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FOREWORD

This book fs the natural outgrowth of our rather exten-
sive cxperienco in discussing the management of mass
casualtics before many audicnces large and small, civilian
and military, professional and lay Colonel Hughes par
ticipated in the original course in Management of Mass
Casualtics given at Walter Reed Army Medical Center §n
January of 1854, and he gave several of the Jectures from
that time forward. I was selected as a Student Discussor
at this first course, later helped plan the course given
periodically at Brooke Army Medical Center and gave
scveral of the lectures in cach course given there until
being assigned to Tripler U S Army Iospital in Septem-
ber of 1958 When Colonel Hughes joined me at Tripler,
we pooled our cfforts and under the ausplees of the Ter-
ritorial Civil Defense Agency and Dr Richard K. C. Lee
inparticular we have put on a symposium fivo times on
the island of Oahu and once cach on the island of Mauf,
Kaual and Hawaif. The response to these meetings as well
as to those where we have spoken to clvil defense groups
fn various states on the Mainland scems to indicate sufft
clent interest to warrant this publication,

It should be distinctly understood that wo speak only
for ourselves and do not neceswarily represent the
thoughts or policies of the Department of Defenso or any
other agency of government. Wo acknowledge the in-
fluence, both pasitive and megative, of the many other
speakers with whom we have shared the platform but
have formed our own opintons, have crystallized our
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thoughts and have thought through the problem to what
we feel 13 a logical conclusion. Time may prove us wrong
but we accept responsibility for the ideas expressed. An
old Cheyenne Chief is reported to have said that it is
better to have less thunder in the mouth and more light
ning in the hand. At the present ime when all anyone
can do is urge and advise, we are full of the thunder of
words with none of the lightning of acHon. It is our fer
vent hope that nothing more than thunder will develop
but if a storm should arise, we sincerely hope that every
one will know what to do and how to do it. If we have
assisted in this the book will have served its purpose.
‘We are indebted to all those whose ideas we have as-
similated, to Mrs. Harriet Nakamitsu who has typed all
the correspondence and the manuseript and to Mr
Charles C Thomas who saw the advisability of this publ-
cation.
Warnen F Bowress
Colonel, Medical Corps
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INTRODUCTION

Many difficult problems beset those who try to discuss
the treatment of mass casualties Not the least of these
difficultics is the fact that there are no experts to whom
we may turn because no one has had actual experience in
dealing with the mass casualties of a nuclear disaster For
this reason {t is casy for falsc prophets to arise and pro-
pound all manner of confused and confusing statements as
to what will happen and what should bo done. There has
been a disturbing tendency for sclentists to speak for pub-
lication concerning matters entirely removed from thetr
field of knowledgo and competence with the result that
fears and anxieties are compounded needlessly It scems
sensible to us to rely on combat experience and on ration
alizations from civilian disasters, realizing that since we
have halved the martality rate of the wounded in action
during each war since the Crimean War, surgery of trau
ma must be on a sound basis As long as human flesh and
organs remain in thelr current type of structure and show
the usual reactions to injury, we cannot expect new and
different types of Injury for treatment. This means that
injurles will be the samo old types with which we are
familiar and with which we have had such good results
in the past. The only new factor added is tho element of
time and even this is not absolutely new because in battle
casualty wark, many times there are more casualties than
can be encompassed immediately In mass casualty situn
Hons, the extremely large number of wounded individuals
must be cared for by e decreased number of trained per-
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4 Surgwal Philosophy m Mays Catualty Management

sons with Umited supplies. This means thercfare, that our
main problem {s to modify treatment so that meagre facill
ties may be made availabls to as many casualties as pos-
sible, using our resources in the case groups whers the
best return can be realized. This, also {s not new to mili-
tary surgeons who are accmstomed to working wnder
adverse physical circumstances, often with insufficlent
facilities It has been stated that military surgerv attempts
to do the most good for the greatest number at the right
time and fn the proper place. This npplies to surgery for
muass casualties with the added stricture that needs will be
greater and available resources more scanty The militery
surgeon attempts to maintatn and preserve to the fullest
extent ell of the accepted principles of surgieal policy and
procedore, treating all casunlties correctly and with good
judgment even under the restrictions of military necessity
These same principles pertain in & mass casualty situation
except that we must abendon such concepts as “maximum
care ” “university hospital standards” and the thought that
frills and nicetles cen be preserved. Our thought must be
to suve as many lives and limbs as posdble with the facili-
tes nvaﬂabla, doing enough but nothing more than the
bare ded to plish the desired result.

Wemutboextremelywefultoavu(dtbeatﬁmdednt
nothing can be accamplished and, therefore, nothing need
be attempted. Contemplation of the cass Joad of a miflion
casualties {s 30 unrealistic that we need not face this fm
possible hurdle. Never will there bs enough littens
bearers ambulances roads and space to amass such a case
load in the first place and to ask doctors to make plans
for ruch ev artificlal situation tovites the philosophy of
defeat. No big problem ever is solved at once in its en-
tirety but woe attack segments of the problem until the
whols i3 encompassed. In like menner we can treat
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ality, recognize the problem, make flexibls plans and base
concepts of treatment on current basio surgical principles.
Subsequent developments may make necessary soms
modification but no drastc changes in fundamentals,
Major General Willlam F Dean has said that self-pity
whips mare people than anything elss and Cardyle said
that our main business is not to see what lies dimly at a
distance but to do what lies clearly at hand.

In this book we propose to show that the sitnation will
indeed be grim bat that proper assessment of the sitna
tion, pror planning, utilizetion of a pre-formed organiza
tion, using shart-cuts and modifications in accepted treat
ment, will allow a faint ray of hope in place of the gloom
of total defeat.



I
COMMON SENSE RECOGNITION
OF THE PROBLEM

Our rationalizations from combat surgery and analogies
from civilian disasters may or may be valid but they are
‘more apt to be correct than many of the naive, emotional
and academic statements seen in print from vardous
sources  Blunt speaking Is unavoidable in a subject as
complicated and potentially serious as that of surgery for
mass casualties where it fs especially neeessary to define
our terms speak as aocuratcly as possible avold emo-
tionalism, calm the cvangelists, teassure the defeatists,
silence the crackpots stir up fnterest in the lethargle,
and do all {n our power to arrive at a proper estimate of
the probable situation to the end that we may make
adequate, flexible, sensthle plans on such o basts It
must be erphasized again and again that the basic prin
ciples of management for cases of traumatic Injury
have been proven over and over Theso principles may
be modified somewhat to mect exsting circumstances
but will not change radically Al of our effort must be
based on an accurate apprafsal of the situation, current
inventory of the personnel and materiel available fol
lowed by proper sorting of tho casualties Our accom-
plishments will be directly related to the number of
casualties requiring care as compared to our capabflities
from the standpoint of trained pertonnel, rupplies and
time. Unless we armrive at a common sense recognition
of the scope of the problem we may plan inadequately,
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Ostrich School

It has been sald that thermonuclear warfare fs too
horrible an cventuality to contemplate and that like the
chemical agents no one will dare use these weapons for
fear of massive retaliation  The case load is looked upon
as being astronomical in numbers so that no plans could
be made anyway  Furthermore, it {s alleged that eveny
one within several hundred square miles will be Kiled
outright so that there will not he any living casualtics
to trecat. To cap this climax, it is stated that many targets
will be struck at once with such overlapping arcas of
destruction that there will be no onc alive to treat casual
ties if they cxist.  All these statements may be {dle thco-
nizing or they may all be true. We know that gas war
fare could wipe out whole populations but still we train
agninst gas attack and still make gas masks. We theorize
that our house will not burn to the ground or be bur
glarized or that we will not fall dead tomorrow but stillwe
buy insurance. It is all very well to believe that nothing
will happen but Worchester tornadoes Lake Charles
floods and Texas City explosions still occur  Such dis
asters take the same planning as thermonuclear warfare
the difference being only one of magnitude Al of our
effort tn trotaing, may be ke insurance which never pays

off but all mature men recognize the need for such in
surance.

Toke-In-Stride Philosophy

It might be assumed that doctors would recognize
the problem from the nature of thelr training but this
distinctly {s not the case and from doctors we meet some
of the most disturbing and Insfdiously dangerous phil
osophy It often is £aid that we can handle the problem
when {t arises because we are used to treating cases of
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trauma day in and day out. This statement, which is s0
tragic, is heard often by those who try to get something
accomplished in the way of civil defense. For many
years the American College of Surgeons has recognized
that trauma cases in general, are poorly handled and it
has been a common saying that it is safer to be wounded
in battle than on the streets of one of our large cities.
The Committee on Fractures of the American College
of Surgeons was revised and enlarged to become the
Committee on Trauma in recognition that increassd em
phasis was needed on treatment of trauma In general. If
it s true that practitioners handle individual cases poorly,
what will they do when confronted by tens, hundreds and
thousands of casesP? Even doctors with previous military
experience function poorly in a elvilian disaster of sach
snall proportions as fifteen hundred jured. This par
ticular disaster was extensively analyzed and will be dis-
cussed under a subsequent heading bat at this point it
can be said that the resulting fiasco indicates clearly what
can happen when there is no prior planning, no coor
dinated direction of effort and no edherence to well
known swrgical principles. When doctors put their
knowledge of treatment of trauma on the shelf with thedir
discarded military uniforms results show that those who
say that civilian doctors can take a disaster in stride often
are indeed ignorant of fact.

Natve Group

The “facts of life” often are umpleesant and those who
never leam them make refreshingly naive comments
which add a Httle grim humor In the numerous plan-
ning meetings before the finally approved list of sup-
plies for 1000 casualties was adopted, it was seriously
proposed that we need not stockpile such a commonplace
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ftem as penleillin because anyone knows that this can
be purchased in cvery drugstore It should bo needless
to pofnt out that the drugstore may be demolished and
and at best Its stock Is small  Agaln, it was argued that
no suture materfal need be provided because cotton
thread from the nearest dime store would suffice  This
slipshod thinking wasr shown for what it is by the dis

covery that without stockpiling, there would not be
cenough Tetanus toxoid in the entire country to give even
a stimulating doso to cach cxpected casualty  Another
concept which probably is nave Is that which anticipates
doctors, nurses and supplies materializing from surround

ing villages in case of disaster to the large city Such a
concept will work only with much prior planning and
training At the risk of criticizing natfonal policy, it
should be pointed out that the jump-in thecar and head

for the-country philosophy is naive. It should bo real-
ized by planners that we have an almost completely un

disciplined population with an astounding lack of in-
telligence and regard for the rights of aothers Esvery
fire fs surrounded by curlosity seekers and every accident
is cluttered by so many cars of onlookers that ambulances
canmot approach the injured. People rush to the beaches
to watch the tidal wave and If a tragic example of such
Inck of awareness is needed, the Texas City dlsaster fs
a good case in polnt. Here the schools wero dismissed
after the first cxplosion so that the teackers could lead
the children 1o the waterfront to view tho display Just
&3 the docks become lined by teachers and children, the
second explosion occurred, resulting in a high loss of
life among tndividuals who had no husiness being within
miles of the waterfront. Tho least attempt ot realistic
thinking about mass evacustion will show that n foot

ball game trafic marl 1s a good example of what will
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happen  Mother will Insist on driving north to pick up
little Mary at school instead of going east as directed.
Father will lock bumpers or fenders with some other
courteous driver while onlookers honk their horns. Some-
one will rum out of gasoline, another will have a flat tire
and somecns else will stall the motor Mass evacuation
requires a group of intelligent, trained drivers which we
simply do not have. Even if the evacuation went smoothly
it has been sald somewhat facetiously that if everyome
in San Framclsco jumped in the car as directed, 72 hours
later the first car of the procession would be entering
Salt Lake City as the last car was crossing the bey bridge.
As & final thought, there is no point in mad flight by car
without known destination and without some provision
for food, gasoline and other facilities at the other end.
Recent talk of tremendous areas of damage by fall-out
should effectually dispose of mass evacnation unless all
citizens are to be provided with jet propulsion.

Academic School

We have become so enamored of the idea that every
one is entitled to the highest degree of free medical care
and that even this really s not good emough, that any
one who speaks of a more austers program is regarded
as selling the American people short! We know that
in most disasters secondary fires creats a large number of
burn casualties and we believe that in a mass casualty
sitnation burns will make up as much as 25 per cent of
the load. All doctors and nurses know that even a few
burn cases can totally disrupt the best hospital becauss
they take s0 much tme and materiel for their fmmediate
care. Yet, at national meetings we still hear the state-
ment that fn a disaster situation each bum patient should
have serum potassiom dsterminations, ndivideally cal
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culated dicts to provide sufficient calories and accessory
ftems such as vitamins that all cases are to be treated by
the massive occlusive dressings and are to recelve vadous
routine infections of antibfotics fust as we do for indi
vidual cases in a teaching center  The stumbling block
is the concept of “maximum” carc as contrasted with
“adequate” “minimum ecssential,” or “austere” care It
is all very well to plan for maximum care but this may
lead to criminal waste of time and materdel

The academic dreamers leamed that helicopters func-
tioned well in Korea for cvacuation of patients and im
mediately it was scrfously suggested that we abandon
ambulances jeeps planes, trafns and ships in favor of
helicopters  Circumstances may never again be as fav
orable for helicopters as they were in Korea and even
5o the evacuation of 100000 casualities by helicopter is
totally unrealistic when we realize that the largest avall
able copter accommodates less than six patients  There
is not the remotest possibility that there ever would be
even a fourth the mmber of helicopters available for the
total Joad. Planning on helicopters for more than amx
iliary assistance is futile Academic planners must re-
member further that existing hospitals always are full
before a disaster occurs that most cities have up to a
40 per cent shortage of required hospital beds at best and
that most hospitals are in urban arcas where thelr de-
struction is to be antcipated. Further, most doctors
offices are in downtown centers so that medical personnel,
as well as facilitics may well be serfously crippled at the
cutset.

Sheer Magnitude of the Case Load

Our most pressing problem is the Injection of some
realism and common sense into the discusdlons on mass
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casualty management in order to dispel the emrumecus
concepts previously mentioned. One way to accomplish
this is to show by the sheer magnitude of the cass load
that the business-as-usual, take-it in-stride, maxtmom-
care-for-all, concepts are totally inadequate and dang-
erous After we demolish these ideas poxxibly a workabls
philosophy will emerge.

Hiroshtma, with a population of about 300 000, when
devasteted by our smallest A-bomb sustained 70000
deaths 15000 missing end 80000 to 100000 injuries.
People are quick to point out that this was fn an m-
trained, unwarned population but we also have an wn-
trained population and who can say that we will have
sufficlent warning? Furthermore, more modern weapons
may Inflict over 100 times the damage done at Hiroshima.
Far the sake of argument, we are safe i estimating that
one individual per every three to ten of population will
become a casualty For a city of 500,000 population, this
would give a casualty load of 50000 to 15000 cases.
Remember that this city will be up to 40 per cent short
on needed hospital beds, that all of these hospital beds
already will be filled and that the hospitals may well be
destroyed or hopelessly contaminated. Remember forth-
er that while in a flood or fire the casualties develop and
accumulate slowly in a mass casuslty sitmation the case
load is engendered almost at ance except for the results
of secondary fires The saving factor is that casualties
will be picked up and evacuated slowly so that the entire
tmpact will not be fmmediate. Supposs we look flst
at the persormel aspect of the sitvation. On the average,
one surgical opemting team will take care of fifteen
casualties in 24 hours but for the sake of discursion let
us assume that the team will complete a cass every hoar
This means that for the mintrmum figure of 50 000 cas-
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ualties, over 2,000 surgeons are needed to say nothing of
ancsthetists, nurses and attendants  From experienco
we know that all operative cascs will never come to the
aperating room in the first 24 hours but if we spread the
Joad over 48 hours, we still need 1,000 surgrons

It s obvious fmmedintely that we will by no means
have such a group of surgeons avaflable and it Is equally
obwious, therefore, that we must change our planning to
mect this situation  Later discussion will bring out some
alternate methods which appear to be aceeptable sub-
stitutes. A serlous difficulty is the matter of supplies be-
cause doctors are not used to being cconomiceal of equip-
ment. With great difficulty a few ycars ago a minfmal list
of tupplics needed to care for 1,000 mixed casualties for a
72-hour perod was drawn up and this list has been fairly
well agreed upon.  Howerer, in o mass casualty situation
logistical problems will be almost, {f not completely, in
surmountable. For travel over paved roads, this Hst
of supplics for 1000 casualties can bo loaded into two
2h-ton trucks for unpaved roads four such trucks are
necded, and if to travel over open terraln six trucks aro
required. For the minimum load of 50000 casunlties
therefore, it would require 100 to 300 truck loads of sup-
plics This means a staggering amount of loading un
loading, gasoline consumption and other logistical factors
Difficult as this sounds, the burn cases will completely
disrupt any thought of “treatment as usual ”

It i3 estimated that at least 25 per cent of the casualties
will have a 20 per cent to 30 per cent bady surface bum
and for 1,000 burns of 30 per cent, treated by occlusive
dressings and with optimal fluids furnished, ft takes
5712 pounds of dressings occupying 8904 cuble feet
plus 42,0685 pounds of flulds occupying 152813 cublo
feet. Figures for 20 per cent burns are not significantly
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which is cntirely famfliar to military men Tt Is unfamil
far and even repugnant o civilians who proudly rebel
at “repimentation” or interference with their *frecdom of
action” Without organization in the cvent of disaster
our ditizens will be free to dic and that ds about all  In
Tiiroshima because there was no organized first ald or
rescue wath, practically every fnfured person who could
not walk out under his own power bumed to death in
the sccondany fire storm  The doctor is not responsible
until the patient reachics lim and #t s in thi< fnitial period
that avoidable deaths occur  In horea the mortality rate
for battle casualties who lived to reach the first military
mstallation (WIA) was reduced to less than 3 per cent
which indicates that medical treatment has reached an
exceedingly high order of excellence  Mowever, the
death mate prior to reaching the first medical installation
(KIA) has remafned remarkably constant each war at
about 25 per cent.  This means that our greatest effort
neceds to be fn organtzing to pick up and cvacuate cas-
ualties carlier Most of such activity is subprofessional,
paramedical or whatever other polite phrase is designated
for the mecessary functions before the doctor begins to
work. These functions will not be performed unless there
Is a pre-formed plan and unless cvery clement of the
plan is covered by a vigorous tmining program  As
will be mentioned later all ottempts to test medical
plans for management of mass casualties have shown
the greatest weakness to be in communications, function

ing of ltter bearers and delivery of supplies, all sub-
professional in scope but cach capable of vitlating the
best medical plans  Doctors have a right to require two
things, first, that other groups in the total plan organize
and carry out thedr fobs to the best of their ability 30
that proper medical support i3 rendered and second,
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cerely hoped that civilian groups will copy military or
ganization for use in the event of mass casualties becanse
what the Armed Forces dread most is the possibility that
Martial Law might be declared, dropping & chaotic sit
uation in their laps, withoat prior plans ar training. The
necessary organization does not spring up like the Minute
Men without advance plamning.

Considerable emphasis has been lafld on urging every
hospital to formulate an Emergency Plan but this is not
enough. There must be a clear-cut plan of cooperation
and coordination between the varlous hospitals in the
area because previous civil disasters have shown that
some hospitals are overrun while others rematn almost
unused. In urgent situations tndividual and group egos
must be subordinated to an over-all plan for the gen-
eral good. This is especially difficult because it is re-
pugnant and becanse no one has the autharity to plan
or enforce it

Training

Organization can be made entirely a paper transaction
with accumulation of impressive charts and directives
for filing away On the other hand, training fmplies a
student group and, therefore, requires active participa
tion of people. This is the point of difficulty because
interest in civil defense always has been at a low ebb
among the populace and no one has any authorty to
require compliance or attendance at training sessfons.
The training progmm must be a very extensive one cov
ering all of the functions and skills listed in the previous
section on orgenizaton. Every individual in the com-
munity should become profldent in at least one of these
flelds end fn addttion, every individual should be quall
fied in first aid, the elementary techniques of rescus and
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survival and the basic principles of fire fighting  First
aid and self help trafning may be lifesaving in an emer
gency and this training should be pushed vigorously until
every {ndividual is qualified It is truo that the Boy and
Girl Scouts and the American Red Cross have shown
interest in this ficdd for many years but completion of a
short courss or the caming of a Merit Badge is not
cnough.  All of us realize that knowledge or skills which
are unused need perfodic review if the materdal or ability
is to remafn in focus. It has been safd that no abilities,
however splendid, can command success without intense
labor and preserving application  This applics to train

ing in first afd which should be repetitive and not a one-
shot course. Furthermore, we do not use good judg

ment in first ald training. For many years we taught a
very Ineffectual method of artificial respiration to hund

reds of giggling boy and gitl scouts without anyone
making much attempt at improvement. Finally, when
a change was made, we had no more than gotten to the
point where some people knew the name of the new
system when we shifted to the mouth to-mouth technique
which requires the use of a special plece of equipment.
It can be depended upon that the apparatus will not be
present at the same time and place as the casualty To
hinge the whole effort on this plece of equipment seems
to be poor judgment. Also such rapid changes scem like
vascillation to the genernl public and foster even greater
disinterest. Now we have abandoned the breathing tube
and have advocated a true mouth to-mouth technique but
this is most unesthetic and even repugnant so that a

considerable “selling” job will be necessary

Another risky bit of teaching is the concept that doctors
and nurses from other aress will come in and take over
the treatment effort when a city 1s damaged. First, the
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other city may need its own personnel and materiel and
second, means of ingress may not be available, Teach-
ing people to walt for help to come from a distance
fosters the lap dog philosophy of yapping for someone
to throw a bons rather than the bird dog philosophy of
self rellance and foraging for oneself An inward orlenta
tion is better, stressing the need to make do rather than
to call for help Naturally outside help is appreciated
but the heart of the matter is expressed by Epicurus who
said, “It is vain to ask of the gods what man is capable
of supplying for himself * and by Hippocrates who sald,
“Prayer indeed is good but while calling on the gods, a
man should himself lend a hand.”

Too many times @ training program talks “about” the
subject, discussing the organization which should be
formed, the trainfng which should be given followed by
a fire and brimstone presentation of how horrble the
mass disaster will be. This is acceptable if this is fol-
lowed by contrete common sense proposals as to what
is to be dons but too often we stop with the theoretical
‘We have aroused the people but have left them in mid-
afr Very often we bog down in personality clashes or
furisdictional disputes between the specialty groups. One
petty but serious problem concerns who shall be “in
charge” of the trauma case! Actually this question will
not come up In 2 mass casualty situation because every
one will be so busy that union rules will seem mimpart
ant. As will be shown later many of the surgical special
ties will have no particular place. This is because the
vast bulk of the work will bo soft tissue debridement
which does not fit any particular specialty Chest cases
usually do not require thoracotomy plastic surgery will
not be done because most wounds will be debrided and
laft open, internal genttourtnary wounds will be handled
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as part of the abdominal wound {f we operate upon
these, eyc wounds will be few and take low priority, nose
and throat procedures will consist of debridement im
mobilizing dressings and possibly tmcheolamy, fractures
will be treated as part of the soft tissne wound and in
gencral there will be surgeons and neurosurgeons

Some medical plans genuflect to the varfous specialty
groups by calling for the formation of definitive teams
such as surgical orthopedic, maxillo-facial, shock, cte.
stmilar to the tcams of the Auxiliary Surgical Group of
World War JI It was found that these specialized teams
were highly wasteful of personnel and most were un
neeessary  We cannot afford to have idle specialist teams
awajting a case which fits within their ficld of special
fzation ‘The only exception is the ficld of neurosurgen
and in Korea special centers were established wherein
neurosurgical teams were assigned  Patients were as-
scmbled at these special centers by diagnosis  Partly
this is due to the fact that few surgeons other than neuro-
surgeons can or will do neurosurgery and partly it fs
due to the small case load which makes it more econom
feal of people and supplies to concentrate them in few
locations rather than many In a mass casualty situa
tion we may let ncurosurgical cases wait, os will be dis
cussed later fn which case only the basic surgical team
is nceded. In Rorca we were able to use first and sce-
ond year surgical restdents to do casualty surgery and the
excellent results attained by these relatively untrained
men scemed to astound visiting consultants  Towever
the reason is simple Most battle casualty work is soft
tissue debridement which the young man learns quickly
The other and more complicated infuries are evacuated
so that each surgeon actually needs to know only n
few procedures More highly skilled men are assigned
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a3 cangultants to guide their juniors This system allows
full utilization of partially trained men or men highly
skdlled in a special fleld which has low utllization. For
example, a gynecologist quickly can learn wound debride-
ment and will not be needed in his specialty A pedia
triclan should be adept at venipuncture and will be valu-
able in the pre and postoperative wards.

From what has just been said, it is apparent that doo-
tors in funior yeary of training or fn a specialty with no
case Joad can quickly learn to do wound debridement
with more mature consultation. Lt. Colonel H. H Ziper
man at the Army Medical Service School pursued this
point further and using wounded anesthetized goats, it
was shown that profesdonal men in ellied fields or laymen
who could face a wound without fainting could be super
vised by a circulating consoltant. The experienced sur
glcal consultant offered advice as to what tissue to ex
ercise, what vessels to ligate, how much skin to remove,
how long an Incision to make, et cetern and was able to
circulate between six surgical tables without difficulty
This is one answer as to how doctors paramedical per
sons and laymen can be utilized # an overwhelming case
load {s encountered. The extreme importance of this
concept will become readily apparent subsequently

There i3 one other serigus disadvantage to the pre-
formed team concept and that {s that the team is foo
rgid. In the holocaust of disaster the team members
may be widely separated in space and it would be better
to have the members basically qualified to do a number of
things rathes than fust one job This appHes particularly
to nurses, assistants and techniclans who should be qual-
fied in first ald, insertion of an intravenous needle, giv
ing of & hypodermic infection sterils technique at the
operating teble, functions of a room circulator and pos-
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sibly administration of drop cther under supcrvision
Formation of rigid teams with clearly delincated skills
may be too speclalized for the needs and may be waste
ful of personncl

Currently there is much tafk that large groups of
people should be taught how to do a tracheotomy  This
is not only entircly unsound but highly dangerous and
brings up the point that we canot expect laymen to per
form functions requiring surgical judgment In a sur
vey at the Army Medieal Service Schiool Lt Colonel Zip-
erman found that few doctors had actually performed
tracheotomy and relatively few were entirely sure of
the indications. The do-it yoursclf instnmment was found
to be usable but did carry some danger It scems highly
unlilely that we can cxpect people to carry the gas mash,
the mouth to-mouth artificial respimtion tube the syrette
of atropine to combat nerve gas o container of blood
plaema, a Thomas leg splint, a package of pressure dress
ings, a tracheotomy tube and the do-it yoursclf tracheo-
tome! We know from past experence that not more
than 1 per cent of battle casualties ever require a tracheo-
tomy and the wide upsurge of fnterest must stem from
the dats on the nerve gases  1f as predicted, theso gases
kil by respimtory drowning in secretions {n a matter of
minutes, it seems futilo to expecet the entire population
to tracheotomize each other and inject each other with
atropine. A simple check of the number of available
tracheotomy tubes in the country will show the lack of
realism of this plan.

Mention of the use of atropine brings up the test where
enlisted men were instructed in the sclf use of o syretto
and then were directed to admlnister the hypodermic
infection to themsclves Many completely lost thelr nerve
and ceuld not make the {nfection, others broke the syrette
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in trying to prepare it for use many contaminated the
needls which is not serious and the number who com-
pleted the Injection was small. This result in a group
of disciplined soldiers should indicate the type of per
formance to be expected from the population at large,
Even the use of a stmple apparatus like the tourniquet
has been a thomy problem requiring Natlonal Ressarch
Council advice on more than one occasion. Formely,
technicians were taught to apply the tourniquet to stop
severe arterlal bleeding and this s on the false assumnp-
ton that a layman can distinguish between venous and
artificial bleeding Next, the tourniquet almost never
was applied properly and everyane who has ever worked
in an emergency room knows that the first act should be
to take off the tourniquet g0 the wound will stop bleeding!
Then, it was taught that the tourniquet should be re-
leased bdefly every 20 minutes in order to allow same
blood to get into the extremity Thus, the patient, if
the tourniquet really was needed, was allowed to ex
sanguinate slowly by increments each £0 minutes, This
could be extremely serlous tn a six or elght hour litter
haul. Later reasoning from the fact that orthopedists
leave a tourniquet on the extremity at operation for up to
three hours it was taught that release should be effected
at about two-hour intervals. This still does not cover the
unneeded applcation, the tmproper appHeation and the
increments of hemorrhage Finally it was realized that
a good pressure dressing answers almost every need for
a tourniguet and it now is taught that the presyure dress-
ng is preferred. If a tourniquet is used, it should be
with the {dea that ft is a phvsiological amputation which
is to be campleted later

In talking to paramedical groups, they always express
the fear that they will be called on to do technical pro-
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codures requiring judgment which they do not possess
We should reassure them In this regard and realize that
medical judgment canot be expected of other than doc-
tors To require more is grossly unfair

Utilization of Paramedical Personnel

Thus far wo have played down the massive thermo-
nuclear attack because this produces such an overwhelm
ing case load of casualties that it encourages a fecling of
hopelessness Therefore, we have emphasized the smaller
cvil disaster with hundreds or cven thousands rather
than millions of casualties Nonctheless, we must con
sider the larger problem so that at least some plans of
actlon can be formulated Unclassified studies seem to
indicate that with a multiple thermonuclear attack swe
might anticipate thirty to fifty million casualtics, about
half of whom would die within the first 24 hours. Unless
we show great improvement in sheltering  rescue, re-
suscitation, evacuation and medieal care we expect a
large per cent of the remaining casualties to be dead
within 60 days. Thus it is apparent that doctors aro
not going to be able to cope with the problem  Further-
more the medieal problem is compounded when we re-
member that doctors nurses and other medical personnel
are concentrated in o few hospitals or medical office
buildings. These areas of concentration are apt to be in
target zones so that losses of medical personnel may be
at least twice as high In proportion to other categorles
of personnel. This loss s exceedingly serious because
of the long tmining period needed to replace such per
sons  Consequently we must think serlously of tralning
other groups to substitute in as complete @ manner as
passible in medical care and management. This is for
eign to peacetime concepts and there has heen much
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confusion as to first how far this substitution should go
and as to what personnel are included. There is con-
sdderable difference in the capabilities and potentialities
aof the various paramedical groups inherent in their pre-
vious training and experience.

Of the varous paramedical groups, the Veterinarans
come closest to doctors of medicine by educational train-
ing and experience and consequently with some addi
tional and refresher training, they have a wide range of
usefulness Their duties fn a mass casualty sttustion
may well include the following

1 First-aid and Resuscitation

a. Artificial resptration {ncluding establishment and
maintenance of a patent airway by whatever
means necessary including tracheotomy

b Emergency lifesaving measures such as control
of sucking wounds of the chest by occlusive dress
ing, control of hemarrhage by hemastat, ligature,
pressure dressing or in extreme cases by applica
ton of towrniquet.

c. Treatment of shock by intravenous administra
tion of whols blood, fluids and/or plasmz volume
expanders

d. Prepamtion of patients for movement by relief
of paln by intravenous or hypodermic administra
tion of narcotics or analgesics as directed and ap-
plication of immobiliztng bandages splints or

casts
2 Definttive Care of Patients
a. Intratracheal catheterization, administration of
perenteral medications as directed and admini-
stration of local and/or general anesthetic agents
under
b Care of wounds to Include control of hemorrhags,
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suture of minor lacerations, debridement of major
soft Ussue wounds under supervision, secondary
or delayed closure of wounds other minor sur
gical procedures assisting as a member of an
operating surgical team and application of def
fnitive dressings, splints and casts  This fncludes
care of bumn patients
Pre and Postoperative Care
a. Insertion of nasogastric tubes, catheterization of
male and female patients, and management of all
suction and drainage tubes including thoracotomy
tubes
Care of wounds, removal of sutures and drains,
change of dressings administration of parenteral
medications and immunizing agents as directed.
Public Health
a. Sanitation and waste disposal procedures to in
clude cxamination of water, food and milk
sources treatment to assure sterility and safety
inspection of foods to include detection of radlo-
active contamination and supervision of proper
method of distribution of water, food and milk
supplies
The Dentist is more limited to a localized anatomical
2 fn Dis training but his background is broad and he
s lose familianily with technteal apparates, anesthetde
wedures and dealing with patients. In a mass casualty
1uton, bis duties might well include the following
I First-ald and Resuscitation
a. All of the activitles previously mentioned under
the headings of artificlal resplration emergency
Iifesaving, treatment of shock and preparation
of patients for movement with a little closer super-
viston to ald his confidence and competence.
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confusion es to first how far this substtution should go
and as to what personnel are included. There is con-
siderable difference in the capabilities and potentialities
of the varlous paramedical groups inherent in their pre-
vious training and experience.

Of the vardous paramedical groups, the Veterinarans
come closest to doctors of medicine by educational train-
ing and experience and consequently with some addi
tonal and refresher training, they have a wide range of
usefulness Thelr dutles in a mass casnalty situation
may well include the following

1 Firat-oid and Resuscitation

@ Artificial respiration including establishment and
maintenance of a patent airway by whatever
means necessary, including tracheotomy

b Emergency lifesaving measures such as control
of sucking wounds of the chest by occlusive dress-
ing, contro! of hemorrhage by hemostat, ligeture,
pressure dressing or In extreme cases, by applica
tion of tourniquet.

c. Treatment of shock by intravenous administra
ton of whole blood, fluids and/or plasma volume
expanders.

d. Preparation of patlents for movement by rellef
of paln by {ntravenous or hypodermic administra
tion of narcotics or analgesics as directed and ap-
plication of {mmobilizing bendages, splints ar
casts.

2 Definitive Care of Patients

o Intratracheal catheterization, administration of
parenteral medications as directed and admini
stration of local and/or general anesthetic agents
under

b Care of wounds to Include control of hemorrhage,
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suture of minor Jacerations debridement of major
soft tissue wounds under supervision secondary
or delayed closure of wounds, other minor sur
gical procedures, assisting as a member of an
operating surgieal team and application of def
{nitive dressings splints and casts  This includes
care of burn patients
1 Pre and Postoperatice Care
a. Inscrion of nasogastric tubes catheterizatlon oi
male and female patients, and management ot all
suction and drainage tubes including thoracotomy
tubes
b Care of wounds removal of sutures and drains
change of dressings, administration of parenteral
medications and immunizing agents as directed
4 Public Health
a. Sanitation and waste disposal procedures to in
clude examination of water food and milk
sources, treatment to assure sterility and safety
inspection of foods to include detection of radio-
active contamination and supervision of proper
method of distnbution of water, food and milk
supplies
The Dentist is more limited to a localized anatomfeal
area in his training but hiy background is broad and he
has close familiadty with technical apparatus anesthetic
procedures and dealing with patients In 2 mass easualty
situation, his dutles might well include the following
1 First-ald and Resuscitation
a. All of the activitles previously mentioned under
the headings of artificial respiration cmergency
lifesaving, treatment of shock and preparation
of patients for movement with a little closer super
vision to aid his confidence and competence.
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confusfon as to first how far this substitution should go
and as to what personnel are included. There i3 con-
siderable difference in the capabilities and potentialities
of the various paramedical groups fnherent in their pre-
vious training and experience.

Of the various peramedical groups, the Veterinarians
come closest to doctors of medlcine by educational trein-
ing and experience and consequently with some add:
tional and refresher training, they have & wids range of
usefulness Thelr dutles in a mass casuelty situation
may well include the following

1 First-ald and Resuscitation

a. Artificial respirtion including establishment and
maintenance of a patent airway by whatever
means necessary, including tracheotomy

b Emergency lifesaving measures such as control
of sucking wounds of the chest by occlustve dress-
Ing, control of hemorthage by hemostat, ligature,
pressure dressing or in extreme cases by applica
tion of tourniquet.

c. Treatment of shock by Intravenous administre
tion of whole blood, flulds and/or plasma volume
expanders

d. Preparation of patients for movement by relief
of pain by intravenous or hypodermic administra
tion of narcotics or analgesics as directed and ap-
plication of immobilizing bandages, splints or

casts,
2 Dsfinitive Care of Patients
a. Intratracheal catheterization, administration of
parenteral medications as directed snd admini
stration of local and/or general anesthetic agents
under supervision.
b Care of wounds to include control of hemorrhage,
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suture of minor lacerations debridement of major
soft Ussue wounds under supervision, secondary
or delayed closure of wounds other minor sur
gieal procedures assisting as a member of an
operating surgical team and application of def
inftive dressings splints and casts  This includes
carc of bum patients

1 Pre and Postoperative Care

a. Inscrtion of nasogastric tubes, catheterization of
male and female patients, and management ot all
suction and drainage tubes including thoracotomy
tubes.

b Care of wounds, removal of sutures and drains,
change of dressings, administration of parenteral
medicaions and immunizing agents as directed.

4 Public Health

a. Sanftation and waste disposal procedures to in
clude examination of water, food and milk
sources treatment to assure stenlity and safety
inspection of foods to include detection of radio-
active contamination and supervision of proper
method of distdbution of water, food and milk
supplies.

The Dentlist is more limited to a localized anatomical
area in his training but his background is broad and he
has close familiarity with technical apparatus anesthetie
procedures and dealing with patients. In a mass casualty
situation, his duties might well include the following

1 First-gld and Resuscitation

a. All of the activities previously mentioned under
the headings of artificinl respiration emergency
lifesaving, treatment of shock and preparation
of patients for movement with a little closer super
vision to afd his confidence and competence,
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confusion as to first how far this substitution should go
and as to what personnel are Included. There is con
siderable difference in the capabilities and potentialities
of the varfous paramedical groups inherent in their pre-
vious training and experience.

Of the vadous paramedical groups, the Veterinarians
come closest to doctars of medicine by educational tmin-
ing and experlence and consequently with some addt
tional and refresher training, they have a wide range of
usefulness Thelr dutles in a mass casualty stustion
may well include the following

1 First-ld and Resuscitation

a. Artificial respiration including establishment and
maintenance of a patent alrway by whatsver
means necessary including tracheotomy

b Emergency Hfesaving measures such as control
of sucking wounds of the chest by occlusive dress-
ing, control of hemorrhage by hemostat, ligature,
pressure dressing or fn extreme cases by applica
ton of tourniquet.

c. Treatment of shock by intravenous administra
tion of whole hlood, flulds and/or plasma volume
expanders

d. Preparation of patients for movement by reltef
of pain by intravenous or hypodermic administra
tion of narcotics ar analgesics as directed and ap-
plicatton of tmmobilizing bandages, splints of

casts.
2 Definitive Care of Patlsnts
a. Intratracheal catheterization, administration of
parenteral medications as directed and admini
stration of local and/or genemal anesthetic agents
under
b Care of wounds to inclade control of hemorrhage,
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suture of minor lacerations debridement of major
soft tissue wounds under supervision secondary
or delayed closure of wounds, other minor sur
gical procedures, ossisting as a member of an
operating surgical team and application of def
initive dressings splints and casts  This includes
care of bumn patients

3 Pre and Postoperatice Care

a Inscrtion of nasogastric tubes, catheterization ot
male and female patients, and management ot afl
suction and drafnage tubes including thoracotomy
tubes

b Carc of wounds removal of sutures and dmins

change of dressings administration of parenteral
medications and {mmunizing agents as directed.

4 Public Health

a. Sanitation and waste disposal procedures to in-
clude examination of water food and milk
sources treatment to assure sterility and safety
inspection of foods to include detection of radio-
active contamination and supervision of proper
method of distribution of water food and milk
supplies.

The Dentist s more limited to a localized anatomical
area in his training but his background is bread and ho
has close familiarity with technical appamatus ancsthetic
procedures and dealing with patients In a mass casualty
situation, his duties might well include the following

1 First-aid and Resuscitation

a. All of the activities previously mentioned under
the headings of ertificlal respiration cmergency
lifesaving, treatment of shock and preparation
of patients for movement with a little closer super
vision to aid hix confidence and competence.
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confusion as to first how far this substitution should go
and as to what personnel are included. There is con-
siderable difference in the capabilities and potentialities
of the various paramedical groups inherent in their pre-
vious trafning and experience.

Of the vadous paramedical groups, the Veterinarians
come closest to doctors of medicine by educational train-
ing and experlence and consequently with some addi-
tional and refresher training, they have a wide range of
usefulness Their duties in a mass casualty stnation
may well include the following

1 First-aid and Resusciiation

a. Artificial respiration including establishment and
maintenance of & patent airway by whatever
means necessary including tracheotomy

b Emergency lifesaving measures such es control
of sucking wounds of the chest by occlusive dress-
ing, control of hemorrhage by hemostat, ligature,
pressure dressing or in extreme cases by applica
ton of tourniguet.

c. Treatment of shock by Intravenous administre-
tion of whale blood, fluids and/or plasma volume
expanders

d. Preparation of patients for movement by relief
of pain by intravenous or hypodermic administra
Hon of narcotics or analgesics as directed and ap-
plication of immobilizing bandages splints of
casts

2 Definttive Care of Patients

a. Intratracheal cathetertzation, administration of
parenteral medications as directed and admink-
stration of Iocal and/or generel anesthetic agents
under

b Care of wounds to include control of hemorrhage,
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suture of minor laccrations debridement of major
soft tissue wounds under supervision, sccondary
or delayed closure of wounds other minor sur
gleal procedures, assisting as a member of an
operating surgical team and application of def
initive dressings, splints and casts  This includes
care of bumn patients

3 Pre and Postoperatice Care

a Insertion of nasogastric tubes, catheterization o
male and female patients, and management ot all
suction and drainage tubes including thoracotomy
tubes.

b Care of wounds removal of sutures and drains,
change of dressings administratfon of parenteral
medications and immunizing agents as directed.

4 Public Health

a. Sanitation and waste disposal procedures to in
clude examination of water, food and milk
sources treatment to assure sterility and safety,
inspection of foods to include detection of radio-
active contamination and supervision of proper
method of distribution of water, food and milk
supplies

The Dentist is more limited to a localized anatomical

area in his training but his background fs broad and lie
has close famlliarity with technical apparatus anesthetic
procedures and dealing with patients. In o mass casualty
situation his duties might well include the following

1 First-aid and Resuscitation

a. All of the activities previously mentioned under
the headings of artificinl respiration, emergency
lifesaving treatment of shock and preparation
of patients for movement with a little closer nuper
vision to ald his confidence end competence
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b Triage of faclal and oromaxilary cases when they
have & high enough priority to come to srgery
2 Definitive Care of Patients
a All of the activitfes previously mentioned under
the headings of anesthetic administration and
wound care, plus added responsibility for oral
surgery if trained in that aspect of dentistry
3 Pre and Postoperative Cars
a. All of the activities previously mentioned under
Insertion and management of suctfon and drain
age tubes and care of wounds with supervision.
The graduate Nurse, as traditionally is the case, is the
doctor s good right hand and in general under masy car
uvalty conditions her duties will be simflar to those at pres-
ent but with increased supervisory respansibility for
groups of scantlly tralned ward attendants nurse aides,
prectical nurses or whatever term is applied to those who
actually give bedside nursing care Operating roam nurses
can perform their usual dutles may become members of
the operating team or may do such procedures as debride-
ment and delayed closure of wounds under supervision.
Most nurses do not desire the responsibility for doing such
procedures as tracheotomy and it seems umlikely that they
peed fear this eventuality However with supervision they
may perform any of the fimctions allotted to the Dentist,
plus the specinlized functions nures usually perform.
Administrative and supervisary duties will be impostant
where most of the jobs are being filled by persons who
are somewhat outside of their usual sphere of Imowledge
and activity Uses of the Nurse are so broad that is i3
difficult to be more specific.
It seems fair to assume that some Laboratory X-ray
and ward technicians as well as pharmacists mey contirue
to perform their usual dutles but i more urgently needed
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clsewhere they may be called upon, along with dental
laboratory technicians, dental hyglenists and assistants,
physical and occupational therapists, optometrists and
other ancllary persons with manual skills and dexterity, to
assume the dutics of student nurses, ward attendants and
surgical team members, Their help will be of the greatest
value in assisting with resuscitation, definithve care and
pre and postoperative care.

The Medical and Psychiatric Social Workers Clinieal
Psychologsts, and Hospital Dictitians have had little con
tact with surgery of tmuma or care of surgical patients
but they may perform the dutics of & student nurse in
the wards or operating rooms with supervision.

The question of utilization of persons known to have
received exposure to fonizing radintion always comes up
and in the period of severe personnel shortage, such per
sons may be desperately needed to work within their ecapa
citles The early symptoms of whole body irradiation are
nausea, vomiting diarrhea and malaise If these symp-
toms develop within the first eight hours the individual
can be considered to have a fatal dose and cannot work,
Some individuals may show theso symptoms for psycho-
genic reasons 50 that a definite decision {s dificult in the
first 48 hours. Lesser doses of irradiation causo onset of
symptoms later are of lesser severity and consequently
recovery is quicker the later the onsct. Late symptoms
are infection, fever hemorrhage and anemia {ndicating
that the height of the reaction has been reached, followed
by slow recovery or death depending on original dosage
Individusls may work in any of these stages provided that
they are well motivated and if they are strong enough to
be up and about. Those in charge should realize that no
great harm {s being done the individual and he might as
well work as long as he is able The deciding factors are
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dosage of {rradiation, degree of training and motivation
of the individual and the leadership skill of those fn

charge.
Chain of Command

History of civil disasters shows that usually an outsids
individual or agency has to come into the area and as-
sume control before things begin to move. Partly this is
because local disruption of organization paralyzes action
and partly it is because there is no one locally who is rec-
ognized as the chosen leader Civilians always rebel at
“regimentation™ and being told what to do As a result,
rarely can a local person get popular support. Individuals
in military service know the need for teamwork and real-
ize that qualified leadership is essentlal. Military rank is
spoken of disparagingly by civiians but at least there is
the advantage that there is a senlor man who automatical
ly is in charge. The chaos which attends an automobile
accident is well known to all, order resulting when ths
policeman assumes control, the ambulance driver directs
first-ald or rarely when some strong leader emerges from
the crowd. The danger is that the strong leader who
emerges may be a psychopath who has neither know
ledge nor qualifications It would be much better if
trained individuals could be identified in some way s0
thatthekammpﬁmufcontmlwuldbeacceptﬂd-
Trained individuals might well display the civil defenso
badges designating their spectal quahfications but at the
moment such trafned people are scarce. We pride our
selves on individual freedom of action but too often this is
made the excuse for individual freedom to do nothing.
Civil defense officials have no authority to do more than
urge and advise and a look at their accomplishments io-
dicates that their activities have influenced “things” mare
than “people ” Paper organtzations have been set up gen-
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pointment of a permanent Disaster Committes, usmally
with the Hospital Administrator or his Deputy as chair
man. Committee members are from the professional ser
vices and from supply food service, pharmacy end an-
cfllary services. The Disaster Committee has the following
functions

1 It must set the stage by stating the problem and de-
fining with what the plan Is supposed to cope. For
example the requirement may be to plan far the
admission of up to 100 casualtes fn & two-hour
period. This would take care of most urban civil dis
asters if each hospital had such 2 plan. In addition,
there should be the requirement to take care of the
hospitals proportionate share of casunlties in case of
thermonuclear attack,

2. It must develop the administrative and professional
plan, coordinating all elements and resolving con-
fliots of space and personnel usage. The Disaster
Committee will have two working subcommittees—
Administrative and Professional, bat the whole com-
mittes must coordinate the recommendations of the
working groups.

3 It must coordinate the completed disaster plan with
the plans of the other local hospitals and agencies
concerned. This {s extremely fmportant if wasteful
duplication or disastrous amistion is to be avalded.
Far example if there is to be a central blood bank
far the area, for each hospital to duplicate this effort
would be wasteful but plans to take over in case the
blood bank cannot function, must be made. Coardt
nation should include plans for a central medical
regulating officer to allocate hospital beds to prevent
overloading of one hospital and non-use of another
The importance of full inter hospitel and inter
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agency cooperation and coordination cannot be
stressed too strongly This will bo strikingly brought
out In the section on lessons leamed from civilian
disasters.

4 The Committeo should sce that all persons con
cemed are orlented in the plan fully trained to meet
their expanded responsibilities and to this end the
Committee should plan supervise and conduct drills
at suitable intervals to assure that everyone knows
where to go and what to do  Such drills are very
difficult because simulation of disaster situations fs
almost impossible

5 The Committee must sce that the hospital is ready
to meet a disaster and must review the plan at Icast
twice yearly to see that it is adequate accurate and
current.

The Disaster Committee divides naturally into Ad
ministrative and Professional Subcommittces and they,
with frequent coordination of thought and cffort, start
with the initial alert wamning reviewing every succeed
ing step in admissfon and care of casualties Since there
is much averlap of administrative and professional activi
ty the following discussion will attempt to follow the
chronology of planning, admission of patients patient
care and disposition.

Utlization of currently avallable space and planning
for physical plant expansion take first priority in the pre-
planning stage. Plans to use the current hospital butlding
must be realistic, keeping in mind such obvious points as
that a pediatric hospital has child-size beds and utility
fixtures a psychiatric hospital will probably have scanty
X ray and operating room facilittes et cetern. Further if
located in a target zone plans must call for totnl reloca
Hon if the bullding is too badly damaged or contami{nated
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to use. Plant expansion must envisage overflow into ad-
jacent areas and buildings and must provide for total
relocation to a larger site. In considering the origiml
building or additional sites, there are & number of general
considerations. First, normsl hospitals are gesred to
handle few new patients at a time and frequently have
poor or limfted ambulance accesses. The private hospitals
are apt to have multiple small rooms rather than wards,
making care of large groups of patients difficult Also
tnternal traffic pattern often is poor for mass casualty wark
with operating rooms on the top floor necessitating 2
difficult litter carry if elevators are out of commission. In
such cases it may be necessary to relocate the operating
rooms in & basement ar stmilar open area of more easy
access and protection. In such cases or in planning 2 new
site, careful attention must be given to internal traffic
flow avolding too many areas of jamming by cross-cur
rents retracing of steps dead-end corddors, excessive
steps and dependence on elevators. If possible the servico
arees—operating rooms X ray and laboratory—should be
functionally located In regard to each other Adaptability
of bufldings will depend on what furnfture and fixtures
are normally present. An suditorfum with fixed seats can-
not be used for a triage area nor can an guditorium with
sharply sloping floor A warehouse is apt to have too few
light, water and sewer conmections Need for a heating
system must be considered, keeping in mind that an ela
borato steam system may not be In working order and a
system of space-heaters may be preferable. Accessibility
is & factor not only from the standpoint of the road net
but the ease with which emergency utility hook-ups can
be made.

One of the greatest difficulties is in communicatfon and
probably all hospitals would be wise to adopt the pocket
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radio system for calling doctors or sending out announce
ments. The telephone lines will be down or clogred by
anxous relatives so that no plan should include depend
ence on telephonie communication Space may be avall
able but still not cconomically usable as in the auditorium
example. Multiple floor levels add difficulty, few access
doors cause trouble many small rooms decrese efficient
care and large bam like structures may be difficult to
heat and may ghe a terrific problem with nolse, Tentage
requires a lot of open space hut has the advantage of al
lowing planned arrangement Lmpty boxcars and trafler
trucks have been investigated for use as operating rooms
or as first aid stations and have distinct possibilities In
tents or adapted buildings simple utilities like Lister bags
for water small portable gencrators for clectricity, make-
shift or simple space-heaters and slit trenchies for sanitary
facilities allow rather rapid conversion to a usable hospital
Fven in normal hospital bufldings plans must envisage
alternatives for supply of heat light, water and scwer
connections.

Mass feeding for patients and workers will be a prob-
lem Workers may be fed dry or plck up food Ifke <and
wiches or picees of fruit which can be eaten on the job
and without utensils. For patients paper plates or bowls
may be stockpiled and a simple menu like stew or thick
soup allows easy conversion to postoperatiy ¢ dict by crude
straining or sieving.

Transportation problems divide themselves into ester
nal and fnternal varieties External transportation is out
of the hands of the hospitnl but close lUaison with police-
men {3 essentfal because serfous results have followed clog
ging of access and exit roads The ambulance turn-around
area is no place for meddlesome visitors and parked
vehicles Drastic action may be needed to maintain
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order instead of letting chaos refgn. Patients may arrive
in oll manner of conveyances and it is essential to prevent
the driver from leaving his vehicle in the way whils he
helps & patient into the haspital. Internal transportation
will be strained hecause the availabllity of litters and
wheel chairs is Bmited at best. Plans should attempt to
mintmize need for transportation within the hospital
Traffic control is inseparable from transportation problems
and externally police and volunteers will be in charge.
Within ths haspital definite traffic patterns must be estab-
lished and signs with arrows should be prepared. These
are useful at normal times but may be of & temporary
variety for quick display pointing out routes to essential
areas. Internal trafic direction may be required at areas
of congestion

Communications have besn mentioned as a most fre-
quent area of breakdown and pocket radios have been
advocated. In addition the hospital s normal page system
may work and walking wounded may be used s rumners
to carry messages records end supplies The use of Hbesal
quantities of signs 15 meds even more necessary if such fn-
dividuals who are unfamiliar with the building are to be
used successfully

Planners must provide for a maintenance crew because
all utilities will be overworked and abused so that fafhures
will be more frequent than normally Such maintenance
persons should have broad tratning not limited to un-
screwing 2 Hght bulb Many baste decisions noust be made
before a disaster plan can be finalized. For exampls, will
patients be undressed and changed to hospital garb such
as pajamas? Probebly it is best not to undress the patient
because pajamas will become unavaflable and thus two
systems are needed—one for pajamas and one after they
are nsed up Furthermare, undressmg the pationt takes
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time may be impossible beeanse of bumns or wounds and
adds the problem of carc of valuables. On tho other hand,
if thero is radioactive contamination we may have to go
to the other extreme removing and discarding all cloth
ing Triage of paticnts for immediate removal to a sult
able ward should not be slowed by checking of clothing
and valuables which in itself requires @ crew of people,
storage space and maintenance of records Leave the
patient dressed and in possession of valuables until he
reaches the ward Then change to pajamas if desired but
keep clothing and valuables with the patient Actually, it
would be easier to pilfer a central storage arca than to
scarch and rob {ndividual paticnts Even in the opemting
room only localized exposure is essential and complete
distobing as normally done is not required keeping in
mind only the requirements for adequate physical exam-
nation. Use of linens must be considered because Jaum-
dry facilities may be disrupted. Since patients are not to
be undressed, sheets will become very sofled immediately
but cannot be changed for each patient. It may be de-
cided to rinse out sheets wring ay dry as possible and re-
use them in a damp state. In the operating room draping
will be at & minimum using towels almost exclusively and
these can be rinsed out, bolled cooled wrung out and
used damp Surgieal gauze sponges can be treated siml
larly and re-used many times Mast surgeons uso molst
sponges by preference anyway

When an alert is received, a very Immediate problem
concerns the disposition of paticnts who already flll the
hospital beds The first duty of ward doctors, before cas
ualties begin to pour in, 15 to mahe & quick ward inventory
dividing patients into three groups, those who can be dis
charged fmmediately those who can be ambulatory but
need care and the bed fast group On n surgleal ward,
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even the postoperative cases of the previous day can in
general be considered ambulatory This certainly includes
appendectomy herniorthaphy thyroidectomy and lesser
procedures On call from central authority the discharged
patlents are sent to the personnel pool at recetving office
to act as guides, runners traffic control men or other jobs
other than litter bearer Ambulatory patients should be
sent to the walking wounded area, to some other desig-
nated spot such as an auditorium or may be kept on the
ward to assist in minor ways Bed-fast patients should be
congregated in one ward or may be left on their original
ward if preferred. Discharged patients may not need trans-
portation as they may have no place to go and, in add-
o, they may be needed as workers. Records should be
simply stored and no other formality need be gane
through. Re-issue of clothing and valuables to discharged
patients is obviated if they continue to wear convalescent
sults and rematn to work. Plans must include later dis-
charge of patients and evacuation of patients to other
centers when that systern becomes operational. When the
ward doctor clears his ward, a report must go fmmediately
to the Medical Regulating Officer (Registrar or other
title) who 1s stationed at the triage point. This gives him
an immediats census of empty avallable beds by ward.
The clerk who accompanies the triage officer keeps &
roster by patient name, short diagnosds and ward to which
sent. The running census allows him to know whers beds
are available and the roster affords the public relations
group information as to who has been admitted to what
ward. Some system to keep the regulating officer perlodt-
cally informed of bed statuy is necessary becauso other
wisge he will not know what beds are vacated on preopera
tive wards by patents going to the operating room or ont
expectant wards by patient deaths Futhermore, @ roster
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even the postoperative cases of the previous day can in
general be cansidered ambulatory This certninly includes
appendectomy herniorrhaphy, thyroldectomy and lesser
procedures On call from central authority, the discharged
patients are sent to the personnel pool at receiving office
to act as guides runners traffic control men or other jobs
other than litter bearer Ambulatory patients should be
sent to the walking wounded area, to some other desig-
nated spot such as an auditorium or may be kept on the
ward to assist in minor ways Bed-fast patients should be
congregated in one ward or may be left on thefr orlginal
ward if preferred. Discharged patients may not need trans-
portation as they may have no place to go and, in addl-
ton they may be needed as workers. Records shonld bs
stmply stored and no other formalty need be gone
through. Re-issue of clothing and valuables to discharged
patlents fs obvlated if they continue to wear convalescent
suits and remain to work. Plans must include later dis-
charge of patients and evacustion of patients to other
centers when that system becomes operational. When the
ward doctor clears his ward, a report must go fmmedfately
to the Medical Regulating Officer (Registrar or other
title) who is stationed at the triage point. This gives him
en immedinte census of empty available beds by ward.
The clerk who accompanies the triage officer keeps 2
roster by patent name, short dlagnosis and ward to which
sent. The running census allows him to know where beds
are available and the roster affords the public relations
group information as to who has been admitted to what
ward. Some system to keep the regulating officer periodi-
cally infarmed of bed status is necessary because other

wise he will not know what beds are vacated on preopera

tive wards by patients gaing to the operating room or o
expectant wards by patient deaths Futhermore, a roster
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a definite circuit should be established. For example,
bearers may take a patient to the precpemtive ward, pick
up another patient ready for the operating room and there
pick up a patient for delivery to the post operative ares.
At this point same system is needed to get the bearers
back to the recefving area without slipping off A rest
period in the pool area then is followed by another trdp
Bearers must not be allowed to congregate at way sta
tons A pool of less vigorous persons can make up the
guide and messenger pool and another pool for delivery
of supplies may be needed. Other uses will occur to fo-
dividual planners.

Every person In the hospital should be accounted for
in the disaster plan job assignments and specific dutles
should be listed for each job with definite delineation of
chain of command and extent of anthority One fmmedt
ate problem is that doctors often are staff members at
severzl hospitals and obviously can serve on only one
team at ane hospital. Liaison with the County Medical
Soclety is needed to allocate doctors to specific hospitals.
Decision should be made as to how meany operating tables
can be utflized at one time, placing two or mars tables in
a large opemating room, with one circulating nurse for
the whols room, one scrub nurse to alternate between
tables and one back table of sterils supplies for the whols
room. The number of possible tables determines the nmn-
ber of operating teams required et first. There may be an
emesthetist for each tabls ar maybe one per room because
snesthesta will be as stmple as possible. The operating
team is made up of surgeon and assistant. Fourth- and
third year surgical residents can be team chiefs, with
technicians, interns or junior residents as assistants. Also,
it must be borne in mind that some staff doctors, such as
the ophthalmologist, may not have done soft tissue sur
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partments other than surgery because they do not want to
operate and yet they want a part in the show The Chief
of Medicine should have charge of all the wards in a
supervisory-administrative-professional-expediter position.
Ward officers can be doctors from medical and spectalty
wards and services dental officers and veterinarians Oral
surgeons can be on surgical teams pediatriclans do well
on pre and postoperative wards et cetera. If the disaster
continues to develop a greater case load, mare surgical
teams are fmprovised and personnel move up to more
responsible surgical jobs leaving ward work to lay persons
under some supervision.

Advance pre-planning is needed regarding the recep-
ton and dissemination of the original alert message. This
is extremely fmportant but must not be allowed to im-
mobilize important people. For example, the offictal who
receives the alert should call a designated few key people,
each of whom cells o designated group For one man to
make all the calls would be interminable. Further when
the Chief of Surgery is called he should not be immobl-
lized at the phone alerting others but should proceed to
hhhiageumﬂomlnotharwnrd&,thosewhoseduﬁuwﬂ]
begin first, should not have to make a serles of phano
calls Also with the pyramidal system of calling, it most
be realized that if ane man is not alerted, all those below
him in his pyramid fail to be notified also Special plany
fordaymdmghtalgrﬁngamessenﬁalThiua.\mdng‘f
personnel is exceedingly important and also very dﬂﬁm‘t;
Even in normal times many people fatl to “get the word

The final administrative matter for pre-planning refers
to supply and issue system The supply officer should {ssue
on phone or rumner arder without prepared requisitions
or on hand receipt only He should have certatn prepared
lists so that for example when an additional ward Is 0
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bo opened he knows immediately what additional sup-
plies are needed for that number of beds Previous usage
factors are very helpful to the supply officer at this time.
For the operating room, he knows that instruments and
tables will be added only rarely and most requests will
be for expendables like dressings and sutures The simpl
cst possible system of supply and issuc is best, delivery
being made by nmners from the personnel pool and sup-
ply personnel being saved to set up orders

The previous discussion now brings us to decisions and
procedures directly concerned with patlent care although
the previous material has overlapped into this ficld. First,
the walking wounded arca shiould be established, presided
over by someone skilled in first afd and bandaging plus
police assistance. These patients must be hept from clut
tering up the triage point and are available for such work
as they can do The area should allow for expansion and
should not encroach on the Lospital access and exit arca.
Visttors will flock to the hospital and must at all costs be
kept out of the triage area and from overrunning the hos
pital Firm police action here is essentfal. An information
desk may be established here from whence rosters of hos
pitel admission, et cetern, may be released by loud speak
er or other means. Hysterical and mentally disturbed vist
tors and relatives may create a problem but no one should
be allowed to interfere with patient care. Visitors and re-
latives who volunteer to work may be aeceptable but this
must not be an excuse to tag along with a friend or rela
tive exclustvely

The triage point or sorting arca is the basic element in
good treatment. Physically there must be room to arrange
litters or patients in suitable long rows with alsles and
tpaces between. The Chief of Surgery accompanied by a
third year surgical resident and posstbly a first year man
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plus a registrar clerk, goes quickly down the line. For
each patient he makes a quick phydcal examination for
location, number and degree of infurles. The clerk fots
these an the tag as the surgeon talks The surgeon deter
mines whether emergency care is needed In which cass
the first year man may put on 2 pressure dressdng or the
third-year man may stop to do a tracheotomy Intravenous
flulds and hypodermic medications should not be given
here. The surgeon decides guickly between the four cate-
gorles—minimal injury immediate care, delayed cere,
expectant trentment—and decides on which ward is to re-
celve the patlent. The clerk notes categary by Romun
numers]l, ward number and diagnosis on the tag for the
patient. He or a second clerk adds the same data to the
running roster A funior nurse or other person should pre-
cede the surgeon and aid n exposure of the wounded sres.
In this manner the surgeon can ses a patient in about ans
minute, make the diagnosis, categorize the infury decids
on the ward of admission, dirsct emergency treatment if
needed and pass on. The clerk has the tag and roster up to
date and litter bearers carry the patient away according
to the established traffic pattern. In some fnstances the
surgeon may remain in one spot as casualities are carried
past him for the above decisions. Ho puts to ono sids thoss
requiring emergency care. This is more extravagant of
litter bearery however

From the triage point, patients are token to the desig
pated ward. Minimsl injury cases may join the walking
wounded, may go direct to minor surgery for wound
dressing or may go to a preoperative ward. Immediate
care patients go to & preoperative ward and thence to
surgery es fast as operating teans can function. Deleyed
care patients go to a presperative ward for resuscitation
such as fintd or blood administration to prepare them and
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then are sent to surgery  Expectant care patients go to
designated arca where they are given support and reeval
nation If they improve revision to the operative group
may be possible Paticnts should be concentrated on wards
somewhat by diagnosis. An cxample is bum patients or
neurosurgical cases On reaching the ward a ward roster
is made from the paticnts tag and the ward doctors sce
the patient as quickly as possible. Preoperative care will
consist largely of fluid or blood administration plus some
narcotic medication.

In the operating suite, the chief ancsthetist is the ex-
pediter and should not be ticd down to a table 1le should
have charge of scheduling cases which consists merely of
telling hitter bearers to bring another patient. A patient
should be outside each operating room door waiting be-
cause no sctup will be necded between cases. Surgeons
can wear rubber apron, eap, mask and gloves but need not
gown. The operator can tell from the emergency tag
which diagnosis has been made and what resuscitation
has been gh en. Cases may be allocated somewhat by di
agnosis to certain teams this being done by the chief
anesthetist. The assistant chief of surgery meanwhile cir
culates between tables as mentioned earlier At conclusion
of the operation, the procedure fs recorded on the tag
and a roster is hept to show the postoperative ward to
which sent. Between cases the doctor should enter patient
name, diagnosis and brefly what was done in the opera
tive book from which more permanent records can be
made later On the postoperative ward, any special opera
tve orders are carried out but this will be mainly flulds as
peeded, narcotic for pain catheterize PRN and diet as
tolerated.

Essentially this carries the patlent from the receiving
door through treatment and to the postoperative ward.



I
CHARACTERISTIC EFFECTS OF
TRAUMA

Human tissues may be contused, abraded, lacerated,
avulsed, macerated, burned by chemicals, electiaty or
heat, damaged by cold or immersion, disrupted by blast ar
cellutarly injured by lonizing frradiation. How tissues will
react to trauma depends on type and severity of fnjury
body location elapsed time between injury and medical
care and & host of more or less intangible factors. Most
of these paints are well understood, will not be essentially
different in a mass casualty situation and will respond to
the usual methods of therapy which have proven so suc-
cessful in the past, provided that we have time frained
personnel and suppHes.

However certain factors which affect type and severity
of injury must be emphasized for whatever preventive
measures can be derived. It Is obvious sincs flying objects,
blast waves and the heat waves of flash burns travel fn
stralght limes, that geographical features may make @
marked difference in casualties sustalned. The oft-guoted
figures from the atomic bombing of Hiroshima and Nag
asskl bear this out since Hirashima is located n a flat
terratn and Nagasaki is situated among ridges and valleys.
The value of defilade is shown in the following chart.

Artornc Bons CASUALTIES

Hiroskima
Deaths 70,000 43,000
13

000 2,000
Infared 80-100,000 30-60,000
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Obviously other factors played a part but the protec
tron of terrain was readily apparent in viewing the pattern
of destruction

State of trafning and diselpline of the population plays
a definite role in end result and Japanese hombings again
are cited, whero there was an incidence of only 5 to 6 per
cent of major {ractures among, the rescued casualtics This
was because there was no organized attempt at rescuc and
almost everyone who could not waik out under his own
power burned to death in tie rapidly cnsuing fire storm
Effectual rescue would have made marked differences in
the type of casualties available for treatment. Also, in
dividuals who Jook at the atomic flash may be blind for
one to three hours so that cven the uninjured may be In-
cincrated because of inability to sce to escape. It is
thought that a young, disciplined military population
would show fewer casualties than a mixed civilian group
because of training and indoctrination. Urban casualties
will depend on whether the disaster oceurs In the day
time when the downtown area is crowded with people
at peak traffic periods when the roads are crowded or at
night when most people arc in the suburban areas Types
of avaflable shelter also will modify the picture. Prevail
ing weather will be important primarily because wind and
fog will modify fall-out danger and scason will have a
direct bearing on exposure factors Finally type of cloth
ing worn is Important not only In exposure but becauss
some fabrics melt readily at low temperntures and others
because of dark color tend to absorb more heat rays The
extensive use of plastics in clothing material may be harm
ful because these may melt, thus increasing the burns
and augmenting the exposure subsequently

In & mass casualty situation it is estimated that Blast
will account for 50 to 80 per cent of the injuries because
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of the resulting flylng foreign bodies. Thermal injuries
will make up 30 to 35 pex cent of the casualty group be-
cause of the original flash burns and the subsequent fire
burns, Irradiation {njury is estimated to make up 20 per
cent of the group but this number may decreass with
more potent weapons sincs fewer people will survive to
show frradiation injury later That theze figures total mare
than 100 per cent is anticipated because of the large mmm-
ber of combined wounds and multiple mjuries.

Mechanical Injaries

Mechanical injuries will be caused by tndividnals being
struck by displaced objects and flying glass or by them-
selves becoming flying objects dashed against immovable
structures These wounds, then, will be by low velodty
missiles as compared to the velocity of rifle bullets As
General James Cooney has so pungently stated, {f you are
killed by 2 missfle it really makes no difference whether
it Is a rifle bullet or a flying toflet seat, as far as you are
concerned. However as far ay treatment is concerned for
the survivors it makes considerabls difference as will be
brought out in the discussion on wound ballistics because
wounds from low velocity missiles require much less ex
tensive debridement and the subsequent death of tissuo
which appeared grossly normal at debridement will bo
less Since there will be more flying missiles in an urbsn
setting than in e rural area, it follows that the city dis-
aster will show more mechanical injurfes and more
infurles in particular

Blast Injurfes
Although blast is listed as causing 50 to 60 per cent of

the wounds In a disaster group actually this means me-
chanical wornds caused by displaced objects socondary to
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blast or by translation of individuals who themsclyes be-
come flying objects. Primary tissuc damage from blast
in air, per se will be limited almost entircly to a few
ruptured cardrums The following figures fndicate why
blast is not a potent primary cause of tissuc damage, psi
standing for “pounds per square inch ™

13 pad & the vormal ‘m:phnk mmme

;4$m$n:ckm':;2lnchwhﬂdwm

25 sl overpresrure will collapse reinforced concrete,

100 pd overpresore will I & man,

Following World War II, many papers were written
about the primary cffect of blast and it is true that an oc-
casional person will sustain rupture of pulmonary alveoli,
death from pulmonary edema ensuing, but this is rare.
This is because afr {s so highly compressible whereas
blast in water is much more serious because water is not
compressible and the full force is transmitted to the ts
sues.

Thermal Burns

Thermal bumns may accompany and complicate 25 per
cent of the casualties wounded by other mechanisms so
that the treatment of burns will be a serfous problem
Flash bumns occur as a result of direct transmission of
heat to tissues by the heat wave which travels in straight
lines. This accounts for the “profile” bum and tho ap-
parently impossible shielding by a leaf or blade of grass
This type of bum is delivered by an fnstantaneous ex
posure n contrast to the flame burn sustained by direct
contact with bumning clothing or other objects Very
small amounts of heat will damage tissue as is shown by
the fact that delivery of two calories per square centl
meter of body surface causes a first-degree burn (ery
thema like sunbumn) thres calorles per square centl
meter cause a second-degree burn (blistering) and eight
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calories per square centimeter cause a third-degree bamn
(full thickness destruction of skin) Ten calores per
square centimeter will burn through the military untform.
Although the temperature at ground zero In an atomie
burst may reach 3 000 to 4,000 calories, the temperature
decreases rapidly with the square of the distance so that
at about 2.25 miles from epicenter, only a two-calors
sunburn is sustained. Naturally these figures vary with
size and yield of the weapon. Since the flash burn fs of
a duration measured in tenths of a second, shielding i
highly protective. This is shown by the protected area
in the shadow of grass or leaves and by the protective
area of lightcolored patterns on darker cloth fn clothing.
These phenomena were seen at Hiroshima and have been
described frequently

Although much has been made of the disfiguring scars
in the burned patents who survived at Hiroshima and
Nagasald, thess scars simply resulted from inadequately
treated, infected full thickness burns which healed with-
out skin grafting, There was no esoteric effect from the
type of bombing itself These same end results mey be
anticipated fn any disaster accompanied by fire, where
wound infection s uncontrolled and healing fs by second-
ary scarring.

Irradietion Infuries

Irradiation injurles mav be of the immediate type &
of the delayed varlety depending somewhat on the dos-
age and on the time period. Prompt or tmmediate ir8
dlat:hmln]uryismostapttooecurlnthenreaof):nﬂim’I
bomb damage (10 psi or greater) and therefore such
individugls will, in addition, sustain severe ar lethal fo-
jurles from beat or mechanical damage. Thase farther
awny from the eplcenter will have a greater tendency f0
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calories per square centfmeter cause a third-degres bum
(full thickness destruction of skin) Ten calories per
square centimeter will burn through the military untform.
Although the temperature at ground zero fn an atomfc
burst may reach 3,000 to 4,000 calaries, the temperature
decreases rapidly with the square of the distance so that
at about 225 miles from epicenter only a two-caloris
sunburn s sustained. Naturally these figures vary with
size and yleld of the weapon. Stnce the flash bum fs of
a duration measured in tenths of a second, shielding #s
highly protective Thiy is shown by the protected area
in the shadow of grass or leaves and by the protective
area of light-colored patterns on darker cloth fn clothing.
These phenomena were seen at Hiroshima and have been
described frequently

Although much has been made of the disfiguring scars
in the buped patients who survived at Hiroshima and
Nagassk, these scary stmply resulted from inadequately
treated, fnfected full thickness burns which healed with-
out skin grafting. There was no esoteric effect from the
type of bomblng ftself These same end results may be
anhcipated in any disaster accompanied by fire, where
vwomnd {nfection is uncontrolled snd healing s by second
ary scarring.

Irradiation Injuries

Irradiation {njurles may be of the fmmediate type or
of the delayed vardety depending somewhat on the dos-
age and on the Hme period. Prompt or immediate rz
dinﬁuninjuryumostapttooeanlnthemofmaximl
bomb damage (10 psi or greater) and therefore such
tndividuals will, in addition, sustain severo or lethal In
jurles from heat or mechanical damage. Those farther
away from the epicenter will have s greater tendency to



Surgical Philosophy m Mass Carxalty Management 53

survive but again are subject to combined type Injurics
s0 that purc irradiation fnjurics in the area of bomb dam
age will be almost, if not entirely, non-cxistent, On the
other hand, fallowt may cruse immediate fmdiation in
funy fn persons othenvise unaflected by the disaster De-
layed {rradiation {nfuries result from continued exposure
to low dosage over a period of time and this may be from
working in a contaminated are1 or from being subjected
to increments of fallout. All of these factors vary with
size and yield of the bomb as well as with other factors
not pertinent hereln

Irmadiation Injury Is cellular in type and when once
sustained, §s frreversible notil the full gamut of damage
and repair has been run  Unfortunately, although areas
and materel may be monitored to determine contamina
tion, qualitatively and quantitatively, wo cannot by any
stmple method measure the number of rogntgens to which
an individual casualty has been exposed.  Actually, how
ever since there Is no specific therapy anyway this is
an acadernfc point and we swalt developments, treating
as symptoms arise This means {n essence that we must
fgrore irradiation infury when {t comes to mass casualty
treatment. Individuals who show iradiation symptoms in
the first few days are doomed by present knowledge and
thote who require treatment for other injuries may sub-
sequently die of imadiation but this we have no means
of determining originally

Much has been made of the danger of irradiation in
fury but there {s little real Imowledge aside from theore-
tical constderations and semieducdted conjectures. Un-
fortunately many sclentists and psendosclentisty in all
sorts of parallel flelds have made national pronouncements
regarding incldence of blood dysersias, genetic changes
in the twenty-sighth generation and other matters which
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catch hurid headlines. Much of the discussion fs emotional
and posstbly ideological rather than factmal. Mare pro-
fit accrues from discussion of matters which have same
basis tn knowledge.

Combined Injuries

From the foregoing discnssions it will be seen that cam-
bined and multiple injures will be the rule rather than the
exception. This is not unusual in battle casuslty experl
ence and the additional factor of possible {rradiation -
jury need not be allowed to complicate the picturs since,
as has been indicated, we cannot assess the irradiation
hazard at the time the other injuries require treatment. It
is perfectly possible that we may spend hours repairing ab-
dominal fnjury debriding woumds and splinting fractures
only to have the,patient die of late trradiation effects same
wecks later At the moment this seems to be an unavoid-
able and unforeseeable eventuality and therefare we may
s well not worry about it

It {s possible that hitherto rare or unknown combfos
tlons of injurles may be seen and ons such lesion might be
burns of eviscerated abdominal organs. Such combinations
should be anticipated and plans for thefr management
must be made. The main problem fn combined injuries is
ane of deciding prority for treatment of the indfvidual
and deciding the order in which the injurles need care.
This will be discussed elsewhere.

Wound Ballistics
Missiles produce their damaging effect by transmitting
some or all of their kinetic energy to the tissues through
which they pas. Since the kinetio energy of & missilo is
directly proportionsl to its velocity it follows thet wound
fng power also {3 proportional to velocity As the missile
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distinct mechanisms. First, the “punching” action of the
mistile may carry foreign bodles into the depths of the
wound. Second, the “splashing™ action of the temporary
cavity formation may spread forelgn material widely in
the tissues Third, the “sucking” action may draw material
into the wound, even from the site of exit of the missile

Statistical studles to show what body reglons are most
frequently Injured are of great importance in allowing us
to plan on what types of injury will show the greatest case
load. The results of such studies indicats that all iy not
hopeless in a mass disaster becauss fortunately the less
severe and stmpler wounds are by far the moast frequent.
The following table is a compilation of past experlence in
conventional warfare phus expected results from an atomic
explosion in both urban and rural situations

Atomic Cenventiona]
Body Area Rural Urben
Head, Neck and Face  12% 5% 16%
Thorx 15 10 8
Abdomen 14 5 [
Upper Extremity 22) (27 26)
) H0t060% ( ) 0%
Lower Extremity 37) oftotal (23 44)

This table shows that wounds of the extremities make
up 30 to 70 per cent of the total case load and elthough
the total tmplication of this will be discussed later it may
be said here that obviously such wounds need debride-
ment which is simpler and quicker then abdomtnal and
neurosurglcal cases Second, the end results are apt to be
better as far as life iy concerned and third, it is apparent
that individuals of less training can do the bulk of the
surgery whereas persons of much more tratning would
be needed for such things as intestinal repair It will be
shown further that the more severe cases can await definf
tive treatment with less loss than the soft tissue infurfes.
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spiratory obstruction. Almost all battlo casualtles who
are gaing to dle, do %o in the first 48 hours, usually before
being picked up and usually of blood loss Al thess ex
perimental and clinical observations confirm the frpres-
sion that death is due to blood loss, that the type of injury
determines the rapidity of hemorrhage or its comprestion
effect, that most deaths in the first 48 hours are unavold-
able because of inability to replace blood loss earlier and
that most patients who survive 48 hours will do so fndef
initely almost regardless of trestment received. These
points should somewhat dispel the thought that medical
therapy is definitive What we accomplish {s more in the
way of supporting nature, speeding the end result, making
the patient more comfortable and decreasing the compli
cations and morbidity These pofats will be amplified in
the discuxsion on compramises which safely can be made
in & mass casualty situation.

In a study of a small number of battle casualties dying
in a forward hospital, it has been shown that even here
one half of the patients died of continued blood loes or
irreversible shock while a fourth died of vital organ
damage. It is apparent then that even in a hospital en-
vironment, blood losz iz by far the most frequent cause
of death and it is Interesting that the casulatles dying of
irreversible shock were hospitalized less than five hours
after fofury were dead in less than 18 hours after injury
and had recefved an average of nearly 10 liters of blood.
Thiy cleary potuts up the time factor the urgency of early
replacement and the realization that in a mass disaster
neither the blood nor the opportunity for replacement will
be early enongh. This means again that casaalties who
cannot survive for 48 hours without treatment are doomed
to {nevitable death.



Iv
PRINCIPLES AND IMPORTANCE
OF SORTING

The hasic aim of mflitary surgery is to do the most good
for the greatest number at the right time and in the
proper place  Amplification of all the ramifications and
corollaries of this onc statement would £l a volume and
embrace the wisdom of o lifeime of experience The
keystone of this basic aim is the categorization of patients
into groups so that we give immediate care to those in
urgent need, resuscitate those who need this preliminary
to definitive treatment, segregate those who can await or
who require cvacuation to a special center and decide
which patients are so seriously injured that treatment will
be of no avail. This s the essence of military surgery,
whether it be called sorting, triage or categorization of
patlents for care Another term for this process is the
practical application of surgical judgment. Basically this
means a budgeting of time, personnel and supples to pre-
vent waste and assure maximum use of facilities. Sir Isaac
Pitman has said that well-arranged time is the surest mark
of a2 well-arranged mind and the proper budgeting of time
is & hard lesson for civilian doctors to learn In civillan
practice rarely dees a doctor have very many urgent cases
ut any one ime and he may laudably sit up all night with
one patient. In combat surgery and in mass casualty
work, the doctor must realize that there may be tens or
hondreds of patients awaiting his services and fruitless
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work on & hopeless case or too deflnitive a procedurs on a
patient who could wait without harm, may allow another
patient to die for want of a hemostat applied to a bleeding
vessel. With an overabundance of patients and e shortage
of doctors it is inevitable that some patients will die while
awalting care but st{ll the objective is the most good for
the greatest number Sorting of patents must be bal
anced against availabilitles of time personnel and sup-
plies becanse it is useless to decide on an abdominal
exploration if there is no surgeon. Whatever success is
attained in the treatment of mass casualties will be based
on the proper sorting of patients and application of surgi-
cal judgment as to priorities for treatment.

Philosophy of Sortmg

The placing of patients into treatment groups requires
great moral conrage as well as surgical judgment because
to demy treatment to one while offering it to another is
apt to be misnnderstood. Even doctors rafte some very
fmmature objections, especially to denying definitive care
to the hopelesaly injured. Even certifled surgeons have
stated at national meetings that no one has the authority
to assume the responsibility of Deity in deciding who will
live and who will die! Let us not become emotionsl
sbout this matter because surgeons make such decisions
in everyday practics. When ever the surgeon decides that
a disease is too far advanced to permit operation ar at
operation decides that resection is impossible he makes
this same decision, the only difference being in point of
ttme. In the battle casualty case, the tmmediacy of his
act is readily apparent becauss that patient expires in
minates or hours whereas n the cancer case his decision
does not result in death for weeks or even months. There
is nothing new ar alarming about this type of decision.
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This pscudo-theological attitude Is similar to the cthical
point of emotionn! nature which urges “save the women
and children first.” Again, sociological or economic points
might be taised in favor of treating the hank president
fist while requiring the janitor to await his cconomic
tun  These polnts sound absurd but have been ratsed
serfously by people who should know better  Obvlously,
none of these points will be given any weight as all pa
tients allegedly are equal in the sight of Deity and the
law  Equally unsound arguments have been mised re-
garding the utilization of supplies With 500 patients in
shock and one pint of blood avallable, shall we give each
his just share of 1 cc. each or shall we select the patient
most likely to benefit? This extraordinary lack of com-
mon sense was scen in a certain forelgn country after
World War IT where antiblotics were very scarce. If
one ampul of penicillin became available, it was diluted
and each patfent recelved his homcopathic share It
is said that in one POW camp over 100 prisoners had
malaria and suddenly one bottle of 100 tablets of quinine
was released. Is the dosage to be one tablet per patient,
benefitting no one? These concepts seem 30 elementary
that it should not be nccessary to mention them but
experience has shown that they must be spelled out for
the benefit of the sentimentalists, the do-gooders, the
naive and the inexperienced It {3 obvious that we will
stick to proven principles doing whatever 1s possible to
accomplish the most good for the greatest number This
is a very heavy responsibility and it is for this reason that
the most experienced surgeon must accept the duty of
sorting officer His surgical judgment is esrentlal here,

whereas someone of less experience can give the defin
tive care,
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we may have to becomo much tougher in our thinking
even considering using the moribund as exsanguination
donors.

Sclection of Tringe Officer and His Duties

From the discussion of sorting it should be clear that
the decisions which must bo made require tho surgleal
judgment, experience and moral courage possessed by
the most scnior surgeon present for duty Some plans
have called for funfor surgeons or cven paramcdical
persons to do this job but such plans are not well con
cedved Equally unaceepiable is the thought that tho
Chief of Medicine should be the trage officer The
Chief of Medicine fs no more able to exercise surgical
judgment than the Chief of Surgery is able to assume
responsibility for diabetic coma or coronary thrombosis
Equally reprehensible s the plan to assign too many
people to the triage point. As has been pointed out in
the section on hospital plans the triage officer nceds a
crew to help expose patients for examiation a clerk to
write down diagnosis, treatment group and ward, & senior
resident to perform the occasional emergency lifesaving
procedure such as tracheotomy, a junior resident to assist
and to stop bleeding by pressure dressings and a series
of litter bearers. This in summary states who should
be triage officer and what he is expected to accomplish.

More he cannot encompass and less would be wasteful
of his talents.



\J
TREATMENT GROUPS

Since sorting of patents implies categorizing into
fairly definite groups for treatment, the criteria for such
grouping must be established in advance. Also it is help-
ful to make some rough estimates as to what per cent
of the totel case load probably wall fall into each group
This gives some indication as to the scope of our plauning
for persommel and supplies In addition, it indicates
clearly some of the restrictions that will be placed an
treatment by obvious inability to furnish the where-
withal.

Casualties seem to fall into four natural categories
and these have been formalized into Treatment Groups.
Thers are the walking wounded, well known in combat
surgery and the vadous non-effectives who need very
little specialized care making up the Minimal Treatment
Group Next are the casualtles who obviously require
Immediate Treatment if they are to survive. Then thers
are the casualties who require resuscitative measures
before coming to operation or whase condition will not
deterforate mduly by a period of waiting, making up the
Delayed Treatment Group Finally there are thoss
patlents who are so serously tnjured that survival cannot
be antcipated or patients for whom necessary treatment
facdlities are not available. Thess make up the Expect
ant Treatment Group Originally it was estimated that
with an atomic attack or a large civil disaster the patients
might group themselves as follows
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Treatment Group 1k Civil Diraster
Minrmal 407
Tramediate 20%
Delayed 20%%
Lxpectant 20

More recently with planning for thermonuclear attack
and staggering numbers of casualties, estimates have
been changed as follows

Treatment Grous Thermenuclear Attack
45%
Immediate 5%
Delayed 45%

Expectant 5%

The reasoning behind these changes are: first, with a
larger area of involvement the periphery of damage will
be larger and consequently there will be a greater arca
in which injurfes will be incurred  Next, with tremen-
dous numbers of casualties there will be greater difficulty
in evacuation of patents so that fewer may lve to
reach a medical center  Also, medical facilities will be
overwhelmed 2nd the more serious case groups will
have to be dropped from consideration for definitive
surgery because of lack of time personnel and supplics
This means that although the Immediate Treatment
Group may be tremendous in size it will actunlly make
up a much smaller percentage of the whole. Then,
since serous and less rewarding case groups will be
dropped off the definitive treatment list, these cases
will shift to the Delayed Group Also, slower and more
difficult evacuation of casualtes will mean that patients
who otherwise might have been in the Immediate Group,
will have deterlornted to the point where they must be
put in the Delayed Group Lastly most of the patfents
who ordinanly would go into the Expectant Group will
have died before being evacuated to a treatment aren
and the Expectant Group will be made up of deterdorated
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patients from the Delayed Group, plus such cases as
severe frradintion fnjurles These are the rationaliza
tons which influence the estimates on grouping of pa
tents for treatment.

Minimal Treatment Group

These patients, requiring minfmal treatment, will maks
up 40 to 45 per cent of the total load and will fall fto
two subdivisions.

A. Patients who may return to duty, be released to
their own care or who can be put to work after
minimal treatment. These patients should be sep-
arated from the tringe system as carly as possible
and should not be allowed to get nto the hospital
area except to wark. They should be congregated
in the area set asxide for walking wounded where
they can make up 2 work pool depending on their
capabilifes. This group includes
1 Minor laceretions and contusions too serious to

ignore but requiring at most a small dressing,
2. Simple fractures of small bones which do not
tnterfere with ambulation or self-care and which
can be left untreated or managed by sling o
bandage.
3. Second-degres burns of less than 10 per cent
body surface which are not ncapacitating

B Non-effective patients who have minor injuries or
disabiliies but who need domiciliary or nursing
care. Thess patlents also should be separated early
and kept out of the hospital. They may be put
in the walking wounded erea to be fed and other
wise assisted by other members of their group.
This group includes
1. Disabling miner fractures such as those which
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prevent the patient from walking or which cause
swelling about the cyes to prevent viston

2. Minor burns of the face, hands or feet which
are scrious only in that they prevent the patient
from sceing, walking or feeding himself

3 Modemte psychiatrde disorders which would
cause tho patient to make himself a nulsanco
rather than an actual menace.

Immediate Care Group

Depending on which figures are used, this group makes

up 5 to 20 per cent of the total and §s made up as follows

A. Patients hemorrhaging from readlly accessible site.
This may bo an extremity vessel quickly controlled
by a pressuro dressing but the patient cannot be
released or neceds subsequent wound debridement.
It may be an caposed vesscl which can be quiclly
clamped and Hed, the wound being left open and
the patient placed in the walking wounded area.
It may be a minor maxillo-faclal fnjury where a
Barton bandage stops hemorrhage by reapproxima-
tlon of displaced tissues and the patent then can
await debridement or can be placed in the walk
ing wounded area if he can eat.

B Raplidly correctible mechanical respiratory defects
such as sucking wounds which require a pressure
dressing, tension pneumothorax which requires as
piration, or multiple rib fractures where immediate
tracheotomy will relieve pain, stop paradoxial mo-
ton and improve ventilation to the polnt where
cyanosis disappears

C Severe crushing wounds of the extremitles where
bleeding may be a problem ar where the devitalized
tissues cause damaging ahsorpion or where o
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dangling part complicates nursing care. Hers, it
may be best to completo the partial but inevitahle
amputation or a physiological amputation may be
accomplished by applylng a tight tourniquet which
i‘;o);ottobemmuved until definiive amputetion i
e
D Severe lacerations and open {compomd) frectures
obviously require debridement, fmmobflization and
subsequent delayed closure.
E. Severe burns of the face or upper respimtary tract
require immediate tracheotomy and then may need
10 further definitive treatment except supportive
care.
Delayed Care Group
Agnin depending upan figares quoted, this group will
maks up 20 to 45 per cent of the total group Casuslties
placed In this group will be those whose surgical treat
ment can be delayed without immediate jeopardy to life
or thase who require resuscitative treatment in prepam
Hon for opemtive treatment. Thers will be marked
variation in concept regurding thit group For exxmple,
1f & patient requires only blood transfusion before wound
debridement and there Is not too great a backlog of
cases he may be placed in the immediate group to get
his blood while awaiting operative scheduling Further
ifabdmn!nalinjuﬂesmtobetreatadbyopemﬁm,tbey
may be placed in the delayed group to receivo blood
and antthiotices before aperation  If operation is beyond
the scope of svailability of time personnel and supplies,
sbdominal infuries may drop in priority to the expectant
group for conservative management. This shows how
cirenmstances modify theso codifications which never
can be absolute but depend an current judgment. Ord-
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inarily the delayed care group will include

A. Closed fractures of major bones  These will be
treated by splinting and immobilization which will
allow them to wait indcfinitely if necessary  De-
formity and non-union will have been accepted os
incvitable.

B Modemate lacerations without severe hemorrhage
can be treated by antibiotic coverage and pressure
dressings  Dcbridement within 72 hours should be
hoped for but unless definitive debridement can
be done the patient might better be left alone with
these conscrvative measures  An infected wound
will be commonplace.

C Bums of sccond degree involving 10 to 40 per cent
of the body surface or third-dergee burns of 10
to 30 per cent extent require fuids and antiblotics
if avaflable but do not require operating room care
and, therefore, are placed in the delayed
Minimal debridement on the ward will be helpful
and exposure treatment probably will be the rule
whether or not the case fits the usual criterda for
that method.

D Non-critical central nervous system injuries will n-
clude everything not placed in the expectant group
because these patients tolerate delay very well and
probably the policy will be not to operats carly
anyway This will be elaborated upon later

Expectant Group
This is the most controversial group because this §
to 20 per cent of the case load will be made up of patients
who cammot be treated by the usual means because of
unavailability of time personnel or supplies and patients
who are 5o seriously injured that their death seems in-
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evitable based on past experience. Herein will be in-
cluded

A. Critical central nervous injuries and severe respira
tory system Injuries. These patients will be made
comfortable and observed. Some will survive but
the majority will succumb

B Abdominal wounds will be placed in the expectant
group because abdominal exploration is so costly in
terms of time and supplies, because surgeons of
the caliber needed far this wark will not be avallabls
and because, as will bo pointed out later, there is a
moderate return from conservative therapy alone.
These patients will receive flulds and antibiotics
parenterzlly f available and nasogastric siphonage
if possible.

C. Multiple severe infurfes obviously critical in nature.
This group requires little discussion except to cau-
tion that some wounds such as thase of the face
and neck may look perfectly terrible but respond
to simple tissue replacement by a Barton bandsge.
A little experfence will indicate what types and
severities of multiple wounds are fncampetible with
life. Such patfents should be made comfartable.

D Burns of second or third degres of 40 per cent
body surface or more, should be given sedation.
As will be shown later herolc measures may pro-
long life past the shock stage only to have the pa
tent die of septicemiz. Bum research hes pro-
longed life in such cases but has not changed the
mortality rate significantly and we can tell almost
mathematically by degres and body extent, which
patients will die in spite of all efforts. The 00
casional patient who survives will not be given the
opportunity in mass casualty situations
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E. Obvious cases of lcthal irradiation injury neced
be treated because at best we have no spec
therapy  Lesser degrees of irmdiation Injury h
been omitted from consideration in the ab
groupings because we cannt tell how much frrac
tion a patient has sustained and divisfon by ro
gens {s entirely academic. Only time will mako
groupings in irmdiated cascs

Priorities for Treatment

No matter by what criteria patients are categord
into treatment groups, the same two conditions rex
at the top of the list, patients who are losing bloed
patients who have some Interference with free breath
These two conditions are of equal Importance and
interrelated that priority between the two will vary v
the individual case. It has been shown that difficul
in one or both of these flelds cause most of the de:
from trauma in the first 48 howrs and it {s known !
whole blood will be an extremely scarce commodity
a disaster situation. Consequently, blood loss of ¢
swall amounts must be stopped ot the carliest poss
moment as definitive therapy but more especially ¢
prophylactic measure agninst development of shock.
ternal hemorrhage is simplest to control by such m
ures as pressure dressing, hemostat and lgature or «
initive tourniquet. Internal blood loss is more diff
to recognize and with the low priority for abdominal
thoracle operations In case of disaster, such path
probably will be lost. Cardlorespiratory embarrassn
may be on the very stmple basis of displaced Hssues £
maxillo-facial fnjury, quickly comected by a B
bandage. Sucking chest wounds respond to an occlu
dresting and tension pnsumothorax to & needls v
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Most thoracic bleeding will be from the chest wall or
from vessels other than those in the lung tissus. For this
reason thoracotomy either is not required or probably
will not be dane soon enough to be valusble anyway
Control of hemorrhage and maintenance of an atrwey
fall into the fleld of first-aid and take precedence fram
that time on, coming ahead of any thonght of therapy
by definftive case groups.

Priarity by Case Groups

Only after hemorrhage is controlled, blood replacement
has been started and an adequate afrway {s assured, fs
it time to think of therapv for the wounds themselves.
It probably is true that treatment of burns will be the
simplest and most nearly routine of any of the case groups
because simple debridement, plus fluld administration,
will constitute the reglmen, plus injection of a tetanut
booster and antiblotics if they are available. These
cases will not go to the operating rooms even if trach-
eotomy Is needed unless a concomitant infury requires
surgery This cass group therefore, is relogated to ward
care,

Extensive soft tissue injuries will be the first case types
taken to the operating rooms not only because they make
up the bulk of the total case load and the salvage rate
from such cases will be high but because the speclalized
and time-personnel-supply « tng cates will be do-
leted from constderation. It is fmportant to remember
that turning and moving a patient causes and augments
blood pressure drop so that #f there are wounds of the
sacrum and buttocks plus anterlor wounds, the posterior
wounds should be debrided flrst to eliminate one tuming.

Open fractures will be dealt with at the same time as
soft tissue wounds are debrided, using the quickest and
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Nest method of reduction and fragment fixation not
to conserve time but beeause extensive bone wotk in
afected field is poor judgment. Closed fractures tako
priority except for splinting.
abdominal wounds arc to be operated upon this
11d be accomplished In the first cight to twelve hours
cnts who survive the inftial perfod stand a good
sce of spontancous recovery, with the varfous com
ations of peritonitis fistula and adhesions, but recover
ctheless. It scems obvious that in a mass disaster
cases of abdominal fnjury may not be rescued dur
this “golden period” and for reasons of cconomy,
servative therapy may be most rewarding  Conse-
atly, abdominal wounds drop from first priority in
mal times ta no protity for opcration in disaster
umstances. That this {s not entirely reprehensible
1 be shown.
Vounds of the external genitalia will bo handled ns
7 soft tissue wounds with the speclal requirement that
wision must be mado for the urinary stream elther by
tostomy or urethral catheter, Leeping in mind the
ulability of catheters and such apparatus  Wounds of
: interpal genftourinary system are considered with
dominal wounds and will be managed conservatively
abdominal wounds are not explored or will be appro-
lately trested at laparotomy ‘This is a small case
oup at best.
Central nervous system wounds have low or no priority
t operation in a mass disaster because of shortages of
wsomnel,(ength of time required, relatively low yleld
useful salvage and also because as will be shown,
iese cases deteriorate slowly even if not operated upon.
Mexillo-facial and cye cases will have low or no priority
m operution except for control of hemorrhage and main
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tenance of airway Sight-saving I ertremely important
but will have to be balanced against capabilities and
efforts at lifesaving.



VI
COST OF DELAYED MEDICAL CARE

In previous sections it has been hinted that the ple-
ture is not entirely black cven if nothing more than a
little supportive care is given and it has been stated that
medical treatment is much more in the nature of support
ing survival than it is of actual saving of life. It is known
that after the bombing of Hiroshima and Nngasaki, there
was little cfective medical care in tho first week and,
therefore, it is obvious that those who survived did so
because of thelr inherent ability to cope with injury
and in spite of the absence of medical care. The United
States Strategic Bomb Survey estimates that only 5 to
8 per cent of lives lost could possibly have been saved
by the best medica] care. This correlates with and cor-
roborates the previous statement that casualties who die
fn the first 48 hours do 50 because of hemormrhage, as-
phyxa and irreparable crgan dsmnge all of which are
too sudden or severe to respond to medical care, This
means, therefore, that early ndequate medical care fs
much more effective in improving late results rather
than early mortality This is another way of saying that
we can influence the DOW (died of wounds) rate by
Improved methods but the KIA (killed In action) rote
remains quite constant. This brings up two very fnter
esting points which at first glance seem unreloted—city
um&nmbulammdlouﬂonofmﬂimryhosplmhm
com

People in most enlightened communities realize that

P
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the racing, screaming ambulances with strens blowing
and lights flashing rarely accomplish a lifesaving misdan
and frequently cause serious traffic accidents. A check
on what the ambulance contalns most often is & sad com-
mentary on human intelligence In almost no fnstance
do a few minutes make any difference and if the ntma
tion is that serous the patient will die in recetving room,
in spite of emergency care and without ever getting to
the ward. Ambulances should use lights and sirens to
clear right of way but should obey traffic signals including
stop signs and red lights Anv other course is formded
in sentiment and emotion rather than in necessity Lest
these comments be contidered only as ill-tempered gen-
eralizations, let us cite some figures. In Flint, Michigan,
in the summer of 1949 an ambulence ran a 1ed light,
struck an sutomobile and killed the young ambulance
driver Three weeks later an ambulance driver for the
same company traveling 70 miles an hour ran a red
light, crashed fnto a truck and kifled the driver These
ncidents wers the cause for setting up a central dis-
patch system under police control.

Formerly ambulances raced ta the scene of the acch
dent to securs the business for their campany but now
they are palice-directed and limited to 35 miles per howr
That speed is not necessary to save lves is shown by the
fact that an ambulance averaging 30 miles per howr
travels five miles In ten minutes and at 60 miles per hour
only five minutes would be saved. That the time fagtor
is relatively unimportant is shown by analysis of 2,500
consecutive ambulunce runs in Flint, showing that this
additional five minates would not have Influenced the
course of a sdngle infury  Of these 2,500 cases 27 wer®
dead on arrival and 13 dled in the recetving roam. Care-
fal autopsles convincingly showed that not one of these
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would bt o survi Aahd (he injury oc\\m:d on the
hospit \\\fcs\m\d 1n these 9,500 cG“ch‘\\\\'c uns, haste
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War when medical treatment was essentially non-existent
with results from World War IT indicates that an addk
tional 125 per cent might have been saved in the Cd-
mean War by early care  This does not consider thermsl
and frradiation injuries which we see fn current times
and these would wipe out at least half of this 125 par
cent. Varicus stetistical analyses show that early treat
ment, even within 12 hours of injury, would save caly
an additional three or four individuals per hundred cas-
ualties This brings to mind the suggestion that the arth
ficial kidney be wheeled out onto the battlefleld for the
benedfit of the one or two per hundred who might need
it and the fraction of those who would survive with its
use. Many times the terrific expense and Jogistical
difficulties make it entirely impossible to afford some
procedure which might benefit a fraction of a per cent of
individuals. Common sense and not emotionalism o
sentimentality must prevedl, espectally in times of disaster

Wound iufection will be a distinct problem following
mass disaster becauss with each hour of delay beforo
wound debridement there will be a definitive increase in
bacterial growth. Obviously all wounds and second of
third degree burns will be conteminated originally and
most will develop frank wound infections if treatment
fs delayed. Even in a civilian hospital sarles where
early wound debridement was dane Meleney found &
176 per cent incidence of wound infection in soft tisus
injuries and a 255 per cent incidence of infection in open
fractures. In burn cates neconddegreabln'ﬂlihow"d
a 25 per cent incidence of infection, third degreo bums
showed 68 per cent and the overall incidence of infection
in treated burns was 465 per cent. Such wound infec-
tions will cause comsidernble morbidity but not a high
fmmediate mortality Clostridial myositts (grs gRr-
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grene) on the other hand has been an important eauso
of death in past wars where debridement and antibiotics
were used late or not at all  In World War I, soft tssue
wounds showed an incidence of gas gangrene of from 1
to 5 pereent with a 27 per cent mortality rate In horea
with carly debridement and antiblotics, the incidence of
gas gangrene was a fraction of 1 per cent with no mor

tality Dcbridement and antibloties within the first 12
hours will prevent mortality from gas gangrene but
treatment Instituted after 48 hours will show an incidenco
of 5 to 10 per cent of gns gangrene with a mortality rate
of between 30 to 50 per cent.  An amputation rate of
about 4 per cent from effects of infection is rcasonable
to expect. Since soft tissue wounds of the extrementies
will make up at least 60 per cent of the casualties, it is
clear that early debridement and antibfotic administration
would give an extremely high salvage mte and good re-
tumn for time and efort expended. Such wounds prob-
ably will be seen after 48 hours and still, debridement
and antbioties will be highly profitable although more
and more amputations will be neccessary as delay in-
creases, ‘This shows the reason for the continual em-
phasis on wound debridement as a mainstay of treatment
in disaster Tetanus will not be a great problem because
of the almost universal immunization of the population,
elther primarily as in the military group or in combination
with diphtheria inoculations in clvilians. In non immun-
ized populations tetanus will be a problem as it was
among civilians in Manila in World War IT At present
there i3 no substitute for wound debridement. Local
application of drugs is ineffectual and systemic ant

biotles alone only delay onset of infection, at best. How

ever, wound {ncision as a substitute for debridement may
only succeed in dislodging blood clots which are pre-
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venting exsangufnation and pressure dressings plus sys-
temic antibioHes must suffice untll full scale debdde
ment is possible.

Burns will make up the next largest case group end
will be an important problem. Second and third degree
burns do not, by their nature, lend themsslves to de-
bridement as do soft tissue wounds all of the burns will
be contaminated, the vast majority will develop wound
infection and antibiotics are not effectual in undebrided
wounds, All this adds up to the statement that eady
treatment of burns in a mass casualty situation will not
be worthwhile except for the administration of fluflds.
Years of research in the fleld of burns have reduced the
mortality rate by about 10 per cent but this is dne almost
entirely to the fact that we have learned fluid replace-
ment which obviates death from shock. We have not
reduced the death rate from infection even with the
highly touted antibiotics and burn patfents taking multi
valent and multitype entibictics now die of
of organfsms which ordinarly are saprophytic rather
than pathogenic. Death rate from burns increases with
the surface area burned and we know that few patients
with a 40 per cent surface bumn will survive. We msy
summarize all this by saying that patients who nsed 1o
die early of shock now survive to die later of infection.
In & mass casuglty situation, there is no palnt in wasting
time in a valiant struggle to save patients who inevitebly
will dle tn ten days This is the reason for saylng that 40
per cent murface bumns will be placed in the expectant
group to be made as comfortable as possible. Patlents
with burns up to 20 per cent of body surface can take
fluids by mouth and patients with over 40 per cent bam
probably will not be treated so that the 20 to 40 per cent
group requires fluids, fntravenously if possible. Probably
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most will have to sip flutds by mouth and succumb if
they are too nauseated

Central nervous system injuries are dramaltie, require
highly specialized care which may be unavailable, at
least among paraplegics show a poor cconomic salvage
rate, and in a mass casualty situation will have almost
no prority for operation Closed head infuries rarely
require operation so that conservative therapy here in
the usual course of delay due to disaster situations will
not materially affect this group  Paraplegies will not be
operated upon and most of them will die. This harsh
statement is made with apologies to the many paraplegies
who have made a good adjustment after years of skilled
treatment in mutiple hands and at an cxpense of thou
sands of dollars Disaster circumstances will make this
a horury which cannot be afforded  This leaves the open
head injurics and, interestingly enough, even the through
and through gunshot wounds with coma do not apprec
ably deteriorate in 48 to 72 hours This is because of the
traumatic decompression and they do not develop infec-
tion tll after the 72 hour perfod This fs a small case
group for which skilled personnel will not be available
ond fortunately they tolerate delay very well

Thoracic injuries make up a small case group and
fortunately thoracotomy rarely is indicated In a mass
casualty situation and patient who requires thoracotomy
probably will not live to reach a placo where it can be
done and consequently this case group will be handled
almost entirely by aspiration for removal of air and blood
closure for sucking wounds and traccotomy for crushed
rib cage  Figures show a 7 per cent mortality for patients
treated within the first 12 hours with a riso to 30 per
cent for patients whose therapy Is delayed until after
12 hours  This indlcates that early therapy In this group
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is highly worthwhile because the treatment is simple and
the salvage rate is high, Delay in treatment results in
death from bleeding and/or respiratory embarrasment
befare infection can develop so that empyems fs not a
factor in early mortality
Abdominal injurles make up a very small case group
and, therefore, the reduction in mortality rate from 32
per cent before World War I, to 19 per cent for Wordd
War II and to 8 per cent for Korea fs dramatic bat not
highly significant in actual number of patients Howard
and DeBakey estimate a 0.5 per cent increase in mortality
rate per hour of delay or not over 3 per cent for a deay
of 48 hours Wo tend to forget that abdominal inujtles
were not operated upon in World War I and surgery
for abdominel injurles originated within the memaries
of most of us  Abdominal operation requires mare trafn-
ing and skill than the other battle casualty cases except
cases and Is very time-consuming. Sioce
neither time nor skilled surgeons will be avaflable, con-
servative treatment will previal. Furthermors, delay of
48 hours in pickup of casualties is to be anticipated 5o
that the mafority of patients who live to reach the treat
ment area will survive anyway Stated positively oven
without operation, 68 out of each 100 abdominal infury
cases will survive. Thhhamtha:opﬂmhﬂcpldmﬂmd
certainly does not mean sbandonment for the group-
Vascular surgery came fnto its own in Korea because
the pace of the war was slow so that time was avallable,
distances were short so that casualties were seen
and the young surgeons were skilled in vascular suture
technigues It is olmost unfortunate that the results
were 50 good becauss the young sargeons who had never
semmyotharwa:fnltthntthhwtupmeodcntfur
futore wars which certainly may not be the case. Liga
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tion of injured peripheral vesscls was practiced in World
War II and resulted in a 48 per cont amputation rate
Primary repair in Korea resulted in a decrease to 13
per cent amputation rate with a 4 per cent mortality rate
end a 1 per cent incidenco of gas gangrene, These
wounds were seen in up to 18 to 24 hours after injury
and it scems probable that 18 hours is the longest dura
tion of injury which permits much hope of success after
vascular repalr It is quite certain that in a disaster
circumstances, patients will not be avallable within 18
hours time will be at a premium, skilled vascular sur
geons will be otherwise employed and injured peripheral
vessels will be treated by ligation

Maxillo-facial casualties lend themselves to debride-
ment and primary repair but in a disaster, only the most
serious will be admitted for treatment and {f these arrive
after 24 kours primary repair will not be feasible Theso
cases will be treated as any open wound without great
change in mortality but with a considerable plastic sur-
gery load for future years.

Simple Essential Surgery Possible
Under Difficult Circumstances

It will bo scen from the foregolng discussion that there
are many simple procedures which require little time,
limited training and few factlities but yet give a very high
return by comparison. In order to do the most good for
the greatest number the following procedures should be

kept in mind, somewhat in this order
L Control external hemorrhage by ligation of mafor
arterles especially in the extremitles and control
lester hemarrhage by pressure dressing reserving
the tourniquet for extremities in which amputn

tion 1is {nevitable
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2. Perform tracheotomy if tndicated and in certain
cases prophylactically as in face burns but keep fn
mind the efficacy of repositioning tissues by Barton
bandage to establish an open airway

3 Close sucking wounds of the chest by any mesns
at hand but usually with a pressure dressing which
soon becomes soaked with blood, acting as a good
escape valve,

4. Control pressure pneumothorax or hemothorax by
needle aspimtion and if repeated aspirations sre
needed, if patlent transportation is not required,
use a tube for water-seal drainage or uss a rubber
glove finger to make a flutter valve. Usually needle
aspiration is highly preferable.

5 Begin to correct the blood deficit in patients who
have lost blood and the blood volume deficit in
burn patlents Do not waste blood and volmne
cxpanders on patients who cannot sarvive, have
no priority for operation or in whom fluid loss bas
not been or cannot be controlled.

6 Treat the barn patients of from 15 to 40 per cent
body smuxface but do not extend beyond these lm
its since efther they do not need it ar will not
profit by it.

7 Amputate mangled extremities elther surgieally by
guillotine leave-open technique or ph:
by definitive toumiquet. Complote the partial
traumatic amputetions if restoration is obviowsly
tmpossible remembering that nerves, blood vetselt,
musdes,boneand;ldnamnecenaryfurnwtﬂh'
while extremity Saving a non-functional extrem-
#y is not a trumph. Remember further that

completion of amputation improves hemostasis,
nursing care and transportability
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8 Splint major fractures to stop progression of shock,
improve transportability, and prevent further dam
age to nerves blood vessels and prevent com
pounding if it has not already occurred

9 Some lists include removal of large foreign bodics
but this is certainly a controversial point which
needs discussion  The patient may be impaled by
a plank or picket fence and in many instances
to pull out this object without complete operating
room control might be fatal from hemorrhage or
highly inadvisable because of evisceration  Here,
a simple saw might remos o the cxcess foreign body
and allow transportation of the patfent to better
facilities. Further a forelgn body protruding from
the skull may be plugging 2 venous sipus and its
injudicious removal might allow or cause fatal
hemorrhage.

10 Up to this point the simple procedures listed have
not cven necessarily required an operating room
When these procedures have been done, or patients
are seen at a placo where more definitive caro is
possible and available the case groups then are
cared for in the priority mentioned clsewhere, ac-
cording to surgical judgment.
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CHEMICAL AND BACTERIOLOGICAL
WARFARE

Chemical Warfare

By definition 2 chemical agent is any gas, liquid or
solid which through its chemical properties produces
a lethel, injurous or damaging effect upon man, his
animals his crops or his equipment, one which produces
a signaling or screening smoke or one which
an incendiary acon. From this broad definition arlses
the semantic difficalty in political or ideclogical discus
sions about the war in Korea. The “yes you did,” I
did not,” type of argument fails to define its terms. In
Kores, smokes and incendiarles were used but none of
the primadly antipersonnel agents have been employed
since World War 1. Incendiarles have been used sinco
404 BC. but the first antl personnel agents were used
by the Germans fn World War L In other warm, the
fear of gas attack has been a haresting factor and has
t:ntusedtroopsto}uggzummht;bm'ugha]lmmmerof
swamps, jungles, mountains and

Wo can dismizs the incendiardes by saying that they
are used primarily agafnst materiel but cause serious
persormel damsge and death from burns. These agents
pose only the problem of treatment of burns.

There are essentially six types of anti-persamnel gas
agents, the tear gases (lacrimators) and vomiting gasss
(sternutators) which are haraming agents and the four

86 -
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casualty producing groups which aro the choking gases
(lung imitants), blood gases (systemic polsons), blister
gases (vesicants) and the nenve gases

Potentialitics

The tear gases find their greatest uscfulness in police
action to bring an unprotected {ndividual under control
or Into the open  In warfare these gases have too many
disadvantages and little to commend them  The vomit
ing gases were designed as a smoke to penctrate gas
masks, thus causing the necessity of removing the mask to
vomit. During this interval, some more potent chemieal
agent could be fnhaled with serious effect. The lung
irritants are represented by phosgene which causes both
armics to mask, depending on wind or other factors and,
therefore, lttle value acerues, The systemle polsons are
represented by cyanide gases which were used by the
French in World War I with little effect and have been
essentially discarded. The vesicants represented by ars
enical compounds or nitrogen and sulfur mustards up
untf] the advent of the nen ¢ gascs were the most potent
and potentially useful of the anti personnel agents. Their
effects are well known and their main disadvantage les
in thefr persistence which may deny a contaminated area
to troop occupation for a disconcerting perfod. It is
doubtful §f any of thets well known agents will see ex
tensive use agnin because more potent agents are avail
sble with fewer disadvantages.

Nerve Gas
The nerve gases Talum, Sarin and Somen were de-
veloped before and during World War 11 by the Germans
incident to research in insecticides Large amounts were
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stockpiled but it fs stated that the reason it was not used
was that German intelligence agents thought we had it
also  We were busy making DDT insecticide, whereas
the Germans thought we were making nerve geses. Al
of the nerve gases are substituted phosphoric acid esters
which vary greatly but ell are extremely dangerons
agents which offer the greatest current threst. They
evaporate to farm highly toxic gases or as liquids they
easily penetrate eyes mucons membranes or skin. Thess
agents react with the enzyme cholinesterase in an Ir
reversible inhibiting reaction in tissue fhdds permitting
accumulation of acetylcholine and continual stimulation
of the para sympathetic nervous system. The nerve gusts
are essentially odorless and colorless and one of thelr
most cogent advantages is the extreme rapidity with
which they act, death following exposure in a matter of
five minutes or less. The clinical picture rescmbles
muscarine or nicotme polsoning with profuse nasal dis-
charge feeling of tightness in the chest, dimmess of
vision, pain in the eyes, headache, dificalty in inhaling
and exhaling excesdve salivation, end sweating, nauses,
vomiting, loss of sphincter control, clonic and tonic con-
vulsions confusfon, drowsiness coma and death.

Treatment

Immediate parenteral administration of hercfe doses
of atropine is the only successful antidote, giving 2 mill-
grims preferably intmvcnoullya.udrepeatingevﬂ'yfvw
minutes uatl 8 to 10 milligrams of atropine bave been
given. Smaller repeated doses for several days may bo
needed. It is apparent that nerve gas contaminsting &
city would be a highly effectual way of eliminsting most,
if not all, of the population. These gases vary in peX
d:tencemthatthedtywouldnotnmﬂlybcdﬂniﬁd
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for occupancy by cnemy troops  Since the agents kil
10 termibly rapidly, treatment Is almost an academic con
sideration because there will be no time to cvacuate
casualtics nor ean rescue workers get in - Self administra
tion of atropine has been proposed but elsewhere we
have commented on tho inability of disciplined soldiers
to inject themselves in a trial run It Is highly unlikely
that citizens can be induced to carry the syrettes at all
tmes much less self-administer them effectually

When the stage of respiratory paralysis has been
reached In a matter of scconds or minutes, artificial
respiration is neeessary and the extremo degree of bron
chial secretion makes trachcotomy for suction clearance
necessary  This explains the flurry of interest in artificial
resprration and tracheotomy about the comtry  Here
again, we run up against the time factor and the absence
of people to perform these acts. Individuals simply
cannot tracheotomize each other in a matter of sceonds
and if they do they are immediately climinated from the
possibility of using mouth to-mouth artificial respiration
on each other These are mutually exclusive Think
tng on this problem will have to be much botter than it
has been in the past because many of the proposals are so
obviously foolish 1f we cannot even interest people in
stmple aspects of civil defente, it is entirely futile to ex
pect each individual to carry at all times on his person,
gas mask, dosimeter atroplne syrettes, tracheotomy tube
plus Dextran and pressure dressings  The simple matter
of supply alone is interesting in that a fabulous amount
of atropine in a tremendous number of syrettes would be
needed and a physical count of avaflable tracheotomy
tubes {s {ndeed revealing

1t is perfectly possible that the nerve gases may mako
entirely obsolete the atomic and thermonuclear weapans
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which destroy structures and lay waste territory whi
invading troop could well use. Since treatment seer
almost out of the question, even the threat of nerve g
attack should be more of a deterrent than threst
thermonuclear attack. Could it be that gvallabflity
nerve gases might stalemste was?

Bacteriological Warfare

Bacteria and bacterial products have been comidest
as agents of warfare against man, animals and cro
but probably have not yet been used. This subject len
itzelf well to scare headlines and has been g favorits St
day supplement topic. The most difficult problem wou
be the mass production and storage of the toxtn whic
would have to be stable far long perieds or the mp
production of large volumes of organisms for live deltver
The next problem would be the accurate delivery of t
toxin or the delivery of the arganisms in vishle cond
ton. There are so many difficaltles ivalved that
effectual use of bacterlological warfare seems wnlikel
Use as a sabotage agent is more within the realm ¢
possibility

Potential Uses

For ute against personnel it is not necessary to X
but merely to disable temporarlly Bacteriological wa
fare would not necessarly demy & city to occupyln
troops although the city water supply was not potsbl
in Tokyo for nearly two years just from the aceldents
contamination neident to the many leaks from bombing
Bacterlological warfare wonld not destory buildlngs an
on first thought might seem to be a quite humane 20
highly saccessful operation.

Introduction of 4 torin fato the water sapply wob
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be the simplest theoretical way to causo the clty defe
cr3 to be otherwise occupfed with diarthea and vomiti
However, this is not as simple as adding knock-out dr
to one drink. To simultancously fntroduce enough tc
fnto all the sources of water supply would pose a ¢
siderable problem in logistics

The fotroduction of bacterla to cause actunl disc
emong the population is cven moro dificult althor
respiratory insect bomne and water-carried organt
could bo considered.  Here, the logistic problems we
be cven more difficult, plus the added problems of
livering a live organism consideration of the incubal
period of tho disease, pessible immunity among the 1
ulation and other such factors At best, this would
more of a sabotage factor than a declsive war effort

Simflarly sabotage might be dirccted at industry
an attempt to contnminate foods soft drnks mil}
water supplies  Attacks on animals might be madi
reduce the meat supply but this would be a slow pro
over a perfod of time, For example, areas might
contaminated by organisms of planders or hoof
mouth disease. Dusting of agents to K1l plant ¢
again might be feasible but constitutes a slow long ro
type attack which probably would hardly be worth
effort and expense

Methods of Prevention

Continuation of high standards of food :
adequate checks on milk and water nm:psgl}.c:,mt’n
sttacks from this angle difficult and unlikely Main
ance of immunization programs ameng the popula
and continuation of high standards of {ndividual he
should fofl most attempts to start an epldemic. Pr
health cantrol of insects and rodents should al
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eliminate the denger of vectors from this direction
in all, bacteriological attack on a civilixed nation
be most difficult but might succeed better on a ¢
with low standards of living and health.

Treatment

Treatment of attack on humans would be by !
doses of Immunizing agents, specific sera adminis
if applicable, fsolation, decontamination, selecting
nate water or milk supplies, and other measures b
dividual and general to eliminate ar neatralive the
or treat the patients,



VIIL
LESSONS LEARNED FROM
CIVILIAN DISASTERS

1t is difficult to cvaluate past cvents because hindsight
shows errots of commisston and omission in such a bright
light. Further, emotional overtones become more promi
nent and individuals concerned have time to rationalize
their actions 2o that everything looks rosy, only the favor
able aspects befng remembered. Unfortunately we make
little progress unless we remember our mistakes and prof
it by them by better planning and better tralning. Santay
ana has well said that those who cannot remember the
past are doomed to repeat its mistahes With these
thoughts in mind it secms fmportant to review what has
happened in some clvilian disasters in order to sec where
we have failed and to determine how we can do better
Sinee such evaluations and remarks carry a eritfcal con-
notation, we will not identify the diyasters by city name
but will present factual documented comments on actual
situations It is hoped that this pscude-anonymity will
sufficiently protect any toes which are trampled and cgos
which are fractured. Our intent is not to point the finger

of scorn or ddfcule but to point the way to more effectual
action in the future.

A Train Wreck

In the past few years there have been two serlous train
wrecks In an eastern city about a year apart. The first one

93
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generated about 200 casualties. The wreck was in hours of
darkness and rescue work continued all night, being ham-
pered seriously by onlookers and traffic problems. Hos-
pitalization of this number of casnalities was accomplished
with great difficulty, sending some to an adjacent metro-
polis This wreck spurred considerzble planning and trafn-
ing 20 that when the next wreck occurred, evacuation and
hospiteization were much smoother Newspaper camment
was highly favorable regarding this second wreck. This
indicates that when stimulated, people will train and pre-
pare but they never seem to do these things until after
the fact. In a western city a daytime train wreck e
gendered 150 casualties and the city transportation and
hospitalization facilitles were severely taxed. In some Wiy
it should be pessible to point out that a thermonuclear
weapon might have the effect of 100 such train wrecks
simultaneously in a city of this size. Without planning,
organtzing, tratning and testing the plan, chaos attendant
upon civil disaster will be ncalculable. Womens clobs
might well engage n such projects instead of dabbling in
fareign policy nmning of orphanages in Timbuctn o
Hottentot theorles of flower armanging.

Even small numbers of casualties can distupt the func-
Honing of the ordinary hospital not trained for mansge-
ment of disasters but fust a mintmon of preparatisd
mekes o world of difference. At & small military hospits]
on the evening after a meeting to discuss the
anergmlcypln.n,anearbytmlnwmkmusedmmﬂ“ﬂy
injured patients to appear The majority were taken
wards and only two went directly to the operating rooms-
Antihiote, intravenous and fmmunization teams wer
formed and withn two hours all the patlents wero in beds
and vnder treatment. Within two more hours all shock
cases were stabilized. The next morning litter tedmf
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cartied the paticnts to \ ray and before noon all films
wero taken. Curlosity seckers were sent away and & pub-
Yic information office functioned to issuc bulletins and
answer calls This small disaster, handled with commend
able dispatch, shows the valuo of advance planning and
traintng. Much time was lost by personnel not knowing
whero items of supply and equipment were located in the
vanous departments pointing up the value of complete
labelling and the standardization in methods of storing
fn various wards. Non-professional ward persormel did
most of the nursing procedures with nurses acting as
supervisors, indicating the importance of such tmining.
The successiul management of this small disaster gave
this staff considernble satisfaction and settled many doubts
and misgivings about their capabilities under stress.

In a small civilian hospital which had no emergeney
plan but where the lay administrator had glven the prob-
lem some thought, a train wreck In mid morning brought
2 sudden influx of casunltes The police were early on
the scene of the wreck, alerted the hospital and called
for additional police. The hospital notified its 25 doctors,
half of whom went to the scene to give first-ald and the
other half went to the hospital to begin treztment. With-
in two hours 103 paticnts were received and there wers
no deaths in the group As fast as doctors could be re-
leased from the accident site, they returned to the hos-
pital to assist in treatment. Records and orders became a
problem but all who recetved tetanus toxold were ident
fied by a red T painted on the dorsum of the hand. All
patients were brought to the hospital 3o that a complete
roster could be made for record and to locate individuals.
Walking wounded were congregated in the dining room
and the others were sorted for care Twenty reporters
and photographers arrived with the first patients and
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were given camplete freedom es long as they mads mo
interference. The calm behavior and lack of hysteria
among the patients all of whom were children, were note-
worthy One problem which interests a civilan hospital
is the distribution of patients to specific doctors equitably
so that fees can be charged although in some disasters,
doctors have agreed to submit no bills. Military physicians
are fortunate in being able to by pass this aspect of the
problem. Problems included lack of triage space, lack of
bed facilitles in an already full hospital, lack of additional
sapplies and, in particaler lack of reserve supplies of
blood or volume expanders X ray supplies and tetanus
taxold. It was stressed that first afd and minor cases must
be kept out of the operating suite in arder to have space
for routine emergency cases and serlous cases from the
disaster tself

A Bridge Collapse

In e town of 7,276 population, a hridge collapsed dir
ing the daytime fnjuring thirty workmen. This campletely
paralyzed local medical facilities to the potnt whero hos-
pital beds, intravencus fluids, dressings surgical fostro
ments and even surgleal operating teams had to be re-
quested from a large city two hundred miles away Even
with this assistance, it was not possible to handle these
thirty casualtles and the more seriously mjured patients
were transported to the city for operation. In spite of
this tnflux of sapplies and personnel, plus the evacustion
of the more serlous cases the last patient was not
upon1mi:ﬂ72hou:l'lhxzv.ia]s.];osed.'I‘hi.si:!anh)c:ldentl-i
1955 and brings out the point that fnstead of tho smsl
tcrwnbelngablntosﬁend1.-uppliw:mdtemmtollﬁ]l?’ﬂ"3
large city in disaster the town cannot even oope
thirty patlents of ts own. To expect small towns and out






100 Surgeal Phdosophy tn Mas Casualty Menagement

ter nearby, all residents and at Jesst half of the faculty
and student body had had recent war service. Ths treat
ment here was in contrast to another hospital where the
staff took Lysol baths to keep from “catching” gas gan-

grene.

Most of the serions injurfes occurred within 500 to
1,500 feet of the blast but as far as a mile away thers wers
lacerations, contusions abrasions and ruptured eardrams.
Deaths were due largely to combinations of blast, fire,
dismemberment from flying debris and drowning from
a miniature tidal wave occastoned by cxplosion of the sec-
ond ship There were very few severe bumns, most fnfuries
being from secondary mechanical effects of blast, An an-
alysis of 3000 casualties showed thess to be the most
characteristic findings (1) multiplicity of injurfes; (2)
frequency of punctate wounds from {mbedded glass fag
ments, especially on the head and extremittes, (3) al
types of fractures (4) primary blast effects as eardrum
rupture in a third of the cases plus translent hematemesis
or hemoptysis and urinary retantion.

The university hospital was cleared of ambulatory pa-
ﬂentx,cama]ﬁawmputmbedandg:mupidipﬁdﬂﬁm
began to circulate to sort the patients. Without xigtd con-
trol, usage of drugs and supplies becomes excessive and
recognized policy tends to be viclated. Such was the caso
in this disaster where three proven cases of grs gangrent
were diagnosed and as & result all patients with wounds
fram which anaerobic organisms were isolated were given
gas gangrene antitoxin at a cost of $10000 Another paint
of Interest is that altkough individus] doses of ozly 5,000
mnits of penicillin were given, this disaster
exhausted the national supply of the drag This certainly
indicates the necessity for stockpiling. Blood was ob
from « fafrly distant large city thus eliminating the blood

. 2
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bank problem in the disaster area. This presuppases the
adequacy of communication and transportation facilitics.

Only 50 patients died after hospitalization 14 of these

at the university hospital nino of these in the first 24
hours. Eight of these nine carly deaths were due to head
infurics. Among the 300 patients admitted to the unfver
sity hospital, thero wero scven fnstances of clinical gas
gangrene but no deaths resulted. Secondary wound in
fection was not a major problem as had been anticipated.

In 1958 a school fire claimed the lives of §9 children,

three teachers and gencrated 300 casuslties most of
whom were admitted to a 322 bed hospital within an
hour The smoath functioning of this hospital was widely
acclaimed, credit being partly due to a pre-planned
scheme of action in disaster There wero rough points
most of which have been mentioned before but fn this
instance were as follows

1 The tagging system gave insufBcient information as
to patient-condtion so that delay resulted from neces
sity for reevaluation and examinaton

2. The auto and human traffic which converged on the
hospital was a serfous hindrance and some doctors
had to park four or five blocks away because of the
traffic jam.

3 The team concept was difficult to enforce becpuss
everybody wanted to help and everyone wants to be
team captain. Doctors with special skills must be
used to the best advantage. In this emergency, mil
tary speclalists were sent thousands of miles to nssist
in bumn treatment.

4. After the first few days when the team concept was
set aside and doctors began to take charge of tn
dividual cases there wns a multiplicity of orders
which complicated the administrative end nursing
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load, brenking up any attempt at “routine” mansge-
ment.

5 The value of & disaster plan which has been tested
repeatedy cannot be overemphasired.

A Tornade

Some hospitals have disaster plans, fewer have tested
their plans but an even smaller number havo been buft
with theﬂmvputtemdadguedforhmdﬂngmwaml-
Hes. Onomchhospltnlwnscnﬂedtxponmdmhm
tornado casualtles in a matter of a few hours, the desige
and pror planning paylng great dividends. One key 0
success was a vigorous trisge officer who was thus d&
sc'lbedmanmwpuperardde,'ﬂehadaﬂtbohwmﬂ
authordty of a sergeant major He dispatched each victin
to proper care oreas—emergency fintald, obseratis
surgery obs-teuimurthcmorg'ue.]ktwemwdb
barked orders to doctors and nurses, consoled beraved
famﬂlﬁ.a.udperlzdupwwywurkmwﬂhlrdm
cmfle. Backing him up were everyone from
operators and orderlies to head nmanddo_cw"{::
made the big horp!tnlhmufartntt;]yk thdggt The
lowing things were learned from
L'%‘betﬁ‘:orythatdimterhasa‘l’estfmw
emergencies was corroborated. These ;
tastrophies happen almost at theamaﬂmebﬂfw
mmnmﬂyapmonmnbeumd!nhﬁna‘m‘;ﬁ
pital capacity, the smoother the funetions! o

2.Speedhnotuhnportantuthepr0pﬂhnd]m
each step in the process.

&\Vhﬂotelgcdm:tg'maymmrlntnﬁnﬂmvmﬁ;

paﬁentxdonotarﬂvefmmthedmm’
mﬁdlate}ywenwhmlthdasoathmd- it

LItwuleamedtbntapmpa‘phyﬂu-‘hy‘““'






102 Surgical Philosophy wn Mass Casualty Management

load, breaking up any attempt at “routine” manage-
ment.,

5 The value of a disester plan which has been tested
repeatedly cannot be overemphasized.

A Tomado

Some hospitals have disaster plany fewer have tested
their plans but an even smaller number have been buflt
with the flow pattern designed for handling mass casual
ties. One such hospital was called upon to admit 175
tornado casualties in & matter of a few hours, the design
and prior planning paying great dividends One key to
success was a vigorous triage officer who was thus de-
scribed in a newspaper article, “He had all the force and
authority of a sergeant major He dispatched each victim

barked orders to doctors and nurses consoled bereaved
families, and perked np weary workers with a reagsuring
smile. Backing him up were everyone from telephons
operators and orderlies to head nurses and doctors who
made the big hospital hum far into the night” The fol-
lowing things were learned from this disaster

1 The theory that disaster is a serles of individual
emergencles was corrobarated. These fndividual ca
tastrophies happen almost at the same time but the
mare nearly a person can be used n his normal hos-
pital capacity the smoother the functional result.

2 Speed is not as fmportant as the proper handling of
each in the process.

3 W]Jﬂomﬂ?adlsaxtnrmnyoecu:innmjnute,thﬁﬁnt
patlents do not arrive fram the disaster area im-
mediately even when it is close at hand.

4 Tt wes learned that g proper physical layout, suit
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able sorting of paticnts, an abundance of properly
triined and disciplined personnel, adequate equip-
ment and supplies plus assurance to those wanting
information, are the bastc essential ingredients in
successful handling of a disaster

Supply sources can and do assume the initiative in
re-supply and issue so that Hme is not wasted in pre-
paring orders and requisitions.

Up to this point the reports on management of dis
asters have been made by those intimately concerned and
the rose-colored glasses aro obvious in the records Noth-
ing really bad happened and if it did, it obviously was un-
avoidable. Even xo, many interesting points emerged and
have been stressed hereln Unfortunately a tornade which
struck a large metropolitan aren of 250 000 population in
Inte afternoon, generating 1,500 casvaltes, has been
studied extensively by an outside team of investigators
and maost of the mistakes which could have been fmagined
were made and publicized. Much ratfonalization has been
done by those concerned but still this disaster represents
4 flasco which should not be allowed to recur The mis-
takes made will be recounted not to edd criticism but to
point out the needlessness of most of them and to show
how simple planning and testing can obivate most.

The tornado struck at 4 30 PM, and in the clty under
discussion {t totally destroyed 250 dwellings and damaged
2,200 others. About 12,000 persons wero rendered home-
less 85 were killed outright, 490 were infured severely
enough to require hospitaltzation and over 1,000 incurred
minor iofuries. Seventeen hospltnls shared the load of
thess 460 casualties albelt very inequitably

14}

Alert Waming
There was no advance waming and the police were
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notified fragmentarily so that only after the fact was it
realired that a real emergency existed. No general alarm
was sent out through official channels. Many cittzens were
alerted only by the crescendo of noise of the approaching
tornado Police cars were sent to survey and appraise be-
fore an alarm was sounded and by that time ths electric
power was off and the switchboards were so fammed that
telephanic notification was tmpossible. Fortunately the
utility companies were notified fn time to pull the master
switches, thus averting a fire from the live wires. Same
hospitals recetved as much as 30 mingtes advance warn
ing but most were notified by the arrival of the first walk
ing wounded or by the sirens of the ambulances.

Rercue and First-Ald

The poor fudgment of people in & panic state is ex
emplified by the fact that although all casalties were
evacuated from the area of destruction within two hours,
less than 10 per cent of the casualties were given any first
ald. Fractures were not splinted, wounds were not
covered, bleeding was not controlled and the few tour
niquets applied were as is usually the case, inadeqnately
used. Some doctors want to the disaster area to give first-
aid and some even set up an aid station but most casonl-
tles passed them by in the msh for the hospital. Doctors
in the disaster area saw lttle thock but many cases later
needed blood partly because of the passage of time, be-
cause wounds were not dressed nor were fractures splinted
and because vehicles evacuated them at high speed aver
rongh roads and cobblestones There was no arganized
attempt at trisge or at direction of casnalties to specific
hospitaly One doctor remembers searching for samething
to use as a tourniquet, spplying an electric applianes cord
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for this parpose and only later realizing that he had left
the electric fron still attached

Evacuation and Traffic Control

All manner of vehicles were rushed to the sceno and
patients were loaded In, lying on doors or bed springs or
sdtting Drivers were told only to head for the nearest hos-
pital. Municipal ambulance drivers went to the one hos-
pital where they were accustomed to take accldent cases
No police control was exercised and no road blocks es
tablished. Vehicles sped along at 40 to 60 miles per hour,
sightseers jolned the throng and cven some hot rodders
entered the race. In the city area many volunteer directors
of traffic appeared sometimes as many os five individuals
trying to direct traffic on one corner It was reported that
one man became so obsessed with the necessity to direct
trafflc that he exercised this function In every noon hour
for the next sy el weeks. There was no attempt at traffic
control at tho hospitals and tho closest one was quickly
overrun, vehicles parking and unloading at four entrances
This hospital cared for many minor walking Injuries and
serlous cases could not get near the doors because of the
traffic fam. At one hospital which was overnm with minor
cases and visitars casualties swere unloaded in the yard.
Later doctors went out and climbed through ambulances
to give treatment there.

Medieal Care

No speclal plan was followed o that in one hospital the
minor cases were placed near the admisslon area and
shock cases had to be carried to the extremeo ather side of
the bullding. Some hospitals made no attempt to sort
patients but admitted throngh as many as four entrances
Others tried to set up triage points but additional doors
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were opened to vitlate the attempt. No rosters or Jocator
systems were kept and visitors wandered through looking
for relatives. One hospital had a triage plan calling for
use of a certain entrance but the staff forgot to wse the
plan. One hospital designated non-surgeons as triage
aofficers on the theary that all surgeons were peeded fn the
operating room Too many people assumed responsibility
for trlage wasting time climbing through vehicles in the
trafic fam. Dead were evacuated indiscriminately with
the injured and at one hospital the dead were taken to the
admission room, later to be moved. Lightly fnjured out
numbered the serfous cases two to one, hindering the
medical effort.

The neurosurgeons apparently were alone in their ef
forts to segregate patients and regulate the hospital to
which head infurles should go There ssemed to be a
widespread feeling that no hospital should send patients
to another hospital. When ambulance drivers attempted
to exert some control, the hospital professional and ad
ministrative authorities resented this and stated that the
hospital would teke all comers even if they had to stack
them on the roof. It is interesting that this attitnde and
the total lack of medical regulating control resulted in
the seven hospitels in this city receiving the following
numbers of casualties 3 10 8, 168 £7 103 and 55.

Shock and Resuscitation

There was great fmpetus to draw blood but relatively
little to nse it. As a result local agencies drew 1,120 tmits
of blood, almost none of which was used and because of
lack of refrigeration, it subsequently was converted to
gammsa globalin. In addition there wers avaflable 159
more mits of blood, 126 units of plasma n stock and
1,014 units of plasma from other sources. Actually less
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than one unit per casualty in shock was used and the fee!
ing scemed to be that trauma eases do best with little
blood replacement. Patients were operated upon while in
shock, without replacement and at least one died of this
Medical personnel were unfamilior with plasma voluma
cxpanders

Pattern of Injury and Treatment Results

Most of the dead bad skull fractures and among the
casualties there were 77 head Injuries and skull fractures.
There were about 160 fractures mostly of long bones, 28
eye injuries mostly from forelgn bodles, nine ruptured
Kdneys, six ruptured spleens, five burns and 147 major
lacerations. Only five surgeons adequately debrided
wounds, accounting far only 23 cases All the other mafar
lacerations were treated by primary suture elther without
any debridement or with an inadeguate attempt. The
doctors involved claim only a 10 per cent incidenco of
wound Infection but house officers admit to at least a 50
per cent incidence, stating that the wounds exuded pus
and sticks and stones for a period of over six weeks. In
the mad rush to suture wounds, doctors did this procedure
in ambulances and {n one hospital with an uncompleted
new wing without electricity and with patfents on mat
tresses on the floor, doctors got down on the floor to
suture wounds by flashlight. This mania to suture wounds
is incomprehensible,

Long bone fractures were treated mainly by debride-
ment, primary closure and plaster cast so that 30 to 35
cases required operative repalr within the next six months,
an incidence of about one in three. One hospital routinely
used local sulfonamides and primary closure. One hospital
discarded asepsis early using tap water to wash instru
ments and passing instruments from table to table

The recitation of mistakes made i1 2 long one and could
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be extended further but fn summary it can be seid that
there were no plans no organtzation, no alert, no finst
ald, no traffic control, no regulation of hospital admission,
no triage, no standardization of treatment and Httls at
tempt to follow established principles such as blood
volume replacement and wound debridement. In spits of
later rationalization, this remains as a demonstration of
what should be avoided at all costs. It is impartant that
wo be medically prepared to meet disasters of small mag-
nitude which furnish the experdence and background
fram which we plan for major catastrophies. The fmport
ance of this is emphasized by Major General Sflas B Hays,
Surgeon General of the Army {n the journal of the Amerl-
can Medical Association for 20 September 1858 when he
said, "Why is it destrable to improve our medical pre-
paredness? Have we not always handled our medical
emergeaces in both peace and war reasonably wellP The
answers to these questions are important. If we are al-
ready doing all Hght then let us forget the whole thing.
On the war combat side the answer is obvious things
have changed and are changing rapidly Newer weapons
of war can inflict casualties on a scale previously im-
possible On the natural disaster side the antwer is not
s0 obvigus, but it is clear We have not always done &
good job in handling medical emergencies. Advances in
medical knowledge in the last quarter-century have fre-
quently not been put to use. It is important that the medi
cal profession realize this and further realize that a peace-
time medical emergency can occur any place, We have
not learned how to prevent bus train, or airplane crashes,
hurricanes, tornadoes, floods, or fires If the Jocal medical
community will prepare itself to cope adequately with
these, {t will have gone a long way toward preparing it
self for a wartime disester ”



X
LESSONS LEARNED FROM
SIMULATED CASUALTY EXERCISES

It s cssentinl that cvery hospital have an cmergency
plan and that all individuals be trained in thefr role but
this still is not enough All hospitals should test their plan
periodically by means of a simulated casualty exercise
made as nearly realistic as possible. Not only does this
show up deficfencles but when the plan works well, jt
gives confidence to those concerned. It has been safd that
we leam by daing we succeed only by having sometime
failed. The ability to profit from mistakes is the mark of
the mature person.

Actually, there are two aspects of the emergency plan,
both of which require consideration and emphasis. One
aspect is to plan for the reception and treatment of large
numbers of patients in a short period of time. The other
aspect is to plan for evacuation of the hospital ftself in
case of disaster, such as fire or flood. Both must be
planned and tested.

It is extremely difficult to simulate a casualty exercise
realistically for several reasons

1 Supplies cannot be wasted wholesale in a test exer

cise and this means that realism is sacrificed and ex-
perience is lost. For example sterils packnges cannot
be viclated wmless reconstitution is possible. Band
ages cannot be used unless they can be re-wound
satisfactorily, intravenous needles cennot actually
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be inserted because of the waste of flulds and other
equipment. Many other examples could be enumer
ated.

2 Mock casualties can be obtained readily but will not
know how to answer questions of triage officers and
others, This may not seem important but stmply
carrying a “hody” on a litter does not pote the prob-
lems of an actual patient.

3 This {3 compensated for by a diagnoss tag tied to
the simulated casualty This oversimplifies triage of
patients because ft is 50 easy to read the tag and not
examine the “body ~ Thus the diagnosis is made too
easily and the ttme factor is not realistic. The triage
officer may read tags much more rapidly than he and
his helpers could examine diagnose, tag, give emer
gency treatment, maks the roster and evacuats the
“body *

4, The time factor {s fmportant in other regards also
since we must allow the time required far a bottls
of blood to num in if transfuson 1s simulated and we
must allow realistio time periods for each operation
simulated. There may be a tendency to “cheat” on
thess perlods and thus a falsely optimistc impres-
slon is gained.

5 It is difficult to get all personnel to “play the game”
serlously Litter-bearers may “goof off” when they
get tired of seetng the surgical team sitting down to
wait out the simulated operation time, et cetera.
Often the people of lesser skills may not see the im-
portance of realism or may be easily satisfied after
short performance. Actually there i1 no reasan why
simulated casuslties cannot walk along beside the
Htter provided that the bearers walk as slowly as {f
they really carried & patient.
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1t is important to remember that situations should be
as “real” as posstble, heeping accurate count of supplics
that would have been used and timo perdods that would
have elapsed so that an accurnte end result is attained

“Operation Rebound,” Houston, Texas

“Operation Rebound” was an excrcise designed to test
the ability of the communitics of the Gulf Coast region
south of Houston, Texas, to provide medical support in
the cvent of a disaster which would destroy completoly
the hospital and medicnl facilities within the city and
environs It involved also a field trinl of the 200-bed
FCDA emergency hospital by civilian physicians, nurses
and paramedical personnel. The theoretical problem post-
ulated nuclear destruction of a rone of ten miles radius
from the downtown arca, destroying medical facilitles
and personpel. It was presumed that 100,000 persons on
the periphery survived and that 500 casualties were trans-
ported for medical care along mafor highways. Abont
3,000 persons participated in this test exercise. Each par
Helpating medical school had one of the 200-bed FCDA
hospitals for test. Medlesl students were used to simulate
patients and older scouts were ltter-bears,

An early observation was that the 200-bed hospital was
50 securely packed that it was diffcult to get the many
boxes and crates opened. Next, it was noted that the hos
pital was not functionally packed so that repacking ac-
cording to area of usage was needod. When the hospital
was functionally packed with colar coding of the boxes
to indicate area or hospital department, {t was possible to
unload, unpack, set up in & suitable building and recatve
patients within an hour It {s essential that staff and tech-
wicians be familiar with the hespital spparatus in order
to set it up efficfently and correctly Breakage and wasts
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of tme will accompany emergency setup without trdal
Tuns.

The Houston exercise again showed that communica
tons tended to break down repeatedly resultmg in delays
and Iack of overall supervision and coordmation. This
observation is made at every test and n every disaster
but yet the problem hes not been effectually solved. The
test further showed the lack of authoritarian control
which has been mentioned previotsly as a basic fault.
People are reluctant to give arders or to accept them. As
a result of the Houston test, Olson posed the following
questions faor solution.

1 Can the existing FCDA hospital umits be modified
to make themn more readily utilizable especially from
the standpoint of functional packing?

2. Can existing equipment deficlencles be remedied?

3 How are medical, nursing and lay groups to be
properly trafned in setting up and utilization of these
hospitals?

4. How can the civilian groups required to man the
hospitals be organized and trained to recognize and
obey the authority of those in command?

5 How shall those in command learn the multiple re-
quirements for establishing these units on an emer
gency basgis?

Exercise “Fire DrilL” Brooke U S Army Hospital

Exercise “Fire Drill” was designed to test the ability
of Brocke U § Army Hospital to accept and treat 1,000
simulated casualtics. Geographically Brooks is essentially
two separate general hospitals and an administrative head-
quarters, Duty personnel are about half military and half
clvillan, 75 per cent lving off post in the civian com-
munity The emergency operations plan is divided into
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three phases phase 1, two hours, 100 admissions phaso 2,
six hours, 500 admissions, 12 hours, 1000 admissions,
phase 3, 24 hours, 2,000 admissions, 38 hours 3,500 ad
missions Pyramidal system of notificatfon of personnel
is used. Twenty five operating teams aro provided from
duty personnel Soldiers were used as simulated casual
ties, experienced soldier litter bearers were used and the
Chicf of Surgery acted as triago officer The test showed
that cven cxpericneed litter bearers wear out quickly and
four man teams were neeessary Even so, gloyes wero re-
quired for hand protection. It was found that each operat
ing pavillion could do 100 major procedures before calling
for additional supplies if austcre use was employed. The
test showed that the Brooke Emergency Plan was feasible
and workable with the following three main deficlencles
being noted
1 Communicatons were unsatisfactory both inside and
outside the hospital, between wards and operating
pavillions as well as between buildings
2. Supplies were insufficient, and austere usage was
difficult to attain and maintain. Distribution should
be In balanced package units as much as possible and
should be for only a few hours instead of for a day
to decrease wastage. Certain emergency items as
tracheotomy sets dextran and dressing trays should
be centrally controlled and allocated.
3 Litter bearers were difficult to obtain and to Leep
on the job They need frequent rest periods glove
protection and strict continued supervision

Other Hospital Tests

One large hospital staffed by individuals many of whom
had battle experlence staged a test exercise to admit 200
patients and simulate treatment. Individuals were trained
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in their duties and an extensive system of xigns and labels
made everything easy to find. This test went off like clock
work with little confusion and few deficlencies. However
not a month later an airplane crash nearby engendered
16 patlents and thelr admisdon to this same hospital
was attended by chaos and confusion. The moral of this
story is that “simulated” exercises always are just that,
realism being difficult if not impossible to attain. The
hysterda of duty personnel, patients and outsiders cammot
be simulated but exerts a very distupting influence in an
actual emergency

The other aspect of the Emergency Plan was tested by
a civilian hospital in a medium-sized community where a
test evacuation moved 270 simulated patients, evacmating
personnel, critical supples and equipment to an Evacus-
tion Hospltal 20 miles away in 88 minutes. The hospital
itself was cleared of patients, personnel and supplies in
45 minutes, Such tests always are fallacfous becauss here
the elevators as well as the stairs, were used and stmu
lated patients can be moved much more readily than xick
patients, Previous estimate in this test had postulated &
minimum of two hours, which might be quite accurate in
an actoal disester with power and traffic disraption. One
polnt of interest was the observation that women can
carry patients without too much difficalty with the pa
tient in a strajght chafr Hlting it back with one bearer
lifting the back of the chair and the other the front legs.



X
SURGICAL COMPROMISES REQUIRED
IN MASS CASUALTY CARE

From what has been said thus far, it must be abundant
ly clear that we will indeed face a difficult problem in
medical care should largo masses of casualties bo gener
ated by whatever means. It must be evident also that the
degree of our distress will be in direct proportion to the
size of the load as compared with availabilities of per-
sonnel, materfal and time. It is perfectly obvious, there-
fore, that we will be operating upon a sliding scale at one
end of which will be a situation with which we can cope
without difficulty while at the other extreme will bo a set
of circumstances which we cannot encompass at all. In
between will be all possible varlations of circumstances
and capabilities. The very nature of the problem, then,
makes it difficult to make definitive statements because
of these multiple variables and imponderables Not only
must we face huge case loads with reduced capabilites
for treatment but we must anticipate that patients will
reach medical care Inter after injury so that the “golden
period” may long since have passed. Most disagreements
in discussion of care of mass casualtles ariss becauss of
fatlure accurately to deflne our terms of reference. Con-
sequently, in this discussion it has been decided to out
line first, under each category the best treatment under
optimal conditons and then to discuss the com

which must be made under austere and less favorable
circumstances,
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Self Help, Furst Ald and Rescus

Little, if any improvement has been made in this
phase of trestment of combat wounds in the past one
hundred years, most of the startling developments and
Improvements having been in the fleld of definitive care.
These polnts are emphasized by the records showing a
decreass in those dying of wounds (DOW) to 24 per
cent tn Korea from approximately 22 per cent in the
Crimean War as compared with the kifled fn action
(XIA) figure of 25 per cent which has remained slmost
constant. Since it has been pointed out that most of
the early deaths are from uncontrolled hemorrhage or
ohstructed airway it seems obvious that eadier pickup
of casualties should be a fruitful field for improvement.
Thus, the Hme factor {s of great importance. Unfortun-
ately fn n mass disaster the time lag may be much
greater than in combat and thus we may see an even
higher KIA figure.

Self help first-aid &nd rescue are functions of non-
medical personnel, highlighting the statement that all
Individuals should be trained to comtrol hemorrhage, ap-
ply dressings apply emergency splints, handle the fn
jured, give artificial respiration and give emergency care
to certain special wounds such as sucking wounds of
the chest and jaw injurles which cause respiratory ob-
shructon.

Control of hemorrhage depends on knowledge of ar
terfal pressure points how to apply & pressure dresting
and how and when to use & tourniquet. Uss of pressure
points is & self help measure but oceasionally an fndi-
vidual may apply his own pressurs dressing or tourniquet.
This ability may be life saving

Maintenance of airway depends on knowledge of how
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to replace displaced tssues by n Barton dressing, posi
Hon an unconscious patient pull the tongue forward,
apply airway to-nirway artificial respiration establish a
tracheotomy or dress a sucking wound of the chest. With
the rcpeated changes in type of artificlal respiration
taught in the last few years, it is imperative that the air
way to-airway method which has been decided upon be
demonstrated and taught to large groups of people at
the carlicst moment practicable  ‘Tracheotomy remains
as an infrequently needed procedure and probably when
necded most, cannot bo accomplishied in time Lt Col
onel Ziperman cvaluated the Sierra Shelden tracheotome
as a do-it yourself instrument and even with the 3 per
cent posterfor perforation as the only mafjor accident,
the fact remains that the instrument and tubes simply
will not be sufficiently available.

Emergency splinting is difficult to put across as a
must in first-ald prior to movement of the patent. It
should be emphasized that splinting iy good treatment
for soft tissue Injuries, as well as for fractures and that
a massive dressing serves the purpose admirably Ab-
sence of fancy apparatus is no excuse snd it should be
taught that the good leg makes an excellent splint if both
legs are tied together A simple Velpeau type of bandage
to hold the arm to the chest wall or even a trangular
bandage sling is suitable for upper extremity injuries.
Tres limbs pleces of lumber broom sticks rolled news
papers pillows, rifles and a hundred and one other
obfects maks good emergency splints In disaster situa
Hons it {s especially important to apply immobilization
splints because such patients have a lesser tendency to
go into shock and this splinting may be all the treatment
the patient will get for many many hours
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Wouand dressing is essential to prevent further con-
tamfnation, to Jessen pamn, to hold parts in apposition, to
stop hemorrthage and to prevent further damage. The
multiple-talled military dressing {s excellent for protsc-
tlon and campression but fno its absence a trangle of
cloth can be made to serve for any reglon or purpose.
Much time has been wasted In first-aid classes in teach-
ing the use of roller bandages in spiral reverse and other
fancy forms whereas the student need only learn to pro-
tect and immobilize the various body reglons with the
multiple-potential trangular bandage.

Handling of patients is based on the assumption that
a quick physical examination has been done hemorrhage
has been controlled, wounds have been splinted or
dressed and airway is established. Only then is it safe
to move the patient and even here it is essential not to
damage the individual who has a fractured spine ar neck.
This has been used to frighten lay students to the point
where they may consider all wounded as Htter cases.
If the patient can move withont pain, has no obvious
deformity and {s conscious, spine and neck fractures can
be ruled out as well as possible. Unconscious patients
should be moved with caution as though the neck or
spine might be infured. Far litter carry the unconscious
patlent does best with face down, head tarned to the side,
tongue pulled forward and one hip and knee flexed to
give siability

Even rescue work is largely in non-medical hands,
patients being transported by all sarts of conveyances.
If there has been adequate and proper first-ald, the pa
tient will not be further damaged by transport, realizing
that movement of the patient is not in his best interests
bat is & compromise if he is to reach a treatment point.
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Ald Statfon Caro

1t is diffcult to distinguish clearly between £rst aid and
the resuscitation glven at tho afd station because the
latter is simply a continuation of the former with more
adequate facilities being at hand.  Any or all of the first
ald procedures may be carrded out at the aid station if
they have not previously been comploted.  Ald stations
are the first medical facllity and they should perform
the following functions

1 Receive casualties from any and all sources,

2. Sort and classify casualties according to nature and
severity of wounds, ‘This is the inftial triage pofnt.

3. Decontaminate casualtics if nuclear or chemical
agents enter the picture.

4 Administer first nid if this has not been done pre-
viously and complete or revise the earlfer attempts.
This initlal professional care includes definitive
care for minor wounds which need ga no further

5 Give blood, plasma or plasma volume cxpanders
after blood loss is stopped or in other cases if de-
finitive care is available soom.

8 Relieve pain with morphine or a good substitute
remembering that barbiturates may make the pa
tlent ummanageable and that morphine n small
doses intravenously is preferable to larger doses
intramuscularly  Patients in shock do not absorh
drugs from the intramuscular route untl shock fs
overcome, may then absorb mpldly and thereby
may develop morphine palsoning. It should be
emphasized that accldent cases have tho anesthesia
of trauma and may have little pain. Proper first
ad fn itself relieves pain, The use of marphine
is grosly overdone ordinarily



120 Surgleal Philosophy m Masy Cosualty Management

7 Give tetanus toxold booster shots and start ant
biotic administration within the limitations of sop-
ply end demsnd.

8 Prepare, maintain and transmit appropriate medical
records and reports.  These need not be wordy and
voluminous but should state what was found, what
was done and what drugs were administerad. Over
dosage often follows faflwre to pote drugs and
dosages given.

9 Maintain medical supply levels for the local statfon
and try to furnish necessitles to rescue workens
who go forward to find casualties

10 Later as circumstances warrant, act o3 a follow
up point for comtinued care, dressing change, drag
administration and record completion.

It cannot be repeated too often that in e really desper
ato situation, self help and first ald may constitute the
sum total of medical care and it, therefore, behooves us
to make every effort to ses that this important aspect is
covered by wide and repeated training of as many persons
as passible,

Debridement of Wounds

In conternplating the medical management of mass
casualties, the problem of care of the injured seems to be
almost overwhelming  Obviously intelligent compro-
mises will have to bs made fn accordance with the pa
tient loed, the available staff supplies and equipment
To approach this subject, it seems wisa to review the
accepted principles of wound care and to apply them
with compromises required for the care of mass easual
tes.

Optimal Wound Cars

The control of hemorrhage is given first peiority Hem-
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orthage may be controlled by digital pressuro, elevation,
packing, clamping vessels or toumniquet, but preferably
by & pretsuro dressing,  Onco & tourniquet is applied, it
should be left in place until removed by a physician
with adequate blood or plasma expander necessary to
resuscitate the patient. If no hemorrhage exists, a simple
dressing should be applied and n splint if indicated. If
the severity of the wound warrants, a small doso of mor
phine may be given preferably intravenously, since the
patient may be in shock and not absorb the morphine if
given intramuscularly or subcutaneously

Shock should be treated in accordance with existing
principles by the use of blood or plasma expanders such
as dextran. Other adjuvant measures as head-down
position and the use of oxygen should be utilized and the
patient kept warm enough to prevent shivering

Antiblotics should be given as soon as possible and
just as morphine {s given {ntravenously, the antfblotics
also should be given intravenously for rapld dissemina
tior) and absorpton. Tetanus toxold or tetanus anti toxin
should be given as soon as time permits,

Complete and carcful examination for wounds of en
trance and exit under a good light is necessary to de-
termine the extent of damage Determination and re-
cording of neurological and vascular damage is mpor
tant. Following frst aid and resuscitative measures, the
zrea of injury should be X rayed as an aid to diagnosis
and localization of foreign bodies

General Principles of Debridement

Surgical debridement may be defined as a procedure
for the removal of devitalized tissue, blood cloty foreign
bodies and for control of hemorthage. First the wonnded
area is shaved, tcrubbed and irrigated with sterils water
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or saline. Detergents containing hexnchlorophene are
excellent for shaving, cleansing end preparation for sur

gery

Bold, adequate incisions are made fn the long axiy of
extremeties or in the natural skin lines where applicable.
Skin is preserved where possible but an adequate ex
posure with a view of all the wound under a good light
is necessary Frequent irrigations with sterile normal
saline help to cleanse the fleld and identify structures,
All devitalized tissue must be excised and foreign bodies
and dirty detached bone fragments removed. Small
forelgn bodies difficult to reach in non-vital areas may
be left in place. One should be gentle as in any other
surgical procedure and exercise care of vital structures.
Hemostests is fmportant. Small vessels may be ligated
with with fine silk or catgut. Because of the high velocity
misxiles used on the battlefleld, the lag time from wound-
ing to surgery and necessity for evacuation, military di-
rectives require that battlefield wounds be left open ex
cept for closure of joints and coverage of vital structires
such as bone, nerve, tendon and vessels. While wonds
of the scalp face, neck and scrotum usually mey be
closed primarily it is safer following debridement, to
leave all other wounds open for delayed closure Largs
dependent cavities should be counterdrained. The wound
thuniswveredwﬂhndry,ﬁ.uamashgauzawlﬂnlusht
pressure applied but no packing Immobilization will
depend upon the severity of the wound, but if a cast s
applied, the cast and underlying padding should be cut
through to the skin.

Wounds over 48 hours are managed fn accordance
with the same principles except In certain cases of estab-
lished infoction and cellulitls with toxicity The general
condltion of the patient may permit cnly dminage of
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hematomas and abscesses to be done while the patient's
general condition is improved with antiblotics, flulds
and transfusions until radical surgery can be done Such
postponcment does not apply in cases of clostridial myo-
sits

Debridement of Specific Tissues

Skin, Adequate inclsion and cxciston of the skin is
necessary but conservation should be practiced, especially
on the hand, foot, forearm and face. Longitudinal in-
cislons should be utilized on extremitics exeept in in
stances where natural skin lines can be followed, At
joints, a modified Z or S type incision should be employed.
Counterincision should be used for drainage as indicated.
The skin s left unsutured execpt where necessary to cover
vital structures as bone, nerve, tendon and vessels and
the scalp face nech and scrotum where the skin, because
of itz excellent blood supply, usually can be closed safely

Subcutaneous Titsue Al devitalized subcutaneous
tissue is excised.

Fascla. 1t is difficult to determine viability of fascia
but, because of its poor blood supply, all dirty, frayed
fascia should be excised Fascia must be incised ade-
quately and widely for drainage or exposure and to allow
room for the swelling which will follow The lines of the
fibers should be followed. Fasciotomy is probably more
often indicated than practiced, especially in the presence
of contusion, crush, hematomas and commonly in the
limb which has experfenced & prolonged perfod of is
chemia with return of blood supply Such limbs tend to
swell within thelr fasclal compartments and §f fasclotomy
is not done may result In irreversible muscle changes.

Muscle Muscle ts the most fmpartant and meost difi
cult tissue to debride There s the constant danger of
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clostridial myositis to be considered. Normal muscle mey
be identified by (1) consistency (2) contractility, (3)
color, and (4) ability to bleed. One must be thorough
sinee absarption of the products of inadequately debrided
muscle and the resultant infection may overload Kdneys
already damaged by shock and result in an anuric desth.
Most dangerous are wounds of the large muscles of the
thigh, buttocks and back, It must be remembered that
muscle is more widely demaged than fascla and, there-
fore, generous {ncision of normal fascla often is needed
to expose all devitalized muscle. Inexperienced operators
always are too timid fn this regard.

Bone Attached fragments of bone should be left in
place and conservation practiced, avoiding creating a de-
fect but looss, dirty displaced fragments in the wound
must be removed. The bone shonld be reduced man-
ually and a cast epplied to fmmobilize and the cast cut
through to the skin.

Joints. Early complets debridement of joints with re-
moval of detached bane and cartilage fragments and all
forefgn bodies fs very important. The jaint then is fro-
gated thoroughly antiblotics placed in the joint space
the capsule closed and tmmobflization practiced as in-
dicated.

Tendon. In avulsed, macerating wounds tendons are
debrided conservatively and the ends buried or covered
for protection until repaired by delayed suture Primary
tendon repetr may be practiced in the presence of non-
contaminated lacerated wounds depending on the tendan
involved.

Neroer Careful examination and recording of find
ings is extremely {mportant in peripheral nerve injuries.
Damaged nerves like tendons, must be debrided con
servatively and caversd. Some place a small suture fn



Surgucal Philosophy in Mass Casualty Menagement 123

the neurolemma not as a marker but to anchor the end of
the nervo to prevent rotraction.

Vesscls Vessels are debrided catefully and occas
fonally a stmple clean laceration can be repaired by lateral
suture. Larger defects aro repaired by anastomosis, auto-
genous vein grafts, homologous artery grafts and occas-
fonally by the use of plastic prostheses. No anticoagu
lants are used and the vessel must be covered for nutrl
tion, preferably by muscle or adiposo tissue.  Fasela Is
not a satisfactory covering

Closure

Ideally delayed primary closure is done in clean
wounds four to six days after debridement. In caring for
mass casualties it fs doubtful if the initial debridement
will be done on many within four days

Compromtses in the Care of Mass Casualtics

The number of injured requiring treatment is a matter
of guesswork. If the type of bomb used and circum
stances were the same as at Hiroshima, we might expect
one fourth of the population to need medical care with
70 per cent of the injured having mechanical wounds, in
addition to 85 to 85 per cent with burns, and 30 per cent
with some Irradiation. With the development of thermo-
nuclear devices with variations in yleld, with the dif
ferences in geographical situstions and the amount of
shielding afforded individuals the percontages and types
of combinations of injurles may be totally different from
any we have estimated. Again, if the situation were
rhnﬂartlomhImx,wam!ghterpecttheﬂ)perccut
with mechanicel infurfes to have injuries consisting of
approximately 40 per cent lacerations 10 per cent frac-
tures and 50 per cent contusions  For planning purposes
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clostridial myositis to be considered. Normal musele may
be identified by (1) consistency, (2) contractility, (3)
color and (4) ability to bleed. One must be thorough
since absorption of the products of madequately debdded
muscle and the resultant infection may overload kidneys
already damaged by shock and result in an auouric death.
Most dangerous are wounds of the large muscles of the
thigh, buttocks and back. It must be remembered that
muscle is more widely damaged than fascia and, there-
fore generous incision of normal fascla often is needsd
to expose all devitnlized muscle. Inexperienced operators
always are too timid in this

Bone  Attached fragments of bone should be left in
place and conservation practiced, avoiding creating a de-
fect but loose dirty displaced fragments in the wound
must be removed. The bone should be reduced man-
ually and a cast applied to immobilize end the cast eot
through to the skin.

Joints Early complete debridement of joints with ro-
moval of detnched bone and cartilage fragments and &ll
farelgn bodles is very impartant. The joint then is frd-
gated thoroughly antiblotics placed fn the foint space
the capsule closed and tmmobilization practiced 2s fn-
dfcated.

Tendon In avulsed, macerating wounds, tendons are
debrided conservatively and the ends burded or covered
for protection until repafred by delayed suture. Primary
tendon repair may be practiced in the presence of nan-
contaminated lacerated wounds depending on the tendon
tvolved.

Neroes. Careful examination and recording of find
ings fs extremely important in peripheral nerve infurfes.
Damaged nerves, like tendons must be debrided con-
servatively and coversd. Some place a small suture In
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the neurolemma not as a marker but to anchor the end of
the nerve to prevent retraction.

Vessels Vessels are debrided carefully and oceas
fonally a simple clean laccration can be repaired by lateral
suture. Larger defects are repatred by anastomosis, auto-
genous vein grafts, homologous artery grafts and occas-
jonally by the use of plastic prostheses No anticoagu
lants are used and the vessel must be covered for nutrd
tion, preferably by muscle or adipose tissue.  Fascla is
not a satisfactory covering.

Closure

Ideally delayed primary closure fs done in clean
wounds four to six days after debridement. In caring for
mass casualtes it is doubtful if the initial debridement
will be done on many within four days.

Compromises in the Care of Mass Casualties

The number of injured requiring treatment is a matter
of guessworl. If the type of bomb used and cirum
stances were the same as at Hiroshima, we might expect
one fourth of the population to need medical care with
70 per cent of the fnjured having mechanical wounds in
addition to 65 to 85 per cent with burns and 30 per cent
with some irradiation  With the development of thermo-
nuclear devices with variatons in yleld, with the dif
ferences In geographical situations and the amount of
shielding afforded tndividuals, the percentages and types
of combinations of infuries may be totally different from
any we have estimated. Again, if the situatfon were
simflar to Hiroshime, we might expect the 70 per cent
with mechanical injuries to have injurfes consisting of
appraximately 40 per cent lacerations, 10 per cent frac-
tures and 50 per cent contusions  For planning purposes
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we might agsume that one third of those injured will be
walking wounded, one third moderately {njured, and ane
third seriously injured. Care probably will be available
for the first two groups Many of the walking wounded
will be able to give themselves self-caro ar be helped by
a buddy 'The second group will cause most of the load
on surgical facilites Into the seriously injured group
will fall cases with abdominal and thorscic wounds be-
cause there will not be time, facilities, supplies or equip-
ment to care for them.

In the immediats area of the bomb it is expected that
death will come from transladon, burns and severe
wounds. While a cellar ditch or other depression may
protect from burn and mechanical injury there is still
radiation to be considered. It is expected that missles
in an area where man might survive fatal burns will be
of the low velocity type. It is doubtful that gravel and
other debris on the ground at that distance from the
bomb will cause much damage. Glass will probably
canse some cuts but probably not of a serlous nature.
In other words, in aun area whers man might survive
severs burns and lethal irradiation, it is expectsd that
mechanical wounds will be of a moderate nature. The
varlations in nuclear weapons make such a guess fust
that. Surgery will be necessary to debride wounds,
remove forelgn bodles and control hemorrhage even
though the patient may dle at a later date of unsuspected
trradiation tnfary

After debridement, all womds will be left open with
vital structures as nerve, tendon, bone and vessel end
organs as the trachea, esophagus and testls covered with
enough tissue for protection. If Hme equipment and

are to be used to do any phase of a dehride-
ment, it should be completed. The mere unroofing of
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tumnels, incising doep wounds for dreinago or simply
opening fascla over & penetrating wound will not sufBee
Incislon for dralusge might actually cause death by dis
Jodging a clot which was controlling bleeding from a
damaged vessel For this and other reasons, incomplete
debridement s worte than no treatment ot all. Infec
tion will bo @ major problem Antiblotics given pro-
phylactically will delay the onset of infection but not
prevent or decrease it Tetaus will cany s high mortal
ity unless proper immunization is employed.

Paramedical personnel as dentists, nurses, veterinarians
and others will have to serve as surgieal assistants, give
anesthesia and assist with resuscitation. It is unfalr to
expect them to do acutal debridement in unfamiliar felds
bat it has been shown that they can do simple debride-
ment with one traloed srgeon supervising as many as
seven tables.

The shortage of trained ancsthetists will be a problem
Somo nurses, dentists and other physiclans can give drop
ether or chloroform, but it is expected that much of the
debridement can be done umder local infiltration or field
block. Nurses and dentists can be of assistance fn glving
such blocks. Minimum strength solutions as 0.25 to 0.50
per cent procaine will suflice.

The most use also will have to be made of supplies.
Linen shortage no doubt will occur  Debridement can
be done with one towel, if necessary  Perhaps some form
of plastic drape which can be washed and boiled ar
simply washed and re-used may be pmetical Instru.
:}mtsmbewuhed,boﬂedandm-\ned. If a shortage

gauze yponges exists, they can bo washed, wrung ont
and used agatn. Possibly a cellulose ar plastic sponge
would be more prectical for re-use. No doubt frrigation
solution will be fn short supply especially saline, In



128 Surgcal Philosopky sx Mass Casualty Management

such caso, sterils watsr or unsterile tap water can be
used if necessary
In order to do the most good for the greatest number
of people, the following is suggested for debridement fn
the order listed.

Priority 1 Wounds requiring debridement as & life-
saving procedure as debridement and tracheotomy for
rellef of respiratory obstruction, debridment for control
of hemarrhage or to control open chest wonnds.

Priority 8 Severe, macerated wounds requiring simpls
amputation or vascular wounds controlled by tourniquet
which require debridement, lgaton of the vessel aud
removal of the tourniquet. Pulsating hematomas should
be left intact.

Priority 3 Soft Hsue wounds most important of
which are wounds of the high, buttocks and back.

Priority 4 Stmple wounds of the walking wounded
which may have been given simple st aid and retnrmed
to work but which may eventually require surgical at
tention.

Treatment of Burns

It has been estimated that 65 to 65 per cent of e
infured in an atomic disaster may have some burn. Many
of these will have additionsl mechanical end irradiation
injury  The numbers of burns will vary with the thermal
yleld of the nuclear device used and the situation under
which it is employed. It does not take a thermomuelear
weapon to produce enough burns to cripple the medicl
faclliles of a goodsized city An industrial explosion
or a large fire can very effecttvely overload even the
best facilitles Even six to elght burn patifents cen dis-
rupt a well-staffed, well-equipped institution. Reelizing
this makes the burn problem in mass casualty caro seem
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overnhelming  Obviously compramises in therpy wi
have fo be made. Such compromises can be made 1
accordance with the bumn load, the available steff an
equipment. In order to decide on what compromisc
will be necessary, it is probably wise to review the pre
ently accepted concepts of treatment of bumns and the
apply those conecpts as intclligently os possible wit
compromises required for treating massive numbers ¢
burns.

P tly Acecpted Concepits of Treatment

Bumn care may be divided into two phases (1) sy
portive or systemic care and (2) local care of the bur.

Supportive Care  With the burn there is destruetic
of tssue. In the immediate arca intense vasodilatatic
results In 2 temporary loss of fluid in the form of edem
There is alsa o perraanent losx of fuid from the bume
area fn the form of blisters and weeplng from the burne
surface. Red blood cell destruction also oceurs from d
burn ftsclf  The fluids lost are similar to plasma in elec
rolyte and protein composition. The fuids lost into ar
from the bumed arca are at the cxpense of fluid fro
unburned tssues and the plasma. This mechanism
withdrawing flulds from normal tissues and the plasm
i limitad qod woless teatmeny tn lostitated,) <boodlats
collapse and death will occur It is for this reason th
the supportive phase of therapy Is primary and most 1
portant.

No attempt s made to measuro the amount of collot
and efectrolytes lost but both are replaced according
the needs of the patfent. The amount of flulds giv
and the rate given are determined by the cllnical 3
spouss of the patient. One criterlon of adequate replac
ment {s g urinery output of 30 to 50 cc. per hour T
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fluld needs of such patients are estimated by varlous
formulas such as the Evans formula or the Surgical Re-
search Unit version of the formula. This formula calls
for replacement of colloids and electrolytes according to
degree and percentage of body burn, The per cent of
surface burned can readily be estimated by the “mile
of nines” By this method an approximate measurement
of the percentage of burned surface can be estimatsd.

Head and tronk 9%

Anterior trunk 18

Posterlor trunk 18

Upper limbs (9% x2) 18

Lower Lmbs (18% x2) 36

Genitalia and pertwum 1

100%

Another msthod of estimating burned area is to re-
member that the palmar surface of the patients hand
equals spproximately one per cent of his body surface.

With the per cent of burn surface calculated, this per
cent i3 used for figuring fluids needs up to 50 per cent.
Body burns of over 5O per cent urfacs area siill are cal-
culated as 50 per cent burns when estimating fluid re-
placement.

Collald needs, consisting of plasma, blood, serum al
bumin and plasma expanders, are figured at 0.5 cc. x kilo
body weight x per cent body surface burned. Electro-
Iyte needs of normal saline or balanced salt solutions
are estimated at 15 cc. x kilo body weight x per cent
body surface burned. An additional 2000 ce. of glucose
in water is added for urinary and insensible water loss
The formula may be expressed as follows

Collodd, 0.5 cc. x kilo body weight x % burn surface

Electrolytr, 1.5 cc. x klo body weight x % bam rarfacs
Motabollc necds, 2000 cc. glocose In water

This expresses the fluld needs for the first 24 hours. One
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Balf tho total quantity is given in the first eight hours
and the balance given uniformly over the next 16 hours
The second 24 hours need may be estimated 2s one half
the colloid and electrolyte requirements plus the 2000 ce.
of glocose in water given uniformly over the sccond 24
hours  After about two days, resorption of fluid {rom
the burned areas begins and decreases the needs for such
massive rcplacement therapy At the same timo the
burned surface begins to dry and the patient can be ghven
oral flufds {f able to take them  Less severe bumns can
be treated with oral fluids entirely consisting of sodlum
chloride, 3 grams and soda bicarbonate, 1% grams in one
liter of water

Other supportive therapy given at the same time In
cludes narcotics antihiotics and tetanus toxold or tetanus
anttoxin, A tracheotomy is utilized as {ndicated for
respiratory tract burns.

Local Bum Care  Loenl burn care is aimed at the pre-
vention of infection and conversion of an open wound
into a healed wound with preservation of function of the
part. This includes cleansing the bumned area, opening
blisters and removing dead epithelium as toon as condi
ton of the patient permits. Local wound care may be
accomplished by the open or closed method of treat
ment. AH burns can be treated by the closed method,
that s by the application of fine mesh vasoline ganze
covered by volamt P e dressings Not all wounds
can be treated by the open method. There are disad
vantages to both methods Not all parts of the body
can be exposed adequately for treatment by exposure. In
addition, the exposure method causes some discomfort
for sbout 48 hours. The dressing method alvo has its
disadvantages. Time Is required to apply the large bulky
dressings. Thess becoms maist and smell and must ba
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changed frequently  Such changes are painful and often
require anesthesia. The large unfversal one-plece dress-
ing used by the Armed Forces is easily appled in the
closed treatment of burma,

Application to Mass Casualties

Some index of severity of burns fs necessary to serve
as a guide for sorting large groups of burned patients.
Using such a guide burn patlents would be sorted into
four groups (1) those who could give themselves self
care, (2) moderate burns (3) zovere burns, and (4)
overwhelming.

Self-Care This group fncludes patients with less than
10 per cent third degree ar less than 20 per cent second
degree burns who are able to walk, Full thicknesy bums
of the face, hands feet, genitalin, respiratory burns and
fractures and soft tissue injury would place thess patients
in the moderats burn category It is expected that the self
care group will make up the mafority of burns in en
atomic blast. Most burns are expected to be flash burns
of the exposed surfaces. Such patients can be sent to 2
designated station where, with buddy care ar care by
untrained persommel, they can be treated early and be
available for return to duty Since paln is a deterrent
to exposure treatment, perhaps some simple dressing
should be made avaflable for self-application. The need
far electrolyte replacement can be accomplished by furn-
ishing the patient a plastic package containing sodium
chloride 3 grams and sods bicarbonate 1¥ grams,
which can be made up to 1000 cc. of solution to be taken
orally In addition, a supply of aral antibiotics for seven
to ten days with instructions for taking should be yup~
plied. In this manner the major group of minor bums
can be cared for temporarily It is hoped that by the
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thne Infection develops in five to scven days, medieal
care may be avatlable to this group

Moderate Bums  In this group will be placed those
with 10 to 20 per cent third degree bumns or twico that
area of second degree burms  Additional ipfures as noted
in the self-care group would place these bums in the
severe group  The self-care patients placed fn this group
because they were non-ambulatory could still care for
themselves to a great extent.  Others in this group with
burns in the 20 per cent range will require some intra
venous collmd and clectrolyte replacement but while
awafting ¢vacuation can be started on oral solutions of
electrolytes, ol antibiotics and narcoties as indicated.
This group will have a second priority for evacuation to
s hospital ar burn ecater

Severc Bums  Into this group will bo placed thoss
with 20 to 45 per cent third degree buras  These patients
require aggressive treatment ond depend almost entirely
on intravenous replacement of collolds and clectrolytes
Such fluids should be begun as soon as possible. Ant
biotics as penicillin and streptomycin can be added to the
intravenous fluids Ideally these patients should be
cleansed in 24 to 48 hours  Such barns withstand evacua
ton falrly well within the first five Yo seven hours. After
that, if they respond favombly they may be transported
in 48 to 72 hours. Such patients can be dressed with the
large universal burn dressing for evacuation This group
recelves first priority for evacuation to a hospital or bum
Center  Additional severe traums and severe respimtory
burns in tndividusls with up ta 45 per cent third degres
bum will place those individuals in the expectant group

Overwhelming Burns Into this group would ba placed
those with over 45 per cent third degree bumns and those
with Jess severe bumns but with other severs complicat



ing infurles. Fatalities in this group are high even mder
1deal conditions. Most of thase who do not dis of shock
in the early post burn period will die of thefr infection
at a later date. Lack of trained persomnel, equipment and
supplies will require that burns of this category be given
analgesics and set aside in hopes that supplies will be-
come availsble to them, should they survive. Patients fn
this expectant care groap will receive the lowest priarity
for evacuation.

Care At The Evacuation Hospital

Here pdority for care will be given to thoss with the
20 to 45 per cent burns, with those with 10 to 20 per
cent burns recelving second priority for care. Such care
will have to be by nurses dentists, technicians and at
tendants under the supervision of a physician. Treat
ment will be supportive primarly with Jocal bum care
secondarly Ornl fiuid replacement will be utilized when-
ever possible but lack of catheters will not permit hourdy

output observation. A fluld calculator such as
devised at the Surigeal Research Unit, Brook Army Med-
fcal Center would be ertremely valugble fn estimating
fluld needs. Those patients who have not had tstamus
toxold booster or tetanuy antitorin should receive it bere.

As the patient recelves supportive care, attention will
be given to the local burn. Probably cnly minimal de-
bridement will be required. Treatment will have to be
by the open method. After discontinuing intravencuf
medication, entfbiotics can be continued arally Infec-
tions will be mumerous in ons to two weeks. By then
1t is hoped that trained persormel ar burn centers may
be avaflable where patlents can be moved for evacuation

for skin grafting.
To cope with such a burn catastrophe, we must have an
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organized system of planning for personnel and supplics
We should be ready to study any burn disaster that might
oceur §n order to profit by it and plan sccordingly At
the same time we must maintain o constant teaching
program.

Blood and Blood Substitutes

As with most of the requirements for treating mass
casualtfes, it {s fmpossiblo to estimate the blood needs
since the numbers and types of injurics aro only a matter
of guesswork. Estimates can be made from previous
wars, disasters and from {nformation avaflable from pre-
vious use of the atomic bomb To caleulato needs on
data received from the Hiroshima bombing may be en-
tirely fallaclous because of the varfous types of bombs
now produced and the condiions under which they
might be used. e cannot antieipate needs from con
ventional warfare. During such warfare a steady stream
of patients usually is reccived at a well-equipped hospital
with an adequate staff of cfficlent, organized medical
persormel.  Transportation of blond and supplies usually
is no problem. With the chaos created by an atomic
detonation, the deluge of patients and posstble disrup-
tion of transportation facllitles the problem of procure-
ment of blood is further complicated.

During World War II in North Africa the British used
018 unils of whole hlood per wounded in action. Later
during the war in Europe the use of blood was fncreased
to 0.5 unit per wounded in ection This usage increased
to a maxdmum of 0.9 unit per wounded in action during
the Korean War Here the battle lino was rizble, the
hospltals were well forward, ample medical personnel
and blood were avaflable and transportation was no
problem  The blood supply was such that ft was some-
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times avaflable in forward aid stations The averags pe-
Hent with an abdominal injury fn Korea received 1500 to
2000 ce. of blood preoperatively to average a tofal of
3000 to 3500 ce. of blood the first 24 hours after smgery
Even with the avaflability of blood the mortality of
one group with severe infuries, each recefving over 15
units of blood was 44 per cent. In some instances sev-
erely wounded patients are known to have recetved 40
to 50 pints of blood. Even so only 20 per cent of ths
wounded in action recelved blood. Later in the Korean
conflict, only type O primarily low titer blood was used
without crossmatching. It has besn suggested that for
planning purposes the use of blood in Karea might be
consldered @ maximum usage and that for optimal plan
ning purposes one might consider the availability of ane
unit per wounded in action. In atomfo warfare where
thousands of casualties are expected, obviowsly such
amotmts of blood cannot he made avallable, therefore,
compromises will have to be made.

Approximately one man bour {s required to draw
type, tag and tter one unit of blood. This means that
spproximately 40 peopls working in shifts could draw
andproeeulOOOph:t:ofbloodtnmhounpmvided
donors, equipment and a place to work were availshle,
1t has been estimated that f en emergency the 1500 blood
banks tn the United States could deltver 150 000 units
of hlood a day However with o partially disrupted
transportation system and other prioritles which may be
required of the avaflable transportation, it probably will
betmpossiblemsecurebloodfmmdismntpoinhmd
plans should be made to process blood locally

If for planning purposes wo assume that of the fn-
jured ono third will be walking wounded, one third will
have moderate injuries and one third serfously wounded,
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then we can almost automatically eliminate the serfously
wounded group  Many of those will die beforo being
retricved and others will be such poor risks that salvage
will be tmposstble.  Many will fall Into the category
above requiring numerous pints of blood Nelther blood
in such quantitfes nor time will be available for surgeny
for such poor risk cases It Is not expected that the walk
ing wounded will nced blood so this climinates anather
onc third of the Infured Blood availlable should be
used for the moderately fnjured group which will have
a high pdority for surgery The peak need for blood
for this group should bo within the first 72 hours after
bombing.

To further narrow the needs for blood, it might be
pointed out that in Korea whero optimum use was made
of blood only 20 per cent of the wounded in action re-
cetved blood and these were obviously the most injured.
Since the severely fnjured in need of large amounts of
blood in an atomic disaster will bo eliminated from care,
this greatly reduces the nced for blood. Those trmuma
cases having received mechanieal and blast injury which
are good and fair risk patients will receive priority for
care and should have fewer requirements for blood.
Most of these patients can be operated on utilizing plas-
ma expanders. The patients with thermal injurles who
will recelve treatment, should have little need for blood
early  Most of their early colloid needs can be made up
with plasma expanders. Those patients with frradistion
infurfes will have no requirement for blood for ten to
fourteen days unless thrombocytopenia from bone mar
row damage causes hemorrhage, If 10, then fresh blood
1s needed, should be drawn In a plastic bag and should
bs given immediately before the platelets disintegrate.
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Plasma Volume Expanders

Plasma velume expanders which may be considered for
ute fn cose of disaster include blood plasms, homan
serum albumin, gelatin, polyvinylpymrolidone and dextran.

Plasma. Plasma, although a blood product and most
ks blood, is not a blood substitute. The use of dried
pooled plasma during World War I resulted in spreading
viral hepatitls It has been found that B to 15 per cent
of the pooled plasma contains the hepatitis viros., In eddi
tion to that it iv expensive, At thiy time it appears that
months of shelf storage of plasma at room temperature fs
going to be effective in eliminating the hepatitls virus.

Serum Albumin. Serum albumin was used fairdy widely
fn Korez. It is conventent to transport because of its small
volume. As & hypertonto solution it is an effective plasma
expander by fncreasing the intravascular volume at the
exposurs of dehydrating tHissnes. It is an effective ex
pander hepatitis free, but the cost {s prohibitive.

Polyvinylpyrrolidone. PVP is a svnthetic produce of
formalin and ncetylens developed and used in Germany
during World War I It is an effective Inexpensive ex
pander but its fats is unknown. Some Is kuown to be
stored indefinitely in the reticnlo-endothelial system, fo
the sXin and liver It has been recommended that if it i
to be used that the total quantity be limited to 1000 cc-

Gelatin Gelatin is produced by the hydrolysis of antmal
collagen. It is & protefn and utilized by the body A prob-
lem exists with gelatin in that when the molecular weight
hgx‘wtmghfotgehﬁntobemaffecﬂvophsmﬂwl‘
ure expander and remain in the circulation, the gel pofnt
Mumwthxttheﬂnidcannotbegiwndm'lnsw‘ﬂ
weather Lowering the gel point results in s reduction
of molecnlar xtze so the gelatin s lost from the clrcalation.
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Dextran. Dextran fs a polymerized earbohydrate de-
veloped in Sweden in 1844 As such {t fs partially metabo-
Jized by the body It is an cffective plasma expander and
{3 0ot too expensh c. It is stable as a @ per cent solution in
saline. It was evaluated and used in horea and has been
uted extensively since It requires no refrigeration and
can be supplied in plastic bags It is being stockpiled for
mass casualty care.

In Korea dextran was used in various ratios with blood
according to the scverity of the wounded patient. For
the patient in whom the need for blood was conjectural,
destran alone was used. In the moderately severely
wounded patient one unit of dextran was used to one or
two units of blood until 2500 cc. of dextran was given.
In the severely wounded patient one unit of dextran was
used to three or four units of blood until a total of 3000
o of dextran was given. Patients treated with large
smounts af destran were observed to have hemoglobing
85 low as 6.5 grams and hematoerits as low as 20 but pro-
gressed satisfactorily More recently, large amounts of
dextran have been blamed with causing some bleeding
tendencies. It has been reported that 2000 ce. of dextran
will give some {ncreased blceding tendencies in 20 per
cent of the paticnts

It would appear that in an atomic disaster, any blood
avaflable will have to come from local sources Since only
fair and good risl. traumatic cases will bave surgery, they
thould require very little blood and may bo treated with

expanders. The same is truo of the trentment of
burns, It, therefore appears that while some blood may
be required within the first 72 hours for some surgical
cases, most of these can be sustnined with plasma ex-
panders and the major need for blood will come in ten
to fourteen days for use in trradiation injuries.
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Treatment of Fractures

Battlo experience shows en incldence of fractures in
about 40 per cent of casualtes which is not surprising
since some 60 per cent of wounds involve the extremities.
About 68 per cent of these fracturey involve long bones
and from the nature of the wounds over 90 per cent of
the fractures are of the open or compound type. The Nag
asaki experlence showed only an 11.5 per cent incidence
of fracture because of lack of evacuation and rescue work
before the fire. From this, it has been estimated that in
a thermonuclear burst, we may see 15 to 20 per cent
incidence of fractures, depending on the speed of rescoe.
Another factor is that individuals close enough to sus-
tain mafjor fractures may sustein other lethal wounds or
frradiation which would lower the number of fractures
to be treated.

First-aid for fracture cases Is of extreme fmportance and
has been stressed for many years. Still, however it is
rare to receive a fracture patient from an accident scene,
adequate first-aid having been given If as we belicve,
in 8 mass casualty situation, first aid will be the solo
treatment for 24 to 48 hours first-aid assumes an even
more fmportant place. All individuals should know four
measures which thev can apply to themselves ar to bud-
dies. They are

1 Control of hemoarrhage by use of pressure potnts,
compression dressings and/ar uss of the tourniguet
in vnusual and desperate casex.

2 Application of dressings to aid in control of bleeding,
to prevent further wound contamination sud to as-
st with immobiltzation.

3. Splinting of fractures is urgently fmportant in any
case but especially so in mass casualty conditions
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where wound care may be necessardly delayed. Im
provisation fram any avaflahle materinl must be
taught widely

4 Complction of a partial amputation may convert a

patient who eammot be moved into one who can be
handled and transported If stump blecding cannot
be controlled by a compression dressing 2 low tour-
niquet may be needed even though this causes addf
tional loss of stump length.

Ordinarily when the wound is debrided the fracture
s treated at the same time deciding on methods of fixa
tion and immobilization partially on the degreo of con-
tamination and comminution A wound sustained on a
dean ship deck is much more favorable than a similar
wound sustained in the mud of a rice paddy Most open
fractures Incurred under battle conditions arc best treated
by the most conservative means possible, reserving more
herofc methods for a later date as required. With mass
casualties, it is even more necessary to do the simplest
possible procedure so that debridement and plaster cast
Immobflization will be most often appropriate Such casts
always must be split completely to allow for the moderate
to severe degrec of tissue swelling which always develops
Faflure to bivalve casts will cost liv es and Jimbs. The prin
ciple of traction will havo to he abandoned in mass cas-
ualty work because of the difficulty in attining it, the
constant care it requires the immobilizaton and non
transportability of the patient from the traction apparntus
and the complications often missed during ovacuation,

The generol conditlon of the patfent is of prime import
ance, local wounds and fractures being cared for only
when the general status warrants. Fractures themselves
have a low priority for treatment If hemorhage is no
problem and onee debridement has been accomplished,
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Associated vascular injury takes early precedence in nor
mal times but in a chaotlo condition, vessel Hgation or
even amputation will be done rather than vessel repair
Partly this is because of the press of time and partly it is
duas to the fact that patents probably will be avaflable
for treatment after too long a time has elapsed to make
vascular repair feasthle. Development of anaerobie myo-
sitls calls for early treatment at leest by debridement and
possibly by emputation. Many fractures will be com-
plicated by soft tissus burns which take precedence. I
radiation bums may be ssen with some degres of fre-
quency and here, it must be noted that early care is neces-
sary ar alse we should walt to soe the result of the fmadla
tion. Operative procedures during the stage of lsucopenia
are poorly tolerated.

When amputsations are done, it {5 essential that the
guillotine type bo employed and the soft Hssues Left open-
Only in this way can we conserve lives and ltmbs, Wound
fnfection will be almost routing and length of stump will
be a minor consideration as compared to saving of life.

Fially, it is to be emphasized that trained orthopedists
will not be availahle to assume responsibility for all frac-
ture cases Fractures will be managed fn confuction with
wound debridement, possibly by very unskilled persons
ander supervision. This forther polnts up the necessity
for broad trafning in methods of splinting and fimtion
which will not make the patient non-transportable sod
which can be employed by “casmal” operators.

Prophylaxs Against Wound Infections
and Utilization of Antibiotics in Mass Casuslties
Statement of the Problem
In the event of mass disaster, casualties surviving the
initial fnjury and the ensuing hemorrhage and shock will
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face the added danger of wound Infection with its po-
tentially scrious consequences. The unwarranted belief
that wound {nfectfon no longer is o scrions threat beeause
of the battery of antibiotics available and the untenablo
conclusion that in tho event that good surgery and de-
bridement are not possible, satisfactory results may be at

tained with the antiblotic panaceas, must be combatted
vigorously by a reevaluation of tho problem It is ant

cipated that the casualty group will be made up of flash
and flame bumns secondary missile injuries, tissue destrue-
tion, penetration of body cavities, and the other forms of
infury with which we are familiar The speefal problem
arises from the overwhelmingly large volume of expected
casualties as compared to the avaflable skilled personnel,
supplics, and time. Actually, then, what wo are scarching
for 1s not a substitute for surgery but rather a suitable
means of extending the golden perlod of six or eight hours
beyond which we expect greater mortality and morbidity

Those of us who had the experience of comparing the
wounds from World War IT and the wounds from Korea
know of the latters much lesser incidenco of significant
infection, the almost negligiblo secondary ostcomyelitis

and the greater opportunity for delayed clesure which
obviated much skin grafting and phstic reconstruction

What we need now is a regimen which will allow us to
attain acceptable results even if surgery fs wnavoidably
delayed for hours or even days. First, let uss cxamine the
factors concerned fn development of wound infection in
arder better to understand the problem which faces us.

Factors Concerned in Development of Wound Infection

Many times we confuts wound contomination with
wound infection, an entirely different matter Wound con
tamination is universal even in the most aseptc circum-
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stences, and yet the incidence of wound infection in hos-
pital cases is not over 2 per cent. Contrast this with the
statement that the surgeon s gloves become perforated in
at Jeast 25 per cent of cases All open wormds are subject
to primary and secondary contamination with bactesis.
Primary contaminntion occurs at the time of wounding
from adjacent skin and clothiog as well as hollow visce
perforation or foreign bodies such ns dirt mmd missfles.
These organisms primarily are the anaerobic spore-besr
ing bacilli of gas gangrene and tetanus, pyogenic coecl
and the coliform bacilli. Secondary or added contamina
Han occurs at the time of or following locsl therapy, usuak
1y originating from the air or respiratory tracts and hands
aof those attending the wounded, Obviously thers is 2
dosage factor here and the larger the wound, the longer
the time of its exposure or the greater the bacterial can-
centration of the contaminant, the greater the lkelibood
that wound {nfection may supervene Ths crganisms most
froquently seen in this group are the hemolytic strepto-
coceus, the various staphylocooct and the Proteus and
Preudomonas species Two polnts peed emphasis at this
time, First, let us realize that the surgeon s not expect
ing to sterilize his hands by scrubbing before uperation
but is merely attempting to cut down this dosage factor
f case the gloves are perforated. Masks are wom only
to filter out & percentage of respirtory contaminants.
This tndicates that expeditious surgery fs less apt to bo
followed by wound complications than dilatory surgery
When operating room technique is checked perlodically
by hand cultures sfter scrubbing, we do not expect to 20
sterile cultures but rather & low colony count. The other
fmpartant point relates to the distinction between a post
tive wound culture and a wound infection. For example,
Manson at the University of Minnesota found that cul-
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ures from indolent leg uleers yielded a 30 per cent in
idenco of the cansative organisms of gas gangrene, and
mo of us (WFB) showed that musclo cultures from the
roximal stump In a serles of thigh amputations for dia
e or arterlosclerotic gangrene showed a 18 per cent
sositive incldence of these same organtsms Yet, in no case
o this serfes was there clinical wound infection of any
ort. The Incidence of gas gangere In Korea was extremely
ow and yet some non medical scientists confuse this with
he fact that many wounds in khorea on culture showed
he organisms eapable of causing gas gangreno §f given
avorable circumstances  Let us clearly differentiate
>etween @ positive wound culture for organisms and an
stablished wound {nfection The sum of the wound
ontamfnants fs a complex and changing heterologous
bacterial flora on the wound surfaces, and whether or
10t wound infection des elops depends upon the number
f virulenco of the bacterla as compared to the magni
ude of tissue damage, the local surgieal care given the
wound, the response of the host tissues and the sup-
portive therapy employed to afd and abet it

The sesponse of the host tissues to bacteria may be
altered in a number of ways. For example, resistance
to fofection fs decrcased by prolonged shock and enurla,
electrolyte and metabolic imbalances bono marrow sup-
pression by fonizing fradiation and by hormonal factors
such as chronfe stress or the administratfon of adreno-
corticotropic hormones. Host resistance to bacteria fs
Increased by correcting hypovolemin and altered blood
chemistry values mechanical removal of devitalized
tissue, rest and fmmoblization antiblotic therapy and the
Presence of creulating antfbodies elther specific or non
tpecific. Host response is influenced also by the body
ek involved In wounds of the bowel continually
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escaping fecal bacterla are able to establish themselves
‘with great rapidity so that acute peritonitis may be msnt-
fested clinfcally within & few hours after injmy In
wounds of the soft tissues, of all the organisms which may
be introduced, only the hemolytic streptococel and the
clostridia of gas gangrens, and to a lesser extent the
pyogenic staphylocooc], are capable of massively invad
ing and destroylng normal tissues, with fmpending bac-
teremia, septicemia and death. Gas gangrene or clostr-
dial myonecrosis is & disease based on the presence of
dead muscle tissue and it begins 24 to 96 hours after
wounding when ths clostridia have been able to establish
themselves by secreting toxins and by killing adjacent
muscle by a combination of taxic action and Hssue lsch-
emfa caused by gas tension {n the tissues In the absence
of dead muscle, or sald in another way in the absencs of
an angerobic medium, the clostridia behave as harmless
saprophytes and gradually disappear

An exception to this is fo some cases of septic abortion
where the clostridia enter the open vemous
when the endometrium fs distributed. The organlems
then cause rapid death from bacteremla, septcemia end
hemolysts. Development of wound Infection depends
also an the enzymatic capabilities of the bacterla. The
harmless saprophytes cannot secrete enzymes which allow
tissue invaslon and consequently they normally remain
as surface contaminants. Some organisms secrete hyalt
ronidase which allows them to dissolve the basement
substance of connective tissue thus allowing rapld pene
tratlon. Others secrets a fibrinolysin which allows them
to dissolve and feed on blood clot. Stll others socreto
an enzyme capable of dissolving the
acld found fn pus and exudates, while some rely o thedr
toxins to Kl tissue for their food supply These factort
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aro distinet dangers to the intelligence of the doctor
and the health of the patient. Such unsclentific therspy
is all too frequent. The development of drug resistant
strains of bacteria has been stressed for many years but
only recently has this problem achieved real proportions.
In various cities about the country, severe and lethal -
fectlons are being seen, caused by bactera resistant to
all known antiblotics 'This has been truly slarming fn
some Instances. Also after the usuxl pathogenic becterla
have been killed, the super infections somatimes come
into the picture. Here, duce all normal bactarial belance
hay been removed, severe staphylococeal enteritls msy
develop or sepicemia by orgrnisms not normally patho-
gemic may supervens, or the varions fungi may wildly
overgrow thelr host. It is well known that we have
learned to carry the burn cases through the stage of
hypovolemiz and electrolyte imbalance but now they
are Jost through septicemis by organisms farmerdly =
prophytes. We have postponed death and changed its
cause but still lose nearly the same proportion of burs,
depending upon extent and severity It mmust bs re-
membered also that most antibioties are becterlostatic
rather than bacterlocidal, and we now ses too many fo~
stances where antfbiotics are given after a simpls ap-
pendectomy and the patient leaves the hospitl follow
hgasmoothcmmeonlytomtum;hoﬂlywﬁhnfuﬂ
blown wound mfection or pelvic abscess

masked and held in abeyance by the prophylactic anti-
biotics. This again is poor scientific surgery Floally
we have needlenly sensitized approximately 5 per cent
of the countrys population to the common antibloties
10 that when thev are really needed the patlent rony the
not inconsiderable risk of & severs urticarial reaction o
possibly o fatal apephylactlo reection. The pogular
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habit of ghing s few shots of penfcillin for every cold
or soro throat fs a pernfcfous one but one that probably
will continue by popular demand It seems elementary
to suggest that antiblotics be given only for discases
caused by bacterla sensitive to the antibiotic chosen and
that their prophy lactie use be restricted to causes where
there is real valuo to bo obtained either as a preoperative
preparation or as a 48- to 72-hour coverage postopera
thely n cases well sclected for potential benefit.  Having
kid the groundword in this preliminany discussion what

fs the probable place of antiblotics in the event of mass
casnalties?

Suggesied Regimen in Ecent of Mass Casualtics

Finst, let us review bricfly the available clinfeally
cfectusl antiblotics and wo can quickly dispose of bac-
liracin, polymyxin and neomyein as being special purposs
drugs of limlted application Penicillin with its special
derivatives, sl rematns the most versatile and generally
weful of the group The modified derivatives include
the aqueous potassium salt of penicillin G, penfcillin V
designed for improved absorption by mouth, and procaine
penicillin G used for slower absarption from intramuscul-
atly sdministered depots. The other antiblotics of wide
e are streptomyein, erythromycin, chloramphenicol and
tetaeycling with its chloro-derivative, aurcomycin, and
s oxy-salt, terramycin  Each of these dsugs is char
scterired by o spectrum of effectivity far the various
micro-organisms.  The hemolytic streptococel and the
pathogentc clostridin inhabiting wounds are highly and
untformly susceptible to several antiblatics except strep-
omyein, palymyrin and neomyein  On tho other hand,
In spits of the growing list of clinically useful antihiotics
there aro still come species or strains of bacterda that are
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resistant to almost all of the avaflable drugs in tssus as
well as in the laboratory This group includes same
strains of staphylococdd, proteus and other grammegative
baclll, the organisms commonly assoclated with sec
ondary or hospital infection. Also, most viruses and fungl
are antibiotlc resistant.

The problem of which antibiotic to choose is not as
simple s it might seem at first glance. It is not merely
o matter of a test-tube decislon as to which antiblotlc
affects what bacterla, because clinical effectlyity of antt
biotes an susceptible bacterla is greatly modified by the
biochemical environment of the tssues In which the

are entrenched. Antlblotics exert their
greatest effect in combating invasive infections of arch-
itecturally normal tissues by bacteria susceptible to their
action. HemolyHc streptococcal and  staphylococeal
cellulitis and thetr rapid response to antibistic therapy
are examples Conversely, antihiotics may be totally
inefectual against the same bacteria in the special bio-
chemical environment of a wound or an abscess. Inabflfty
to establish adequate and contintons contact between
drug and bacteria, the limitetion of phagocytosls as an
agent of microbial destructon, and the change in Fh of
the local ares, all are contributory factors Therefore,
the limitations of antiblotics include meffectivencss
against suppuration in necrotio tissue, rednced effectivity
ufrhﬁptmnyﬁninanacidmviranmcnt,thenﬁuﬁ‘inm‘
tion of penicillin by penicillinsse-producing staphylo-
coccl and gram negative bacllll, and ineffectivity agatnst
bacterla] toxins such as those of gns gangrene, tetamus
and diphtherla. This again emphasizes the oft repestod
statement that antibiotic therapy Is mo substitate for
mrg'lcnlintarwmﬂuntodra.i:ua.ndmrg[t:a]ly(‘-lﬂ‘“‘”the
wound of acld products, blood dlots dead tisme, and
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bacterial colonfes  Thus we may summarize the require
ments for successful antibiotic therapy as
1 Actively proliferating bacteria susceptible to tho
action of the drug in a tissuc environment favorable
to the drug and for optimal participation of the host
defenses.
2. Adegnate and continuing contact between tho drug
and the locus of infection
3 Freedom from toxic effects of the drug itsclf
It would be highly desirablo if we could scttle on one
antibiotic as the drug of cholee for mass casualty use
and jt would be much simpler if wo could advocate one
casy route of administration but unfortunately, neither
of these desiderata can yet ho realized.  Although topical
antimicrobial therapy can be applied to open wounds
the uncerteinty of reaching any but the surface bacteda,
together with the demonstrated adequacy of systemic
therapy for most occasions, has caused topical use to be
nearly abandoned and has made parenteral therapy the
wsaally accepted method of administration
The route of administration of chemotherapeutio agents
Is fofluenced by the nature of the drug and its behavior
and fate in the body
(1) Drugs such as streptamyein, polymyxin, ncomyein
and bacltracin are not absorbed fnto the systemic circuls
tion after ora) administration, and when indicated, must
be administered intramuscularly
(2) The oral route of administration may be contrain-
dicated In patients with severe orofacial trauma, uncon-
®ioumness, gastrointestinal trauma or shock (wherstn
sbsorption fs delayed ond unrcliablo) For patients in
Intrevenous antibiotic therapy is the only effective
means of amin{stration.
(3) Oncs the entibiotic has gained entrance into the



152 Surgical Philosophy m Mass Casualty Management

bloodstream, distribution is widespread in the body, but
this is by no means the rule. The important exceptions
are the centrel nervous system, pleural cavity major
jomts, and eye. For the central nervous system, chlo-
ramphenicol administered systemlically affords the most
effective tissue levels, followed by the tetracycline anti-
biotics and large doses of penicillin given intramuscularly
or Intravenously For impending infections of the pleural
cavity and the major jolnts, systemically administered
penicillin is often inadequate, and this inadequacy may
be circumvented by supplemental local instillations of
the antibiotic to provide effective levels of the drug
None of the antibioHcs reach the internal compartments
of the eye from the bloodstream fn therapeutic concentra
tions.

Dangers of antiblotlc therapy have been alluded to
briefly including the 5 per cent incidence of sensitization
to penicillin and streptomycin. Oral tetracycline therapy
may Induce gastrolntestinal disturbances or staphylo-
coceal enteritis mild to fatal. The incldence and severty
seem related to the total daily dosage and the duretion of
administration. Chloramphenicol in this regerd ix sefer
but, experimentally causes leucopenin. The effect of
chloramphenicol in mass casualties already showing len
copenla from fontzing irradiation has not been determined
but it seems wisest to reserve chlaramphenicol for cases
of central nervous system trauma In treatment rather
then prophylaxis  Parenteral administration of tho
tetracyclines often causes annoying thrombophlebitls o
prolonged discomfort around the Intramuscular ste.
Parenteral administration of bacitracin, neomycin &nd
polymyxin may induce nephrotoxic or neurological
changes and, therefore their use is not advised as & rot
tine prophylaxis By this process of elimipation, then,
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we are left with penicillin and {ts derivatives for use
intramuscularly, intravenously or by mouth, strepto-
mycin for use Intmmuseularly or intravenously, and the
tetracyelines for use primarily by mouth, This essentially
was the situation in horea except that the tetracyelines
were not widely available then  This armamentadum
scems to be quite satisfactory from tho sandpoint of of
fectivity, availability, stockpiling, and case of administra
toa,

The avoidance of infection in patients with wounds of
trauma s the chief problem after the patient has been
resuscitated and is free of shock. If the dead tissuo could
be exeised before local contamination becomes fnfee-
tion, the problem would be solved sinee the open wound
could bo converted into a closed wound. This ideal,
bhowever, is unldely in any situation of mass disaster
It will be necessary, therefore, to call upon every pro-
ventive measure at our disposal and severnl practieal
steps should bo taken.

(1) Resuscitative and supportive treatment at the ear
liest possible moment is of primary and lfesaving im
Ppottance,

(2) The value of local and total body rest must be
recognized and employed within the limitations of the
situation, both beforo and after dcbridement.

(3) All persons should be indoctrinated with the real
ization that the major threat to the Jarge open wound s
secondary infection. Whenever practical, measuros such
85 magking and avoldance of manipulating the dressings
o the wound with the bare hands should bo taken to
protect against secondary contamination mnce the naso-
Pharynx and hands are the principal reservoirs for hemo-
Iytio streptococe! and staphylococel.  As regards thermal
wounds it should be stressed that o dry burn wound ex
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posed to clean air and daylight has 2 high degree of
resistance to airborne infection For this reason, theto
lexions are better left alone rather than covered with
greages, or antiseptic ointments, or inadequate dressings.
It must be admitted, however that the widespread knowl-
edge that minor burns feel better after a grease is sp-
plied will likely mean that such therapy will bo used
by popular demand.

All other penetrating wounds shonld be covered with
a sterlle dressing If none is available, a clean, freshly
laundered towel, sheet, or handkerchief is justifiable. The
dressing should not be removed until facilities are avail
able for aseptic precautions during exposure of the
wound.

(4) Every persan, clvilian and military should be im-
munized against tetanus which threatens following any
open injury, missile or thermal. In the event of infury
all casualties with extensive burns and particularly those
with open wounds, should recelve a booster dose of tet
anus toxotd hypodermically This should be repeated at
intervals of seven days In the presence of active clinfcal
infectlon 1mtil three Injections have heen given. The
non fmmunized casuelty should be so protected at of
shortly after infury The prolonged incubation perlod
for clinical tetanus and the threat of hypersensitivity re-
action to antitoxic serum favor the modern trend to re-
lance on tetanus toxold serles for active tmmunization
n lieu of temporary passive fmmunization with horse
serum antitoxin. On the other hand, gas gangrene tox
oids are still in the development stage. There is no good
svidence that gas gangrene antitoxin has any merit pro-
phylactcally or therapeutically

(B) Priority for treatment should follow established
urgicel principles. Decompression by drainage of skin
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and fascla for superficial wounds of soft tissue should
be adequate.  Formal debridement s necessary for the
more complex infuries involving musclo and bone and
should be accomplished as soon as circnmstances permit
Care must he excrcised in teaching that inciston and
drafnage will suffice in emergency shuations where de-
bridement is not possible. Tissue tenslon may be con
trolling hemorthage from an Injured Jarge vessel and
simple ineision and drinage may allow fatal hethorrhage

{8) Antimfcroblal therapy shonld be given to aid and
abet the host defenses  This step is taken on the basis
of cffectiveness demonstrated in lahoratory animals
against experimentally induced pyogenic and clostridial
infections of extremities nnd against bacterial peritonitis
Whereas factual data ns to the value of chemoprophylaxis
In man are meager the information avallable supports
the wisdom of this practice in the face of the potential
dangers of toxic reactions, bacterial resistance, and super
Infections inberent in antibiotic usage Antibloties should
be started promptly for all major wounded and discon-
tinuved or modified unless spectal Indications are present
at the end of three or four days.

The sulfonamides still are effective agniust hemolytic
streptococeal organisms. Concern over crystalluria, hem
salogic disorders, and other side-effects now aro Jessened
with the availability of newer and improved sulfa drugs
Primary use of sulfonamides for prophylaxis of infection
in thermal fnjuries would spare antibiotics for sedous
extablished infections and tend to curb the emergence of
drug resistant fnfections fn large wards full of patients
with burns and other apen wounds

Oral administration when feastble and low dosag
when It ts not will mintmize the problems and confos
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fons of chemoprophylaxis, Three dosage schemes are
suggested, one far the lightly injured, one for the mod
erately injured, and one for the severely injured.

Far lightly infured adults who can take oral medica
Hon, penicillin G is preferable, given either as buffered
penicillin potassium or sodlum G, 500 milligrams every
efght hours, or as penicilin V 250 milligrams every eight
hours  One of the tetracyclines may be substituted for
persons known to be hypersensitivs to penicillin the oral
dosage recommended fs 500 milligrams fnitially followed
by 250 milligrams four times dally Fxcept for prophy-
laxls agninst infecton in penetrating head injuries chlo-
ramphenicol should be reserved for the definitive treat
ment of antbloHc-resistant staphylococcal and gram-
negative bacillary infectlons. The dosage scheme is the
same as for the tetracyclines It is farther recommended
that erythromycin also be reserved for the treatment of
emergent staphylococenl resistant infections that do not
respond to other agents.

For those unable to take oral medication or who have
sustained infuries of moderate severity aqueons procafne
penicillin G 300 000 wnits fortifled with aqueous
lin G 300 000 units may be given ntramuscularly at 24-
hour intervels. In penetrating trauma to the thorax and
major joints parenteral therapy Is supplomented with
local instillations of this antbiote.

For patients in shock, or who have sustained penetrat
tng abdominal wounds intravenous therapy Is ndicated.
Penicillin aqueous G or a tetracycline may be given. For
penicillin, the recommended doss is 1000 000 units (600
milligrams) given by slow drip snd repeated at elght
hour intervals,

Streptomycin, 0.5 gram, muy be given intramuscularly



Swrgical Philosophy in Mau Casually Manapement 157

every cight hours fn addition or added to the intravenous
solution  For tetracyelines a schedule of 500 milligrams
at cight or twehehiour intervals may be employed
Intramuscular or oral therapy is substituted when the
patient s condition permits.

Prophylactic antiblotic therapy is interrupted at the
end of three or four days  If infection Ins not been con
trolled by this time a reevaluation of treatment should be
instituted.

For the pure thermal injury problem, several cholces
of chemothernpeutic agents are possible.  In addition to
antibiotics there are the sulfonamides, which are still
good antihemolytic streptococeal agents  For adults an
orzl dose of one gram every six hours may be used, with
sbundant Buide. For children the suggested dose is 60
milligrams per pound per day divided into four equal
doses at six hour intervals  The limitations of sulfona
mide therapy are feffectivencss against clostridia, sta
phylococe! and certain grom negative coltform bacilli,

{7) Wound suppuration which appears at n later date
Is caused by other bacteria and the antibiotie treatment
of established Infection should be based on results of bac-
terfologic studies of wound cultures with substitution of
the astiblotic to which the organisms are found to be
sensitive.

This scheme makes it possible to hold In reserve the
other clinically useful antiblotics, among which aro chlo-
ramphenicol, erythromycin, bacitracin, polymyxin neo-
mycin and possibly the newer drugs now being evaluated.
Intercurrent infections due to such oragnisms as staphy-
Jococd, Proteus and Pseudomonas bacilll must be an
Hefpated, but if certain antibiotics are held in reserve,
such budgeting should provide chemathempeutic cover
for the majority of problems of wound infection,
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All open wounds are contaminated, primardly by the
the wounding agent or visceral perforntion and sec-
ondarily by the air or persons attending the womnd.
The principal classes of micro-organisms of open
wounds are the clostridia of tetanus and gas gan-
grene, the hemolytic streptococe! and staphylococel
and the coliform bacillL

Behavior of these bacteria in traumatized tiasue is
influenced by the number and virulence of the
orgunisms, the magnitude of Hssue dsvltnlimiion,
the response of the host, the supportive therapy
employed to aid end abet it, and the local surgical
care given the wound.

Secondary contamination and infection are min-
imized by early application of occlusive dressings,
masking and gloving of attendants and {mmobilize-
tion, No amount of chemotheraphy parenteral or
topical, will substitute for negligence in thess re-

gards.

The keystone of prophylaxis against infection is
early and adequate wound surgery ‘The antibiotics
will not remove blood clots or dead tissue nor wil
they favorebly influence infection in such a medtum.
The antibiotics have not replaced surgery but rther
have emphasized its importance. Antiblotics are
funtor partners of adequate surgery and properly
employed they help to protect against invesive po-
tentially lethal fnfection. Only the hemolytic strep-
tocoect, the clostridia and to 2 lesser degreo the
staphylococel are primadly invastve and thess are
predomnantly susceptible to penicillin and the tet
racyclines  Antibiotics prevent ifmvasive infection
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by prolonging the lag period, and restraining fovas-

jon of contiguous undamaged tissues during this

time by allowing claboration of the natural leu
cocytic and fibrinous barriers

Penidiliin, the tetracvclines and to a lesser cxtent

streptomycin  therefore, are the mainstays for anti

blotic prophy laxis agafnst invasive infection Topical
application is not cfficient and is not recommended

Parenteral administration fs the best cholco although

circumstances may dictate the oral route in some

situations  Untoward reactions may oceasionally be

a factor but this caleulated rish must be aceepted

and a scheme for the use of antiblotics in event of

mass casualties has been formulated

7 Hemolytic streptococeal seplicemia ix rare since
chemotherapy and tetanus fs not a problem fo the
fmmunized patient, while gas gangrene has an in-
cidence of less than onc per cent fn modemn war-
fare. The major problem now is persisting wound
suppuration which will undergo scptic decompost
Hon regardless of systemic or topical chemotherapy
In acute Jocalized Infections antibiotfes and surgeny
are Interdependent, antibloties protecting against
spread of infection by surglcal manipulation of in-
flamed tssues.

8. Late infections frequently aro assocated with bae
teria resistant to antiblotics employed for prophy
latds and for thix reason it is advocated that the
special purpose antfhiotics be reserved for instances
where they are specifically effeacious

9 This discussion has been presented to give a generl
understanding of the problem and as if adequate
Hme and supplies were avaflable. Under chaotic
and restricted oonditions, this is one instance where

L=
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we will operate on a sliding scale depending m
availabilities and capabilities.

Hormonal Response to Infury

Emotional reactions and even localized body wounds
evoke a genemlized and fundamental hormonal metabolic
response spoken of as the olarm reaction. According to
this hypothesis, rage, fear pain and hundreds of other
situations drugs or stimull are capable of stimulating the
adrenal medulla, resulting in an outpouring of epine-
phrine which in turn causes the hyperglycemis, ped
phera! vasoconstriction and oliguria that have been rec-
ognized as sequelae of treums. The stress reaction is
compounded of physical fatigue, fear, various psychoso-
matic symptoms resulting from fear psychologic symp-
toms resulting from this somatization, ny well as the
psychic reaction to battle including all the elements of
loneliness bodily discomfort, frustration, revulsion to-
ward killing, et cetera. All such reactions cause over
responss of the autenomic nervous system and, conse-
quently the manifestations include muscular teasion
which may progress to “freezing” avorexia or nsusea and
vomiting, diarrhea, fafutness tremor excessive perspira-
tom, vague abdominal distress, tachycardia and urinary
frequency Al of these states are known in varying do-
grees to students befare a stff sxamination, to soms
surgeons befero & difficult operation and to others sub-
jected to severe stress such as seen in mass disaster

Hormonal Response

Increased adrenocorticotropic hormons (ACTH) 1b-
eration into the bloodstream from the pitnitary is stimu
lated by histamine, epinephrine, atroplne, a
cold, heat and hundreds of other agmts or envirommental
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changes As the mamo implies, ACTH stimulates the
adrenal cortex with results which will be shown shortly
Administmtion of adrenalin causes a fall in Vitamin C
and cholesterol content in the adrenal cortex this belng
a measure of its functional activity This complex mech
anism is a continuous one operating at varylng degrees
according to the scverity of stimull and depending upon
a host of stimuli, the limiting factor apparently being the
blood level of adrenal cortical hormones because when
a certain level is reached the anterior pituitary is temper
arlly inhibited from producing ACTH In trauma, when
there Is a sudden using up of the cortical hormones, thero
is peak stimulation of the pituitary, the adrenal eortex
being able to respond only if not exhausted by continued
overstimulation. This entire train of cvents can be set
off experimentally by stimulation of an exposed sensory
nene, exposure to 4 degrees Centigrade temperature for
ane hour, simulated eltitude of 20,000 feet, hemorrhage
of two per cent of body welght, intravenous injection of
killed Escherichia coll organtsms or scalding at 70 de-
grees Centigrade for fivo seconds

Adrenal Cortical Hormones

Desoxycorticosterone acetate (DOCA) induces reten-
tion of sodium with consequent excretion of potassium
Retention of sodium causes water to bo held and this
train of events explains why potassium must bo replaced
In some severe responses why sodlum chloride should
be administered cautiously in tho first fow days after
trauma, and why oliguria is temporarily present, These
changes ordinarly revert to normal within three days in
Patlents who can tako a general diet by mouth. Arbf
trardly attempting to chango these reactions before that
time may be meddlesome
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Cortisone promotes gluconeogenesis by which tisye
protein is convertad directly to glucase and glycogen with
concomitant excretion of the excess and liberated nitro-
gen in the urine.  This explaing the glycorariz and hyper
glycemia after injury and fs the mechanism for the “tmn-
matic diabetes™ which farmerly was a confusing develop-
ment, Also, cortisone favors dissolution of the lymphoid
elaments of the blood with releass of gamma globulin,
antthodies, and dmilar substances concerned with im-
munity to bacterial infection. After a single traums,
the lymphocyts count rapidly falls returning gradually to
normal in 48 hours. This offers a prctical mesns of
measuring the effect of trauma and the bodily response
and becguse the eostnophil count is simple, this s used
as the gauge. After injection of ACTH, the greatest
eosinopenia results in fram three to five hours so this
fact gives a good criterfon for judging adequacy of re-
sponse to fnfury The 17 ketosteroids aro associated with
nitrogen retention and therefore ars apabolic for proteln
while cartisone Is catabalic. Thess hormones are very
similar in chembcal structurs to sex hormonex such a3
testosterone and to the pliuitary growth hormenes. Thiv
may explain the apparently bemefleial effect of testo-
sicrons administration during convalescence to hasten
healing and wellbeing,

Reasoning teleologically it soems that the purpost
of the adrenomedullary-anterdor pltul
mechenism is to prepare the body to withstand traums,
making the body as self-mficient as possible. The ability
of muscle to contract ansercbically for a short tme
¢1bvix\tastbel:recandtyx“nrIm:mﬂ.!edbloodwpﬂ)’illﬂf
fort, permits function even after decreasad biood supply
by Injury and gives to 2 person an extra burst of speed
and endurance which may bo fesaving The quick In-

.
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It seems to bo agreed that delay does ot apprec
harm the penetrating brain infurles in the first 72 |
and they probably will have to walt at least this
in mass casualty situations. Antfblotics and nurxing
will be helpfol if available. These head injury
should be transported to a special treatment area ber
this small specialized case group lends itself woll to
by special teams at designated points  Since uncons
patients do 2o poorly they should be placed tn th
pectant group and should be kept out of evacs
chanmels. Mansgement copsists essentially of pk
the patient in the coma position becsuse respiratory
Beulty is the most frequent problem either from var
or secretions or from relaxation of the faw and tor
The patient should be placed on his side with on¢
and knee flexed to give stability Repeated triage o
unconscious group will permit salvage of those wh
cover cansciousness spontaneously Drugs for-pafn 1
are not netded and morphine in particolar s &
avolded because of its respiratory depressing and p
Iary constricting effects Patlents who are consclot
dazed but in 24 or 48 hours become progressively 1
comatote, probably have a developtng hematoma w
should be evacuated by operation if feasible. Such
tents give a good salvage rate in comparison to pat
who are wnconsclous inftially because this means b
cerebral hemorrhage which is apt to be fatal ]
likely that epidurnl hemorrhages from fractrre
a vessel will cause such rapld Ipcreass in intract
pressure that this case group will spontaneously rex
{tself from consideration because of early death. We
dressing 1s {mportant {n the bratn fnjury group bect
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desperate clreumstances it may be better to savo tho
hair which can be tied to itsclf in such a w1y to close the
scalp wound if dressings arc not avaflable  Partial at
tempts at treatment should be avoided so that unless
the wound can be debrided adequately and the dura
closed, 1t is better to give cxpectant care only  With
brain herniation no halfway measures arc worth the
cffort.

Spinal cord Injuries occurred fn World War II in only
one per cent of casualties but they take up a terrfic
amount of man hours and equipment  Ideal manage-
ment still is controversial opinfon veering from year to
year as to whether routine laminectomy is advisable. It
certalnly is true that fn most cascs immediate cord dam
age has been sustained and decompressive laminectomy
does little for neurological function. Immediate lamin
ectomy is good wound treatment but has little effect on
eventual function. In mass casualty situations it secms
evident that carly laminectomy will not bo employed
and indeed Comarr showed in 853 cord injuries that delay
In operation actually improved the results  Spinal cord
Infury cases should be moved on a flat surface and should
not be lifted by shoulders and knees. When brought to
2 treatment area, these patients should be placed in the
expectant group and should not be allowed to get into
the chain of evacuation because the end results are too
Ppoar to justify expenditure of time and supplies.

Maxfllo-Faclal Injury
Partly because of the high degree of vascularity of the
tssues infurfes of the face and faws lend themselves
well to minimal debridement and primary closure  Fail
ire in primary closures are caused by severnl factors,
#mong which are the following (1) too tight closure of
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tissues without proviston for drainage, (2) faflure to close
tho mucosal surfocs of the wound, thus allowing con-
tinued wound contamination by saliva snd tending to-
ward orocutaneous fistula fermation, (3) secondary hem-
orrhage, usually from infection, (4) inadequate im-
mobilization, wound care or chemotherapy

In mass casualty care, thers will be no opportumity for
primary closure but fortimately these wounds can be
treated in first-aid manner with functional succest. Al
though many of these wounds have a terrifying appear
ance, stmple repositioning of Hssues does wondens in
atinining hemostasis, maintaining an eirway, tmmobilz
ing bone fragments and making the patient ambulatory
if he can see. Swallowing may be the most serious prob-
lem  Collapse of the mandibular arch with loss of the
points of attachments of the protruder muscles of the
tongue especially the genfoglossus and secondary pharyn-
geal swelling, are the principal airway threats in msxdflo-
focial casunlties Application of & Barton type bandage
often suffices to re-establish the airway but i some io-
stances the tongue must be pulled forward. This can bo
accomplished by putting a safety-pin through the tp of
the tangua with a string attached and anchored to some
fixed polnt such as a balt or shirt button. A suture passsd
throngh the tongue may be used similarly A rubber
tube through ene nostril Into the nasopharyns may be
lifesaving Tracheotomy depends on availabflity of &
special plecs of apparatus which may not be at hand but
it iz alleged that edequate ventllation can be af
through a No 13 gauge needle stuck into the traches
Thhcurmmlyisahanrdoutmetbodlodepcndonbﬂl
is stmple and temporarily satisfactory Arrest of hemor-
rhage usually is not & problem with a suitable dressing
but it is useless to attempt Hgation of vessels unless there
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Physical Examination of the Infured Abdomen

Presuming that the state of consclousness and the
respimtary and circulatory status have been evaluated,
the injured abdomen is inspected for obvicus wounds.
Sometimes o bruise on one side of the paint of misdle
entry may indicate the direction taken. Aguin, poats of
entry and exit give some {ndication of possible injury
With obvious wounds, operative exploration is mandatory
and further physical examination Is needed only to svale
ate concomitant fnjuries  In abdominal infuries without
penetration or in low chest penetrations where abdominal
viscers may have been damaged, additional physicel
emmination s necessary, sometimes repeated over 4
period of time to evaluate progress. Palpation to evale
ate rigidity and rebound tenderness, percussion to shaw
tympany or abnormal dullness, auscultation for presence
and quality of bowel sounds, and rectal exemination to
evaluate or ellcit tendermess blood ar pelvic mass all add
fmportant fnformation. Occastonally, simulated traoma &5
seen or there may be marked prychic overlay in 2 bons
fide case of abdominal tauma, Usually 2 disparity be-
tween symptams and reactions as compared o condlition
of the patient will make {t obvicus that simulation or
exaggerstin {3 present and the examiner cen govern him-
self accordingly

Ancillory Ezaminations and Tests

The patient with a pentrating abdominal wound necds
an x ray flat film of the ebdomen. This is pdmarily to
identify and localize missilo fragments but in closed
infuries may be helpful also from the viewpoint of local-
tzing distended loops free fluld and alr or areas of dens-
ity which may indicats such misadventures as ruptar®
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of the splecn  Examination of the urine for gross blood
is necessary and the only other essential data are those
relating to eirculatory status as determined by blood
pressure level, pulse mte and hematocrit determination
In closed abdominal injuries secen in fixed installations,
occasionally a blood or urinary amylase determination
may be helpful in suspected pancreatic injuries

Triage and Prioritics for Care

Rather than having to declde whether or not the pa
tient has to be operated upon the usual decisfon fs which
patents peed priority treatment and which need resus-
dtative care before operation  In multiple wounds, those
which hinder cardiorespiratory function such as chest,
neck and maxillo-facfal injuries, must be managed first.
Abdominal wounds take next priority while injurics of
the brain and cord, extensive soft Ussue wounds, gent
touripary wounds and infurles of the cye can wait thelr
ture  provided that hemorrhage Is controlled. Some
military surgeons feel that extensive buttock and sacral
wounds take precedence over abdominal infuries to avofd
tuming the patient after abdominal exploration. It fs
dificult to genernlize on this point since obviously the
patient may bleed to death Into the abdomen while the
posterior wound is being debrided.

Among abdominal infurfes themsclves, the patient with
fist priority for operation is tho recent infury with good
general condition, little bleeding and no concomitant in-
jurles  Second priority is accorded patients with severe
fofury by large fragments and those in shock. Here, blood
Teplacement Is first and only after shock has been con-
tolled is operation undertaken. The exception is the
patlient whose blood pressure does not respond to sult
31:10 replacement and ff shock is not improved after two
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units of blood, severe vessel damage and/or retroper-
toneal hematoma must be suspected, and here operation
tmmediately may be lifesaving. In third priority are
those patients with a closed abdomipal infury or e sus-
pocted sbdominal perforation. Theso require observa
tion, resuscitation and operation within six hours if the
need develops. Patlents with no priority for operation
are the obviously fatally wounded, those in severe shock
with advanced sepsis, thoss with multiple wounds, and
patients seen first after 18 or 24 hours Obviowsly such
decisions are not as easy as they have besn made to
sound hers but these soveral gulding principles ars cor
rect, whether the situation be in regard to battle casual-
ties or mass casualties from some other cavse.

Early and Resuscitative Care

Prophylaxis against abdaminal injury fncludes keeping
the belt Hght in order to present & ymaller target and
keeping the gastrointestinal tract relatively empty before
combat. This is dificult because constipation s frequent.
Another pofnt, posstbly of greater importance s to turn
the back to a blast or detonation ff there fa sufficlent
warning, and still better to fall prone in order to give
maximum protection to the abdomen. In the event ab-
dominal ijury {8 sustained, nothing should be taken by
mouth and protruding viscera should not be replaced
but should be covered and protected by s masstve dress-
ing. Such a dressing covers the swound to prevent addi-
tional external contamination, prevents further eviscera
Hon and protects viscer already protruded. A nareotio
for paln, preferably given intravenonsly and edministre-
tion of blood or volume expander to treat shock thould
come early in the resuscltative care. Antibiotic admint-g
stratlonxhuuldbestnrtedmwlyupmfbln.'m'apﬂf
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records to show what has been done should bo prepared
and should be evacuated with the patient as carly as
passible so that abdomfnal operation can bo accomplished
within six hours if at all feasible. First aid and resuscita

tion overlap and eannot be scparated sinco all thermpeutic
mcasures are conlinuous from injury to postoperative
recovery  Before evacuatfon, vigorous abdominal wall
bleeding should be controlled and the foot of the litter
may be elevated to assist blood pressure and to promote
the maintenance of an adcquate dry alrway Catheterlza

tion to detect gross blood and to cheek urinary output is
tmportant and all measures should be taken to attaln
cardiorespiratory stability This includes an occlusive
dressing to a sucking chest wound aspiration of a pneu

monthorax and such procedures avolding meddlesome
measures and those which will make the patlent non

transportable.  Evacuation for eperation within six hours
is important and it must be stressed that the patient

:::xld not be moved from litter to litter durdng evacua

The Non Penetrating Injury

In military practice the non-penetrating or closed
abdominal infury {5 rare but {s much more common in
civilian practice as a result of falls and auto sccidents.
Special points in diagnosis and management have been
stresied elsewhere under pertinent subheadings One
additional factor needs to bo discussed.

Blast Phenomeng Pulmonary effects of blast in air
usually are moro {mportant than thoso relating to the
gastrointestinal tract, whercas blast In water is less apt
to effect the lung, The critical distance is four times

o Breeter fn water than in atr and the severity of effect
{“ﬂﬂlnma]ywﬂhthonqunreofthadkmncc Symp-
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toms depend somewhat on position so that in water, float
fng on the back fs best, whereas on land, falling prone i
preferable. Symptoms after blast tn water include anes-
thesia of the legs, the urge to vold and a ssosation of
water rushing fnto body orfices After 45 minutes there
may be cramps and abdominal pain, followed in 24 houns
by vomiting and diarrhea. After five days thers may be
soreness to rigidity and paralytic flens Gangrene or
rupture of viscera may occur Usually abdominal ef
fects of blast are treated conservatively unless signs of
gangreno or rupture supervene

The Thoraco-Abdominal Injury

Since Warld War IT a change in concept has occurred
50 that no longer s the combined tharaco-abdominal ap-
proach advocated but rather two separate incisions are
used. The thoracle wound 1s impartant from the stand
point of embarrassment of cardiorespiratory function or
tovere hemorrhage. In either of these instances, the
thoracie procedure takes precedence. In other cases, the
abdominal exploration is done first and in many cases &
suitable chest exploration can be done through the dia
phragm, avoiding a separate thoracic procedure. Perfors-
ton of the diaphragm requires camplete abdominal ex
ploration and this cammot be dons adequately through &
thoracotomy incision. Therefore, in thoraco-abdomtnsl
{njuries some patients require thoracotomy first followed
by laparotomy same require laparotomy followed by

some require laparotomy only and prob-
ably it is safe to say that none require thoracotomy anly

The Penstrating Abdominal Infury

Preparation. After resuscitation from the standpoint
cefakwayandxhod:,opmﬁvaexpluraﬂmfnmd’

.
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abdominal penetration fs indicated. Wide skin prepara
tion in such a manncr as to prevent additional peritoneal
contamination, carcful continuing attention to maintain
ing a blood pressure Jevel above 00 millimeters 1ig, and
an inhalation anesthesta without multiple drugs or com
plicated apparatus are basfe requirements
Incisfon and Closure  The longitudinal midline in
dsion is distinetly to be preferred because it allows speed
in opening and closing, lends itself to extension f needed,
provides adequate exposure and does not open the fascial
planes of the nbdominal wall to contamination. The
missle wound should not be included in the fncision but
should be debrded scparately Transverse and sub-
costal type incisions are cxcellent in elective surgery bat
bave no place In casualty cases. Similarly, tight layer
closure is nccepted for eleetive eases but in trauma cases
whero there are mass casualties or whero patients must
be moved shortly after operation, ar where there is peri
toneal contamtnation, ught loyer closuro simply tends
to cause infection, dehiscence and postoperative hernia
ton, Through-and through closure with wire using
nubber tube boots or tying over a gauze roll, with or
without intervening skin sutures, is accepted as best
meeting the requirements of surgery for abdominal
trauma. Instances bave been seen whero the wires
caused erosion-perforation of subjacent loops of dis-
tended bowel and for this reason the individual operator
may prefer to close the peritoneum with continuous cat
But suture and then place the wires through all layers
except the peritonewmn. Management of loss of abdom
inal wall substance may be a serfous problem sometimes
wlved only by a massive dressing, while at other times
g incisions and local flaps may be effectual. Oc-
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casionally tantalum mesh or other prosthetic substance
may be needed later

Exploration. In exploring the abdamen, some routine
procedure is best m order to avoid missing areas of fnjury
First, points of hemorrhage should be located guickly
and controlled by hemostats If the liver is the site of
hemorrhage, gauze pack pressure will control it swhile the
rest of the exploration is completed. If the spleen Is the
polut of origin of bleeding, it should be grasped in the
left hand, compressed to stop hemorrhage, and not re-
leased agnin untl the pedicle has been multiply clamped
and cut. The retroperitoneal area must be inspected for
bleeding s evidenced by hematoms, and the ste of fn-
jury in the abdaminal wall must not be neglected a2 2
possible source of hemorthage. As the exploration prog
restes, If perforations in hollow viscera are encountered,
they should be grmsped quickly by Babeock ar Allis type
clamps to prevent further spillage and to facilitats locat
ing them again after the exploration is campleted. Only
then should closure or resection be dome, becanse other
wise, if perfarations are closed as they are located, ft may
be found eventuslly that ressction of a bowel segment
is indicated after time has been wasted in multiplo clos-
ures before the entire situstion has been compreh
Areas of perforation most often overlocked are the po¥
tertor wall of the stomach, the cardia of the stomach, the
retroperitoneal colon and duodemm, and the mesenteric
border of tho bowel The old saylng that perforations
always are present fn twos is not entirely correct becanse
pmfmaﬁonofaknuckleofboweloratmratthemﬂ"
entery may give fust ane pecforation. The whole sl
bowel should bo broaght out onto the abdomnal wall 50
that exploration and visualization can be complete from
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cod to end and including the root of the mesentery  No
Jesser exploration {s entirely safe

Stomach In World War 11 the case fatality mte for
stomach wounds was 41 per cent this being reduced to
about 17 per cent In horer  One reason for this high
mortality Is the difficulty of locating perforations high on
the cardia and into the Jesser sac.  Another factor is the
high degree of chemical nctivity of gastrie julce plus
the continued contamination from fresh swallowed micro-
arganisms  Simple layer closure of perforations of the
stamach Is all that is required

Duodenum ond Sinall Bowel 1n abdominal fojuries,
there is o 37 per cent incldence of small bowel damage
and the case fatality rato of 30 per cent scen in World
War I was reduced to 13 per cent In Rorea. There s
some variztion in mortality rate as correlated with level
of perforation in general those arcas where there is the
greatest chemieal activity (duodenum and high feju-
num}, or greatest bacterfal content (terminal {leum)
having the highest mate In World War II duodenum
injuries were fatal in 56 per cent of eases while in Korea
this figure was 41 per cent. Small bowel perforations
always are treated by primary clasure o rescction and
amstomosfs, never by cxteriorization. This is because
the relatively thick wall and relatively abundant blood
sply make privary dosure mfe. Abe exteriosization
produces all the problems of fluld and electrolyte loss
which are difficult in civillan practico and intolerable n
mllitary practice  Resection should be done if the bowel
s denuded of mesentery for 6 centimeters or less if
viability is evidently fmpatred. Resection also fs In
dicated #f a short loop has sustained multipls perforations
End-to-end enastomosts is preferred, by whatever suit
able techniqus the operator favors Closure of fndividual
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perforations is best done by an inverting stitch, althongh
soms advocate purse-siring suturs, clamp and He tech-
nique, or covering by omentum

Colon and Rectum. Thero is a 35 per cent {ncidence
of colon injury and the case fatality rate of 37 per cent
for World War 1 was reduced to 16 {n Korea. Wounds
of the rectum carrled a case fatality rate of 30 per cent
in Warld War II as compared to 18 per cent in Korer.
Here again, thers is a corralation between level of infury
and mortality rate depending on Buidity of bowel con-
tent and viability of bactera. The established policy of
exteriorization for colonic wounds or primary closure plas
a provimal diverting colostomy still holds. This is be-
cause the colon wall {s very thin and its blood supply It
poar It therefore is very vulnerable to the concussive
effect of missfles and primary closure fails in & high pro-
portion of cases. All wounds of the rectum and meny
wounds of the perineun and buttocks require colastomy
Usually if the wound is less than half the diameter of the
bowel the damaged bowel may be brought out as » cok
ostomy, but more extensive damage reguires primsry
resection and exterforkzation of both ends. Cecostomy
is & notordously poor operation and rarely is indicated fn
trauma cases because of the poor dramage effected and
becanso ft essentially establishes an Heostomy with al
its disadvantages. Wounds proximal to the hepatic flexure
mzy be primarily closed leaving a temporary tube ceoos-
tomy if the damage is not extentive. Severe wounds
ofthececnmnnd/oramdingco!onlmbmmltdby
resection with end to-end anastomosis of fleum to trars-
verse colon.

Colostomy Establishment and Closure A simple loop
colmtomywithinnmnplctobmmldlviﬂonbndﬂﬁ-"
factary because jt does not ampletelydtveﬂﬂwfﬁd
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stream Any technique which completely divides the
bowel and scparates the cut ends somewhat {s suitable,
provided that dressings are changed suficiently frequent
Iy 5o that peristalsis in the distal Joop will not draw feces
tnto jts lumen. The British type colostomy advocated in
Woaorld War 11, where the colostomy limbs are sutured
together to form & supr, 1s no longer advised because ft
is needlessly complicated and makes subsequent closure
diffieult. The colostomy never should be placed in the
main incision and never should be brought out through
the original wound of entry or exit. When the time for
dosure of the colostomy has arrived an intraperitoncal
type procedure always is advocated and if thero is much
sear Hssue, excisdon with end to-cnd anastomosis is pre-
ferred.

Gallbladder and Bile Ducts Cholecystostomy has no
place In treatment of trauma, and removal of the dam-
aged gallbladder fs advised. Biliary tract damage calls
for T tube drainage and never for pdmary closure. In
ddition, @ Penrose drain to the site of injury is indicated.
Bile peritonitis need not be feared unless there is & con
tinued leak of bile into the peritoneal cavity One lnsult
by a gallbladder of bile fs well tolerated.

Spleen  Seven per cent of ebdominal infuries include
acture of the spleen and in only 2.3 per cent of cases
{s this the sole fnjury In Warld War IT the mortality
ﬁm:vptmof&csp]eenm%pcrcentand this was
reduced to 15 per cent in Korea. In penetrating injurfes
of the abdomen, direct exploration makes the diagnosis
but in non-penetrating trauma the diagnosls fs mare dif
fieult. Evidence of fnternal hemorrhage as shown by
lowered blood pressure and elevated pulse rate left

der strap pain and a positive abdominal x ray fat
Plate, tell the story The positive x ray findings are me-
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dial displacement of the stomach alr bubble, exclusion of
gas shadows of bowel from the left upper quadrant with
depression of the transverss colon and splenic flexure,
plus diffuse haziness in the upper left quadrant with pos-
sdbly some elevation of the left diaphregm The treat
ment is splenectomy as soon as the diagnosis is made.
Continuing hemorrhage and the danger of secondary
hemorrhage as the clot liguefies make temporizing too
risky to be acceptable.

Liver In 27 per cent of abdominal injuriss there will
be liver demage and this carrled a case fatality rato of
27 per cent in World War T, reduced to 15 per cent fn
Karea All devitalized liver tissue must be removed
because autolyzed liver is highly toxc. Furthermore,
blood in the peritoneal cavity must not be used for auto-
transfusion because of probably contamination. Liver
wounds may cease bleeding spontaneously may bleed
severely and may bleed secondarlly Carefnl hemostasis
is indicated by whatever means Is effectual, from mattress
sutures to fibrin foam, occasionally falling back on the
crude method of gauze packing in unusual instances. A
Penrosedraintothauiteoflivariniuryalwaysismdimted
and missiles should be removed if feaxible.

Pancreas Pancreatic injury is accompanied by severe
paln, profound collapse and aften by an elevated blood
and urinary amylase level. Caso fatality mate fn Workl
War II was 58 per cent, being reduced to 22 per cent in
Korea. Management {5 difficult but the alm is to stop
hemorrhage and prevent leak. This may necessitate de-
bridement, excislon, {nversion, re-fmplantation or com
binations of thess Blood calelum may be low becanse
it s bound in the calctum sosp formed in the areas of fat
pecrosls.  Subsequent development of & pacudo-cyst of

n
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the pancreas is a complication to be thonght of in {ollon
up cxaminations

Kidncy Rarely does the urelogist treat abdominal
trauma, and most urinary tract injuries occur ny part of
ebdominal wounding so that usually the general surgeon
fs tmplicated. The Kdncy s damaged fn about 134 per
cent of abdominal injuries In Woesld War 11, Kdney
infuries carred o 363 per cent mortality being reduced
to 5 per cent in Rorea.  Rarely does kidney damage
require nephrectomy because of bleeding  Partinl neph
rectomy is indieated more frequently but usually a high
ly conservative policy is rewarding  Extensive destrue-
tlon of the Kdney pelvis or the vessels at the pedicle is
indlcation for nephrectom

Blodder 'The bladder is perforated in about 5 per
cent of abdominal njurfes, and the mortality was 30 per
cent in World War 11 being reduced to 9 per cent in
horea. The perfornted bladder is treated by primary
closure and sertion of a Foley type urcthral catheter
This is o change from former teaching, and now 2 su
prepuble cystostomy Is advocated only when a Foley
catheter is not avaflable. Simplo urethral catheters are
not trustworthy in patients who may have to be evacu
ated soon sfter operation.

Ureter Injuries to the urcter are so few and so in
frequently recognized at tho Arst operation that figures
for inctdence and mortality are not avallable. Ureteral
damage most often is imrecognized and shows itself by
uripary drainage from the incision later When recog
nized, the leston should bo dealt with by primary suture
and & splinting ureteral catheter {f damage fs not too ex
tenslve, realizing that this procedure urnally is not sue-
cesiful. The vartous ureteral transplants are not suitable
emergency procedures and one often is faced with neph
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rectomy if the other kidney is not damaged. Ligation of
the ureter, leaving the kidney in place, is recommended
only in desperate cases where the patients condition o
the press of time prevents more definitive care.

Retroperitoneal Hematoma. This has been afluded to
several times but one or two comments remain. First,
early placement of tapes around the sorte and vema
cava, praximal and distal, may prevent rapid exsanguina-
ton as the dissection progresses. Next, it must be re-
membered that the adrenal glands are of extreme im-
portance in the bodily reaction to trauma end hematoma
around them may impeds thelr function with fatal result.
Finally tears in the vena cava or sorte are dealt with by
primary suture repafr by vessel graft, or by ligation as
a last resort.

Foreign Bodies Whether or not to remove foreign
bodies always poses a problem. Foreign bodies lnrger
than e centimeter in dizmeter should be removed if they
are accesstble withont undue damage to surrounding
tissue  For example, a small, smooth forelgn body deep
in liver substance should be left in place. Jagged forelgn
bodies are more dangerous than smooth ones and thoss
which He in praximity to vital stractures into which they
may erode should be removed. Nou-metallic forelgn
bodies are mare imitating and harbor bacteria so that
thelr removal is desirable. Removal of forelgn bodies
always is secondary to the main consideration which is
saving of life. Better to do @ second operation oo & live
patient later than to complets the entire job at onco on
a patient who does not survive.

Burns of the Abdominal Viscera. Burns of the gastro-
intestinal tract may occur es a result of hot fragments
penetrating the abdomen or due to bumns on the evisco-
rated organs, Experience in this type of injuy is scanty
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but may become much more common  Since the burn
damage fs progressive for a perlod of time rather than
all damage being instantancosly sustained, it scems wiso
to sdvocate exterforization of burned loops of bow el with
out opening and protected by vascline gauze  Eventu
alitics thus can be dealt with as necessity demands

Wounds of Entry and Exit  Usually a large wound of
catrance means high energy expenditure so that a small
wound of exit may be expected  Conversely, a high
velocity missile which expends little energy on the wound
of entrance Is apt to make a largo defect at its point of
exit. From what has been sald previously in the section
of wound ballistics ft 1s obvious that there may be wide
destraction of muscle viability duc to the temporary
cavity phenomenon even if fascia fs left relatively intact.
This means that fascla] planes must be opened generously
enough to permit excisfon of all muscle tissue which does
not exhibit free blecding on incislon  Criterla of muscle
contractility and tissue color are not as reliable as demon-
stration of adequate blood supply Due to the danger of
evisceration the policy of leaving debrided wounds
open for delayed closure does not apply to full thickness
abdominal wounds  Peritoneal closure with loose closure
of the remaining layers is sultable, sometimes a draln in
the wall betng {ndicated.

Body armor still has a useful place in combat and this
has been especially true In Korea where many wounds
were from missiles of low veloclty Even so it must be
remembered that the armour may still transmit kinetic
cnergy and thus itself may damage underlylng tssue.
This is obviated by placing an impact absorbing layer

th the armor While body armor is hot and some-

what heavy, soldiers feel that it Is “better to wipe sweat
than blood.”
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Postoperative Regime and Complications Postopen
tively, the abdominal infury patient should not he evec-
uated for five to seven days nparcotics should be used
sparingly but as needed, nasogastric suction should be
continued until peristalsis has returned, intravenons fluids,
blocd and electrolytes should be administered according
to the usual criteria of good surgery, antibiotic admini
stretion should be continued and proper records should
be maintained. Postoperative complications includs shock,
secondary hemorrhage, wound infection, peritonitls, in-
testinal obstructlon, wound dehiscence paralytic flews
abscess localization, fstula formation, and Incisional
hernin  These things having been enumerated, will not
be discussed further as to management.

Genitourinary Wounds

Wounds of the internal genitourinary organs ordin-
arily are dealt with at laparotomy for abdaminal injury
10 if the policy i to treat abdaminal infuries conserv
atively wounds of the Kdney and ureter will be so man-
aged also  Blader injury is a little different In that some
provislon for external drainage is indicated. Catheters
may not be avaflable but first preference would be an
indwelling Foley type urethral catheter next a supra
pubic cystostomy and least desirable would be & supra
publo cystostomy without & tube. This would be & very
metsy procedure but a patient in face-down position
could survive it. Damage to the external genitalia may
causo severe bleeding controllable by dressings but wre-
thral damage is a serlous emergency Repeated noedle
asplration of the bladder or suprapuble cystostomy i
n.aededwithlndxordghthonnifnrhm:yaxmmﬂnnﬁ
to be avoided. Passage of a urethral catheter probebly
will not be possibls even If the catheter is available
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This type of lnjury Is Infrequent but poses a real problem.

Thoracic Wounds

Sucking wounds must be closed immediately if the pa
tient s to be saved from a cardiorespimtory death. A
compression dressing, suffices nicely  Fortunatcly lung
injuries do not usually bleed severely and if they do, the
patient will not Live for rescue  Most bleeding is chest
wall fn erigin and the intercostal artery can exsanguinate
a patient in a very few haurs  The pressure dressing for
sucking wound can be used to compress the intercostal
vessel as well. The other vessel which causes severe
hemorthage is the internal mammary which can bleed
massively into the mediastinum or into the pleural cavity
Compression will not suffice for this vessel which must be
ligated If damaged.  Alr, blood and fluid are best re-
moved by repeated necedle aspiration and intercostsl
tubes are more dangerous than helpful Furthermore,
they tend to make transportation of the petient moch
more difficalt. In a mass disaster situation, thoracentesis
is the maingtay of treatment for thoracie Injuries

Manag t of Vascular Injuries
In Kores many young surgeons with little sargieal
experience and no previous battle casualty experience
were able to suture injured blood vessals with a high
degree of tuccess, This is almost unfortunate as it cansed
5 atypieal sdtuation to be thought of as a pattern for
fature casualty work. In a disaster with mass casualties,
even laparotomy will take precedence over vaseular
suture, at least for peripheral vessels and in actuality the
problem will take care of itself because most patents
with vascular infury will bo scen late enough that noth-
ing but ligation can be considered smyway Loss of a




18+ Surgical Phiosophy m Mass Casualty Management

limb will be a minor price to pay for survival from a
thermonuclear detonation or even from lesser disasters.

The Patient +with Multiple Injuries

Even fn normal times the patient with multiple infurles
poses a difficult problem, largely artificial in nature,
based on the anatomfcal landmarks apd boundaries staked
out by the varjous surgical specialtfes. The multiple
injury patfent represents a disaster in minfature requir
ing triage to decide the order of precedence with which
the Iojurfes are treated rather than the order in which
patients are treated. Exactly the same thought processes
are gone through in considering the one patient, think
ing first of afrway and blood volume before considering
anything more definitive. Speclalists tend to see their
own fleld of interest out of perspective and 1t takes &
strong team captain to keep treatment procedures mov
fog and fn proper sequence. Much time {s unnecessarily
wasted {n diplomatic jockeylng for postion. This Is
analogous to ths fnstallation of a “seelng eye” door at the
hospital entrance, requiring the services of representatives
of nine labor unions to get the ane job done Trauma s
no respector of dividing Hnes and the best interests of
the patient take precedence. This is stressed at some
Iength because too often planning type meetings bog
down on the question of who will be the boss!

First-Ald, Transportation and Resuscitation

Discussion of the multiple injury patient is in reality
a summary of what has been safd except that one pa-
tient is fnvolved instead of many The doctor is not
ﬁrtttoseeﬂwpamntbutmthuha{sprwedaibylﬂy
men who may or may not have glven first-ald care. The
usual comments on stopping of hemorrhage, presarvation
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or cstablishment of an airwny stopping sucking chest
wounds and using care in moving the patlent to prevent
further infury, could be made but have been amply dis-
cussed previously  If there is conflict of Interest among
the varfous injuries regarding position et cetera the
most serfous infury takes precedence  For example
stopping of hemorthage takes precedence even if it means
using a tourniquet which will devitalize the llmb  Res-
uscitative measures include more definitive stopping of
blood lass, more adequate establishment of alrway such
as by tracheotomy f necessany starting of nntibiotics,
and starting of replacement of blood volume

Astersment of the Patient

Next comes tringe or sorting as applied to the individ
ual. This means a carcful diagnosis as to what injurles
e present and the status of each In normal times
this assessment may be supported by laboratory and x ray
studies but in g disaster situation, these may of neces-
sity be omitted. The team captain then decides the order
of precedence of the varfous injuries and begins treat-
ment. He may call various consultants but this is not
essential unless legnl linbility is a prime consideration.
Anyone who undertakes to treat the multiple injury case
should be competent enough to do mest of the work if
necessary and at least must know about the procedures
in all involved flelds In a disaster those who might be
consultants probably will be busy as team captdins them

selves and thus the problem of who fs boss will take
care of ftself

Definitive Trestment

In multiple tnjury cases shock is so frequent as to be
aIﬂmﬂ‘l:l.m.hv*t::rm.landitl:umtbecon.!idamdc':cm.s-tnx:nly
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It i3 too easy to become concerned with minutiae of
treatment at the expense of the patient as a whole. An
example of what should not happen s the case of 2 pe
tient with a corn-shredder injury to the hand. The doc-
tor worked el night identifying and suturing the various
nerves and tendons. As he completed this beautiful an-
atomical trfumph the patient drew his last gasping breeth
befars dying of shoch which had not been considered.
This is an actual example. It has been stated previomly
that first things must come fist. An example here is the
patient who required repalr of a false aneurysm and the
adjacent peripheral nerve at the same time. The vascular
surgeon wanted the arm in enough elbow extension to
permit pulsation at the wrist and the neurosurgean
wanted extreme flexion at the elbow to take tenson off
the nerve repair Finally, it became necessary to arbi-
trate the matter by putting the arm in extension to the
point where a pulse could be felt. This broke down the
nerve repair which was re-sutured same weeks later after
the artery had healed. Here, blood supply took preced
ence.

The team captafn must be Hme-consclous in multiple
injury cases because the scrubbing In of varous con-
sultants is tertibly time-consuming. While it is true that
time i3 not the fetlsh It once was, it still is true that @
small quantlty of anesthetic agent over a short time i1
easler on the lfver then a longer procedure. There is a
tendency to substitute opereting by the calendar for
operating by the clock.

Anesthesia and Analgesia for Mass Casualtics
The fleld of anesthesiology has become such a mazs
of multiple agents and complicated gadgets that &t s
difficult to simplify our thoughts to fit an sustere situ
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tion with few agents and possibly no machinery It s
possible that wo may revert to intravenous morphine for
short procedures and drop cither for longer ones realiz
ing the dangers involved Controversy still rages over
the question of whether or not hypoxia is the cause of
cardiac amrest but nonctheless it must be admitted that
adequate ventilation through a constantly open airway
is a basic requircment. This means that fn addition to
giving the anesthetic agent, the anesthetist must be able
to give oxygen by a controlled positive pressurce system,
must have various means at hand to attain and maintain
a patent afrway and must be able to suck out the respira
tory tree at sultable intervals  Any compromise of these
requircments will appreciably increase the risk.

Problems in ancsthesia for mass casualties fall into
three arcas, the fist of which is personnel It is per
fectly obvious that there will not be a trained doctor or
nurse ancsthetist for each surgical team and we may be
lucky to have one such person to supervise six or eight
tables as we expect to do with our trained surgeons. All
sorts of personnel saving devices must be used including
wide relianes on regional or field block by local infiltra
tion given either by the surgeon or the anesthetist if
avaflable and capable One skilled anesthetist can keep
well ahead of the surgical team by giving blocks for ex-
tremity work. If apparatns is available the use of intra
tracheal anesthesla actually fs personnel saving becauss
the trained person can insert the tube, start the case and
thea turn it over to a lesser trained person for mainten
ance. This frees the senfor for supervising work or in
duction of additional patients. Basic training of all doc-
tors in the elements of anesthesiology has been suggested
but this probably will fafl of accomplishment. Further
more, it seems more logical to train paramedical persons



188 Surgical Philosophy m Mass Casualty Manogement

because much as doctor-anesthetists may dislike admit
ting it, we have for many years and usually do now rely
on nurse anesthetists with success and confidence Ques-
Hons of prestige must not be allowed to overshadow more
tmportant issues.

The problem of supplles, equipment, agents and tech-
niques can be discussed at length but uldmately we will
be forced to use what is at hand. Stockpiling of approved
materials certainly Is highly advisable but stmple fajlure
of transportation may nullify the entire effort. Kits con
taining such small but essential items as endotracheal
tubes, laryngoscopes aifrways suction catheters syringes
and needles must be available in every medical setup
to be used over and over The real problem arises with
expendable iterns such as morphine, atropine, curare
drugs pressor drugs local anesthetics and intravencus
fluids, all of which will be needed in stupendous volume.

The third main problem concerns the general principles
to be employed and it does not seem practical to discuss
varlous agents apparatus and techniques becguse anes
thetists will have to use what is availalbe and perfersbly
what they have been trained to use Many questions in
this fleld are quite controversial, an cxsmple being
whether pentothal curare does or does not causs in-
creased case fatality in trauma cases As ususl when
good men chooss up sides It can be assumed that peither
group is entirely rght and the fipal answer is not yet at
hand We can be falrly safe in saying that spinal anes-
thesia has little, if any, place in surgery of trauma and
it may be that the surgeon will have to direct an un-
trined person by perodically asking that mare ether bo
poured on  The only exceptlon to this statement {s that
low spinal apesthesta or saddle block is useful and safe
for surgery limited to the legs and perineum.
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Irradiation Injury

Tissue damage by jonfzing irrdiation Is a subject
which has been allowed to assume undue importance in
many discussions of mass casualty carc  Most disasters
will not have this clement and only with an atomic ex
plosion does the matter cven need enter the discussion
Furthermore, the time intervals are such that scriously
irradiated persons will dic within the first two days hav-
ing been casily recognized by progressive symptoms and
less scrious cases will not show need for treatment for
as much as two weeks  Thus there is no real imadiation
problem during the time that we will bo so busy with
mechanical injurles and thermal burns  Excprimentally,
it has been found that animals close cnough to the burst
to be injured by flying glass and such missiles recelved
fn addition lethal doses of wholo body irmadiation If
this is the case in man our case load may require burial
rather than treatment. We can disposo of immediato
Irradiation fairly casily but the subject of delayed {rmdia
tion infury is more difficult. Although the delayed In
juries will not complicate the care of mass casualtics
beeause they will develop later after the emergency,
fear of exposure may provent carly attempts at first ald
and rescue. Most of the Sunday supplement type lurid
discussions are given by people from academic and theo-
retical backrgounds without factual basis It would be
very helpful if publicity could be denied to peoplo who
Persist {n speaking outside of their field of knowledge
Good examples are the pronouncements regarding mon-
sters to be born some 28 generations from now and the
alleged high incidence of leukemin suppesedly caused by
radioactive fall-out.

If we consider only the irradiation Infurles Iikely to
be seen during the timo mass casualties require eare, wo



190 Surgical Philosophy mn Mass Casualty Management

ses that there are three groups of cases which are quite
readily distingnishable. The cerebral form of injury
with a threshold dose of 2,000 R is characterized by con-
vulsions tremor, ataxia, lethargy and death within two
days The gastrointestinal form of Injury with a thres
hold dose of 500 R is characterized by dirhea, fever
disturbances of electrolyts balance and death within two
weeks The hematopolstic form of tnjury with a thresh-
old dose of 100 R is characterized by leucopenia, purpura,
hemorrhage and infection with death fn two months. If
we can estimate the dosage of acuts whole body radia
tion recelved by a given patient, we can make the follow
ing prognostcations with some assurance.

50 R will cause no casualties and no redecton in ahllity to
wark or fight

100 R will reyult In 2 per cent carmitics from neuses and
vomiting for a short time. No evacmation b pecdsd and
thoe peopla can work or fight

150 R will cause 25 per cont easualtles within a fow bours of
which 50 per cent will peed evacuatlon and will be inef
fectual,

200 R will canse 50 per cent non-effectivencss and all wch
patients peed

evacuation.
300 R will cause 20 per cent deaths with the whole growp
being fneffective and peeding evacuation
450 R will result In a 30 per cent mortality rate.
650 R and over will give 2 100 per cout martality rate.
Divided in another way by clinical course, the follow-

ing chart is derived.
Lethal 9% H% 100% é%

Grave 26% 58% 6%

Serlows 2% 63% 3% m_g
Moderats 64% 6% g
Light 2% 13% ﬁ
Trivial 9% 1% :g

100R 200R 300R 400R 500R 600R



Uu]leug the $YMptoms and e tempg of the Hlness,
threg arbftrm} 8roups of Cases op

Group | Sturvtpg) Improbablc VOmeng Will oceyy
Within g g0 hours of the bornb!ng Progressing with
pmslmUOn, hea anor, ever and carly deatyy
Profoung IcuCOpcnm dm-clops Within 4g lours and ther,
I nboyg 100 por cent fatalyy, Within g g, days  p
Bormal ti g C treatmeny may sav0 4 few of these

alt], ]

thres

th some owing
O cutgy, Jest, d infeey brealq
&nd bloog, diarrhey Untreatog the ortality ratq will
be hygy bu tensj, treatmen; will gy 80od salyygy
Elemen “Ument gy Identicy) with 'P I excepy
that atteny, ot bo demangeq in the I, od,
Inf, Is the 2Jor haznrg and bl
fong gp, mportan In digyepa, Sltuation, these Datfenty



192 Surgical Philosophy m Mass Casualty Management

toms If they develop will be similar to those in Group
II  Serial white blood cell counts may give the only in-
dication of the injury and mortality will be low unless
present in conjuncon with burns mechanical injuries
and infection. Prophylactc antiblotics do not seem in-
dicated and these drugs should be uzed only in comph-
cated injurles in conjunction with {mrediation injury

Group Behaviar in Mass Disaster

At first glance it may not be apparent why a discussion
of group behavior fits into consideration of mass casual-
tes but the point was made early in this book that we es
medical men will accomplish little or nothing unless
literally hundreds of people in others fields of work do
their job and do it well. A mare formal statement of
this fundamental point is that the efficlency of the med
fcal service rendered In a disaster sitnation is directly
propartional to the prior understanding by medical per
sonnel of the way in which non medical but ancllary
problerns are apt to be handled. The physical impact of
disaster is fmpartant but more {mportant to the recovery
effort 1s the effect of disaster on the soclo-cultural system.
We take for granted such things as telephones, gasaline,
electrlc power truck and rail transport, social and meral
values passable streets and roads, policemen, ambulance
drivers litter boarers ward attendants, cooks and the
hundreds of other people and skills on which we depend
daily In a disaster situation some or all of these may be
disrupted, people may not be able to do their fobs for
physlcalormenbalreasoma.ndwhﬂewemmqﬂﬁedm
do our administrative and therapeutic tasks at an in-
creased rate under adverse circumstances, we alto may
facediﬂicultybecameoftheemoﬁomlmacﬁmsofﬂlm
ancillary persons on wham our success depends. This
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is why we must understand what to expect of people
in a disaster and why we must be concerned with train
ing and educating persons in the ancillary skills on which
we depend

First, we may think of the time-sequence of events
leading up to and following a disaster

1

Normal State  What happens later on will be
modified by Mnship ecconomie, political and re-
ligious systems class and caste climate topography
and state of training of the population The state
of trafning and discipline would appear to be ex
tremely important and our ideal should be to have
cveryone so trained for specific action that function
would automatically begin on the given signal
This {s of course, completely impossible of attain
ment as long as people remain human but some ef
fort must be made in this direction

2. Threat and Alert Warning  The {deal would be for

individuals to reccive the warning in the pre-de-
termined manner and immediately begin to prepare
for evacuation, for reporting to duty station, for
taking cover or for whatever has been taught in
training or whatever instructions are given with the
warning. Unfortunately many times the siren won t
blow radios go dead or in some other way people
fail to get the word. Not always is this a mechanieal
failure and in fact usually it is human failure. Some
people fust dont hear the alarm others dismiss it
as being a test which they customarily ignore, some
decide to nm across town to gather up members of
the famfly while others display the ultfmate in
childish response by clogging the switchboard with
useless calls or by dashing off to the scens of activity
to become one of a herd of spectators who either
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endanger themselves or interfere with others. Train-
ing of the population is a partial answer but for the
mgjority, rigid police control is a necessity

3 Impact and Isolation When the extraneous farce
stikes, this sets fn moton the train of events be-
ginning with injury and progressing through self
and buddy help umtil outside aid arrives Most
people seem to feel that a panic reaction is to be
expected but the history of disasters does not bear
this out. Just the opposite is usually the case with
apathy purposeless movements wandering aboat,
inappropriate action, and lack of comprebension of
what {3 going on. Panic tends to follow entrapment
and may develop in individuals who are separated
from loved ones whose fate is unknown. During
this perjod first ald and self help would be of great
benefit {f people could be 5o well trained as to begin
purposeful functioning

4. Rescue and Rehabilitation At this time the effects
of adeguate training begin to pav dividends as bull
dozers open roads, trafic and police control are
established, communications and transpartation are
started, secondary hazards such as fires and live
wires are controlled and finally ambulances or Htter
bearer rescue workers enter the area, It is at this
time that training {s fmportant to prevent hurried
evacuation of the wounded without first-aid, dang
erous dashing about of speeding vehicles useless
waste of supplies failure to carry out pre-d
courses of actian or equally reprehensibly the blind
attempt to carry out an flaxible plan which o
longes is appHcable. It is at this time that authorl-
tative figures must arise and assume control fn these
various flelds of acton.
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This previous discussion covers the Hme-sequence but
now et us look at the disaster from a space viewpoint.

1 Total Impact At the disnster center, facilities and

individuals may be so distupted that thero is no
coordinated effort and cven little attempt at sclf
help  Aid must be Lrought fn  Each city should
have two types of plan—one which envisions it as
the target to which help must be sent and the other
where it is the area from whence help must radiate
to a damaged zone  Here again, pre-planning is re-
quired and individuals in control must be ready to
function.
Fringe Impact  Minor damage in this area leases
people free to offer help to the total impact zone.
However, tho reaction of people Is colored by emo-
tonal factors in strange ways. Instead of offering
help, these people may feel that they must guard
what they have for themselves or in one instance
refugees from a polio epidemic in a big city were
met by armed guards at smaller towns and were
denled entrance or help  Altrulstic action seems
to take place mostly if there s no real threat to the
individual offering nid. ‘This is not always true,
of course,

3. Filter Area  The wndamaged peripheral zome is the
source of the first rescuers but equally it is the or
gin of the first sight seers, curlosity seekers and po-
tentfal looters. These people compete for road
space with evacuees and rescue workers so that
serious traffic problems may arise here

4 Organized Atld  More distant areas tend to remain
mare calm, dispatching aid fn various forms.

Group response to disaster may be analyzed in two

waln ways, we may speak of what will be seen in indi

1]
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viduals in the way of anxety apathy and penic (ep-
demiological approach) or we may speak of what will
happen to the functioning of some soclo-economic area
such as transportation system or communication netwark
(structural approach) In either case, what will evento-
ate fn the way of function is a combination of what me-
chanical damage hat been dome to the structural system
plus what emotional and physical changes have taken
place in the people manipulating the structural system.
It seems apparent that a switchboard is no good if the
operator is too apathetic to plug in the lines or if the
repair man has severe burns of his hands.

Individuals tend to go through distinct stages of re-
action to a disaster with marked varlations in the speed
with which progress is made First is the Shock Stage
when the individual tends to be apathetic, stumned,
dazed, wandering purposelessly acting inappropriately
and even failing to recognize his own serfous infuries.
In the Suggestibls Stage the individual can follow arders
and will do routine tasks. There is concern over the
welfare of others and gratitude for what has besn done.
The Euphoric Stage follows and the individual is very
anxious to help others, wants to donate blood, engege
fn rescue work and wall praise work of rescue and fit
ald personnel, Finally the Rationalization Stage is char
acterized by complaints against rescue and relief agen-
ces concern over financial and domestic losses and ex
cuses for personal behavior to put a good light on ques-
tionable actions. This stage is evident to investigators
who try to get information at some time after a disaster.

Major determinants of behavior under disaster circum-
stances are intensity and duaration of the traumatio agent,
state of training, preparation and discipline of the pop-
ulation, efficlency of communication, avallability of ac-
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cepted leadership and existence of feclings of group unity
Reduced to ¢l ts for planning there are five arcas
which must be under control if we are to be able to
function medically
1 Coordination with Non medical Agencies As has
been sald several times and fn different ways we
cannot function unless wo are coordinated with
public utflity plans, communications and transporta
tion systems, police medical supply agencics and a
host of other persons and facilitles
2. Authority Any plan we male is not worth the
paper it is written on unless there are designated
and nceepted authorities to assume control exercise
Ieadership and make declsions
3. Speed in Reduction of Time of Plckup Expeditious
carcful rescue work as soon as possible is n ternfic
morale factor nnd depends entirely on a smoothly
executed pre-planned operation.  Our soldlers are
10 indoctrinated with this coneept that when
wounded they are apt to yell, “Litter bearer!” befare
they even hit the ground.
Flexibility of Plan Rigid plans are useless and too
many casualty excreises assume sparing of facilities
and utilities, or other conditions which are simple
or unrealistic. Plans must not be tled to rigidly or
ganized teams, specific bulldings, or other inflexible
clements. Improvisation is of extreme fmportance.
5 Local Self-Sufficiency It is all very well to hope
for outside aid but plans should be made as if ont
stde afd will be unable or unwilling to come. Let
us act on the statement of Hippocrates that prayer
indeed is good but while calling on the gods a man
should himself lend a hand.

L
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