1 infec
tious fevers could be minmuzed but not prevented by a diet
adequate 1n protein content and providing considerably more
calortes than the calculated requirement More recently
Grossman et al (18) studied 45 patients with various med
ical and surgical conditions the medical ones including
meningococcus meningitis pneumococcus pneumonta, scarlet
fever upper respiratory infections subscute bacterial endo-
carditis lung zbscess pertonsdlar abscess rheumatic fever
regonal enteritis and shin infections The patients wasted
nitrogen to a vartable degree and for varable pcnods of
time depending on the sevenity of the infection and on the



PROBLEM OF NUTRITION 211

same day by the excretron of practically the entire nitrogen
content (22) The nitrogen of ntravenously admunistered
amigen behaves as does food mitrogen but the nitrogen of
wntravenously admunstered plasma 15 setained (22) Duets
with a value as high as 5 000 calories per day have failed to
prevent negatrve mtrogen balance during the easly catabolic
pertod (13)  If attempts are made to establish nitrogen
equilibrium at this time 1t 15 found that with a rse i protein
intahe more nitrogen appears in the urine mamtamning the
negatve balance unchanged (20) Dunng the late catabolic
peniod 1t may be possible to establish mitrogen equilibrium
with 2 suffiaently hugh caloric and protein intake

At the present time 1t 15 doubtful whether any dietary
measure can overcome the negative nitrogen balance during
the early phase of the reaction Croft and Peters (27) have
reported a substantial reductson 1n the nitrogen lost by rats
after thermal burns when g hugh protemn diet was fortified
by the addition of methionine Stevenson (30) has reported
that 30 mgm of methionine 15 as effective as 400 mgm of
nitrogen from egg protein m reduang the mtrogen excre
tion of amumals on a low protern diet The sparng action
of methionine on mutrogen loss 15 mamntained when the
caloric intake 15 cut to as low as 25 per cent whereas the
sparing effect of egg protein s lost 2t 50 per cent If con
firmed the addition of methionine to the diet may therefore
eventually prove to be a method by which the excessne
catabolism after injury can be reduced The mitrogen lost
during the catabolic pertod 1s replenished very slowly Three
of Howard s fracture cases followed for 24 59 and 45 days
reguned oaly 18 pec cent 14 per cent and 1 6 per cent of the
original losses respectively It will be recalled that half of
our spinal cord cases regained none of therr lost weight mn
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positive nutrogen balance 1s readily attained. However even
mild intercurrent infections and slight disturbances such as
phystcal exertion or the changing of a cast may lead to n
creased nitrogen excretion and negative mtrogen balance, if
these disturbances occur during the earlser part of the anabolic
period The catabolic loss of nitrogen after operative pro-
cedures 1s smaller and the perod shorter In Howards
fracture cases (19) the duration of the catabolic period was
35 days and the total nitrogen lost during this period av
eraged 220 grams per patient. Since each gram of nitrogen
represents 6 25 grams of proten the average quantity of
protein Jost amounted to 220 X 625 = 1375 grams Pro-
tein constitutes about 20 per cent or one fifth of muscle
tssue  Assuming that most of the protemn lost was derrved
from muscle, the loss of 1375 grams of protein represents
the loss of 1375 X 5==6875 grams or about 15 pounds
of muscle In Howard s osteotomy cases the average dur
ation of the catabolic period was nine days and the average
mutrogen loss was 40 grams equrvalent to about three pounds
of muscle tissue Much greater losses have been observed
by others following operatrve procedures Elman (25) re
ported a decline of 25 pounds i one patient after a rela
tively uncomplicated cholecystectomy

The catabolic response has been described 1n a great va
riety of bony and soft part mjuries (8 9 10 11 12 13 18
19 20 21 22 23 24) after burns (26 27) after hemor
rhage (28) as the result of operative procedures (10 12
18 19 22 23) in the course of mfectious disease (1 14
15 18 22 23 24) and during expenmentslly produced
acute stenle nflammation (29) Dunng the pesk of the
catabolic period oral mntake of a diet containing as much as
2,000 calonies and 100 grams of protein 1s followed on the
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increase mn nitrogen output after fracture of the femur
Madden and Clay (29) demonstrated little of no sncrease i
mtrogen excretion i protemn depleted dogs mn contrast to
2 large ncrease tn excretion n well nounshed dogs follow
wng the productron of acute stenle inflammation by the
jection of turpentine

FACTORS TO BE EVALUATED IN CATABOLIC
RESPONSE

Ia attempting ta account for the metsbalic response
cectain factors must be evaluated These factors are (1)
effect of fever (2) starvatron (3) disuse atrophy and bed
rest and, (4) reflex trophic effect.

(1) Effect of Feter That nitrogen loss i infectious
disease exceeds that to be expected from fever alooe has
already been indscated sn connection with the seports from
the Russell Sage Insutute In Shaffer and Colemans (1)
study of typhoid fever a negative mitrogen balance persisted
well into the convalescent period 1 one case in spite of
a hugh caloric and high protem mtake. In another case, 2
negatine balance resulted duting convalescence when the
total caloric intake was reduced somewhat, although the
protemn intake remsined high In Coleman and du Bouss
cases (14) protetn catabolism continued into the convales-
cent peniod 1o some of the subjectt Patients with malarisl
fever excrete far more mutrogen than can be accounted for
by a7 per cent wcrease in total metabolsm for each degree
of fever In the studies of Grossman and his associates (18)
negatne nutragen balance persisted m meningococcus menn
gmis and in scarlet fever after the temperature had become
normal and signs and symptoms of the disease had dis-
appeared Whth regard to trauma most of the patients
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80 days, while the other half regained an average of only
17 pounds (34 per cent of the origmnal loss) m 151 days.
Repletion following operation occurs more readily

VARIATIONS IN INTENSITY OF CATABOLIC
RESPONSE

The intensity of the catabolic response varies with the
nature and seventy of the mjury or wfectton It 15 much
more intensive after bony fracture than after osteotomy It
1s more severe n typhoid fever and meningstis than in some
other infections Operative procedures 1n general cause 2
milder response than traumatic injuries Multiple injuries
combined with secondary nfection, as occurs 0 commonly
in patients with fractures of the spine will obviously pro-
duce an extremely severe metabolic reaction A factor which
causes important variations 1n the degree of response 1s the
nutrittonal state of the indrvidual at the time of the injury
McCann and Barr (16 17) showed that 1n tuberculosts the
urinary nitrogen loss was not excessive, and that positive nitro-
gen balance could readdy be attaned These patients had lost
considerable weight at the time of the study It has since been
demonstrated (22) that the chroncally dl from whatever
csuse show a catabolic response to injury or infectron, but
that they duffer from healthy adults 10 that rassing the pro-
tetn 1ntake to moderate levels does not lead to the immediate
excretion of all the food nitrogen These patients can thus
be brought 1nto nitrogen equilibrium earlier and af a lower
level of mtake The difference m response between the well
nourished and the poorly nourished has been confirmed
expenmentally  Muaro and Cuthbertson (31) showed that
1n rats who had been fed on 2 protemn free diet until the
mitrogen excertion had fallen to a steady level there was no
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i casts after osteotomy were subjected to the same degree
of immobilization as the fracture cases Yet, 1 the latter
group the mtrogen loss was of greater degree and of longer
duratton  Sumple disuse and bed rest, therefore account for
only a small part of the loss

(1) Reflex Troplsc Effect It 15 known that there 15 a
more rapid and extreme wasting tn limbs immobilized for
some inflammatory or traumatic lesion than for the correc
tion of 2 deformuty The atrophy has been shown to depend
on the integrity of the afferent paths (8) Thus theory tm
phies an exhaustion of the muscle by an excessive number of
nervous shmult While 1t may account for the greater loss
of muscle which octurs 1n the injured limb as compared
to the other limbs the total nitrogen loss 1s greatly i excess
of that contributed by the injured bimb Cuthbertson McGurr
and Robertson (11) showed by actual measurement that the
loss of substance from the site of njuty or from the injured
limb does not fully account for the wastage and that 2 gen
eralzed loss occurs  Additional carbohydrate seems to exert
a definite sparing effect on the general loss of tissue sub-
stance but does not prevent local wastage The loss of
muscle i general accounts for four fifths of the total loss
of body weight the resenves of carbohydrate and fat ac
counting for the remarnder

To summarize this discussion of the metabolic response
to injury followng trauma, infection burns or other injury
there occurs a loss of nitrogen which vacies with the natuce
and sevenity of the insult The loss 15 caused mainly by the
generalized cntabolic effect of the msult but may be aggra
vated by the contributory effects of fever starvation disuse
atrophy reflex trophic effect and actual losses of protein
n the form of hemorrhage exudates and escape of plasma
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studied had no fever or only a slight elevation Fever
therefore, does not account for the catabolic loss of mitro-
gen 1n non febrile condrtions and 1s only a contributory fac
tor mn febrile cases

(2) Starvation 1s not the explanation although by itself
if prolonged it may lead to protemn deficiency At the
height of the catabolic period diets containing up to 5 000
calonies a day are incapable of reversing the negative bal
ance (13) In the acute mfections studied by du Bois and
hus assoctates at the Russell Sage Institute the adminustration
of a diet contarning more calories than the body expended
i the form of heat as measured by calonmetry faled to
prevent the loss of nitrogen  On the other hand 10 stmple
uncomplicated starvation, the mitrogen loss can be appre
cbly reduced by feeding carbohydrate and quickly stopped
by gving a diet which provides adequate calories and pro-
tein  Starvation, therefore does not explamn the catabolic
reaction, but like fever and disuse contributes its share to
the loss

(3) Disuse Atropby and Bed Rest In 1929 Cuthbert
son (32) found that normal subjects 10 mitrogen equilibrum
showed within 2 day or two from the beginning of bed rest
volving fixatton of 2 lower limb 1 & splint, a rise 1n the
urinary excretion of sulphur mitrogen and phosphorus n
that order of prionty The rise was mantained faurly steaddy
for a varying period and then declined This loss 1s sumilar
to that which occurs after mpury but 1s of considerably
smaller extent He showed further that after the period of
simple disuse, operative removal of 2 fragment of semilunar
cartilage resulted in a marked increase n the loss of mitro-
gen, indicating that smple disuse 15 not the explanation
In Howard s series of cases (19 20) patients immobilized
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trophic hormones are injected and in the adrenalectomuzed
nsmal 1f adrenal cortical hormones are injected  Dougherty
and White (36) have shown that the number of lymphocytes
1n the blood 1s regulated by the prtuttary via the adrenal
cortex and that mnjections of prtustary adrenocorticotropic
bormones or of any one of a number of adrenal cortrcal
hormones (but not of desoxycorticosterone) will produce
within a few hours an absolute lymphopenra Venming
Hoffman and Browne (37) found that ndrviduals exposed
to the stress of surgical procedures excreted from three to
30 tumes the amount of cortin like substances that 1s ex
creted 1n the unine by normal men Shipley and Dorf
man (38), too, demonstrated a rise 1n the urinary output of
cortin 1n cases of infectious disease, after operaton and
after burns These findings are confirmatory evidence of
mcreased adrenal cortical actvity after wnjury The Alarm
Reaction may therefore be considered as a response by the
adrenal cortex which secretes excesstve amounts of hor
mones which i turn produce thymic and Ipmphoid hypo-
plasiz and set in motion the changes characteristic of the
metabolic response to mnjury The adrenal cortex 1s stimu
lated to excesstve actvity by the corticotropic hormone of
the pituttary which 1s 1tself stimulated by the injury n some
as yet unknown manner After the first 48 hours the
adrenals are still enlarged but have reganed their lipord
granules There 15 an increase m the basophilic cells i the
pituitary the thyrod tends to show hyperplasia, general
body growth ceases and the gonads become atrophic. These
changes are interpreted to mean that the pituitary slows
down 1ts production of growth and gonadotropic hormones
1n order to favor increased production of adrenotropic and
thy rotropic hormones which zse more urgently needed
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from the surfaces of wounds and burns At the height of the
reaction the negative mitrogen balance cannot be corrected
by any dictary means presently available, but during the late
catabolic period 1t can be minimized and 1n some cases pre
vented by very high caloric and protemn intakes The catz
bolic response 1s exhibited characteristically by ndividuals
in vigorous health and nutrtion  Malnounished and pro-
tein depleted subjects do not exhibit the reactron or do
so only to a limuted degree

GENERAL ADAPTATION SYNDROME

Following trauma operative surgery partial or complete
transection of the spinal cord exposure to cold burns ex
cessive muscular exercise, sublethal doses of various drugs,
infections prolonged starvation and other types of nsult
there occurs a series of adaptrve reactions described by Selye
as the General Adaptation Syndrame (33 34 35) The
symptoms and signs of this syndrome are the same for all
types of mnjurtes are independent 1n the nature of the dam
aging agent and develop in three stages

(1) The Alarm Reaction Immediately after mjury
experimental antmals show a shock ltke response, followed
by a counter shoch phase within 48 hours The cheracterss-
tic changes of the counter shock phase constitute the alarm
reaction and consist of enlargement of the adrenals and dis
appearance of the adrenal cortical hipoids indicating -
creased cortical actrvity At the same time there 1s a de-
crease mn the size of the thymus spleen and lymph nodes
and a reductton 10 the percentage of lymphocytes i the
peripheral blood The thymic and lymphord atrophy does
not occur 1n the absence of the adrenals or of the prtuttacy
it does occur 1n the hypophysectomired animal if cortico-
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reaction 1s catalyzed by the enzyme hexohrnase and may be
expressed as follows

Hexohinase
Reaction I Glucose ——————— Glucose — 6 —

phosphate

The reverse reaction the converston of the metabolically
actwve phosphonylated glucose to metabolically mert glucose
1 mediated by the enzyme phosphatase, and may be expressed
thus

Reartion 1 Glucose — 6 — phosphate  Phosphatase
Glucose

The actvity of phosphatase 15 independent of hormonal
control but the activity of hexokinase 15 definstely controlled
by the hormonal secretions of the antertor prtuttary adrenal
cortex, and sslet cells of the pancreas Prce Con and Colo-
wich (39) have demonstrated that the antenor pitwtary
secretes a hormone which nhibits hexokinase This wnhib
tory effect ss accentuated and prolonged by adrenal cortical
harmone and s abolshed by mnsulin  Glucose present in the
blood 1s derived from two sources (a) absorption from the
digestive tract (or parenteral mjection)  (b) conversion of
glucose-6-phosphate to glucose (Reactton 1I) The blood
sugas level 5s thesefore the resnltant of (a) and (b) on
the one hand and of the conversion of glucose to glucase-6-
phosphate (Reaction 1) on the other Inhibition of the
latter reactian as by nsulin deficency or by excesssve prtn
tary or adrenal cortical activity will result in & rise in blood
sugar which «f permanent 15 dabetes mellitus It has
already been pomnted out that prtutary and adrenal cortical
hyperactivity ase charactensstics of the Alarm Reaction to
bodidy mjusy It 15 now clear why glucose tolerance 1s 1m
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(2) Stege of Resistance Upon repetition of the m
jurious stumulr the gppearance and functions of the organs
return to normal and the prtwstary and adrenals no longer
respond with increased actrvity or do so only to a lumited
degree. This corresponds to the failure of poorly nourished
or proten depleted indvaduals to exhibit the catabolic
reaction to injury This second stage of the general adapta
tion syndrome has therefore been termed the Stage of Re
sistance

(3) Stage of Exhaustson With continued repetition
of njurtous stimuly, the resistance of the animal eventually
breaks down and its dies with symptoms and signs stmdar
to those of the first stage The adrenals are enlarged, as in
the first stage but 10 addition they show degeneration and
necrosts of the cortical cells Thus stage 1s termed the Stage
of Exhaustion. It 1s manifested clinically by those chrontc
ally 111 and malnourished patients who have been apparently
holding their own and who suddenly with or without ad
ditional provocation, go ato a precprtous decline to & fatal
terrminatton This 1s 2 comman termnal phase in patients
with spinal cord njuries

METABOLISM OF THE MAJOR FOODSTUFFS

To explore further the physiological mechantsms and the
clintcal 1mplications of the catebolic response to injury it
will be necessary to review same of the pertinent highlights
of the ntermediary metaboltsm of the major foodstuffs

CARBOHYDRATE METABOLISM
Glucose the form 1n which carbohydrates are ultimately
utidlized, 1s stself metabolically inert and must be phos-
phorylated before 1t can enter 1to metabolic actvity This
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able as 1n starvation or when glucose cannot be metabolized
because of excessne mhibition of hexohinase, as tn the re
action to injury protetns and fats are called upon to supply
cnergy The amino acids diverted for this purpose are there-
fore unavailable for tissue protemn synthesis Since tissuc
build up and tissue breahdown are constantly 1n 2 state of
dynamic flux a decrease m the available supply of ammno
aads for synthesis results 1n a net loss of tissue protein
This explains, in part at least, the negative nitrogen balance
charactenistic of the reaction to injury and also the de
pletion of the body stores of fat Conversely the well known
spaning cffect of carbohydrates and fats on protein metab-
olism 1s also clanified

FAT METABOLISM

Following absorption from the gut neutral fat 1s de
posted chrefly 1n the fat depots of the body These depots
are no longer considered as wmert structures functioning as
warchouses but are now known to be very active metabolic
ally Schoenheimer (40) has shown that when fat 1s ab-
sotbed, the dictary fatty acids merge with those previously
present mn the depots forming a mixture indistinguishable
n origin There 15 a constant interchange of fatty acids be
tween the depots and organs Some fatty acids are converted
to others new ones are synthesized from chemical frag
ments derrved from glucose and amuno acds (Fig 1) and
some are oxidized to CO, and H;O The liver serves as a
center for assembling and sorting fatty acids and phospho-
lipids nterconverting them manufacturing ketone bodies
from them and redistribubing them to the depots and
tissues (41)  All these reactions are normally so balanced
that the total amount and structure of the fat mixture mn
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Glucose-6-phosphate 15 further metabolized through 2
scries of intermedizte chemical steps to glycogen tn one di
rection and to CO, and H:O in the other (Fig 1) When
hexohinase 1s whibited, as 1n the reactton to injury or 1o
diabetes mellitus glucose cannot be converted to glucose6-
phosphate, 1t remains metabolically inert and eannot be
utilized The energy requirements must therefore be met
by the protetns and fats The manner 1n which amno gcids
and fatty acids enter into the metabolic pathway leading ultr
mately to oxidation 1s indicated 1n Figure 1 which also shows
how glycogen and glucose mauy be formed from these sub-
stances  For example amino acsd dervatives entering the
tricarboxylic #2ad cycle may be oxdized to CO, and H,O
or may become converted eventuslly to glucose-6-phosphate
which 1 turn forms glucose (via phosphatase) or glycogen
The greater the amount of glucose which enters the path-
way to oudation the smaller the need for fattty acds 2nd
amno gads for energy purposes When glucose 1s unavail




PROBLEM OF NUTRITION 223

form proteins they do 0 1n a charactesistic manner hnown
a5 2 peptide tmhage This consists of a combination of the
smino group of one aming acd with the carboxyl group of
another amino acid the R groups remanmg free and un
attached  In addition to the peptide hink the hydrogen of
the amino group shares an electron with the oxygen of the

casboxyl group forming a corvalent bond or bridge between
them

R
HH m—%——c o@:u:.}ﬂﬁ N—(](:—-C OOH

H H
R R
HH\I‘——<:S~—~CO HN;—JImCOOH+H.O
(
H )
.

PFPTIDE LINKAGE

It will be noted thar the new product stidl contans
free NH, and COOH groups each of which may combine
with the COOH and NH, proups respectively of other
amumo 2ads  Protemns are composed of numerous amino
aads linked together 10 the manner described The reverse
process 1n which the peptide bond 1s broken and amino
actds liberated 15 one of bydrolyss Proteans proteoses
peptones and peptides are substances whose structure 1s
wtermeduate in complexity 10 decreasing order between
protems and amino aads

The manner i which amuno acids ate linked together
18 important because 1t represents a site of intense metabolic
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depot, blood and organs remams constant. When glucose
ts not metabolically avaiable because of its absence from
the diet or because of excesstve hexokinase mwhibition, as in
the reaction to injury the greatest portion of the fatty acd
pool 1s diverted for encrgy purposes If fat and protein are
at this time absent from the diet, the fat in the depots will
rapudly disappear resulting n loss of body weight

It was stated that fatty acids are synthesized from other
fatty acids and from proteins and carbohydrates Exceptions
to this are the highly unsaturated fatty sads which cannot
be synthestzed unless esther Linolec acid or amchudonic aad
1s supplied in the diet (40 42) These two fatty scids are
thus essential or indispensable

PROTEIN METABOLISM

Proteins consist of amuno acids linked together by pep-
trde bonds supplemented by hydrogen bridges There are
some 22 smuo aads With the exception of prolne and
hydroxyproline all amuno acids may be represented by the
following formula

R
HHN——([E—COOH
H

R represents a carbon chan which 1s different for each
amino acid In glyane R represents 2 hydrogen atom In
proline and hydroxyproline there 1s an 1mino (NH) group
instead of an ammo (NH,) group and R represents past
of a pyrrolidine ring  All amino acids contan one of
more amino (or imino groups, plus one or more carboxyl
(COOH) gronps When they combne with one another to



PROBLEM OF NUTRITION 225

mne lysine, phemylalamine tryptophane argintne, histsdine
and threontne

The building up and the breaking down of the protein
molecules are under hormonal control which tn the normal
adult mamntains a balance betw cen anabolism and catabolism
Stimulation of the anabolic or mnhibition of the catabolic
enzymes results in a net gain of protein while mhibition
of the anabolic or stimulation of the catabolic enzymes re-
sults 1n 2 net loss of proten The growth hormone of the
anterior pituttary promotes anabolism and the hormones
from the thyroid and adrenal cortex promote catabolism
(43) In the reaction to mnjury the mncreased activity of the
pitustary by uts sumulation of the adrenal cortex and thyrod
produces a2 catabolic effect resulting 1n 2 net loss of protein
Whether this 1s due to mhibition of anabolism (24) or to
ncreased catabalosm (29) 1s still a matter of dispute A
part of the nitrogen loss may be explained as due to hexo-
hinase inhibition which necessitates the breakdown of pro-
tein to supply energy

SUMMARY OF METABOLISM OF MAJOR
FOODSTUFFS

It may be well at this pomnt to summarze the chuef
pomnts 10 this discussion of the metabolism of the major
foodstuffs Glucose, amino 2cids and fatty acids are broken
down to smaller molecular fragments or budt up to form
the larger molecules of the carbohydrates proteins and fats
tespectively The smaller fragments enter into a vanety of
chemtcal reactions which result in the interconversion of the
various molecules so that the ulttmate compounds are de
fived from all sources, with some exceptions The processes
of building up and breaking down of tissue are continuous
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activity During the intermediary metaboltsm of protetns
these linkages are constantly disrupted and united, ammo
groups being introduced or removed at an extremely rapid
rate (40) Amuno groups derrved from amino aads re
cently absorbed from the intestines enter into these chem-
1cal changes as rapdly as do those derved from the break
down of tissue protewns the result being that amino acids of
dietary origin soon become indistinguishable from those of
tissue origin and the tissue protemns are composed of an cver
changing complex of amino acids derrved from all sources
The chemical reactrvity of proterns in metabolism 1s not
restricted to their mutrogen (amino) groups but the carbon
chawmns too participate 10 these raprd chemical interchanges
The catbon chams may be derrved from carbohydrate or
fatty precursors as well as from protemns Referning agamn to
Figure 1 1t 1s evident that there exists 2 common metabolic
pool of highly reactrve substances and molecular fragments
derrved from different sources which contribute ndistin
gushably to the metabolism of protesns, casbohydrates and
fats

As 10 the case of the fatty acds there are some amino
acids which cannot be synthesized, and must be supplied
in the diet. If not, tissue breakdown 1s increased 1n order
to supply the pool with these amuo sads Sice some of
them enter into reactions which are irreverstble there 1s @
net loss of protemn, or negattve nitrogen balance unless
these essential or ndispenseble amino acds are re
placed 1 the diet and 1 adequate amounts Their ndis-
pensability refers only to the fact that they must be present
n the diet and does not imply that they have more um-
portant functions than dispensable amino aads There are ten
essential amino acids  Valine, leuane soleucine, methio-
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appeared promptly from the arculation without a corre
sponding loss 10 the urine

Because of this balance and because the total amount
of protein in the viscera and skeletal tissues 1s so vastly
greater than the amount of protewn in the arculation quan
titative changes 1n tissue proteins will be reflected by changes
in plasma protemns m somewhat the same manper as a
change 1n the amount of water in a storage tank 15 reflected
by the level in the gauge Referring to Figure 2 it is obvious
that a slight fall in the level n the gauge represents a con
siderable loss of water 10 the tank Weech (46) found that
ta protemn deficency induced 1n dogs by a proten deficient
diet, one fifth of the total protein loss was contributed by
the arculation and four fifths by the other tissues Elman
(47) has calculated that a reduction of one gram of ar
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and rapid, and most of the reactions are mediated by enzymes
under endocrine control Particularly important for this
discussion are the roles of the antertor pstutary and the
adrenal cortex. These organs secrete certain hormones which
when present 1n excess result tn a net increase n protein
catabolism Thus 1s due to two mechanisms One 1s a direct
whibition of protern anabolism or stimulation of protemn
catabolism The other 1s an inhibition of hexokinase activity
thereby mterfering with the utilization of glucose and result
ing 1o an ncreased destruction of proten for the production
of energy

PLASMA PROTEINS AND TISSUE PROTEINS

The concept of body structure according to which adult
tissuc rematns relatively constant 1n composstion and struc
ture except for wear and tear 1s no longer tenable Schoen
heimer (40) has shown that all tissues are active metabolic
structures in which chemical synthests and breakdown are
constantly going on. These chemical actvities volve ar
culating plasma protemns mcluding crculating antibodies
1 the same manner as tissue prote:ns Whipple and his col
laborators (44) have advanced the theory of & dynamic state
of equilibrum between the proteins of the blood and those
of the tissues The body protern stores protewn synthesis and
protein breahdown are 1n a balanced or steady state of
dynamic equilibrium  Proteins can pass readily from plasms
mto tissue cells and the reverse, without loss of nitro-
gen (45) The net effect 1s an apparent qualitatrve and
quantitztive constancy of plasma and tissue protens Ad
ditional evidence for this concept 1s provided by Leutscher
(50) and by Metcalf (51) who showed that protein grven
intravenously 1 the form of serum plasma, or albumun dis-
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equal facility under conditions of stress The Iner, for
example, loses protein more readily than do the other organs
Addis (48 49) found that the Irvers of albino rats lost 20
per cent of their oniginal protemn content during a two-day
fast as compared with four per cent for all the other organs
combined Duning a seven-day fast the liver lost 40 per
cent of its onginal protein while muscle shin and sheleton
lost 8 per cent However since the total bulk of the shele

tal tissues 1s so much greater than the viscera, 62 per cent
of the total loss was contributed by the muscles shin and
sheleton as compared with 16 per cent for the liver With
regard to blood protemns in proten deficency, 1 terms of
the origmal quantity present serum albumin suffers the
greatest depletion, hemoglobin somewhat less and serum
globulin the least (46) Recent electrophoretic studies have
shown both 10 animals and man, that in protein depletion
of sufficient sevenity to be reflected 1n the plasma protewns

the greatest decrease occurs in the albumin and a somewhat
smaller decrease 1n the globulins except the alpha globulins
which resist depletion (52) Duning regeneration after de

fiaency the synthesis of hemoglobin 1s favored over plasma
proteins by as much as two or threc to one (45)

The reasons for the relatively normal plasma proten
concentranions 1n depleted patients with sprnal cord or other
severe wmjurtes have been discussed It 1s not clear why the
depletion 15 reflected so much more 1n hemoglobin  Total
plasma proteins are reduced about 7 per cent, while total
arculating hemoglobmn 15 seduced 37 per cent Since com
petition for avadable protemn bulding materals favors hemo-
globmn production other factors such as sepsts and nhibition
of hematoporesis must play wmportant roles
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culating plasma albumin represents 2 loss of 30 grams of
tissue protein Thus 2 subject with a plasma albumin con
centration of four grams per 100 cc and a plasma volume
of 3 500 cc would have 4 x 35 == 140 grams of circulating
albumin. A reduction 1n the concentration to 3 5 gms per
100 cc without any change i plasma volume would mean
a reductton i crculating albumin to 123 grams (3 5 x 35)
—a loss of 17 grams 1f each gram of plasma albumn rep-
resents 30 grams of tissue protein, such a reductton of plasma
albumin from four grams per 100 cc. to 3 5 grams per 100
cc. 1s indicative of a loss of 17 X 30 — 510 grams of
tissue protein which n terms of muscle represents (510
X 5) 25 Kgm In the light of the tremendous we:ght losses
suffered by patients with severe trauma, the ratio of tissue
proten loss to plasma protewn loss of 30 to one may have to
be revised upward. Ling and Sprinz (3) found an average
total circulating plasma protein of 204 grams 1n 20 severely
depleted patients as compared with an average of 220
grams 10 50 normal adults This 1s a loss of 16 grams of
plasma protern, which tf the ratio of 30 to one were corredt,
would tndicate ¢ loss of only 24 Kgm of muscle tissue
Actually these patients had lost 23 Kgm (50 pounds)
which with a liberal allowance for loss if adipose tissue,
represents a much greater ratio than 30 1 The unrelmbility
of the plasma protemn concentration &s an mdex of the de-
gree of protein depletion 1n man is therefore obvious A
tremendous degree of tissue wasting must occur before 1t
will be reflected in the total plasma protein level much less
1n the concentratton which 1s also affected by changes mn
plasma volume

The concept of 2 dynamic state of body constituents does
not smply that all proteins are synthesized or destroyed with
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equal faality under conditions of stress The lwver, for
example loses protein more readily than do the other organs
Addis (48 49) found that the Invers of albino rats lost 20
per cent of thetr onginal protein content during a two-day
fast as compared with four per cent for all the other organs
combined During a seven-day fast the liver lost 40 per
cent of 1ts origmnal protein while muscle shin and sheleton
lost 8 per cent However smce the total bulk of the shele

tal tissues 1s so much greater than the viscera, 62 per cent
of the total loss was contributed by the muscles skin and
sheleton as compared with 16 per cent for the lver With
tegard to blood protemns in protein deficiency in terms of
the origmnal quantity present serum albumun suffers the
greatest depletion hemoglobin somewhat less and serum
globulin the least (46) Recent electrophoretic studies have
shown both 1n animals 2nd man, that m protemn depletion
of suficient seventy to be reflected 1n the plasma proteins

the greatest decrease occurs 1n the albumin and 2 somewhat
smaller decrease 1 the globulins except the alpha globulins
whuch resist depletion (52) During regeneration after de

fizency the synthesis of hemoglobin 1s favored over plasma
protewns by as much as two or three to one (45)

The reasons for the relatively normal plasma protein
concentrations 1n depleted patients with spinal cord or other
severe wnjuries have been discussed It 1s not clear why the
depletion 13 reflected so much more m hemoglobin  Total
plasma proteins are reduced sbout 7 per cent while total
arculating hemoglobin 15 reduced 37 per cent Since com
petstion for available protein building materrals favors hemo-
globin production other factors such s sepsts and inhibttion
of hematopoiesis must play important roles
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PROTEIN DEFICIENCY AND EDEMA

In 1895 Starling showed that the collord osmotic pressure
of the plasma was proportional to the concentration of
plasms protemns and he advanced the theory that edema
could be produced by a decrease 1n the collo:d osmotic pres-
sure  Because its molar concentration 1s much higher than
the other plasma proteins, albumin accounts for the major
portion of the collod osmotic pressure During World
War I edema was commonly observed in areas where people
were forced to subsist for long pertods of tume on protein
deficient diets In World War I1 edema was present 1n #
large percentage of men who were semy starved for a long
time 1n Japanese and German prison camps Keys (65)
found edema 1 his starving subjects and Benedicts (64)
case showed water retention after the 11th day of the fast.
On the other hand our severely depleted traumatzed pa
tients did not show edema, but the increased amount of
exteacellular fuid was an indication of a state of preclinical
edema. For edema to become cliucally evident at least ten
pounds of water must be retamned Weech's experimentsl
data seem to indicate that the entire process of protetn
depletion 15 accompanied by gradual flud retention (67)
Thus would seem to be 1n accord with the dinrcal findings
If the traumatized patients had been permutted to contnue
m their depleted state for a longer penod of tume, the
madence of edema would undoubtedly have been higher
It will be noted that the repatriated patients who showed
edema had been starved for from seven to 17 months

PROTEIN DEFICIENCY AND WOUND HEALING

There 1s a latent or lag pertod 1n the healing of wounds
which 1s the interval between the recerpt of the wound and
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the beginning of tensile strength (53) Dunng this peniod
the processes 1mvolved 1n wound repair may be affected by
various conditions among them the nutritional state of
tissues  Clark 1s quoted (53) to the effect that expertmen
tally a high protein diet elimunates the lag period, while a
high fat diet prolongs 1t Tussue edema, which may result
from hypoproteinemia, defimtely delays the onset of fibro-
plasia Thompson, Ravdin and Frank (54) studied the effect
of hypoprotenemia on wound disruption 1 dogs They
noted disruption of the wound or failure to heal 1n 72 per
cent of their ammals and found edema at the site of the in
asion as late as seven to 14 days after operation In the
biopsy sections taken 14 days after operation fibroblasts
were present but in decreased numbers indicating defective
fibroplasia. Protemn defictency 1s not the only cause of
wound disruption It has been recogmized for at least two
centunies that wounds are slow to heal in scurvy Wol
bach (55) has shown that this 1s due to falure of collagen
formation and that it can be corrected by the admunstration
of vitamin C. Lanman and Ingalls (56) were able to pro-
duce rupture of abdominal wounds of scorbutic animals
with about one-third the pressure required mn normals His-
tological exammations revealed poor production of collagen
in the scar Hartzell (57) found in cases of wound disrup-
tion that both the plasma vitamin C and the plasma protein
levels were decrdedly lower than normal Retardation of
wound healing 1s thus one of the consequences of vitamin
C or of protein defictency With regard to the healing of
fractuses Kernwein (58) and Rhoads and Kasmskas (59)
showed that ossification of bony callus 1s retarded 1n pro-
temn defiaency Here too the absence of vitemin C mey
Play 2 role, as Bourne claums that the actvity of both en-
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dosteum and periosteum 1n the repair process of bone 1
diminished 1 vitamin C deficiency (60)

PROTEIN DEFICIENCY AND DECUBITUS
ULCERS

Of the factors concerned 1 the development of bed
sores local pressure 1s obviously one of the most important
since decubstus ulcers develop at pressure pownts It 1s known
that pressurc applied locally to cven nommal tissues for 2
sufficient length of time can cause local necrosis In pro-
tein deficient tissues it apparently requires a smaller amount
of pressure, or the same pressure for shorter persods of
tme to cause necrosis (61) The rapidity with which de
cubttus ulcers develop 1n patients with spinal cord 1njuries
1s readily explamed on this basis With improvement 10
the nutritronsl state and repletion of the body protemns the
ulcers tend to heal. Conversely failure to tmprove the nu
trtional state 1s assocated with persistence or recurrence
of the ulcers regardless of the type of treatment

PROTEIN DEFICIENCY AND RESISTANCE
TO INFECTION

Resistance to infectton depends on 2 great number of
vapsbles among which are included a vanety of speafic
and non specific antibodies It ts now generally recognrzed
that these immune antibodies are protems and n the curcu-
lation are constituents of the gamma globulins of the plasma.
These protens partzhe of the same chemical reactions s
other tissue proteins with respect to the dynamic state of
body constituents Body protein deficiency may therefore be
gssociated with a decrease in antibodies and thus m de
creased resistance to wnfection. Cannon (62, 63) has shown
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that protemn depletion leads to a faduce to praduce ants
bodies In protein deficeenqy induced by an mnadequate diet
the production of antibodses was reduced to from one third
to one-fifth of normal This explains why malnutrivion 13 so
commonly complicated by overwhelming mfection In six
fatal cases of traumatic transverse lesions of the spinal
cord Reppaport reported as common features extreme ema
aation, severe anemia, and a spreading inflammation re
gardless of anatomic barners, mdicating a loss of general
and local resistance On the other hand, in patients who
sunne it 1s commonly obseried that as the nutntional state
improves the incidence and seventy of complicating nfec
tions tends to decrease

PROTEIN DEFICIENCY AND EMOTIONAL
REACTIONS

It would be hazardous to blame nutritional defictency
for the mental and emotional reactions manifested by pa
tients with spmal cord injurtes but that 1t does contribute
to therr production 15 probably true  Benedict s (64) starv
g man developed gradually mcreasing depression as a
prominent symptom 1n his study of experimental human
stacaation. The improvement 1 mental attitude of para
plegic patients as their nutribonal state improved has been
mentoned  Since the deficiency 1o these cases and m nor
mal starving subjects 15 predomunantly protein, it 1s prob-
able that at least some of the symptoms are due to lack
of protein Thamne deficiency also produces psychologtc
abnormalsties (66) but there ss Iittle evidence of such de
fiaeny 1n depleted traumatized patients  Regardless of
the degree tc which protern deficrency 1s responsible for the
mental abnomalities 1t 15 certamly true that the mental
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abnormalities contribute to the malnutrtion. The srrtability
resentment and depression which these pattents mantfest
add greatly to the problems of dietary management.

URINARY CALCULI AND THE METABOLIC
REACTION TO INJURY

A high madence of urinary caleult 1n patients with frac
tures has been recognized for many years Goldsten and
Abeshouse (68) have reviewed the literature and state that
the earliest assocration of spinzl cord fracture and urtnary
Lithusis was reported by Costello 1n 1833 Muller in 1895
found renal stones 1n 10 per cent of cases of fractured verte
brae and also noted that the symptoms of stone were not
mamfested before three months after the injury  After
World War I the association between bony mnjury and renal
lithtasis became more prominent and was attributed at first
to bony suppuration (69) and later to prolonged recum
bency Wilson (70) reported 23 cases of renal colic and
hematuria occurning 1n 150 cases of fractured femur mn
casualties of World War I All of these patients had been
recumbent for penods varymng from three to 12 months or
more A number of reports have appeared since stressing
the importance of prolonged recumbency as ctiologrcally re
lated to stone formation (71 72 73 74 75 76 77 78 82)
The high percentage of urmary calcult n World War II pa
tients with mjuries necessitating prolonged rest 1n bed seems
to confirm the etiological tmportance of prolonged recum-
bency The reported incidence of stones in these patients may
vary considerably depending on the time elapsed from the
njury The Jonger the interval the greater will be the oum-
ber of calcul: found In patents with spmal cord tjurres
the 1zctdence of stones may be 40 per cent or higher after
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three or more months Cuthbestson (32) noticed a ten
dency toward an mncreased excretion of cafcum due to 1im
mobilization alone Howard too observed small increases
of urary calaum when healthy patients without fracture
were immobilized in casts (79) However the chief under
Iging cause 15 the alteration of calgum metabolism induced
by the mjury, a catabolsc reaction to trauma

Unine 1s a supersaturated solution of crystallords mam
tamned 1n solution by collotds There 1s a definite quantita
tive relationship between the collords and crystalloids and
any substantal alteration in thes relatronship will lead to
precipitation and  aaleulus formation  While mnfection
trauma, anatomical abnormalittes and other causes may
upset the crystallosd-collord balaace, this discusston will be
confined to those factors which cause an increase in the
crystalloid content of the urine, spectfically the calcrum con
tent That hypercalanuria 1s assocuted with stone forma
tion 1s well recognized Stones of recumbency have been
attributed to increased calaum excretion caused by recum
bency as such

Howard (79) investigated the calaum metzbolism ia
17 patients immobilized 1n leg and body casts Four pa
tients were studied before and after femoral osteotomy the
others had fractures The patients were well nourished A
steady rise in the urmary calaum excretion occurred 1 all
cases The maxumal excretion was reached sbout one month
after the mjury was mamtamned at ths level for 30 to 60
days and then began to fall slowly After asteotomy the
patter of excretion was sumilar but the plateau was reached
carlier and was maintaned for a shorter period  Just as
during the height of the protein catabolic responses the
feeding of a hugh caloric high proten diet faled to alter
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the mitrogen excretton, so during the plateau period of the
calaum response large shufts 1n dietary calaum resulted 1o
mconsequential changes 1 urmary calaum It should be
noted that the maximal excretion of calcrum was reached
1n every casc at & time when the protein catabolic reaction
was subsiding

Howard s patients were well noursshed 1ndviduals and
therefore exhihited the typical catabolic response to mjury
No datz are available relatrve to the calcrum response of mal
nourished indrviduals However indirect evidence 15 avail
able which indicates that their calaum metabolism behaves
like their protein metabolism 1e., the catabolic response 1s
minimal or absent The evidence consists of the low mncr
dence of renal calcult in patients with chronic pulmonary
tuberculosis  In 39 autopsies performed 1n & tuberculosts
hospital renal calcult were found i only one case This
patient had been bedfast for only a very short time be-
fore death The vast majority of the other cases had been
confined to bed for many months Auerbach (80) on the
basis of his experiences 1in a 1900 bed tuberculosis hos
pital states that the mcidence of urinary calculs found at
autopsy 1s less thaa one percent  Most patients who succumb
to chronic tuberculosts have been 1l for a long time, are
generally 1n 2 poor nutritional state and have ususlly been
recumbent for months prior to death

The behavior of calcum metebolism after myury thus
bears a close resemblance to protein metabolism, except
for the time relationship The resemblance s strengthened
by the fact that piturtary hyperactivity 1s known to cause
sbnormalities of calcium metabolism manifested by m-
creased excretion (81) It will be recalled that mnjury stumu
lates pituttary actvity The explanation for the late calaum
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response 15 obscure but it may be related to differences
betw cen the rate of enzyme actnvaty m a dense structure lihe
bone and the rate 1n soft tissues The delayed response s
responsible for the long interval between the mjury and
the development of stones

Howard in his fracture cases noted that the administra
tion of dietary calcium tn the form of mulk failed to increase
the urtnary calaum This has a therapeutic tmphication —
namely that the admnistration of milk during the calaum
catabolic period will not increase the tendency to calculus
formation Howard also found that alkalinizing the urine
had no effect on the calcum output Acdifying the urnne
might theoretically decrease the precipitability of the cal
aum, but with the tremendous caleium exertion, 1t 1s doubt
ful whether this would be of practical value In spinal cord
cases the anorexia and aversion to food betng so great, all
detary efforts must be directed toward a high calonic and
protein intake without regard to the effect on the urmnary
pH The prescribing of acid ash diets would only add to
the difficulties 1n feeding these patients Aadifying the
uzine with drugs might readily upset their precarious appe
tites and interfere with therr alimentation

THE ROLE OF VITAMINS

The pauatty of signs of vitamin deficency n the wasted
patients with spinal cord injuries has been commented on
and contrasted with the high wadence of such signs m re
patnated prisoners of war There are three reasons for the
difference

(2) The administration of vitamins

(b) The duration of undernutrition

(c) The degree of metabolic activity and nature of the
diet.
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(A) ADMINISTRATION OF VITAMINS

An obvious reason for the difference 1s the alarcity with
which vitamuns are prescribed and taken in American medical
practice Patients in American hospitals have ready access to
all sorts of vitamun preparations and can hardly avord taking
them while malnourished prisoners in enemy hands are not
so well situsted.

(B) DURATION OF UNDERNUTRITION

The vitamun stores of the body are usually so great that
1t requires ¢ long period of deprvation before they are ex
hausted Keys (65) found no signs of vitamun defiaency
n hus starving subjects who lost one fourth of their body
weight 1n six months Wald Brouhs and Johnson (83)
were able to keep five normal subjects on a low vitamin A
diet for six months without producing signs of deficency
In another study signs of deficency appeared within &
period of 188 days after the institutron of vitamin A de
fictent dietary regumen (84) Thiamin deficiency may sim-
tlarly not become 2pparent for some tme Wilder (66)
reported the appearance of clmical effects of 2 thiamin de-
ficient diet in from 93 to 196 days With regard to vitamn
C, scorbutic petechiac did not appesr until the 152nd day
in the study reported by Lund and Crandon (85)

(C) DEGREE OF METABOLIC ACTIVITY
AND NATURE OF THE DIET
Of great importance ts the relationship of some of the
water soluble B vitamins to metabolism particularly to car
bohydrate metabolism Thizmun acts as 2 coenzyme to carbo-
xylase forming an enzyme system which 15 necessary for the
breakdown of pyruvic aad Riboflavin combtnes with phos-
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phoric acd and protern to form a coenzyme which partictpates
i the hydrogen transfer in energy metabolism while nico-
tinic aad functions as a component of two coenzymes which
are also concerned with the oxidation of carbohydrates The
exact roles played by the other members of the B complex in
metzbolism have not been fully clanified but they are prob-
ably also related to enzyme actnvities A reduction in the
total diet or 1n the amount of carbohydrate ingested reduces
the requirement for the enzymes concerned  the oxidation
of glucose and thereby lessens the need for the vitamns
A lowered metabolic rate has a stmilar effect  Conversely
an increase in total calories or m carbohydrate intake or m
total metabolism will increase the vitamin requirement
Physical activity which increases total metabolism, 1s one
of the factors which increase the requirement of the B
vitamins

Applying these prncples to the patients with spinal
cord 1njuries the low madence of cluucal signs of vitamun
deficiency may be attributed to their sem starvation, thetr
mactivity and therr lowered metabolism after the imtal
period of intense metabolic actvity had waned and mal
autation supervened  On the other hand the war prisoners
were forced to work hard so that thewr vitamin require
ments were not materally lowered The duration of under
autrtion i the prisoners varied up to four years while 1n
the paraplegics few remained malnourished after several
months It 15 significant that the clinical signs of deficiency
noted were chefly those of the B complex

PRACTICAL CONSIDERATIONS

The aums 10 treatment ace to prevent muumize and re
place the wasting of body tisse In the present state of
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knowledge, prevention does not seem to be feasible, unless
the claims of Croft and Peters for methionine are confirmed
1 man  But 1t s practical and desirable to heep the losses
down and st 1s imperatrve to replace them when protein de
fiaency ensues The treatment consists of the intake of food
adequate in all essentsal nutrients and particularly nch 1
calories and protein The chief stumbling block to the aarry
ing out of this treatment 1s gnorexia or lack of appetite

ANOREXIA

Appetite (86) has been defined as a conditioned state
of consciousness based on the memory of pleasant expert
ences which are associated with eating and drnking and
which create 2 desire for food There 15 some cvidence that
appetite 1s not entirely & mental phenomenon but that 1t
may be related to gastrc tone In those discases 1n which
anorexia 1s 4 prominent feature gastric tone 1s often low
while n those characterized by excessive appetite the tone
1s frequently high (87) Hunger which 1s to be differen
tiated from appetite 1s a gastric sensetion of discomfort or
actual parn due to strong penstaltic contractions ansing 10
the stomach when 1t 15 empty or nearly so (88) Sunce food
wtake 1s dependent on appetite and hunger 1¢ on mental
state, gastric tone and gastric motlity factors which depress
these functions will decrease food intake Mental depresston,
fever pan local gastro-wtestinal abnormalitres and reflexes
from other diseased organs inhibat gastric tone and motulity
Most of these are present 1n varying degree in patients with
spinal cord mjuries and contribute to the production of ano-
rexia and the inhibttion of hunger contractions A state
of semi starvation 1s thus induced adding to the catabolic
loss of weight Starvation itself results in mental depres-
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sion (64, 65) and diminutron n appetite and hunger con
tractions thereby producing a vicious cycle which can be
broken only by the most vigorous therapeutic measures

Orerloading an atonic stomach may produce gastric dis-
tention nausea or vomuting Since the emptying time of
such a stomach s prolonged, the total volume of food and
iqud which can be comfortably ingested 1s lumited Too
much fat o the ingesta increases gastric retentton and there
by aggravates the problem of supplying a nich diet 1n a small
bulk  On the other hand there 1s no evidence that the d:
gestive and absorptive processes are tmpaired

INSULIN

The use of msulim for the purpose of putting weight an
undernourished tndividuals has been reported on favorably
by 2 number of observers (89 90 91) The ratronale for 1ts
use 13 1ts ability to promote appetite and create hunger by
stimulating gastric contractions (92) This effect 1s lost
when the stomach becomes atonic because of vitamun B
deficency It 1s therefore questionable whether the atonic
stomachs of severely depleted patients would respond to
small doses of msulin The use of large doses is fraught
with danger because of the possibility of severe hypoglycemitc
reactions Most of the clinical studtes on the effect of wnsulin
m non-diabetrc malnutntion have been on otherwise normal
subjects and not enough 1s really known about 1its value in
the chronically ill. However 1n the early stages of the
aatabolic tesponse to mjury when the pitustary 1s hyperactive
the use of insulin may be of distinct value m counteracting
the inhibtion of hexokinase and thereby decreasing to some
extent the destruction of protein The daily admunistration
of 10 to 20 unuts of protamne zinc insubin dunng the first
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sion (61 65) and diminution in appetite and hunger con
tractions thereby producing a vicious cycle which can be
broken only by the most vigorous therapeutic measures

Overloading an atonic stomach may produce gastric dis
tention nausea or vomuting  Since the emptying time of
such a stomach 1s prolonged the total volume of food and
liqud which can be comfortably ingested 1s Limited Too
much fat in the ingesta increases gastric retention and there
by aggravates the problem of supplying a rich diet 1n a small
bull On the other hand there 1s no evidence that the di
gestrne and absorptne processes are impaired

INSULIN

The use of nsulin for the purpose of putting weight on
undernourished indrviduals has been reported on favorably
by a number of observers (89 90 91) The ratronale for its
use 15 1ty ability to promote appetite and create hunger by
stmulating gastric contractions (92) This effect 15 lost
when the stomach becomes atonic because of vitamun B
deficency 1t 15 therefore questionable whether the atonic
stomachs of severely depleted patients would respond to
small doses of msulin The use of large doses 15 fraught
with danger because of the possibility of severe hypoglycemic
reactions Most of the clinical studies on the effect of insulin
0 non-dubetic malnutritron have been on otherwise normal
subjects and not enough 1s really known about 1ts value 1n
the chronically il However m the carly stages of the
@tabolic 1espanse to tnjury when the pitustary 1s hyperactive
the use of insulin may be of distinct value 1n counteracting
the imhibition of hexokunase and thereby decreasing to some
extent the destruction of protein The daily sdministration
of 10 to 20 unts of protamune zinc 1nsulin during the first
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week or two after injury 1s suggested for this purpose If
used daly blood sugar determinations are indicated. As
the catabolic reaction wanes the dosage of snsulin should be
decreased and then discontioued

The nutritional care of patients with traumatic lesions of
the spine falls natumlly 1nto two periods treatment during
the early catabolic phase, and treatment dunng the late
catgbolic and the anabolic phases

TREATMENT DURING EARLY CATABOLIC
PHASE

Durnng this period all of the dietary nitrogen and all of
the nitrogen of protemn hydrolysates and of ammo zad
muoxtures whether adminsstered orally or parenterally will be
quantitatively excreted regardless of the caloric mntahe The
only exceptions are ntravenosly admimstered plasma pro-
teins The therapeutic indication 1s therefore to admupister
sufficient amounts of whole blood or plasma to replace the
wasted nitrogen, together with enough calorses 1 the form
of carbohydrate to meet the energy requirements Nitrogen
losses dunng this period usually amount to from 12 to 20
grams & day equivalent to from 75 to 125 grams of protemn
respectrvely (10)  In some cases the loss may be as high
as 35 grams of nitrogen equivalent to 218 grams of pro-
tein. The amount of plasma required may be figured at
about two liters a day for the average patient, each liter con-
tarning from 60 to 70 grams of protetn Whole blood con
tains @ little more than half of this amount of protewn per
Liter and so 15 uneconomucal to use  However its superionty
to plasms 1n the treatment of shock indicates 1ts use immedt
ately after the mnjury Since the catabolic reaction does not
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begin for two or three days whole blood should be used
duning this period for the treatment of shock, followed by
the use of plasma from the second or third day until the
peak of the catabolic pcnod 1s over, which for practical
purpases may be figured at about the tenth day

Dunng this trme the patient should be encouraged to
consume as much food as possible 1 order to provide for
his caloric needs Vigorous dietary therapy 1s not yet inds
asted but the intake should be sufficient to climmate the
extra mitrogen wasting due to starvation During the first
week the well nounshed patient has enough fat in his
depots to supply most of his caloric needs if a certain min
mum amount of carbohydrate 1s supplied (25) How low
this minimum can be 1s not definstely hnown but Elman (93)
sugpests 100 grams a2 day for a 70 Kg adult as a practical
guide There 1s no contrandication to the ingestion of more
food tncluding protemns and fats 1f the patient 1s willing
to do so The carbohydrate and other foods should be taken
by mouth 1f at all possible, since the wntravenous routes will
be monopolized by the trapsfustons

An objection to the use of plasma 1s the possibility of
the development of homologous serum hepatitss This must
be wetghted against the value of a decrease 10 morbidity and
tmprovement of surgical risk inadent to the dimnution of
tissue loss  Another possible disadvantage in the use of
plasma, as pormnted out by Elman (84) 1s the fact that one
liter of citrated plasma contains nine grams of sodum chlo-
rde and 3 grams or more of sodium citrate The average salt
requirement of a sick patient 1s about 10 grams and s n
creased 1n the presence of considerable vomuting and exuda
tion (85) Two lters of plasma a day will supply about
28 grams of salt which may prove harmful if continued
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for more than a few days in those cases 1n which the salt
requirement 15 not excessive

TREATMENT DURING THE LATE CATABOLIC
AND EARLY ANABOLIC PHASES

Most of the practical therapeutic difficulties are en
countered during this period  Anorexsa 1s usually marked
and the pattent 1s irntable and uncooperative while his
aslonic and protemn requirements are unusually high The
dset must provide from 3 500 to 5 000 calories and not less
than 150 and usuzally 200 to 250 grams of protein a day
To apprecate the magnitude of this problem 1t should be
noted that the Food and Nutriion Board of the National
Research Counctl recommends for a normal actrve man of
70 Kgm 2 500 to 4 500 calortes and 70 grams of protetn &
day The average well balanced American diet contans about
100 grams and the healthy American soldier durtng World
War II consumed about 130 grams of protemn & day

The high protein foods are meats (including fish and
poultry) eggs and dauy products Meats contan about 20
per cent protein more or less and an average serving of
one fourth of a pound (100 grams) provides approxumately
20 grams of proten An egg contains about 6 grams of
protern  Depleted patients after severe trauma with their
marked aversion to food and therr small gastrc capaaty for
bulk, simply cannot ingest suffictent meat to supply them
with thetr large protewn requirements Even when they try
to cooperate they often do not have the energy to chew on
solid food

The surprsingly small calortc and protemn intakes of all
types of patieats in the averag,e hospttal has been commented
on by & number of authors and was noted n our patients
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Some who claimed to be eating well and who were sup-
ported 1 their claim by the ward nurses, were found to
consume less than 1 000 calories and about 50 grams of pro-
tein when carefully cheched There are a number of reasons
for this 1n addition to anorexta and small gastric capacity
Hospital foods are too often prepared without proper culi
nary resourcefulness, and are served cold and unattractevely
It might be well for hosputals to develop the art of serving
food to patients with the same care that most firstclass
hotels provide in  room service.

The following test was performed to determine bow
much protein 1n the form of ordinary food a reasonably co-
operatve hospital patient could be expected to consume A
group of ten chromuc orthopedic cases was selected Every
member of the group was moderately active about the ward,
showed no evidence of malnutrition had a good appetite,
and was at least of average intelligence These patients were
gven 2 chowce of a varety of foods to please each one
indvidually They were instructed and urged to eat as much
protein as possible and a speaal dietittan was assigned to
help select prepare and serve the food. The dietary intahes
were carefully checked for 2 week. The test was first per
formed during hot westher and the average protein mtake
per patient per day was 110 grams It was repeated the
following winter and the average rose to 150 grams These
patients were cooperative, were not very sick, and had no
anorexia could chew their food, and their diets were closely
supervised and carefully prepared How much then can the
average patient be expected to consume if he 1s very (] has
an aversion to food has a small stomach capacity and s
given food which 15 unappetizing?

The answer to the problem 15 the preparation of a
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three to four quarts a day are consumed When the caloric
needs are unusually great formula No 5 or No 6 should
be used but because of their high fat content diarrhea occa
sionally results This can be avoided or mmimized by start
ing with a low fat formulz and introducing the richer prep-
aration gradually Vanous combinations may be prescribed
as for example two quarts of No 4 during the day and one
quart of No 6 towards eveung  Giving the latter at mght
allows more time for gastnic evacuation which may be re
tarded by the high fat content Such 2 combination contams
284 grams of protein 123 grams of fat and 3 600 calortes
Patients who are unable or unwilling to swallow should be
fed by gavage The formulas are admurably swited for this
purpose They can be mjected mto the tube in frequent
small amounts to avoird gastric distension or they can be
sdmunistered by constant slow deip  Ascorbic acid, 100 mgm
should be added when no other source of vitamun C 1s fur
fushed

As the patient s nutritional state improves and he evinces
4 desire for solid food meats fish poultry eggs and cheeses
are gradually introduced, together with non protein foods
A careful check must be kept of the actual ntake of proten
and calories  As the mntake becomes substantial the amounts
of formula are gradually reduced until eventually the pa
tient 15 eating four regular meals including one at bedtime
with mitk or milk formula in between Orange quice and
other citrus frust juices should be served during or at the
end of a regular meal to avoid the dimipution of appetite
which may occur if taken between meals Milk or milk
formuls when used as a dictary supplement should be

offered about one hour after meals to avoid interference
with the following meal
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food which 1s attractive to most people and i relatively
small bulk, s rich 1n calories and proteins and contans ade
quate amounts of other essential nutrients Such 2 food can
be prepared by the use of milk, milk proteins egg, proteuns,
soluble carbohydrates and flavoring These preparations can
be made to swt the ndividual pattent s taste and the con
tent of proten fat or carbohydrate can be vared to meet
changing nceds They are almost complete foods being de
ficrent chiefly 1n vitamin C and 1ron, and if much carbo-
hydrate 1s added 1n thiamine These deficiencies can readily
be met by supplements

The mulk formulas outlined below have been found use
ful 1n the treatment of malnutrition from a variety of causes
and i the treatment of conditions requiring high protein
wtakes As outlined, the formulas show not only the 1n-
gredients and the carbohydrate protein and fat content but
also the content of calaum phosphorus sodium and chlo-
ride It will be noted that the protein varies from 70 to 95
grams per quart, and the fat from 2 to 77 grams Whole milk
alone contains about 35 grams of protein and 40 grams of
fat In hospital practice it 1s convenient to have some such
set of formulas which can be prescribed by number, avod
g the possibility of overburdening the diet kitchen The
formulas are prepared daily and sent to the ward m a sep-
arate bottle for each patient The ward nurse adds sugar
and vantlla, chocolate or other flavor depending on the 1nds
vidusl s taste These preparations must be hept refrigerated
and handled with the care required for all mulk products

Nearly all patients will tolerate from the start two
quarts of formula No 3 or No 4 dady This will provide
140 and 190 grams of protein and 1470 and 2 050 calories
respectively The amouat 15 graduslly mncreased until from
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High mitrogen intakes can be provided by the oral use
of protein hydrolysates However they possess little or no
advantages over milk preparations arc more expensive, and
when given i concentrated form and Jarge doses, have a
most disagreeable taste They mnduce nausea vomiting and
diarthea 1n many patients The nausea and vomiting have
been attnbuted to bactenial contamination (96) When em
plojed they must be mixed with catbohydrate and for pro-
longed use with fat to provide sufficient calories They do
not represent nearly as complete a food product as concen
trated milk mixtures However they may be used to ad
vantage i those mstances where the digestion s disturbed
in sllergies and when because of persistent nsusea and
vomiting food must be mntroduced by Miller Abbott tube
directly into the jejunum (97) When ustng hydrolysates or
amino actd mixtures as the chief source of nourishment,
vitamin supplements should be added The most important
are Thiamine 10 mgm riboflavin five mgm muacin, 20
mgm  ascorbic 2aid, 100 mgm

Mixtures of amino scids have recently been prepared
whuch are capable of supplying the protein nitrogen require
ments for long periods of time These mixtures contin un
natural as well as natural forms of ammo acids The unnat
ural 1somers are not utilized metabolically but are apparently
non toxic (98) Amuno acad mixtures are utdized as well
as or better than hydrolysates by all routes of admimstration
but nesther 1s utilized orally as well as natural foods (98)

In conclusion, the solution of the problem of supplying
the essential nutnents in sufficent quantity to depleted pa
tients with traumatic mnjuries of the spiac requires unyreld
1ng pattence, perseverance and ingenuity
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PROTEIN HYDROLYSATES

The use of protein hydrolysates has become increasingly
popular during the past few years There 15 no tndicatron
for the intravenous use of these preparations immeduately
after trauma since the nitrogen content s excreted quantt
tatively during the height of the catabolic reaction. Later
most patients can be nduced to take noursshment by mouth
It 15 practically smposstble to supply sufficent nutrient solely
by the intravenous route A liter of a five per cent solution
of hydrolysate plus five per cent glucose furnishes 50 grams
of hydrolysate, equivalent to about 40 grams of protem, and
50 grams of glucose for a total of 360 calories Three liters
a day which 1s practically the lumit for intravenous volume,
would provide only 1080 caloriers However the ntra
venous route may be used to supplement oral feeding The
most extensively used preparation and the one which has
grven the most satisfactory results 15 Amigen an enzymabc
hydrolysate of casein and porh pancreas Untoward reac
trons mostly pyrogentc or allergic often occur followtng
intravenous admunustration

Protetn hydrolysate solutions constitute excellent bac
tertal culture media  Extreme care must be exerased in pre-
paning them for use and the most rigid aseptic techmuque
be employed 1n those cases where the solution 1s to be mixed
with glucose A fatal case of sepsis caused by the admuois-
tration of a contaminated solution has been observed by the
author The contamingtion occurred at the tume of the ad
ditton of glucose to the hydrolysate Swnular staphylococa
were cultured from the patients blood and from the re
matnder of the solution the ipjectson having been inter
rupted when the patient developed 2 chull



PROBLCM OF NUTRITION 251

14 Coleman Warren, and Du Bors Eugene F - Chinical Calon
metry Observations on the Metabolism of Typhotd Patients
With and Without Food Arch Int Med 15.887 1913

15 Barr David P and Du Bois Lugene F - Climical Galonmetry
XXVIHI  The Metabolism in Malaral Fever  Arch Int
Med 21 627 1918

16 McCann, William § and Barr David P Clinical Calonimetry
XOUIN  The Metabolism in Tuberculosis  Arch Int Med
26 663 1920

17 McCann Willam S The Protein Requirement in Tubercufo-
ns. Arch Imt Med 29 33 1922

18 Grossman C. M Sappington T § Burrows B A, Lavictes,
P H, and Peters ] P Nrtrogen Metabolism 1a Acute
Infections | Cln Investiganions 24 523 1945

19 Howard John Eager Parson, William, Stein, Kay Eisenberg
Ersenberg Harry and Redt Virgima  Studies on Fracture
Convalescence, I Nitrogen Metabolism After Fracture and
Skeletal Operations 1 Healthy Males Bwll [obns Hopkms
Hosp., 75 156 1944

20 Howard, John Eager Wmntermitz, Jene, Parson, William,
Bigham, Roy S Jr and Eusenberg, Harry  Studtes on
Fracture Convalescene, 11 The Influence of Diet on Post
Traumatic Nitrogen Defiat Exhibited by Fracture Patients
Bl Jobus Hopkms Hosp 75 209 1944

21 Howard, Jobn Eager Protein Metabolism During Conva
lescence After Trauma Arch Sarg 50 166 1945

22. Browne, ] S L Schenker Victor and Stevenson, ] A F
Some Metabolic Aspects of Damage and Convalescence.
] Ciin Investsgatron 23 332 1944

?3 Peters, John P Symposium on Physiological Aspects of Con
valescence and Rehabilitation  Problems of Nitrogen Met
abolism Fed Pror 3 197 1944

24 Peters John P Nitrogen Metabolism 0 Acute and Chronic
Disesse Ann New York Aced Sc 47 327 1946

25 Elman Robert Acute Starvation Following Operation or In

jury  With Speqal Referen e to Calonic and Protein Needs.
Anm Swrg 120 350 1944



250

13

INJURIES OF THE SPINAL CORD

REFERENCES

Shaffer Philip A. and Coleman, Warren Protern Metabolism
in Typhoid Fever Arch Int Med 4 538 1909

The Medical Department of the U S Army in the World War
Vol XI Government Prnting Office, Washington. D G,
1927 p 757

Ling William, and Sprinz, Helmuth To be published.

Rappsport, Henry Postmortem Findings in Smx Cases of
Traumatic Transverse Lesions of the Spinal Cord [.A4.ALA
129 165 1945

Lyons, Champ Pemallin Therapy of Surgical Infections 1
the U S Amy JAMA 123 1007 1943

McDaniel, Fredenick, L. White, Benjamun V' Jr., 2nd Thomp-
son Charles M. Malnutrihon in Repatriated Prisoners of
War U S Nav Med Ball 46 793 1946

Peters John P gnd Van Slghe Domald D Quenarst
Clinscel Chemusiry 2nd ed., Willems and Wilkns Co-,
Baltimore, 1946 vol 1 p 642

Cuthbertson, David P The Disturbance of Metabolism Pro-
duced by Bony and Non Bony Injury With Notes o Certsml
Abnormal Condittons of Bone Brochem | 24 1244, 1930

Cuthbertson, David P The Dustribution of Nitrogen and
Sulphar in the Urine During Condittons of Increased Catabo-
s Brockem [ 25 236 1931

Cuthbertson David P Observations on the Disturbance of
Metsbolism Produced by Injury to the Lunbs Quar | Med
1233 1932

Cuthbertson, D P McGurr J L. and Robertson, J S M
The Effect of Fracture of Bone on the Mctabolism of the
Rat. Qlﬂf | Exper Pb];rol 29 13 1939

Cuthbertson, D P Post Shock Metaboltc Response. Lancet
1433 1942

Cuthbertson. D P The Phystology of Convalescence After
Injury Bra M Ball 396 1943



38

39

40

41

42

43

45

46

47

48

4

)

PROBLEM OF NUTRITION 233

Shipley R. A, and Dorfman R. 1 The Effect of Infection
and Trauma on the Excretron of Unnary Cortin Proc Cent
Soc Clin Res 18 26 1943

Price, W H., Corie C. F and Colowich S P The Effect of
Anteror Piturtary Extract and of Insulin on the Hexokinase
Reaction. | Bro/ Cbem 160 633 1943

Schoenheimer Rudolf  The Dynamic State of Body Constix
ents 2nd ed.,, Hanard University Press Cambndge, 1946

Peters, John P and Van Slphe Donald D Quantitatise
Clinscal Chemistry 2nd ed Williams and Wilkins Co
Baltimore 1946 vol I p 423

Burr G O Significance of the Essential Fatty Aads  Proc
Fed Am Soc Exper Biol 1 224 1942

Peters, John P., and Van Slyke, Donald D Quantiidtise
Clinical Chesustry 2nd ed. Wiiliams end Willuns Co,,
Baltimore, 1946 vol 1 p 673

Madden S C. and Whipple, G H  Plasma Proteins  Their
Source, Production and Utilization  Pbystol Rev, 20 194
1940

Whipple, G H Robscheit Robbins F S., and Miller L, L.
Blood Protein Regeneration and Interselation Ans New
York Acad Sc 47 317 1946

Weech, A. A, Wollstertn, M and Goettsch E. Nutritional
Edems 1o the Dog V' Development of Deficrts 10 Ery
throcytes and Hemoglobin on a Diet Defictent 1n Protein
] Chn Investigation 16 719 1937

Sachar L. A Horvits A. snd Elman, R.  Studies on Hypo-
albumuoemi Produced by Protein Deficient Diets | Exper
Med 75 453 1542

Addis T Poo L. J, and Lew W  Protetn Loss from the
Liver Duning a 2 day Fast | Brol Chem 115 117 1936
Addis, T Poo L. ] and Lew W The Quantities of Pro-

ten Lost by the Various Organs and Tissues of the Body
During 2 Fast. | Brol Chem 115 111 1936



252
26

27

28

29

30

31

32

33

35

36.

37

INJURIES OF THE SPINAL CORD

Hiohfeld, John Winslow # &/ Metabolic Alteratrons Fol
lowing Thermal Burns III  Effect of Vanatrons in Food
Intake oa Nitrogen Balance of Bumed Ptients Arch
Swrg 50 194 1945

Croft P B and Peters, R. A Nitrogen Loss After Thermal
Burns. Lancer 1 266 1945

Buell Mary V  Studies of Blood Regeneration, 11 Effert
of Hemorchage on Nitrogen Metabolism. | Biol Chem
40 63 1919

Madden, S C and Clay W A Protenn Metabolism and
Protetn Reserves During Acute Stenile Inflammation. [ Exper
Med 82 65 1945

Stevenson  Gladys, Swanson, Pear] P., Willman, Waads, and
Brush, Mimam  Nitrogen Metsbolism as Infloenced by
Calonc Intake, Character of Diet and Nutritional State of
Anmmal. Fed Proc § 240 1946

Muoro H N and Cuthbertson, D P The Response of
Protein Metsbolism to Injury Brochem | 37:xu, 1943

Cuthbertson, D P The Influence of Prolooged Muscular
Rest on Mctabolism  Brockers | 23 1328 1929

Selye, Hans Thymus ead Adrenals in the Respoase of the
Organism to Injuries and Intoxications. Brst | Exper Path,
17.234 1936

Selye Hans A Syndrome Produced by Drverse Nocuous
Agents Natare 138 32 1936

Selye, Hans The General Adaptation Syndrome and The
Duseases of Adaptation. The Crelopadia of Medicine Sa7
gery and the Speciadies 2nd 1ev ed, F A, Davis Co,
Philadelphis, 1946 vol 15 pp 15 38

Dougherty Thomas F and White Abraham Influence of
Hormones oo Lymphoid Tissue Structure and Fuoctron.
The Role of the Pitwitary Adrenotrophic Hormone i the
Regulation of the Lymphocytes and Other Cellalar Ee
ments of the Blood. Endocrimology 35 1 1944

Venning, Elanor H., Hoffman, M. M end Browne, J § L.
The Extrachion of Cortin Like Substances from Human Post
Openatrve Unne. Endocrinology 35 49 1944



63

63

67

70

71

72

73

74

PROBLEM OF NUTRITION 253

Cannon P R Chase W E and Wissler R. W Relation
ship of Protein Reserves to Antibody Production  Lffects of
Low Protein Diet and Plasmapheresis Upon Formation of
Agglutinins. | Immanol 47 133 1943

Benedit F G A Study of Prolonged I'asting Camnegie
Institution of Washington, Publication No 203 1915

heys, Ancel  Expenimental Human Stanation  General and
Metabolic Results of a Loss of One-Fourth of Body Weight
m 6 Months. Fed Proc., 5 55 1946

Wilder Russell M Symptoms and Signs of Thiammne De
fiaency  Natrstional Defisency mn Nertoxs and Mental
Disease William and Willins Co Baltumore 1943 Chap
IX, pp 101111

Weech, A A Snelling C. E. and Goettsch E - The Rela
tion Between Plasma Protein Content, Plasma Speafic
Gravity and Edema in Dogs Mauntuined on Protein In
1dequate Diet and 1n Dogs Rendered Edematous by Plas-
maphoresis. | Clin Imestigation 12 193 1933

Goldstein  Albert E. and Abeshouse, Benjamin §  Urninary
Calculi 10 Bone Diseases. Arch Sarg 31 943 1935

Paul Emest H Bone Suppunation the Basic Cause of Renal
Calculus 1n Twenty Cases Following War Wounds. | Uro/
9 345 1923

Wilson, W Etherington Renal Colic and Haematuria Fol
lowing Recumbency Brt Al | 2 101 1931

Barr David P, and Charles Ceal M The Relation of Discases
of Bone to Arteral Calafication and Urolithuasis  Lebmias
Anmisersary Volumes 1932 The International Press, New
York, vol. T pp 155 179

Flods, R. H Prophylaxis and Medical Management of Cal
cum Urolithusis. The Role of the Quantity and Precipit
ability of Unnary Calewm. | Urol 44 183 1940

Lassen, H kneger  The Formation of Unoary Calculy ]
Urol 30 110 1943
Keyser Linwood D Unnary Lithusis A Review of a

Quarter Century of Research | Urol 50 169 1943



254
50

51

33

s4

55

56

57

58

59

61

INJURIES OF THE SPINAL CORD

Luetscher Joha A, Jr  The Effect of a Smgle Injection of
Concentrated Human Serum Albumin on Graulatng Pro-
teins and Protetnunia i Nephrosis. | Clm Inrestigation
23 365 1944

Metcalf Willaum  The Fate and Effets of Tranfused Serum
or Plasma 10 Normal Dogs | Cliw Isrestigatron 23 403,
1944

Chow Bacon F The Electropboretic Studies on the Effect of
Protein Depletion on Plasma Protesns and the R
of Plasma Protemns After Oral Admuustration of Hydroly
sates Prepared from Casein and Lactalbumm. Asr New
York Acad Sc 47 297 1946

Whipple, Allen O The Critical Latent or Lag Perrod m the
Healing of Wounds. Ann Sarg., 112 481 1940

Thompson, W D, Ravdin, I S, and Frank I L Effect of
Hypoprotemmemu on Wound Disruption.  Arch Swrg., 36
500 1938

Wolbzch, S B The Pathological Changes Resulting from
Viamun Defiaency JAMA, 108 7 1937

Lanman, Thomas H  and Ingalls Theodore, H. Vitamun C
Defiaency and Wound Healing  Ans Sarg., 105 616, 1937

Hartzell, Joho B., Winfield, James M., and Irvin, ] Logan
Plasma Viamm C and Serum Protemn Lesels m Wound
Disruption. J.AMA 116 669 1941

Kemwan, Graham Effect of Starvation on the Healmg of
Fractures 1o Rabbuts. Arch Sarg 35 492, 1937

Rhboads Jonathan E. and Klasinskss Willam Influence of
Hypoproteinemu on the Formation of Callus in Expermmental
Fracture. Sargery 11 38 1942

(Quoted by) Davidsan, ] N Humoral Aspects of Wound
Healing, Brit Med Ball 3 73 1943

Mulholland, Jobn H Co Tus, Wright, A. M. Vinc, V., and
Shafirof B Protein Metabolism and Bed Sores. Asm
Sarg 118 1015 1943

Cannon, P R Antibodies and the Protein Reserves [
Immanol., 44 107 1942



63

61

65

67

70

71

72

73

74

PROBLEM OF NUTRITION 255

Cannon, P R, Chase W E. and Wissler R, W Relation
ship of Protein Reserves to Antibody Production  Lffects of
Low Protain Dict and Plasmapherews Upon Formation of
Aggluttnins | Immanol 47 133 1943

Benedit 1 G A Study of Prolonged Fasting Carnegre
Institution of Washington Publication No 203 1913

Keys, Ancel  Lxpenmental Human Stanation  General and
Mectabolic Results of a Loss of One Fourth of Body Weight
m 6 Months Fed Proc 5 35 1946

Wilder Russell M Symptoms and Signs of Thiamine De
fiaency Nutritional Deficsency m Nerrows and Mensal
Disease William and Wilkins Co  Baltimore, 1943 Chap
IX pp 101 111

Weech, A A, Snclling, C E and Goettsch, E.  The Rela
ton Between Plasma Protein Content, Plasma  Specific
Gravity and Edema in Dogs Mamtaned on Protein In
adequate Diet 1ad 1n Dogs Rendered Edematous by Plas-
maphorests | Chin Investigatron 12 193 1933

Goldstein  Albert E,, and Abeshouse Bempamun §  Uninary
Calculi 10 Bone Discases Arch Swrg 31 943 1935

Paul Ernest H  Bone Suppuration the Basic Cause of Renal
Calculus 1n Twenty Cases Following War Wounds. | Uro/
9 345 1923

Wilson W FEthenington Renal Colic and Haematurie Fol
lowing Recumbency Brit M | 2 101 1931

Barr David P, and Charles Ceall M The Relation of Diseases
of Bone to Artenal Calafication and Urolithusis  Lrbman
Anmisersary Volumes 1932 The International Press New
Yor, vol I pp 155179

Flocks, R. H  Prophylaxis and Medical Management of Cal
aum Urolithiasis  The Role of the Quantity and Precipit
ability of Uninary Calcum. | Urol 44 183 1940

Lassen, H Kneger The Formation of Unnary Caleuli |
Urol 50 110 1943

heper Linwood D Unnary Lithiasis A Revien of a
Quarter Century of Research | Urel 50169 1943



256
75

76

74

7)

82

83

85

87

28

INJURIES OF THE SPINAL CORD

Lich Robert and Mansficld, Robert Unnury Calculi and
Recumbency Am ] Sarg 57.89 1942

Leadbetter W F, and Engster Henry C The Problem of
Lithuyis 10 Convalescent Patients [ Urol 53 269 1943

Flocks R. H The Preventive Treatment of Calaum Urolith-
ass. | Urol 53 427 1943

Harrts, R. I Nephrolithuas Resulting From Prolonged Re-
cumbency | Canad MM Sers 2 420 1945

Howard, John Eager Parson, Willam and Bigham, Roy S Jr
Studies on Patrents Convalescent from Fracture, 11 The
Unnary Excretron of Calaum and Phosphorus  Ball Jobas
Hopkins Hosp 77 291 1943

Auerbach, O Personal Communication.

Bauer Walter and Aub Joseph C. Studies of Calanm 2nd
Phosphorus Metabolism, XVI  The Influence of the Pitu
stary Gland | Chw lzeestigerion 20 295 1941

Joelson, James ] Unnary Caleulr in Recumbent Patsents.
[AMA 129 157 1945

(Quoted 1n) Peters John P., and Van Styke, Donald D
Qxanintative Clinical Chemsstry 20d ed Walliams and Wil
kins, Baltumore 1946 vol I p 613

(Quoted m) Wohl, Michael G Ductotherapy Clrarcal Applt
cation of Moders N. Saunders, Pluladelphis, 1945
p 227

Luad, Churles C, and Crandoa John H. Human Expen
mentsl Scurry J.AMA 116 663 1941

Iry A G, and Grossman, M. I Gastro-mntestinal Function
Dunng Coavalescence. Fed Proc 3 236, 1944

Best, C. H 1ad Taylor N B Physologicel Bapis of Medrcd
Practne dth ed., Wilhams and Wilkins, Baltimore, 1945
p 520

Ibd p 519

Higgons Regnald A and Ostlund Elvira O Insulin—Its
Use in Nondubetic Chuldren | Pediar 5 495 1934

Blotner Harry  Late Results Following the Use of Insulin 1n
Oue Hundred Cases of Malnutritron N Englasd | Med.,
218 371 1938




92

93

93

97

98

PROBLEM OF “NUTRITION 237

Bram lsrael  The Thin Youngster Arcd Pedrw 57 148
1940

Best C. H,and Taglor N B Phynological Bans of Medred
Pracirce dth od  Wilhams and Wilkins Baltumoce 1945
P 388

Elman, Robett  Pareaterd Alvmentation 1n Swsgery Hoceber
New York, 1917 p 84

Id, p 176

Malautntion Dunng Comalescence  Prepared Under Dicec
tion of the Committee on Convalescence and Rehablitatron
of the National Research Councill  [War Medtcine 6 1 1944

Co Tur  Chimcal Expenences With Oral Use of Protein Hy
drolpates. Aww New York Acad Sc 47 339 1946

Mulholland, Joho H Twr Co Waght, Arthur M., and Vinct
Vincent ] Nitrogen Metabolism  Caloric Intale and
Weight Loss sn Postoperative Convalescence  Awx Swrg.,

Madden, $ C. et sl  Amuno Acds in Therapy of Disease
117 512 1943
Surg Gynec & Obst 82 131 1946



236
75

76

77

73

7

82

83

84

85

87

89

INJURIES OF THE SPINAL CORD

Lich, Robert, and Mansfidd, Robet Unnary Caleuh and
Recumbency Am | Sarg 57 89 1942

Leadbetter W F, and Engster Henry C.  The Problem of
Lithiasis n Convalescent Patients. | Urol 53 269 1943

Flocks R. H The Preventive Ireatment of Calaum Urolith
usis. | Urol 53 427 1945

Harns R. 1 Nephrolithusis Resulting From Prolonged Re-
cumbency | Canad M Serv 2 420 1945

Howard, John Eager Parson, William, and Bigham Roy § Jr
Studies oa Patients Convalescent from Fracture, 1II  The
Unnary Excretron of Calaum and Phosphorus  Bwll Jobas
Hopkns Hosp 77 291 1945

Auetbach, O Personal Commumicabion.

Bauer Walter and Aub Joseph C.  Studies of Calcwm and
Phosphorus Metabolium, XVI  The Influence of the Pun
itecy Gland. ] Clin Imvestigation 20 293 1941

Joelson, James ]  Unnary Calcul 1n Recumbent Patients.
JAMA 129 157 1945

(Quoted 1) Peters John P and Van Slyke, Domld D
Quantitative Clintcal Chemistry 20d ed. Willums and Wil
kins Baltimore, 1946 vol 1 p 613

(Quoted 1n) Wohl, Michael G Dictotherapy Clrmscel Applt
cation of Modern Nutriiron Saunders, Philadelphia, 1945
p 227

Lund, Charles C. and Crandon, John H Human Expent
mental Scurvy J.AMA 116 663 1941

Ivy A. C, and Grossman, M I  Gastro-intestinal Function
Dunng Convalescence. Fed Proc 3 236 1944

Best, C. H. and Taylor N B Physiological Basis of Medicdl
Practice 4th ed., Willams and Wikins Baltumore 1945
p 520

164 p 319

Higgons Regtoald A and Ostlund, Elvira O Insulin—Its
Use 1n Nondiabetic Chuldten ] Pedrat § 493 1934

Blotoer Harry Late Results Following the Use of Insulin 1
One Hundred Cases of Malnutrition. N Ewgland | Med
218 371 1938



ASSOCIATED INJURIES AND COMPLICATIONS 259

complications that will arse and have not been presented
here Many of the common associated 1njuries such as ex
tensne soft tissue wounds and compound fractures of the
long bones are handled by a farrly uniform plan of treatment
and will not be discussed The prevention and treatment of
decubrtus ulcers and genito-urinary tract pathology 1s dis-
cussed elsewhere

EARLY ASSOCIATED INJURIES

As 1n any other traumatism shock and acute blood loss
must be antictpated and promptly treated In general the use
of whole blood when available, 15 preferable to plasma
albumun or other substitutes in the treatment of the severely
wjured group How long shock therapy 1s to be contuaued
before surgery 1s begun will depend on the nature of the n
jury  Active bleeding may require early ntervention and
can be considered an adjunct to the usual shock treatment
Shock therapy must be continued with or without surgery
untd physiologteally adequate arculaon and respiration
are attained

The cases having penetrating and perforating wounds
of the chest and abdomen 1 addition to the spal cord
wjury will requure initial treatment of these the chest
wound usually recerves priority if surgical treatment s tnds
cated The improvement 1 respiratory efficiency 1s a supple
ment of the shock therapy and decreases the nisk of further
major surgical procedures The abdommal wounds are 1n
most wstances handled before the spine mjury A spingl
cord anjury must, however be recognized and constantly
considered 1n the treatment of the patient 1t should recene

adequate treatment as early as compatible with his con
dition



Chapter V'

ASSOCIATED INJURIES
AND COMPLICATIONS

WiLLiaxm C. Warp M D

INTRODUCTION

The large number of injurtes to the spinal cord and
ctuda equinz observed 1n World War II has called attention
to many complications which occurred only 1o 1solated cases
during peacetime The group of war wounds consisted for
the most part of shell fragment and bullet wounds although
some occurred 1n automobile acadents and in falls Most
of the additronal mjurtes and complications are handled 10
the same manner as 1f a spimal cord lesion has not occurred
It 15 nevertheless necessary to evaluate the pattent 1 terms
of all his injurtes and to propose a plan of treatment de-
signed to handle the combined conditions with & maximum
of safety and with 2 mumimum of residuals to nterfere with
later rehabilitation The extent of this rehabihitation will
depend 1n 2 large measure on the prevention nd treatment
of the early and late complicattons The physican called
upon to supervise the care of these patients must have
some understanding of the varous medical and surgical
specialties and an appreciation of the need for certain highly
shilled specialists to aid and advise 1n the handling of
the espeaally difficult complications

The datly needs of these patients extend beyond the
scope of any ooe specualty They are undoubtedly many

[258]
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bodies are removed from the lung with a lower percentage
of poor results after the acute process of wounding 15 past
te three or four weehs after wounding They have recom
mended early thoracotomy 1 wounds of the draphragm and
1 tension pneumothorax not controlled by catheter dramn
a

g"An occasional patient with wounds of both pleural ca
vittes and a bilateral pneumothorax will require prompt as-
piration or watertrap dramage for survival This has been ob-
senved 1n simple compression fractures of the thoracic spine
with associated bilateral b fractures

An adequate means for aspirayion of the air passages 13

essential tn the care of all extensive chest wounds Inter
costal nerve block erther preoperatively or postoperatrvely
to relieve paun 10 penetrating wounds of the chest may result
1n copsiderable improvement 1n resprratory efficrency

THORACO ABDOMINAL WOUNDS

Thoraco-abdomingl wounds will require extenston of the
surgical procedures to repair all of the damage Ines (3)
states that the choice of operative approach s subject to
the abilities of the surgeon but that it 1s probably better not
to combune the chest and abdominal wounds by cutting across
the costal cartilages Many of the mjurses of the upper ab-
dominal viscera are adequately repawed through the dia
phragm m fact some are more casily approached nd better
exposed mn this manner notably injuries of the carda and
posterior wall of the stomach injuries of the splenic flexure
of the colon and mjunes of the spleen Therse should be
no hesttancy 1n explormng the entire abdomunal cavity by
separate cusion where there 15 any doubt or difficulty
handimg the intrapentoneal myury through the tharacatomy
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Appropusate clinical examination can be performed dur
ing the preoperative pertod  Urnalysts 1s obtained and proc
toscoptc visuzlization of the anal canal and lower rectum
aarned out if there 1s 2 possibility of smjury to these struc
tures  Roentgenographic studses for localzation of forege
bodies are useful they do not always give a true estimate
of the intraspinal pathology

CHEST INJURIES

Welch and Tuhy (7) n a discusston of suching wounds
of the chest observed among battle casualties have suggested
the following indications for thoracotomy tn such wounds
(1) Any large sucking wound with 2 fractuce of one or
more ribs (2) Suspected diaphragmatic hernus or perfort
tton of the upper sbdomen (3) Suspected continued bleed-
ing from intercostal vessels internal mammary vessels lung
Iiver or medustinum  (4) Presence of large intrathoracic
foresgn bodies or indnven nb fragments (5) Suspected
wounds of the trachea, large bronchs esophagus or heart
and (6) Clotted hemothorax

Tuttle (6) ef al have presented a comparison study of the
early defimtrve and delayed definitive treatment mn 320 cases
of penetrating and perforating wounds of the chest and
conclude that hemothorax 1s better treated by early aspis
tion If dlotting of the hemothorax occurs and organization
takes place decortication of the lung should be resorted to
three or four weeks after wounding at which time the fibrin
coat 1s sufficiently firm to allow easy removal Early thorac
otomy for clotted hemothorax does not prevent the possibility
of a later orgamuzning hemothorax and the incadence of empy
ems has been slightly higher than in thase treated conserva
tively during the first few weeks Intrapulmonary foreign
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are placed on the open vessels The small ntestine includ
ing its mesentenc border 15 carefully examined from the
rleocecal junction to the ligament of Tretr Perforations
are repaired as encountered with a continuous suture of fine
catgut and remnforced by interrupted serosal sutures of sitk
or cotton A transverse closure 1s preferable and resection
s svorded if possible If resection 13 found necessary
clamps should be placed on the open ends and the remainder
of the bowel examined to avoid the possibility of having to
make a second anastomosts when the two severe lacerations
of the bowel could be converted into one without the loss
of too large a segment

The colon must be carefully examined, mobilizing the
retroperitoneal portions i areas of possible mjury Perfo-
rations of the colon account for a large percentage of the
deaths following abdominal injuries and are better treated
by exteriorzation, with the possible exception of the smaller
wounds that are seen early after injury In the treatment
of war wounds of the colon exterorization was used almost
exdusively Mason (4) has outlined the types of colostomies
to be used under speatfic condittons  He advised a stmple
no-spur loop colostomy for (1) Perforations of the ante
mesenteric portion up to one half the diameter of the seg
ment and (2) The proximal colostomy n perforation of the
rectum and lower stigmord whuch cannot be exterionzed and
must have primary repair or resection He advised a sutured
long double-barreled spur colostomy for (1) Perforations
of the mesenteric border (2) Perforations of the ante
mesenteric border lacger than one half the dameter of the
segment (3) Complete transections and (4) Severely torn

or non viable scgments requirning resection  He emphasized
the difficulty encountered with wounds of the cecumn and
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opening  All openings in the diaphragm whether on the
left or right should be repaired with 2 great deal of care
to prevent hernue and to lessen the possibility of continued
contamunatton of the pleursl cavity from injured abdominal
viscera  Dramnage of all wounds of the liver or pancreas
must be through stab wounds in the abdominal w2l below
the diaphragm

Betts (1) in a discussion on the use of drainage after
thoracotomy tn these cases states that the objecttve of com
plete lung expansion must be pursued vigorously until the
end s attamned whether or not the chest has been drained
Dramage of the chest 1s accomplished with better results
when two tubes are utilized, one posteriorly and the other
1 the second interspace antenorly than when one tube
alone 15 used When drainage 1s not used close obsenation
for the development of flurd in the chest 1s necessary and
aspiration 1s utilized to achieve the earitest possible com-
plete expansion of the lung

ABDOMINAL INJURIES

It has been repeatedly noted that abdominal signs are
not always reliable when there are imjunies of the lower
thorax The presence or absence of peristalsis 1s no true
crterion of mtrapertoneal mnjury A study of the probable
coarse of the mssile and the localization of the retamned
foreign bodies offers considerable help 1n arrving at a
proper evaluation of the injury

In a systematic exploration of the sbdomnal cavity bleed
g 15 sought for and controlled Bleeding from the liver
can be temporenly controlled with morst packs bleeding
from large mesenteric vessels can be controlled by digital
compression of the root of the mesentery until the clamps
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Deformities and contractures of the feet, particularly
those tncident to the paralysts of the peroncal muscles should
be prevented by the early use of moulded footdrop splints

LATE COMPLICATIONS AND SEQUELAE

FRACTURE AND DISLOCATION

Almost all of the spwnal cord and cauda equina snjuries
wil] have some disturbance of the bony spine but, 1n most
mnstances of missile wounds 1t will not result in sufficient
destruction to interfere with weight beanng during the
period of sehabilitation  Many of the closed injuries with
compression fractures will present deformities and instability
which delay early attempts at ambulation Early reduction

Fiw. 1 Case I Extensne destruction of the second lumbar vertebra
with distocation and complete paraplega.

Fic. 2 Case I Lateral view shawing complet
location g complete anteropostersor dis-
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ascending colon requiring resection gnd suggested that a
long sutured double barreled ieocolostomy designed for
early crushing of the spur with a clamp be utilized Per
forating wounds of the rectum below the perrtonesl floor
should have 2 simple proximal colostomy and dramsge of
the perirectal space preferably without removal of the
coceyx

Wounds of the spleen if bleeding or if extensive, are
best treated by removal of that organ Wounds of the Irver
or pancreas should always be drained through a stab wound
in the abdominal wall

Durning the postoperative course supportive treatment
must be continued. It appears that the use of chemothera
peutic agents mtrapleurally or intraperitoneally to prevent
infectton has no advantage over the use of these drugs
parenterally  Pemallin and the sulfonamides are about
equally effective 1n the prevention of complications  Strepto-
mycn because of 1ts wider range of actton which includes
many of the gram negative organisms may become the drug
of preference

SPINAL INJURIES

Debridement of the spinal wounds snd exploraton of
the spinal cord lesion by laminectomy as early after mjury
as possible will allow maximum opportunity for recovery
i partral lestons and will obviate some of the Iater com
plications 1 both the partial and complete lestons of the
spinal cord An attempt should be made to improve the
alignment of the vertebrae tn severe dislocations even when
the spinal cord lesion 1s known to be complete Thes wll
allow eatlier weight beartng dunng the perniod of re
habilstatton
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Deformities and contractures of the feet, particulary
those inadent to the paralysis of the peroneal muscles should
be prevented by the early use of moulded footdrop splints
LATE COMPLICATIONS AND SEQUELAE

FRACTURE AND DISLOCATION

Almost all of the spinal cord and cauda equina injuries
will have some disturbance of the bony spine but 1n most
mstances of missile wounds, 1t will not result 1n sufficient
destruction to interfere with werght bearing dunpg the
period of rehabilitation  Many of the closed 1njuries with
compression fractures will present deformities and mstability
which delay carly attempts at ambulation Early reduction

6. 1 Case I Extensive destruction of the second lumba
with dislocation and complete parapleg. ° Fverebra

Fic, 2
Iolf;mn(luc I Lateral view showing complete anteroposteror dis
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Fic. 3 Case I lodized odl injection of the drarning wound of the
spune showing an ahscess cavity above the fourth lumbar vertebra.

FiG 4 Lateral dislocation of the twelfth thoracic on the first lum-
ber vericbra. Excellent recovery of function after carly open reduc
tion.

of severe dislocations will prevent some of the Iate compls
cations mnotably local or root pain pressure ulcerattons
over kyphotic protrusions and instability even when the
spinal cord lesion 1s complete Extensrve wounds with de
structton of the bodies of one or more vertebrae and asso-
cuated nfection may defy any satisfactory treatment during
the later care of such cases

CASEI An cighteen year old American soldier incurred
an extensive shell fragment wound of the lumbar spine
on February 20 1945 resulting in complete panalysis of
both lower extremities. The wound was debnded on the
day of the mjury at a field hospital however several days
later the wound developed purulent drainage A large pulsat
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1ng mass appeared 1n the nght thigh at the site of a small soft
tissue wound

On arrval at an Army hospatal 1 the U S A on May 3
1945 he was emaciated and complained of severe pain in both
Jower extremuties There was profuse purulent dranage from
the midline wound overlying the second and third lumbar
vertebrae  There was a large false aneurysm 1n the right thigh
Roentgenograms revealed severely communuted fractures of
the bodies and processes of the second and third lumbar ver
tebrac with complete posterior dislocation of the upper verte-
brae (Figs 1 and 2) Iodized od 1njection of the draining
s1nus revealed an abscess cavity 1a the region of the thud lum
bar vertebra (Fig 3)

On June 3 1945 an endoaneurysmorthaphy was performed
for the ancurysm n the nght thigh The patient remained
acutely 1ll with episodes of fever and almost constant severe
pain 10 both lower extremities, and required very laege amounts
of opates. Hus condition did not permut any further surgical
pro.edures until January 30 1946 at which time a bilateral
cordotorny was performed Following this there was complete
relief of the pamn in the lower extremities and mprovement
10 his general condition such that he was able to be up 1n a
wheel chur The purulent drainage from the lumbar wound
has persisted

The extensive deformity with assocated nfection present
1n this patient will prevent the usual degree of rehabilitation
that can be accomplished 10 spinal cord injuries The pro-
longed confinement to bed incident to the emacation fever
and severe pamn has resulted m biateral multiple renal
calcult and pyelonephntis It 1s doubtful 1f his condition
will ever permit the extensne surgery required to handle
the remaining complications

Early laminectomy and open reduction of a severe dis
location 15 sometimes folloned by a conuiderable return
of function n partial spinal cord and cauda equina lesions
That this function 1s jeopardized 1f reduction 1s not affected
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1s true  many instances One pattent, on whom open re
duction was done shortly after injury had weahness of the
left quadriceps muscle as the sole residual of a complete
partalysis of both lower extremities (Fig 4) This was
especally fortunate since he also had an amputation of the

b . W

Fic. 5 Compression fracture of the first lumbar vertebra. Fracture
duslocation of the third and fourth lumbar vertebrs.

Fic. 6 Case Il Osteomyeltts of the fourth and fifth lumbar verte
brae

nght arm and would have been unable to use crutches if re
quired  Another patient treated with hyperextension for 2
severe dislocation (Fig 3) and complete paralysis had 2
footdrop on the left as the only 1esiduzl Comminuted frac
tures of the body of a vertebra may produce an rrreparable
spinal cord leston by bony fragments protruding nto the
neural canal This is the usual finding 1o compression frac
tures of the vertebrae with paraplegia  Early laminectomy
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and open reductron 1s the treatment of choice for all severe
dislocations 1n the partial or complete spinal cord lestons

OSTEOMYELITIS OF THE SPINE

Ostcomy elutis of the spine occasionally follows compound
fractures of the vertebrae It shows a marked tendency to
heal if gl loose fragments of bone and all retamed foreign
bodies are removed and the adjacent soft tissue abscesses
are adequately dramed Dratning sinuses are mvestigated
by the injection of radiopaque o1l with fluoroscopic obser
vaton and stereoscopic views Surgical exploration zlong
the sinus tract frequently reveals several sequestrated bone
fragments Some of these tracts cannot be easily followed
to their depths but most can be followed to the vertebral
bodies Caution and conservatism are necessary when the
sinus tract extends through or near the neural canal es
pecully 1n partial lesions Paravertebral abscesses are best
dramned extrapleurslly and extraperttoneally by an incsion
along the lateral border of the spinal muscles Recurrence
of an abscess 15 frequent when healing of the osteomyelitis
1s delayed Progtessive collapse of the vertebral bodies may

follow osteomyelitss 1f adequate support of the spine 18 not
mamtamned until healing 1s complete

CASE II A twenty six year old Amencan soldier 1n
cuncdxshcufngmmtwmdufthehmburpmcon&p
tember 14 1944 Celiotomy on the day of the Injury tevealed
& perforstion of the ascending colon exteriormation of the
colon wound was performed. The lambar wound was debrided
On October 4 1944 1 secand debnidement of the lumbar wound
was performed because of continued drainage and a laceratson
of the dura was found and repaired. Purdlent drainage from
the wound persisted.

On arrrval at an Army hosprtal in the U § A. on January
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1s true 1 many mstances One patient, on whom open re
duction was done shortly after injury, had weakness of the
left quadriceps muscle as the sole residual of a complete
paralysis of both lower extrermities (Fig 4) This was
espeaally fortunate snce he also had an amputation of the

Fic. 5 Compression fracture of the first lumbar vertebra, Fracture
dislocatton of the third and foarth lumbar vertebra.

FiIG 6 Case I Osteomyelitis of the fourth and fifth lumbar verte
brae

right arm and would have been unable to use crutches if re
quired  Another patient treated with hyperextension for a
severe dislocation (Fig 5) and complete paralysis had 2
footdrop on the left as the only 1essdual Communuted frac
tures of the body of a vertebra may produce an rreparable
spmnal cord lesion by bony fragments protruding ito the
neural canal This 1s the usual finding 1 compression frac
tures of the vertebrac with paraplegia  Early laminectomy
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and open reductton 15 the treatment of chorce for all severe
dislocations 1n the partial or complete spinal cord lestons

OSTEOMYELITIS OF THE SPINE

Osteomytltss of the spine occastonally follows compound
fractures of the vertchrae It shows a marked tendency to
heal «f all loose fragments of bone and all retaned foreign
badses are removed and the adjacent soft tissue abscesses
are adequately dramned Draining sinuses are investigated
by the wjection of radiopaque oil with fluoroscopsc obser
vation and stereoscopic views Surgical exploration along
the stous tract frequently reveals several sequestrated bone
tragments Some of these tracts cannot be easily followed
to thesr depths but most can be followed to the vertebral
bodies Caution and conservatism are necessary when the
swus tract extends through or near the neural capal es-
pecually in partial lestons Paravertebral abscesses are best
drawed extrapleurally and extraperttoneally by an ncision
along the lateral border of the spinal muscles Recurrence
of an abscess 1s frequent when healing of the osteomyetitis
15 delayed. Progressive collapse of the vertebral bodies may

follow osteamyelstis «f adequate support of the spine 1s not
mamtamed untid healing 15 complete.

CASE II A twenty sux year old Amenaan soldier m
curred & shell fragment wound of the Jumbar spae on Sep-
tefuber 14 1944 Celiotomy on the day of the 1njury revealed
1 perforation of the sscending colon  exterorization of the
¢olon wound was performed The lumbar wound was debrided
On October 4 1944 4 second debnidement of the Jumbar wound
:fudicréonned b?czmg of continued draimage and a lacerstion

ura was foun
the vound ey 1nd repured  Purulent demoage from

OnunmllllnAnnyhospm]mtthS A on Jenuary



270 INJURIES OF THE SPINAL CORD

20 1945 there was purulent dramage from the laminectomy
wound overlying the third, fourth and fifih lumbar vertcbrae
A colostomy opening was present 1n the mght upper quad
rant  There was a complete paralysis of the nght lower extrem
sty and 2 partial paralyus of the left lower extremmity Roentgeno-
grams revealed evidence of extensree osteomyelitis of the bodies
of the fourth and fifth Jumbar vertchrae (Fig. 6) Ioduzed
ou njectson revealed that the sinus tract commumicated with &
lacge abscess awity i the nght psoas muscle at the level of
the fourth and fifth lumbar vertebrae  On April 30 1945 the
sinas tract was locally explored down to the bodies of the ver

tebrac and several loose bone fragments removed. The dran

age continued and on August 14 1943 the psoas abscess was
druned by a paravertebral approach. The laminectornty wound
promptly healed and 1n four weeks all drainage had stopped

Six months later a recurrence of the psoas abscess occurred

FISTULAE AND SINUSES

The assocrated abdomunal and thorscic wounds are occ
asionally followed by persistent fistulac through the spine
A fecal fistula through the spine was observed 1n two pa
tients  In one instance, after carly lamectomy for an ex
tensive shell fragment wound with destruction of the second
lumbar vertebra the wound erupted on the second post
operatie day and dramned feces and gas The fistula was
found to communicate with the ascending colon gradual
healing followed tleotransverse colostomy In the second
case the fistula persisted much longer and was found to
communicate with the sigmoid colon Prompt healing was
achieved after & transverse colostomy and local removal of
several small sequestrated bone fragments Both of these
patients had a stormy course with clinical evidence of memun
gitts for several weeks after injury

Onc patient had a fistula through the lamnectomy
wound which communicated with an openmng 1 the left
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ureter This was further complicated by left renal and ure
teral caleuls left nephrectomy resulted 1n cure of the unnary
fistula

Persistent fecal urmnany bilinny fistulae which do not
communtcate through the spine have been observed and
appropnate treatment has been required to prevent the
constant soding maceratron, and erosion of the shin

Retained shell fragments bits of cloth vascline pachs
and rubber drains have been found to be the source of per
sistent drainage m some of the associated soft tissue wounds

The use of 1odized oil has been very helpful 1n the in
vestigation of dramning fistulae and stauses

EPIDURAL INFECTION

Infection may remamn quiescent in the extradural space
1 apparently well healed spine wounds for some tume and
later manifest itself by slight elevation of temperature, mild
menwngismus focal paa and roat paw at the level of the
myury The genersl condition of these patients fads to 1m
prove and they usually have more spasm of the muscles
of the lower extremities and more contractures than the
uncomplicated cases Tenderness and slight edema aver the
spine or i the lammectomy wound may be the only local
signs of ifection Repeated episodes of unexplamed fever
associated with severe root pawn at the level of mjury war
rants exploration at the site of wounding whether or not
laminectomy has been done previously

An occasional case of recurtent meningitis 33 seen 1n
conjunction with the eprdural infection The meninges will
usually seal 2 small opening and menmgitis will not result
unless there is a foreign body or spicule of bone protruding
through the dura 2nd mantaming a communication between
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the subarachnoid space and the chronically infected extre
dural tissue  One patient, seen 1n avilian life, had three re
current attacks of severe meningitis at ntervals of seversl
weeks from a small metal fragment lodged i the cervical
spine and protruding through the dura. Spinal cord sjury
was not present  No further attacks of meningitis occurred
after removal of the foreign body

When a spicule of bone 1s mamntaining the openng
through the dura, it will usually not show on the roent
genogram and may be difficult to demonstrate at operaton.

CASE III A twenty-eight year old American soldier 1n
curred a shell fragment wound of the lumbar spine wath partul
panalyus of both lower extremities on November 19 1944
Lamnectomy on the day of injury revealed a small shell frag
ment 1n the cprdural space and a laceration of the third lumbar
nerve root on the left Postoperatively there was leskage of
spinal flud from the wound of entrance five centunecters to
the left of the spine  On December 16 1944 the spinal flud
dranage stopped  the following day the patient became acutely
11l with temperature of 104 F., rapid pulse and st:ff neck. A
spinal puncture was not done at that time He continued to
have intermittent fever assoctated with severe headaches and
burning pua 1n both lower extremities.

On arnival at an Army bospital 1n the U § A. on January
17 1945 the patient presented an extreme degree of emsaa
tion  There was a well healed wound just to the left of the
third lumbar spine and a well healed laminectomy wound which
extended from the first to the third Iumbar spioes. There
were weak contractrons of both quadriceps muscles as the only
evidence of voluntary motor functron 1n the lower extremities.
On January 29 1945 an intravenous pyelogram revealed a slight
hydronephrosis on the night the left kidney was enlarged and
excreted no dye It was thought that the persistent fever and
extreme emaciation were due to this On January 31 1945 the
left kidney was removed and found to contan thick purulent
material and cortical abscesses  Postoperatively the patient
felt much better and appeared improved Ten days Iater he
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developed a sudden severe headache followd by a nisc of tem
perature to 103 F On the following day he continued to have
clevated temperature associated with headache and shight suff
ness of the neck. A spnal punctute revealed 2 white cell
count of 4 400 with 99 percent polymorphonuclear leucocytes.
Culture of the flurd was negative. Two dags later the spinal
flud cell count was 800 and the culture revealed Bacillns
pyocyanexs The patients condstion gradually improved al
though intermittent headaches and moderate elevations of tem
peratuse contitued  On March 15 1945 the patient developed
1 temperatute of 104 F pulse 160 became 1rrational and ap-
pared cutically L. The spinal flurd cell count was 2000
The following morning the patient s temperature was 99 F
he was rational and appeared improved  On March 26 1943
he had 2 stmular episode of headache, fever and stiffness of the
nech. He had gained no weight since admission. His estimated
weight was 90 pounds

On Apnl 26, 1945 a small inasion was made through the
laminectomy wound under local anethesis. The eprdural fat
was edematous but an abscess cavity was not found A small
rubber drain was left 10 the epidural space and the end brought
out through the mcyion which was loosely closed. The pre
viously used chemotherapy was continued The patient made a
remaduable recovery and had no futther evidence of intra
spinal infection During the next five months he ganed 50
pounds 1n weight and showed progressive return of motor
function in the lower extremities He was able to walk with
the use of crutches and light footdrop braces by January 1946

Because of the patient s precarious condition at the time
of aperation only limited exposure of the extradural space
was possible Leakage of spmnal flurd was noted when the
third lumbar nerve root was dissected free 1 the regon of
the intervertebral foramen a definite spicule of bone pro-
truding through the dura was not demonstrated The sub-
sequent course, however indicated that the eprdural focus
of mfectron and rts communication with the subarachnosd
space was disrupted by the operatne procedure
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OSTEOPOROSIS AND PARA ARTICULAR
CALCIFICATION

There 1s raptd decalafication of the bones of the lower
extremuties madent to the paralysis and immobilization This
osteoporosis may be extreme when confinement to bed ts
prolonged but usually will gradually regress as activity 1s
increased  Fractures may occur in the osteoporotic bone and
may not be recognized promptly because of the lack of
pamn There 1s crumbling of the soft bone at the site of
fracture which may produce deformuties sufficrently marked
to prevent further rehabilitatron

One patient was observed who sustuined a fracture of

FiG 7 Late fracture of the neck of the femur in a paraplegic pa
tient showing crumbling and parz-articular calafication

Fic 8 Extensne pam atticular calufication about the hnee joint in
a patient with paraplegiz of four and one half months dumtion
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the nedh. of the femur while turning himself 1z bed This
was not recognized for several weehks and has resulted 10 a
deformity (Fig 7) which makes it difficult for him to sit
1n 2 wheel chair and impossible to begin ambulation with
the use of braces These fractures resemble the Charcots
neuratrophic point 10 many respects

In patients with severc mass reflexes fractures of the
articulating surfaces of the hip and hnee joints may result
from the sudden and forceful muscular contractions

Para articular calafication occurs about the hip kaee
#nd ankle jomnts 10 many of the parplegic patients It 13
usuglly mild and of no great consequence but 1n an occa
stonal pattent 1t may so limut motion of the jounts that full
rehabilitation 1s not possible  Marked Limutation of knee
flexion makes sitting up difficult unless leg supports are pro-
vided (Fig 8) Many theories have been presented to ex
plamn the development of thus calafication  Derra and Nader
mann (2) suggest that nerve mpulses from irritative lesions
n the spmal cord may be responsible  Nachlas and Olpp
(5) m discussing para articular calafications (Pellegnng
Steda) 1n affections of the knee believe that it begins as
degenerative changes 1n the connectsve tissue about the knee
and 15 followed by small localized encapsulated hemor
rhages which under proper physical and chemical condstions
become calafied There are several factors which appear
to influence the development of para articular and soft tissue
clafiation in the paraplegic patients There 15 excessive
resorption and excretion of calaum during the period of
immobilization  Some of the patients have prolonged edema
of the lower extremuties begmning shortly after the in
jury Thus results 1 stagnation of body flusds and fixation of
organic phosphorus compounds in the connectrve tissue about
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the jomnts which under the mnfluence of paralysts and o-
creased calaum mobilization become caleified  Surgical treat
meat 15 not indicated

COLOSTOMIES

Many of the patients with war wounds of the spine
have a colostomy which was done for an assocuated tnjury
to the colon, and express the desire to have 1t dosed 25 soon
as possible Although the colostomy has served its primary
purpose after a pertod of a few months there sppears to
be some advantage 1 not closing & properly placed and
well functioning colostomy especrally 1f the spmal cord
lesion 1s complete

In an attempt to attan self sufficency one of the most
difficult adjustments for the paraplegic patrents 1s the reguls
tion of bowel evacuation Some of the patients develop &
reflex bowel routine but many reman incontinent and
must constantly wear pads others will require frequent
enemata or laxatrves  Adequate personal care and cleanl-
ness 1s almost impossible for the patient to mauntan without
the axd of an attendant A colostomy tn the transverse, de
scending or sigmotd colon can be very well managed by
the pattent and will solve one of the major problems that he
encounters when he returns home It has also been noted n
paraplegic pattents that those with 2 colostomy usually have
fewer decubitus ulcers than those without a colostomy
When ulcerations are present, they tend to heal faster n
patients with a well functioning colostomy probably due to
less maceration and contammation 1n the region of the ulcer
attons

Colostomies proxsmal to the transverse colon should
be closed because of the frequent soiling and the shin o
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tation ncident to the soft or liquid feces  Colostomies below
the level of the transverse colon offer many advantages
and these should be carefully considered before closure 1s
contemplated Patients who have had a colostomy since the
time of the ongmnal mjury find 1t difficult to appreciate the
advantages 1t may offer The few patients who have had an
clective colostomy for other reasons late after the spinal
cord 1nyury have been impressed with these advantages and
they prefer not to have closure of the colostomy None of
the patients observed has had a colostomy for conventence
alone although 1t may prove to be a worthwhile procedure
for certan selected indviduals n whom 1t would not be an
addstional mental hazard

UPPER EXTREMITY INJURIES

Fractures of the long bones in the upper extremities that
have been observed in the paraplegic patients have seldom
uterfered with attaining a satisfactory degree of rehabils
tation. Fractures about the elbow ot resulting 1n ankylosis
may require special adjustments of the walker or crutches
but usually allow adequate use of the extremity unless the
angle of fusion 15 less than 90 degrees Particular attention
must ke given to prevent stiffness of the elbow wrist and
fingers following injuries of the upper extremities 1n which
immobilization has been used so that ambulation can be
started as soon as possible

Injury of the brachial plexus or of two or more of the
major nerves of an upper extremity, will render that ex
tremity useless for the handling of crutches until some re
coveny of nene function has occurred A single 1solated
nenve mjury of an upper extremity even if irreprrable s
compatible with crutch ambulation Tendon transplants may
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be required 1n some of the patients Hemiplega resulting
from a concomitant cerebral wound may render an upper
extremuty useless A spinal cord injury at the level of the
seventh cervical segment or above results 1n marhed dis-
abiity of both upper extremities these patients cannot
bathe, feed, or dress themselves They do not have suffiaent
function 1n the upper extremuties to penmit ambulation with
braces and crutches

Severe 1njurtes of 20 upper extremity necessitating ampu
tatron will prevent a satisfactory rehabilitation n all of the
complete lestons of the spinal cord and 1 many of the
partigl lestons of the spinal cord and cauda equina

MISCELLANEOUS

Aneurysms of the carotid subclavian axallary and fe
moral vessels have been observed among the paraplegic pa
tients the surgical treatment of these defects has not mter
feted with satisfactory rehabilitation

Phlebothrombosis and thrombophlebitss, although infre-
quent 1 these pattents has been observed and pulmonary
infarcts have occurred  Such cases have little or no pamn
and associated vasospasm  Unulateral edema may be marked
during the acute phase of a thrombophlebutis but persistent
disabling edema 1s unusuzl The infrequency of these com
plications 1s probably related to the widespread vascular re
laxation m the lower extremuties that occurs when a spunal
cord leston exists 2t or above the first lumbar segment.

Severe contractures of the tendon Achilles resulting from
an unsupported footdrop may require tenotomy or tendon
lengthening  Fusion of the ankle or subastragalar jounts to
prevent fucther foot deformities s seldom justified, since
crumbling of the osteoporotic bone and neurotrophic changes
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similar to those seen 10 Charcot s jomnt may be 1itiated The
generalized spastic contractures of the lower extremities are
discussed elsenhere 1n this monograph

Severe mjuries to the lower extremities that have re
quired amputation wall interfere little or none with re
habilitation 1n the complete spinal cord lestons The braces
for such cases will need a suitable extension with a shoe
attached on the side of the amputation  Bilateral amputation
of the lower extremities was not present wn any of the para
plegic pattents studied There are no avadable reports of
bilateral amputation that have been done to lower the center
of gravity or remove functionally useless weight the con-
sensus at present 15 that such a procedure 1s not justified

The patient and attendants should be advised to exammne
the feet periodically The shin . usually dry and prone
to peel and crack unless ol 1s applied. Infected ingrowing
toenails are very frequent m the paraplegic patient and are
often neglected Many can be managed with proper panng
of the nails others will requure exasion of the lateral
borders of the nail icluding the corresponding portion
of the nail matrix to prevent troublesome recurrence

REFERENCES

1 Betts, R. H Thoraco-abdominal Injunes Ann Serg 122
793-806 1943

2 Derra, E. and Nadermaan, E.  Calaifications Around Bones of
the Legs in Paraplegic Following Vertebral Fractures Zen
bl f Chr 69 758 May 1942

3 Ines, P R War Surgery of the Abdomen. Sarg Gynee &
Obst Bl 608-616, 1945

4 Mason, ] M, Il Surgery of the Colon 1n the Forward Battle
Arex. Swrgery 18 534 541 1945



280 INJURIES OF THE SPINAL CORD

5 Nachlas T W, and Olpp J L  Para articular Calafication
(Pellegrint Stieda) 1n Affections of the Knee. Swrg Gywec
& Obst 81 206-212 1943

6 Tuttle, W M, Langston H T and Crowley R T The
Treatment of Intrathoraac Wounds Sxrg Gyuec & Obyt
81 158-168 1945

7 Welch, C S and Tuhy J E. Suching Wounds of the Chest.
Sarg Gyoec & Obst 81 183 191 1945



Chapter VI
TREATMENT OF DECUBITUS ULCERS

DoNALD BarL BARKER, M.D

INTRODUCTION

Prior to World War IT the treatment of decubrtus ulcers
was considered a medial problem and surgery was rarely
employed Dunng the recent war Army general hospitals
1n the United States confronted with a large number of pa
tients with decubstus ulcers following spinal cord snjury
sought an improved form of treatment Trrals with surgical
reconstruction of the ulcers produced remarkable results and
have now led to a new concept 1 regard to definuttve treat
ment The surgical principles laid dowp here are based on
observations m more than two hundred and ffty paraplegic
patients treated during a persod of eighteen months

INCIDENCE AND PATHOGENESIS

In the senies of patients personally observed 47 per cent
had one ulcer, 23 per cent had two ulcers 19 per cent had
three ulcers and 47 per cent had five or more ulcers The
decubitus ulcers mnged i suze from areas one by one and
a half inches to larger ones six by eight inches Location
of the ulcers 1n order of their frequency was found to be
as follows over the sacrum, trochanter heel shac crest,
tschual tuberosity and tibial promunence

{281}
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Constant pressure on the skin over one of the areas
just mentioned for 2 period of more than four hours causes
signs of 1schemua.

The earliest clinical sign of trouble 1s a slightly red
dened area over a bony prominence which blanches on
pressure and 15 slightly warmer than the surrounding skin.
Good nursing care 1s imperatrve to avord further adverse
change Gentle massage of the suspicious area twice 2 day
the benefit of carefully applied radint heat, and avoidance
of additional pressure may prevent further changes in the
skin and permit the arculation to return to nomal within
a weeh

If deterioration of the skin continues irreparable damage
has been done The central part of the area of hyperemia
becomes black and eventually sloughs

TREATMENT

Good general condition of the patient 1s imperative for
success 1n the treatment of the ulcer This 1s facilitated by
a high caloric diet mults vitamins and transfusions of whole
blood if the red blood cell count 1s below 4 200 000 per cu
mm. Nutntional problems of the paraplegic patient are
considered i detasl n another chapter of this book.

Marked protemn loss occurs from decubitus ulcers after
slough scparates The loss can be measured by collecting the
debrts and secretions for 24 hours on # nitrogen free cellu
lose pad and determining the nitrogen content by the Kjel
dahl method Dauy loss of 55 to 500 Gm of protemn 1$
common When the loss 1s large transfusions of plasma are
required to mantuin or improve the level of blood pro-
temns and ensure the proper albumin globulin ratto

Local dressings will be needed prior to surgtcal treatment
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of the ulcer Because of the maceration of the shin caused
by wet dressings we prefer an ointment type of application
Codlner ol omtment on sterle gauze, renewed dmly in
hibits the accumulation of a purulent discharge and per
haps ards the healing process Necrotic tissue usually evs
dent tn an ulcer after 14 days should be removed by sharp
sassor dissection

The optimum time for surgical treatment 15 dependent
on the general condition of the pattent as well as the ap-
pearance of the ulcer As previously mentioned a good nu
tritional state 15 imperative A splendid appetite and bright
appearance, 1n addition to normal laboratory data suggest
a satisfactory general state The ulcer should be covered with
a bright red layer of granulation tissue prior to operation
Multiple areas of slough pockets of pus or pale granu
lations are contraindications to surgery

TYPES OF OPERATIONS

Several types of surgical procedures are at our disposal
for the treatment of decubitus ulcers Small ulcers over the
sactum or back can be improved by excision and direct
closure  Large or multsple ulcers over the back or sacrum
can be treated by shin grafts or by advancement of shin
flaps  An ulcer over the trochanter can be handled best by
2 shin flap from an adjacent area  Direct closure or shin
grafts over the hip bave not been permanently successful
because of the rotary motion of the trochanter as the patient
changes position To prevent the dissecting action of the
greater trochanter during the immediate postoperatne stage
both legs can be bandaged together the opposite leg acting
33 2 splint for the leg that has just been operated on.
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OPERATIVE TECHNICS

EXCISION AND DIRECT CLOSURE

In small ulcers over the back the surrounding tissue 1s
undermined sufficiently so that the shin edges can be brought
together without tension A stab wound 1s made 1n the pert
phery of the undermined arez, and a small rubber dam drain
1s wnserted The edges are then closed with 00 chromic
catgut for the deep tissues and multiple tnterrupted sutures
of C sik for the shin edges A dressing of xeroform
gauze and mechanics waste 15 then applied  Figures 1 2 and
3 show the preoperative and postoperative appearance of
a small ulcer treated 1n this manner

During the first three days following operation no change
of dressing 1s indicated By the thied day there will be &
large amount of sesous dramnage from the area, and the
dressing will have been completely soaked The suture line
15 cleansed with hydrogen peroxide to remove the serum and
1s then dried with ether Powdered sulfanilamide 1s dusted
along the suture line and a dry dressing 1s applied Here-
after the dressings are changed daidy up to about the
twelfth day The drain 1s partially removed on the fifth day
and 1s completely removed on the sixth day Dramage from
the stab wound usually ceases by the eighth to the tenth day

SKIN GRAFT

In the large ulcers of the back two methods of operation
can be used In the debilitated patient the application of &
spht thickness shin graft about #4560 of an 1nch in thickness
1s the method of choice At the time of operation the granu
fation tissue 1s shaved down to & good bleeding base and
then the bleeding 1s controlled with hot packs and occasion
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Fic. 1 Small ulcer of back—preoperatne.
Fic 2 Small ulcer six weeks after operation—direct closure

RN
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Fic. 3 Small ulcer fourteen months after operation—direct closure
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Fic 4. Large sscral ulcer
FiG. 3 Large sacra] ulcer two months after skin grafting

Fic 6 Large sacral ulcer six months after skin graft (From Barker
Elkins and Poer  Asn Swrg 123 523 1946)
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ally the use of adrenalin The shin graft 1s then laid on the
granulation and sutured nto place with a continuous stitch
of 000 sk Multrple small stab wounds are made 1 the
graft to gne adequate dranage and 2 pressure dressing of
xeroform gauze and mechanics waste 15 then applied

In no case has there been any difficulty sn healing of
the donor site Most are healed by the tenth postoperatne
day

Figures 4 5 and 6 show preoperative and postoperatrve
appearance of 2 large ulcer treated in this manner

After operation the dressing 15 carefully removed on
the third day, and the graft is cleansed with hydrogen pe
roxide and ether It has been found that a dry dressing with
sulfanilamide powder sprinkled over the top changed daily
produces the best results Early 10 our expertence wet dress-
ngs were used, but discontinued because of the maceration
of the graft itself In a number of cases scarlet red omt
ment was used during the enttre period of dressing Dress-
ings are conttnued daily until the area 1s entirely healed

Observation over a period of one year and a half shows
that some of the grafts will breal down because of trauma
during exercise In these cases 1t has been the policy to
reoperate at a later date exase the graft completely and
bring normal tissue to the area by the advancement of shin
flaps Tortunately 1n these cases the bleeding 1s very much
less than 1n a pimary closure and the operation can be done

with very ittle blood loss even though the graft arca 1
of constderable size

ADVANCEMENT OF SKIN FLAPS

Another type of operation 1s ndicated 1n the patient
who 1s 1n good clinical condition  Extensive undermining
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Fic 7 Dusgram of closure of large sacral ulcer by advancement of
shin flaps
(1) Appearance of ulcer aver sacrum.

(2) Arrows ndicate site of incusions  Dotted area 15 under
minded.

(3) Tension wire in position
(4) Appearance of completed repair
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of the surrounding tissue and the use of advancement flaps
are indicated as shown m Digure 7

Because exasion of the granulatton tissue over a large
area produces marked bleeding and many perforating
brenches of arteries are cut through a fairly large blood
loss 15 almost cettern It 1s recommended that these patients
be typed before operation and & blood transfusion given
during the operation  After the asea has been undermined
completely so that the skin edges can be brought together
without tenston they are approximated deep tissues closed
with 00 chromic catgut and superfical tssue with muliple
sutures of C silk  Stsb wounds are made 1n any dependent
portron of the undermined arez and rubber drans are in
sested  Xeroform gauze 1s then applied over the skin edges
and 2 pressure dressing of mechanics waste 15 used  Figures
8 9 and 10 show the preoperative and postoperative appear
ance of a large ulcer treated 1 thus manner

In the large advancement type of operation the dressings
are essentially the same as those n the small closure with the
exception that the pressure dressings should be continued
up to about the 15th day Otherwise wn a small percentage
;ﬁa&u there 15 a serous collecuon undemeath the upper

P

ROTATION SKIN FLAP IN TROCHANTERIC
AREA

In ulcers over the hup 1t 15 advisable to use some type
of flap from the adgacent area to cover the defect as shown
m Figure 11

At the ime of the operation the ulcer area and granula
t1on tissue are exased completely and a pattern made of the
defect which 15 used ta form the flap Ventrally acquired
flesh 1s preferable because the shin on the sventral portron



TiG. 8 Large sacral ulcer—preoperstive




¥
/

A
\y - ) ¢ ’ //
/Rolnhon Fhypin /
thp Ulcer -

N o
// - ! Ve
s 7 ’
\ - g v

: g ‘)

Y i

~ A kS T

'
. P £ T - !

(f
] k:{" T

F1G. 11 Dragram of rotation shin flap for ulcer over trochanter

(1) Uker cused by pressure oser trochaater
(2) Outline of proposed flap

(3) Flap rotated into position.

(4) Closure completed.

-
Fi6. 9 Large sacral ulcer three weeks after operation by advancement
of skin flaps

Fic. 10 Sacral ulcer (a3 tn Figs 8 and 9) two months later
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FIG. 14 Hip ulcer (as in Figs 12 and 13) six months later

of the thigh 1s much freer than that over the buttock area

A stab wound 1s made in the lower part of the under
mined area so that complete drainage will be accomplished
when the patient 1s lying on his back A lacge pressure
dressing of xeroform gauze and mechainics waste 1s then
applied Due to the fact that the patients have little if any
sensation & large amount of adhesive tape 1s applied 1n
the tnitial dressing to compensate for the loss of protective
reflexes The opposite leg 1s used as a splint for the opera
tive side

Follow ing operation the area 1s dressed on the third day
the suture hine 1s cleansed and powdered as above Care

—

FIG 12 Hip ulcer (trochantenic) preoperatine
FiG 13 Hip ulcer two weeks follovang rotation shin graft.
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Fic 14 Hip ulcer (as in Figs 12 and 13) six months later

of the thigh 15 much freer than that over the buttock area

A stab wound 1s made in the lower part of the under
mined area so that complete drainage will be accomplished
when the patient 1s lying on his back A large pressure
dressing of xeroform gauze and mechainics waste 1s then
applied Due to the fact that the patients have little 1f any
sensation a large amount of adhesve tape 1s applied m
the utral dressing to compensate for the loss of protectrve
reflexes The opposite leg 1s used as a splint for the opera
tive side

Following operation the area 15 dressed on the third day
the suture line 1s cleansed and powdered as above Care

—

Fic. 12 Hip ulcer (trochanteric) preoperative.
Fi6. 13 Hip ulcer two weehs following rotation skin graft
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FIG 17 (above) Lary break
down of ulcer shown 1 Fig
ures 15 and 16

Fig. 18 Same ulcer (Figs
15 17) twelve months later
(From Barker Aw | Swrg
74 180 1947)
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should be used 10 each dressing to produce as much relax
ation 1 the suture line as 1s possible Usually the Jegs are
kept bandaged together until the sutures are removed on
the twelfth day Figures 12, 13 and 14 show the preoper
ative and postoperative appearance of an ulcer treated 1n
this way

It 15 recognized that the use of full thickness skin with
fat padding 1s superior to skin grafting when this can be
accomplished However there are a number of cases
which the clinical condition 1s so poor that they cannot
stand extenstve surgery or blood loss It 1s 1 this type of
case that the skin grafting which can be done 1 one hour s
time with very Little blood loss and shock, 15 the method
of choice When the patieat mmproves removal of this graft
and replacement by full thickness skin and fat 15 indicated
Over a period of a years observation sixty per cent of the
grafts have tended to break down Figures 15 to 18 nclu
sive illustrate the remarks 1o this final paragraph

,_7"""__/4‘3(1_’1
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Fic. 15 Huge ulcer—preopenative
Fic. 16 Huge ulcer covered by skin graft.
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FiG, 1 Ballan Frame attached to hospital bed with trapeze bar May
be easly duplicated domestically Note padded block at foot of
bed to prevent plantar flexion of feet A firm mattress or fracture
board under the mattress should be employed A pillow should be
placed lengthwise under the alf musles, extending to the popliteal
space so that the heels are clear of the matiress in the supine post
tion In the prone position, pilows should be placed under the tibial
crests to prevent the toes from coming 1 contact with the mattress
and to encourage the position of normal dorsiflexion of feet

bar and foot-drop board (Fig 1) A Stryher frame may
be necessany temporanly for a patient with severe sacral
decubit (Fig 2) These devices permit the patient to begin
belpmg bimself early in his convalescence It 1s at this point
that the patient must be imbued with the goal he must attan
— that of mdependence from otbers and self reltance The
patient as soon as it 15 possible, without other contraindica
tions due to healing of fractured vertebrae, operatrve



Chapter VI

THE GENERAL
REHABILITATION PROGRAM

WiLtiay G KunN Jr M.D

INTRODUCTION

Immed:ately upon the establishment of the diagnosts of
an injury to the spmal cord, steps should be taken to re-
habilitate the patient It 1s = proved fact, the patient being
willing that 1 any lesion below the cerviaal level of the
spinal cord, rehabilitation to a degree of independence and
self reliance can be accomplished

For purposes of discussion the rehabilitation of 2 para
plegtc may be drvided into two phases The Bedridden phase
and the Ambulatory phase In practice there 1s no gap be
tween the two phases Rather an imperceptible transition
from one to the other takes place

I BEDRIDDEN PHASE

In planmung such 2 program 1t 15 necessany to procure a
few essential pieces of equipment These may be purchased
from commeraal sources or 1n some instances manufactured
by members of the patient s famuly

The apparstus that s most easily reproduced domes
tically and 15 most essentizl to mstituting a regime of re
habilttation for the patient 1s a Balkan frame with trapeze

{296]



FIG 4b Alternate method of getting from wheelchair into bed
Patient hifts humself using trapeze bar and arm of chair to sit on
edge of bed He then shifts arm from wheelchair to mattress and
pulls himself back onto the bed. Legs follow This method 13 used
where patient has himitation 1n flexion at the hips It 13 likely to
bruise the sacrum, trochanters and legs



Fic. 4a. Getting wnto bed from wheelchair (method of chorce)
Legs are placed 1a bed fist Grasping trapeze bar and arm of chair
patient ratses himself and smings into bed Thus 15 the method of
choice because patient 13 less Likely to bruise sacrum trochanters or
fegs (Note rubber ar ung on seat of chair )






Fic. 5 Pabent umng one method of moving from floor to wheel
chair by perfornung  hand stands  on wheels of chair Patient has
moved from floor to footrest and then from footrest to seat of wheel
chair  (Note use of crutch to chock wheels by its 1nsertron through
the spokes )

-

Fic 6a. First position taken in getting into bathtub  Panent sits on
edge of chair with feet hanging over edge of tub  Chair should be
held tightly aganst tub by chocks placed under the wheels A bed
room slipper 15 satisfactory

FiG. 6b Second position taken in getting into bathtub  Patient bal
ances himself on edge of tub (if there 1s no handle on soap dish,
the far side of tub 15 used)  Knees should be extended as far as
possible 30 that as patient lowers himself his Jegs will not double
under lum. Getting out of tub 1s the reverse of getting n
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FiG 5 Pattent using onc method of moving from floor to wheel
chair by performing hand stands on wheels of chur Patient has
moved fram floor to footrest and then from footrest to seat of wheel
chatr  (Note use of crutch to chock wheels by its insection through
the spokes )

-

FiG. 62. First position taken 1n getting mto bathtub Patient sits on
edge of chair with feet hanging over edge of tub Chair should be
held tightly aganst tub by chocks plsced under the wheels A bed
room slipper 1s satisfactory
Fic 6b Second posttion tahen in getting 1nto bathtub Patent bal
ences humself on edge of tub (if there 1s no handle on soap dish
the far side of tub 1s used) Knces thould be extended a3 far a3
ble so that a3 patient lowers himself hus legs will not double
under him. Getting out of tub 15 the reverse of getting 10
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Fie 7 Procedure for getting from wheelchair into common chare

Wheelchair should be placed at edge of common chair at angle of
sbout 60 to 80  Patient sits on edge of wheelchair and reaches
across ather to the seat of the chaur or better to the far armrest
Knces should be at least partially extended to act as prvots. If pa
tient s arms are weak, the brace nearest the chaur should be loched
for full use as & prvot. In getting from common chair to wheel
chair the procedure 15 reversed.
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He 15 also to be impressed with the rule that, consequently
more will be requred of him, and that less help from
attendants will be forthcoming

Various methods of entering and leaving a wheelchair
(Fig 4) should be demonstrated and then the patient re-
quired to perform the maneuvers himself from that time on.
Periods of tume spent 1n the wheelchair may be gradually
mncreased but should be carefully followed by mspection
for developing decubiti Use of foam rubber pads pullows,
or rubber air rings on the seat of the chair are essential to
prevent damage to the anesthetic shin.

Having assumed a wheel-chair existence the patient does
not discontinue his efforts towards obtamning extremely
powerful muscles of his upper extremities Rather he i
tensifies his efforts not only by continued use of the trapeze
bar and weights i bed, but also by frequently performing

hand stands while 1n the wheelchairs At thus stage the

patient can be given bar bell and weight lifting exercises
that he can perform from the floor or on a gymnasum mat
in the supine position The patient can also at this tume
begmn to learn the varous methods and mancuvers for mov
mng from wheelchair to floor and back to wheelcharr (Fig
5) entenng and leaving a bathtub from wheelchair to get
on 2nd off a commode from & wheelchair to get 1n and out
of common chairs and 1n and out of a car from a wheelchair
(sce Figs 6 7 8)

PHYSICAL THERAPY

Physical therapy 1s inserted at this pownt to grve added
emphasis to the dictum that should be established with this
type of patrent that physical therapy nghtly begins from the
very day of injury and extends throughout the bed ridden
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phase and the ambulatory phase It 1s felt by Kuhn (1) to
be as important to the rehabilitation of the patient as 15 the
care of the bladder, decubitt and maintenance of nutntion
It 1s often the physical therapist who actually detects the
first sign of returning function in these patients In the
daily application of active (not passne) re-education exer
ases for the lower extremities 1 the unprosed anatomically
complete lestons 1t 18 the physical therapist who has the best
opportunity to observe mnute changes in motor function
Passive exercises should include movements that take the
panalyzed extremities through all ranges of motion at the
hip Lnee and ankle joints Failure to observe this practice
datly 1n the bed ndden stage will result in deforming and
troublesome contractures due to fibrotic changes n the
muscles

Active re-cducational exercise 1s greatly emphasized be
cause 1t 1s felt that tn many muscles or muscle groups what
at first appears to be paralysis 15 due to extreme weahness
or as 1s frequently the case to the fact that the patient has
forgotten how to use these groups since the extremuty as
a whole does not function (eg quadratus Jumborum, pre
served usually in lesions below D 10 vertebral level)
Through repetition and constant training the patient may be
taught not only to strengthen any single muscle or muscle
group not permanently paralyzed but also to learn how to
substitute the unaffected muscles Even in the presence of
Spasticity & patient can be taught to relax and contract on
command If this can be accomplished we consider the pa
tient to have voluntary contraction of the muscles involved
By constant practice the patient can lengthen the persod
during which he has voluntary control of the spastic muscles
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Fic 8 (Courtesy of Journal of Neurosurgery ) Procedure for getting
1nto automobile from wheelchair  Patient locks knee of brace nearest
to car  (Other brace may be locked but 18 not necessary ) One
hand 13 ed on seat, the other on arm of wheelchair (Chair must
be steadied etther by crutches through spokes of wheels, or by
rotating rear wheels of wheelchair at nght angles to front wheels,
or by parking char against body of automobile) Using locked
brace as a ptvot, patient swings up and around to lean apainst seat
of car Right hand may then be moved from wheelchair to door
jam as patient pulls himself backwards onto seat of aar  Getting
out of car 1s the reverse ot getting in
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tson for new devclopments t braces has been opened up

In practrcally atl cases the paraplegic does not have a de
formuty of the sheletal make up of his lovwer extremities
Hus difficulties lie within the realm of the neuro-muscular
system ‘The braces need not be of weight beanng design
In effect, the prosthesis for a paraplegic must be designed to
splint the leg so that the knee becomes immobilized 1n order
that the weight be transmutted through the knee jomnt m a
normal manner In addition a stop of some sort is necessary
to prevent hus foot drop from terfering with ambulation.

The ambulatory paraplegic who must literally mantpu
Iate the “dead weight of hus lower extremitues by action of
his quadratus lumborum abdominus rect: or shoulder girdle
muscles finds braces of prumary importance The braces
must be as light as possible without loss of strength and
durability

We have followed the precept of using long walking
calipers without a pelvic band 1n those cases with preserved
quadratus lumborum muscles The pelvic band has not been
found to add apprecuably to hip stability and, 10 addttion
1t prevents the unhampered action of the quadratus lum
borum muscle 10 ambulation. If htp stability becomes a prab-
lem 2 sacro-abdominal belt 13 used  Girdles of the two-way
stretch type have proved satsfactory  If the function of the
quadratus lumborum has been lost, pelvic bands or thorstc
cages (Figs 9b 10b) are necessary even though they add
to the total weight of the appliance.

The wathing caliper in use at present 15 not considered
10 be the perfect brace Much remawms to be accomplished
One type caliper 1n use (Fig 9a) 1s made of a combunstion
of Iight weght tool steel of high quality and duralumsanm
with 2 drop-lock at the hnee and a drop-foot spring or per
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This re-educational training ards greatly 1n teaching the pa
tient various garts on crutches

During the bedridden stage, physical therapy treatment
consists mainly of three phases First, dauly radiant heat of
20 to 30 munutes duration 1s applied to the affected ex
tremities  Second massage 1s given to those patients with
edema, contractures and vascular disturbances It has not
been grven in cases of spastiaty unless the spastic condttion
1s accompanted by the sbove mentioned condittons The
third phase of this treatment during the period of confine
ment 1s re-educational exercises which are given daily for
thirty munute periods Complete muscle evaluation tests
are done every one or two months and recorded for future
comparson and study

Physical therapy and recondittoning go hand i hand
and must be constantly applied by both patient and wnstruc
tor until the patient has become ambulatory to such a degree
that he may be relied upon to perform his exercises humself

I AMBULATORY PHASE

BRACES

In the past decade there has been a marked scaraty 1n
available reference Literature on the subject of braces and
orthopedic appliances for paraplegics This 1s due partially
to two factors First untl World War II there was no
urgent need for such literature The naidence of spinal cord
mjures 1n avil life was relatively low as compared to a like
peniod in war time  Secondly mudern metallurgreal research
has in the past decade produced metal alloys which are
of lighter but of equally strong composition as steel It 15
the option of the wnter that a field for active mvestiga
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tion for new detelopments in biaces has been opened up

In practically all cases the paraplegic does not have a de-
formity of the skeletal make up of his lower extremities
His difficulties lte within the realm of the neuro-muscular
system The braces need not be of weight bearing design
In effect, the prosthesis for 2 paraplegic must be designed to
splint the leg 5o that the hnee becomes immobilized 1n order
that the weight be transmitted through the knee joint mn 2
normal manner In addition a stop of some sort 1s necessary
to prevent his foot drop from interfering with 2mbulatron

The ambulatory paraplegic who must literally manipu
late the dead weight of his lower extremities by action of
hus quadratus lumborum abdomunus rectt or shoulder giedle
muscles finds braces of pnmary importance. The braces
must be as light as possible without loss of strength and
durabilsty

We have followed the precept of using long walking
celipers without a pelvic band 1n those cases with preserved
quadratus Jumborum muscles The pelvic band has not been
found to add spprecisbly to hip stability and 1 sddition
1t prevents the unhampered action of the quadmtus lum-
borum muscle 12 ambulation  1£ hip stability becomes a prob-
lem a sacro-abdominal belt 1s used Gurdles of the two-way
stretch type have proved satisfactory  If the function of the
quadratus fumborum has been lost pelvic bands or thoracic
ages (Figs 9b 10b) ase necessary even though they add
to the total weight of the appliance

The walking aaliper 1n use at present s not considered
10 be the perfect brace  Much rematns to be sccomplished
One type caliper in use (Fig 9a) 15 made of a combination
of light weight tool-steel of high quality and duraluminum
with a drop-lock at the knee and a drop-foot sprng or per
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Fr. 91 Group ot long-leg wallung calipers of sanous mettl con-
stnntion. Lett to nght (1) tool seel. () duralumnum, and (3)
steel, hall beanne koee romt (from artin 1] bmb) wath mveted dura
lumunum shanks.
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FiG 9b Brace comparson (Courtesy of Journal of Neurosurgery )
Brace on right 13 the caliper type has no pelvic band With ats
mate and with shoes attached, it weighs 7 pounds 2 ounces  Caliper
brace on nght has duralummnum shanks and steel ball bearing hnee
joint from an asteficial imb
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Fic 101 Brace designed for 40 above knee amputee paraplegic with
a complete spinal cord leston at T 10 Brace has leather pelvic
-
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manent stop tf destred The upper part of the caltper 1n
cluding the drop-lock jomnt 1s madc from the steel knee brace
on the prosthesis used for below hnee amputation The jomt,
therefore 13 a ball-beaning jomnt of great strength and ecase
of motion The lock 1s 2 fitted 11ing which drops down to
fix the joint when 1n extension The lower part of the caliper
from approxumately four 1nches belaw the knee to the caliper
prvots at the heel 1s made of duraluminum which 1s niveted
to the steel knee jomnt (duralummum cannot be uelded)
This helps decrease the weight marhedly without decreasing
the strength of the brace The brace 15 held 1o place by a
leather cuff at the thigh and calf of the leg Both cuffs are
re enforced with duraluminum bands posteriorly If needed
a strap 15 riveted onto the brace at the ankle to hold the
alipers firmly 1n the shoe

The wesght of this brace without shoe 1s two pounds and
nine ounces Each shoe weighs one pound A pair of braces
with shoes attached would then weigh seven pounds and two
ounces Thus a walking caliper of great strength durabiity
ease of motion through the ball-bearing joint 2nd of light
weight was devised using readily accessible material and em
ployiag a munimum amount of labor for construction

The drop foot brace used in lesions of the cauda equina
15 of light werght 14 gauge steel wire with o posterior leather
cuff strengthened by 2 duralummum band at the calf (Fig

<«

band, 1chul weightbeanng ning leather thigh cuff and artificial
foot. Drop lodk at knee joint was incorporated later

Fi6 16b ‘Thoracic cage and calipers designed for a patient with a
complete leston at T3 Total weight wathout shoes, 9 pounds 3

ounces  Drop locks at knees operated through remote control
hips by rudder cable from an ate plene & control
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Fic. 11 Drop foot brace showing attachment to shoc by loops of the
wire around pinion through beel of shoe. Brace 1s detachable and
weighs sbout 9 ounces without shoe Cuff 15 made of leather re-
enforced by duraluminum posterror band

11) This brace 1s fastened to the shoe on a pinton through
the heel and 15 detachable from the shoe Each brace weighs
nine ounces without the shoe

The advantages of the walking caliper and drop foot
brace which are detachable from the shoe are mainly econom
jeal This type allows for interchange of shoes with hittle or
no expense. In addition 1t 1s easter for a patient to put on
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and remove calipers if the shoe and brace can be apphed
independently of each other

SPECIAL DEVICES

Figure 12 dlustrates a device for correction of drop foot
by tendon stretching devised by R N Hatt MD (2) It
15 comprsed of a plaster of Panis shoe across the sole of

T'iG. 12a. (Courtesy of Journal of Neurosurgery ) Anterior view of
tendon stretcher wath tubing in place Buck s extension Thomas
splint and corporation of tubing in plaster shoe 13 demonstrated

Fic 12b Lateral view of tendon stretcher with rubber tubing hoohed
n place.

Fie. 12¢ Lateral view of tendon steetcher wathout mubbe
1 tubs
being hooked in place Marked foot drop thereby demonstrated. "
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which 1s wcorporated a length of rubber tubing simiar to
that used in suction hoses i the operating room The ends
of the tubing are fastened to an upright by means of hooks
This upright and lower extremuty are supported on a Thomas
balf fing splint by a stocking sling Bucks extension of
moleskin with a spreader 1s applied to the leg and s fastened
to the distal end of the Thomas splint in order to give
counter traction If the rubber hosing 1s attached to the
upright with the hooks and tension adjusted to bring the
foot imnto neutral position by moving the upright forward
or backward the Achulles tendon can be lengthened grad
ually Usually 10 to 14 days of constant traction will suffice
to lengthen the tendon The supporting apparatus msy be
removed during the night. The plaster of Pars shoe and
the patient s foot are cheched daily for proper fitting edema
or for the development of blisters or decubiti

AMBULATION

The gatt which a patient will use i walking depends
largely on two factors Furst 1t depends upon the level of
bis lesion  If the patient has preservation of the quadratus
lumborum muscles he may be successfully taught the Step-
Through (4 pomnt gat) or he may learn the Swing To
(3 pont gat) and Swing Through gasts In the event
that his leston 1s well above the level of the 10th dorsal
spmnal segment he will have no choice in the matter suce
he will have to use the Swing To gait The second factor
in choosing a gatt is purely a psychological one The ma
jority of patients 1 wartime experience were all young men
between the ages of 18 and 30 years of age A few were
between 30 and 45 years of age All these patients were
started 1n their rehabilitation within two or three months
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after thetr mjury It has been our expenence that those
patients who are rehabilitated early after their mnjury show
a deaded preference for the Step-Through gat They
cxpress the desire that they want to walk as nearly normally
as possible On the other hand those whase rehabilitation
was begun two or three years after the njury stated that
theirr main objectrve was to  get about after any method
whatsoever Because of this psychological factor and also
because it 13 the more difficult gatt to master we believe the
Step-Through gait to be the gait of choice whenever pos-
sible In addwon, if these patients are recerved early after
therr mnjury and recovery 18 quite possible in the mcomplete
lesions 1t 15 thought to be more advantageous to teach the
Step-Through gatt first 1n the event that recovery does
occur Thus with the progressive recovery of sensory and
motor function the patient would not be obliged to leamn
a new gait which would be more swited to his returning
muscle power
The Swing To gait 1s taught as a secondary method of
walking In the higher lesions it was the gait of choice
In the lower dorsal and lumbar lestons it offered another
change of pace which would be valuable It 1s a faster gait
but attracts more sympathetic attention to the patient s plight
When the patient s braces have been fitted, he 1s placed
mn 2 standard walker with crutch supports to acclimate him
self to the vestical position and to learn of the princples
of balance He 1s shown how small a deviation of the neck
and shoulders 1s sufficient to change the balance He 1s then
brought to a walking ramp Murrors are used to chech pos
ture and to reflect hus motion as he walks The ramp s
approximately 36 inches wtde and the ratling 1s 37 inches
high (Fig 13) It should be wide enough so that the pa
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which 1s incorporated a length of rubber tubing simiar to
that used 1 suction hoses 10 the operating room. The ends
of the tubing are fastened to an upright by means of hooks
Thus upright and lower extremuty are supported an a Thomas
half ning sphint by a stocking shng Bucks extension of
moleskin with a spreader 1s applied to the leg and is fastened
to the distal end of the Thomas splint in order to grve
counter traction. If the rubber hosing 1s attached to the
upright with the hooks and tension adjusted to brng the
foot 1nto neutral position by moving the upright forward
or backward the Achilles tendon can be lengthened grad
ually Usually 10 to 14 days of constant tractton will suffice
to lengthen the tendon. The supporting apparatus may be
removed dunng the night The plaster of Paris shoe and
the patient s foot are checked daly for proper fitting edems
or for the development of blisters or decubitt.

AMBULATION

The gat which a patient will use 1 walking depends
largely on two factors First 1t depends upon the level of
hus lesion  If the pattent has preservation of the quadratus
lumborum muscles he may be successfully taught the Step-
Through (4-pomnt gait) or he may learn the Swing To
(3-pont gat) and Swing Through gaits In the event
that his leston 1s well above the level of the 10th dorsal
spinal segment he will have no choice 1n the matter since
he will have to use the Swing To gait The second factor
1n choosing a gait 1s purely 2 psychological one The mz
jority of patients 1n wartime expersence were all young men
between the ages of 18 and 30 years of 2ge A few were
between 30 and 45 years of age All these patients were
started 1n their rehabilitation within two or three months
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trent must make use of his latissimus dorst muscles 1n walk
ing and not get into the habit of depending enturely upon the
arm and forearm muscles

The patient starts the four pont or  Step-Through  gait
on the ramp by moving hts right hand forward He then
tightens hus left quadratus lumborum muscle which elevates
the hip and allows the left leg to swing freely If the pa
tient still has use of his hip flexors he makes use of these
to swing the left leg forward If the bip flexors are para
lyzed he causes the leg to swing forward by a slight rota
tion of the trunl. This maneuver 1s repeated with the left
hand and the nght leg Proper use of the quadratus lum
borum muscles 1s essential for a smooth appearing gait The
patient must be watched carefully to prevent substituting
the shoulder musdes for the quadratus lumborum if the
latter 15 present This habit, if formed early 1s difficult to
break as the patient becomes eager for progress and will
strve to break hus daily record by substituting

The patient 1s taught to tum around on the ramp walk
backwards and sidewards so that when he 15 ready for crutch
walking he has mastered coordination of hands and legs the
principles of balance and the ability to move his legs n any
direction in the horzontsl plane In the absence of hup
flexors and good quadratus lumborum muscles all the above
can be taught by using the shoulder girdle pectoral and
upper extremity muscles as substitutes

Crutch walking 1s essentally the same as walking on
the ramp However the patient must learn to balance him

-

that the patient may chedh hus posture and motements 15 he walks,

Ramp 15 36 hugh and 37 wide and of varping length to st emist
ng avarlable space
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FiG. 13 Walking ramp used for beginners. Full length murrors are
placed at ather end and # horizontal murror 13 placed parallel s0
-
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trent must mahe use of hus latissimus dorst muscles 1n walk
ing and not get into the habit of depending entirely upon the
arm and forearm muscles

The patient starts the four pomnt or Step-Through gait
on the ramp by moving his right hand forward He then
tightens hus left quadratus lumborum muscle which elevates
the hup and allows the left leg to swing freely If the pa
tient still has use of his hip flexors he makes use of these
to swing the left leg forward If the hip flexors are para
lyzed he causes the leg to swing forward by a slight rota
ton of the trunk. This maneuver 15 repeated with the left
hand and the nght leg Proper use of the quadratus lum-
borum muscles 18 essentral for a smooth appearing gatt The
patient must be watched carefully to prevent substituting
the shoulder muscles for the quadratus lumborum if the
latter 15 present. This habut, of formed early 1s dufficult to
break as the pattent becomes eager for progress and will
stave to  break hus daily record by substituting

The pattent 15 taught to turn around on the ramp walk
backwards and sidewards so that when he 15 ready for crutch
walking he has mastered coordmation of hands and legs the
prnciples of balance and the ability to move his legs in any
duection 1 the horizontal plane In the absence of hip
flexors and good quadratus lumborum muscles all the above
¢can be taught by vsing the shoulder girdie pectoral and
upper extremity muscles as substitutes

Crutch wallung 13 essentiafly the same as walking on
the ramp However the patient must learn to balance him

“—

that the patient may chech hus posture and movements as be walhs
Ramp 15 36 lugh 20d 37 wide and of varping length to swit exist
tng avadable space
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Fic. 13 Walling ramp used for beginners. Full Jength mucrors are
placed at ather end and & honzontal murror 13 placed panllel %0
-
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Time of
NI Dresing Actiriies Date  Perforsmanct
1 Undrasing
1) Removing clothing down to
appliances
b) Removing appliances
¢) Removing underclothing
2. Dressing
a) Putting on underclothing
b) Putting on appliances
¢) Putting on rest of clothing
1V Totet Actrsties
1 Getting on to todet from wheel
chatr
2 Attending to toillet needs (ene
mata, etc,
Getting from totlet to wheelchar
Washing shaving brushing
teeth, etc at basin
5 g:fjimg wto bathtub from wheel
r

oo

6. Getting out of bathtub into wheel
chair

Summary
Group I 11 i v
1mpossible .

Posuble,
but slow
Not normal
but adequate

Not normal
but can be
improved
Normal in
method and
time

— ]

FIG. 14 ~— Contaned
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ACHIEVEMENT TEST FOR SPINAL CORD INJURIES
Name Date of Injury
Diagnosis

Room Number

Trme of
I Locomotion on Cratches Date  Performance
%xnu:g and dlosing door
alking forward 43 fect
Stopping quickly Changing Gart
Wialking sideward to n,
Walking sideward to le
Walking beckward
Getting down on floor
Getting up from floor
Stepping up curb
10 Stcs{zg down curb
Walking up standard steps
12 Walking down standard steps
13 Getting mnto sutomobile
14. Dnving sutomobile with
appliences (record driver s license
when granted)
13 Getting out of sutomobile
1l Locomotson 1m W heelcharr
1 Gethng from wheelchar to bed
2 Gettung from bed to wheelchair
3 Gmchfrm wheelchair to com
mon

NS A AW N =

4 Gcthng]ﬂfrmm common chair to
wheel

3 Getting from wheelchaur to
crutches

6 Gethng from crutches to wheel
chur

Frc 14.
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I Dressing Actritizes

1

]

Undressing
a) Removing dothing down to

appliances
b) I{)cmmmg appliances
c) Removing underclothing
Dressing
2) Putting on underclothing
b) Putting on spphances
¢) Putting an rest of clothing

I/ Toder Actirsties

1

P

Getting on to tollet from wheel
char

Attending to todet needs (enc
mata, etc.

Getting from totlet to wheelchair
Washing, shaving, brushing
teeth, etc. at basin

Getting into bathtub from wheel
chair

Getting out of bathtub 1oto wheel
chae

Summary

Impossible

Possible,
but slow

Not normal
but adequate

Not potrnal
but can be
improved

Normal in
method and

time

Group I 1

PROGRAM >3]

Time of
Date  Performance

I v

FI6. 14 — Contipued
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gr———

F16. 152, One crutch used 1n stair dimbing  Patient 13 taught to use
crutch under either arm wrth rail on oppostte side. The foot to go
upﬁntlnd the foot to come down first must be on the side of the

-



GENERAL REHABILITATION PROGRAM 323

self 1n this more mobile state The patient has been given
crutch exerases long before he 15 allow ed to use them These
exercises constst of learning to move crutches in the proper
arc from rear to front rather than with a sidesweep, learning
how to catch himself by throwing his crutches ahead and
behind his weight how to balance with one crutch, and the
proper way to hold and use crutches

The SwingTo gait 1s taught 1n the same manner on
the ramp and then the patient 1s given crutches In additton
exercises on parallel bars are given to strengthen the arms
for sninging the body When on crutches the patient 1s
closely followed by an attendant untdl he has gained con
fidence The Swing To gait consists of virtually raising
oneself by bearing down on hands with the forearm muscles
to dear the feet from the floor and then by continued bear
g down dragging the body up to the crutches The crutches
are then placed ahead of the patient and the maneuvers re
peated In the Swing Through gait the body swings
through and beyond the crutches

P

ail In cdimbing stairs, the crutch remains on lower step In de
scending stairs the crutch goes down first.,

Fic. 15b  Starr cimbing with two long leg calipecs. Patient starts at
left side of stars, feet together hands grasping rails. Right leg
18 swong dugonally up to next step Patient pulls himself up onto
his night leg, allowing left leg to follow He then moves to left
nide of the stuirs and repeats mancuver on the next step

Fic. 15¢. Descending stairs with two long leg calipers. Patient starts
at night side of stairs, feet together hands grusping rads at level
of next step. Right foot should be placed so that ball of foot and
forward edge of heel are beyond edge of step  Left leg 1s swung
dugonally down to left side of next step  Right leg follows If
patient has difficulty getting night foot down off step, he turns body

toward left rail so that bip flexors and /o
tesy of Journal of Ncumsgrgery ) for gravty may belp - (Cour
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Fra. 16 Opening door from crutcbes  Patient 18 taught to open and
close door from both directions. Here patrent s right hand 1 on
N
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When the patient has become proficient with his crutches
he 1s given an achievement test (Fig 14) agamnst time
While he has been preparing humself for ambulation he has
also been taught whule i the wheelcharr stage to dress and
undress to get 1 and out of bed into wheelchairs, to enter
and leave 2 tub from a wheelchatr, to get on and off a com
mode from a wheelchatr, to get 1n and out of common chatrs
in and out of a car from a wheelcharr He 1s also taught
other common every-day actvities necessary for bowel and
bladder care such as preparing and admmnusterng of his
own enemats, etc When he has reached the stage of crutch
walking he 1 taught how to do thetc same things from
crutches 1n addition to walking up and down stairs (Fig 15)
curbs, walking forward, backward and sidewards opening
and passing through doors, closing 1t behind hum (Fig
16) getting up off floor entering and leaving wheelcharr
(Fig 17) changing gaits and applymg his apphances His
tume for performing these varous acts 1s recorded and he
1s then checked regularly for improvement

After he has shown improvement, the patient should
be interviewed with the 1dea of obtaining his educational
soaal and vocational background With these records and
hus medical history the patient can be approached as to hus
destres for a future occupation Vocations and pasitions are
obtaned after consultation with the patient and an explana
tion of his hendicaps and the probable extent of recovery

«—

door knob as he pulls door toward hum. Right crutch has been taken
from under arm so that door will have room to swing  Beginners
are advised to sde step to left to give clearance for the door rather
than attempting to balance on the one crutch Thus sllustrates value
of pre ambulatory crutch exerases.
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Fig 171, Fisst posiion 1n getting into wheelchar from crutches.
Patient walks straight up to charr straddling 1t with crutches. The
crutches are placed against the wall s patrent steadses himself with
hand on arm of wheelchair
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FIG 17b Second position 1n getting 1nto wheelchur from crutches
Holding onto arms of wheelchair patient has mover legs back and
to the left. He then puts both hands on nght arm of wheelchur
and allows body to prvet around nte chair  Getting up from chase
to crutches 1s the reverse except that nght hand poes behind patient
to left arm chair as in starting position
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are made known to him Thus with the patient ambulatory
and with & goal to strive for he is spurred on to add to his
independence and self respect
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Chapter VIII

ORTHOPAEDIC PRINCIPLES AS APPLIED
TO THE REHABILITATION PROGRAM

R. Nrwson Harr MD

INTRODUCTION

The mortality and morbidity of these once rather hope
less casualties has been so greatly reduced through modem
urological and neurosurgical treatment that as a result of
war sustained mjuries we are now confronted with a group
problem rather than with one of the occasional 1ndividual
sunvrvor That the paraplegic can be made ambulatory and
more or less self sustaining 1s an established fact

The immediate treatment of spinal fractures with or
without cord 1njury 15 so well established that 1t needs little
more than passing mentton However the general princtple
of avoiding flexion of the injured spine at all times with
transportatton 1 the supine position 1s all too frequently
violated When these wnjuries are further complicated by
cord damage the immobilzation 1n plaster should be avorded
since decubits, especiglly in the sacral region may occur
w1thin an exceedingly brief period The pneumatic mattress
with blanket rolls 1s perhaps the best method of treatment
The Stryher frame 15 also a well concerved means of permut
ting the proper handling of paraplegics

Physically the rehabilitation problems are not unique
and 1n general principle vary not greatly from those met

1329}
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with 1 the treatment of vicums of severe poliomyelitts or
cerebral birth palsy Partial or total loss of sensatton and
the tendency to pressure necrosis are the chief points of
difference physiologically, while adult mental patterns
psychologically are either an asset or a labiltty

The program of reconditioning begins as soon as the
cntical stage of 1njury has passed and the prognosis for sur
vival seems apparent. At this period 1t 1s essential to pre
vent fixed deformuties due to disordered or disconnected
neuromuscular control  Reconditioning of the shoulder
girdle and upper extremities 1s most important, since future
ability to carry on ambulation and self help depends upon
the compensatory development of these parts (assuming of
course, the lesion to be below C4)  As a rule, spmal frac
tures and dislocation should be mamntained n some type of
fixation until healing has occurred This does not preclude
the datly routine of upper extremity exercises and calisthenics
adapted to the supine or prone posittons The prevention
of fixed contractures of the anaesthetic lower extremities 1s
best done by frequent changes in posture and supportrve
splinting nonngd 1n character The hazard of produang
decubitt with rigid splints needs only mention The ambula
tory part of the program begins when the general heslth
status 1s conststent with the rather strenuous physical effort
required tn assuming a verticel posture  Decubiti per se are
not & contraindication unless they occur m areas subjected to
further pressure from braces

The orthopedic surgeon tramed m the mechanics of
locomotion ind 1n the construction and application of pros-
theses quite naturally assumes 2 responsible role when the
ambulatory phase 1s reached Anticipating the date when
braces will be required tracings and messurements are made
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by the orthopedic mechanic. Titting 1s accomplished and
the finished product 1s hept hanging by the bedside as a
morale factor

Exerases 1n posture and balance using stall bacs pacallel
bars or standing with crutches 1mtiate the stage of ambu
lation The patient 1s also gren nstruction 1n seating him
self and arsing from wheel charr  On the mat he 1s taught
the mechanies of falling crawling and ansing without
assistance. Confidence gamned through these exercises 1s a
valusble asset 1n the next phase when progression with
crutches must be made The first step 1s simple tripod loco-
motion the crutches placed well in front forming two legs,
and the braced lower extremities in the third In this pos
ttion the feet are dragged formard As soon as this s
mastesed, step-crutch mosement 1s taken up one crutch and
one foot being moved synchronously The third mode swing
ing through 1s the last to be developed since 1t requires
both balance and timing The crutches are placed well 1n
front as in tripod walking but instead of dragging the legs
up to the crutch position the feet are swung clear of the floor
to a pomnt well 1n advance of the crutches As the feet
contact the floor a thrust on the crutches propels the body
forward and the pendulum Like swing of the legs begms
agun This mode gres speed and when proper shall has been
acquired cza be done with Little effort or fatigue

SURGICAL CONSIDERATIONS AND
PROCEDURES

Contractures of the fixed or spastic variety prevent the
satisfactory application and use of braces When conservative
measures have faled to improve or control contractures
surgtaal correction becomes impeiatrve
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OPERATIVE CONSIDERATIONS AND
PROCEDURES
In certain cases where bone damage has been excessne
and satisfactory spontaneous repair has not taken place
leading to instability and increasing deformuty such as
kyphosis or lateral deviation stabilization by means of
fusion or bone grafting may become necessary The Hibbs
type of fuston 1s the method of choice 1n the dorsal region,
unless there 1s 2 marked loss of spinous processes or lamunae
which may have resulted from lammnectomy 1n which event
bridging with cortical bone 1s necessary In the lower dorsal
and lumbar area the Albee technique, using the tibual graft
1s preferable because of technical simplicity and ngid fix
ation
From the standpoint of surgical treatment, lower ex
tremuty condittons fall into four clincal categortes depending
upon cord Jevels or completeness of the lesion
1 Spastic contractures «sthoxt mass spasm
2 Spastic contractures associated wrth mass spasm.
3 Flacad contractures
4 Incomplete palsy with spastic or flacad nbalance
(The above 1s 1n descending nadence based upon 2
series of one hundred fifty cases )

In Groups 1 2 and 4 spastic adduction hnee flexton and
equinus 15 the most common combmation although any
one of the three deformities may occur alone

Selective neurotomy of the motor snnervation (Stoffel)
releases spastic contraction Swnce st does not produce total
paralyss, the extent can be controlled and the effect 13 per
manent The techmque 15 relatively symple but demands an
exact angtomucal knowledge including that of mtraneural

topography
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Expertence ganed over a period of yeacs i carrying out
the procedure of cercbral birth palsies has shown that tendon
lengthening of the neurotomized muscles should practically
always be done because a secondary fibrotic contracture
occurs, especnally 1n the calf group of muscles

A brief description of operative technique as applied to
regronal contracture follows

A. Adductor Spasm
Operation — Obturator neurotomy with tenotomy
of adductor longus

The hip 1s flexed 45 1n the maximum abduction obtan
sble. Incision 15 made over the adductor longus from ongin
distally 7 em dnading the deep fasciz A blunt dissector
ruses the tendon which 1s then completely transected As
the muscle belly retracts the sensory branch of the antertor
division of N obturator can be seen lying upon the under
Iping adductor brevis Using this branch as a pilot, the
mam trunk with motor ramt are casily piched up proximal
to the vascular plexus which causes troublesome hemor
thage when disrupted Retraction upward (ustng @ Cush
Ing retractor) exposes the nerve nearly at 1ts exat from the
obturator foramen The truah 1s clamped with a haemostat
and divided The posterior drvision usually s not visual
s2ed, but may be crushed as it leaves the adductor canal
The proximsl stump of the antersor diviston 1s caught 1n
the closing sutures of the fascial layers to prevent possible
fannervation

B Hamstring and Calf Spasm

Operation — Tibul neurotomy
Tenotomy of hamstrings and Achillis
(triceps sural) lengthening
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OPERATIVE CONSIDERATIONS AND
PROCEDURES

In certain cases where bone damage has been excessve
and satsfactory spontancous repair has not taken place,
leading to instability and increasing deformity such as
kyphosts or lateral deviation, stabilizatton by meass of
fusion or bone grafting may become necessary The Hibbs
type of fusion 1s the method of choice 1n the dorsal regton,
unless there 1s 2 marked loss of spinous processes or laminae
which may have resulted from lamunectomy 1n which event
brdging with cortical bone 1s necessary In the lower dorsal
and lumbar area the Albee techmque using the tibual graft
1s preferable because of technical simpliaty and ngid fix
ation.

From the standpomnt of surgical treatment lower ex
tremuty conditons fall into four clinical categories depending
upon cord levels or completeness of the lesion.

1 Spastic contractures #boyt mass spasm.

2 Spastic contractures associated w b mass spasm

3 Flacad contractures

4 Incomplete palsy with spastic or flaced 1nbalance

(The above 15 11 descending maidence based upon 2
series of one hundred fifty cases )

In Groups 1 2 and 4 spastic adduction, hnee flexton and
equinus 1s the most common combination although any
one of the three deformuties may occur alone

Selective neurotomy of the motor nervation (Stoffel)
releases spastic contraction  Since 1t does not produce total
paralysis the extent can be controlled, and the effect 1s per
manent The techmique s relatively simple but demands an
exact anatomucal knowledge induding that of mtraneural

topography
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on the opposite oblique the cutting edce blade s turned
posteriorly with section of this portion of the tendon A
third puncture 3 em abos ¢ transfixed the tendon transyersely
and turing the cutting edge anteniorly sections the middle
fibers The foot 1s then foraibly dorst flexed the tendon
elangates but does not lose continuity The necessity for
oblique rather than transverse division has been adequately
explained by J Warren White's imvestigation and demon
stration of the development rotation of the component
fibers  Postoperatively a plaster boot 1s applied tm the cor
rected position and left on for four full weeks when it may
be bnalved and used as a might plaster for another month

C. Flexson Contracture Hips

When hip flexton 1s purely 2 matter of psoas spasm it 13
most commonly associated with mass spasm and a complete
cord lesion as discussed under  Rhizotomy 1o the neuro-
surgical chapter In the occastonal case detachment of the
tiopsoas at its insertion may be required This 15 best done
through a posterior approach subperiostally

A comparatively few cases of fascal hip contracture
with fixed internal rotation occur These may be classified as
Hip contracture — fascal

Operation — Fasciotomy (Soutter)

Gluteus medius release (Durham)

Incision from anterior superor thac spine obliquely to
the anterior aspect of trochanter major The anterior margn
of the dwm 1s stripped subperiosteally from the anterior
Supertor to anterior infenor spine and may be carrted back
laterally along the crest for two or three inches if necessity
anses Thus the M tensor fascra lata the sartorus and
adjacent fascia are released and shid downw ard
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In prone position, the knee joint ss flexed 90 The
scalpel handle 1s placed firmly into the angle between thigh
and leg and held 1n position as the leg 13 extended Ths
marks the level of origin of the branches to the aalf group
A 5 an incsion 15 carnted transversely over the popliteal
space through skin and superficial fascia  Somewhat lateral
to the mudline underlying the deep fascia, ss the short
saphenous vern which 1s used as a guwide to the N tibualss
Next the deep fascia ts split 1 a Jongitudinal direction just
medial to the vein and retracted laterally The popliteal
fat 15 separated with scussors exposing the nerve  Hemo-
stasis must be complete, since g hittle bleeding will obscure
the nerve bundles and mahe rdentrficatrion difficult The
tibial component of the sural nerve lies superficially and if
pinched gives no reaction The medial gastrocnemius branch
1s dorsal and medal to the sural whide the lateral gastroc
nemius and dorsal soleus are dorsolateral These bundles are
now picked up with 2 small dissector or other like mstru
ment and sectsoned according to the degree of spastiaty

Ususlly one half of medial gastrocnemius and the entire
dorsal soleus will be suffictent At times all three may be
sectioned Through the same meston tenotomy of the ham
string group 1s easily accomplished The proximal ends of
the divided nerves are closed in the fascial Iayers The
Achillis tendon (tendo-calcaneus) s Jengthened by the sub-
cutsneous trple hemisection of Hoke (unpublished) 1t s
performed with a tenotome in the following manner With
the tendon on stretch the skin 1s punctured on the medl
surface about 2 5 am above insertion of the blade transfixing
the tendon obliquely to its outer border turning the cutting
edge antertorly the cut 1s campleted A sccond puncture
approximately 3 am from the first transfixed the tendon
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tunnel fixing the jomnt firmly Multiple segments of cancel
lous bone (from the tibiz) are pached in at the jount finc
Closure 1s made 1 layers and plaster applied from toes to
mud thigh Weight beanng in plaster begins at eight weehs
and fuston 1s usually solid at ten to twelve weeks

E. Braces

Opinion concemming both matenal and construction of
braces varies greatly We have the advocates of steel dur
alumium or alloys heavy versus light constructson, fing
lock versus spring or bull locks stirrup versus caliper shoe
connections laced or strap and buckle thigh cuffs kaee caps
or no knee caps and & vanety of pelvic bands Limited only
by the imagnation of the prescribed or the facilities of the
fabucator Furthermore the pamsplegic patient may be a
tempermental fellow who 1s mnchined to blame hus failure
to mahe adequate progress on the quality of the prosthests
he 1s obliged to use All these factors add to the confusion
of mind 1n the corps of people who are attempting to carry
on the program

Without resorting to absolute dogmatism, perhaps one
might clapfy the bmce situstion on the followmng pornts

1 Standardization of brace materials 1s desirable

2 Standardization of jounts and locks 1s feassble and
desirable

3 Standardization of types and weight 15 &5 illogicsl as
would be the standardization of spectacles 1e the
mdividual must be fitted according to his physical
needs In most instances a heavy patient will require
a more heavily constructed brace than the slender

fellow and the spastic will need a more ngid sup-
port than the flacad
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If fixed internal rotation persists division of the anteror
half of the gluteus medius msertion at the trochanter (Dur
ham) will effect correction

Group 3 comprises a small percentage and 1s of course,
the result of caudal and not cord mvolvement They are -
cluded because of assoctated urological and nursing prob-
lems Complete lower extremity paralysss naturally demands
braces however a not unusual case will have good knee
control but sbsent leg musculature or a weak quadrceps
which 13 incapable of stabilizing the knee because of the
fll ankle In this sttuation fusion of the ankle jont will
emancipate the patient from braces and enable um to op-
erate an ordmary automobile —not possible with a flail
ankle.

D Flal Ankle
Operatson — Fuston (Central Graft)

A slightly curved masion from mid leg to neck of talus
The anterior aspect of tibua 18 exposed subperiosteally and
the tendon of tibtalis anterior 15 esther retracted or drvided.
The ankle joint 13 completely opened the synovia dissected,
and the artscular surfaces completely destroyed with osteo-
tome and curetie learing the osteocartlagmons chips m
%

With motor saw a graft 7 cm 1n length by 15 cm 1
width 1s removed from the antenor tibis to a pomnt 4 cm
above the ankle joint Using a bayonet osteotome a tunnel
1s made through the medullar canal of tiba well mto the
body of talus, relationship of the foot to the leg being maun-
taned at 95 or m case of quadriceps weakness at 100
110 The bayonet 1s withdrawn and the graft which has
been beveled at one end 18 inserted and drrven through the
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tunnel fixing the jomt firmly Multiple segments of cancel
lous bone (from the tiba) are packed mn at the joint hine
Closure 15 made mn layers and plaster applied from toes to
mid thigh Weight bearing in plaster begins at eight weeks,
and fuston 15 usually solid at ten to twelve weeks

E. Braces

Optnion concermung both maternal and construction of
braces vanes greatly We have the advocates of steel dur
aluminum or alloys heavy versus light construction ring
lock versus spring or bull locks stirrup versus caliper shoe
connections laced or strap and buckle thigh cuffs knee caps
or no hnee caps and a vanety of pelvic bands lumuted only
by the 1magmation of the prescribed, or the facilities of the
fabricator  Furthermore the paraplegic patient may be a
tempermental fellow who 1s inclined to blame huis farlure
to make adequate progress on the quality of the prosthesis
he 1s obliged to use Al these factors add to the confusion
of mind 1n the corps of people who are attempting to carry
on the program

Without resorting to absolute dogmatism perhaps one
might clanfy the brace situation on the following points

1 Standardization of brace matersals 1s desirable

2 Swndardeation of pomts snd locks s feasible and
desirable

3 Standardization of types and weight 13 as iflogical as
would be the standardzation of spectacles 1e the
ndwvidual must be fitted according to his physical
needs In most instances a2 heavy patient will requice
a more heavily constructed brace than the slender
fellow and the spastic will need a more ngid sup-
port than the flacad



338 INJURIES OF THE SPINAL CORD

In lesions above the mid dorsal ares, a back support at
tached to the lower extremuty braces with locking hip jounts
1s practically a sime gua non to ambulatton Many lower
dorsal 2nd most lumbar lesions have sufficent abdomunal
and pelvic stability to not require addtional support but 1
few will need a pelvic band or breeching strap A certain
number of cases acquire stabiity as tume goes on and
eventually get about well i lower extremuty braces only
The question of shoe attachment 1s somewhat mooted, and
here again the mdrvidusl must be considered The stirrup
type gives greater stabdity but adds to the difficulty of
placing the foot tn the shoe The caltper permits putting
an and taking off the shoe with ease and 1s preferable mn
most 1nstances

Concerning back braces unattached to the lower extrem-
ity supports the sumple quadrlateral with corset front 1s
apt to be quite as satisfactory as the more elaborate modt
fications The patient should be instructed 1 the ordmary
care of his apparatus including minor repairs and adjust
ments

In the matter of crutches the ordunary adjustable type
meets most fequirements rarely modifications may be
needed n case of upper extremuty impairment.

We may conclude that grven the benefits of professtonal
teamwork, the paraplegic patrent may be salvaged, and take
his rightful place soaally and economically
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It 15 estimated that at the cessation of hostilities there
were approximately 1400 paraplegic patients in Army hos
pitals This represents the largest number of such cases that
has ever been under the care of any one agency or institu
tion at the same time This group of cases provided an un
usual opportunity to make observations and carry out diag
nostic and therapeutic measures which heretofore were not
avarlable

These men have been salvaged by modern medical and
surgrcal skills which were not available during World War
1 Rapid and effiaent evacuation of the wounded measures
to counter shock sulfonamides, penicaillin and streptomyain
and greater knowledge of the nutrtional managgement of
of these patients have permutted many of these men to carry
an within their phystological lumitations who formerly would
have perished.

Studtes and observations were undertaken to determine
the general nature of the problems of the paraplegic patient
1 Army hospitals An attempt was made to outline same
of these major problems both medical and psychological
and consider the methods employed ta cope with the para
plegic pabient and his environment These studies were car

{339]
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ried out 1n an effort to contribute something that mught
be of value to those who will be charged with the care of
these paticats i1 Veterans Hospitals and cviban hife. If
these pattents are to be something more than a Iving me
morial to the skdl of the physiaan and the advances
surgery therr rehabilitation from this point on must be rec
ognized as an important challenge Suggestions s to how
best meet this challenge are made with due appreciation
that they are tentative and subject to change as we leamn
from experience

Investigation of the literature with reference to para
plegics yields hittle matenal that 1s relevant to the situation
with which we are confronted at the moment. Suggestons
for the care and medical treatment of the paraplegic have
been reported from time to time, but the present necessity
for the treatment of this relatively lasge group of cases of
both mditary and avilan ongin calls for greater under
standing and consideration of the individual as a whole.
This demand has stimulated the mgenuity of the medical
officers and certain techniques have been devised and have
been reported which will take precedence over those of the
pre-war era The psychological factors 1n adustment of the
paraplegic are recognized 2s an important aspect of the total
situation which has been completely overlooked heretofore

The group studied represented a fair sample of the Army
population i general It consisted of 228 male soldiers at
Halloran General Hospital and Thomas M England General
Hospital, 13 of whom were officers and the remaimnder en
listed men The ages ranged from 19 to 45 77 per cent of the
patients being 30 years old or younger General mental
ability of the group as determined by AGCT scores on
duction, was distributed normally ranging from low to high
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scores 10 typical fashton  Educational background ranged
from five years of clementary school to graduation from col
lege the preponderant majority of men having completed
ather elementary or high schoo!l  Over 5 of the men were
marsied  In approximately 3/ of the cases their prewar
enilian occupations required the use of their legs Of the
remamnder engaged 1n sedentary occupations about 1/ were
still students

All the cases were traumattc tn origen except for one case
of poliomyelitis and one of neoplasm Three of the pattents
were amputees as well two involving 2 lower extremity and
the third case an upper The duration of tiness at the ime of
study ranged from three to 27 months the average being
slightly over 914 months Approxumately six per cent of
all cases had been disabled less than six months 74 per cent
between six and 12 months and about 20 per cent for more
than 12 months

The cord lesions ranged from concussion to transectson
the levels of injury from the fourth cervical segment to the
sacral segments and including several cases of cauda equina
mjury There were 16 cases of mjury to the cervical cord
112 cases with injury to the dorsal cord and 55 cases with
injury to the lumbar cord The ratio of ncomplete to com
plete cord lesions was a little more than one and one half
to one

The group studied sncluded patients in the earliest stage
of recovery the intermedrate stage and the late stage In
the earliest stages are those patients confined to bed re
quning suprapubic or indwelling catheters treatment of
decubstus chemotherapy and nutritional management In
the ntermedsate stages are those patients who are able to be
out of bed for a large part of the day i wheel chairs and
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who are beginning to learn ambulation by means of crutches
and braces In the late stages are those patients who an
walk with braces and canes or with canes alone About 34
of the patients had erther reached or had gone beyond the
stage of beginnuing ambulation Almost all patients had
learned some self-care

The method employed m this studv consisted of psychiat
tric interviews of one to one and one half hours duration, con-
ferences with physicians nurses, attendants and techmiaans
engaged 1n the care of the patient Observations were made
of the group during daily activities daily rounds were made
with the attending medical officer nformal chats with the
patients and general informal socsl intercourse were all
employed to ehiat information Projectrve techniques were
attempted but discarded s being of less value than the direct
wterview A questionnaire for the expression of certun
opnions discussed below was also used 2t one pomt in the
study

The course of paraplegta can be divaded for conventence
mto three phases These are not distinct or well defined but
they tend to merge wmto successsve phases The first phase 15
that immediately following wounding and lasts for ap-
proximately six months This 1s the phase dunng which
shock and infection are combatted, decubitus ulcers form
and are healed nutmtional management becomes dufficult
and often great weight loss and manition occur Physio-
logical balance 1s difficult to establish espeaially where open
bed sores result 1n massive losses of serum protern and body
fluds Dunng tus phase the psychological facrors are in
vanably of such a nature as to exert a negatrvistic attstude
adding to the difficulty of sccomplishing the desired results

The second phase which lasts approximately six months
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1s that 1n which ambulation 1s begun measures to relieve
pamn mstituted and acceptance of the disability begins Tt 1s
dunng this period that motnation becomes most important
since the success or failure of future efforts depends upon
the attitude the patrent deselops duning this period

In the third phase which the patient enters usually be-
tween the twelfth and eighteenth month following injury
medical and surgical procedures become of lesser 1impor
tance and rehabilitation of greater tmportance  During this
phase the patient can care for himself to a great degree
He can get out of ted into a wheel chair without assistance
can spend most of the day without bemng confined to any
particular place go home for brief visits, and through one
means or another remain relatively free of soding with urine.
When his braces are put on for him he can walk around
with crutches moderately well although he 1s very uncer
fain on steps or steep inclines

The patsent who has been mjured less severely can 1n
this phase take care of most of his needs and 1s relatively
independent These patients who plan to return to school
cn face the future with equamimity The majortty of pa
tients however who were employed before the war in jobs
particularly those requiring the full use of their legs are
concerned about financial secunty and job placement

The chronic aspects of cord myjurtes which concern the
patients fall mto six major spheres mobility bladder func
ton sex function bowel control other physical complica
tions and future economuc status It 1s difficult to prognos-
ticate motor function 1n any one case even in those cases of
high transverse Jesions where much can be hoped for from
braces and crutches Until nutrition and weight are te
stored and the strength of upper extremity bach and ab-



344 INJURIES OF THE SPINAL CORD

dominal musdes fully developed it would not be sound to
give a bad prognosis It 1s during this period that the pa
tient should be instilled with the wdl to recover and the
destre to walk again and to overcome hus first feeling of
dismay end discouragement when he discovers what an
arduous and difficult task Lies ahead

By means of rubber urmnals Cunntngham clamps ath
letic supporters automatiaty and other techniques he can
manage some degree of control over his urinary output The
psychological aspects of these substitutes for normsl bladder
control must be weighed carefully and discussed with the
patient He feels very self-conscious 2ad unless he 1s grven
an opportuntty to discuss his feelings he will seldom volun
teer information His fears are readdly verbalized, however
and easily overcome by rationalization suggestron or per
suaston

The bowels offer less difficulty since most pattents de-
velop constipatton which must be treated with enematz,
supposttories or mild lexatrves  Possibly some automatic
bowel control can ke anticipated

Probably all paraplegic patients will find some change
in sexual function Those with the least damaging jurses
describe a diminution 1 sensation and less persistence of
erecion  Others who lack bladder control find they vord
mather than emit semmen  Some with transverse lesions can
have erections and sexual contact although they experience
po gemtal sensation Much remains to be learned of the
sexual funchon in paraplegia  Artifical mseminstion, for
example, may offer hope to & married couple destrous of
having 8 child  Adopting of chuldren should always be
gven consideration as 1t well may prove a very satisfactory
solutton of that problem of the msrried group The emo-
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twonal \alue of gung expresston to secondary erogenous
20nes must be mvestigated  Most single men do not intend
marnying  However, there 15 no reason to believe that mar
rge based on mutual undetstanding and need and wilhing
ness to forego the sexual act may not be successful Al
though this can be now of small comfort to the paraplegic
patient 1t can be resenved for future consideration

The other physical complications cadental to paraplegra
are of great concern to the patients Recurrences of bladder
infections the tendency to stone formation breaking down
of repaired decubitus ulcers, intercurrent mfection att con
tribute to his rumnatne obsesston with bodily functions
These complications require skillful medical and surgical
management It can be expected that as the body becomes
stabilized the physiological complications will become less
marked and those which persist can be more readtly accepted
However st best they will always be present even 1f reduced
n number and intenstty 1t 1s an extremely important part
of therapy to help each and every indvidual patient to learn
how to Ine with these handicaps with the mimnimum amousnt
of nconvenience and resentment

The majorsty of these patients if they make any attempt
to formulate future plans fad to deal with the reality of the
Situation and overlook the limitations imposed by their
handicaps  All too frequently they plan to engage 1 occu
pations that are totally mcompatible with the residual physt
al disability Duning the early stages of the rehabilitation
program they are disinclined to make any plans whatsoever,
and actually indulge themselves 1 a world of fantasy Swce
one must accept the postulate that a happy life 1s also & full
and productive Iife 1t 15 obvious that every effort must be
made to contribute something to these men above and
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beyond the privilege of a lewsurely existence There appears
to be an intellectual appreciation of this need which they
find difficult to face frankly and unwillmgness to take the
essential steps to bring 1t about.

The type of onsect 1n paraplegia is of considerable psycho-
logical importance The symptomatology and incapacty are
violently incurred and are at their height at the time of
jury A reasonable expectation can be held that the con-
dition will not become worse with ime The non-progressive
ness of the traumatic njury, as compared with a chronic
degenerative disease such as multsple sclerosis 15 certinly
an tmpottant factor in the adjustment of the patient He s
not necessarily subjected to the extreme emotional swings
which occur with the remussions and exacerbations of an
active discase process At the same time he 1s denied the
opportunity to rationalize and digest the psychic trauma asso-
cuated with the physical disability The psychologiaal situ
ation of the man suddenly and unexpectedly incapacitsted
by & gunshot wound 1s quite different from that which con
fronts the patient suffering a spinal cord disease which 1s
mnstdious 10 sts onset. The cgo must absorb at one tme
wounding shock, infection, prolonged dlness, as well as
cappling of the body sex functions and bladder function
It 1s therefore not surprising that the personality 1s subjected
to & serious psychic trauma This realization aan not be
reached without profound disturbance of the ego or without
constderable situational depression

These men prior to wnjury were finely tramned 1n ex
cellent physical condition and totally independent Con-
currently with the injury came total dependence, dependence
upon others for transport sustenance, and of the disposal
of bodily excreta Despite the fact that they found them-
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sehves mfantile in therr dependence psychiatric syndromes
wn the usual sense of the word are not present

Although there 15 no personality trend or pattern which
15 charactenistic of the group 1t 15 true that almost half of
the patients reveal some mantfestation of depression erther
episodic or prolonged Tlus 1s always situational and re
lated directly to concern over the disability There 1s no
significant difference 1n reaction between those who had
been injured 1n the performance of duty and those 1njured
accidentally  Nor 1s there any significant difference in those
who had been injured along with several others as accurs 1n
battles mine acadents fires etc and those who were m
Jured s hule alone as might occur 1n an automobile acardent
Loss of consciousness at the time of njury did not alter
the resulting picture These patients are not disposed to
express or show evidence of guilt feelings over the mjury
and few project the blame upon others Most of the pa
tients are inclined to consider themselves lucky to be alive
Only occastonally do patients mdicate that they are ashamed
of ther physical appearance

In general the reaction to the disability 1s better in those
patients 1n whom the pretraumatic personalities were sound
Patients whose pretraumatic personalities were characterized
by extraversion high feeling tone and little intellectualization
reacted well to the disability Patients who were part of a
stable closely knst famuly constellation reacted well to the
disabdlity especually sf the patients played & minor dependent
role n the family Patients whose pre traumatic personalities
were characterized by intense personal effort and ambition ex
penenced greater difficulty 1n adjustment They became de
pressed easily by slowness 1n progress and readily gave way
to anger and tritability  Pattents 1 whom psychopathsc
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traits were dominant reacted most poorly to the disability
This group was most demanding least understanding of
the needs of others and most subject to frustration Thewr
behavior was likely to be charactenzed by episodes of tan-
trums profanuty and abuse of the nursing and attending
staff while 1n the hospital and marked 1entability with the
family when at home

Notable 1n the adjustmental process of these patients 1s
an increase 1n their feelings of dependence upon others The
grossly debiitating nature of the injury establishes mitially
the necessity for dependency but soon this tends to persist
beyond the limuts of medical necessity and appears rather
as a personality phenomenon 1n itself  Although the patient
does not recognize and consciously accept the fact that much
of his former world now has to be mediated through others
he has inescapably come to lean upon others even more than
his disability requires The hospital 1s regarded by many as
the one dependable refuge where therr needs are best under
stood and most completely satisfied It 1s not uncommon to
find the patrents i mulitary hospitals even more distutbed
than resentful when they overhear conversations among duty
personnel about being discharged They fear they mught be
abandoned and not infrequently show marked disturbance as
a result of changes in the personnel who attend them Thus
may be related to a doctor nurse or some member of the
family who 15 temporarily leaving the home for a vacation

Although the hospital satusfies this general insecurity
and dependence proximuty to home 1s 2 factor probably of
equal importance Recerving frequent visits from their fam
1ly and, in the case of ambulatory pattents going home for
weekends also offer the patient the emotional solace of easy
transference and identification However this 1s not free
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from psychologrcal hazards The patient's reactions to ob-
viously over indulgent pity and regard whether it be from
parents or from people i general, 1s not a pleasant onc
It 15 as though the patient reacted not to the pity offercd
him but rather to its implications namely the disastrous
and hopeless nature of his predicament  On the other hand
he reacts just as unfavorably to neglect and disregard Al
though 1t would be extremely difficult to prescribe a formula
for appropriate family behavior and attitudes toward the
paraplegic, general tact can not be overemphasized

Perhaps the most outstanding single expresston of their
dependence 15 revealed in the way these patients consider the
future At least half of them tend to reject completely any
serious attempt to plan for the future Others who are will
ing to discuss the problem are firmly convinced and express
the oprnion that they believe 1t 1s too early to make plans
when the final outcome of their case 1s still to be determined
This complete absence of any attempt to solve the problems
of occupational adjustment and lack of interest i the future
development of their economic security appears to be asso-
cated with their implicit acceptance of themselves as privi
leged characters whose mamntenance will be accomplished
by bosputalization, compensation and perhaps a solicttous
famuly Among those who have given their future plans
s0d adjustment to life any consideration whatsoever the
more aggressive or outgomng personalities cling to therr de-
pendence by wishful thinhing and fantasy They are disposed
to daydream about some fantastic scheme a fairy god
mother or some mythical business partner who will arnve
on the scene and from whom financul security will be
achieved

Many of these men express a willingneses to accept =
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traits were dominant reacted most poorly to the disability
This group was most demanding least understanding of
the needs of others and most subject to frustration Thewr
behavior was likely to be characterized by episodes of tan-
trums profanity and abuse of the nursing and attending
staff while in the hospital and marked wrritabidity with the
farmily when at home

Notable 1 the adjustmental process of these patients 15
an increase 1n thetr feelings of dependence upon others The
grossly debilitating nature of the njury establishes snitially
the necessity for dependency but soon this tends to persist
beyond the lumts of medical necessity and appears rathet
as & personality phenomenon 1n 1tself  Although the patrent
does not recognize and conscrously accept the fact that much
of his former world now has to be mediated through others
he has inescapably come to lean upon others even more than
hus disability requires The hospital 15 regarded by many as
the one dependable refuge where their needs are best under
stood and most completely satisfied It 1s not uncommon to
find the patients 1n mulizry hospitals even more dusturbed
than resentful when they overhear conversations among duty
personnel about being discharged They fear they mught be
abandoned and not infrequently show marked disturbance as
& result of changes mn the personnel who attend them This
may be related to a doctor nurse or some member of the
famuly who 1s temporanly leaving the home for a vacstion

Although the hospital satisfies this general tsecunty
and dependence proximity to home s a factor probably of
equal importance  Recerving frequent visits from ther fam
dy and 1n the case of ambulatory patients gomng home for
weekends also offer the patient the emotional solace of easy
transference and identsficatton  However this 1s not free
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One notable exception to their fechings of dependence
corcerns their attitude towards marriage  Although most
of the patients remain silent on the subject those who do
discuss 3t obviously continue to regard the woman as the
non-dominant dependent partner 1n the marriage relation
ship even though they recognize the enormous help a wife
could offer them n their present condition

Although frustrating experiences of the patient may vary
from the most trnial shight to a complete bloching of a
vaniety of destred goals, probably the most frequent and most
mportant of this type occurs i connection with daily rou
tine activiies Typical of these as observed m hospitals 1s
having experiences where they have to wait their turn for
something or other being refused what they want dissatis
facton with meals lack of attention from the doctor or
nurse, or some member of the family The reactions to these
frustrations vary with the personality of the patient But
usually behavior of this type 1s found 1n the more immature
and more dependent, and occurs with greater frequency
Emotional lability ss the cause of many unpleasant scenes
The lack of normal emotional control 1s again evidence of
& certain regression that 1s associated with dependency  Co-
tncidental with their ncreased feelings of dependency there
appears proneness to become aggressive There may be out
bursts of mage, temper tantrums excessive irritability 1m
Potent anger brought on by frustration of aims Any evi
dence of indifference on the part of those responsible for
care 1s mvanably exagperated by these patients and bnngs
on bitterness depression and temper displays One patient
1.2 fit of rage threw his urinal another became negativistic
and refused to est. Still another patient who was refused a
hypodermic sulked and would not get out of bed for his
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job within the next year or two or they want it to be near
therr home they expect to earn big wages, and most of
them entertain an rdea that their recovery will be well
beyond what the facts of the situation justify  As one might
expect there 1s considerable variation i the attitude of these
men and there are those who plan therr adjustment to the
future along more realistic lines Some of them express
the destre to start right (n learming a new vocation They are
eager to embark upon some plan of traiming which will
prepare them for speafic avilian jobs Inzsmuch as most
of these men recerved theur disability during military service
where the question of compensation 15 an mportant factor
the major obstacle to reslistic thinking about the future
terms of the development of relative independence 15 the
patient s raptdly growing uncertainty and anxiety about what
he may expect from the government i the way of compen
satton The amount of disahdity compensation and its per
manence are sources of deep concern to hum  Either con
scrously or unconsciously he 1s afraid that every encouraging
sign of medical progress will bring 1n 1ts wake decreased dis
ability compensation The more progress he shows the more
he feels thrust upon hus own without any adequate guaran
tees from the government upon which he can depend

With the medical picture as involved as one finds in the
paraplegic and the patients realrzation of the difficultres
of competing ta the open labor macket it 15 casy to appre
ciate the patients fear of strreing i the direction of re
covery and independence This consequent conflit which
arises between the desire to reach maximum mprovement
and his tendency to ding to his economuc security 1s 2 sertous
barrier 1n creating the motivation which 1s essential to the
best therapeutic results
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One notable exception to their feelings of dependence
concerns their attitude towards marrage  Although most
of the patients reman silent on the subject those who do
discuss 1t obviously continue to regard the woman as the
non-dominant dependent partner tn the marnage relation
ship even though they recognize the enormous help a wife
could offer them 1n their present condition

Although frustrating experiences of the patient may vary
from the most tavial slight to a complete blocking of a
vatiety of desired goals probably the most frequent and most
important of this type occurs 1n connection with daly rou
tine actrvittes Typical of these as observed 1n hosputals 1s
having expenences where they have to wart their turn for
something or other being refused what they want, dissatss
faction with meals lack of attentron from the doctor or
nurse or some member of the family The reactions to these
frustrations vary with the personality of the patrent But
usually bebavior of this type 1s found i the more immature
and morte dependent, and occurs with greater frequency
Emotional lability 1s the cause of many unpleasant scenes
The lack of normal emotional control 1s again evidence of
a certain regression that 15 assocated with dependency Co-
incidental with their increased feelings of dependency there
1ppears proneness to become aggressive There may be out
bursts of rage temper tantrums excessive rratability 1m
potent znger brought on by frustration of aums  Aay evt
dence of indifference on the part of those responsible for
cre 15 invanably exaggerated by these patients and brings
on bitterness depression, and temper displays One patient
1n a fit of rage threw his unnal another became negatvistic
and refused to est Stll another patient who was refused a
hypodermic sulked and would not get out of bed for his
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excrcises It 15 easy to recognize that certain of these patieats
react like spoiled children and express theur resentments and
grievances 1n an unrestrained manner

Another common sousce of frustration 1s the great diffi
culty the patient soon experiences in connection with learn-
g to use braces and crutches He frequently loses nterest
when his progress slows down and develops a protectve
apathy 1 his childish rejection of the major goal It 1s 2
real problem to mamtamn a high degree of motivation
among these men Patients who begin courses of training
also frequently lose interest and 10 general may be sud to
show an 1nability to concentrate and hold thesr attention to
any one thing for any length of tume

It 15 probably safe to say that most of these patients believe
that some day they will enjoy a complete recovery of ther
lost functions They chersh this undying hope and 1t 15
nurtured 1n several ways

In contrast to the amputee who 1s confronted with the
visual fact of loss of an extremuty the paraplegic sees his
legs and knows only that they do not move Sensory changes
are interpreted wishfully The appearance of pain, pre
viously regarded as unpleasant 1s now welcomed as a sign
of returning function It 1s so very dufficult for medical
officers to make an accurate prognosis that so far as the
patient 13 concemned, the future remains always pregnant
with the possibilities of improvement The future, 1n short
1s not definttely outhined, it remamns structureless and thus
provides the patient with a fertile ground for the projection
of his wishes

This fentasy of future structural integrity 1s nurtured
not only by the mability to provide the patient with s de
pendable prognosis but, paradoxically enough also by
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prognoses at either extreme of the optimism pessimism scale
The over-optimistic medical officer who places a premium
on the patient s present comfort rather than future adjust
ment to the incapacities he will suffer obviously encourages
the self-deceptn e process already begun by the patient him
self On the other hand a hard bitten medical officer who
nght from the start declares flatly to the patient that he
will never walk agamn frequently has an equally encouraging
effect on the patients rationalizations about the future
Should such 2 prognosis be wrong and some small gain
motor power be achiesed the patient at once develops the
belief that if the doctor was wrong 1n any one prediction he
must be all w rong and that complete recovery ts now possible
It appears that the presence cven of only one such a case
1s enough to infect a whole ward with such over-optimistic
rationalizations

The imbeddedness of these unrealistic attitudes about
their capacities 1n the future reveals itself also as patients
begin to ambulate again They resist the use of the swing
through gait because they never walked that way before
Sumilarly when they are gnen demonstrations or shown
movies illustrating the technique of brace and crutch walk
g they are impressed not so much by the fact that ambu
lation has been attaned but rather by the awkwardness of
the gait The distastefulness of the reality situztion 1s ex
pressed by resentment on the part of the patient when
confronted by someone who has been walking 1n this fashion
for years

The patients dependence upon time rather than effort
for hus improvement 15 still another expression of his autistic
thinking  He tends to believe that time stself will result in

the recovery of lost functions  If I knew I were not going
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to get better I would work harder on my excrases 1s the
typical attitude. The lazy confidence the patient places in bus
hopes and expectations 1o many cases militates against the
energetic, highly motivated adjustment necessary to realze
—even in part — these desires It 1s by no means auto-
matically or willingly that the pattent accepts hus period of
exerase or mat work There are many psychological hurdles
which the doctor nurse, physical mnstructors and other
personnel have to overcome before the patient is well em-
barked upon the rehabilitation program

Inasmuch as the overall care of the paraplegic 1s so de
manding contnues over such a long period of time, and
requires a large number of highly skilled specialists the
utial care for these patients must of necessity be organ-
zed with the hospital as 2 base of operation and other
aspects of the convalescent program, such as recreztional
and occupational actrvities be tnitiated from the hospital
1t 15 therefore necessary to give consideration to the persons
who for the patient represent soctety and to the physscal
structure of the surroundings which represent a substitute
home for these physically handicapped individuals for a
perod covering many months There 1s no more important
part of the convalescent program than that of providing
2 healthy psychological atmosphere for this structure so
that 1t will contribute to the pattents morale and grve
assurance of his maximum cooperation.

Personnel assigned to paraplegic wards should be very
carefully selected The positive and negative effects of nurses
and attendsnts upon patients are too well known to be re
peated here The effect the patient may have upon the atten-
dant, however 1s not so well recognized It 1s a distinct
emotional shock to meet with and care for paraplegic pa
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tients This 1s usually expenienced as a hind of depression
One hears expressions such as 1 feel as of Im carnying
around a heavy weight  One person described anorexta for
several days after assignment to a paraplegtc ward  Others
admit eas rritabihity or a complementary attitude of ex
cessne sympathy This shock wears off as the understanding
of the conditron 15 integrated into the psyche and as rapport
1s established with the patients The nadvisability of fre
quent changes of personnel s thercfore apparent

The obligation of the physician to the patient goes be
yond specialized medical care  Although the most shilled
neurosurgery gentto-unnary surgery, plastic surgery med
1l and nutritional management are obviously essentral
there 15 a danger that the sum of these parts is taken to be
the whole 1t 1s not sufficient to provide the most competent
specialists  An understanding physician to marntain lizison
18 still necessary The patient must be treated as a whole He
needs someone with whom he aan talk over his problems
and on occasion he requures the assistance of a traned psy
chiatrist

The ward surgeon who comes 1n daily contact with the
patient should be carefully selected He 1s required to apply
urological aeurosurgical and orthopedic techniques under
the gurdance of the attending physicians He must be ot
ented mn the field of psychosomatic medicine and possess
a working hnowledge of dynamic psychology He must
know his patients sufficiently well that he can comprehend
the complex play of emotional colormg m his daily life
He should be assisted by well tramed social worhers

The Hospital 1t 1s antictpated that not many patients
will reach such a degree of mmprovement that they will be
mmlely lﬂdtpcnd:nt of the hospxtnl Recurrences of
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bladder imnfections formation of renal and bladder caleuly,
development of bed sores neuritic or causalgic syndromes
will require repeated hospitalizations Even illnesses which
are not unique to the paraplegic such as cardiovascular dis-
cases anemia and surgical conditons, should logically be
treated n the paraplegic center since these patents will
always require a different type of nursing and medical care
than the non paraplegic patent One would hesitate en-
trusting a paraplegic patient with coronary disease to per
sons not well acquainted with the complications mcidental
to paraplegra Since past medical hstory 1s of such impor
tance it would be hoped that the patient could be hospitalzed
where his record 13 known.

It may be expected also that the faalities for traming
patients n specific occupations will find continued use long
after the patrent 13 discharged when a change 1n occupation
becomes erther desirable or necessary

The hospital therefore, should be designed not only
for the immeduate end of returning the patient to cvilizn
life but also for making 1t possible for him to remarn
avilian life and pursue & frutful productve and happy
existence

The question of the desirability of one paraplegic hos-
pital centrally located to the majonity of patients over several
regional paraplegic hospitals requires careful study Pa
tients want first of all the best 1n surgtcal and medical care
They want to be so located that the best medical talent 1s
available to them However the best 1s not of necessity
the best known Nor 1s ahility to handle a medical problem
the talent of a few ndividuals It 1s entrrely concervable
that equally good doctors and surgeons can be found for
several p.unplcglc hospitals as for one paraplegic center
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Proximity to home 1s a desirable feature It can be an
ticspated however that m time this will be of lesser 1m
portance to the patient than it 1s during this stage of his
tllness which has usually followed rather fong scparation
from home Nearness to people 1s probably of more 1m
portance than proximity to home Patients want to mingle
with people, they want to to be near and be able to share
n normal activties shops theaters and restaurants There
will be 2 continued need for accessibility of the hospital to
the patients and to therr wies and families and also
2ccessibility to mexpensne housing

The building selected for the hospital should erther be
designed especually for paraplegics or tf converston 1s con
templated should be adaptable to the considerations which
are unique to this group

Patients should be able to dnve their cars mto the hos
pital stself or mto a courtyard with ready access to ramps
and elevators These should be wide enough to permit easy
movement Doors leading to and from the building should
be controlled by an electronic device

Pattents rooms should be semt private Private rooms tend
too much to wsolatson, w hereas rooms housing more than three
patients are noisy and full of distraction The extensive
use of glass for the walls of various rooms tends to counter
act the feeling of confinement that frequently comes with
hospital Life The bed should be lower than the hosptial type
bed so that patients can get nto 1t from wheel chairs with a
Muumum of danger and difficulty The rooms should open
lnto 2 communal day room equipped for recreation and
socal purposes This should have hand ratlings at strategte
intervals Smaller rooms should be provided for classrooms
shops music rooms and other esoteric pursuits  An adequate
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gymnasmum with knee-level mats parallel bars stall bars,
steps of different types traffic lights ramps and all necessary
gymnastum equipment should be provided

Other features which should be considered include book
shelves accessible to wheel charrs dinung tables and writing
desks under which a wheel charr may pass floor lamps
puanos record players pool tables game tables telephones
conventent to a wheel chair patient The latrnes should be
provided with wide doors clectroncally controlled, wash
basins which can be used by the wheel chaur patient and
showers for siting patients The height of the stendard
torlet bowel 18 satisfactory Hand railings should be pro-
vided to facilitate use

The hospital butlding should house the shops and tramn
ing sections What types of trawning to offer will demand 2
good deal of study The shops furthermore must be flex
ible enough so that new projects can be instituted and less
necessary projects discarded Certamly the hospital should
be able to teach business practices banking radio and elec
tronics  drafting and mechanical drawing watch making
and repair and other vocations which are compatible with
wheel chair performance

The staff for this school should be drawn from the
faculties of the best business and trade schools availsble
Ouly 1 this way can one be sure of getting the services
of the best mstructors

The hospital rather than being an ssolated unit mught
well be & part of a general hospital In such a case the same
considerations must be observed, that 1s 1t must be planned
cspcaallyforthetypcofcucltwdltrcm As part of 2
general hospital the obvious advantages are the elimination
of any possible feeling of abandonment and the saving of
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personnel The disadsantages to be werghed are the fact that
the paraplegic service might be looked upon as an unwel
come subsidiary of the general hospital and might suffer
accordingly

The paraplegic population 1s static and wil not be
substantially snceeased The group as a whole will consist
of patients tn a relatrvely similar condition just as 1t has i
the past with quantitative and not qualitatwve dilferences
Just as 1n the past all the patients incurred the disability at
selatively the same time and passed through the stages of
treatment of shoch and snfectron the beginnings of ambu
lation, bledder automatiaty and attinment of self-care so
too will they complete their convalescence and together go
on to the development of economic independence Together
also will they later suffer relapses and require repeated hos
pitalizations

This maturation of the paraplegic patient requires a con
stantly changing program af recondittoning and rehabiita
tion to heep pace with the changing needs It also necesst
tates antiaapatory thought to insure that those concerned
with the management of the patients are not found unpre
pared for newly ansing demands

The person n charge of reconditioning should be thor
oughly experienced 1n the field of medical rehabilitation
His medscal knowledge should snclude hnowledge of neuro-
surgery urology bacteriology nutmtion physical therapy
psychtatry and modern educational methods More than
any other person he must possess vision breadth of view
powt and ntellectual curiosity It 15 hus task to make «t pos
sibfe for the patient to progress smoothly from phase to
phase until finally he 1s properly placed vocationally and
readjusted to soctety His tash will not be finished then,
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however for he must follow hts patients and when they

return to the hospital crittcally evaluate his methods and

when necessary provide new tranmng techniques as indicated
The aims of recondttioning are four

1 To brng about the maximum mmprovement 1n physt-
cal tone and to promote ambulation #ad phystcal 1
dependence

2 To wsure that each patient reaches the highest degree
of self-care

3 To provide lum with occupational training m the
occupation for which he 1s best fitted

4 To assist him 1n the handling of personal and psycho-
logical problems

This drvision should consist of four Sections Physical
Medicine, Occupational Therapy Education and Persomal
Services

The aims of the Physical Medicine Section are

1 To provide a program of physical recondittoning
for bed patients as well as for ambulatory patients de
signed to reduce spasm remove functional disabilitses
improve muscle tone and volume and provide muscle
re-education

2 To give wnstruction m ambulation

3 To provide means to motivate patients concerning the
destrability of physical reconditioning

4 To trun 2 staff of persons engeged 10 physical re
conditioning 1 the problems unique to the paraplegic
patient

The Occupational Therapy Section will work 1n close co-
operationl with the Physical Medicine Section  Its purpose
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15 to provide both dn ersional occupational therapy for short
periods of time to patients who are unable to contmuc 1n
vocational traiming and to provide functional occupational
therapy to 1improve the functions of joints and muscles The
functional program ts by fac the more important  Care must
be taken to mnsure that patrents who can be better employed
do not divert their whole interest and time to hobbies and
crafts which have no industral value

The Educatronal Section should be designed to offer
techncal and vocational tratning commensurate with the pa
uents physical condition, prognosis aptitudes abilities and
mterests This Section must work i close liaison with the
Personal Senvices Section and with the physicrans in charge
of the patient

Much has been learned about adult educztion in the
Army Schools and the Convalescent Hospitals of the Med
1cal Department This hnowledge can be put to good use in
the management of educational problems which are different

from those found elsewhere Constderation must be grven
to several factors

1 The wide range of aptitudes interests intelligence
levels and previous traming

2 Frequent absences because of relapses or medical
treatment

3 The physical status bath present and futuce of the

patient.

The varble demands of industry which may require

shifting of emphasts from one subject to another

To meet this situation teaching must be indrvidualized
and 30 arranged that the patient may progress at his own
rate Several schools have been organized along these lines
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recently and 1t 1s believed that what they offer will be of
value

The Personzl Services Sectton will be concerned with
all those personal, social economic and educebional factors
which make each patient an ndrvadugl This Section must
determune the psychological assets and liabihities of each pa
tient, his aptitudes intelligence level, interests and problems
It must ascertain from the patient s physican what hus physt
cal assets and lizbilittes are and determine how best to fit
hun into a productive niche 1n society It must survey the
employment field to learn what types of jobs the patient cin
obtain so that he might be trained for that type of work
It must work 1n liatson with the Education Section to sure
that each patient recerves trauung conststent with hus abilrties
and the opportuntties avaiable to him. It must be familar
with the patient s home, his family and must be prepared
to assist 1n modifying unfavorable factors here Finally 1
must be able to cope with poor motrvation the depression
and apathy so common to the paraplegic, his frustrations
and hus unreal type of thinking

Thus Section will therefore consist of 2 Mental Hygreae
Unit of psychuatusts psychologists and social workers, 1
addition to personnel and employment specialists It will
be the function of this Section to obtan through survey
favorable job opportunities for the patient, to motivate him
towards this goal and remove those factors both personal
and environmental which inhibit motrvation to mnsure that
he obtans the tramning needed for the job and finally to fol
Jow him 1 the job for a sufficiently long pertod of tume
to 1nsure success

The usual home 15 not adapted to the needs of the para
plegic patient Narrow statrways narrow doors, small bath-
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rooms and other featurcs which are entirely satisfactory to
the well person may present hazards to the paraplegic which
deter lum from making full use of those assets he has re
tained An spartment house with an elevator may be some
what simpler for him but over half of the patients Ine in
private homes or flats which are not so equipped It be
comes necessary, therefore to inquire mto the modifiable
factors of the home to see whether phystcal changes are feas
ible Several patients plan to build their own homes and this
will requice careful planning It would seem advisable for
an architect to study the needs of the paraplegic pattent so
that he can design a Innable house.

Steps should be eliminated as far as possible and re-
placed by ramps Doorways should be wide Tables and
furniture should be designed with the paraplegic patient 1n
mind Many of these patitents will not marry Unless they
live at home with parents they will therefore, be required
to cook and perform other domestic duties The kitchen will
require special treatment. Sinks cabinets and stoves must
be designed for the special needs of the paraplegic. Most
of the features described as important for the hosprtal can
be adapted for the paraplegic's home

Many pattents have already found thetr homes macces
sible If they live on the second or third floor of a flat ot
tenement they must be carried up and down stairs It 1s not
difficult at this tume while the hnowledge of their sacrifice
1s still fresh 1 the mind to find someone to do this There
will come 2 time however when it will be less easy to obtarn
this 21d and they wilf then find themsclves isolated to a
greater and greater degree The problem of housing, there-
fore, becomes & social sesponsibility and it becomes the
responsibility of whatever agency assumes the care of the
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paraplegic This may require obtaining ground floor housing
for pattents and paying the differentsal rental Or 1t may re
quire building for the patient until such time as he 1s self
supporting and can assume the obligatron himself

Since paraplegia 1s usually the result of violence com-
pensation and pension considerations anise tn the majorty
of cases This brngs up the peculiar but understandable
compensation neurosss Many evidences are seen of pa
tients unwilling to make an effort to improve thetr conditon
because thus 1 their nunds nevitably would be followed by
& lowening 1n disability pension and consequent lessened
secustty A patient for example, fears that if his bladder
functron changes from complete lack of control to one of
automatiaity with relative dryness he will no longer draw
pension disabuity for this Since such an mmprovement to
bladder function may alleviate his condition very little he
aan sec little advantage to humself m its attainment Such
an attitude 1s understandable The patient faces 2 hostile
world at a complete disadvantage, minus mobility and mrnus
the dving force of libidinous impulses whuch help to motr-
vate the unmnjured person  He must fall bach upon modes of
behavior of a less mature level Loath to accept a role of de-
pendence hus physiological demand for survival necesst
tates acceptance

An attempt has been made tn this study to survey raptdly
and yet carcfully the problem of paraplegia resulting from
the second World War and to view 1t not solely i the
present aspect but also n its projection mto the future
Facts and findings have been combmned with rdeas hopes
and in some 1nstances, speculations It 1s not suggested that
this plan we have described should be considered the final

answer in paraplegia.
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It would be unfortunate however 1f plans finally made
to cope with this problem are made from preconcen ed judg
ments or on the basis of experience with other types of pa
tients A careful first hand evaluation of the sttuation should
precede conclusions It has keen pointed out above that the
Iterature does not offer a solution to the long term manage
ment of this group of chronic disabled patients This 15 not
because we have not for years had to face the problem of
the management of the chronically disabled but because
for the most part domiciliary custodial care mixed with an
ar of general defeatism and negative values have predom
nated Capitalizing on remawning assets has been subord:
nate to managementt of persistent labilitres

Fortunately this has now been replaced by & dynamuc

approach to the problem which already has demonstrated its
usefulness
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