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PREFACE

When the results obtained with the treatment that forms the subject
of this book were first reported in Great Britain, the immediate reaction
was one of skepticism. This did not surprise me, for I had seen the same
reaction among my fellow countrymen, the Catalan surgeons, in 1934,
and among the surgeons of the Spanish Republican Army in 1938, and
among French surgeons in 1939.

Much has happened since then, however, and the spread of the war
has offered many occasions for putting the treatment, and the claims
made for it, to the test. Among others, Cohen and Schulenburg (1940)
have published the results of 84 cases treated without a single death by a
technique which, if not identical with mine, was at least based on the
same principles. Shepherd (1941) gave an account of the 49 cases he
had treated, following the technique more closely, with one death—
probably from heart failure. Ball and Qvist (1941) declared that the
cases they had treated on these lines ‘‘gave excellent results.”’ In
America Wilson (1941) published equally favorable impressions based on
a series of 50 cases. Scott (1942) has given a detailed account of his good
results in 32 cases with one death. Higgs (1941) published 44 cases
treated at his hospital after the evacuation of Dunkirk. There were no
deaths, although most of the men had already been operated on under
difficult conditions. Iis impressions, too, were very favorable. To these
citations more could be added, but I will mention only the 200-odd cases
treated at the Wingfield-Morris Orthopaedic Hospital during the past
two years, with only one death—from pulmonary collapse under anes-
thesia during the changing of a plaster. Adding together all these cases,
over 450 have been reported with three deaths. This mortality is not
far from the six deaths among my 1,073 cases in Barcelona: but as this
was the period of {rial, in Britain I feel sure that even lower death rates
may be expected. Thus my first statement about the value of the method
may, I think, be considered proved; and I can only urge those surgeons
who are still averse to encasing wounded limbs in plaster, preferring
methods which permit of daily examination of the wound, to try the
treatment for themselves and accept the evidence of their own results.
But the technical procedures must be adopted as a whole. Every item
in the ‘“‘five-point program’’ deseribed in Part II is essential: to practice
some and omit the rest is to invite failure, or at least only a qualified
success.

The second fact which emerges from experience in Great Britain is
that the quality of the results is to a large extent independent of the
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4 PREFACE

surgeon’s skill. Success depends mainly on a clear understanding ang
careful practice of the principles on which the method is based. At the
Wingfield-Morris Orthopaedic Hospital results have been uniformly
good, including those of several house surgeons with but a short ex.
perience in this branch of surgery. Still more conclusive proof comes
from a provineial hospital connected with the Wingfield-Morris Ortho-
paedic Hospital where, during a short visit, I was invited to operate
In a case of compound fracture of the tibia and fibula which had just
been admitted. Some local surgeons were present at the operation. A
month later I came back to the hospital to find my patient still in the
first plaster and making an uneventful recovery. But I also found in hed
five other patients, among them one with a serious gunshot fracture of
the‘ humerus, all free from complications. The operations on these
patients had all been performed by the local surgeons. It was a striking
corroboration of my view, expressed when I first arrived in this country,
that the method is the only one that can be employed in all conditions b);
all sorts of surgeons. A system which needs either elaborate apparatus

or a .11_1gh degree of specialization in the surgeons is of little use in war
conditions.

: N.evertheless, it would be misleading merely to state that the method
1s simple and leave it at that. Nothing—to take a familiar example—
could be simpler than the ritual of asepsis followed in every well-
ordered operating room; yet, as every surgeon knows, few procedures
are so fraught with possibilities of dangerous error, not indeed from
Wlllfl.ll l}egligence but from a failure to appreciate the reasons for. and
the mgmﬁcance of, every step in the ritual. Similarly with this suligical
tec.hn{que. Every detail represents the fulfilment of the fundamental
principles discussed in the first part of this book. The more thoroughly
these are mastered, the more precisely will the technique deseribed in the
second part be carried out.

\ ‘Within t.he narrow limits of my first volume on the subjeet—published
in Catalor.ua during the Spanish War, and later, on the outbreak of the
present wider conflict, in English*—it was impossible to give full weight
to every factor involved in successful treatment. Writing under the
§tress of active warfare, I dwelt mainly on those factors which seemed
In greatest danger of neglect. Thus I assumed that less need be said
flbout ‘?}{e principles of wound excision than about the need for complete
1mmob1.hzation, the vital importance of which seemed less generally
appreciated. While, then, I was content to draw repeated attention to

the former, I devoted the greater par i
: part of the work to the latter, with the
unfortunate consequence that the encasement of wounded ’limbs in

*Treatment of War Wounds i i
London; Baul 1. Hoeher Tue. bN g‘gdygxiictures. Hamish Hamilton Medical Books,
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plaster came to be regarded, by some surgeons, as the one essential of my
technique. It is perhaps not surprising that from this error there arose
yet another: namely, the view that the method is usually complicated
by the development of infection beneath the plaster.

Obviously it would have been better to have taken nothing for
granted ; and one of the chief aims of the present work is to supply all the
details of technique that the earlier one lacked. It is also concerned
with the scientific basis of my methods, a subject on which, in view of the
limited opportunities for research in wartime Catalonia, I could formerly
have said very little. Since returning to hospital life, however, I have
supplemented my eclinical work with studies which have gone far to ex-
plain how the treatment produces its effects. To these observations,
clinical and experimental, I have added those made previously in my own
hospital in Barcelona, extracting from my memory all the matters which
then constituted my special problems and endeavoring to supply an
answer relevant to our time.

Inevitably it has had to be my own answer. In the conditions forced
upon us by war it is often impossible to direct cases to the appropriate
specialists, and the surgeon thus finds himself again and again under the
necessity of solving his difficulties for himself. It is perhaps not alto-
gether a disadvantage, then, to show how such difficulties presented them-
selves to one surgeon and how he learned to deal with them. No doubt
some sections could have been written differently if their authors had
been specialists concerned exclusively with their own subjects—e.g.,
bacteriology, anesthesia, or plastic surgery; but in the conviction that the
surgeon can do his best work only when he feels competent to deal
alone, if necessary, with all the problems that may come within his ex-
perience, I have preferred to discuss these problems in the forms in
which he is most likely to meet them, bringing in the point of view
of the specialist less in the hope that the general surgeon will make it
his own than that it will give him insight into his own limitations, and
thus encourage him to take full advantage of specialist help when it is
available.

It is impossible to make fitting acknowledgment to all the friends and
colleagues who, by their help and encouragement, have enabled me to
carry out the work on which so much of this book is based. My thanks
must be wide enough to embrace the whole of Britain, which has most
generously given me a refuge, and more than that, a home in the
warmest sense of the word. I arrived an exile and found myself among
friends. First among those to whom I must express thanks individually
is Mr. G. R. Girdlestone, consulting surgeon to the Wingfield-Morris
Orthopaedic Hospital, through whose kind offices I have been able to
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return to hospital life and to enjoy the oppol'tunitie§ f01'.\vork and ye.
search so abundantly offered by the hospitals and University of Oxforq.
Much of the research was carried out at the Sir William Dunn Schoo] of
Pathology, Oxford, in the lahoratories of Professor H. W. Florey, fromy
whom I received every facility and much stimulating eriticism. T
animal experiments were made with the collaboration of my friend Dy,
J. Barnes, and it is to his care and severity of judgment that our results
must be attributed. I also received great encouragement from Professor
H. J. Seddon, to whom, as to the other friends and colleagues I have
named, I am glad to express my deep gratitude. My most sincere thanks
are also due to Dr. A. E. Barclay, honorary radiologist to the Nuffield
Institute for Medical Research, Oxford, where, with invaluable advice
and help from him and his staff, part of the investigation was carried
out and a number of the radiographs were made. On the clinical side I
am particularly indebted to Mr. J. A. Scott, assistant orthopaedic sur-
geon at the Wingfield-Morris Orthopaedic Hospital, with whom it has
been my privilege to share most of the operations which illustrate this
book; and to Mr. W. B. Foley and other members of the staff, through
whose generous help I have been able to add so many cases to those
reported from Barcelona. For their kindness in revising and eriticising
some of the special chapters I must express my gratitude to Professor
R. R. Macintosh and Dr. P. Gabarro. To Dr. Duran Jorda, former
director of the Spanish Republican Army Blood Transfusion Service and
now clinical pathologist to Ancoats Hospital, Manchester, I owe warmest
thanks for his help in the rearrangement and revision of the chapter on
Blood Transfusion, and for placing at my disposal his vast experience
in this field. I wish also to express my most sincere gratitude to Miss
M. M. L. Prichard, through whose patient and untiring labor the chapters
of this book gradually took form. Without her help the work could never
have been produced. For further assistance in the presentation of the
matter I acknowledge with gratitude the help of Mr. D. Harcourt
Hitchin; and for his great kindness in helping me over the laborious
task of proofreading I owe the warmest thanks to my colleague Mr. R.
Bransby Zachary. Most of the drawings which illustrate the text are
the work of Miss A. J. Arnott; and most of the photographs were taken
by the photographic department of the Wingfield-Morris Orthopaedic
Hospital, under the direction of Mrs. M. Crossley. I am deeply grateful
for their help. To my friend Dr. M. Newfield, of Hamish Hamilton
Medical Books, I wish to express appreciation and thanks for his help
in giving the material final shape and in seeing the work through the
press.

Finally, some acknowledgments which must be made separately. The
reader who has the patience to persevere to the end of this book will
realize that there is little new in the technique deseribed ; on the contrary,
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most of its components have been used and described in the past. My
main contribution has been to combine several established principles,
so that the benefits of each might be inereased by their logical use in a
single method of treatment. To all those who discovered and taught the
value of these principles I owe a great debt. But it is to Friedrich and
more particularly to Winnett Orr, who above all others ligchted the path
I have followed, that my gratitude is chiefly due. I have proclaimed
this before, but there is no other or more fitting note on which I would
wish to introduce this book.

g0
Oxford, England



INTRODUCTION
OweN H. WANGENSTEEN, M.D., MINNEAPOLIS, MINN.

Dr. Trueta’s account of his surgical experiences during the recent
War in Spain has made him well known to American students of surgery.
His advocacy of encasement of injured extremities in plaster-of-Paris
casts struck a familiar note and a sympathetic interest among his
American readers. This larger and more inclusive discussion of the
problems of military surgery should find a warm reception in this
country.

Two new therapeutic expedients which have come on the scene since
World War I already have established themselves as agents of the
greatest worth in military surgery, viz., the sulfonamides and trans-
fusions of plasma. The Pearl Harbor experience with these agents, as
recorded by Ravdin and Long* and the surgeons of our Military Forcest
in attendance at the time of that disaster suggests definitely that these
two therapeutic agencies, new to the surgery of warfare, will prove a
great boon to the wounded and to military surgery.

‘With the advent of the triumphant exploits of the new science of bac-
teriology during the last decade of the past eentury came the hope of
an immunologic specifie for almost every bacterial disease. That hope,
the fulfillment of which seemed almost assured, never materialized.
Suddenly, bacteriology, which in a relatively short space of time revolu-
tionized the practice of medicine, seemed to have become therapeutically
sterile and promises of conquests almost within grasp in the immediate
offing were no longer capable of realization.

Only as we scan the experiences of our predecessors can we appreciate
fully how grateful we should be for the sulfonamides. Prior to the in-
novations of Lister, Nikolai Pirogoft, a Russian military surgeon of many
campaigns wrote, in diseussing ‘‘Fortune in Surgery’’: ‘‘The influence
of the surgeon, the therapeutie resources and mechanical dexterity are of
no importance; the results of an operation are dependent entirely upon
chance.”” The sulfonamides also may prove not to be the long awaited
chemical Messiah to lead us out of the bondage and fear of all suppura-
tion; yet, the sulfonamides already have met fully, in many respects, the
most sanguine expectations of a pharmacologic specific for pyogenic
infections, entertained in the hopes. of our medical antecedents of the
first decade of this century.

#Army Medical Bulletin, No. 61, April, 1942.
+Hawaii Medical Journal, September-October, 1942.
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The first care of the surgeon was the management of accidenty]
With the advent of antisepsis and asepsis, the surgeon aband
epithet of “‘externist’ and concerned himself as well with pr
the body interior, diseases which previously had been the so
of the internist. The surgeon devoted less thought and atten
treatment of wounds. More and more, however, it became Inereasing]
apparent that the surgeon who had schooled himself well in the fuy 5\
mental tenets of wound healing could undertake successfully taskg wI:' (;
were impractical for the surgeon who failed to appreci:;te the rlm
sTgmﬁcance of careful hemostasis and accurate approximation of di\{:’ide ag
tlssue§ for the success of any formal surgical undertaking. Itgp t}el
f\merlcan surgeon, this doctrine of the management of the clean w ;
15 represented best by the teachings of Halsted.

In the management of compound injuries and potentially infected
wounds, World War I reawakened interest in the teachings of Desault
and the prz.}c'tices of his pupil, Larrey, with reference to débridement and
wound revision. The observations of Friedrich (1898) lent experiment 1
support to the thesis of Desault that early excision of damaged tiSSlzll
encouraged wound healing. E ]

. In the appearance of Dr. Trueta’s book on The Principles and Prac
tice of Way Surgery in an American edition, it is perhaps not outtoi’
place to .pom.t out that IFrederic S. Dennis, a New York surgeon, inc¢or-
po.rat.ed In his practice with considerable success sixty years a’O'o the
principles of wound revision and fixation very m;wh as we knm:i %hem
today. Writing under the title of ““The Treatment of Compound Frac-

tures, Including a Report of One Hundred and Forty-Four Cases With-

;))ut a Death From Septic Infection, and One Hundred Cases Without a
ea’fh From Any Cau.se,” Dennis described in the June 21 issue of the
quu nal of the American Medical Association in 1
with the management of compound fractures
taken from the paper of Dennis appear .
Only t.lu? local implantation of a sulfona

g'l'?‘ve mquries are wanting :
It will be the aim of this paper to demonstrate hy the results of a

] 3 5 J s X
arge number of cases that the treatment of compound fractures is best

accomplished by adheren . r :
s A ence to three \nell-recognlzed and established

Wounds_
oned thg
oblemg of
le domajy,
tion tg the

ound

884, his experiences
The following paragraphs
t_o have a very modern touch.
mide and the use of plasma for

1Ist. Absolute cleanliness.
2nd. Immediate fixation.
3rd. Provision for free drainage when necessary
“The treatment which has } :
been employed for tl : 't i
cases to be reported is in brief as follows : I el
““The patient having heen take

n to the operati re, i
upon the table, and if the exigenc e e

les of the case demand, an anaesthetic
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is at once administered. Anaesthesia relaxes the musecles, affords the
S0 AN opportunity to explore thoroughly the extent of the injury
without inflicting pain. The injured limb is washed with soap and warm
water and serubbed well with a brush. The dirt, debris, and blood are
thus removed, and the hair on the extremity is cleanly shaved, and then
the limb is irrigated for a few moments with a solution of carbolic acid
(1:40) or with a solution of corrosive sublimate (1:2,000) or with any
other well-known disinfectant. Gentle traction is made upon the ex-
tremity, while at the same time counter-extension is employed with a
view to bringing the broken fragments into coaptation. If the bones
protrude through the wound and cannot be reduced without the exercise
of too much violence, the projecting end is removed by a chain-saw. It
has been my custom when the protruding bones cannot be reduced with-
out the exereise of undue violence, to divide subcutaneously all tendons
and thus overcome all resisting forces. This operation secures physio-
logical rest during the repair of the fracture.

‘“ Attention now must be directed to the wound itself. Any loose frag-
ments or spiculae of hone are removed, except where they are adherent
to periosteum, in which case these detached pieces are preserved, and they
seldom exfoliate owing to the blood-supply through the periostenm. The
interior of the wound is thoroughly irrigated by a syringe, or by a tube
from an Esmarch’s wound-douche. Having cleansed the limb, including
even the fingers and toes, and having adjusted the fragments and having
washed out and disinfected the interior of the wound, the application of
a splint is now made. The limb is elevated, and under it are placed towels
saturated in some disinfectant solution, which keeps the limb from
coming in contact with the covering upon the operating-table, or from the
opposite limb, or from any part of the body. If the wound is small a
piece of surgically clean adhesive plaster is placed over the seat of
fracture, and then collodion is painted over the plaster. If the wound
communicating with the seat of fracture is too large to hermetically seal
in the manner already described, a part of the wound can be closed by
catgut suture, and a drainage-tube is introduced into the bottom of the
wound. Decalcified bone drainage-tubes are used, as they seem to answer
the purpose in the most satisfactory manner. Into the wound, and over,
and around the wound is sprinkled a layer of iodoform and then over
this any of the many differently prepared dressings, such as corrosive
sublimate gauze, or iodoform gauze, or absorbent cotton. The limb is
now ready for the splint. A roller of Gamgee’s absorbent cotton is heated
which causes it to swell, and this is now made to envelope the entire limb.
Heating the cotton seems to permit to it expand, and any dressing, such
as a plaster-of-Paris bandage, can be snugly applied over it, and the
cotton will not lose its wonderful elasticity. During the application
of the bandage, extension and counter-extension should be employed,
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the patient being at the same time well under the influence of ether.
The bandage is now permitted to dry, and great care must be exercised
while the bandage is drying, lest the patient while returning to con-
sciousness, disturb the setting of the plaster and consequently the wound.
The patient is placed in a suitable bed after the plaster-of-Paris bandage
is firm. If there is no irritation or unpleasant sensation at the seat of
fracture, if the toes or fingers are free from any numbness or cyanosis,
if the respiration, pulse and temperature are normal, the first dressing
is left undisturbed. In many cases the plaster-of-Paris bandage is worn
until the fracture is repaired and primary intention has been obtained.’’
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PART I

PATHOLOGY OF WAR WOUNDS AND GENERAL
CARE OF THE WOUNDED

CHAPTER I
THE BIOLOGICAL PRINCIPLES OF TREATMENT

What are the defensive mechanisms which the body sets in motion
to repair wound damage and to protect the whole system from the
consequent dangers? This is a vital question to which we should know
the answer before undertaking any kind of treatment. Although our
knowledge of the defensive actions of the body in injury is still limited,
we are now in a position to understand many of the processes which
protect it against every form of attack.

Bleeding from a wound is arrested first by local reactions, such as
contraction of arteries, occlusion of the ends of severed vessels by the
apposition of the intima, and clotting of fibrinogen. When these fail
to achieve their object, a general reaction produces a fall in blood pres-
sure, which immediately limits the hemorrhage. Great disturbances
are caused by the entry of pathogenic hacteria when the body has not
been fortified against them by previous assaults. The resources of the
body for repelling attack are enormous; nevertheless it stands to rea-
son that the fewer the number of the invading organisms and the less
their pathogenicity, the more successful are these resources likely to
be. Bacteria require time for their development, and their opportu-
nities for growth in tissues richly supplied with circulating b190d are
very poor. The dead tissues, as well as supplying an ideal medium for
bacterial growth, lay on the body a heavy task of eliminat.ion le'ld ?hus
delay the reparative processes. The retention of organic fluid in a
wound facilitates bacterial reproduction.

‘When an inflammatory process is developing, the body takes meas-
ures to limit the infection; e.g., automatic immobilization depe.ndmg
on periarticular muscular spasm (in arthr-itis)-, .intestmal pal.'alysm an.d
rigidity of the abdominal muscles (in per1t0111-t1.s), de01'ea§e in thm:acm
movements (in pleurisy). All these are familiar defensw(; l'eactlo_ns.
as surgeons, we can reinforce them is by assist-

The only way in which, ¢ m
les to healing. In excising a wound

ing Nature in the removal of obstac : iy

we anticipate Nature in eliminating the dead tissues, a process whic

ne and hazardous, and so ensure that the repara-
D
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would otherwise be lo
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On the whole, the Arabs appear to have been influenced more by Galen
than by Hippocrates, whom they followed only in the use of the cautery
This was largely due, no doubt, to the religious seruple of Mohamme:
dans against drawing blood.

A further stimulus to the practice of cauterization (or to the use of
its substitute, boiling oil) came with the diseovery of gunpowder. Thjs
agent for the propulsion of missiles resulted in so great an increase in
the complications of wounds that a widespread idea sprang up that the
wounds produced by it were poisoned (di Vigo, 1514), and thence
followed an even greater insistence on the need for cauterizing. It wag
not until the middle of the sixteenth century that the error was recog-
nized, when Ambroise Paré by his insight made a contribution to sur-
gery no less beneficial than that of Lister three centuries later.

Hippocrates, in all his other aphorisms concerning surgery, expressed
views based on sound principles. To mention only one example, he
stressed the therapeutic value of rest. But the most important feature
of his work and teaching, one which alone would have made his name
immortal, was his firm belief in the ‘‘healing power of Nature.”” This
maxim incorporates the essential truth of the whole art of healing and
is the fundamental basis on which the medical science of today has
been built. Thanks to the advances made in recent years in other
scientific fields, such as opties, chemistry and physics, we now have
adequate means of investigating the various mechanisms by which
Nature works, and much of our effort today is directed, first, to dis-
covering the reactions of the body to external aggression, and then,
when these are known, to cooperating in their figcht against the invader.
In reinforcing antibodies and leucocytes in their fight against bacteria,
in limiting the absorption of toxie products and removing the ‘‘foreign
bodies’’ present in all wounds, medical practice of today is following
the precept of Hippocrates and ‘‘assisting Nature.”’

Galen.—Whereas the teaching of Hippocrates was largely sound,
that of Galen (a.p. 131-201), the other outstanding figure in the ancient

world of medicine, was fundamentally wrong. Galen was the founder
of experimental physiology, and as such deserves much credit, but the
fact that surgery made virtually no progress for the next fourteen
centuries is largely due to the speculative theories and false concep-
tions which he introduced and which, by virtue of his great personality
and wide reputation as the leading physician of his age, were accepted
without question both by his contemporaries and by many succeeding
generations. Among his many errors the two most important from the
point of view of surgery were his view that suppuration or, as he
termed it, ““coctio’’—a Latin version of the Greek pepsis or natural tend-
ency to recover—was an essential part of the healing process, and his
belief in the ‘‘miraculous’’ healing effects of certain substances.
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After Hippocrates and Galen.—In the light of the teaching of Hip-
pocrates and Galen the surgeons of the succeeding ages can be clas-
sified into two groups. Those of the one group, to which by far the
greater number belonged, followed the Galenist school and labored to
heal wounds by various methods of constant interference and by th:zl
application of certain “‘miraculous’’ substances. These men accipt(zl
suppuration as an inevitable feature of wounds, and, not understand-

ing what Nature’s action really was, confused the complications with

the healing process. In the other group—a very small one——weréa -th(»:zi
who, with Hippocrates, believed in the supreme p.owgr of the. rea :
to which all their actions must be attuned, and which in some 11_13tar‘1fce'

must be redirected when deflected from its normal course by mteld Gln
ing agencies. To form a picture of the g'rac}ual e.merg?nce. (1>fb m(i’ o(i-lt )
conceptions from the fallacious beliefs of ancient txme.s, it will be \1. o
while to consider briefly the work of these comparatl'jfely fe\(;' e{l 1dga ;
ened men, whose achievements shine out as beacons in the dark day

of the past.

With the fall of the Roman Empire of the West under the on;laug(lilit
of the invading barbarians of the North, the knowledge of Gree Clrlrzll(i'le;
cine was entirely obliterated through?ut w.estern Europe. s
Singer (1923), in his study of biolpgy in ar%clent ‘G];eece,’ ,,j;l-ztsi;mg e
a translation of Aristotle’s Historia .tmnnalmm or De gia g
e, Lfatliln velrsmsrtlug fO::lIe’Z({;Itll‘gI:ZZlcied the earlier

-ation or the treatise of Theophra nts -4
gligg’l(;t Ages, the whole mental history oi" Europe' nght h;;feg::zxdd{)fy
ferent and the rediscovery of naturc.e mlgjpt ha\‘e‘ leelg i
centuries.”” As an example of the fate of the Glgeﬂf 1lewas o :nd
mentions the On Plants of Aristotle. The ‘Greelii .011,:111,1.:1 bl A;-abic
i ' o Syrian rendering ol a LGTeek ol ST
tl‘lll;s?htgoll;azz rl);os\zcvel', the Byzantine Empire, wl_lich wa§ ;121111'1111211;1;\0':11;

‘,C‘reek culture, preserved the teaching of Greek me .

I ey ‘ne centuries. The Byzantines made 1o contubu‘hon
S tl%:.m ni)l;fesm-(rery in its wider sense as a seience, and ht"tlc‘
i eis f viewbof technique, but we owe them a great debt.' ii)ll.
fl'cfm i po}'l'zl f(il]. custodians of all the oreat works of the Greek peluo L;
being the fal lﬂ Byzantine Empire was destroyed.by the Tu1ks‘t1n
Vo WI}en 1'(jfants were dispersed, Europe was given the oPpmﬂlll-
1"}53’ B .SG: the culture and teaching of the G1'fae_l<s, not from . te
i Studylln? ns of the Arabs but from the original mamlilerlp i
L i;fom Constantinople. This factor 'pla.yed no sma par
1_31‘01;1%1“3 3“\7’2’ oi} (')111 intellectual and artistic pursuits the Renaissance
in the revi H

period.
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Salerno.—Meanwhile, however, two important schools of medica] teach.
ing had been established in the West, oue at Salerno in South ltaly
(founded in the 10th century) and the othg' as Montpellier in the
South of France (founded in the 8th century). Salerno was tye
first center of revival of the Iippocratic teaching. IHere, in that part
of Italy which formed part of Magna Graecia, this school inheriteq
some of the traditions of Greek culture and was in contact with mep
from other cities where Greek teaching had been preserved, such ag
Byzantium in the East and Toledo (a great center of Arab and Jewish
culture) in the West. These varied influences produced a school of
thought which, by the great part it played in establishing the medical
schools of Bologna, Pavia and Padua in North Italy, served to link
Hippocrates to the men of the Renaissance period. Montpellier, by
contrast, had no traditions of Greek culture, and being very largely
under the influence of the flourishing centers of Arab culture in Spain,
never clearly understood Greek ideas, which reached it only through
Arab misinterpretations. The Catalans Arnold de Vilanova and Ramon

Lull were the greatest figures of that Arab-Montpellier period (13th
to 156th centuries).

The leading surgeon of the Salerno school was the Bishop of Cervia,
Teodorico Borgognoni, or Theodovie (1205-1296), whose father Hugo
de Lucca, also a surgeon, had gained much experience during the
Crusades. As son and pupil of his eminent father, Theodoric used
his authority to oppose the Galenist doctrine of ‘‘coction’’ and was
the first to recommend the expectant treatment of wounds, known as
dry treatment, saying, ‘‘It is not necessary that pus should be gen-
erated in wounds. No error can be greater than this. Such a practice
is indeed to hinder Nature, to prolong the disease, and to prevent the
conglutination and consolidation of the wound’’ (see Brown, 1931).
Theodorie also introduced arterial ligatures. Another surgeon of the
Salerno school, Bruno de Longoburg, held similar opinions, and in his
Chirurgia Magna (1252) advocated the same prineiple of dry treatment.
He, too, contributed to the technique of surgery by using sutures with
separated stitches to allow drainage (see Giacosa, 1901). Henri de
Mondeville, who was of Norman origin and a lecturer in Montpellier,

appears to have become acquainted with Theodorie’s work in Italy, -

and was another of those who believed that suppurating wounds should
be washed clean and nothing whatever put in them. Iis manuseript,
passed over at the time of the Renaissance hecause his pupil Guy de
Chauliac had deseribed it as being incomplete and of little value, was
published for the first time only in 1892 (see Nicaise, 1893).

Montpellier.—Surgeons of the Montpellier school, led by .Guy de
Chauliac (1300-1368), a man of great talent and personality, followed
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the Galenist doctrine that the surgeon must interfere in the healing
of the wound. De Chauliac and many others of his sechool spent end-
less time and ingenuity in trying to find some ‘‘miraculous’’ substance
which would help to produce suppuration and so, as they believed,
promote healing. One of de Chauliac’s pupils, Pietro d’Argelata, who
after his training at Montpellier went as professor to Bologna, taught
the dry treatment of wounds, but under the influence of his teacher
also advocated various strange powders. D’Argelata also used sutures
and was the first surgeon to put drainage tubes into wounds (1499).
Owing to de Chauliac’s great influence the Montpellier surgeons were
all imbued with prineiples which were fundamentally wrong, and there-
fore this school, in other respects an important medical center, made
no advance in surgical technique. Moreover, de Chauliac’s authority
and prestige were such that his methods were adopted throughout
Europe as the orthodox treatment of wounds, with the result that sur-
gical interference with the body’s natural power of healing was the
general and widespread practice until the Renaissance (see Malgaigne,
1840).

Paracelsus.—Perhaps the greatest medical man of this period, and
one of the most interesting of all time, was Aureolus Theophrastus
Bombastus von Hohenheim (1493-1541), better known to us as Para-
celsus. This extraordinarily vigorous and versatile Swiss was a man
of wide culture, with a keen faculty of observation. Among his many
notable achievements was the re-introduction of the Hippocratic prin-
ciple of assisting the healing power of Nature. In his book on the
treatment of wounds published in 1528 he made the wise observation
that it is Nature’s balsam, not the surgeon’s interference, that heals
wounds.

Vesalius and Servetus.—Meanwhile great progress was being made in
the field of anatomy and physiology. The teaching of Vesalius (151'4-
1564) in Padua and Paris and the publication of his book De Fabr'zcu
Humani Corporis (1543), in which he confuted the Galenist teaching
of anatomy and thereby made enemies of a number of his contemp(.)-
raries, furnished surgeons with better knowledge and a 301111(1?1' ])Z}S]S
for the logical treatment of wounds. Three years (?1(101' than Vesalius,
and a fellow-teacher of anatomy in Paris, was Miguel Servet '(1511-
1553), who may be considered the real founder of;.humm} physiology.
He wrote the first description of the pulmonary circulation and oxy-
genation of venous blood in the lungs which was wholly contrary t'o
the Galenist school of thought. The year in which Servetus made_thls
discovery is not known, but a full deseription of the pu.hnonary cireu-
lation has been found in the manuseript of an Imp_ub.hshed work en-
titled Renovatio Christianismi (dated 1546). A similar account ap-
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peared in his Christianismi Restitutio, the book for wheh h
at the stake as a heretic by Calvin in the year of its publicea:,?’ L R
lon,

The disc-:overy of the truth about the circulation of the b [t
p?ofound influence on subsequent medicine, but tradition e h ad a
yield very .slowly to revolutionary innovations, and it vj s
Hali'vey’s time that the new conception was uni;rersallv acaS e
unlikely t.hat Harvey knew Servetus’ work at first haI;d b?ﬁcpffd. Il? -
odfe ts::n?i}]rl :3 1:1?&;? undoub.tedly proYided him with the inﬂuen;se Iw):}?()d

e lines of his future investigations. The vario B
ences to tlTe pulmonary circulation by Vesalius, Colombo and CuS I'e_fer-
and the discovery of the existence of venous valves by Har ’eSi,llpmo,
t?acher, Iabricius ab Aquapendente, all indicate the inter:aeg i
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poisoning of wounds was due to foreign bodies, under which term he
included not only matter introduced from outside but also fragments
of b‘one, contused and lacerated tissue, and clots of blood. These
foreign bodies, he declared, must be removed and the affected area
restored to conditions as approximately normal as possible. If only
the surgeons of his day had heen prepared to aceept this discovery, the
essential truth about the treatment of wounds, the surgery of the next
two hundred years would have undergone an immeasurably healthier
development. Botallo’s book, De Curandis Vulneribus Sclopetorum
(1560), like that of Paré contains much of interest to the modern
reader.

Magati—Another army surgeon whose powers of aceurate observa-
tion secured a further stage of advance was Cesare Magati (1579-
1647). Tor the first time in the history of surgery, Magati pointed
out as an indisputable fact the danger of surgical interference with
the healing power of Nature. Born in Scandiano and a student of
medicine in Bologna, he appears also to have spent some time in Rome,
where he came to appreciate the advantages of the ¢“pare cure.”’ In
his book, De rare medicatione vulnerum (1616), he makes some inter-
esting comments on the practice of dressing a wound daily: ¢‘There
are fourteen reasons why daily dressing of wounds is said to be neces-
sary. One of these is that ‘by uneovering the wound the putrefaction
is exposed to view,” another that ‘gangrene may Supervene if wounds
are not dressed frequently.’ Thirdly, it is held to be necessary to re-
new the medicaments daily and observe their effects, to give a daily
prognosis, to remove causes of irvritation, and finally it has already
been done, hence why change 977 In opposing +his method of treatment
Magati says: ¢‘Phat method of cure by which wounds ave treated most
happily and q ickly is the hest and the most judicious. E.\'})Cl‘l(?ll(:e
has shown that with this new method (infrequent change of dressing)
wounds are treated more happily and quickly than with any other, and
therefore this new method is the best and most judicious. 22

After Magati, surgery made no real progress for a whole century.
The intellectual ferment that characterized the Renaissance gradually
died and was followed by an era of stagnation throughout Kurope. In
some countries the prestige of the surgeon fell so low that' he was sub-
jected to inconceivable indignities, a typical e.xample being the flog-
ging to which the Prussian surgeons of Trederick the G}'eat were sub-
1diers of his guard died of wounds: the higher the rank

mitted when sO ived
of the deceased, the greater the number of strokes the surgeons received.

Harvey, Hunter and Hewson.—England, however, did not experience
the decline which followed the Renaissance. On the contrary, it was
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in this period that William Harvey (1578-1657) made hig inva]
contribution to the progress of medical science (1621). »Iawea }lable
tailed deseription of the circulation of the blood was based on dir}; S. de.
servation and experiment, a revolutionary method of approach \evth?b_
also characterized the work of John Hunter (1728-1793) a century g (11011
half later, and to which we owe the great progress of the last cen’cn ‘a
Hunter’s experience as an army surgeon was limited, but hig ser?r%y.
with the expedition to Belle Ile in 1761 and in Portugal a year la;ce‘
provided him with material for a book on the treatment of war injuriz1
(1794). In this he described shock and inflammation and gave msl
excellent account of the part played by the lymphatic system in the
absorption of foreign matter from the tissues, a conception which wag
given additional support by the discovery by Hunter’s pupil, William
Hewson (1739-1774), that the lymphatiec system existed also in birds
reptiles and fishes (see Gulliver, 1846). Hunter’s view that absorptiori
is the function of the lymphatic system was generally accepted until a
rival theory was put forward by Magendie (see p. 74).

The Pioneers of Conservation.—Johan Ulrich Bilguer (1720-1796)
was the first person to advocate conservative treatment. According to
Larrey, however, Bilguer’s recommendations, published in his book De
amputatione membrorum rarissime administrandae aut quast abrogenda
(1761), did a good deal of harm and led to many a life being lost in
the attempt to save a limb. Other early exponents of conservative
surgery were James Syme (1799-1870), whose book The Ezcision of
Diseased Joints was published in 1831; and William Fergusson (1808-

1?77 ), who held that ‘It is a grand thing when by prescience even the
tip of a finger can be saved’’ (1842). .

THE BEGINNINGS OF MODERN TREATMENT

Desault.—Pierre Joseph Desault (1744-1795) was the real founder of
the modern treatment of war wounds. Ie was the first surgeon to
adopt the technique of débridement, which he taught to his pupils
Larrey, Bichat, and Cassious. The exact meaning of the term débride-
ment has been much discussed in recent years, but the sense in which
Desault used it is clearly shown in the aceount given by him and
Larrey, in which they described débridement as being a deep incision
made for the purpose of exposing the anatomical structures and for
exploring and draining the wound (Larrey, 1812). Desault also advo-
cated conservative treatment, but he recognized that it must be based
on certain definite principles, explaining, as Bichat (1813) quotes,
¢‘Qacrifier une partie A la conservation du tout, est la dernitre res-
source de 1’art; il faut, avant de s’y resoudre, épuiser celles qui peuvent
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rendre & la vie et A leurs fonctions l’ensemble de nos organes.”’
Desault was in charge of the surgical work at the Hotel-Dieu in Paris
in 1785, and during the French Revolution gained much experience in
the treatment of war wounds. Iis technique of initial débridement
was quickly and widely adopted and led to an immediate improvement
in results. But modern surgery is indebted to Desault for an even
greater contribution, in that he established as a fundamental principle
of treatment the precept, first introduced by Botallo in the 16th cen-
tury, that dead tissues must be excised. His teaching on this subject
is described by Larrey in the following words: ‘‘On prétendait que
les incisions changeaient la nature des plaies d’armes de feu. Desault
nous apprit qu’il ne suffit pas de rendre une plaie saignante pour la
faire passer de 1’6tdt compliquée & 1’étit simple; que le seul moyen d’y
parvenir est de réfraichir avee instrument tranchant les hords contus.’’t

Trom this quotation it is clear that Desault himself attached far
oreater importance to the excision of dead tissues than to the simple
incision, or débridement, of the wound. Larrey (1812) gives us an
idea of the extent to which he himself carried the excision technique
in a eriticism of an operation performed by an army surgeon in Egypt:
“L’officier de santé avait eru sufficient d’exciser avee cissaux quelques
lambeaux desorganisés qui pendait au moignon . . . dans une désor-
ganisation telle, de moins jusqu’a une certaine étendue, que sans la
resection totale de l’os au-dessus de ses fracas et celle des parties
molles dans le lieu oi la circulation des fluides n’etait pas enticrement
andantie, le Dblessé devait périr, apres avoir parcouru un cercle de
deuleurs atroces.”’t Since the time of Desault and Larrey the two
procedures, débridement on the one hand and excision or resection (the
latter term is commonly used for bones) on the other, have formed
the general basis of surgical technique, although the exact interpreta-
tion of each has varied from time to time (see P. 214).

Larrey.—To mention Larrey only as a diseiple and follower of Desault,
however, would be to do him an injustice, for he was undoubtedly one
of the greatest military surgeons of all time. Dominique Jean Larrey
(1766-1842) had the gift of being able to solve any problem to which
he set his hand. A good organizer, a skilled technician and a hard
worker, he was a man of complete sincerity and simple modesty. While

#«The sacrifice of a part for the preservation of the whole is the last recourse of
the (surgeon’s) art; before deciding on it the possibilities of restoring life and func-
tion to the sum total of organs should be exhausted.”

+“It was claimed that incisions changed the character of wounds produced by fire-
arms. Desault showed us that merely to make a wound bleed does not suffice to
change it from the comvlicated to the simple state—that the only means to this end
is to trim the bruised edges with a cutting instrument.”

1“The medical officer had thought it sufficient to remove with scissors some shreds
of disorganized tissue hanging from the site of amputation . . . s0 disorganized, at
least to a certain extent, that without the total resection of the bone beyond the in-
jured area, and of the soft tissues in the region where the circulation had not been
entirely destroyed, the wounded man would inevitably die, after a period of dreadful
suffering.”
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regular ambulance service which has ever sinee been indispensable in
all mobile warfare. Larrey’s own words, written after the campaign
in Egypt, testify to the efficiency of the ambulance service under his

¢ z o
command: ‘“. .. Les blesscs recurent dans cette affaire de la part de
tous les chirurgiens de P’ambulance les séeours les plus prompts et les

plus efficaces; pas un ne resta plus d’un quart d’heure sans étre pansé.”’

Percy.—Another great army surgeon of Larrey’s time, Pierre Percy
(1754-1825), contributed much to the development of the ambulance
system and to many other aspects of surgery in Napoleon’s army. He
worked on lines similar to those of Larrey and published the first
account of the difference between wounds of entry and of exit, de-
scribing also the features of the wound track (Longing, 1904).

Pirogoff—After the Napoleonic wars military surgery made no fur-
ther progress until the campaign of the Caucasus in 1847 and, more
particularly, the Crimean War in 1854 provided further opportunities
for trying new surgical methods. The Crimean War produced another
of the really great army surgeons of history, Nicolai Ivanoviteh Piro-
goft (1810-1881), who was in charge of the treatment of Russian troops
in the siege of Sebastopol, which lasted for fourteen months. The con-
ditions under which he had to work were appalling, and the number
of men who died as a result of erysipelas, pyemia, hospital gangrene
and purulent edema was SO high that Pirogoft defined war as ‘q trau-
matic epidemie.”’ Almost unaided, he toiled at his great task, striving
to improve conditions and making many sound recommendations to
combat the prevailing sepsis. Through the influence of the Grand
Duchess Helena Pavlovna he was able to introduce female nursing for
the Russian soldiers at the time when Florence Nightingale was pro-
viding a similar organization for the British army. Pirogott was a

firm believer in the importance of early surgical treatment and was
one of the first to adopt all the more recent advances of surgery, as is
shown by his use of ether anesthesia in 1847 only a few months after
this was first advocated by Bigelow, and of plnster-ot’-l’aris bandages
in 1854, two years after Mathijsen’s first deseription of this technique.

Ollier.—The next step forward was made in 1870, during the T'ranco-
Prussian War, by the French orthopedic surgeon Louis Ollier (1825-

1900). Ollier believed that absolute rest helped greatly in the healing

of wounds, and introduced a technique of completely immobilizing the

limb in a 'plaster-of-Paris cast, which he called the ‘‘occlusive tech-
nique.”” This was the first application of the principle of rest, in its

best form, and it is interesting to recall the words Ollier used in 1872,

s¢ __ Through this activity on the part of all the surgeons of the gunbulzmce, the
wounded obtained the promptest and most effective help; not one remained more than
a quarter of an hour without attention.”
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Lister.— Mecanwhile the introduction of antiseptic technique by Lister
in 1867 altered the whole aspect of surgical problems and quickly en-
larged the field of operative treatment. Though not discovered in the
course of war, this technique had a great influence on surgical treat-
ment in subsequent campaigns. It proved by no means an unmixed
blessing. The ease with which good results could be obtained by anti-
septic methods hindered the development of surgical technique, for
many surgeons came to think that the actual operative procedure was
a matter of minor significance, and that success depended entirely on
the use of carbolic acid or some other antiseptic—a conception which
was far from what Lister himself had in mind (see D. 184). In this
connection it is of interest that Lister was one of the first surgeons of
the modern period to advocate the use of drainage tubes. These had
been employed in the Middle Ages by d’Argelata; and the practice was
re-introduced almost simultaneously by Lister, and the Trench surgeon
Chaissaignac (see Billroth, 1871).

With the general adoption of antisepsis there came a revival of the
former (Galenist attitude to the problems of surgery. The use of the
new ‘‘miraculous’’ factor seemed to malke unnecessary the more labo-
rious task of learning intricate surgical procedures. The view spread
that the surgeon’s main task was to kill the germs in the wound, and
that débridement, excision, drainage and all other purely surgical meas-
ures were of secondary importance. Thus, although the use of anti-
sepsis, and of asepsis by steam sterilization which gradually replaced it
(von Bergmann, 1888). led to a striking improvement in the results of
treatment in surgical diseases, the outlook for compound fractures and
wounds remained highly unsatisfactory. The reason for this difference
lies in the fact that wounds inevitably produce areas in which the tis-
sues are destroyed and the natural defense mechanisms are impaired ;
whereas in disease the tissues of the affected region lose little of their
defensive powers and only in exceptional cases hecome neerosed. In
these rave cases, however, as in gangrenous appendicitis, the results of
antiseptic treatment were disastrous, for this, even when combined
with drainage, was powerless to prevent an extension of the infective
process. Only when surgeons began to excise the devitalized tissue
(as in appendectomy) before they applied drainage did their results
show improvement.

THE TWENTIETH CENTURY

In 1898 P. L. Friedrich, a German surgeon, published some experi-
mental findings which showed conclusively that the excision of dead
tissue was vitally important. The orcat value of Triedrich’s work was
that it furnished a seientific basis for the technique which Botallo had
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recommended and Desault and Larrey had introduced as a cliniey]
measure. Yet his findings, because they were derived from experi.
mental work, made little impression on the surgeons of the day; ang
even though later they were accepted by a number of German surgeong
they appear to have been unknown to the rest of the world. Thus in
1914 the practice of excision as an essential part of surgical treatment
was limited to a few German surgeons, a fact which accounts for the
surgical disasters of the first six months of the War of 1914 to 1918,
and particularly for the high incidence of gas gangrene, which was
specially marked in the Allied armies.

By the early part of 1915 it was generally recognized that a revision
of surgical technique was imperative. Milligan (1915), Ranzi (1915),
and Lemaitre (1916), published the first cases in the British, German,
and French armies, respectively, in which excision had been used, and
stressed its fundamental importance. This led to an immediate im-
provement in results. The success of the technique, however, encour-
aged surgeons to resort to primary suture after the excision in all cases
treated within 8 hours (Gray, 1915; Gaudier and Hamant, 1916), a
practice which led to another increase in the incidence of gas gangrene,
closure by primary suture being permissible only where the surgeon
can be sure that a sufficient local blood supply remains, a condition
which, in war wounds, is often difficult to establish with certainty. The
area over which the circulation may be impaired as a result of vascular
spasm is considerable, and the tissues which are thus deprived of their
proper nutrition may extend well beyond the reach of the surgeon’s
knife (see p. 46).

In injuries of ecivilian life gangrene oceurs less commonly, owing to
the smaller degree of shoek, both local and general. Primary suture is
successful in the treatment of many such injuries for two main reasons.
First, in most cases there is little deep bruising, the damage being
markedly less in the deeper tissues than in the superficial layers, and
the wound is comparatively clean. Secondly, in peacetime patients can
usually be brought quickly and carefully to hospital for skilled treat-
ment by specialist surgeons. In wartime, however, both the nature of
the injury and the facilities for treatment are entirely different. Dur-
ing the War of 1914 to 1918 when primary suture was used as a stand-
ard practice, the results varied in direct relation to such factors as the
amount of dead tissue in the wound, the degree of general and local
shock, the time of admission to hospital, the number of patients requir-
ing treatment at the same time, and, perhaps above all, the individual
skill of the surgeon.

In the present war, bad results following primary suture have also
been numerous, owing to the peculiar nature of the most frequent
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wound of today: that caused by the aerial bomb. This destructive
weapon produces far greater damage in the deeper than in the super-
ficial tissues; the patient suffers immediate and severe shock, both
general and local, and the blood supply to the affected region is dimin-
ished by arterial spasm. Moreover, large numbers of persons suffering
from wounds of this kind may be admitted to hospital at the same time,
and the surgeon often has to work under continuous bombardment
from the air. All these factors tend to give rise to complications when
primary suture is used as a regular practice and not as an exceptional
measure.

In an attempt to reduce the number of infective complications that
followed either incomplete or incorrectly applied surgical treatment,
Alexis Carrel (1915) introduced the use of sodium hypochlorite, a solu-
tion prepared by Dakin. Working in a field ambulance at Compiégne,
he laid the foundations of a technique of irrigation which did much
to improve results. Ile believed that the efficiency of the hypochlorite
was due to its bactericidal ecapacity, but today we realize that it is
actually due to the proteolytic capacity of hypochlorite, its lack of
toxicity to the tissues and, more especially, to the fact that the con-
tinuous irrigation involves little interference with the natural healing
process.

While Carrel was fighting infection with hypochlorite, Robert Jones
was emphasizing the importance of rest in the treatment of wounds,
and reintroducing the Thomas splint, which had heen forgotten.
Toward the end of the war Winnett Orr caught a glimpse of the possi-
bilities of the plaster-of-Paris cast, which led him later to develop his
technique for treating osteomyelitis and infected wounds.

THE PERIOD SINCE 1918
Winnett Orr’s Plaster Technique

Toward the end of the War of 1914 to 1918 the American surgeon
Winnett Orr made an observation which was destined to have far-
reaching results. Among the soldiers who were admitted to his hos-
pital he noticed that those whose wounds had been enclosed in a plaster
cast to facilitate transport to America were generally in a better con-
dition than others who had been treated by the orthodox methods of
the time. In spite of the bacterial infection present in all these cases,
the granulation process was proceeding undisturbed, the patients
showed no clinical sign of sepsis, and the majority were doing well.
This observation led him, after the war, to develop a technique of
treating infections of the extremities, and in particular osteomyelitis
(see Orr’s papers), by the provision of drainage and complete im-
mobilization of the limb in plaster. Ie also advocated this technique
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for infected compound fractures, and later suggested that it could he
applied to fractures at an early stage. Ilis readiness to appreciate the
importance of immobilization by plaster was due to his experience as
a pupil of John Ridlon, who—as he himself writes in his preface to Orr’g
book Osteomyelitis and Compound Fractures (1929)—for forty Years
had immobilized all his operative wounds of the soft tissues, as wel] 5
of bones, with plaster-of-Paris casts and then watched the patients,
not the wound.

After many years of persistent teaching, Orr’s technique wag ge.
cepted for the treatment of osteomyelitis, and many surgeons publisheq
successful results. But its value in the treatment of old infected com-
pound fractures (that is to say, postfracture osteomyelitis)—on which,
it is true, Orr laid less emphasis—was appreciated all too little. Fven his
demonstration, during a visit to England in 1930, of a highly satisfac-
tory result in such a case (Hey Groves, 1930), failed to impress British
surgieal opinion. There were no similar cases published in the English
medical journals; nor apparently did his suggestion that the technique
should be applied to fractures before the development of infection
meet with any response. I am unable to find in the medical literature
up to 1934 any record of cases of this type having been treated in this
way. The reason for the hesitation to use the technique is obvious:
everybody was afraid of treating serious cases by what appeared to
be so simple a procedure as mere drainage incision and enclosure of
the limb in plaster. But the idea that the method was simple was not
only fallacious but actually a potential danger, as I saw for myself in
the gangrenous infections that supervened when young surgeons in my
own country, unfamiliar with the special character of war wounds,
applied the technique as though for osteomyelitis. The tendency to
complications in cases treated by inexperienced surgeons has always
been the principal cause of the scepticism I have encountered when
advocating the enclosure of wounds in plaster casts, both in my own
country and in I'rance and England.

Undoubtedly Winnett Orr made an exceedingly important contri-
bution to surgery in re-establishing, among the surgeons of a genera-
tion which had forgotten Ollier’s work (see p. 33), the Hippocratic
belief in Nature’s power of healing. Moreover, he introduced the most
effective technique yet known for the treatment of osteomyelitis and
infeeted wounds. It would, however, be a great mistake to think that
the Orr technique, without modification, can be applied with equal
suecess to serious wounds and fractures within the first few hours of
the injury, for in such cases, and particularly in wartime, drainage and
immobilization are not enough. Botallo, Desault, Larrey, Friedrich and
Milligan, each in his turn, taught that the essential factor in the
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treatment of wounds was the excision of dead and dying tissues; and
only when this technique of excision has bheen fully learncd, with the
teachings of Lister constantly in mind, can the surgeon safely begin to
treat eaﬂy wounds and fractures by immobilization in a closed plaster.

In a book recently published by Winnett Orr (1941) the following
paragraph is printed on the cover: ‘‘The Orr method is not simply a
matter of infrequent dressings with a vaseline pack. It calls for all
the other essentials of surgical care—namely, adequate primary drain-
age; protection of the patient’s wound against secondary infection;
immobilization in correct position; and good general care.”’

The idea that Winnett Orr’s fundamental principles might be of
value, not indeed alone but as a complement to the surgical technique
I was then using, came to me in 1929, when I was in charge of the
surgical service of the Caja de Prevision y Soccorro, an organization
which dealt with the majority of industrial and road accidents in Spain.*
I had been thoroughly trained by my old teacher, Professor M. Corachin
of the University of Barcelona, in the art of incision and proper excision,
and had had much experience in these procedures. By 1929 I had
treated over 40 cases of osteomyelitis with the Winnetlt Orr technique
and had been much impressed by its success, particularly in two re-
spects: first, the rarity of seecondary infections, and secondly, the ex-
traordinary ease and comfort experienced by the patient. If, there-
fore, I argued to myself, the protection of the wound by a plaster cast
can arrest an infection already in progress, surely it must have an even
better chance of success if applied before the infective process has
begun. Accordingly I began to treat some minor cases by a method
which combined the Larrey-I'riedyich technique with the drainage and
plaster technique which T had been using in osteomyelitis.

Modifications of the Orr Technique

My first results encouraged me to apply the technique to more seri-
ous cases, and in these I gradually introduced various modifications.
First, I decided to omit the application of iodine recommended by Orr.
Then, finding that in some cases the very long incision, made to facili-
tate a thorough excision of devitalized tissues tended, if left open along
its full length, to make the wound gape, with consequent prolapse of
the muscles and slow healing, I took to suturing each end of the
initial ineision after I had completed the excision, leaving open only a
length approximating that of the excised area. Later, I reduced the
amount of gauze used for drainage, inserting only a few layers between
the exposed musecles with a single layer over the wound. I also dis-

*Tn 1932 over 42,000 cases, representing every type of accident, were treated by
this organization.
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carded Orr’s use of vaseline on the gauze, sinee I had no;
some cases when I removed the gauze a mass of discharge hlced that gy
lated under the vaseline. T first replaced the vaseline with li a.d oclimy,
which, although better in some respects, did not entire(%uld Paraffy,
e for I was trying to avoid any possible retention o}; e
ﬁuld.which exudes from every clean wound durine the fir .
pro.v1ding, if not drained away, a suitable cultubr
teria. So I finally decided to substitute dr
va'seline drainage, and, abandoning ever
.ph'ed dry gauze to the wound in all cases treated before t}
mtecti-on. Even the dry gauze, however, had certain d'is‘le -
the chief being that granulations grow into and through the relat
coarse mesh of ordinary standard gauze, so that when in due T
the gauze was removed, the granulations were dam
g;;a;u) ei:a\\;izzki,sp:rticulaﬁy since it was obvious that the cases that
best— 0 say, those in which there was never g 12
izg:lvsﬁ—t}v:f:;i ’ilose dm “éh}ifh the gauze had been placed ilellelao:(}sqtczozf
ound and had thus immediately absorhed any discharg :
I eventually got over the difficulty by using ver fi . .
similar to that used for the best bandages 'f‘,h‘ ‘31‘}’ d'ne_meSh w
slight discharge, leaving the wound dry .::md iils e abs‘fl'bs oy
removed when the plaster is chane : 'mOSt 'cases o
adherent, sat'uration for a few maiﬁiigs: wgfht};zrii;g: xfil;norel ?Pmlly
surgeon to withdraw it without damaging the granulations el
' Meanw}lile, in addition to these details, I h:d !
mg a series of individual plasters for ,
the body, developing in particular
value of which has bheen em
geon M. Bastos (1935).
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; been gradually devis-
Immobilizing different parts of
' the thoracobrachial plaster, the
phasized by the Spanish orthopedic sur-

Spread of the New Technique

Sogz’t ;,h;)sft éecture on this technique, delivered in 1934 to the Catalan
urgery, was received with ider S s s
few surgeons were convinced, among thﬁlesri:](éizleigce‘i’)ilslsm: 1(1)111}’ )
ilied 1t In a number of road-accident cases with *:rer o~qucllef 4 ;IP-
At. the time of the outhreak of the war in Spa’in on Jul y19b0109 e .
chief surgeon at the General Hospital of Catalonia yFr’ 3}6;’ IWZ.IS
first .day my assistants, who were all personally ;:Vperieollln :1 > \'211 Y
techn'lque, and I applied it to the casualties Broncht in fromci} 1n_‘ he
fighting. In September, I gave another lecture to the Catalar lg Y
of Surgery (1936), and on this occasion, when Gubern also 11 Oc{ft}{
h1§ su.ccessful results, the surgeons of Catalonia showed a orezlt)e(); 1(;1(
clination to give the method a trial. From that time the tec}i’nique was-
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gradually adopted. In 1937 the Spanish Government, having been
obliged to leave first Madrid and then Valencia, established itself in
Barcelona; and the general staff of the Army, with Col. .JJ. d’Harcourt,
an experienced Madrid surgeon, in charge of the army surgical service,
also set up its headuqarters there. Hitherto I had encountered con-
siderable opposition from the medical authorities of the army (al-
though one of my strongest antagonists in those early days, Lieut.-Col.
Linares, subsequently published in collaboration with Soulie (1940) an
article emphasizing the merits of the technique and giving an account
of more than 300 cases treated by it in France). On Col. d’Harcourt’s
arrival in Barcelona my difficulties with the army were soon overcome.
After some initial hesitation he decided to try the method in the army,
and during the Republican offensive at Teruel in December, 1937, and
January, 1938, he himself applied it in more than 100 cases. There-
after he was one of its most enthusiastic exponents. Ilis position as
Chief Surgical Consultant to the Spanish Republican Army enabled
him to build up an extensive organization, providing training in the
technique for every army surgeon in Catalonia and establishing a
scheme for the coordinated treatment of all casualties throughout the
various stages from the frontline casualty station to the convalescent
home. The first article on my technique published by Col. d’Harcourt
(1940) gives a vivid picture of its value in wartare.

Barly in 1938 I wrote up my own experiences of the technique in a
small book published in Catalan; this was the only publication on my
technique that appeared during the Spanish War. It was later trans-
lated into Spanish and provided the basis of the small book which was
published in England in September, 1939. By now the number of
cases treated by the method therein recommended should have fur-
nished enough material to ensure a proper understanding of the tech-
nique, at least by those who have used it, and to secure a substantial
improvement in results over those obtained in the early days when
surgeons were adopting it without previous experience.

On the whole, the attitude of the British medical press to the method
has been favorable, though surgeons have been inclined to regard sup-
puration as one of its inevitable accompaniments. This pessimistie
view is not entirely unjustified, certainly mnot in connection with
wounds sustained on the battlefield, where surgical treatment must
often be delayed on account of military operations. In bombed cities,
however, every possible step should be taken to facilitate operation
before infection develops. The results depend largely on two factors:
the skill of the surgeon and the effectiveness of the arrangements for
dealing with casualties. When surgeons have a good knowledge of
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all the details of the technique, and when the organization is sycp that
they can deal with a steady stream of cases instead of sudden over.
whelming numbers, the results should be as consistently good aq i
possible within the limitations of human endeavor.

The most recent prewar development is antipyogenic chemotherapy_
In 1935, Gerard Domagk in Germany and M. and Mme. Tréfoug] apq
others in France published papers on the_ effects of sulfonamide cop,.
pounds in the treatment of streptococcal infections. Since that time 4
steady flow of publications has appeared, and this new chemotherapy hag
proved by far the best auxiliary of war surgery. Nevertheless we
should beware of repeating the error that followed the discovery of
the antiseptic technique by Lord Lister. The chemical product is often
a good adjunct to surgical technique but should never be used as a
substitute for it.

Late Cases

What I have said refers to the treatment of early cases, for it was
as a method of dealing with wounds in the early stages that this tech-
nique was developed and that the army used it in Catalonia during
the Spanish War. When infection has already begun, and particu-
larly when osteomyelitis has developed, Winnett Orr’s method of treat-
ment as described by himself is the most effective. The Germans Bill-
roth (1871), Schede (1915), and Braun (1915) also treated such cases
by drainage and immobilization in plaster, but they cut a window in
the plaster to expose the wound and its secretions to the drying effect
of the air. My own opinion of the window is that it should be used
only in those rare cases in which there is an exceptional amount of
initial discharge which would soak through the plaster in a single day;
that even then it should be used for only a very short period; and that
as soon as the discharge has diminished a completely closed plaster
should be applied to give the fullest possible scope to the natural heal-
ing powers of the body and to prevent the development of secondary
infections.

The Winnett Orr technique, besides being simple and effective,
has also the great advantage of being a standard method consist-
ing of a number of routine procedures to be applied in every case.
On the other hand, the teechnique I recommend for the treatment of
wounds and fractures at an early stage requires the most painstaking
care and skill, owing to the risks which accompany all war injuries
during the first few hours, particularly the effects of shock and an-
aerobic infections of the soft tissues. To avoid complications every
stage in the procedure must be carried out accurately. The difficulties
must not be underrated: if it is assumed that the only requirements
are to make a quick incision, apply sulfanilamide to the wound, pro-
vide some form of drainage and put the limb in plaster, the result can

DEVELOPMENT OF WAR SURGERY 43

only be disaster. It cannot be too strongly emphasized that the method
demands the most detailed knowledge in the surgeon, who must be
well versed in the art of excision, able accurately to distinguish dead
from living tissues, and know the right method of approach for each
region of the body.

Moreover, from first to last he must be constantly making immediate
and important decisions, such as only wide knowledge and experience
will enable him to reach correctly. Irom the moment he sees the
patient he is faced with several vital questions: Is the patient fit for
immediate operation, or does he need resuscitation first? If resuscita-
tion is needed before operation, how long is it permissible to wait with-
out endangering the future of the limh? Can the limb be saved, or
must it be amputated? If the limb can be saved, how much of the
wound, if any of it at all, may be closed by primary suture? Can a
closed plaster be applied as soon as the operation is finished, or must it
be deferred till later? Can the patient be evacuated, or must he be de-
tained in hospital? To each of these questions, and to many others,
the surgeon must give an immediate answer when examining every
patient ; moreover, he often has to examine a large number of patients
at the same time and estimate the relative urgeney of each case. Both
the immediate and the ultimate future of each case will largely depend
on the decisions made at the outset and in every successive stage.

The modifications necessarily required in the adaptation of a peace-
time technique to the treatment of war injuries, and the large numbers
of surgeons employed in modern armies, make special training urgently
necessary for those who come new to the problem of dealing with war
wounds. In my country the success of the techmique, when it was
adopted as the standard method of treatment, must in large measure
be attributed to the provision of such instruction for all our young
medical officers and thus to the attainment of virtually the same tech-
nique throughout the services.

In this brief sketch of the history of war surgery I have tried to pay
tribute to some of the great surgeons of the past and at the same time

TaABLE I

PRINCIPLES OF TREATMENT AND THEIR EXPONENTS

EANSING THE - EXCISION OF PROMPT
CLEA\?ISL\I‘;}DT RECR HEATTARH DEAD TISSUES TREATMENT
Theodoric Magati d’Argelata Botallo Larrey
de Longoburg Ollier Chaissaignae Desault Pirogoft
de Mondeville Billroth Lister Larrey Nightingale
Paré Thomas Orr Friedrich
Lister Jones Milligan
von Bergmann Orr Gray
Carrel Ranzi
Domagk Lemaitre
Tréfouél
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to show how certain main principles, which are the basis of SUroar
today, have been emphasized by surgeons throughout the ages. g'_[\e}lly
pioneers can be grouped as in Table I, in relation to the Prineipleg .
treatment to which they have attached chief importance, rp}?f
cardinal teachings of these great personalities may he pictureq .
the main pillars supporting the war surgery of today. The underlyj i
base of the whole structure is formed by the Hippoeratic doctrine n?
the healing power of Nature, and the pillars which spring from th(;
base represent the various means by which these surgeons have soy h:
to assist Nature in her task. 5

I realize that this list does not include all those who have contributeq
to progress in the treatment of wounds, but they are outstandin
figures in the gradual advance toward the position we now hold. 3

CHAPTER III
THE HEALING OF WOUNDS

The' process of wound healing has been the subject of continuous
e'xperlmenml study since the end of the 19th century, but from the
time of Billroth (1865), Klebs (1875) and Loeb (1898), the first work-
ers to make accurate observations, little progress was made until 1910,
}vhen Alexis Carrel laid the foundations of a systematic and detailed
investigation of the problem. Since his day our knowledge has steadily
inereased.

Most of the tissues of the human hody have highly recuperative
power, although this varies with the type of tissue. The skin ranks
first and the muscles and central nervous system last.

Both from the clinical and experimental points of view, wound heal-
ing must be studied in two different processes, those of primary and
those of secondary healing; though only in the latter can every stage
of the process be followed. The differences in the two types of healing
are very important elinically but have little histological significance.

In all traumatic wounds, particularly in war wounds, the interrup-
tion in continuity of the tissues is of secondary importance in the re-
parative action. The normal process of repair—the formation of new
tissues—begins as soon as the elimination of the dead tissues or cells
is complete, and so depends largely on the extent and degree of tissue
disintegration. TFor this reason in war wounds, where the quantity of
damaged tissues is frequently very great and the local circulation and
nutrition are seriously impaired, the reparative process seldom follows
normal lines. In treating these wounds the surgeon’s main objeet must
be to create a condition in which the healing process may begin within
a short time after the injury, i.c., three to five days.

Whatever the type of healing process, the formation of new tissues
depends on the capacity of the cells to inerease their normal rate of
metabolism; and for the cells to aequire the necessary reserve of
energy an inerease in the blood supply to the damaged area is essential.
The rate of healing bears a direct relation to the amounts of nutrient
elements, particularly oxygen, carried to the tissues by the blood.
Obviously, different conditions in the wound will produce marked
variations in the healing process. The most important of these con-
ditions may be classified in two groups:

1. The extent of trauma and necrosis, the degree of infection, the
shape, size, and locality of the wound, and the nature of the tissues
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involved. These features depend largely on the nature of the ¢

matic agent, but various external stimuli, such as foreign bodieg trau.
perature, humidity and mechanical and chemical inﬂuences, als’ iy
a large part in determining the course of healing. Py

2. Various factors depending on the general condition of the pati
of which the most important are hormone and trephone action ‘crolellll‘t )
nervous activity, vitamin concentration and cytotrophism, the i,nﬂutla)nle
b ce

of which on the nutrition of cells in wounds has been definitely Proved

THE PROCESS OF WOUND HEALING

In all wounds there are two main zones of damage. In the first a
gre.at many cells are immediately destroyed by the traumatic agent
while others die subsequently through being cut off from the capil,
laries and arterioles which normally supply them. All cells whic};
depend for their blood supply on vessels that have been damaged
suffer necrosis owing to their lack of nutrition. It is not surprising
therefore, that the efficacy of the reparative process is governed bx:
th.e extent of the devitalized area. Beyond this first zone there is ;),
wider area of damage, in which, although the anatomical integrity of
the vascular system is preserved, the blood supply is initially impaired
T)y th.e vascular spasm induced by sympathetic stimulation. The cells
n this area may die by secondary necrosis; or if their nutrition is
only teml.)orarily affected, they may regenerate. This area of vascular
Spasm, with its diminished power of resistance to infection, constitutes
one of the main sources of danger in war wounds, and will l’oe discussed
in detail in a later chapter (see p. 141).

Borst‘ (1920) deseribed all contused wounds as composed of three
areas; including in the first all tissues destroyed by the direct action of
the trauma, in the second those deprived of their‘nutrition as a result
of the traumatic section of the blood vessels, and in the third those af-
fected. by contusion alone. As, however, the damage in the first two
areas is ‘due to one and the same cause—the direct action of the traumatic
agent—it appears simpler and anatomically more correet to consider them

as . . 3 S 0q . 4
: one: in sh(n.t, as c?nstltutmg the first zone of my classification above.
From the surgical point of view,

; the component traumatic areas are al-
most equally important.

1y ) - The first area is contaminated from the onset
and, the surroundlflg tissues being also devitalized, the risk of spread is
very great, for this always hears a direct relation to the extent and

severity of the damage in the second zone—the ‘‘area of vascular
spasm’’ of the classification I prefer.
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EFFECT OF PROJECTILES ON THE TISSUES
The Skin

The skin is highly resistant to external damage. This is due largely
to its elasticity and the ease with which it is displaced over the under-
lying tissues. Moreover, it is endowed with a very rich blood supply
and so has great vitality. The only type of injury which really de-
stroys it is the lacerating wound, for this is very apt to interfere with
its blood supply. Concussion wounds, which cause extensive destruc-
tion of the muscles and bones, produce relatively little damage in the
skin; the only part of the skin which dies as a result of this type of
injury is a narrow strip surrounding the wound, and the necrosis is
due to the direct action of the traumatie agent.

Subcutaneous Tissues

The damage which a projectile causes in these tissues is often con-
fined to the area immediately surrounding its track. The capillaries
preserve their function and react with early inflammatory changes,
supplying the necessary leucocytes and plasma proteins to the injured
regions.

Muscular Tissue

The effect of modern explosives on the muscular tissue depends
largely on the anatomical characteristics of the muscle affected. The
short and segmented musecles, e.g., those of the shoulder, lumbar region,
foot and skull, and the rectus abdominalis, must be considered sepa-
rately from the long museles, particularly those of the limbs. In the
short musecles the nutrient arteries are short too, and the area they
supply is limited. I'or this reason the damage in a short muscle is
determined by the type and features of the projectile, particularly its
size, shape and velocity. On the whole, this type of muscle reacts
favorably to injury. A layer of dead and disintegrated muscular fibers
will be found surrounding the track of the projectile. The dead fibers
are easily distinguished from the living on mieroscopic examination,
but with the naked eye distinction is difficult because the color and
bleeding capacity of the devitalized muscle is often not very different
from the normal. In the long muscles, on the other hand, each of the
nutrient arteries has a much larger portion of muscles to supply, and
consequently if one of these vessels is damaged by a projectile a con-
siderable area is deprived of its nutrition.

Bone
Of all the tissues of the body, bone is the most susceptible to injury.
This is due to its rigid structure, as is clearly seen in the greater de-
oree of damage which bone suffers in injuries of adult life, when it is
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highly calcified, and more especially in old people in whom p
has begun, compared with the damage suffered by children
the bone has some degree of elasticity owing to its cartil
ture. Iighly calcified bony tissue, like the shafts of t
humerus, is more vulnerable than the spongy tissue of
ends and short bones.
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THE REGENERATIVE PROCESS IN WOUNDS

As Carrel (1910) pointed out, there are four distinet periodg in th
e

healm.g of- a wound: preparation, granular retraction, epithelizat;
and -cicatrization. s

First Period: Preparation

The ﬁrsi.; stage extends from the time of the Injury to the heginni
of the period of granular retraction and consists of preparatiof ofnfcllllg
wound f(-n- the reparative process. It is initiated by the trauma it 1;
a-nd fzons1sts of traumatie inflammation, which is very similar to ix Ee
;mvc 1nﬂammation_ and is characterized by the usual inﬂanu;latory lf:Z-
olll-ri's; namely, mlld.fev?r, pain, discharge, edema and leucoeytic mi-
g a fon. This combination of reactive phenomena leads to tllle reab-
;21(3113‘22911 qf blood on the surface of the wound and to the removal of
i hl](; tissues by‘ phagoeytes and enzymic digestion. In the wound

c¢h has been properly treated from the onset, the reparative ph
nomena proceed in an orderly sequence. ; t g

He eae Y plhdi .
nomell::)(:lstia,ssﬁ;e The f‘ilst leparatu.'e 0r, more properly, defensive phe-
s et spontdne-ous cessation of hemorrhage. Bier ( 1897) was
e bxe ”1st' to desc.rlbe this, and Magnus (1924) and Stich (1930)
elastieor:l:e;;eat’flons fwhlch enable us to picture the mechanism. The
ey ﬁbl‘inou.‘xon of the clal}lagefi vessels and the coagulation of the
S 116?1 st(l)p.bleedmg_irom the vast majority of the blood
i pr,events " e gl_ger“artem.es the comparatively high blood pres-
e ? 1’nlt1a1 format.lon of clot. A fall in blood pressure,
e Dy acute .anemlz'l or, more frequently, by shock, also

) 151¢ elable' part in ending hemorrhage when the bleeding is
not checked by surgical intervention. i ;
Of(z}lllecei);c‘})l:d\ ;lsilelsfhtzilve]ceased to bleed, the coagulated fibrinogen both
el 2ot e‘ ymph, s.oon'covers the wound with a thin layer
bk L Aer contamination from outside. This layer is so

o lt ; Is easily destroyed, even by a mere change of dressing.
i :ﬁiﬂi 1311 of fDea.d T%ssues.~’_l‘h.e l}ext reparative phenomenon is

. fa.lon of dead tissues. This is generally accomplished by a
g}oiess 0 hqueiactlonl, and dead cells form the chief constituent of the

ischarge that comes from an untreated wound in the early stages.
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The increased exudation during the first few days after an injury is
designed to assist this process; the amount of discharge is directly re-
lated to the extent of the tissue damage, the greater the concussion and
irregularity of the wound the greater being the flow. The elimination
of disintegrated tissues—in itself a defensive action, constituting in
fact the first step in the regeneration of the tissue—is effected by the
cooperative action of several enzymes, derived from various sources.
One comes from the leucocytes, which are very rich in trypsin and are
reinforced by living cells surrounding the wound. The action of this
enzyme is limited to dead cells, by whose disintegration it prepares the
ground for the regenerative process. On the other hand it also car-
ries an element of danger, the disintegrated tissues forming an excel-
lent culture medium and the surrounding tissues sometimes becoming
infected from the initial colonization in the devitalized cells. Among
the other heterogeneous enzymes which appear in any serious trau-
matic wound are those produced by the bacterial toxins which at-
tack living cells. The chief role of bacterial toxins, however, is the
disintegration of the dead tissues.

The products of disintegration either are eliminated with the dis-
charge or else are absorbed into the lymphatic system and passed on
into the blood stream wvie the thoracic duct. The work of many in-
vestigators (see p. 60) has shown conclusively that foreign bodies,
ranging from proteins of small molecular size to some of the largest
organisms, can be eliminated from the tissues by the lymphatic system;
but most of the products of tissue disintegration make their way di-
rectly to the exterior.

The amount of dead tissues present in a wound being important in
determining its evolution, the main object of surgical treatment must
be to convert a contused wound into an incised one. When the dead
tissues have been eliminated, the wound is ready for the active process
of repair. Where they consist of large portions, the process of ligue-
faction is incomplete and elimination takes the form of sloughing.

Bacteria

Even the cleanest traumatic wounds, and particularly war wounds,
are contaminated by bacteria from the outset. This initial contami-
nation varies in degree according to the number and toxic capacity of
the organisms introduced into the wound, but the changes in the baec-
terial flora that follow depend for the most part on the special char-
acteristics of the wound and on the time that has elapsed without sur-
gical assistance.

Experimental work, especially that of Carrel, has shown that in sec-
ondary repair germs are required to stimulate healing activity. The
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toxic capacity of these germs, however, must be limited, anq the
cause no more than an irritation on the wound surface, Whely A
result of the large number of bacteria or their toxiecity, inﬂamnll’ e
changes take place within the tissues, the normal process of healia tor.y
checked and the biological power of the cells is applied tq eouﬁ% 4
acting infection instead of to reparative action. Fortunately, even tehr.
most active pathogenic bacteria require several hours to multiply g s
ficiently to invade the wound tissues, and the future of the Patient t}:w
largely depends on whether or not surgical treatment is given befous
this period is over. If proper surgical measures are applied befof-e
inflammatory changes begin, infection will be prevented. The bacteri:
on the surface of the wound will be removed in the operative Pproce-
dures, and if a few remain they will quickly be isolated from the tis-
sues by the coagulated fibrin, so that clinically the wound may be
considered sterile. The coagulation of fibrinogen is a typical example
f’f syneresis, similar to the drying of collodion, whereby the fibrin loses
its capacity to filter colloidal substances.

Duration.—The duration of the preparatory period varies consider-
ably. If the wound is covered with dead tissues, the actual process of
repair is delayed and the period is prolonged. Carrel’s experimental
wounds showed no reduction in size for the first few days, but then
the aetive period of healing, as indicated by the granular i'etraction,
beg.an. Many surgical wounds give a similar history. The preparatory
period is shortened by the presence of certain mild irritants Whicil
have a stimulating effect on the wound, Carrel and du Noiiy (1921)
shoyved that if turpentine or staphylococei are applied to a sterile ex-
perimental wound, the period can he reduced from 20 to 4 days. Other
factO}'s affecting its duration are the size and location of the wound,
the tissues involved and the age and general health of the patient.

st

Second Period: Granular Retraction

After th(.a preparatory period, the active healing process begins, with
the formation of granulations and a reduection in the size of the wound.
Th‘}s the wound is provided with a second and stronger covering
which, when healthy and undisturbed, has the effect of a new skin.
As e.arly as 1879 Devaine and Nissen had shown the effectiveness of the
barrle.r to absorption furnished by healthy granulations; and this ob-
se.rvatlon was confirmed in 1893 by Afanassieff working with toxins of
vn'l.llent bacteria. Noetzel (1897) showed that none of the bacteria,
toxins, or products of disintegrated tissues with which he worked,
penetrated a layer of granulation tissue ; his results with tetanus toxin,
recently confirmed by H. E. Hutchison (private communication), were
particularly striking. Melchior and Rosenthal (1920) made similar
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observations working with methylene blue, and more recently d’Har-

court, Folech and Oriol (1940) obtained similar results with sulfo-
phenolphthalein.

Afanassieff was the first to point out that this resistance of the gran-
ulation tissue to absorption is easily broken down. He found that a
granulating wound contaminated by anthrax will show no sign of ab-
sorption if left undisturbed for five or six days but that a mere change
of dressing is immediately followed by toxic effects. This is due to the
fact that removal of a dressing causes multiple tiny abrasions in the
layer of fine connective tissue covering the granulations. Thus, to
preserve its full protective value the granulation tissue must be left
completely undisturbed. Only healthy granulations, however, have this
quality of resistance. They are firm, uniform in size and bright red,
and produce little exudate. In a properly treated wound they become
so confluent that to the naked eye they appear as one continuous layer
of tissue. If for some reason—for instance infection, poor nutrition,
repeated mild trauma (i.e., incomplete immobilization), or a lack of
uniform and persistent pressure—the granulations are neither healthy
nor undamaged, if, that is to say, they are pale or cyanotie, spongy,
fluffy or hypertrophic and bleed very readily, they afford far less pro-
tection to the underlying tissues. Fortunately, however, the formation
of healthy granulations can be largely ensured by proper surgical treat-
ment: the prevention of infection, the retention of only those tissues
which have a good blood supply, the maintenance of gentle pressure
on the wound, and the most complete immobilization of the injured
region.

Besides having great protective value, healthy granulations play an
important defensive part in fixing and eliminating bacteria and toxins
—a funection similar to the filtration of bacteria and viruses by the
lungs and spleen. Halley, Chesney and Dressel (1927) excised a piece
of skin from the back of a rabbit and left the wound to granulate.
They then injected 0.1 c.c. of a testicular emulsion containing 7'reponema
pallidum into the testes and found that syphilitic lesions appeared on
the surface of the wound. Viruses are also eliminated through the
capillaries of granulation tissue, and T'ujinami and Hatano (1929)
showed elimination of the cells of the Rous sarcoma of hens. The
surgeon will see, therefore, how important it is to have a layer of
healthy granulations covering the wound and not to disturb it in any
way.

The contraction of the wound during the period of granular forma-
tion not only approximates the edges of the epithelium but also fills
the gap and draws the divided tissues closer together. During the
first few days such contraction is very rapid, but it gradually becomes
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slower until finally, with the beginning of the next beriod, it cea

almost entirely. The rate of contraction is directly proportiong) to :}fs
size of the wound. In a wound with a diameter of 60 to 70 mm. the n ‘e
mal reduction in size is about 9 or 10 mm. in 24 hours; in the Salol.
period in a wound of 40 mm. diameter it is about 3 mm.; in 4 \vou: ;’
of only 20 mm. diameter it is very slow. Reduection ceases entirely i(
all wounds when the margins have approached to within 10 to 15 mnil
of each other. :

Third Period: Epithelization

Before this point, epithelization makes little progress. Its rate
does not depend on the age of the wound but is inversely Proportiong]
to its size. If the wound is large, epithelization is tardy. The
growth of the epithelium is very slow if the distance between the edges
is more than 15 mm., but is quicker if the distance is less than 10 n?m
If the granular contraction ends before the edges of the old epidermi\;'
have closed to within 25 mm. of each other, the new epithelium cannot
spread any farther over the granulations and so the healing process
comes to a standstill. In wounds of irregular shape epithelization always

begins at those points where the edges of old epithelium are neavest
to each other.

Once the regeneration of epithelium begins, the contraction of the
wound §lows down; if the epithelization is accomplished quickly,
eo.ntractlon will come almost to a complete standstill, and the final scar
“.'111 consequently be less fibrotic than when the process takes a long
time. Some contraction is necessary to reduce the space between the
divided tissues, but from the point of view of the final sear it is im-
portant that it should not be excessive. When a large area of skin
has been lost, the production of a good scar is favored by postponing
a skin graft until epithelization is ready to begin—that is to say,
until the beneficial effects of contraction have heen secured, but before
fibrosis is established. The advance of epithelial cells from all sides
of the wound over the surface of the granulations is achieved, in the
view of most workers, rather by an amoeboid movement than by the
mitotic division of the cells, which indeed plays but a small part in
the process. ‘

In traumatic wounds the progress of epithelial cells over the granu-
lations is partly governed by the number and toxic capacity of the
organisms present, but depends more on certain purely mechanical
factors. The fragile and delicate nature both of the detached epi-
thelial cells and of the fine layer of connective tissue over the granu-
lations which forms their bed renders these cells very liable to destrue-
tion by the slightest mechanical interference, ¢.g., the movement of a

HEALING OF WOUNDS 53

dressing. Another important mechanical factor, to which too little
attention has hitherto been given, is the obstacle sometimes imposed
by the type of the granulations. Epithelial cells find it extremely diffi-
cult or even impossible to advance when the peripheral granulations
rise above the level of the epidermis, for, although they can travel
across a flat surface or a slight depression, they cannot move upwards.
Amoeboid progress of epithelial cells is also impossible where the base
of the granulations is narrower than the body (see p. 290).

The general condition has a great influence on healing. Chronic
infections, such as tuberculosis and syphilis, definitely hinder healing,
and more recent work has shown that a deficiency of vitamins (par-
ticularly of A, C, and D), diseases of the circulation (particularly
cardiac and renal disease), diabetes, and acute infections originating
from the wound, all retard the repair process. Nevertheless, the main
obstacles to healing are local, and are all directly connected with the
supply of blood.

Fourth Period: Cicatrization

The evolution of a scar is very slow and the cicatricial stage is of
long duration. As soon as epithelization is complete the distance
between the edges of the old epidermis begins to increase, leading to
a progressive enlargement of the scar which continues over a long
period.

EFFECT OF PRESSURE ON WOUNDS

The beneficial effect of external pressure on healing was not recog-
nized until the surgeon and obstetrician Charles White (1762) pub-
lished his results of treating chronic ulcers of the leg with sea sponges
applied with gentle pressure. In 1797 another English surgeon, Thomas
Baynton, published a full description of the pressure treatment of
chronie ulcers. The first to use adhesive plaster for this purpose, ap-
plying it across the ulcer, he found that the discharge was noticeably
diminished and granulation and epithelization were complete in a
relatively short time. Baynton also noted that the treatment had a
good effect on the circulation of the leg. In 1853 J. S. Gamgee pub-
lished his results of treating wounds and fractures by bandages; these
he applied with a certain amount of pressure, the degree of which he
compared to ‘‘that with which one holds the hand of a lady when one
greets her,”’ and he emphasized the beneficial effect of this treatment
on wound healing. In 1881 James Hardie took up the use of the sponge
for treating wounds, pointing out that by the pressure the divided
tissues were apposed and thus the wound was provided with conditions
similar to those produced by suture; he also emphasized that the pres-
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sure of the sponge prevented accumulation of discharge, T
yvears Douglas (1935) re-introduced the pressure technique £o
treatment of chronic ulcers.

€cent
T the

One result of all wounds is to deprive the underlying tissues of "
elastic pressure of the skin and often of the aponeuroses also. T}ie
lack of balance thus produced damages the cells in the Superﬁcitl3
layers of all the tissues in the wound, and the swelling of the injuread
region adds a further factor which adversely affects the nutritiop
Evidence of these disturbances is seen in the granulation tissue, \ ’ound;
treated without pressure often show hypertrophic granulationg which
reach well above the level of the surrounding skin and newly formeg
epithelium; a copious discharge which saturates the wound and iy
many cases macerates the tissues; and edema, not only in the wound
itself but in the surrounding area also. For all these reasons the heal-
ing of the wound is slow. Wounds to which, on the other hand some
gentle and persistent pressure has heen applied show firm, eve,n and
healthy granulations, only a small amount of discharge (ﬂ)r this de-
pends on the degree of bacterial colonization and disappears quickly
after a few days of pressure), and no edema. .

Pressure by Plaster-of-Paris Cast

One of the many advantages of the plaster-of-Paris cast is that it
can exert and maintain a gentle, uniform and persistent pressure. To
do so, however, it must he properly applied. The only soft tissues which
should be padded beneath the Dlaster are those of the actual wound.
Here some layers of gauze should be applied over the gauze placed in
the wound_for drainage, but elsewhere, apart from the protection of
bony prominences, the plaster should be applied directly to the skin.
In. mouldl{lg the plaster care must he taken to establish good contact
with the limb, pzfl'ticularly in the region of the wound, where slightly
f,;reater pressure 1s needed. As soon as the danger of primary infection
1S past, a plastered leg should he lowered fr

an increasing period each day, and as soon as the condition of the

wml'nd permits, the patient should be made to walk about so as to
avoid muscular atrophy. With these precautions good contact be-
1w<:m.1 .1}1(9 plaster and the wound i1s more easily maintained, and the
I.)(encfmm] L:ﬂ"ect of the pressure is exercised over a long period. In a
few cases it is helpful to Put a layer of sponge rubber between the

wound and the plaster.

Experiments on Wound Healing in Plaster

oo . S O Y7 Ce i . 3 .
'R(,(,(,lntliv' ‘.11, the ,Sh(dnge\m_\.? Laboratory, Cambridge, Dann, Gliicks-
mann and Tansley (1941) carried out a series of experiments on wound
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healing. Finding Carrel’s method of plotting the wound area at dif-
ferent stages unsatisfactory, as it provides no information about the
quality of the scar tissue, they took a series of histological measure-
ments in each group of wounds and plotted them against time after the

om its elevated position for

operation. The measurements they took were as follows:

1. The distance between the cut edges of the old epithelium,
glving the decrease in the size of the sear.

2. The distance between the margins of the regenerated epi-
thelium, giving the rate of epithelial regeneration.
3. The distance hetween the cut edges of the old collagen
fibers, indicating the tensile strength of the scar (IHowes,
Sooy and Harvey, 1929).
4. The distance between the margins of the regenerated col-
lagen, giving the rate of collagen regeneration.

A

different levels in the sear.

. The thickness of the regenerated collagen fiber bundles at

THE EFFECT OF DIFFERENT TREATMENTS
ON STANDARD WOUNDS

The effects of several forms of treatment in current use for the ac-
celeration of wound healing were compared with the following results
(see Table II) :

TaBLE IT

Errecrs oF TREATMENT ON WOUND HEALING

METIHOD OF TREATMENT
PHENOMENON | Appricarioy | APPLICATION |- y\pp; 6 imiox e | APPLICATION
OF OTHER OILS | "o\ [ APPLICATION s
STUDIED OF COD LIVER b > | OF EPICUTAN = OF PLASTER
pok AND VIPAMIN | oo oo OF UREA Holuspeion,
; A PRODUCTS gt Tl
Decrease in  |Aceelerated |Retarded or |Slightly accel-|No effect Accelerated
size of scar no effect erated
Epithelial re- |Slightly de- |Markedly de- |Slightly re- | Markedly More rapid
generation layed layed tarded retarded
Collagen re- |Improved Improved Improved Improved Retarded
generation
Latent period |Shortened No effect Shortened Shortened | Prolonged
of collagen
regeneration
Tensile Improved Harmful or  [Improved No effect Much the
strength of no effect best treat-
scar ment
Muscular re- |No effect No effect Marked im- [Not tested |Not tested
generation provement
Thickness of [Increased Increased Increased Increased |Increased
regenerated
fiber bundles
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Cod Liver Oil Treatment.—Several types of cod liver oil weyg
and a number of control animals were treated with other oils anq fu s
acids, either with or without vitamins A and D. Sy

Epicutan Treatment.—Epicutan was dusted on the surface of gt
ard wounds under different experimental conditions. A

Urea Treatment.—Solid erystals of urea were applied to stang
wounds. Ard

Plaster-of-Paris Treatment.—Superficial standard wounds and hyy
were covered by a broad plaster belt round the animal’s thorax s
: These research workers say: ‘‘Of the above four treatments. (fiv
including the controls) the plaster method gave far the best 1'esu1':e
Next in order of merit came cod liver oil, then epicutan, and ﬁnalls'
urea.’’ 4

The results of these investigations confirm my twelve years’ clinical
ol.)s.ervations, that no method of treatment fulfills all the optimal con
d'ltlon.s for wound healing as effectively as the enclosure of the aft'ecteci
limb in a plaster cast. When infection is prevented—as by the cor-
rect use of the whole technique it easily ecan be—epithelization is
produced. more rapidly than by any other treatment, and the scar is
more 1'e§1stant and elastic. The protection of the wound against sec-
onda.ry infections, the pressure on the surface of the wound, the pre-
vention of damage to the granulation tissue, the absorptic;n by the
plgster of execessive discharge which might damage the newly formed
eplthelial cells, the avoidance of edema, the maintenance of a good
circulation, and above all the absolute and continuous rest of thz af-

feeted limb—all these factors combined form the fundamental basis
for the success of closed plaster casts in the promotion of wound healing.

CHAPTER IV
INFECTION

Infection is the chief problem in the treatment of war wounds, the
final condition much depending on whether or not they run an aseptic
course. Largely as a result of the study of thousands of casualties
during the last twenty years, especially those of the Spanish War, and
the observations of a few research workers, the outlook of surgeons
and pathologists on the problem of infection is fundamentally different
today from that which prevailed during the War of 1914 to 1918. The
modern idea of infection was formed by such men as Pasteur, Lister
and Koch ; but it may be recalled that these were preceded by men who
had prepared the ground not only for their actual discoveries but also
for a better understanding of the principles behind them.

Before Pasteur discovered the process of fermentation, the great
French physiologist Claude Bernard (1866) said: ‘“On aurait tort . . .
de renoncer i 1’espoir de rattacher un jour ces manifestations morbides
(maladies septiques) aux lois de la physiologie. §’il nous est pour le
moment impossible de le faire, nous y parviendrons sans doute dans un
avenir plus ou moins éloigné.”’® Bernard’s theory, constantly found
in his writings, that the development of infection is due to improper
functioning, was forgotten after his death and only quite recently re-
suscitated. That this concept of infection should have been discarded
was due not to Pasteur and Lister themselves, but to the effects of the
widespread diffusion of the revolutionary ‘“germ theory” which fol-
lowed Pasteur’s great discovery. Lister, in particular, laid great stress
on the importance of the natural defense mechanism of the body and
claimed that one of the advantages of antisepties was that they helped
this mechanism. But for most surgeons bacteria were now the ‘“cause’’
of the infective complications of wounds, and as a result of this con-
ception and of the patent success of Lister’s antiseptic technique, the
attention of the medical profession was largely confined to the de-
struetion of bacteria. Consequently, in a comparatively short time
Bernard’s suggestion that the natural function of the body provided
the controlling influence in the development of infection came to be
almost completely ignored. It seems curious that no one in those days
should have wondered how, in view of the innumerable millions of

4Tt would be wrong to give up hope of one day bringing these morbid manifesta-
tions (septic disorders) under the laws of physiology. Though we cannot do so yet,
we shall no doubt succeed in the more or less distant future.”

57
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t}}ese pernicious bacteria that had surrounded manking

ginning of time, the human race should have survived th S the be
.Bernard’s theory has been re-introduced severa] tim e .

given some support, particularly by Pavlov, who °S and hyq
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substance, gave what seems to he a true explanation to these changes,
namely, that they are the result of a natural function of the body
designed to regulate the conditions prevailing within it and to keep
them constant. It is now fairly generally accepted that the extent to
which the defense mechanism of the body is brought into play and the
scale of the inflammatory process depend upon the aggressive charac-
ter of the invader, or according to Achard and Loeper’s theory, upon
the extent of the disturbance caused in the ‘‘milieu intérieure.”’

The different forms which inflammation may take are well known.
In every case the process is directed to the same end, namely, the elimi-
nation or neutralization of the disturbing factors. When inflammation
is caused by an organism which secretes toxie substances, the body, in
order to limit the disturbance, attempts by a process known as ‘‘fix-
ation’” to check the invader at the site of entry and to prevent its
diffusion through the fluids and tissues of the system. Further, the
local permeability of the capillary walls permits leucocytes and plasma
proteins to pass from the blood stream into the tissues surrounding the
invader and to discharge in them their respective phagoeytic and anti-
toxic functions. This transudation probably takes place in the arterial
rather than in the venous capillaries (Landis, 1934), but there is not
yet agreement on this point; and a large proportion of the substances
transuded and dispersed through the interstitial fluids immediately
make their way into the lymphatic system. It is now becoming more
and more generally believed that lymph and the tissue fluids are one
and the same substance; although probably a more correct description
of lymph is that it consists of interstitial fluid which, by entering the
lymphatic vessel, has passed beyond the sphere of the various con-
trolling influences of the circulatory system. Starling’s theory that
there is a definite balance between the fluids of the blood and those of
the tissues is fundamentally sound. Tydrostatic pressure on the one
hand, and the osmotic pressure effected by the proteins and salts in
both kinds of fluid on the other, are the chief factors in maintaining
the balance between the two fluids, which bathe the entire body. Re-
cently, however, additional controlling factors have been recognized
in the pressure of the tissues (Drury and Jones, 1927), the temperature
(Landis, 1937), and the electrical potential of both fluids (Donnan,
1911; F. MeLean, 1925).

Inflammation is caused by a stimulus which is probably nervous
(Bernard, 1872; Bruce, 1910; and others). This stimulus incites a re-
flex which effects a brief initial local vasoconstriction, followed by a
vasodilation and a rise of capillary pressure. The increased capillary
pressure, combined with various other factors (e.g., Menkin’s leuko-
taxine), initiates a filtration of plasma through the vessel walls and
* thus augments the protein content of the interstitial fluid; this, in turn,
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by the laws of osmosis, absorbs more fluid from the cireylq
is the cause of local edema, one of the signs of inflam,
stretches the interstitial spaces and so inereases the Pressuy
tissues, thus contributing a secondary factor to counterha]
creased capillary pressure.

?ion' This
€ Insid ¢,

Once edema is established, the lymphatic flow, that ig 10, 55
drainage and removal of the interstitial fluids in a changeq fO}f’ th.e
greatly increased. The view that the lymphatics are thrombosl 8
compressed in edematous tissues has been shown to be incorrected S
the contrary, by the attachment of their walls to the adjacent t{ e
they are held widely open as these tissues hecome stretched ansSues
flow of Iymph along them is greatly augmented (Pullinger an’d Flo t ¢
1935; McMaster and Hudack, 1934; Barnes and Trueta, 1941) Tlle'y ;
which may be looked on as a washing of the inflammat S
another of the hody’s defense mechanisms.

: The ““purpose’’ of inflammation, from the defensive point of view
Is to bring the leucocytes and antibodies into action against bacter‘i‘ ’
an‘d toxins so that the latter may be destroyed or neu;ralized Oncz
t'lllS destyuction is accomplished, the foreign elements must he al;s01'bed
i}'om their place of entry and carried into the blood stream for elimina-
'{.)mn from the 1.)0(.iy.. But just as overaction of every mechanism of the
foti)(rl may be injurious, so the absorption process, which is designed
or defense, may come to have an opposite effect. If the aggoressive
element:v, are S0 numerous or so powerful that they are absorgéDd with-
gug haw.ngl first be-en rendered harmless, their distribution through the
ody brings them into contact with cells specifically sensitive to them;
and if the§e cells happen to be vital to the existence of the hody thiS’
contact affects not only the life of the individual cells but that O,f the

bo?y as a whole. C_learly, then, absorption is a process of great im-
portance from the point of view of infection.

ory focus, ig
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the blood stream (Barnes and Trueta, 1941). Bacteria also follow the
lymphatic route of absorption, a fact which is not surprising in view
of their relatively large size.

Clearly, therefore, the process of lymphatic absorption is designed
not only to fulfill its function in normal metabolism, but also to earry
away noxious substances from the tissues, to be neutralized or elimi-
nated by way of the blood stream. Bernard (1872) emphasized the
importance of elimination in preventing the toxic manifestations of
poisons introduced into the body. Thus, hydrogen sulfide injected
intravenously passed through the lungs and was eliminated before do-
ing any harm. If the same substance was inhaled, however, it passed
straight from the lungs into the arterial blood, and so to the tissues
where its poisonous effects were exerted. Bernard also pointed out
the importance of the rate of absorption in modifying the effects of
certain poisons. Thus, he showed that many times the normal lethal
dose of a poison may be safely administered if it is given very slowly,
so that the body is given the opportunity of destroying it before it has
time to accumulate.

Clearly, therefore, the process of lymphatic absorption, while vital
as the first stage in the elimination of foreign substances, is also a
possible source of danger to the system in facilitating too rapid a dif-
fusion of the disturbing agent. That the body tries to check this diffu-
sion, however, is indicated by local reactions to the entry of foreign
substances such as proteins, i.c., hypersensitivity and anaphylaxis, and
even local immunity in varying degree. The aspect of the defensive
mechanism which consists in localizing the infection is known today
as ‘‘fixation.”” Pawlowski (1909) found that, whereas staphylococci
injected into the knee of a guinea pig normally pass into the blood
stream in 24 to 48 hours, they fail to do so at all if an irritant sub-
stanee such as iurpentine is injected beforehand. DBesredka’s ‘“loecal
immunity’’ ean be attributed to a decrease of permeability in the af-
fected area (Amoss and Bliss, 1927).

The earliest account of the localizing or isolating process of the
body’s defense mechanism was given by Corvisart (cited by Bernard,
1872), a heart specialist of the early years of last century. A girl
poisoned herself by swallowing a large quantity of arsenic. To Cor-
visart’s great surprise she did not die immediately but lived on for
some considerable time, suffering from acute gastric disturbances.
When finally she died, autopsy revealed a series of ulcers in the mucous
membrane of the stomach and a large tumor in which the bulk of the
arsenic was found completely enveloped in fibrin. In 1925 Krause
described the fixation mechanism. He showed that, if bacteria are
introduced into an animal after the injection of some irritant sub-
stance, the local production of fibrin stimulated by this substance
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makes a barrier which isolates the bacteria from the intep
and the lymph and so prevents their diffusion; that is tq say, qi

will not take place when bacteria find a protective harriey. Wugjg,,
prevent diffusion the body needs time to build up thig pl'ot(;et' oW t,
vier, and the significance of Krause’s experiment lies not in th Ve hay.
of the first injection but in the faet that this injection gives ‘che : -
the necessary time to construct the barrier before the second ane danm_lal
injection is made. Fig. 1, 4, shows the limiting barriep made bactlve
injection of Staphylococcus aureus; and Fig. 1, B, the failure of Y -the
perfect barrier to prevent diffusion. ; an Im.

Stitig) fluigy

1atupe

A,
Fig. 1.—Diffusion of “Pontamine blue”

A. Limitation of injected into abscesses in the skin of rats.
abscess produced bys{)ﬁ‘gaﬁjggt;gg ng% ttt,zylfhle granulating barrier of a well-constituted
B. Diffusion of the dye through an itI: s L AR

dye was injected together with “Sproa dingogglt%tre"layer of reactive granulations. The

“el}g) el:;::}l:n:?edf animals, thz%t is to say, those which have a previous
ates ratllerediﬁ(’)er;]:fl agf 1"ess.1 ve agent, the defensive mechanism oper-
e {,dm dlfqulOn‘ is prevented by bacterial aggluti-
e ected by th.e antibodies (Shibley, 1926; Rich, 1933,
- Unce the bacteria are agglutinated their destruction by

polymorphonuclear leucoeytes is greatly facilitated.
COIIlié esr(;e:(lis‘:}lflarhtlle'n, that. the natural defense mechanism is largely
1 the regulation of the absorption process, accelerating

or retarding it in relation to t i imi
o the body’s capacity to destroy and elimi-
nate the aggressive element, ? it ¢
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In the light of these considerations we should be able to appreciate,
in relation to the war-wounded patient’s future, the importance of the
absorption, not only of bacteria and their toxins, but also (for these
ultimately become ‘‘foreign’’ elements and produce toxins of varying
capacity) of the products of cellular disintegration caused by the
trauma. Iortunately the human body has previous ‘‘experience’’ of
nearly all the bacteria commonly found in traumatic wounds, and to
a greater or lesser degree has antibodies ready to meet and deal with
them. Fiessinger’s aphorism (1934), for which he borrowed an idea
from Bergson, is very apt: ‘‘Partout ol quelque chose vit, il y a
ouvert quelque part un registre ot le temps s’inserit.”’*

Provided that the defensive mechanism of the body can operate
under good conditions and no excessive number of bacteria are sud-
denly introduced into the interstitial spaces, bacterial invasion will be
prevented, and in consequence the wound will follow a normal and
aseptie course of healing.

VIRULENCE AND DIFFUSION

A clear distinetion must be made between the diffusive capacity of an
organism and its virulence. Goodpasture (1933, 1937), in studies of
bacterial diffusion in the chorio-allantoic membrane of the chick em-
bryo, showed that whereas hemolytic streptococei, the staphylococcus,
and the diphtheria bacillus can diffuse through this medium, the typhoid
and tubercle bacilli have no such power but are taken up and secattered
by embryonic cellules and leucoeytes.

Each bacterium has a virulence, or power of aggression, peculiar to
itself, and this is probably related to the diffusive capacity either of
itself or of its toxin. For example, the staphylococcus, having a toxin
which coagulates fibrin, is easily confined to its place of entry, whereas
the body requires more than 48 hours to build up the necessary pro-
tective barrier against the hemolytie streptococeus (Menkin, 1940).

Exactly what constitutes bacterial virulence has not been definitely
established. Some believe that it depends almost entirely on the power
of the organism to spread through the tissues, and certainly it is true
that the most virulent organisms are among the most vigorous tissue
invaders. Others believe that virulence is related to the power of pro-
ducing toxins, and I myself incline to this view.

The virulence of bacteria and their diffusive capacity are both very
important to the development of the infective process. A nonvirulent
germ which makes its way to the blood stream with great ease and in
large numbers may produce fatal results, as, for example, in vegetative

s‘Wherever something lives, a register is opened in which Time writes its signa-
ture.”



64 WAR SURGERY

endocarditis. Nonpathogenic bacteria commonly found in the moug,
and alimentary canal of normal persons may prove disastrous, not 1},
reason of any virulence but because of the vital Importance of thy
tissue in which they colonize. This is a striking example of the harme
ful action which may be produced by diffusion. A '“’Xin-l)l‘oducin~
germ, on the other hand, even when it has little diffusive capacity ang
takes a long time to enter the blood, produces what may be fatq] con.
sequences by its virulence alone.

LYMPH AND THE LYMPH NODES

The antiseptic properties of lymph have been studied very carefully,
In 1888 Nuttall pointed out that blood has bactericidal propertieg and
suggested that the same might well be true of other body fluids. Meltzer
and Norris (1897) found that lymph has an antibacterial capacity in-
ferior only to that of serum, an observation which was later confirmed
by Hughes and Carlson (1908). It is now known that blood and Iymph
are the two most powerful germicidal fluids of the body; and it has
also been shown that, after isolation from the tissues, lymph preserves
its antibacterial capacity for a mnoticeably longer period than blood
(Meltzer and Norris, 1897). Freund and Whitney (1929) found that

the lymph of the liver of immunized rabbits gave a higher titer of anti-
bodies than the serum.

One of the functions of the lymph nodes is to filter and destroy
bacteria that pass through them, and they are also believed to play
some part in the regulation of the lymph flow. In pyogenic infections
of wounds the nodes draining the region frequently show all the signs
of acute inflammation, and the fact that very often the infection stops
here indicates that these small organs are probably able to destroy
large numbers of bacteria. They are loaded with reticulocytes and
endothelial phagocytes, and possess relatively high concentrations of
antibodies.

: Movement of any kind, however slight and whether active or pas-
sive, has a marked effect on the whole process of diffusion. It stimu-
lates the initial absorption of foreign substances from the tissues, ac-
celerates their liberation from the glands, and inereases the lymph
flow throughout the area. Drinker (1938) showed how the movements
of deglutition play a large part in the diffusion of septic material from
the tissues of the neck to the cervical stems of the Iymphaties.

Bacteria of great diffusive capacity pass almost unimpeded through
the Iymph node harrier, and so generally cause little inflammation in the
glands. Tn such cases there are few local signs and symptoms and
there is no pain or local congestion and little swelling; on the other
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hand, the general condition of the patient is rapidly affected and he
will show a high temperature and other signs of toxemia.

Three main points emerge from these considerations:

1. The future of the wound, and in many cases of the patient him-
self, depends on the quantity and toxicity of the foreign substances
which remain in the tissues of the wound.

2. The mechanism of the body primarily responsible for the deveiop-
ment of an infection is absorption, which leads to the diffusion of
germs and toxins. To affect the patient’s general condition the bac-
teria or their toxins must reach the blood stream, preferably the arte-
rial, for this is the means by which they are spread through the body
and carried to those tissues which have a specific affinity for them.

3. The route by which bacteria and their toxins make their way to
the blood stream is the lymphatic system.

Clearly, therefore, to prevent infection developing in a war wound,
the surgeon must do all that he can, first, to prevent the colonization
of bacteria and the formation of toxie products in the wound, and
secondly, to impede the lymph flow so as to prevent the absorption and
diffusion of the foreign elements that are always present.



CHAPTER V

THE PASSAGE OF BACTERIA AND TH
R
THROUGH THE BODY TOXINg

COLONIZATION

Th<? first factor in the development of infection in the 1, :
colonization of bacteria in the wound itself. No ’craumaﬂ;icOdy ki
free from saprophytic and few are free from pathogenic o?}::oul'ld v
})ut they do not mu.lt.iply In every wound, their growth dlebim;ns’
argely on local conditions, The actual virulence of the bacterli)a IIl,l:lg

hact Vs

an important part, but it is not the only a :
important factor. ¥ and possibly not the most

The local conditions sionj i i
gnificant in this connection ar i
wound and the nature of the injured tissues. Tk

Site of the Wound

dill'l:e}cl:: f;;ﬁgg";enih"f & Septic process as a result of a wound bears a
superficial woungs ; Zl?seulamty O-f the affected part. For instance,
el evolutiono O‘e face, which bleed profusely, normally have
S e t.h n the other _ha}nd, wounds on the anterior aspeet
relatively poor n ¢ leg on the. tibial side, where the blood supply is
wounds is also ;I;nta greater risk of sepsis. The infeetion of deep
concern chifty tliea edt tt? certain anatomical facts, which, however,
otk el s, nature of the injured tissues rather than their

€ reglons in which deep wounds tend to run a septie

cour 2 i
= 11;] seecz;ll ;a the buttock, jche anterior aspect of the thigh, the upper part
» and the tendinous regions of the hand and fo,ot

; Nature and Susceptibility of the Injured Tissues
’I.‘he various tissues of t
resistance to infection,
The Skin.—The sur
numbers of bacteria,

he human body differ widely in their natural

face of the skin is capable of destroying large
Colebrook (1930) showed that hemolytic strep-
t(;dSI;OJfJi‘cameously elin}ina'fed from the skin of the
and, three minutes later whngel}; WL oy with o calitis
further culture ang obt;' en. the finger was apparently dry, made a
T e e dll}ed a count of 30,000,000 streptococei. An
LITR00, il e 1ad fallen to 1,722,000, and after a further hour

’ 1ar results have heen obtained with other organisms;
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thus it has been shown that Proteus vulgaris, Bacterium coli, Pseudo-
monas pyocyanea and Friedlinder’s pneumobacillus will disappear very
rapidly when placed on normal skin (Arnold, 1934). This antiseptic
action of the skin may be due to the sebaceous secretion (Colebrook,
1930), or possibly to the persistently acid reaction of uninjured skin
(Arnold and others, 1930).

Clinically, the skin’s resistance to anaerobic or ordinary pyogenie
bacteria is well known. Postoperative spreading gangrene is very rare,
the total number of cases recorded up to 1937 being 37 (Stewart-Wal-
lace, 1937). This infection is caused by a combination of the staphy-
lococeus with a streptococcus which though naturally anaerobic can
grow aerobically in a culture medium. In some cases an element of
hypersensitivity seems to play a part in the development of this infec-
tion; in others the tension of the sutures, by diminishing the blood
supply, is a contributory cause. Erysipelas too is very rare consider-
ing how often the epidermis is damaged. Hemolytic streptococei sel-
dom give rise to infeetion, in spite of frequent contamination of the
skin. Even in extensive laceration in which the blood supply is seri-
ously reduced, a dry necrosis of the damaged skin, with little or no
sepsis, is commoner than a moist gangrene, particularly when the cellu-
lar tissue has not been materially damaged by the trauma. In view of
its great natural resistance to septic infection, the surgeon should be
very conservative with the skin.

In certain cases of lowered resistance, general or local, the defensive
action of the skin may be overcome, and in these circumstances the
pyogenic streptococcus may cause erysipelas. Staphylococei seldom
give rise to serious septic infections except where the general metab-
olism is upset, as in diabetes.

The Connective Tissue.—

SUBCUTANEOUS AND INTERSTITIAL.—The resistance of the connective
tissue is very feeble. Its histological constitution and poor vascularity
make it vulnerable to pathogenic bacteria, and its elasticity and mo-
bility undoubtedly contribute largely to the diffusion of infections.
Its laminated arrangement subjects it to every kind of pressure when-
ever the musecles contract or go into spasm; this further facilitates the
spread of infection. When one of the cellular spaces is attacked, the
infection often spreads rapidly to all the cellular tissues of a whole
‘“‘compartment,’’ thus suggesting an anatomical unit, while the close
contact and intercommunication between the different cellular spaces
may lead to spread of the infective process from one space to the next.

Infections of the connective tissue by hemolytic streptococcei—the
commonest infective agents—are difficult to localize. If the viability
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of the tissue is impaired by trauma, i.e., if the blood Supply ;
ished, sepsis is usual. The elasticity of the tissue and its ing;
tact with the muscles favor the lodgement of small ¢l
caused by interstitial hemorrhage, and the combination of q
cellular tissue and coagulated blood forms what is per
culture medium to be found i vivo for the growth of P
some anaerobiec organisms.

TENDON SHEATHS.—The tissues of the tendon sheaths, owing t .
more fibrous structure, offer a somewhat greater resistance tg ino th_eu'
than the lax cellular tissue; nevertheless they have little capac_\t'asmn
defense and protection. Their external surfaces are far more 1-el ; for-
than the internal, a fact proved clinically by, on the one hang Sl-s tgnt
of the septic necrosis when the injury has not penetrated wi‘c’hilarlty
sheat.h, and, on the other, the frequency with which the whole SI}C'the
ture is destroyed when pyogenic organisms have been introduced 111:}:3
through the sheath, either by a septic puncture or other trauma ’;ht
movement of the tendon facilitates diffusion of sepsis in the surl.'ounde

1n.g-shez.1th, Just as movement of the muscles facilitates it in the inter
stitial tissues. -

S dimgy,
Mate con.
of blgg il
eVitalizeq
haps the best
Yogenic angq of

The hemolytic streptococei are the organisms that
readily in these tissues. o
rapidly that the bacteri
even though they h
tem.

develop most
S_Ome infections caused hy them spread so
a arrive in the blood stream almost immediately.
I 4 ave ﬁ“‘ft to pass through the whole lymphatic sysi
0o (,]ann] s]uc' 'Case.s there is practically 20 local reaction and little or
lenth cox( tu ar reaction. The exudate, which is serous or slightly puru-
- l’vm 11 amsdvery few leucocytes. Extensive edema increases the flow
('ase.q S]11301 and so facilitates hacterial absorption and toxemia. Some
the ’;'a‘scu\l‘;f ;s:lonuei}}: ﬁlzol'l'hIagm exudate, due to a marked increase in
are easily localized, ] lty. ) nfectl.ons o 1o the staphylococcus alone
D s i has, A “.'1011 this organism is accompanied by the
of slow development :1 ];u]uke.d tendency to disseminate. In cellulitis
2 e 1d, Ong duration P. pyocyanea is often associated

eptococcus and staphylococcus. In diabetic patients a form

of staphylococeal cellulitis ;
) S 1s apt to oceur as a result '
penetration of Staph. aureus. et oo

TENDONS.—T B :
hese tissues have little resistance to pyogenic infections,

;T::ﬁl;]::\e,gi:l:ﬁt Ozilgl(;;; oot Vasculari.ty .but als-o because of their con-
DPyogenic organisms )art'em]lse.qu(mt frmt.lon &Lkl t¥1e sheath. ‘When
infection isbrarely ’(31001 m(;l ;llltv A streptococel., aPtack iltem, the
T anmiie ke )efore. the wl.lole tendon is involved. The

e S organisms colonize in the tissues of the tendons as in the
other cellular tissues. Infection by anacrobic organisms is much rarer.,
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Muscular Tissue.—Of all tissue, musele has undoubtedly the greatest
power of resistance to pyogenie infection. It is well known that many
infections involving the tendon and other cellular tissues surrounding
the muscle stop at the surface. Similarly, an infection of the tendon
is often seen to halt where the musecle fiber begins. From the biological
point of view the muscles can be considered as an extension of the
vaseular system, and it is probably this very rich blood supply which
inhibits bacterial growth. Their mobility, greater than that of any
other tissue, does not nevertheless affect their own defensive power,
though it does play a great part in the spread of infection in the neigh-
boring tissues.

In a study of the distribution of dyes among the various tissues,
Cappell (1929) showed that the muscle fibers did not readily take up the
pigment, which colored only the cells of the sarcolemma and cellular
interfascicular tissues. The facts that the muscle fibers are nonabsorb-
ent, and that they contain a plentiful supply of antibodies (a feature
recognized by Turré and Pi-Sunyer as early as 1905), are clearly im-
portant in their defense. In my opinion, however, the primary factor
lies in their rich blood supply, for their power of resistance approxi-
mates closely that of blood.

Musecular tissue is less resistant to anaerobic infections. A decrease
in the quantity of blood supplied to the muscle will produce highly
favorable conditions for anaerobic infections; whereas pyogenic organ-
isms would not in the same circumstances succeed in effecting necrosis.
When a musele has been severely bruised, small hematomas are com-
monly found in the fascicular interstices, and a combination of this
clotted blood and a reduced blood supply provides an extremely favor-
able soil for the reproduction of anaerobic organisms. This fact has
an obvious bearing on the surgery of war wounds.

It is sometimes stated that the spread of infection along muscle is
hampered by the absence of lymphatics. The demonstration of
lymphaties in musele (Aagaard, 1913) makes this view untenable.

Bony Tissue.—Two features distinguish bone from the other tissues
of the body: (1) its peculiar constitution, with its wealth of mineral
components and the rigid framework within which the living elements
are enclosed, and (2) the profusion of terminal blood vessels in the
metaphyseal portions during the period of growth, and the relatively
meager supply of blood that passes through the periosteal and capsu-
lar tissues.

The periosteum is highly resistant and, if undamaged, will effectively
isolate the bone from an adjacent septic process. Consequently infee-
tion will very rarely penetrate bony tissue from without so long as the
periosteum remains intact. Once this protective covering has been
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damaged, however, the exposed cortex, even though it ig .
rich in inorganic substances, is wide open to infection. Ag j eXtrmnel.\'
tissues, vulnerability turns on the blood supply; and it ln a}l Othey
reason that the frequency and severity of an infective ') .15 for thig
such a direct relation to the site, for the nutrition of bony Iul o658 beg
greatly from one bone to another, and even in different porssue Varieg
same bone. The patient’s age, too, has a close bearing Onlo.?s of the
supply of the metaphysis and epiphysis. Up to the ejld Ele blooq
many of the metaphyseal blood vessels are terminal servinoo- pube.l'ty
all.eys in which organisms ecirculating in the blood S;;l’eam § s bling
tained and, owing to the poverty of the blood supply 1'e'1diinay o S
The .exact age at which vascular anastomoses are f’orn(led y,(:(il i
eorr.hng to the bone or epiphysis, but generally the process t\laues i
d.urmg the later period of infancy and puber‘ty Conse a.. e _place
tions due to the formation of septic emboli e;re o %llently, Infee-
pu.borty', although the intercommunication between the \:)em‘mlon e
epiphysis and diaphysis, respectively, remains very tenuo Sb?e gL
years longer. E us for several
R ML igid framework. Any inflamr k
Z';\?s;b:isl(:lzt)d:hI-hlsbh.?mework compresses the blood .’\'esse(ll:n:lilcj[{msz
way, the whole area o??)inea 1‘?.’ ]“'There an artery is occluded in this
SR ey T}:i:i ;;}:co.:;lppl'les is ,.suddenly deprived of
to small areas of bone which break c’plqcess g son}etlmes con i
then either extruded with the disc(h a()“ . lmmers.e(} L andiae
.I)artially or wholly reabsorbed \Vh::la(f, 0'1‘ M e ond o
Is affected, the necrosed frar;ment ke i la.rg.er g of bl
body within a closed cavity an?l mu t?OHStltu.teS e Toreic
behave like all other necrosed ti ‘IS he surgically removed. Sequestra
of demarcation where the healthsfli)es fee o o clear Lo
s e ) ,OTle ends and the affected portion
bone, sequestra are c.’s‘]ow to ,i'o -“ S e of o long
ot ek 0 form and do not become sharply defined
It follows fro i 2 5
e bo;;stlll;stg;az;t 211;1(1)&11 surgical treatment of infections in
than the infection itself; indeec?{a 11;101' e o dotone InJury
o the livh’m- e ‘,t%m ess the dead tissue is clearly dif-
care. In the compact tiss;,e sll)lella 101?15 Oll.these L R oasie
hand, sequestra form more ra }151151 4 fhaphyseal cortex, on the other
this portion, which is in part 511( yl,' 01“ y]n-g (SRl e asptazity of
teum. Thus in a severe fractulpp 13( wulh lﬂoofl 1'111-oug'.h the perios-
from the cortical tissue, this i folis Fm periostenu 1s, torn away
) s immediately deprived of the greater
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part of its blood supply and is therefore very susceptible to bacterial
infection. Moreover, its compactness makes it very difficult for newly
formed blood vessels to penetrate, and for this reason it is seldom pos-
sible to revascularvize such an area. In dealing with such severe in-
juries the surgeons should therefore remove at once those portions of
hone which have been stripped of their periosteum, a procedure which
incidentally will also facilitate drainage from the medullary cavity.
Only in those cases, rare in war, in which a suture of the soft tissues
is permissible, is it possible to conserve laree fragments of periosteum-
free cortex, and even then it is safer if they arve perforated with a
Kirschner wire to facilitate the redevelopment of the blood vessels.

In view, then, of this susceptibility of bone to infection once its
periosteum has heen torn away, any extension of the traumatic avul-
sion must be avoided. In many cases postfracture osteomyelitis is the
dirvect result of mistaken surgical avulsion.

The organism which most rapidly initiates an infective process in
the bone when introduced vie the blood stream, as in juvenile osteo-
myelitis, is the staphylococeus, especially Staph. aureus, although sup-
purating periostitis is in many cases caused by a streptococcus. Perhaps
the power of the staphylocoecus to coagulate fibrinogen is responsible for
its fixation at the narrow vaseular necks. When, however, the infection
is introduced direetly into the bone as a result of a compound fracture,
the streptococcus, staphylococeus, and in some cases P. pyocyaned may
be found. Most cases of postfracture osteomyelitis are caused by Strep.
pyogenes; in some cases anacrobic organisms contribute.

The Clinical Importance of Osteomyelitis.—Of all tissues, hone, when
disrupted by a missile, is the one which may most easily be invaded by
bacteria in a manner that leads to chronie infection. It is so casily

that «ll chronic suppuralions of war wounds which

colonized, in faet,
are properly drained and free [rom foreign bodies musl he allributed to

bone infection.

At the time of operation sueh infeetion must be prevented by the
exeision of sufficient devitalized bone. Most cases of osteomyelitis
developing after war injury are due either to delay in operation or to
defects in technique. This is abundantly evident from the large num-
ber of persistent bone infections which oceur in wounds operated on
by the “yyell”’ technique—that is to say, through the original wound
without any previous opening of its two main aneles. The diffieulty
of excising deep-lying damaged structures {hrough this insufficient
field is obvious.

In dealing with an already established ostecomyelitis, the surgeon has
two alternatives. Ie may either excise most of the devitalized bone
at once, a course that is particularly desirable when the cortex of the



T2 WAR SURGERY

shaft of a long bone is involved; or he may wait for the se
of the necrotic bone and remove the fragments. His q
depend mainly on the nature and character of the osteo
the early stage of an infected wound, when the bone ig
profusely, the best measure is to excise a large portion of
up the bone marrow cavity, and establish free drainage. Ty

the bone which ordinarily suppurates is the one which has no © Part of
attachments; e.g., the anteroexternal aspect of the middle thi?luseular
femur, and the anterointernal aspect of the middle thirq of t}(1 Of- t}xe
On the other hand, when osteomyelitis has been long establig] e tibig,
the fracture is consolidated but with the persistence of chrs led ang
puration, surgical intervention should be confined to the r
the- §equestrum and resection of the sclerotic bone surrounding j
facilitate healing of the bone. Fortunately the arca of Sclerotigc 1]’35,052

in postfracture osteomyelitis i i
) s usually smaller than in th
i, e hematogenous

(ll}estl'atioll
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removal of sequestra. if : g : 3
e i » if they exist, or by resection of the devitalized

Nerve Tissue.—A distincti

e peripheraliene Iﬁefls?gct;lon must be made between the tissues of
peripheral nerves o&ef 1<301:;siglf§'a(l)3fleﬂlle ?e;]tml e
lnrly # 1 : ‘esistance to infection, particu-
e i neg: ;;11‘0?‘;0'5 tli)een Separated by trauma from their connection
RIS e seldomg ivssu..es. _The fact that war wounds, though gen-
Veieed tissue,is s gooc:i nsi to‘ a true acute neuritis indicates that the
S toxins( DI]] : culture medium for bacteria and not without
e tis-su(g i nos]t cases of opel? trauma in which the nerves
Aoty tis31s su hjected ‘Eo an infiltration of blood at many
TS e ne:s is seldo¥n 111}'01\'ed in an inflammatory reac-
TR dalna:red 4 c'oynnec:tlve -tlssue is formed which makes its
L 0 en.e w1tf1 disastrous consequences. For this

¥ Important to avoid sepsis in the injured nerve such as

may result, wi i
e il inah 1 1l‘rh ‘onsequent ascending neuritis, from attempts at
eld which is not absolutely sterile

T}.le tissues of the centra] ner
septic encephalitis oceuy
able to withstand the 1o
shown by the rarity of s

vous system are less resistant, and acute
S more often than ascending neuritis. Though
118 exposures of modern cerebral surgery, as is
e e ara eﬁ)itli}(i]con}plhcations foll-mying mzf.jor operations
RhRa e it g])]' vu nerabl_e to Injuries, in response to
el o e L ang .)e.come‘ fluid; and in this disintegrated

s § Impaired nutrition, infeetions develop freely. While
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then the importance of the central nervous system demands the great-
est possible conservation of its tissues, the risk of losing the patient
altogether from meningo-encephalitis necessitates radical excision of
all econtused nervous tissues.

Most of the pyogenic organisms ean settle in central nervous tissues
disintegrated by trauma, particularly the streptococeus.

Vascular Tissue.—The defense of the vascular tissues is provided by
the blood. Tt is very effective, for the inner surface of the vessels is
permanently in contact with the plasma, and the exterior with the
fluids of the adjacent tissues.

Local Immunity

Apart from a general immunity to bacterial invasion, the body may
acquire also an antibacterial resistance limited either to a particular
kind of tissue or to a specific region. This phenomenon was studied
by Cobbett and Melsome (1894), who, experimenting with erysipelas
in rabbits, showed that an attack effected an immunity of the skin
against subsequent inoeulation. The mechanism by which this local
defense is achieved is not yet fully understood, but Amoss and Bliss
(1927) showed that when an injection of Strep. pyogenes was made into
the flank of a rabbit an erysipelatous rash appeared over the ventral sur-
face, following the line of the lymphatic flow; but later, when a second
injection was made at the same site, the area formerly affected offered
a definite resistance, which however was strictly confined to the limits
of the previous rash. This process of local immunization, which has
been shown by many workers, appears to be wholly unrelated to the
general production of antibodies in the blood. It is true that after
several localized injections of Strep. pyogenes into a rabbit an inereased
production of antibodies can be found in the general system, but this
process is entirely independent of the local immunity. This feature of
local immunity is not confined to the skin; thus Cooper (1926) showed
that an injection of pneumococcal vaccine into the buccal mucosa of a
rabbit will immunize this tissue and protect it from the effects of a
subsequent injection of virulent pneumococei. Ifavilli and MecClean
(1937) believe that this local immunity is due to a decrease in tissue
permeability.

The importance of local immunity was stressed by Besredka (L919;
1924), who based a theory on the marked tendeney of certain bacteria
to attack specific tissues—e.g., anthrax bacilli the skin; typhoid, para-
typhoid and dysentery bacilli the intestinal mucous membranes ; pneu-
mococei the respiratory system. According to Besredka the seat of
bacterial attack is not determined by the route of invasion, and the
effects of virulence are manifest only in those tissues that are specifi-
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cally susceptible to the invading organism. Consequently. ;
sues are locally immunized against a specific organism, til’en th

animal is immune. Tested by actual experience, Besredky’ 3 _‘Vhole
appears to go too far. a's theol‘y

i th ese ti&

These two phenomena, the tendency of certain bacteria to
specific tissues (the old theory of Rosenow), and the loca] innatta-ek
which the body may acquire, have an important bearing on then':l.nuy
ment of wound infections. The mechanism of the body’s loca] defel N
against bacterial invasion must also be understood, in order thay mll?es
ures to prevent the development of infection may be based on 14 A
prineciples. S

I*_‘inally, the active part played by the tissue cells in the mechanig,
of immunization must not be overlooked. Turré and Pi-Sunyer (1905;
demonstrated the bacteriolytic eapacity of all the tissues, particularly
of epithelium, and stressed the point that the factor of immunity 3
closely connected with the nutrition of the cells. ‘

During the past few years several authors have put forward a theory
that local immunity is a nonspecific reaction probably connected Witil
an increase in the local permeability of the capillaries in the previously
inflamed area (e.g., Burrows, 1932; Menkin, 1940; ete.). Other work-
ers (e.g., Rich, 1933), however, have emphasized the importance of a

combination of factors which contribute to the resistance of the tissues
against invasion.

To sum up: the natural defense mechanism of the tissues consists
of three processes: in the first the bacteria are localized, in the second
the organisms are destroyed by lytie or leucocytic action, and in the
third they are eliminated from the body. Interference with any one of
these processes may seriously hinder recovery. :

ABSORPTION

The next stage in the passage of bacteria through the body is their
absorption from the tissues of the wound. In 1794 John Iunter
pointed out the fundamental part played by the lymphatic system in
the absorption of foreign substances from the tissues and showed that
the vascular system played only a secondary part in this process. The
lymphatics had been first observed and described by Gaspar Aselli
(1627), but it was left for Hunter to establish the value of this discov-
ery to surgery. Trancois Magendie (1785-1855), the great Irench
physiologist, disputed Hunter’s ideas, and his view that foreign sub-
stances passed directly into the blood stream was generally accepted
until the end of the 19th century. Having observed that strychnine
was absorbed through the capillary walls, Magendie (1837) reached
the extreme view that all substances were thus absorbed, entirely ex-

PASSAGE OF BACTERIA AND TOXINS THROUGH BODY ™

cluding the possibility that the lymphatic vessels might play a part
in the process. THalban (1897), Manfredi (1899), Noetzel (1906), and
Pawlowski (1900, 1909) each in turn showed that bacteria pass out of
the tissues by way of the lymphaties and never by the blood vessels.

Since then there has heen much experimental work to prove that
inert particles travel solely by the lymphatic system. Batchelder,
TField and Drinker (1931) found that only a very few particles of an
inert colloidal nickel preparation were absorbed by the blood vessels
of the omentum—an organ which is said to contain no lymphaties. On
the other hand, it might be imagined that bacteria in freshly made
wounds could enter the blood stream directly through the open ends
of the divided blood vessels, although theoretically this is unlikely
because either the blood is flowing from them or else they are occluded
by clot. McMaster and Hudack (1934), examining freshly made
wounds in the ear of the mouse, saw the blood vessels shut down within
a few minutes of the injury, while the lymph vessels remained patent
for over 48 hours and readily took up a large-molecule dye such as
pontamine blue. These observations have recently been confirmed by
Barnes and Trueta (1941) who showed that bacteria in freshly made
wounds in the legs of rabbits reached the blood stream only when the
lymphatie drainage from the limb was intact.

Absorption of Toxic Substances

According to Drinker and IField (1933), the path of absorption of
chemical substances seems to depend on the size of their molecules:
the smaller molecules are absorbed by the blood stream, the larger by
the lymphatics. Unfortunately we do not yet know where the dividing
line is to be drawn; in other words, what is the size of the molecule
that is just able to enter a blood eapillary while one slightly larger
must perforce travel by the lymphatics. It is not simply a matter of
the molecular weight, but rather of the state of the molecules in solu-
tion. Thus, strychnine travels by the blood stream (Magendie, 1823),
whereas a dye such as trypan blue, with a molecular weight only a
little greater, travels by the lymphaties. Starling (1895) showed that
serum proteins were not removed from the limbs by the blood stream,
and the work of Lewis (1921) and I'ield and Drinker (1931) provides
evidence that these proteins are absorbed from the tissues and carried
to the blood by the lymphaties.

I believe that when once we know exactly what factors regulate the
absorption of substances from the tissues, we shall be able to make a
oreat advance in the treatment of disease. Unfortunately we have as
yet no knowledge of the degree to which inflammation affeets absorp-
tion by the blood vessels. Recently it has been possible to show that
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Fig. 2.—Cat three days after the injection of 20 mg. of viper veno y
not immobilized, had died twenty-four hours betorgl. (- contelehy

Fig. 3.—Cat three days after injection of 50 mg. of viper venom. The control cat had
died forty-eight hours before.
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certain snake venoms are absorbed from the tissues by the lymphatics;
moreover, that this absorption ean be very sensibly delayed by the
complete immobilization of the limb into which the toxin has been in-
jected. This was true when venoms with large molecular weights
(over 20,000) were employed, whereas one whose molecular weight was
probably below 5,000 was absorbed by the blood (see Figs. 2 and 3).
In the same way it could be shown that the absorption of two bac-
terial toxins, diphtheria and tetanus, took place by the lymphatics
(Barnes and Trueta, 1941).

From these experiments it seems clear that the absorption of the
types of toxic substances normally present in infected wounds is wia
the lymphatic system.

Once foreign substances such as bacteria and their toxins are ab-
sorbed into the lymphatics, they are passed on through the nodes and,
if not stopped by them, eventually find their way into the blood stream
through the thoracic or right lymphatic ducts. One of three things
then happens:

1. They may be retained in one of the organs whose function it is to
destroy or eliminate foreign substances, e.g., the spleen, liver or lungs,
and thus rendered harmless.

2. They may reach an organ susceptible to their action, and damage
or destroy it. In such an organ bacteria may settle and multiply, and
thence be poured into the blood stream to give rise to pyemia and
possibly metastatie infections.

3. Bacteria may multiply in the blood stream and give rise to true
septicemia.

BACTERIEMIA

Jacteriemia does not necessarily indicate septicemia. Bacteria are
often present in the blood for short periods in the course of their jour-
ney toward the centers of elimination. If the natural defensive capacity
of the blood is greater than the invasion force of the bacteria, they are
destroyed without giving rise to significant signs or symptoms.

Barrington and Wright (1930) showed that ureteric catheterization
was in many cases followed by a rise in temperature and the entry of
bacteria into the blood, the likelihood of these results varying directly
with the bacterial content of the urine and the amount of trauma pro-
duced by the technique. Okell and Elliott (1935) published a study of
the bacteriemia that follows dental extraction. In a series of 138 cases
they found that positive blood cultures were obtained most often when
the amount of sepsis in the teeth or gums was greatest; and that such
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bacteriemia, noted shortly after extraction, persisted fop som
A positive result was obtained in 75 per cent of the patientg
on for severe oral sepsis, whether in the teeth or in the gumg
perature in most cases reaching 99° to 102° F. within fou,r
hours of the operation, and after a further two to four hoyy
to normal. :

e hOlu-s.
opel‘ated
the tem.

to nine
8 I‘eturning

In the course of my experience of treating wounds by the
plaster method I have been interested to note how often a change of
ter is followed after a few hours by a rise in temperature. In gy Lo
of these cases blood cultures were made and more than half gave umbe}-
tive result. All the patients who showed this feverish reactioz et
the great majority of those in whom the blood culture was pos’i‘;'md
had experienced some degree of local reaction, pain and fever ilee,
diately after the injury and for a few days afterwards. On the otrl?e-
hand, in three cases out of seventeen, organisms were found in .t}(:r
blood in patients who had had no fever or local reaction during ’che
first few days. The manipulation involved in changing a plaster ine
favitably produces some trauma in and around the Wou;d. In eertair;
Instances this may break down defensive barriers, stimulate lymph
flow, an.d S0 lead to the entry of bacteria into the blood stream. While
the majority of such cases of bacteriemia settle down within a few
hours, there is always the danger of infection in some deep-seated
org.an or the formation of a venous thrombosis. From here a stream
of' infected emboli may be discharged, giving rise to a true pyemia
with the danger of multiple abscesses in the kidneys, liver or brain.

The exact relation of bacteriemia to the fever which accompanies it
4p o g y.et been fully determined. It is an established fact that foreign
Protel.ns in th.e jblood cause a rise of temperature. When heterogeno?ls
protems are injected for therapeutic purposes, there is generally an
11.1te1~val o'f f?llr to six hours between the injection and the temperature
rise. A similar interval was noted by Barrington and Wright (1930)
and b:}' Okell and Elliott (1935) in their observations on the effects of
ureterie catheterization and dental extraction, respectively, and I have
observed the same time sequence in the bacteriemia th;t follows a
flhange of plaster casts in the treatment of war wounds. In a few cases,
lg;’»;veI;,N th}sl temperature does not rise until after 24 hours (Trueta,
betwe-en i ;\I’seno;%t been able to'determine t.he exact correlation
i ; when the fever begins and the intensity of the bac-

absorption, nor have we proved the relation between the degree
of the fever and the time of its onset, although in most cases the pa-

tients who have the higher temperatures ave those in whom the fever
appears at an early stage.

0108ed
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TOXEMIA

Some specific organisms, including the most highly pathogenic such
as Clostridium tetani and Corynebacterium diphtheriae, have the prop-
erty of implanting themselves in the tissues either at their site of entry
or in another region, whenece they liberate soluble toxing which make
their way into the blood stream wvia the lymphatic system and are then
distributed over the whole body. Although these specific toxins thus
produce harmful results remote from the site of implantation, tetanus
and diphtheria are not generally considered as examples of toxemia.
The term ‘‘toxemia’’ is applied to a clinical picture which may be
produced by other less specific but highly pathogenic bacteria, the
toxins of which attack the cells of important organs which are sensitive
to them, e.g., the liver, kidneys, and nerve centers.

SEPTICEMIA

The concept of septicemia has noticeably changed during the past
few years. Investigations on the colonization of baecteria and the dif-
fusion of their toxins in the blood have shown ever more clearly how
seldom germs live or multiply in the circulation. Joberheim and
Murata (1924) showed that the amount of Bacillus anthracis required
to kill a guinea pig is ten times greater when the organism is intro-
duced intravenously than when it is given by either subcutaneous or
intramuseular injection.

Yet the term ““septicemia’” is used for a elinical picture of general
intoxication due to local colonization of highly pathogenic bacteria
travelling rapidly through the blood stream. The clinical piecture
created by the entry of bacteria into the blood stream depends on the
same two factors as determine the effect of an invasion into the tis-
sues, namely, the number of germs entering in a given period, and
their virulence. The term ‘‘septicemia,”” however, should be used to
define the clinical picture produced by the multiplication of bacteria
in the blood. The following two examples show how septicemia can be
caused either by large numbers of bacteria or by their virulence.

A small, nonpathogenie, nonhemolytic streptococeus, which normally
resides in the mouth and alimentary canal, is frequently found in the
blood of patients suffering from what is known as bacterial endocar-
ditis (Osler, 1880). According to Lewis and Grant (1923), 23 per cent
of all subjects possessing bicuspid instead of the normal tricuspid
aortic valves acquire, on reaching adult life, an infective endocarditis
of the type of Osler’s disease. The primary factor in the disease is a
congenital defect in the valve structure which allows a nonpathogenic
organism to settle and colonize in the cardiac tissues. It is interesting,
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however, that although the congenital abnormality oceurs ;
at the point of attachment, the organism attacks the cuspsl € bage
the lines of apposition and later over the whole surface\th’ ﬁl.'st along,
it affects the most active parts of the valve. Some e at is t, say,
though generally slight, accompanies this disease, but th:e of feVer,
variably fatal result is due not to the general infection butahnost in.
_sultmg cardiac changes. These clinical observations have be o the 1%
in experiments on dogs by Kinsella and Sherburne (1923) w}?n SRt
that if the aortic valve is injured by passing an instrur;ento Showeg
tS};e letft carotid artery and an intravenous injection of a qulEEf: =
reptococcus viridans is then gi . ; 'e of
ks e then given, the bacteria become implanteq o

A severe septicemia caused by the moniliform stre
Lt.avadlti 1s introduced by a rat bite; this infection ma
w1t_h sodoku, but is distinguished from it by having a
of mcubai.;ion and producing comparatively slight local reactions. O h
characteristiecs of the disease are a high temperature, dark m o
polyarthritis, affections of the pharynx, and the abs:ance of a?mae’
sponse to arsenobenzene. Although the tissues are invaded the izl o
mﬁcance. of the local reaction indicates that the infection ;neets \:;tgh
no e%fectlve barrier but passes immediately into the blood stream, th
causing a serious form of septicemia (Morin, 1938). i

Thu§, I vegetative endocarditis the organism responsible for the
b:tctellzl'emla, tl}ough not I?athogenic to man, achieves its ill effects by
zslepz’;ice\e]:lg a vital organ in great numbers. On the other hand, the
a highlylihc.silesﬁf ob'y th.e momhfom} streptobacillus is serious because
o0t ericonnter fEATSIL PasSes directly into the blood stream with-

Hn (LS TEnAy, barrier which would effectively localize its attack.
; dmift‘:dlsigfot Tﬁmﬁr method by which bacteria are disseminated and
process of pha ; t ood stream. In many forms of septicemia the
ally protec?s tﬁzc?ng.sts.’deontml'y to the doctrine of Metchnikoft, actu-
gives a negati “‘1 ual bacteria. In such cases a plasma culture

gative result and a seroleucocyte culture a positive one, the

z?flélcinatll = being that the leucocytes, having ingested the organisms,
1vely isolate them from the antibodies in the plasma.

Ptobaecillyg of
Y be confuseq
shorter period

ELIMINATION

The i ot : . .
he importance of bacterial elimination was fully appreciated by

Cl 'nar 7f

({Oi;l&ie :z;ﬁlil}ii?d (1872), who showed that large amounts of poisons

e 1'atI; 4 1_101.1gh-.the body without producing harmful effects when

, i 01 elimmation and that of absorption were properly balanced.

Asc}i;?felltltl}{lnowledge of fche process is due largely to the work of
» although before him Wyssokowitseh (1888), Pfeiffer and Marx
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(1898), and Bull (1914, 1915) had shown that the spleen, bone marrow,
liver and lungs contain a higher concentration of antibodies than the
blood, and play an important part in the destruction of bacteria.
Aschoft (1924) described the phagocytic power of the cells of the
reticulo-endothelial system, and drew particular attention to the sessile
histiocytes of the lymphatic glands. By the process of bacterial ag-
glutination effected by the antibodies, clumps are formed which are de-
tained in the capillaries of the lungs (Wright, 1927) and in other organs
rich in polymorphonuclear cells. The germs are ingested by macro-
phages and then destroyed by intracellular digestion.

Cappell (1929), in a comparative study of the diffusion of dyes in
various organs, remarked on the great part played by the lungs in the
elimination of foreign substances. The lungs are very abundantly
supplied with macrophagic endothelial cells, and are therefore the site
of the final destructive process. Wright’s experiments show how the
passage of germs and their toxins through the blood stream contributes
to their elimination. Injecting pneumococci intravenously into rabbits,
he obtained the results shown in Table III.

TaBLE ITI

FATE OF ORGANISMS IN THE BLOOD STREAM

| COUNT PER C.C.

v";il(‘;l':r‘\;cfgop “;:”\?!;g: AFTER AFTER AFTER AFTER
LLUS X AFTE. ~ o y ¢
INJECTION o HOURS 24 HOURS 48 HOURS 96 HOURS
Nonvirulent 9,000,000 2 0 - -
Moderately virulent 1,030,000 340 1,300 L= 0
Highly virulent 1,070,000 25,000 1,510,000 Animal dead -

The minus sign signifies “not investigated.”

The deerease in the counts taken five hours after injection is a result
of the normal process of bacterial destruction. After this period the
blood is sterilized with more or less difficulty according to the virulence
of the germ: when the germ is highly virulent the bacterial reproduc-
tive process, which begins after five hours, causes a progressive in-
crease in the number of germs until finally the animal dies; the repro-
duction of the bacteria has outstripped the eliminative process.

A combination of three factors—Ilarge numbers, great power of re-
production, and high virulence of bacteria—produces the most serious
cases of infection. Such cases are, however, rare, for bacteria enter
the blood stream only after passing through the whole course of the
lymphatic system. When batches of pathogenie organisms finally reach
the blood, the protective mechanism is immediately engaged, and if it
is normal and no more bacteria arrive, the blood soon becomes sterile.
When reproduction overwhelms the protective mechanism, the reason
is probably the arrival in the blood of further bateches of germs which



89 WAR SURGERY

progressively neutralize the antibodies. The spleen playg , s
larly important part in the destruction of bacteria, and in - do;tlcl‘l.
a complement to the lungs. Moreover, live bacteria can phe founldg I
the spleen some time after they have disappeared from the bloog 5

Because, therefore, the entry of bacteria into the blood stream'c
stitutes such a serious stage in an infective process, and becauge t(l):'L
stage is not reached until they have passed through the whole lynlls
phatic system, it is of the utmost importance to prevent theiy Progy es~
through the lymphatic channels. This need should be constanti’y ils
the surgeon’s mind: for, although the task of supplementing‘ th;
body’s natural and acquired defensive measures belongs to the by,
teriologist and the chemist, the responsibility for preventing, or gt any
rate reducing to a minimum, the admission of germs into the genel-;;l
system rests with the surgeon. The body has its natural mechanismg
for eliminating bacteria, even when they are highly virulent and g.
tack it in great numbers, but the surgeon must allow time for these
mechanisms to operate and must facilitate the process of elimination
by reducing the inflow of bacteria.

CHAPTER VI
PYOGENIC INFECTIONS OF WAR WOUNDS

PRIMARY INFECTION

Most war wounds are infected by a diversity of bacteria, and it is
only very rarvely that a single type is found. In their studies of the
bacterial flora of wounds which follow a clinically aseptic course,
Levaditi, Trueta, d’Harcourt, Folech and Oriol, Spooner, Orr-Ewing,
Seott and Gardner, and others workers have, in most such wounds,
found streptococei, staphylocoeei, diphtheroids, Pseudomonas pyocyanea
(B. pyocyancus) and the common saprophytes; in many wounds Clostri-
dium welchii is found among other anaerobic flora. Of this miscella-
neous collection two species cause the most serious complications: the
hemolytic streptococci and Cl. welchii. The former are responsible
for all the serious pyogenic infections, including spreading cellulitis
and septicemia; the latter for many of the gas infections discussed in
the next chapter.

In the following pages matters of classification will be considered in
no more detail than is strictly necessary for a correct interpretation by
the surgeon of the bacteriologist’s reports, and in particular for an
assessment of the bearing of such reports on the pathogenicity and
immunological reactions of the organisms concerned. Purely bacterio-
logical matters, e.g., the morphology of the organisms, will not be dealt
with.

Aerobic Streptococci

Many aerobic streptococci are normal parasites of man, and some
produce soluble toxins. The early classification was based on the
changes produced by them when grown on blood-agar plates; the no-
meneclature in common use today is that suggested by Smith and Brown
in 1919. The changes are of three main types:

(a) Alpha Type. The colony is surrounded by a green zone of
altered blood pigment. (Streptococcus viridans.)
(b) Beta Type. The colony is surrounded by a clear zone with com-
plete hemolysis of blood pigment. (Streptococcus hemolyticus.)
(e) No change is produced in the blood in the culture medium.
(Streptococcus faecalis or Interococcus.)
The beta hemolytic streptocoeei appear chiefly in wound infections.

More recently, hemolytic streptococei have been further subdivided

according to their serological reactions. Griffith (1926, 1927, 1935)
83
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has isolated at least 27 different types by the agglutinatioy
Lancefield (1928), using precipitin tests with the varioyg lea.etion.
fractions of the streptococci, has deseribed several groupg antigen;,
which have characteristic habitats and pathogenic powers, 7 BOLIE o

Streptococcus hemolyticus.—

Group A.—All the streptococei of this group produce hemolysi
grown on blood-agar plates and in all cases form a soluble hems l\Vh.e <
Strains have been derived from human infections such as puerpera10fysm'
otitis media, and scarlet fever and have been isolated from the {} e‘v o
nasopharynx and nose of normal persons. This group correspondslll i
closely to the Strep. pyogenes of the earlier classifications than t nglre
Strep. hemolyticus; for, according to Topley and Wilson (1936) : %
other strains which produce hemolysis when cultivated on bloo;l-:;i

plates do not belong to this group. Of Griffith’s 27 grou i
: ’ ps, 23 fall
this group A of Lancefield’s classification. y pui-

Group B.—Most, but not all, of these strains form a soluble hemolysin
They have been isolated from cases of mastitis in cattle and, to a lesser

extent, from the human throat and vagina. They are rarely pathogenie
to man.

Group C.—The strains of this group produce B-hemolysis when grown
on blood-agar plates and form a filtrable hemolysin. Three of Griffith’s
27 groups of pathogenic hemolytic streptococei belong to this group.
Some strains of Group C are pathogeniec to man, though not markedly

so, and owing to their aggressive power might be classified with Strep.
pyogenes.

Group. D.—These streptococei are present in human feces, but most of
the strains have been obtained from cheese. They have been described
as hemolytic enterococei.

.Group E —The organisms of this group, which are found in cow’s
milk, are not pathogenie to man.

Group F.—The strains of this group live in the human throat and are
responsible for tonsillitis and possibly for other infections of the respi-
ratory tract.

Group G.—The strains of this group are very closely related to those
of Group C. They are slightly pathogenie, but have been isolated from
normal persons. One of Griffith’s 27 groups belongs to this group.

Streptococcus viridans.—This organism, of which many types have
been isolated, lives in the human throat and also in the feces of cattle.

Pathogenicity and Toxicity.—
Streptococcus pyogenes ( hemolyticus-B) —This 01:gan15m 13- LESPONSLS
ble for most of the serious infections which oceur in man, through its
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great capacity for invading the tissues and its production of filtrable
exotoxins. Tive such toxins have so far been isolated:

1. A hemolytie toxin, hemolysin or streptolysin. This toxin, studied
in detail by Todd (1934), is in some cases produced only when the
organism is grown on solid media, being too unstable to survive growth
in a liquid. What part such an unstable toxin may play when the
organism grows in the body is not clear, and the uncertainty indicates
the shortcomings of studies in vitro unsupplemented by studies VIV0.
Fry (1933) has deseribed certain strains which show hemolysis of the
type of hemolyticus-d when grown on blood-agar plates in aerobic
conditions and of hemolyticus-8 when cultivated in the same medium
anaerobically.

9. A leucocidin which destroys the polymorphonuclear leucocytes.

3. An erythrogenic toxin which in sensitive persons produces a local
erythema when injected in small quantities or a general rash and fever
in larger quantities.

4. A fibrinolysin isolated by Tillet and Garner in 1933, which both
dissolves human fibrin and inhibits its formation from fibrinogen.

5. A ““spreading factor’’ isolated by Duran-Reynals (1933) from
the lysates and filtrates of Strep. pyogenes; injected into the skin of a
rabbit this increases permeability to suspensions of India ink and to
hacteria.

Streptococcus viridans.—The organisms of this group are of low viru-
lence, both in man and in animals; nevertheless, they constitute the
commonest infective agent in bacterial endocarditis (see p. 80). In
man they may be isolated from Joeal infections, particularly those of
the teeth and gums.

Mutation of the Streptococcus.—It is well known that streptococei
of various strains may undergo mutation from one type into another.
For example, Strep. pyogencs when transferred from one medium to
another with a different oxygen content may lose its hemolytic char-
acter and turn into a streptococcus of the viridans type.

Anaerobic Streptococel

All naturally aerobic streptococei are facultative anaerobes. Certain
types of streptococei, however, are strictly anaerobic. These are pres-
ent in most suppurating and gangrenous infeetions and in many cases
of puerperal fever and septicemia (Colebrook, 1930). There are many
different groups, several of which are similar .to some of the: aerobie
strains, but the only one pathogenic to man 1s the- anaerobic Sitrep.
pyogenes. This produces the same toxins as the aerobl.c S”trep. pyogenes
and has most of its other characteristics. In association with other
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anaerobic bacteria, such as Cl. welchii, Cl. oedematiens ang C

it is a formidable aggressive agent and contributes to t} L sep biqug
the most serious cases of gas gangrene. ¢ 8ravity

Immunity to Streptococcal Infections

All types of streptococei are normal residents either in t]l

body itself or in many objects with which the body comes int i
contact. Consequently the body builds up an antibacterial (>rf1"e R
which suffices to protect it from invasion so long as one or eS;Staan
two conditions does not arise—namely, (1) the introduction ofo hler '
number of organisms as a result of an injury which damages t; g
tective surfaces (i.e., the skin or mucous membranes), or (2) an :t'? -2
by an organism of great virulence with which the body is unfamil?:l.(
The second factor is less important than the first, as is shown f;:
example, in scarlet fever. It is now generally accepted that any o;j th:
strains of the organism responsible for this infection, i.e., Strep. pyogenes
can form a soluble toxin which in man produces a skin reaction of thé
scarlet fever type. Schultz and Charlton (1918) showed that when 1
c.c. of normal human serum was injected into the skin of a patient with
a §car.1et fever rash, the red area was blanched around the site of the
nuec.tlon; and Mair (1923) attributed this effect to the presence of a
specific antitoxin in the normal serum which neutralized the toxin in
the.skin. Young children who have not had scarlet fever possess this
antitoxin in a much slighter degree: in similar tests their sera give a
far higher proportion of negative results than do the sera of adults,
although most of these have not had the disease. It seems clear, there-
fore, that the human body, without contracting the acute specific fever,
can nevertheless build up a plentiful supply of antibodies specific to
the causal organism.

This acquired immunity may be local only. For instance, although
the hemolytic streptococcus may live in the throat without causing ill
effects, either local or general, it becomes pathogenic immediately it is
inoculated into a newly inflicted wound or into the endometrium after
labor. Onece it has been introduced into the tissue spaces, it has a
remarkable power of diffusion, and this faculty accounts for the grav-
ity of the infections it produces.

The surgical advance during the Spanish War revealed, however, the
value of a “‘fixative treatment’’ in localizing septic processes and pre-
venting the development of serious general infections. No such tech-
nique has yet been devised for loealizing the organisms in puerperal
fever, in which the decline in mortality is due mainly to chemotherapy
by the sulfonamide group.
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The following points should be remembered:

1. Strep. pyogenes is a normal resident in certain regions of the hu-
man body.
\73 3 = £ Lo . o .
2: W .1th increase of age, antibodies are formed which produce specific
antitoxic substances that neutralize the action of some toxins. The best
known of these antitoxins is the antierythematous.
" S . ) ; : -
3. The virulence of Strep. pyogenes is due chiefly to its great diffu-
sive capacity, and perhaps partly to its production of a fibrinolytic
toxin.

4. Liocalization of this organism at its site of inoculation noticeably
decreases its virulence.

SECONDARY INFECTION

Secondary contamination of wounds is one of the surgeon’s most
serious problems, but only recently has its importance been sufficiently
emphasized. Such contamination should ideally have no place in the
modern operating room, and indeed is extremely rare when the prin-
ciples of aseptic surgery are correctly applied. There is, however, a
great difference between the clean operating room supervised by special-
ist nurses and the general ward where dressings are changed. In the
ward there may be patients with wounds colonized by pathogenic bac-
teria; the nurses may have to handle several different dressings and
wounds, and protection from contamination is accordingly much less
effective despite the greatest care. In wounds closed by primary su-
ture the fine clot of blood and lymph forms a protective barrier against
contamination, but the changing of dressings exposes open wounds to
serious risk of contamination, as well as facilitating entry of bacteria
by the trauma inevitably produced.

Surgeons do not fully agree on the sources of contamination. Most
bacteriologists believe, and in support of their view many papers have
appeared in the last five years, that hospital infection is due to air-
borne contamination, with the result that during the change of dress-
ings masks are now worn to protect wounds from nasopharyngeal car-
riers of hemolytic streptococel. The work of Okell and Elliott (1936),
Keevil and Camps (1937), R. Hare (1940), R. Cruickshank and Godber
(1939) and many others has shown that air-borne infection is a factor
to be reckoned with, but I do not think it is the main source of second-
ary infection.

Lorenz Bohler and other Central European surgeons who have treated
many thousands of wounds by the so-called “‘open method,’’ or ‘‘the
air cure,”’ have found secondary infections rare despite the fact that
the wound remains uncovered and masks are not used—or at any rate
were not when I visited the Unfallkrankenhaus in 1933. It may be
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that the absence of bandage and gauze, by obviating man;j
the wound, prevents damage to the granulations and go sPulatlon of
rectly to protect the tissues from infection. erves ingj_

In my view the principal cause of secondary infection is
a

tion, and the best way of preventing hospital infection is to igo P Dl

?vound from any contact with the exterior, including the handlat? e
instruments and air. The best way to avoid both manipulatisz) N
N and

air contamination is to enclose the wound in a plaster-of-Parj

jche end of a clean operation in the operating room. When ths e?St 2
is changed from threc to six weel's later, the strictest aseptiee p‘aster
tions must again be observed—a point worth emphasizing, for ‘clll)1 s
of sterilizing plaster-removing instruments is not always r’ealizede I}Qe'd
Frue that despite the greatest care new bacterial flora are often' fo i
in a wound after a change of plaster—for when a skin-tight plasteu‘n‘(l
removed, the shears touch the skin and may touch and contaminate 1tl:

woul.ld——but their number and pathogenicity are least when the pr
cautions are greatest. e

Bacterial Flora of Wounds Treated Under Plaster

0;%;23;3;2?;;:}- a1nulr?3rc‘elolna the' bacteriol.ogis'f investigated the changes
er plaster; but owing in part to the rush and
urgency of hospital work in air raids and in part to the lack of ma-
terials due to the blockade, the work was too limited in scope to yield
definite or far-reaching conclusions. 1
court and others (1940) in the base military hospital at Barcelona suf-
fgre,d .from the same difficulties. It was, however, shown that a great
dlv.ersn;y of organisms may be present under the plaster. In wot;mds
which had been carefully operated on at the right time the first change
of plaster revealed only a few saprophytes, which persisted until t;e
end of treatment, a few similar organisms being added in some cases
at each chz‘mg-e of plaster. In other wounds which had been operated
on late, or incompletely, large numbers of bacteria were found, including
streptococei, staphylocoeei, Ps. pyocyanea, Pr. vulgaris and (:’l. welchiz
Investigations in Great Britain on soldiers evacuated from Dunkirk
and on the vietims of air attacks and road accidents have generally
confirmed the Barcelona findings, and have also revealed tlre impor-
tance of secondary infection. Miles, Paterson Ross, Pilcher and others
(1940) found bacteria colonizing on the outer surface of most of the
plasters; and it seemed that in the cases concerned the discharge was
profuse and the bacteria in the wound had percolated through the
soaked plaster. They made the wise suggestions that the escape of
pus from the ends of plasters and from cracks should be minimized and
that plasters should be disinfected on the outside. Undoubtedly the

Similar investigations by d’Har-
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best way to avoid undue passage of germs through the plaster from
the wound is to prevent the formation of pus. According to these au-
thors 82.5 per cent of the clinieally ill patients and 50 per cent of the
healthy patients had streptocoeei in their wounds; facts which empha-
size the importance of keeping the wound free from hemolytie strepto-
cocei after the operation and of avoiding secondary infeetion.

Spooner (1941) described small changes of flora at successive re-
movals of the plaster and occasionally the appearance of a new species:
three of his cases acquired Pr. vulgaris, two acquired diphtheroid
bacilli, one acquired Ps. pyocyanea and it was probable that one acquired
Strep. hemolyticus. The most conclusive work so far published on
the bacteriological flora of wounds treated in plaster casts is that of
Orr-Ewing, Scott and Gardner (1941). These workers, by an ingenious
device which gave access to the wound with a minimum of disturbance,
found that some species, namely, Pr. vulgaris, Staph. albus and other
micrococei, diphtheroids and Ps. fluorescens, seemed to be completely
and permanently removed by thorough excision and cleansing within
a few hours of the accident.

Time of Introduction of Organisms

““Hospital Infections.”’—In normal circumstances infection of the
wound does not occur through the plaster cast; but it has been shown
to do so fairly often during plaster applications. Thus, in the above
investigation, a total of 11 species new to the wound were detected in
7 out of 12 samples examined immediately before the first change of
plaster. On the other hand, 21 samples taken at subsequent plaster
changes showed no new species. Of the 10 patients submitted to these
tests, 4 were found to have become secondarily infected; a fifth also
acquired new species during a period when the plaster had no window

TaBLE IV

NEW SPECIES APPEARING IN Wounps AFTER FIRST 15 DAYS OF TREATMENT IN PLASTER

ORGANISM [ CASE NO.  PLASTER XO. | FATE OF ORGANISM
A. IN PATIENTS FITTED WITH ¢ ¢wINDOW’’ IN PLASTER

/——’—/ v =3
Strep. pyogenes (Group A I 2 Pgrsxsted > 7 months
Cl. 150127{%0 . s IIT 2 Disappeared < 63 days
Strep. viridans VI 2 Disappeared < 19 days
Staph. albus Vi 2 Disappeared < 21days
Micrococei (1) VI 2 Dlsappeared < 21 days
Micrococei (2) VI 2 Persisted > 40 days
Bacterium I 2 Disappeared < 50 days
Ps. pyocyanea 1 3 Persisted >135 days
Plectridium 11 9 Persisted > 63 days

B. IN PATIENTS WITHOUT ¢¢ywINDOW’’ IN PLASTER
e e o -
Diphtheroids v 3(7) Dlsappeared < 39 days
Strep. pyogenes v Uncertain Persisted
Strep. viridans v Uncertain Disappeared < 48 days
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NEW SPECIES IsoLATED AT VARIOUS Tings During F
IRST
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TABLE V

15 Dyy
CASE DAY 1 DAY 3 L T y
: \\
Wound excised 2 |Staph. albus 0 %
h_(:lurs after ac- [Diphtheroid (1) 0 3
cident Staph. aureus 2 8
Diphtheroid (2) i
M}crococcus (1) +
Micrococeus (2) 0
Mierococeus (3 !
Diphtheroidq (3)
Plectridium
- Bacillus
W;)und excised 3 (Bacillus + W
ours after ac- |CI. bifermentans + % \+
cident Cl. sporogenes + 4 o
Ps. fluorescens + 0 a
Bacterium sp. + . 0
Chromobacterium Proteus 2
g +
Dlpgtheroid
s. Pyocyan
T Plectridi‘:lxm i
Wound excised 3 Diphtheroid (1)
hours after ac- Diphtheroid (2) : J
cident Micrococeus (1) ; 5
Micrococeus (2) G g
Staph. albus 8 .
0
Strep. pyogenes
(Group A) ++
nterococcus 0
Proteus +
P§. pyocyanea +
Diphtheroid (3) +
\Vozﬁgse:gsed2 Sterile
er ac-
. Staph. awreus
SR Diphtheroid
Type 1
— : e T = Bacillus
Wound excised 2 Hemolytic par 10
hours after ac- streptococcus
cident (Group B)
S{aplz. aureus I [ v
1()§phtheroid 0 & 4
types other Di '0i J
than 1) T;'Ilj)]étflll s ;
ILBIacillus
emolytic
R ae Enterococens
(Group A)

Persistence or disappearance s
The numbers in parentheses

Tre

+
hown by + or by 0. 2

fer to the different types of the organism
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and the source of infection could not be traced. The bacteria so
acquired during the first fifteen days in cases treated within eight
hours of the accident are listed in Table IV.

It should be noted that new species, often in considerable numbers, ap-
peared earlier than the fifteenth day. These, the authors suggest were
introduced before or during the first plaster application.

Prehospital Infection.—There appears to be a considerable lag in the
development of many species in wounds which have been thoroughly
cleansed within a few hours of the accident; and as stated above some
seem to be permanently removed by this procedure.

The progressive development of those that do appear during the first
fifteen days (in cases treated within eight hours of the accident) is
shown in Table V.

Table VI shows new species isolated in the first fortnight in cases
operated upon sixteen to forty-eight hours after the accident.

TABLE VI

NEW SpecIES ISOLATED AT VARIOUS TIMES DURING FIRST FORTNIGHT
IN CASES OPERATED UPON LATE

CASE DAY 1 DAY 4 DAY 10 DAY 14
V (48 hours) Staph. aureus + i
Micrococcus 0 0 0
Pr. vulgaris 0 0 0
Diphtheroid Type 1 + + +
Bacillus + + i
Bacterium i
DAY 23
VII (16 hours) Strep. pyogenes ++ + 4+
Staph. aureus ++ ++
Bacillus + 2c
Microcoecus 0
Diphtheroid Type 1 +
VIII (16 hours) Strep. pyogenes + i
Staph. aureus + +
Mierococeus + +
Bacterium + +
Bacillus + L
Ps. pyocyanea iz

Delayed development occurs more commonly in the group of cases
treated early. A time lag of three or four days is here to be expected,
for many species of organisms introduced at the time of injury are
likely to be present in numbers too small to be detected at the first
examination, carried out only two or three hours later. Thus, in the
above investigation six new species appeared between the third and
eighth days, one between the fourth and tenth, and four between the
seventh and fifteenth days—making a total of eleven species in all.
Although these may conceivably have been introduced during the open-
ing of the window, the authors believe it more probable that they were
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in fact present but undetected at previous examination

seems well founded, for if the first assumption were col‘l‘ee.t 3 is Vigy,
species would have been introduced in the course of dloven evey
tions between the third and tenth days, whereas none Were e(;( Ay,
in twenty-one similar examinations at later periods. The etectoq
bacterial development at this time, when the barrier of granelf‘Y_i
tissue is being built up, may be of great benefit to the Patiengl atigy,
authors suggest that most (though doubtless not all) of e The
were introduced before and not during wound execision Ehibes
number of new species was far greater in the early thap iy
paratively late cases, and (2) because such infection wag comp
rare at subsequent changes of plaster.

To sum up: cases operated on during the first three hoyy
delayed growth of new species—the great majority being sap
During the first few days bacteria contaminating the wound were much
less numerous in such cases than in those operated on after sixteen
hours; moreover, in the latter group either Strep. pyogenes or Staph
aureus, or both, were present. The investigation also showeq that
plaster protects the wound against secondary infections provided that
all the necessary precautions are taken in applying it.

ganigyg
ause the
the com.
al‘aﬁVely

S showeq
Tophytes,

CHAPTER VII
GAS GANGRENE

Although recognized since ancient times, gas gangrene was never
systematically studied until the War of 1914 to 1918. In every war
it has been one of the chief causes of death, and even today it accounts
for a fair proportion of fatal war wounds. The earliest reference to
the infection was by Fabricius of Hilden in 1607 (Kellett, 1939), who
appears to have published the first clinical description. Sinece his time
accounts have appeared in the writings of a number of army surgeons.
Larrey (1812), who wisely attached great importance to arterial spasm
in the production of gas gangrene, called it ‘‘traumatic gangrene.’’
Velpeau (1849) referred to it as ‘“bronze erysipelas,”” hecause of the
color of some of the patients in the advanced stages. During the
Crimean War Salleron made a study of 65 cases which he had himself
treated; and in the Franco-Prussian War of 1870 I'réry, surgeon to the
French troops in the siege of Belfort, collected many cases, of which
he published an acecount in a short monograph.

During 1914 and 1915, particularly in the first six months of the war,
many deseriptions of gas gangrene appeared in Great Britain, France
and Germany. According to the published statisties the incidence at
the beginning of the war was appreciably higher in the Allied armies
than among the Germans and Austrians, although they fought over
the same battlefields. This suggests that the development of gas gan-
grene turns on more than one factor-—mot only the specific bacterial
agents but also the conditions in which their pathogenic effect can be
exercised. In March, 1915, Weinberg and Séguin described the whole
range of bacterial flora that produce gas gangrene, and prepared the
first antigangrene serum. Vincent, Levaditi, Sacquepée, D’Este Emery,
Bullock, Ileming, MeIntosh, and others gave accounts of the infection
from the bacteriological point of view, and Lardennois and Baumel,
Duval, Cuthbert Wallace and others described its characteristic clin-
ical features. In recent years little further progress has been made in
the general study of gas gangrene, but some advance has been achieved
in its treatment. Thus, the statistics of today, thanks in part to the
use of sulfonamide compounds but above all to the methods of treat-
ment developed in Catalonia during the Spanish War, show a very
marked improvement on those of only a few years ago.

93
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BACTERIOLOGY OF GAS GANGRENE

Many patients with gas gangrene harbor a diversity of 1,
aerobic and anaerobic; and in fatal eases it is rare for Seteny, bot},
species to be present. only a Sing),
Clostridium welchii (French: ‘‘perfringens’’). This opean:
isc.)lated in 1892 from a cadaver by Welch and Nutta]] ﬁiﬂlsrfl, firgy
milk, water, dust, sewage and the intestinal canal el

of man an . !

It produces four types of exotoxin, and varies in pathogen?cimmals.
one strain to another. It is a great producer of gas. Weinbez o
g an(

Combiesco (1930) described the effects caused by the welchi

which include lysis of the red corpuscles (producing hemoglo‘t:i s i

local areas of necrosis in the kidney and liver, and a rise in blooguma)’
sure which may lead to hemorrhage. The minimum lethal dose ‘JIE); <"-S-
nxoyse is about 0.25 c.c. Cl. welchi produces the spreading factor tla
seribed by Duran-Reynals (MecClean, 1936). It invades the tissues .
the advanced stages of the infection, and in fatal cases will generaﬁn
be found well beyond the limits of the initial focus. Its action is prey-
dominantly saccharolytie, but it is also proteolytic, and the extent of

its production of gas depends on the degree of fermentation in the
surrounding medium.

Xins’

Like other spore-bearing anaerobes, Cl. welchii requires an increase
of carbon dioxide and cannot flourish in a medium supplied with oxy-

gené.though the spores may live for a long time in oxygenated culture
media.

’Cl.. oede.matiens.—First isolated by Sacquepée and by Weinberg and
Séguin (simultaneously) in 1915, this organism lives in the soil and
produces a highly aggressive exotoxin. The average minimum lethal
dose for a mouse is 0.002 c.c. The organism does not invade the tis-
sues, and hence, like Cl. tetani and C. diphtheriae, its poisonous effects
are due entirely to its toxins. Duran-Reynals (1936) noted the pres-
ence of ““spreading factor’” in the medium surrounding it—a surpris-
ing observation considering that it cannot invade the tissues, and one
which MecClean (1936) could not confirm. The toxin, on :che other
hand, is highly invasive. Cl. oedematiens produces exten’sive gelatinous
edema, which is nonhemorrhagic and can thus be readily distinguished

from the markedly hemorrhagic edema produced by CI. septique. It
produces little or no gas.

Cl. septique.—Originally described by Pasteur and Joubert in 1871,
this organism lives in the soil and produces exotoxins. The average
minimum lethal dose for a mouse is 0.005 c.c. It produces less gas
than Cl. welch#i and an edema which, though highly hemorrhagic, i
less extensive and gelatinous than that produced by Cl. oedematiens.
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Muscles infected by this organism are rendered soft, and during the
first few hours are intensely red. 2

Cl. fallax, Cl. sporogenes and Cl. histolyticus—These three spore-
bearing anaerobes are related to Cl. welchii, Cl. oedematiens and CL.
septique, respectively, but none by itself seems sufficiently aggressive
to produce gas gangrene. Weinberg and Séguin (1918) cited a series
of 91 cases of which 67 had both anaerobic and acrobic bacteria, and
94 anaerobic alone. In the latter group there were only 10 cases in
which the wound was infected by a single bacterial species. In the
whole series the types of organisms and the relative numbers in which
they were present varied greatly, some 38 different combinations of
anaerobic flora being observed. The proportion of the various types in

cases of gas gangrene are set out in Table VII (Weinberg and Séguin,
1919).

TABrLE VII

RELATIVE NUMBERS OF ANAEROBIC ORGANISMS IN CASES OF GAS GANGRENE

WEINBERG &

SEGUIN MC INTOSH MC INTOSH HENRY
(91 cASES) (41 cASES) (52 CASES) (50 CASES)
% Y% o %

Cl. welchii 77 43.9 67.3 80
oedematiens 34 - 4.0 10
sporogenes 27 36.5 38.7 -
fallax 16.5 - i 6
septique 13 19.5 16.3 16

Weinberg and Séguin also found CL. hast olyticum fairly frequently, both
this organism and Cl. sporogenes seeming to contribute in some measure
to the aggressive capacity of CL. welcha.

DEVELOPMENT OF GAS GANGRENE

Apart from the presence of the responsible organism, the essential con-
dition for the development of gas gangrene is lack of oxygen in the
wounded tissues; in other words, an inadequate blood supply. In VL0
the only oxygen capable of impeding the growth of anaerobes is that
in the blood. Local anoxia may be induced by various factors, as the
following four examples show.

1. The intramuscular injection of CL. welchit into guinea pigs may
cause some degree of gas gangrene, but does not do so invariably.
Vincent and Stodel (1917, 1918) found that genuine gas gangrene fol-
lowed such an injection in only 25 per cent of cases; but that when
after the injection the muscles were bruised and their circulation was
consequently impaired, a typieal gas gangrene always developed. This
contribution of trauma to the production of gas gangrene can be
demonstrated even when there is a considerable delay after the injec-
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ed that gas gangrene will develop when

; i ] show :
tion. Vineent and Stode long as ten days after the introduec-

the museles have been bruised as
tion of Cl. welchit. : s

9. Tnfection does not follow the injeetion of organisms, e"len. 1‘11 o ge
numbers, that have been thoroughly washe.d and freed froml t 1eV11 to‘\l—l.ls.
Tf, however, a sublethal dose of toxin is injected together Wlﬂ}_the toxin-
free bacilli, an intensely virulent reaction will result .( de Kruif and Boll-
man, 1917), for the toxin produces a lesion whicl} interrupts the lf)czfl
blood supply and so provides the conditions required for the multipli-
cation of anaerobic organisms.

3. Calcium has a similar effect. Bullock and Cramer (1919) injected
mice with caleium salts of various kinds (soluble caleium, sodium cal-
cium chloride, caleium nitrate and caleium citrate), and then, else-
where in the body, introduced a washed suspension of Cl. welchit or
Cl. septique. These toxin-free bacilli produced serious lesions, not
locally in the area in which they had been introduced but at the site of
injection of the calcium to which the bacteria had migrated through the
tissue spaces. Russell (1927) and Fildes (1927) found that caleium
salts produce extensive necrosis of tissue.

4, Wamoscher and Vasdrhelyi (1933) found that a small amount
of sterile agar would also activate previously injected anaerobhic organ-
isms. In this case, however, the effect was achieved, not by any inter-
ference with the blood supply of the tissues, but by the agar forming a
protective covering which isolated the organism from the oxygen in the
blood.

.From these experimental findings we may conclude that in normal
“5511‘3'3 the oxygen content is sufficiently high to prevent the spores from
germinating, but that in damaged or necrosed areas the concentration
falls to a point low enough to allow them to reproduce. It must be
::c)xess‘ed‘that !he amount of tissue damage needed to enable the spores
germinate 1s very slight. Moreover, as the agar experiment shows,
zlzi{eizlﬁgﬁsrile'i tOf f}tl]e spores, separating them from the oxygen in the
Lot ,to ; e without any tissue damage to permit anaerobic hac-
o 10 IUUHDLy. Such enclosure may be provided by any kind of
oreign body, especially soil,
th:i\:?rlfmg on the fundamental fact that anaerobic or
e in an oxygenated medium, surgeons have for man aans To:
g_arded atmospheric oxygen as the chief preventive of y iy ¢
tion, favoring the injection of oxyeen ; to the i fil agnoltc nrtee-
peutic measure. T beliey Xg‘ mto t. e m-feeted area as a thera-

: -+ believe that this view is mistaken and that tech-
niques based on it have resulted in more harm th :
oxygen plays indeed a very small part '( oy gooq, giorpheric
grene, for anaerobic hacteri A the prevention of gas gan-

acteria multiply freely and produce their charac-

ganisms do not
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teristic lesions in wide-open, well-oxygenated wounds from which the
i tissues have no oper oe

bruised t bee¥1 properly excised; whereas they do not

develop or produce lesions in woundg which, after appropriate and

detailed surgical treatment, have been enclosed in plaster casts and

have thus been isolated from the oxygen of the air.

It is, of course, true that gas gangrene cannot develop unless the
wound is contammateq by' one of the specific organisms, but equally
true that sueh contamination does not necessarily by itself result in
gas gangrene. On this point surgeons and bacteriologists are agreed.

Since the introduction of the closed method, many cases have been
reported in which Cl. welchii has been recovered from wounds at the
change of plaster. I have observed such cases myself (Trueta, 1939),
and Spooner (1941), Gardner (1941) and others have published similar
findings. In none of these cases has the organism proved harmful, a
fact which emphasizes the error of the old view that atmospheric
oxygen is essential for the prevention of gas infection.

Levaditi and others {1940) have cited a case of perfect recovery
following suture of a wound known to harbor Cl. welchii. This example
is cited to indicate not that anaerobic organisms are harmless, but that
an essential factor in the development of the infection is the condition of
the tissues. The following passage from a paper by Sir Anthony Bowlby
(1915) is representative of views that developed during and after the
War of 1914 to 1918:

“In the vast maj rity of wounds, although the same anaerobes
are present they are comparatively powerless to do much harm . . .
but I have seen a whole limb gangrenous, and the patient dead
from hemie infec.ion, sixteen hours from the time he was injurgd.
It is evident, therefore, that in such cases the organisms meet with
no resistance from the tissues; and the question to decide is why
the tissues do not resist in some cases, when in very many other
wounds the anaerobes have evidently but little power of harm.’”’

Later in the same paper he pointed out that gas gangrene developed
more often in limbs which had suffered avterial injury. Thus as early
as 1915 the part played by the blood supply in the pathology of gas
gangrene was given the place it deserves.

PATHOLOGY OF THE MUSCLES IN GAS GANGRENE

Most war wounds produce an area of disintegrated muscle. I_mme-
fibers, the inter-

diately round this area is a zone of healthy, living L

Spaces between which have, however, suffered concussion an(.l becomfi
exposed to bacterial penetration. These interspaces form an ideal SOll)
for the growth of organisms. The work of Aagaard (1913) has esta 1
lished the existence of lymphaties in muscle, though the anatomica
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details are not yet well understood. Itis through the intertissue spaces
and lymphatics that infeetion spreads from the initial area of con-

tamination.

The susceptibility to infeetion of
direct relation to its anatomical structure, and the two main types of
short muscles of the trunk and the

any individual muscle bears a

museles, namely, the segmented or

long muscles of the limbs, must therefore be considered separately. In
injury to a long muscle the area subjected to the secondary effects of
interference with blood supply is very much greater than when the
segmented or short museles of the trunk are damaged.

Fig. 4—Blood supply of the muscles of the arm The gre: i
. at majo
run transversely. The area of muscle supplied bygeach artjegrt!i’s %fmgi‘le. pessels

There are accordingly marked differences between the clinical pie-
tu‘r.es of gas gangrene in long and in segmented muscles. The spread
of infection, the rapidity of evolution and the gravity of gas gangrene
are all greater in the former than in the latter. In segmentai’ and
short muscles the area supplied by a single artery is small, and the
vessel§ run parallel; they approach the muscles from the sid’e and ex-
pand. into them transversely. In long muscles the arteries enter at tI;e
proximal end and run along the tissue for a variable distance. A good

example is found in the thigh, particularly in its anterior and superior .

1\)\::rt., t(;le.sartorius being one of the most typical of the long musecles.
ounds in the upper part of the thigh may damage the blood supply

so that the muscles distal to the inj
o the injur i e
(see Figs, 4 and 5). jury become ischemie from the first

Effect of Gas-Forming Infection in Muscles

A rer i
% th}ile\ gllite::;); stage of t(llxe infection three zones can be defined:
: corresponds to the ar b in
s : : rea where the fibers
dee:tl; oz;r:it(]))r;lf}::l tstlucture and arrangement, have been fxin’m]:(flz}‘lueil;
e trauma. Disintegrated mu i
2 g musecle and orga d
secorxr:((l)n;znseetr}1l and a vast number of organisms are fofncrluze((;;lgcl :1112
e the structure of the fibers has been destroy;sd but their
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anatomical arrangement has remained undisturbed. These fibers ma

also have been killed immediately ; but as they are always covered bgr
o mass of bacteria and produets of bacterial infection, their destruction
is more probably due to bacterial action. The muscie fibers are sepa-

s SRS ERERRT

¢ the thigh. The most important
se %f the arteries leaves an extensive
blood supply.

Fig. 5.—Blood supply of the anterior muscle
muscular arteries run downward. Any severanc
area of the distal portion of the muscie without

which may or may not be packed

rated from each other by an exudate ek
. £ infection. When the infec-

with leucocytes, according to the type 0 : y i
tion is mixed, i.e., anaerobic bacteria together with p.us-'t.oruung cocci,
there is local leucocytosis; but not when the infection 18 ?xcluswely
anaerobic, In mixed infections the number of Jeucoeytes is so great
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that in some places they even obliterate ’fhe c?Pllia“es b?ctva:rer;otr}:g
fibers. (3) In the third zone the muscle is normal, excep
infiltration. .

celliﬂ::ly, the tissues of these three zones may be deseribed, 1'§spec-
tively, as dead, dying, and normal. Organisms are more often (})und
in the lymph surrounding the muscle fibers than in the ﬁb-ers. them-
selves, and in mixed infections large numbers may be seen 11151de_the
leucocytes in the second zone. The bacterial invasion extgnds l'a.pldl.y
through the damaged muscle up to the point where the c3rculat10n is
still intact and normal fibers begin. Here it is temporarily chegked.
Thus, although the tissues of the first and second zones are 'qulckly
destroyed by the combined effect of the trauma and mfecjaon, fche
vitality of the third zone may prevent a further spread of infection
for long enough to allow successful treatment.

The damage is many times greater in the distal than in the proximal
part of the wound. Gas infection has at first a tendency to be limited
to the latter, but unfortunately progressive and rapid invasion soon
follows. The intensity of the resulting process may often be traced
from the central fibers toward the sheath, which frequently remains
uninfeeted, but may be the chief source of spread of the bacilli. The
septa between muscles, the connective tissue surrounding veins, or
anatomical structures such as Hunter’s canal may provide paths of
extension. In long musecles the successive stages of tissue disintegra-
tion and bacterial invasion follow one another with great rapidity and
involve not only a single muscle but a whole group and sometimes even
the entire limb. Near the wound many large bubbles can be seen with
the naked eye, both outside the muscle sheath and inside the sheath
itself, but never in the muscle fibers themselves. The diffusion takes
place through the fluids that surround the fibers, and once the bacteria
reach the neighborhood of the muscle insertion they proceed along the
walls of the capillaries without, however, passing through them. Only
fxftfar the sarcolemma has been destroyed do bacteria make their way
inside the actual fibers; at a late stage they even invade the vessels,
thus rupturing capillaries and causing multiple small hemorrhages.

Thrombosis

Thrombosis, a well-known accom
one of the causes of secondary hem
as a result of the interference w
muscular hemorrhage due to rup
Sue are converted into a medium
The thrombi may form at a dist
flammatory lesion ang together
grene of the limb. Oeccasional]

paniment of wound infection and
orrhage, occurs at many points and,
ith the cireulation and of the intra-
ture of capillaries, new areas of tis-
ideally suited for bacterial growth.
ance from the site of the original in-
are the main cause of extensive gan-
y secondary gas gangrene wil]l appear
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in a different limb (the most common extension is from the thigh to
the arm), the cause here lying in an embolic metastasis. Just as an
anaerobic invasion of the muscles in the region distal to the wound is
Jargely due to traumatic interruption of the blood supply, so a spread
of the infection to the muscles on the proximal side is produced by
thrombosis—which, it must be remembered, oceurs the more readily
when the circulation has been impaired by vasomotor disturbance,
shock and diminished nutrition of the vasecular endothelium.

The constant appearance of these anatomical changes in gas gangrene
makes 1t clear that the infection 1s mseparably connected with mpaired
blood supply, and that this must be regarded as a factor essential for the
multiplication of anaerobic organisms and the production of their toxins.

LOCATION OF THE INFECTION

The regional distribution of gas gangrene bears, as has been shown,
a definite relation to the anatomical arrangement of the muscles. It
oceurs most commonly in areas in which the museles are long and nar-
row, whence the high proportion of gangrenous infection in the thigh,
amounting to nearly one-half of all cases, and in the leg, amounting to
nearly one-third of all cases. In the remaining sixth the infection oc-
curs most commonly in the arm, and less often in the forearm and in
other parts of the body such as the buttock, shoulder and retroperito-
neal region. In the rarer cases of gas gangrene in and about short and
broad or segmented musecles, as in the retroperitoneal spaces of. the
abdomen, the decisive factor is not only the necrosed muscular tissue
but also the large hematomas produced by the injury: '

All parts of a given region are not equally susceptible. For ms?ance,
in the thigh gas gangrene develops most commonly frqm wounds.m the‘
upper third, less often from wounds in the middle th}rd, and still less
so from wounds in the lower third. Furthermore, it develops more
commonly from wounds of the front than from those of the bitc]; oi
the thigh, the proportion being approximately the same asv}tl‘a 0
infections in the arm to those in the forearm. In the arm there ap-.
Pears to be less distinetion between one part and a.noth?l'. Both in leg
and arm a lesion of the main arteries is an almost invariable predispos-
ing factor,

RELATION TO THE TYPE OF PROJECTILE

BERRE . . ’ n
The nature and form of the projectile inflicting the.yonnd play 4

important part in determining the development of gas gangr ene.' el

Rifle Bullets.—Rifle bullets fired at long lza“_ge’,and t&?}se; hﬁz\l‘z‘?@r
their proper shape, seldom produce a gas mfectl.oﬂ'} t: (1)‘; ;vhen the}:
bullets aye misshapen, either deliberately or by ricochet;
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have been fired at short range (thus often producing an explosive ef-

fect, particularly noticeable at the exit wound), the chances of gas
gangrene are far greater.

Trench-Mortar Grenades.—The trench-mortar : .
liable to produce gas gangrene, perhaps because it causes extensive
vascular damage and severe shock.

Shell Fire—During the War of 1914 to 1918 the wounds in which
gas gangrene appeared most commonly were those made by hlg.‘h-
explosive shells. The irregular shape of the wounds, the extensive
damage to the soft tissues, and the impairment of both local and gen-
eral cireulation all facilitated infeetion. In such wounds, moreover,
there was extensive bruising of the muscles, owing to the considerable
size and irregular shape of the pieces of shell-case.

Aerial Bombs.—The aerial bomb used in the War of 1914 to 1918
caused wounds very similar to those made by shells. Many of the
bombs employed today, however, are quite different, and inflict wounds
of a special type. The majority of modern aerial bombs, especially
those of medium and small size intended to injure personnel, throw off
vast numbers of small splinters, many no larger than a fingernail ; and
these, by reason of their high velocity and rotary movement, damage
the tissues in the depth of the wound out of all proportion to the minor
injury in the skin. Being very light, they therefore seldom traverse
the limb but come to rest in the tissues at the bottom of the wound. In
such cases gas gangrene will sometimes appear if early and proper
surgical treatment is not instituted. Heavy high-explosive hombs pro-

duce wounds similar to those eaused by shells, but more serious owing
to the ischemic effect of the blast. :

grenade is always

The projectiles of modern warfare may be listed, according to the

?requeney with which they produce gangrenous wounds, in the follow-
ing descending order:

1. Heavy aerial bombs

. Shells

. Medium and small aerial bombs
. Trench-mortar grenades

- Rifle bullets fired at short range
- Rifle bullets fired at long range

S O = W N

CLINICAL PICTURE OF GAS GANGRENE

Gas gangrene Is not a specific disease for
anaerobic organisms of various ’
remarkably,

it may be produced by
groups. Moreover, its severit ']

‘ : ; ] y varies
ranging from a slight Inflammatory reaction with some
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Jocal edema, gas formation and an offensive smell, to an extensive
genepahzed toxemia which may prove fatal in less than tw

i enty-four
hours. There are four distinet types of anaerobic infection :

1. Gangrene with gas (regional gangrene)
2. Anaerobic toxemia
3. Toxic edema

4. Gaseous phlegmon (local gangrene)

Gangrene With Gas (Regional Gangrene)

Gangrene with gas is the form most common in patients who have
not received proper treatment within the first six hours. Its most fre-
quent site is the thigh, particularly the upper anterior aspect. It is an
emphysematous gangrene that spreads, in some cases very extensively,
from the initial local focus. The wound is very dirty and exudes a
thin, dark, evil-smelling discharge; escaping bubbles of gas may also
be observed. The edges of the wound are dark, often coal black. Dur-
ing the first few hours the surrounding skin is pallid, but after a short
while this tinge may change to yellowish blue, and, if the patient sur-
vives for more than twenty-four hours, areas of necrosis may become
visible in the skin. At first the patient is excitable and has a highly
flushed face, a dry tongue, and a rapid pulse associated with what may
be only a slight rise of temperature. After a few hours emphysema
appears, the skin turns blue, crepitus is observed, and a marked tym-
panic note is obtained on percussion. These features increase in pro-
portion to the invasive character of the infecting organism. The pa-
tient has a strained appearance, profuse sweating, dilated pupils, dis-
tressing air hunger, and a still more rapid and running pulse. The
temperature at this stage is variable, being sometimes very high in pa-
tients who offer a good resistance but usually subnormal in those with
serious toxemia.

While this clinical picture is generally typical of this type of gas
gangrene, variations in detail are found in individual patients. These,
however, do not consist of differences in the actual symptoms, b.ut. of
variations in their time relations. For example, in one case thfz }nie(}-
tive process may take three days before the patient’s condition 1
serious, whereas in another the same stage is reached in less than
twenty-four hours.

i . . oo Be s or in association
The organism responsible is Cl. welchit, either alone

With another anaerobe (normally cither Cl. oedematiens or le. Sip“que)
Or with Strep. hemolyticus. The most invasive and grave (i ‘; eie %ﬁ:
nfections are largely due to this combination, and particularly to

association of Cl. welchii and Cl. oedematiens.
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Anaerobic Toxemia

In this form of gas gangrene, the most l'api.d of all, gas is not pro-
duced locally and there is practically no swelling or smell. The mus-
cles are dry, friable and markedly pale. They are soft and ?re?, from
pain and contain no gas. Within twenty-four hours the s?un is cold
and dry and has a deathly pallor; the patient’s jcefnperature is very l.ow
and the pulse too rapid to be counted. A striking calmness of 1}1111(1
and of facial expression characterizes these cases. In some patients
suffering from this hypertoxic anaerobic infection, signs of hemorrhz%ge
or shock appear within the first few hours; in others who survive
longer, edema is seen; but in both groups there is the same complete
absence of pain in the wounded limb. Autopsy reveals gas in the
brain, liver, kidney, and spinal cord.

(1. welchii, the organism which produces this toxemia, may be found
in the blood from the initial stage onwards; and the serious and wide-
spread general effects of this bacteriemia are out of all proportion to the
amount of local damage. TFortunately the condition is rare, for CL
welchii survives with difficulty in human blood. (See also Emery, 1916.)

Toxic Edema

This anaerobie infection is due to local colonization of Cl. oedematiens,
sometimes alone but more often in predominant association with Cl.
welchii, Cl. septique, or Strep. hemolyticus. A highly invasive infec-
tion, its most characteristic features are the absence of gas (in cases in
which Cl. oedematiens alone is the responsible agent), widespread and
rapidly progressive gelatinous edema, immediate and severe general
intoxication, and a time-lag of 48 hours—in many cases as long as the
patient survives—before the appearance of gangrene.

In operations performed soon after the onset of the infection, the
cellular spaces and subeutaneous tissues are found invaded by a clear
;zelatinous edema, and the muscles are dark red. When the in'fection is
in an extremely advance ge, ganey cads rani , :
distal part of t‘lle linillb1 Cz:)(ll(ls}i:(el’(lgsltlﬁ(lze\l\tle S]p1 eddsllaPldly o -the m-OSt
Cl. ocdematiens is associated with (7 1to ey In.CaSCS L Whlc'h
and a small amount of gas may be.;(fp ?(;1“@1;11'0 e<_10m€_1 e
rarely reveals Cl. oedematiens ‘This t}m of i mm-l'natl'on oo
o : ype of infection is nearly always

Gaseous Phlegmon
Gaseous phlegmon, the mildest form

f:(?‘fc;ﬂlyf ix; the cellular connective tissue. Tt commonly appears in
thigl}:; it0 mtal; ;(;;goa:(()lmz;lt‘lilll zlu-ld in the'more superficial wounds of the
s latter. o nes appear in deeper and severely bruised

region. cases the only symptoms are gas

of anaerobic infection, is localized

In many
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pubbles, some crepitus in the inflamed area, local pain and a slicht een-
eral reaction; in some the only indication is the offensive smeﬁ ofhthe
wound. This mild type of gas-forming infection spreads slowly if at
all. It is most important to distinguish it clearly from the more serious
forms.

DIFFERENTIAL DIAGNOSIS

The following points should be considered in the differential diagnosis.

1. Lapse of Time Since the Injury.—The more serious types of infee-
tion generally develop earlier after the wound than the milder type.

9. Type and Site of Wound, Presence or Absence of Fracture.—An
infection from a wound which is not greatly destructive, in a region such
as the anterior aspect of the leg or the posterior part of the arm, and
in some cases an infection from a wound on the back of the thigh with-
out an accompanying fracture may well be a simple gaseous phlegmon.

3. Treatment Applied.—If the wound has not received proper treat-
ment for many hours after it was produced, and particularly if the
tissues have not been excised and are not deeply bruised, the infection
may be of this mild localized type.

Further signs are a dirty, evil-smelling discharge; some inflamma-
tory reaction in the surrounding skin, which is sometimes very warm
and dry and a peculiar dirty yellow ; and inflammation of the regional
glands. The wound gives rise to pain both spontaneously and on pres-
sure over the inflamed area.

The general condition of the patient is not seriously affected, but
there may be a rise of temperature, in some cases to 103° ., with a
corresponding inerease in the pulse rate. Apart from gas in the area
surrounding the wound and an offensive smell (which is not that of
putrefaction), the clinical picture of gaseous phlegmon is not very
different from that of early pyogenic infections, hefore the pus has
formed. Cl. welchii may be found in the blood. The patient is torpid
and somnolent until the blood is sterile (Anderson and Rich.ar('lson, }917)-
Qvist (1941) has recently given a clear deseription of this 1'nf'eetl.0n. ,

If an operation is performed on a patient in whom the infection 1s
already established, the wound is found dirty and may show a certain
amount of tissue damage; necrosed portions of fat and c.onnectwe tlSSlI'C
are distributed throughout. This neerosis is not extensive, but appealls
to be confined to a limited and comparatively superficial layer of t‘g
tissues which have been directly damaged. When the wound is opene
Some gas escapes. In a number of cases the gas eXtenqs someldls-t alge.
from the wound (sometimes far beyond the actually TUSQIe Aol
It is important to remember that the limits of the gas are not neces-
sarily those of the infection. A spreading cellular gangrene may be

S¢en in the subeutaneous tissues.
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Patients suffering from this form of gas infection, when. correctly
treated, generally recover rapidly. TFatal results are excephona}, and
mostly oceur in cases complicated by some other type (;f infection or
by poor general condition due to some other cause. Without proper
treatment, however, the condition may become serious.

The treatment, which must be carried out without delay, consists of
a radical opening-up of the cellular spaces and excision of all damaged
tissues. The technique differs from that used for invasive gas gan-
grene in that the prineipal part is here played by drainage instead of
excision.

SIGNS AND SYMPTOMS OF ANAEROBIC INFECTIONS

Pulse Rate.—A rapid pulse is normally the first sign of onset. While
the patient is still suffering from the initial shoeck and hemorrhage, its
significance is difficult to assess, but onece he has recovered, a rising
pulse rate, particularly when accompanied by a rise of blood pressure,
may be taken to indicate that an anaerobic infection is probably de-
veloping.

Temperature.—Owing to the wide variation in the degree of fever

that oceurs in gas gangrene, the temperature alone is not a reliable'

diagnostic sign. It does, however, serve for prognosis, a low tem-
perature accompanying a rapid pulse suggesting that the outlook is
grave. In the mildest type of gas infection, gaseous phlegmon, there
1s sometimes a considerable rise in the temperature, but the pulse rate
shows a corresponding inerease.

Pain.—The amount of pain is directly related to and varies inversely
with the extent of the bacterial invasion. In the early stages, particu.-
larly when the d.eeper structures are subjected to great pressure by
gas or edema, pain may be one of the most striking symptoms, but in

the advanced stages it disappears. Complete absence of pain is one of
the most marked characteristics of the toxemic forms.

th(’;‘ren(;x-‘a.l Appearance.—In the initial stages of gangrenous infection
Ae pa 1e.nt has a ﬁu.shcjd face and shows considerable mental activity.
ny patient who, within 24 hours of being wounded, passes from the

2

"I'The tI'c.)ng'ue.——The tongue very quickly hecomes dry and coated.
‘ om1t1n'g.—The occurrence of vomiting
15 suggestive of gas gangrene,
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obviously of the utmost importance, is facilitated by the followine
further symptoms which do not generally occur withyo‘thzr i;)(ﬂ'o i
treatment.

A Sensation of Heat at the Site of the Wound.—Ip some cases this
sensation, perhaps best deseribed as a burning pain, may cause much
acute discomfort. It is probably due to the greatly inereased pressure
on the affected region, due to the formation of gas under the plaster.

Edema in the Toes or Fingers.—Edema in the toes or fingers is
always present when gas gangrene develops under plaster; although it
also appears in other infections (e.g., streptococei), its oceurrence
within the first three days after the wound, accompanied by a local
sensation of heat, is always highly suggestive.

Cold Toes and Fingers.—I'rom a very early stage in the development
of gas gangrene the toes and fingers of the affected limb are colder
than those of the sound side. The symptom is due to pressure of the
plaster on the emphysematous tissues.

ms of

These signs, combined with a rising pulse, a rise of temperature, and
occasionally with vomiting, necessitate immediate removal of the plas-
ter cast.

Signs in the Gangrenous Area

The Wound.—(Gas and edema may or may not be present; the color
of the musecles may be necrotic or dark red; there is often an evil-smell-
ing discharge. The surrounding skin is usually dry at first, but after
a while it may turn a yellowish blue and show areas of necrosis. The
area of gangrenous skin is always much less than that of the under-
lying damaged muscles.

Crepitus.—Crepitus is produced by the escape of gas from the mus-
cles into the cellular connective tissues and subcutaneou_s area. It is
common in many forms of gas gangrene, but the diagno'51s should }1ot
be deferred until it is observed. In some of the most serious cases, 1.€.,
those in which the infection is due to Cl. oedematiens, and to a lesser
extent those in which it is due to Cl. septique—there may be no creplt'us
because no gas is formed. On the other hand, in the relatively mll?
gaseous phlegmon, there is a great deal of gas and consequently much
crepitus.

Tympanism of the Skin.—Also connected with ‘the presence olf)lr)ga_s,
tympanism of the skin accompanies crepitus al}d is .most no]tlcetz} n;,:;
cases of massive gangrene with marked distention of the subcuta
Spaces.

Changes in the Appearance of the Skin.

18 no appreciable change in the color, but after som e
ecomes pallid. Later, it commonly becomes 2 dirty

__In the earliest stages there
some hours the skin often
am color with
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Patients suffering from this form of gas infection, when‘ correctly
treated, generally recover rapidly. Tatal results are exc?I')tlona-l, and‘
mostly occur in cases complicated by some other type ?i' mfectlo'n Ol‘
by poor general condition due to some other cause. Without proper
treatment, however, the condition may become serious.

The treatment, which must be carried out without delay, consists of
a radical opening-up of the cellular spaces and excisi?ll of .a‘ll damaged
tissues. The technique differs from that used for invasive gas gan-
grene in that the principal part is here played by drainage instead of
excision.

SIGNS AND SYMPTOMS OF ANAEROBIC INFECTIONS

Pulse Rate.—A rapid pulse is normally the first sign of onset. While
the patient is still suffering from the initial shock and hemorrhage, its
significance is difficult to assess, but once he has recovered, a rising
pulse rate, particularly when acecompanied by a rise of blood pressure,
may be taken to indicate that an anaerobic infection is probably de-
veloping.

Temperature.—Owing to the wide variation in the degree of fever

that oceurs in gas gangrene, the temperature alone is not a reliable’

diagnostic sign. It does, however, serve for prognosis, a low tem-
perature accompanying a rapid pulse suggesting that the outlook is
grave. In the mildest type of gas infection, gaseous phlegmon, there
is sometimes a considerable rise in the temperature, but the pulse rate
shows a corresponding increase.

Pain.—The amount of pain is directly related to and varies inversely
with the extent of the bacterial invasion. In the early stages, particu-
larly when the deeper structures are subjected to great pressure by
gas or edema, pain may be one of the most striking symptoms, but in
the advanced stages it disappears. Complete absence of pain is one of
the most marked characteristics of the toxemic forms.

General Appearance.—In the initial st
the patie‘nt has a flushed face and shows considerable mental activity.
Any patient who, w%tpin 24 hours of being wounded, passes from the
n9rmul d1:0w8y condition to one of mental excitement must be watched
with special care,

The '.I'(.)ng'ue.—The tongue very quickly becomes dry and coated.
. Vomiting.—The occurrence of v
1s suggestive of gas gangrene,

Signs and Symptoms §
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obviously of the utmost importance
further symptoms which do not gen
treatment.

A Sensation of Heat at the Site of the Woungd,
sensation, perhaps best described ag a burning
acute discomfort. It is probably due to the greatly increased pressure
on the affected region, due to the formation of gas under the plaster.

Edema in the Toes or Fingers.—Edema in the toes or fingers is
always present when gas gangrene develops under plaster; although it
also appears in other infections (e.g., streptococei), its oceurrence

within the first three days after the wound, accompanied by a local
sensation of heat, is always highly suggestive.

, s facilitated by the following
erally oceur with other forms of

—In some cases this
pain, may cause much

Cold Toes and Fingers.—Irom a very early stage in the development
of gas gangrene the toes and fingers of the affected limb are colder
than those of the sound side. The symptom is due to pressure of the
plaster on the emphysematous tissues.

These signs, combined with a rising pulse, a rise of temperature, and
oceasionally with vomiting, necessitate immediate removal of the plas-
ter cast.

Signs in the Gangrenous Area

The Wound.—Gas and edema may or may not be present; the color
of the museles may be necrotic or dark red; there is often an evil-smell-
ing discharge. The surrounding skin is usually dry at first, but after
a while it may turn a yellowish blue and show areas of necrosis. The
area of gangrenous skin is always much less than that of the under-
lying damaged museles.

Crepitus.—Crepitus is produced by the escape of gas from the mus-
cles into the cellular connective tissues and subcutaneous area. It is
common in many forms of gas gangrene, but the diagno.sis should .not
be deferred until it is observed. In some of the most serious cases, i.e.,
those in which the infection is due to CI. oedematiens, and to a lgsser
extent those in which it is due to CL septique—there may be 10 creplius
because no gas is formed. On the other hand, in the relatively mild
8aseous phlegmon, there is a great deal of gas and consequently much
erepitus,

TMPanism of the Skin.—Also connected with the presence of gas,
Yympanism of the skin accompanies erepitus and is 'most IlOthC‘ilble n{
¢ases of massive gangrene with marked distention of the subcutaneous
Spaces,

: Changes in the Appearance of the Skin.—In the earliestlstai?s “Zf;g
'S 1o appreciable change in the color, but after some hours the S\lln.O o
tComes pallid. ILater, it commonly becomes a dirty cream color W
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color of red brick; when gangrene is complete the 0(?101' Is greenish
black. When the responsible organism is Cl. ocdematiens, the musecle

remains dark red for a long period.

X-rays in the Diagnosis of Gas Gangrene

The presence of gas in a wound is not proof of gas gangrene.. f}as
gangrene is a clinical entity and its diagnosis is based on eclinical
signs only. Recently, however, attempts have been made to diagnose
anaerobic infections by radiography. This seems to me a completely
wrong approach. In the first place it is sometimes difficult during the
first few hours to secure a convincing radiograph of gas spreading
through the tissue spaces; in the second place other causes than gas
gangrene may produce gas in the tissues surrounding a wound (see
Figs. 6-4 and 6-B). The radiographic discovery of gas in a wound may
lead to amputation, indeed has sometimes done so0, in cases free from
anacrobic infection.

PROGNOSIS

The prognosis depends on severa] factors, by far the most important
of which is early diagnosis. In gaseous phlegmon the outlook is usu-
ally good. The regional type of gangrene causes a high proportion of
deaths, and toxic edema is nearly always fatal. In serious cases a
more favorable prognosis can he secured only by rapid diagnosis fol-
lowed by immediate and drastic operation,

PROPHYLAXIS OF GAS GANGRENE
All measures, however carefy]

res, ha and thorough, against an established
gangrenous infection have

: only a limiteq usefulness. Iven when the

most b(‘lllI.)u]()us technique is used. many of the patients die. It can-
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4. All organic foreign hodies (picces of clothing,
must be removed.

5. All hematomas must be removed.

6. The cellular connective spaces must be left free from tension. No
war wound in which musele has had to be excised should he closed with
a primary suture.

7. Good drainage must be established.

8. Efficient immobilization must be provided.

9. Sulfonamide compounds injected or applied locally from the earli-
est possible moment may help to prevent gas gangrene.

10. In severe concussion or shock, antitoxins may be given by intra-
museular or intravenous injection: gas-gangrene antitoxin (perfrin-
gens) B.P., 4,000 international units; gas-gangrene antitoxin (vibrion
septique) B.P., 5,000 international units; gas-gangrene antitoxin
(oedematiens) B.P., 20,000 international units.

earth, wood, ete.)

TREATMENT OF GAS GANGRENE

Once gas gangrene is established, the most drastie treatment must
be employed. The general principles are the same as those on which
prophylaxis is based: radical excision of all damaged muscula.r, cel@u-
lar, integumentary and other tissues. Owing to the sprezld'ot the in-
feetion in a longitudinal and upward direction, and its rapid passage
from the initial focus through the whole muscle and then to the adjoin-
ing muscles, gangrene sometimes spreads from the thigh to the trunk
in less than twenty-four hours. It is therefore vital that treatme.nt
should be ecarried out before the infection has passed beyond its
localized stage. ‘ e

Four weapons are available against an established infection: surgi-
cal operation, antisera, chemotherapy, and deep x-ray therapy.

Surgical Operation

Conservative Treatment: Radical Excision of All Infe(.=ted T1ssue§.‘—l
This operation is termed ‘‘conservative’’ because, deslmf ﬂ}‘e'lﬂli}l;lhci‘;
excision, the limb is not amputated. It is the best method av (]lj: milde
cases of ‘‘regional’’ gas gangrene. A long an.d dfgp 1111‘01?1011\:tendinm
through the center of the wound in the long axis ?‘1 1he1"1m )é eelilllal' tist:
far beyond the limits of the muscles involved. 1yhe s‘1\1n, g T v
sues, and fascia are thoroughly opened and the muscles exp
carefully examined. i :

The second stage consists of the exeision of .
If the operation is performed in the early stages, 01b ok
localized, the area of skin to be excised may not 'e_.\e gllular tissue
all blue areas must be removed (Fig. 7). The necrotic ¢

dead and dying tissues.
if the infection 1s
extensive;
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and museular tissue must also be unhesitatingly excised. Just as dam-
aged muscle lying distal to the wound must be completely 1.'emoved for
the prevention of gas gangrene, so is its execision proximal to the
wound essential for the cure of an established infection. A muscle
damaged by the infection must therefore be excised from end to end.
The museles adjacent to the gangrenous area must be carefully exam-
ined, and if there is the slightest sign of abnormality in the rate of
bleeding, or in the color or contractile capacity, they must be excised
immediately. The importance of studying the rate of bleeding must
be stressed, for this is the most reliable of all indications. If there
is any decrease in the extent of bleeding, even though the color re-
mains normal and stimulation with a foreeps still produces some con-
traction, the musele must be excised until a point is reached where the
fibers bleed normally.

Fig. T.—Case o
excision, plus(te ! Fls, Fungrene o i
normal.

he foot and lower half

T, and ultimately skin graft. Movements of the S s, eated by

ankle joint are almost

ne'::ssgllf;lat;hany }constrlctiou in the.limb, further incisions will be
e e ese should be parallel with the original ineision, but far
gh away 1{0111 the wound to avoid interference with the blood
supply of the skin immediately surroundine it. -
It should be remembered that gas beneat:ch
the wound does not in itself indicate that t]
to that area, for gas spreads thr
are still perfectly healthy.

the skin a long way from
1e infection has extended
. 01.1g11 the tissue spaces in regions which
Similarly, the presence of Cl. welchii in
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healthy muscle, as. for instance in many amputation stumps, does not
indicate an extenswn. of the danger area. The only eriterion for dis-
tinguishing healthy tissues from those affected by gas gangrene is their
vitality.

Amputa,tion..——Sillce gas gangrene spreads through the tissues and
along the various groups of musecles in a longitudinal and upward
direction, amputation seems illogical except for gangrene due to ar-
terial lesions. In many cases, however, it is the one and only means
of saving life; indeed the few patients who have survived a massive
infection due either to an arterial lesion or to an anaerobic organism
such as Cl. oedematiens or Cl. septique, undoubtedly owe their lives to
amputation of the affected limbh. Amputation must also be performed
in cases in which gangrene immediately attacks large areas of muscle
in the leg, the site of amputation in these cases being the middle of
the thigh. Where the thigh is involved in the infeection amputation is
not satisfactory, for, even if the transverse section of the muscle is
made at a very high level, it may nevertheless not be high enough to
include all the infected muscle, and the process of elimination will thus
be incomplete. Moreover, high amputation of the thigh is a very
severe operation, and patients who are already gravely ill from a
highly invasive gas gangrene seldom tolerate the additional exhaustion.
Unfortunately, it is the only available method of saving life in other-
wise hopeless cases.

Before deciding on amputation, the surgeon should in most cases
thoroughly explore the wound and do all he ean to save the limb by
excising the damaged tissues. Only in massive gangrene of a whole
limb is amputation justifiable without previous exploratiol.l. When
amputation is the only possible method, the choice of the right level
is made on the principles outlined in Chapter XXIV. :

An amputation in the thigh must usually be mndc.as high as 1)05511).1&
The flap type, besides being elaborate, is risky, since 1'hle superficial
tissues retained to form the flaps often include contaminated areas
which should be removed. Morveover, the infection may well extend
into the museles of the stump, which must therefore be. oll)ened up .10
allow excision of necrosed muscles right to the upper limit of the in-
fection. Guillotine amputation should be employed for this t)’I.)e of case.

A thigh-level amputation for gas gangrene in the_ loyer tlm'c-l 'of':'fths
leg may he of the flap type, but there must be no primary 'suf‘;uﬁlf, (lhI’lq
sign of gas gangrene has appeared in the stump after four :1 ' :{ eXI(‘}ri,
a seeondary suture may he made without risk (see also' Chapter ‘P' ~t

Anti-Gas-Gangrene Sera.—1In 1917 Weinberg, “'Ol'knTg aittziliiedd;regxlrll
Institute, prepared a mixture of anti-gas-gangrene sera o el
horses i which immunity had gradually been L
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The animals were immun-
bes, and the three differ-
to form the origi-

welchii, CL. septique and Cl. oedematiens.
ized separately against each of these z{naero
ent types of sera thus obtained were mixed togethe1:
nal (trivalent) Pasteur anti-gas-gangrene seruni. Pierre Duval (1918)

showed that this serum, given prophylactically to 381 wounded soldiers,
reduced the incidence of gas gangrene to 4.7 per cent, against 16 pe'r
cent in a control group. The serum is only antitoxic and has no anti-
bacterial properties.

Weinberg found that in many cases the pathogenic anaerobiec organ-
isms were associated with other anaerobes which, although incapable of
producing gas gangrene themselves, tended to increase the severity of
the gas infection. The most important of these were CI. sporogenes,
which is hiehly proteolytic, CI. fallaz, an organism of relatively low
toxicity, and CL histolyticum, the most frequent companion of the patho-
oenie anacrobes. As a result, he prepared a new serum design to combat
the effects of five anaerobic organisms, including Cl. sporogences and CI.
histolyticum with the three pathogenic types. This quinquevalent serum
is made up by mixing monovalent sera as follows:

Anti-welehii serum 3 parts
Anti-oedematiens serum 3 parts
Anti-septique serum 3 parts
Anti-histolyticum serum 1.5 parts
Anti-sporogenes serum 0.5 part

The individual sera should have potencies equal to 100 international
units of antitoxin per cubic centimeter for the anti-welehii, anti-sep-
tique and anti-histolyticum sera, and to 1,000 units for the anti-oedema-
tiens serum.

Weinberg (1939) quotes some results obtained with these two types
0%’ sera in 1919. Of 60 patients suffering from gas gangrene, 43 were
gl\'.er{ trivalent serum, and of these 33 recovered and 10 died; the re-
maining 17 patients were given the quinquevalent serum and all recov-
ered.. He advocates the following dosages and methods of adminis-
tration: (1‘) for the treatment of serious cases, 200 c.c. of serum in
800_c.c. saline, given intravenously by continuous drip injection; this
fn'.olds anaphylactie reactions; (2) as a prophylactie, 20 c.c. of s’el'um
mjected subcutaneously. . , -

Another anti-gas-gangrene serum
bacterial was prepared by the Irene
obtained from horses progressiv
terial species, aerobic and anae
of. gas gangrene, is beliey
Vincent (1939) claims sty

said to be hoth antitoxic and anti-
h pathologist Vineent. This serum,
ely immunized against all the 17 bac-
robie, which have heen found in cases
-e(_l to be equally effective against all types.
iking results which he attributes to the anti-
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J
pacterial properties of the serum and to its varied
For prophylactic purposes the prescribed dose i
ment from 80 to 150 c.c.

In Great Britain 11111‘;1-013:11';11,1'011 su.mlar to Weinberg’s original triva-
Jent serum (see p. 1. -) IS put up in rubber-eapped bottles, each con-
taining an amount equivalent to one therapeutic dose (20 c.c.) or three
prophylactic doses; it can be used for either purpose. The dosage is

- ¢ 2
as follows:

antibody content.
$ 20 c.c., and for treat-

Prophylactic: Cl. welchii antitoxin 3,000 LU. Given by intra-
Cl. septique antitoxin 1,500 1.U. venous or in-
Cl. oedematiens antitoxin 1,000 I.U. tramuseular in-

jeetion.
Therapeutic: Cl. welchii antitoxin 7,500 I.U. Given by intra-
Cl. septique antitoxin 3,750 I1.U. venous injec-
Cl. oedematiens antitoxin 2,500 1.U. tion and re-
peated as nee-
essary while
symptoms of
toxemia persist.

These three antitoxins are also issued separately for more intensive
therapeutic use in cases in which the specific organism has been identi-
fied. They are put up in ampules each containing one therapeutic dose.

[Some American preparations are available and a tetanus gas gan-
grene antitoxin is available for prophylactic use; the constituents are
as follows:

1,500 units, Tetanus antitoxin (CI. tetani) .
. a . . : Al '3
2,000 units, B. perfringens antitoxin (CL. welehii) R
2,000 units, Vibrion septique antitoxin (CL oedematis-maligni)
For therapeutic purposes in treating gas bacillus infection, there is
available a polyvalent gas gangrene antitoxin without tetanus anti-
toxin, each vial containing the following :
10,000 units, B. perfringens antitoxin (Cl. welehii) aligni)
10,000 units, Vibrion septique antitoxin (Cl. oeden}atls-;lld i
3,000 units, B. histolyticus antitoxin (Cl. l“S.w]'\'“mm] atiens)
1,500 units, B. oedematiens (Novyi) antitoxin (51 O]G( SIARET
1,500 units, B. sordelli antitoxin (Cl. oedematol 5]

. i - e
chemothera.py.—since the Spanish War sulfonamide compounds hay

been used as a matter of course. The first results, pll]_)liShed by d’}.Ialz
court and his colleagues in 1939, were most encouraging. Ofle patle‘n
I Whom the infection was too far advanced for a radical sul‘.glca! opelIa-
tion mage » spectacular recovery after treatment with sulfanilamide. 1:.

rcelona the drug was given by mouth and th'e treatment was supp
mented hy several hleedings and blood transfusions.



ii6 WAR SURGERY

At the Pasteur Institute Legroux (1940) inves‘tigated th.e the'ra-
peutie action of sulfanilamide in infected EINea PIES. The mfec.tlon
was produced by inserting in the wound a piece of clo’fh soaked in a
culture of CL welchii. Legroux found that local application of sulfanil-
amide enabled the animal to survive as long as the treatment was con-
tinued, but that when it ceased the animal died. If, however, the wound
was reopened, the piece of infected cloth removed, and a fresh applica-
tion of sulfanilamide made, the animal survived and recovered. The
action of sulfanilamide seems to be bacteriostatic, its local application
probably playing an effective part in bacterial ‘‘fixation’’ and possibly
limiting the production of toxins, which when not excessive can be
neutralized by antitoxic sera (see p. 114). The only point that should
be stressed here is that, the infection being so serious, the systemic
administration of the drug should always be supplemented, after the
radical excision or amputation, by a local application to the wound, so
that the organism may be prevented from spreading by a direct attack
on the focus of infection. Sulfathiazole seems to be much the most
active drug. Needless to say, all drug and serum treatment must be
accessory to surgery, not a substitute for it.

X-ray Therapy.—X-rays were first used for the treatment of gas
gangrene in 1928 by J. F. Kelly (1932), who in the course of the next
nine years, made a study of 143 cases treated by himself and other
workers in the United States and Canada. Kelly and his eolleagues
claim that x-rays were highly successful, particularly when applied in
The early stages, and that they also lowered the mortality rate in cases
In which no amputation was performed and no serum given. Kelly
st.utes that of 17 patients with well-established gas gangrene, only 2
fhed. He stresses the importance of early treatment, maintaining that
if treat.men"c is started while a case is still under suspicion and before
a definite dlagnf)sis Is made, gas gangrene should not develop ; that in
cases treated within 24 hours of the infection there should be a very
hlgl} percentage of recoveries; and that if treatment is not started
until after‘ the. first 24 hours recovery will he less likely and 10 to 15
per cent of patients will probably die.

The x-ray technique advocated (Kelly and others, 1938) is as follow:

Kilovoltage: Sufficient thoroughly
from 90 to 135 KV.

Dosage : From 60 to 100 R units ber treatment through each port:
the dosage should vary with the size of the port. A smaller
d‘ose may be u§ed_ on the third and fourth days of the dis-
ease; 50 R units ig probably sufficient for late treatments.

Ports: Large enou :
gh to cover all :
suspected area, mfected tissues and adjacent

to penetrate the infected area: varies
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According to these workers there are no contraindications to this
treatment, provided that it is given under the direction of a qualified
radiologist. In fact, they regard it as so effective as to render all
radical operative techniques unjustifiable, If further experience justi-
fies this view, the use of x-rays will be the best treatment for eas ean-
grene. Unfortunately the results of other workers are not so erlljcou!;ag-
ing, and the method is still under trial. As far as I know, it was never
used during the Spanish War and has not yet been adequately tried
in this one.

Treatment of the Acidosis.—In patients suffering from gas gangrene
there is an immediate deterioration of the liver function with conse-
quent acidosis. This was first noticed by Sir Almroth Wright during
the last war and confirmed by Marquis, Clogne and Didier in France
(1918). IHow far the acidosis contributes to a fatal issue is not yet
known, but the prognosis is related to its intensity. Treatment must
therefore be established at once and should persist until the danger is
over. Intravenous injections of sodium bicarbonate should be given,
10 c.c. of a 20 per cent solution twice a day. Urine and blood must be
investigated and the treatment adapted to the condition of the patient.

SUMMARY

1. Prophylaxis of Gas Gangrene.—

(a) Essential Factors

1. Barly operation, if possible within 4 hours of the wound.

2. Thorough cleansing of the wound and the surrounding skin with
soap and water and a nail brush.

3. Opening up of the cellular spaces in the injured region, and care-
ful removal of all hematomas.

4. Radical excision of all damaged musecle, particularly any damaged
portions of the long museles of the limbs lying distal to the wound.

9. Provision of good drainage both for the wound itself and for the
neighboring cellular spaces.

6. Bffective immobilization of the limb, the maintenance of a gf)od
¢ireulation, and protection of the wound from the entry of germs at.ter
Operation. These conditions are best provided by a plaster cast aI.)Dth
directly to the skin, which gives complete rest and immobility “'}thO“f‘
mpeding the normal circulation of the limb or the local .cn'culatlon of
the injureq part. If the circulation, general or local, is in doubt, par-
tie“h“'ly in wounds of the thigh, the application of the_ pla'ster sh'o.uld
be deferred for two or three days. In such cases relatl‘ve 1mmob1h-za-
tion of the limb in a Thomas or Braun splint (with cont_muous traction
bY a Kirschner wire in cases of fracture) makes it possible to keeP the
Wound under constant observation, so that, if necessary, more drastio
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measures may be taken without delay. The Billroth-Schede technique
of leaving the wound open to view also enables the surgeon to watch
its nutrition.

(b) Subsidiary Factors

1. Application of a sulfanilamide pack.

2. Administration of anti-gas-gangrene sera, preferably of the quin-
quevalent type, 20 c.c. by subeutaneous injection.

3. X-ray treatment.

Treatment of Gas Gangrene.—

Important Factors

1. Early diagnosis.

2. Immediate surgical treatment.

(a) Local and regional types: long incisions to expose the affected
area, and radical excision of gangrenous tissues and of any
adjacent tissues suspected of contamination—particularly the
muscles.

(b) Massive type: amputation of guillotine or flap type, according
to the site of the gangrene. No primary suture,

3. Application of a sulfanilamide pack,

4. Initial rest and relative immobilization of the affected limb with
(for the lower extremity) a Thomas or Braun splint, with or without
traction according to whether or not a fracture is present, or (for the
upper extremity) abduction apparatus, such as an aeroplane splint.

5_. Administration of anti-gas-gangrene sera, 200 c.c. in 800 e.c.
saline, intravenously by continuous drip injection.

6. X-ray treatment,

7. Anti-acidosis treatment: 10 c.c. g

: odium bicarbonate solution (20
per cent) mtravenously twice daily.

CHAPTER VIII
TETANUS

Of all fatal infections of any war, tetanus has probably been re-
sponsible for the highest mortality, the only other infection at all com-
parable being gas gangrene. Fortunately, the steady improvement
in surgical technique and the diseovery first of the tetanus antitoxin,
and more recently of the tetanus vaccine, have led to a noticeable de-
crease in the incidence of this deadly infection.

ETIOLOGY

Tetanus is caused by a feebly motile and flagellated organism, first
discovered in garden soil by Nieolaiev in 1885. Later Kitasato was
able to isolate it in pure culture. Clostridium tetani characteristically
appears as a rod with a little knot at one end, the spore. It is.a str_ict
anaerobe and can grow only in the absence of oxygen. Association with
other types of bacteria which consume oxygen facilitates its growth, a
fact which increases the menace of mixed infections. : -

Cl. tetant commonly lives in humid, warm soil, particularly in culti-
vated ground, and according to Loewe (1937) it§ cle\’elf)pment s con-
siderably influenced by the composition of the soil. It is a no?mal in-
habitant of the intestinal tract of the horse and is present in large
quantities in stable manure. The spores may sul_'vive for many years,
and may remain actually inside the tissues. This fa(.zt. carries with blt
the unexpected (and often forgotten) risk .of. exciting tetanus by
disturbing an old wound many years after.the initial 1nJu1‘y|. In a, ca'se
reported by Bonney and others (1938) this ha.ppened after ten-3 e,al.s'
Some human races are relatively immune: for instance, tetanus‘ is very
rare among the people of Pekin, one-third of whom carry the organism

Dej y )

( 1?31({?6@%1931)919) has divided Cl. tetani into four groups accm"dlrflgﬂ':z
the characteristics of its growth and the ag.glutmatmg POIIVGI Y -
antitoxin. The first group is less pathogenic than the ot ers'_al; c:
used in the United States for the preparation .of ant1tox3n.. (:I‘l;ﬁeel‘is e?c =
of four different types may possibly explain the yaLy n;bth 'nfSetion
results obtained with antitoxin and the special gravity ot the 1

In certain countries.

PATHOLOGY

, - d
Until recently the tetanus toxin was supposed ];o ?e-izll)sf(::i;ds anIt
diffused by a route different from that of other bacter .

119
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was commonly believed to reach the nerve cells by way of the periph-
eral nerves or by the perineural lymphaties. Abel and his co-workers

(1938) and Harvey (1939), however, affirmed that it follows the same *

route as all other bacterial toxins. They repeated and confirmed ex-
periments by Leo Zupnik (1905) on the production of local tetanus,
showing that the toxin did not travel by the nerves, and assuming that
it must follow the lymphatic and venous routes. More recently, Barnes
and Trueta (1941) demonstrated that the toxin travels only by the
lymphatic system (see p. 77). Abel, Hampil and Jonas (1935) have
shown that if tetanus toxin is injected in the seiatic or erural nerves
of dogs, with due precautions against contamination of the surround-
ing tissues and particularly of the muscles, the characteristic intoxica-
tion of the central nervous system does not appear. If numerous small
injections of the toxin are made into the muscles, a local rigidity is
caused by the toxie impregnation of the muscle nerve endings, but this
rigidity is entirely different from the spasms and contractions that
follow the toxic impregnation of the motor cells of the spinal cord.

Where a wound involves muscular tissues there is always a greatly
increased risk of tetanus, as of gas gangrene. Zupnik (1905) was un-
able to produce local tetanus by injecting the toxin into the cellular
!issues between the tibia and the tendo achillis, a region where there
18 no muscle; similarly, the absence of museular involvement probably
accounts for the mild form of tetanus which occurs among natives of
the French colonies after perforation of the ear.

A'bol_ anfl his co-workers (1935) have shown that if a small dose of
toxin is given intravenously it does mnot reach the nerve cells but is
apparently removed from the cireulation by the lungs.

.The ineubation period varies from five days to several w
with the first appearance of symptoms the dise

The various clinieal forms are
of which the most important are
omy and pathology of the lesion,
and (4) certain factors pl'obabl\.'
the organism belongs. :

fo;zl\i(ser{hxn‘l‘ld f((i)}'xll ’f’ollox‘\;s perfora_tion of the ear. A more serious
. :ntl-nrlei ical”” or “splanchnic’’ tetanus, so called hecause the
pe oo e} fs ?ot lexternal. The tetanus which follows a prick on
e m.o . f)O.. (the commonest. form in peacetime) is still graver,
L ser :ous form of all. Is postoperative tetanus. Of seven
e perzf ive tetam%s. which T have seen, where the infection

€ to imperfectly sterilized catgut, the most drastic treatment

saved only one patient. T :
- letan , o : :
the lower extremity. 18 18 more serious in the upper than in

eeks, and
ase is already established.
determined by a number of factors,
(1) the portal of entry, (2) the anat-
(3) the presence of other infections,
connected with the group to which
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The symptoms vary according to the factors mentioned above, but
the following stages are often identifiable when the disease runs its
full course:

1. Headache and shivering, followed by stiffness in the musecles of
the face, lower jaw and neck, trismus being the most obvious and some-
times the only sign. In some cases the rigidity begins in the limb in-
fected by the organism.

2. When the picture is fully developed the spine becomes arched,
backwards (opisthotonos), forwards (emprosthotonos), or to one side
(pleurothotonos). Sometimes the intercostal muscles are involved and
respiration becomes very difficult, being earried out solely by the dia-
phragm. In the lower limb the most usual signs are spasm of the
extensors of the leg and of the abductors of the thigh. In many cases
the arms are comparatively little affected, although the shoulder is
generally fixed by a spasm of the pectoral musecles. Painful convul-
sions accompany this widespread rigidity, and increase the spasm. Re-
flexes are exaggerated and there is a sharp rise in temperature, which
may in some cases reach 107° F. before death. Death is due to cardiac
or respiratory failure.

SPECIAL TYPES OF TETANUS

Local Tetanus

The early signs are similar to those in other forms, but muscular
rigidity is more conspicuous and is sometimes the only apparent sign.
Rigidity plays a greater part than contractions, which in turn are more
frequent than spasms, although in some instances a slight spasm does
accompany the local rigidity. Harvey (1939) believes that the rigidity
of the masseter musecles is due to impregnation of the nerve endin.gs
by the tetanus toxin. When the discase is localized in an extremity
there is sometimes neither rigidity of the neek nor trismus. Such cases
suggest that the advance of the disease is halted at a stage “’hi(}}.l nor-
mally represents its initial phase. Probably the amount of toxin ab-
sorbed is not very great and its action is largely confined to th(? nerve
endings in the museles. The fixation of the toxins in the peripheral
nerve endings is responsible for the long time the disease of‘ten tal.ie.s
to develop. Occasionally, the patient is not himself aware of the stlfti
ness, and the surgeon is the first to notice it. Th-e stiffness of }oc}?
tetanus is wholly different from the first effects of involvement Of. ‘t.e
central nervous system, which consist of sligh.t spasms and tremm‘? in
the injured limb ; if these are the first indications of tetanus the p}i og-
Nosis is very unfavorable. I have seen three patients In whom the first
sign was local tremor and all three died in a very short time.
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A guide to the prognosis is thus the length of time between local
stiffness and the first spasm. When this is less than 48 hours the prog-
nosis is very grave. In many cases local rigidity is the only sign of
tetanus in the early stages, and this makes accurate diagnosis difficult
at a time when active therapeutic measures are. urgently required.
Hence if when a wound is being treated the affected limb shows any
slight rigidity, the proper course is to give antitoxin.

The term ‘“local tetanus’’ is thus used for those cases in which rigid-
ity is the principal, if not the only, feature of the disease.

Facial Tetanus

Facial tetanus, first described by Rose under the name of ‘‘tetanus
hydrophobicus,”” follows an injury of the head or face and affects the
whole area supplied by the cranial nerves. In many cases the muscles
of the throat also show violent spasm. TFacial paralysis often oceurs
on the side of the injury and sometimes on both sides. One of the first
signs is a stiffness of the masseter muscles, and this is followed by con-
traction of all the facial muscles, which produces the ““risus sardoni-

cus.”” This is not one of the more serious forms of tetanus, but treat-
ment is often long and difficult.

Delayed Tetanus

In its first stage delayed tetanus is like local tetanus

and develops
slowly.

ly. The absence of striking symptoms may lead to insufficient
z.xdmmlstration of antitoxin—an error which may prove fatal. The
incubation period may be very long, and in some cases the first signs
do not appear until several weeks after the injury. In the interval
con}plete healing may have occurred, an event whicl‘l makes early diag-
nosis more difficult, particularly when the injury was trivial. i

Chronic Tetanus

Chronie tetanus has no s
any of the other forms,

reason (e.g., the patient’

the type of organism) t

however, it is not one of

pecial characteristics and may develop from
The.only significant feature is that for some
S 1'es_1stance, the portal of entry, and perhaps
he disease lasts for several weeks; generally,
the most serious forms. :

DIFFERENTIAL DIAGNOSIS

sm’fie;t;nus is not. (.)ften confused with other diseases. Strychnine poi-
A . itis present a similay linical pictur
iy . 1 r clinical picture

hydrophobia resembles facial tetanus with throat spasms; blzlt mis-’
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phobia are rare, and encephalitis and meningitis ecan be diagnosed by
examination of the spinal fluid.

It is, however, important to distinguish the effects of tetanus itself
from the anaphylactic reaction which may be produced by serum
therapy. The commonest initial sign of tetanus is trismus; a similar
difficulty in opening the mouth may oceur in wounded patients who
have been given a prophylactic injection of tetanus antitoxin, for an
articular anaphylactic reaction may appear in the temporomaxillary
joints. If such a picture is attributed to tetanus and a further large
injection of antitoxin is given, it may even lead to a fatal result. I
have seen two such cases of grave anaphylactic shock. The first pa-
tient died, but the second, although desperately ill, survived. Both
patients had had a prophylactic injection of antitoxin, but neither joint
pains nor anaphylactic rashes had appeared until after the second injee-
tion, which consisted of 50,000 I.U. of tetanus antitoxin.

In such cases a differential diagnosis must be made after careful
examination of the rigidity. In tetanus the limitation in opening the
mouth is due to hypertonic rigidity of the masseter muscles, and the
patient can voluntarily lower the mandible more easily than it can be
moved by hand—that is to say, active movement is more effective than
passive movement; moreover, the trismus is not painful. A patient
suffering from anaphylactic arthralgia, on the other hand, eannot him-
self move the mandible at all, although it can, with some pain, be
moved passively. Any attempt to produce lateral movements causes
acute pain, which is strietly localized to a small area in the region of
the joint. A careful examination of the other joints may, after a short
while, reveal arthralgia elsewhere, and a rash in the neighborhood of
the injection may help the diagnosis.

THERAPEUTIC MEASURES

Before the discovery of antitoxin, the treatment of tetanus had bef-)?
largely confined to local applications of antisepties such as Baccelli’s
phenol acid and Lumidre’s 5 per cent permanganate of potash.‘ In
1890 von Behring prepared tetanus antitoxin, which' has ever since
formed the basis of all treatment, and for a long period was also the
only prophylactic known.

Prophylaxis
Until recently preventive treatment was conﬁngd to injections _of
tetanus antitoxin; i.e., the serum of horses 1mmun}zed by the adm%n-
istration of tetanus toxin in progressively inereasing dosgs.' T%le M
cubation period of tetanus is sufficiently long for the fivst dnjechionsto
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be given before the onset of infection.; b}lt, to be effecti\"e, 'prophy]actie
injection should always be given w1t.hm 24 hou}'s of 111.Jll.l'y.' If the
patient requires surgical treatment it is bes't to give the injection dur-
ing the operation, for anaphylactic shoek is very rare under general
anesthesia, and particularly under ether (Koontz and Shackelﬁor.d, 1939).
The jmmunity afforded by the antitoxin is of limited duration how-
ever—not more than 20 days; another injection of antitoxin is there-
fore essential if the wound requires further surgical intervention after
this period.

It would be a great help to know which types of wound need prophy-
lactic treatment and which do not. Unfortunately, it is impossible to
classify wounds into those in which the risk of tetanus is great and
those in which there is none, since Cl. tetani can be active in almost
all types. Wounds involving muscle, however, are definitely the most
liable to tetanus infection. The old idea that this anaerobic organism
cannot survive in a superficial wound, owing to its inevitable contact
with the oxygen of the air, is entirely fallacious, as shown by the fol-
lowing example:

A carter received a small superficial serateh about one-fourth inch
long on his thumb, from the tooth of a horse. Owing to the triviality
of the injury, the doctor was inclined to forego the administration of
tetanus antitoxin, but at the patient’s own request gave 1,500 inter-
national units, an insufficient dose. Seven days later tetanus developed,
but thanks to the injection—inadequate though it was—the attack was
not very serious.

Like all anaerobic infections, tetanus develops more often in wounds
in which the circulation has been impaired, as, for example, those
caused by high explosives. Vaillard and Vincent (1891) showed that
The presence of dead tissue also favors its development. Since it is
impossible to know which type of wound requires preventive treat-
mer.lt, a prophylactie injection must in wartime be given to all wounded
patle_nts, avoiding anaphylactic shock either by the Besredka technique
(an intradermal injection of 0.5 c.c., followed four hours later by the

prophylactic dose injected subeutaneously), or by injection under ether
anesthesia.

The number of units considered necessary to prevent the develop-
ment of tetanus has heen increased in recent. years, and today the dose
gc:nerally gi\:exl is 3,000 international units (one I iI being t}}l,e amount
o.t serum which protects a mouse weighing 10 grz;m.s a ra;nst 4,000,000
times the .minimum lethal dose of tetanusotoxin) Sev{:aral ’ h’ ve
been published in which, despite this high dose, t.etanus hasc?lseirseloged

and even proved fatal. Most of i
. al. - Most of these patients, however. wer d
very ill before the antitoxin was introduced. ; i
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Active Immunization

In 1931 Ramon, at the Pasteur Institut : :
¢“anatoxine’’ in I<"1-- s 1( oy -In?',h_tmc’ !’101)511'0(1 a vaccine, called

anato: ance and ““toxoid’’ in Britain, which he afterwards
declared would provide active immunity from te
This claim is today regarded as excessive.
of three intramuscular injections of the v

tanus for five years.
The immunization consists

et " ) accine, 1 c.c. being given in
e first injection; 2 c.c. in the s : ;
i J 2 n the second, made three weeks after; and

a further 2 c.c. in the third, now given after an interval of six months
The British technique differs from the French in omitting the thir(i
injection. Marvell and Parish (1940) showed that when only two
injections are given the antitoxin titer in the circulating blood is often
inadequate and that the period of immunity is less than one year.

For wounded patients who have not been previously immunized with
toxoid, a combination of active and passive immunization may be used.
IFor this purpose 3,000 1.U. of tetanus antitoxin and 1 c.c. of toxoid are
injected together on the day of the injury; ten days later a further
3,000 I.U. of antitoxin are given, followed ten days later by 2 c.c. of
toxoid. By this means the patient is protected against tetanus infee-
tion throughout the period of treatment even when this is lengthy.

Treatment

The administration of antitoxin forms the basis of all treatment.
The motor cells of the central nervous system have a great affinity
for the tetanus toxin which, once implanted in these cells, can be dis-
placed only with difficulty. The fact that patients who recover from an
attack of tetanus show no evidence of permanent damage to the cen-
tral nervous system suggests that the toxin irritates but does not dam-
age it. This is in contrast to the permanent damage often left by
poliomyelitis. It was probably with this consideration in mind that
Dufour (1929) devised a method of treatment which aims at the dis-
placement of the toxin from the nerve cells and its neutralization when
it is again circulating in the blood. Gleneral anesthesia is induced with
ether or chloroform, with the object of displacing the toxin from the
cells, which have an even greater affinity for these anestheties than fo.r
the toxin. During the anesthesia, the toxin is neutralized by the al}tl-
toxin. The patient is given 20 c.c. of chloroform, drop by drop, which
induces 2 light anesthesia for 30 minutes. Half an hour before th'e
anesthetic, and again half an hour after it, 20,000 L.U. of tetanus anti-
toxin are administered either intramuseularly or, preferably, ntra-
venously. A maximum of two periods of anesthesia may be. g'.l\’el'l each
day. In very severe cases Dufour gives an i'ntrasp.lnal injection of
20,000 to 50,000 1.U. of warmed antitoxin, after withdrawal of the
€quivalent yolume of spinal fluid, but this practice is not recommended.
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Dufour’s technique has led to some improvement 1n results, and I
have seen two seriously ill patients recover. General aneSt.hesm, more-
over, does a great deal to relieve severe muscular contraetions, and to

)

a large extent prevents anaphylactic reactions.

Couvy uses hexamine (urotropine) instead of ether or c.hlorofo.rm.
He gives 0.5 to 1 gram of a 95 per cent solution, after an mtra.sp.mal
injection of 6,000 LU. of antitoxin; and half an hour later injects
30,000 1.U. intramuscularly. The results are not as good as those of
the Dufour technique.

The amount of antitoxin required to treat a case of tetanus varies
considerably, but the average may be taken as 300,000 I.U. The cus-
tomary routes of injection are subcutaneous, intramusecular, intrave-
nous and intraspinal. Any of the first three may be used, but intra-
spinal injection is not only ineffective, since there is no contact between
the spinal fluid and the majority of nerve cells, but apt to be danger-
ous. Isaw a patient die as a result of an injection of 30 c.c. of Pasteur
Institute antitoxin by this route. Local injection of antitoxin into the
tissues smrrounding the wound has been advocated, but is not satisfac-
tory, for it appears that neutralization in the tissues is difficult and,
to be effective, must be carried out in the blood.

A large dose of antitoxin, that is to say, at least 100,000 I.U., should
be given at an early stage of the infection. Cole and Spooner (1935)
advocate the intravenous injection of as many as 200,000 I.U. They
fou'nd that, seven days after such an injection, 50,000 units still re-
mained in the blood, while 15,000 units were left after a further period
of seven days. If this is true in all cases, a further injection of anti-
toxin appears unnecessary, but I personally think it wiser to do as Cole

51936) m}ggests and, in all serious cases, give a second injection of
50,000 I.U. seven days after the first.

Iff, whex} all the signs of general intoxication have disappeared, the
patient stll} has some contractions or paralysis, the infection ma,y be
assumed still to be present, and a further injection should be given.
.If.moye than ten days have elapsed since the patient received the last
mjection, antianaphylactic measures must again be taken

in(%vex(zler‘a‘kl Treatment,—The patient should be kept warm and very quiet
; aa ar '.ened room. .An injection of isotonic glucose solution, if the
s '[l)usms W 1111 permit, will compensate to a large extent for the ’loss of
§,S co;e .t at 1-esu1t.s fl:om the great muscular activity: 200 c.c. a day
ﬁnzg telen"cu'io msm;lam muscular nutrition. The diet shoul(i i)e con-
o milk, and the i ¢

iy patient may have to be fed through a stomach

Treatment of the Wound.

ke —Many worker
cision of the wound, partie < sers have recommended ex-

ularly of its deeper parts, to remove the
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tissues in?ected by Cl. tetani. Others, on the other hand, rely on com-
plete non}nterference, and I believe this is the right policy. The ex-
cision of infected tissues leads to a great increase in the absorption of
toxins and so intensifies the effects of the disease.

Treatment of Spasms and Contractions.—Patients suffering from tet-
anus infection commonly die of cardiac or respiratory failure as the
result of general exhaustion. The collapse is chiefly due to the con-
tinuous muscular spasms, and it is therefore essential to treat these
throughout, so as to allow time for the antitoxin to achieve its tasks.
A number of drugs have been used, of which the following are either
the most efficient or those most commonly employed.

MaGNESIUM SULFATE—In 1906 Blake adopted the then new tech-
nique of intraspinal therapy for the treatment of tetanus. ITe injected
1 gram of 25 per cent magnesium sulfate solution daily for four days.
This method was, however, soon abandoned for, although magnesium
sulfate often inhibits the contractions—and in fact satisfactory
results have been published quite recently—its action on the nerve
centers is so powerful, as Meltzer and Auer have shown, that in some
cases it produces complete paralysis. Meltzer (1916) used magnesium
sulfate subcutaneously, injecting 2 to 6 c.c. of 25 per cent solution
daily. A certain number of cases have been published, however, in
which necrosis of the skin followed a subeutaneous injection.

CHLORAL HyDRATE.—Chloral hydrate inhibits contractions, but must
be given in high dosage. A suitable average dose is 30 grams in 50 c.c.
each of water and milk, given rectally.

BarBITURATES.—Large doses of phenobarbitone (luminal, gardenal),
phenobarbitone sodium (luminal-sodium, gardenal-sodium), or amytal,
e.g., 4 to 8 grams daily, ave effective in reducing the spasms.

ATROPINE—One and five-tenths milligrams of atropine (¥4 grain)
injected subcutaneously each day may have a sedative effect.

AvERTIN.—General anesthesia under avertin two orv three times a
day is of considerable value in serious cases. TFrom 0.07 to 0.12 gram
per kilogram of body weight controls the spasms. )

Immobilization.—Before the discovery of antitoxin many empirical
methods were used, some of which were followed by complete recovery.
Three are worth mentioning, because, although entirely unrelated to
each other, their success, such as it was, resulted apparently 3?rom their
capacity to bring about absolute cessation of muscular activity.

Olaude Bernard tried curare (1866), and recorded four casegin
treated: two developed paralysis and recovered, the other two did not
and died. That is to say, the beneficial effect of ‘cur.are was produ'ced
by the same means as that of the intraspinal injection of magnesium
sulfate, i, by persistent muscular paralysis. Florey and others
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(1934) have suggested that treatment by curare Qi ey emented

he use of a mechanical respirator. ; _
byl\tfoie than sixty years ago papers were published ad}?c%m};% : tl;e
stretching of the main motor peripheral nerve .Of _ﬂ.le alfectec 111‘1 ),
% cenove Some cases treated in this way recover ed
generally the sciatie nery 'e. . 187 Callonder, 1878
after paralysis of the affected limb (Thomas, ; Ga ) ;
Clark, 1879). 4

Several Italian surgeons of the last century published succe.ssful re-
sults after absolute rest of all the senses, particularly o'f. s.lght and
hearing; no other treatment was oiven (De Renzi, 1892 ; Nigris, 1882).

The results of experimental work (see P. 75) seem to prove beyond
doubt that the real cause of success in each of these three different
forms of treatment lay in the complete absence of muscular activity.
Muscular activity is the supreme, if not the only, factor responsible for
the absorption of toxins from the tissues by the lymphatie system and
their conveyance to the blood. Our experiments showed, first, that the
route by which tetanus toxin is absorbed and carried to the blood is
the lymphatic system, and secondly that immobilization of the affected
limb in plaster of Paris either completely prevents absorption or else
very markedly diminishes it. Rabbits immobilized with a plaster spica
and injected with a highly lethal dose of tetanus toxin survived for
an average period of 11 days, death oceurring in most cases without
any sign of tetanus, while control rabbits similarly injected, but not
immobilized, died of tetanus in an average of less than four days.

It seems abundantly clear, therefore, that in all cases in which teta-
nus develops as the result of a wound, the affected limb should be
immediately immobilized in a plaster cast in order to diminish absorp-
tion of the toxin and give the antitoxin time to operate.

Treatment of Anaphylactic Shock.—If, in spite of due precautions
.(see D. 124), the patient develops anaphylactie shoek, one of the follow-
ing drugs should be used; none of them are, however, very effective.

AI)‘RE.\'ALIXE.—T\\‘O subeutaneous injections of 1 c.c. of a 1 in 1,000
solution daily.

Cavervym CHLORIDE—Two intravenous injections of 5 to 10 c.c. of a 10
per cent solution daily.

' With the combined use of these methods and drugs the mortality
rate of tetanus has fallen from 75 to 25 per cent, but the factor on

which successful treatment depends above all others is immediate

diagnosis. It would per
S. perhaps be better to say that in tet /
really efficient treatment is prophylaxis, . flie o

CHAPTER IX
SHOCK

The term ‘‘shock’’ is used to denote the acute state of depression of
all vital activities, and in particular of the circulatory and nervous
mechanisms, that follows the abrupt action of agents alien to the body.

From the first deseription of this syndrome by James Latta in 1785
until the present time, there have been many varying conceptions of
shoek and many different theories of its cause. Claude Bernard’s work
was continued by Mitchell, ;)\[orehousc and Keen (1864), who were the
first to put forward the theory of the nervous origin of shock by de-
seribing it as a consequence of reflex inhibition of the vasomotor nerves.
In 1891 Heidenhain produced the theory, based on laboratory research,
that shock is due to the absorption of toxins; he had found that ani-
mals injected with peptone collapsed in shock. This theory was re-
introduced many years later by Dale and Laidlaw (1919), who pro-
duced the characteristic effects of shock by intravenous injections of
histamine.

The emphasis laid in recent years on animal experiments has tended
to distract attention from the importance and value of the study of
human subjects. Much of the cxperimental research, however, is very
useful, particularly when it can be correlated with clinical work, and
in the following account of the clinical aspects of shoek I shall take
into consideration the results of the most important animal experi-
ments, especially those of IFreedlander and Lenhart (1932), Slome and
0’Shaughnessy (1937), Parsons and Phemister (1930), Blalock (1931),
Harkins and Harmon (1937), Bross and Lueken (1938), the clinical
observations of Szdnté (1937) and Atkins (1937), and the stud): of
burns by Lambret, Driessens and Cornillot (1938). To the various
theories thenee derived I shall add the results of my own experience
in the study of war casualties, and that of Kekwick and his eo-.workel-s
(1941) and of Grant and Reeve (1941), whose observations in many
points confirm my clinical findings in Barcelona.

THE PATHOLOGY OF SHOCK

I propose here to deal only with shock caused ?)y trauma, omi.tt_i“ng
many very similar types such as those caused by frost, burns or infec-
tions. The essential basis of shocl is that it may be produ?ed by any
condition which causes a marked and acute disturbance of the n‘erve
centers, IIuman shock must be studied in human beings; most of the

129
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enormous amount of experimental work perfo.rmed on amma'a,ls during
the last twenty years only complicates the picture. The hlg.her cex'l-
ters in man play such a preponderant part that the .pathogenlc condi-
tions of human shoek cannot be exactly reproduced in laboratory ani-
mals. To attempt to explain traumatic shock as a consequence of loss
of blood, loss of fluid by transudation, intoxication, anoxemia and so
forth is, in most cases, like starting a book at the second chapter. My
object is to follow the clinical picture of shock as closely as possible.

My own observations and those of others have now evoked sufficient
support for the view that the fall of blood pressure is in many cases
preceded by a sudden and brief increase in arterial tension. The rise
in blood pressure comes on so soon after the trauma and lasts so short
a time that it is difficult to investigate. Surgeons who have practiced
arterial sympathectomy are familiar with the phenomenon described by
Leriche: the immediate contraction of the artery after denudation of
the adventitia, followed after a few hours by persistent dilation. This
secondary dilation results from paralysis due in its turn to lack of
sympathetic control, but it does not appear until some time after the
excision of the plexus; the first reaction is an immediate energetic con-
traction. This contraction is seen in Raynaud’s disease, Volkmann’s
syndrome and other loeal or general disorders arising from sympa-
thetic stimulation of the vascular plexus. For instance, in some cases
of post-traumatic decaleification of the foot the clinical picture is
that of local s.eeond.ary capillary sympathetic paralysis indicated by
;dema, eyanosis, pain, paresis anq n'larked decalcification of all the

ones of the foot. The sympathetic is under the control of the vaso-

mot.or centers, but these in their turn are apt to be disturbed by the
peripheral sympathetic,

The disturbance of the nervous centers which starts off the state of

shock produces a general vascular spasm and a sharp, short rise of
blood pressure, and these in turn disturh the blood and ;)*{ygen supply
to the organs and tissues, particularly those of the ceI;tral nervous
system. This train of related events is commonly called ‘‘primary

4 . k :
iléotc}]l{. If it persists, it P1'9duces serious damage through anoxemia
‘he centers and of the injured area; increase of capillary permea-

1, resulting in loea] edema; and decrease of

lary cireulation by the ag
about still moye anoxemia
others (1935) show that u
content in the Jugular ve
sh.owed that interruption
minutes caused irreparable

glome.rz{tion of red corpuseles, thus bringing

and initiating a vicious cirele. Lennox and
niconsclousness supervenes when the oxygen
n falls below 24 per cent. Quastel (1939)
of :che cerebral cireulation for only a few
lesions in the nerve cells of cats,
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When this vicious circle has become established, the condition is
termed “‘secondary shock.”” The change from primary to secondary
shock depends on many varying factors, among the most important of
which is whether or not the proper treatment is applied at the proper
time. A patient with fully developed secondary shock shows a lowered
temperature and metabolism, very low blood pressure and blood vol-
ume, decrease in blood chloride, and inerease in sugar and nonprotein
nitrogen. If a badly bruised wound is not treated by early excision
of dead tissues, the damage to the highly sensitive central nerve cells
is enhanced by the absorption of the toxic products of tissue disinte-
gration, often coupled with those of bacterial invasion. The transition
from primary to secondary shock is progressive, the rate varying from
several minutes to many hours.

The importance of local edema in the development of shock is now
fully appreciated. If 3 per cent of the body weight (representing
nearly 50 per cent of the total blood volume) is lost as fluid, the pa-
tient will soon die; this means a loss of more than two quarts from a
man of 150 pounds. In most cases the local edema does not cause a
decrease in blood volume until more than an hour after the injury.

Clinically, the type and intensity of the shock depend on the injury.
I shall therefore describe the types of shock in relation to various in-
juries, with particular reference to the average time of onset of sec-
ondary shock. This latter information has a close bearing on treat-
ment, for in general this is successful only if carried out in the stage
of primary shock, or in the transition period between primary and
secondary shock.

SHOCK CAUSED BY INJURIES TO LIMBS

Shock in limb injuries may be of three types:
a. Produced by bruised wounds and fractures.
b. Produced by multiple splinter wounds (peppered wounds).
¢. Produced by crush injuries.

Shock Produced by Bruised Wounds and Fractures

In these injuries as in all other types, primary shock is due to nerv-
ous stimulation. If this stimulation is not stopped, secondary shock
follows, resulting from the stimulation itself, or from hemorrhage or
from hoth. But it is the absorption of toxie produets from the wound
which makes secondary shock practically irreversible. Once such ap-
sorption is established, the patient gets steadily worse and no tre.at-
ment is of any avail. For this reason early removal of dead allq dymg‘
tissues is essential in the prevention of second{u‘y shoc-k. This doss
not mean that patients with bruised wounds in the limbs must be
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rushed into the operating room without c()llsidel'fitif)ll f01" their gene.ral
condition. If they have reached the hospital w1thn.1 an hour of being
injured and if immediate treatment can ]?e establlshed,.the surgeon
must determine the best time for operating, remembering that the
sooner the better. e must take into consideration the patient’s con-
dition, the anesthesia required, and the duration and gravity of the
operation.

The first measure, and that which lays the foundation for all subse-
quent treatment, is to get seriously wounded patients to the hospital
quickly. After that, the surgeon must make the best combination he
can of the three other measures: rapid and efficient resuscitation, non-
toxic anesthesia, and a rapid and smooth operation involving the mini-
mum Joss of blood and followed by complete immobilization and ele-
vation of the injured limb. If all this can be effected within three hours
of the injury, infection and toxie complications can easily be avoided.

Shock Produced by Multiple Splinter Wounds (Peppered Wounds)

Such wounds are generally due to aerial bombs or trench mortar
grenades, and manifest a slightly different kind of shock. The pri-
mary shock is generally more intense, and from the first there is greater
nervous exhaustion, especially if there is a fracture. The shock is
mereased by movement—indicating the part played in its production
by stimulation of nerves in the wound. Hemorrhage may also be a
contributory cause, hut in many cases it is interstitial rather than
?xternal. The patient must be immediately immobilized, because if he
is not, s.eeondary shock supervenes without any inter\'al.’ The nervous
exhaush'm} brought on by movement is quite.um'elated to pain; it is
:if?r."l striking to see }'10\‘\' casualties of this type may show exagge’rated

§ sion when the limb is moved.,

- Shock Produced by Crush Injuries

If no essential orean i« .
sential organ is damaged primary shock may persist for sev-

eral hour, - .

al;d iml;)l% and (i%t]confdal ¥ shock he considerably delayed People crushed
risoned by falline masony S R

: . s masonry may lie for sever . . the

pressure of the ddbnis, whicl, eral hours under the

: produces local ischems o ;s
the hos gy Schemia, and not arrive at
t ¢ hospital until secondary shock is well developed. Rest tural

reatment, plasma tra 2, Postu

nsfusion and glig ;
of the limb form the }, ind dlight but ner

% sistent compression
asis of successfyl treatment,

SYMPTOMS OF SHOCK

cal entity and jtg diagnosis
ns.  Laboratory findings m

Shock is a clinj
signs and sympto, ests solely on eclinical

ay help in the estimate of
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its degree but are at the very hest only complementary to the clinical
picture. Blood pressure is the essential factor in the intensity of shock,
and everything else must be related to it.

Mental Condition

Except for cases of head injury, most patients suffering from shock
are mentally clear, with a tendency either to drowsiness or to de-
pressed indifference and distraction. Occasionally there is excitement,
but this is usually in less serious cases. Many patients remain con-
scious and elear in mind until a few minutes hefore death.

Pain
Pain has no precise relation to shock hut depends on the type and
site of the injury. Most patients have some pain which can usually
be controlled by morphine. TIts persistence after the subeutaneous
administration of morphine means that the capillary circulation is so
paralyzed that the drug is not absorbed, in which event it should be
given intravenously.

Color of Skin, Nails, and Mucous Membranes

In the preliminary stages of shock, especially in young people, a
relatively high blood pressure is often associated with pallor of the
skin due to peripheral vasocounstriction. If during resusecitation the
skin hecomes pink, this indicates a good reaction. Cyanosis of the
limbs and especially of the fingernails suggests serious interference
with the peripheral circulation and a variable degree of anoxemia;
its disappearance is a good sign in prognosis.

Sweating

Sweating is variable and may be absent in severe shock. It probably
depends more on idiosyncrasy than on shock itself. In some patients
sweating during resuscitation is a sign of good reaction.

Temperature

One of the most constant phenomena of shock is low temperature and
the facility with which heat is lost from the periphery. The lack of
control of body heat produces extreme sensitiveness to external cold.

Pulse Rate

Pulse rate varies remarkably and does not invariably follow the
blood pressure. During the early stages it depends on many factors,
including constitution, age, and previous pulse rate. In some cases a
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blood pressure. The effect of
but an outstanding
vhile a low blood

very slow pulse is associated with low i
blood transfusion on the pulse rate 1s very vf'u'la e,
feature of recovery is the slowing of a rapid pulse v
pressure rises.

Pulse Volume

The pulse volume is more important than the pulse rate, and any
variations during resuscitation must be noted. Special apparatus is
necessary, and I have obtained valuable information from the Pachon-

Boulitte oscillometer.

Blood Pressure

On blood pressure the diagnosis of shock and the measurement of its
intensity chiefly rest. Nevertheless, during the air raids over Barce-
Jona our view of the significance of blood pressure underwent a change.
Perhaps for the first time in history a large number of casualties were
examined in the hospital within half an hour of being wounded, and the
surgeons observed with surprise that many of the seriously injured had
a slightly lowered, a normal, or even a high blood pressure for a vari-
able period, in most cases up to one hour after the injury. This initial
high pressure was most striking in young people or in the old who had
previously had high pressure. Many of such patients showed a gradual
reduction of blood pressure and sank in a remarkably short time into
a condition bordering on collapse.

A blood pressure reading above 100 mm. Hg before resuscitation in
a recent casualty may usually be regarded as a sign of good prognosis
provided that proper treatment can be instituted almost immediately.
Any patient with a blood pressure lower than 80 mm. Hg is in grave
danger and urgently needs resusecitation before irreversible lesions oc-
cur in the nerve centers. It would, however, be a serious error to
assume that a recently wounded patient with a blood pressure of 120
mm. Hg twenty-five minutes after injury does not need resuscitation
for less than an hour later such a patient may have a lower blooci
pressure than one whose first reading was only 80.

To determine the severity of shock in any patient, all these factors
must be considered together with the actual injury and the time that
has elapsed since it was sustained. The last factor to be considered is
th-e ne.ed for operation. Because they always need operation patients
with limb wounds are often in more serious danger than those with
equally serious. wounds in the chest. It is also im;ortant to ascertain
whether there is any external or interstitial bleeding. Every symptom

must be evaluated rather in term i i
. ua s of its evolution duri
than of its original intensity. o
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SHOCK CAUSED BY ABDOMINAL WOUNDS

In pat}ents with a.bdommal wounds secondary shock follows primary
shock \\tlthout any interval, but many abdominal wounds do not pro-
duce primary shock at once. T.he patients with a low blood pressure
and rapid pulse who show a period of recovery between the injury and
the secondary ShOC].{ are those suffering from hemorrhage; they may
recover from ﬂ.le PRGN depression after a hlood transfusion and then
a little later sink into progressive exhaustion due to the fall in blood
volume when hemorrhage recurs.

Abdominal shock is most commonly produced by lesions of the solar
plexus and splanchnic ganglia. The gravity of wounds entering through
the umbilical region is well recognized, as also is the fact that little
or no primary shock may occur after perforating intestinal wounds
with a different site of entry. I have scen people with several perfora-
tions of the intestine walk into the hospital soon after heing wounded;
they did not suffer from shock because the retroperitoneal region had
not been damaged by the injury; but when a few hours later this area
became infiltrated with blood, a fall in blood pressure and other signs
of shock appeared.

The treatment of abdominal shoek depends on precise diagnosis. The
symptoms generally indicate the difference between depression from
internal hemorrhage and shock caused by stimulation of the sympa-
thetic centers; sometimes both factors are present. A familiar instance
of the second factor is the fall in blood pressure produced when, during
abdominal operations, the sympathetic nervous system is stimulated by
manipulation of the mesentery and traction on the intestine.

SHOCK CAUSED BY THORACIC WOUNDS

Splinter or bullet wounds in the chest, even small ones, commonly
cause shock, a fall of blood pressure resulting from stimulation of the
inhibitory reflex from the pleural or pulmonary centers. Primary
shock is inereased by the inadequate respiration, the pain and the emo-
tional reaction to a chest wound. Patients who survive the initial
inhibition usually recover easily from the shock but are in ‘some danger
from such complications as lung damage or infection of th‘e pleura,
or from the serious operations they may have to undergo. - The pneu-
mothorax and mediastinal displacement increase the graw?y of open
chest wounds, and secondary shock appears early and without any
recovery from primary shock. If blood leaks into the pleural cavity
the resulting respiratory inefficiency increases the s.hock. Th.e ﬁ'rst
precaution is immediately to compress the chest by tightly encn'(.:lm‘g
it with adhesive plaster and to give morphin.e. LOCfll fmd gan.ghomc
infiltration with procaine (novoeain, planocaine, sevmame.) aS.SIStS re-
covery from shock and so enables the surgeon to operate in time.
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SHOCK CAUSED BY HEAD WOUNDS

Most head wounds do not cause shock but rather a high .blood pres.
sure with good peripheral capillary cireulation, flushed skin and mu-
cous membranes, and often excitement. The phenomena vary with

the site of the wound and the pal'ti(.:ular nerve cente;'s zlllffectied, b1}t
if the patient arrives at the hospital in a state of shf)c K ‘; e glognosm
is very grave: I have seen few cases of recovery from hea \VO}Inds
with shock. Bastos (1937) says that he failed to save any patients
with marked low pressure after head injury. Even when the wound
produces hemorrhage a high blood pressure is often present, the pulse
falling only when there has been much loss of blood.

DIAGNOSIS OF SHOCK

Trauma has two main results: shock and hemorrhage. These may
have similar symptoms: fall of blood pressure, decrease of blood vol-
ume, increase of pulse rate and respiration rate, depression and severe
general prostration; but the two causes of this reduction of all vital
activity respond very differently to treatment. Acute anemia should
not be included, as is sometimes done, under the heading of shock,
although the initial symptoms are similar., It is true that hemorrhage
when not immediately treated produces shock, but simple acute anemia
responds immediately to blood transfusion, whereas true shock re-
sponds much less.

Hemorrhage must be treated first. The signs are primarily produced
by reduction in the total blood volume and not by transudation of
plasma through the capillary wall. Shock in cases of hemorrhage is
produced by the rapid exhaustion of the anemie and anoxemic nervous
and cardiac centers. Blood transfusion at thig stage has the same
limited effect as in other types of secondary shock,

If the hemorrhage is external, and indieated by the nature and site
of the wound, or by a bandage or tourniquet, the cause of the low blood
especially in erushed limhs Ver 71013 lraé;(‘: 38 l.ntern.al QRS siitial—
In abdominal hemorrhage t.he dia}mf;1 1t') t'lust s sien of hem.orrhag:e.
thrill, and dullness on lIa)ercussimb fs l1c i Cuctuation, ﬂ-md
nosis of hemorrhage must alw lbo e pier ('lu.adrants. P diag-
i e ays e_bzlsed on clinical signs alone; the

aracteristics are indefinite m the early stage. th ly time
when they could bhe of value, Significant ch‘ . S e e\
stage, however; thus seconday -}b k it = oo a't a later

s 2 ¥ shoek without ] rhao m-
Danied by a high red blood Ry u ' lemory 1ab.e 1S acco
rhage should pe suspected where 1:11110 YC(I)IOII lnde}.:.‘ Serious hemor-
Panies low blood pPressure. Unfo (t i tellloglopm gomgenit e

rimately, the simplest hemoglobin

SHOCK 137

determinz.xtion needs la},)f)ratory' workers and equipment which are sel-
dom available under dlsor'gamzed conditions, If the surgeon is in
doub.t wheth.el' or not t0‘{;'1\"0_1)100(1, plasma or both, a simple colori-
metrie test like th?t' of Sthh is 'useful, but must he regarded as only
accessory to t.he clinical diagnosis. In patients who arrive at e hod:
pital with serious depression and hruised wounds, hemorrhage is indi-
cated by a very clear fluid venous blood colleeted from a vein in the
forearm.

Secondary shock may, of course, he due to causes other than hemor-
rhage if the primary shock is not properly treated: such factors as
pain, fear, cold and exhaustion of the cortex must be considered to-
gether, but in relation to the main factor producing primary shocks;
namely, the central and peripheral sympathetic stimulation.

Briefly, therefore, the surgeon must investigate the cause of every
case of shock, decide whether or not there is hemorrhage, determine
the exact interval that has elapsed hetween injury and the reduction
of vital activity, and ascertain the nature of the projectile, the time of
injury, the conditions of evacuation, and the characteristics of the
pulse, temperature, respiration and blood. IHe must then carefully
examine the injured region. An experienced surgeon can do all this
in five or ten minutes, but some loss of time is less important than a
mistake in treatment.

TREATMENT OF SHOCK

Preventive Measures

Bleeding must be stopped at once; this can usually be done by direct
pressure on the wound, especially in the arm. The tourniquet should
be applied only when direet pressure fails. All streteher cases mus? be
immediately sent to the hospital, but with the utmost precautions against

movement of the injured region.

Treatment of Primary Shock

The patient is put to bed, examined, and p1'ov'ided with warmth,
preferably by means of an electrie eradle, but if radiant-heat apparatus
is not available, by means of hot-water bottles. The lower end of the
bed is raised on blocks; a mask for administering oxygen is fitted up,
the best apparatus béing the B.L.B. (Boothb'y and othel‘s,. 1938; -l\\ial
riott, 1940), and 7 to 8 liters of oxygen are glvel/l every nunu'te. di ?111-
phine (grain 1 to 14) or lobeline (grain % to_ 1) or l‘)oth alle]ar mi '1
istered according to the condition of the patu.ant; pain anc dyspne:
are the chief indications. If there is excessive S\V'eatlllg,dat.;opme
should be injeected. The blood pressure should be measured, 1L pos-
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The red cell concentration or hemoglobin

sible with an oscillometer. if this is feasible, but only more than

content should be determined,
three hours after the injury.
Transfusion.—The surgeon must t

or plasma or hoth.
Tl;’oundcd patients with serious hemorrhage should have blood only,

in an amount related to the anemia. One patient of Durén Jordd was
saved by a massive transfusion of 3% h.ters of whole blood. The in-
jection must be made rapidly, for a previously norma},heart very soon
Jeteriorates when the systole contracts ‘‘on a vacuum.

Wounded patients with primary shock and hemorr{mge. n.eed blood. a.nd
plasma in amounts related (as shown below) to their chm.cal condition
and, when these are known, to the red cell or hemoglobin _concentra-
tion. Primary shock with hemorrhage is most often seen in wounds
of the limbs. The red cell concentration varies extraordinarily and
seems to depend on the relative degrees of nervous shock and hem-
orrhage, and also on the interval since the injury. The first transfusion
should be of two pints of blood ; if there is then a tendency to recovery,
a pint of plasma helps to stabilize the improvement, and thereafter
plasma only should be given. When depression persists after the first
two pints of blood, a third pint of blood should be given before the
plasma transfusion is started.

Wounded patients with shock only should be given two pints of
plasma by a quick method of administration. If this is not enough,
a pint of blood should be given by the same technique. If there is
still no improvement, a further pint of blood and a pint of plasma
should be given, not necessarily by the quick method, in the course of an
hour.

Operation.—A fifteen-minute record of hlood pressure, pulse volume,
and pulse rate should be charted to enable the surgeon to determine
the moment for operation. When the successive readings show a con-
stant tendency .to rise, he should wait until the patient is as nearly
:t(:ll;'il(l:llllalisogt;slil)?}e. tIf,dafte’r in:lt.ial improveme.nt, the line remains
e I;atient js‘ sﬁ ztl ff)l; ;:nc)‘ 10 iall., he_n.ms.t decide at once whether or

; peration, for this is probably his peak of re-
covery from which he will go downhill.

Consider, for example, a patient who arrives in the hospital twenty

minutes after being wounded, with severe primary shock and a sys-

tolie blood pressure of 95 mm. : aft itatio
; er resuscitation th H >
reaches 105 mm. at the first rea ] i pueesnre

ding and 115 mm, reading
but. only 112 mm. after a further {’;ifteen minutesa’t 1‘?£se1122§:;}c(iloilead'll‘llll?s’
patient has reached his peak and very great efforts by his atte'ndants
\\-1.11 Rrobably be required if this level is to be maintained. It is in
this ““platean period”’ that operation should be performed. and the
Surgeon must decide whether the patient can stand it and vw;hat anes-

hen decide whether to give blood
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thetic would be best. In my e.xperience the sooner resuscitation can
pe instituted, the more easily is the plateau reached and i i
becomes its level.

Local anesthesia wit}% 0.25_ to 0.5 per cent procaine (novocain, plano-
caine, sevicaine) solution is a valuable factor in combating shock.
Excision of dead tissues and the establishment of good drainage pre-
vent shock due to toxemia. Immobilization in a plaster-of-Paris cast
and elevation of the limb help to prevent secondary shock by averting
pain, edema and sympathetic stimulation from the wound. Points to bear
in mind during the operation are that a shocked patient is very sen-
sitive to further loss of fluid (and accordingly that hemostasis must be
thorough) and that the sooner the operation is completed the better.

Multiple Perforating Wounds.—Severe primary shock is more fre-
quent with such wounds than with the bruised wounds (p. 131).
Many patients lose consciousness immediately or very soon after be-
ing hit, and can often be seen moving the wounded limh without any
appearance of pain. Ior many of them, since the sensory nervous sys-
tem is already out of action, morphine is dangerously depressive and
I do not recommend it. Lobeline (grain 3; to %) and coramine (5 c.c.)
are, however, valuable at the time of transfusion because of their stim-
ulant action on respiration. These patients suffer more from nervous
shoek than from hemorrhage, and often secondary shock follows pri-
mary shock without delay and there may be plasma extravasation in
the injured region from the very first. '

The urgent need is for immediate immobilization, elt.avatlon of the
injured limb, and radiant heat. Copious plasma transfusions are neces-
sary in some cases: as much as four pints of plasma follox'ved 'by two
pints of blood can be given in the first two hou}'s. Qpera’non is o.ft.en
very dangerous because multiple small p.el'foratlons in th(? extremltl.es'
make the procedure prolonged and laborious. Resuscitation meas;u e‘s
must continue throughout the operation and for several hours after-
wards, for there may be delayed collapse. More blood‘thzll;l PllaSTS’»l
must be given when an amputation is performed. 'Heal*:; ; u-nutif:nsi
with the exception of coramine, should never be given be 01t<15l lv ol
fusion, because they may cause a temporary 1mp1'0‘;71ement mbe eo-iven
processes followed by worse shock than before; t.ey PR \'c: ti01;
however, when the wound is being tr'eate.d. Coramine is an excep
because of its stimulant action on respiration. e

Abdominal Shock.—Unlike the primary depression cue lé’s lzrell -
abdominal hemorrhage (see D- 135)_’ which uslualil}fff;:s{)tmto combat.
treatment, true abdominal shock 1s extre.m]ily sl e Sty
Operation does not affect it nearly so PR hy s testines may fail to
to injuries of the limbs ; resection or suture of the m

influence it at all.
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entery and the evaporation of fluid which

inevitably accompany laparotomy inerease Fhe d?Pl'efSlOl_lt?ll{fl 'fhe fall
in blood pressure. Nevertheless the grefit risk of peritonitis IOI'CGS ﬂ.le
surgeon to operate at the earliest poss1b1fz moment. AI.leS.t 1esia s‘tlll
further increases the danger, and the eholce_ of anesthet’lc is very im-
portant. I have tried all types, but only one In my expelzle,nce, na.mely,
splanchnic anesthesia by the posterior app%'oach (Kappis teghnlque-),
allows immediate operation in shocked patients (Trueta, 1935). T%us
technique interrupts sympathetie communications through the cel¥ac
and splanchnic ganglia and raises the blood pressure. The ant.erl.or
approach (Braun’s method) is unsuitable because the splanchnic in-
jection is made after the incision of the peritoneum, when the fall in

the blood pressure is greatest.
The technique of the posterior approach is as follows:

The patient lies on his side and a needle five inches long is
introduced just under the last rib 214 inches from the spinal
process. It is directed towards the body of the first lumbar
vertebra, which it skims, entering a further half inch. An
injection of 30 c.c. of one per cent procaine is given, and the
same technique is then employed on the other side. Finally, the
anterior abdominal wall is made insensitive by local anesthesia.

The movements of the mes

Spinal anesthesia is very dangerous for these patients, because it lowers
the blood pressure despite all prophylactic measures.

Thoracic Wounds.—Morphine acts well on patients with thoracic
wounds; and if breathing is shallow lobeline should also be given,
subcutaneously or intravenously. The chest should be immobilized by
an adhesive bandage. A small plasma transfusion is useful when there
1s no severe hemorrhage, and complete rest is very beneficial. If gen-
eral anesthesia is used for surgical treatment, it must be supplemeﬁted
2?&10001?'3 e;::;llle):::(;'e:]ﬁ)i;l anleft?lesia, whiah mz}ke it possible to operate

§ ger. le operation involves the lungs, and

especially 1 pneumonectomy, the hilus must be injected to destroy
sympathetic conduetion. ' .

ca:z:f"'dvvglz’ulllg::—bl'g];gl'e 'ls‘l'lolade-quate treatment for shock in these
betokens g }atal outecom plebll;ul? w,lth ko llor and. hypothermia usually
i o ef.f adiant heat, .morphme and plasma trans-
. elfect, and operation seriously aggravates the

- Iortunately shock in head wounds is very rare; although

many of the patients ar i
: are unconsecious, few of ¢ 'l
fall in blood pressure. ’ R oo

CHAPTER X
TRAUMATIC VASCULAR SPASM

Severe trauma of the extremities ig always likely to stimulate the
sympathetic nervous system and so give rise to persistent vascular
spasm.

The influence of the sympathetic nerves on the vaseular system has
been recognized since the time of Bichat and Larrey, and the researches
of Claude Bernard, and later of Brown-Séquard, showed something of
how this influence is exerted. Jaboulay (1896) and Jonnesco (1903)
were the first workers to treat affections of the sympathetic system by
surgical measures, -and René Leriche (1917), once an assistant of
Jaboulay and the most famous student of this system in our time,
introduced arterial sympathectomy.

During and immediately after the War of 1914 to 1918 a number of
cases were published in which a decrease in the blood supply to a
wounded limb was found to be due solely to sympathetic disturbances.
(Kroh, 1915; Leriche, 1917; Jeanneney and Guyot, 1918; Kiittner
and Baruch, 1920.) The clinical descriptions were all very similar.
In most cases an operation was performed for a suspected arterial
lesion, but the surgeons found that the ischemia of the limb below the
wound was due, not to a damaged or thrombosed artery, but to con-
striction of the vessel which lasted for several hours and often for
more than a day.

A temporary local ischemia due to vascular spasm in the vitally
important initial period aggravates the always serious prognosis of
war wounds. When a main artery also is affected by spasm, the wound
is more than ever at the merey of bacteria. Capillary spasm is not
necessarily accompanied by arterial spasm, and in contused wounds
often oceurs alone; but with spasm of the small arteries there alwz}ys
goes an inerease of eapillary permeability causing local edema, which
further impedes the circulation in the damaged area. Moyeover, when
edema appears, the lack of elasticity in the aponeuroses increases the
risk of complete ocelusion of the cireculation. .

Most workers agree that a small amount of blood still passes through
an artery constricted by spasm, and consequently t}lat the effect of
such spasm is a decrease of the circulation in the region of the wound
rather than an ischemic gangrene of the whole extremity. _

The most common cause of arterial spasm is severe concussion,
whether this involves the artery directly or only the soft tissues sur-
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rounding it. Spasm may occur without an actual wound, as in people
who have been crushed under masonry in air raids.

SPASM CAUSED BY CRUSH INJURIES

In an attempt to determine the effect on the vascular system of
prolonged constriction of a limb, Dr. J. M. Barnes and I carried out g
series of experiments on rabbits.* To simulate the crushing produceq

Fig. 8.—Vascular system of the legs of a normal rabbit during an intra-arterial in-
jection of 5 c.c. of a 50 per cent sodium iodide solution.

by fallen masonry and to obtain a uniform standard of constriction,
we used a rubber tourniquet; and we studied the circulation by inject-
ing a contrast medium into arteries and radiographing the limbs. The
tourniquet was applied to the upper part of one thigh and left for 4%
hours. It was then released and, after periods varying from a few
minutes to three days, the animal was anesthetized, the abdomen was
opened and an injection of 314 to 5 c.c. of sodium iodide was made into
the abdominal aorta, radiographs being taken of both hind legs towards

#This work was carried out, by the kind permission of the Trustees, at the Nuffield

Institute for Medical Research, Oxford, and with the constant help of Dr. A. B. Bar-
clay, Mr. M. S. Tuckey, and Miss M. Prichard, to whom we owe our deepest thanks.
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the end of and a few seconds after the injection
to which the tourniquet had not heen applied w.er
and radiographed as controls.

The results gave a clear idea of the effect of prolonged compression
on the arteries. In the controls the vascular picture \:as exacfly simi-
lar in both legs (see Iig. 8). The arteries were clearly visible through-
out the limb and showed no abnormality in size. The main veins ere

A series of animals
¢ similarly injected

jcation of a tourniquet at the top of
f the left femoral artery although no

Fig. 9.—Vascular spasm caused by the appl
the right thigh. There is frequently spasm o
tourniquet is applied on that side.

also clearly visible, the saphenous being particularly well filled, and
there was no transudation of the contrast medium into the tissues. The
animals to which we had applied a tourniquet, on the othe1: hand, all
showed persistent contraction of the arteries of the affected !nnb, sta.rt-
ing immediately below the level of the tourniguet; the main arteries,
particularly the femoral, were either very t.lnn_ or else cou.ld not be
seen at all, while the veins were completely IHYISIble (see Fig. 9). In
addition the radiographs showed a wide diffusion of the contrast me-
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dium through the tissues immediately below the zone of constriction
thereby confirming the view that arterial spasm is accompanied by an’
increased permeability of the capillaries in the injured region. That
the arterial spasm was due to sympathetic stimulation was suggested
by the almost invariable appearance of similar spasm in the corre-
sponding segment of the other leg. This spasm was not as Pronounced
as that in the compressed leg, but was always at the same level, sug-

Fig. 10.—Appreciable decrease, after lumbar ganglionectomy, of vascular spasm pro-
duced in a rabbit by the applicatioxf of a tourniquét as in Tig. 8

gesting reciprocal innervation. On dissection, the femoral vessels
of the affected leg were noticeably smaller than normal, sometimes
even far above the level of the tourniquet. The femoral artery and
vein were free from clot and both would bleed when cut, but the artery
did not spurt.

In an attempt to prove that the spasm produced by the tourniquet
was in fact due to sympathetic action, we carried out a further series
of experiments, removing the lumbar sympathetic ganglia on the
ligated side before, immediately after, or some hours after the applica-
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tion of the tourniquet. The radiographs of these animals (see Fig. 10)
showed markedly less arterial spasm than those of the untreateg ani
mals, while on dissection the femoral vessels were apparentl normai
in size and the artery spurted with great, and even abnormz)),’l, vigor.

Vascular Spasm and Shock

Many animals to which a tourniquet has been applied die of a syn-
drome very similar to that of shock (extensive edema in the affected
limb, hemoconcentration, progressive weakness, ete.). This fact has
led many workers to the conclusion that the immediate cause of trau-
matic shock is the loss of blood volume due to inereased permeability
of the capillaries in the injured region (Andrews and others, 1937;
Harkins and Harmon, 1937; and others). There seem good grounds
for believing that the changes in the local cireulation brought about
by the sympathetic nervous system—changes which accompany all in-
juries caused by violent impaect or persistent crushing, whether there
is an actual wound or not—are identical with those which occur in
shock and may indeed be considered as a local form of this condition.
Thus the region which we call the ‘‘area of spasm’’ may also be termed
the ‘““area of local shock.”’

DIAGNOSIS

In crush injuries with no wound it is difficult to determine the degree
of sympathetic disturbance. Our only guides at present are the read-
ings on an oscillometer applied to each limb and the local temperature.
Tests have shown that the injured limb (generally the leg) gives a
somewhat lower oscillometer reading than the uninjured limb and a
markedly lower reading than the other extremities. This result ac-
cords with our final experimental findings that a spasm, less pronounced
but nevertheless substantial, also occurs in the leg to which the tourni-
quet has not been applied. This feature is most common where the
blood supply is carried by a single main artery, as in the thigh and arm.

Arterial spasm resulting from a wound which causes direct irritation
of the artery is shown by very similar oscillometer readings to those
on a crushed limb with no wound. Surgical exploration, however,
gives a more accurate diagnosis, for arterial spasm, unlike thrombosis,
does not completely obstruct the flow of blood ; in many cases pulsation
persists in the distal arteries. The surgeon may be able to see the con-
tracted vessel even if, as often happens, the contracted portion is only
a few centimeters long. p

Capillary spasm is less easy to diagnose, and can on}y be inferred
from a decrease in the normal bleeding eapacity of the tissues, a some-
what pale color of the muscles, and edematous infiltration, which ap-

pears a short time after an injury.



146 WAR SURGERY

COURSE

In most cases the arterial spasm persists for several hours, and i
may last for more than a day. It then relaxes and the full circulatj 7
is re-established. In some instances, however, and particularly in i(;n
juries caused by prolonged crushing, the initial symptoms disappe;
after a few hours but an increased edema and a progressive anuri1
produce a kind of delayed shock which may cause death after g Weelil
or more. The renal failure is probably due to spasm of the renal
arteries (of which we found suggestive evidence in our experimentg]
work) rather than to a loss of blood volume resulting from local edema
In some cases the edema has been wholly insufficient to explain such '1
serious condition, and the clinical picture of the patients who haye
died of renal failure has been very similar to that of ischemia of the
kidneys.

In capillary spasm, if infection does not develop, the circulatory con-
ditions will return to normal after a few hours.

TREATMENT

Since vascular spasm substantially decreases the blood supply and
commonly leads to edema, treatment must be directed first to relaxing
the spasm and secondly to preventing edema. In wounded patients
these objects are best achieved by enclosing the affected limb in a plas-
ter cast, for by the successive procedures of incision, exeision, immobili-
zation in plaster, and elevation of the extremity, tension is reduced,
pain and other local stimuli are prevented, and the development of
edema is impeded. When a main artery has been exposed, arterial
sympathectomy at the level of or, better still, proximal to the injury
may be performed with advantage.

In crush injuries, which do not provide the same opportunity for
surgical measures, the treatment of primary shock, the complete im-
mobilization of the limb under slight pressure, and its elevation to a
high angle are still more important. With this treatment pain will
quickly disappear, the limb will be maintained at a constant tempera-
ture inside the plaster, and the gentle compression and raised position
will do much to prevent edema and so allow re-establishment of the
circulation.

Catalan surgeons had to treat several thousands of people crushed
by falling masonry in aerial bombardments, and this technique Was
very successful as a standard treatment. I have no personal experl-
ence of operation on the sympathetic nerves as a method of dealing
with this type of injury, but the evidence in its favor seems sufﬁ@ent
to warrant its trial—at least as an alternative to the amputations
which, according to some surgeons, afford the only chance of saving
patients from death later.

CHAPTER XI
BLOOD TRANSFUSION

Out of the Spanish War came one development which is now univer-
sally accepted as part of the surgical treatment of war casualties: the
dispatch to the front of stored blood from the civilian population.

Despite the collapse of the Republic at the most critical period in
the trial of this method, the service steadily improved and it became
evident that it had a place beside anesthesia, excision, immobilization
and chemotherapy in the treatment of war injuries. Nevertheless,
some of the most successful technical advances made in my country
have not yet been adequately considered; and it is in the hope that
under the stresses of the present greater war this deficiency will be
remedied that together with more recent developments, I shall also
outline the Catalonian experience, stressing what seemed then the most
important factors in a serviee for the transfusion of stored blood.*

Blood transfusion for large numbers of casualties, either in an army
or among the civilian population after air raids, presents completely
different problems from those of blood transfusion in ordinary clinical
practice. A large organization has to be built up for the enrollment
and bleeding of donors and for the care of their health. It must also
collect blood, arrange for its storage, prepare supplies of plasma and
serum, and dispatch the blood or its derivatives to the hombarded or
battle areas where they are needed. These problems, technical and
administrative, are manifestly beyond the scope of this work. They
hardly concern the surgeon, except in so far as their successful solu-
tion enables him to employ the transfusion services to the best advan-
tage. But although most of the technical details, e.g., of grouping and
collecting blood, are primarily the concern of hematologists, the sur-
geon must understand them well enough to carry on efficiently and
avoid the risks of producing severe reactions when, as must sometimes
happen in war, he is under the necessity of working without specialist
help. The following pages deal with these fundamentals. The methods
deseribed are such as can be adopted by the individual surgeon; they are
not in all cases quite as effective, nor are they as elaborate, as those
now generally used in properly organized transfusion services.

o, Biectons. Pood, Transtogon Sy a4 a0, 6, D 5y BUS
transfusions. In the final stages of the war, the organization of blood transfusion
for all the Republican Armies was put under Dr. Durdn Jordé’s direction. It is with

his help that I am able to review the results of this experience, and my thanks are

1 $ N s TPyl igi description. For
due to him for his kindness_in criticizing and modifying my 0“!3"“’;1 !
valuable suggestions I am also indebted to my friend, Dr. J. M. Barnes.
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STUDY OF BLOOD GROUPS

There are four different blood groups which are determined by the
agglutinogens A and B in the red blood corpuscles and by the ag.
glutinins « and g in the serum. Using the International Nomenclature,
based on the presence or absence of A and B agglutinogens, the groups
may be classified as follows. The figures in parentheses refer to the cop-
responding Moss classification, still used occasionally in Europe and
America.

GROUP AGGLUTINOGENS AGGLUTININS
O (IV) (0) a and B
A (IT) A B
B (III) B a
AB (I) AB (0)

The phenomenon of agglutination depends on a mixture of an ag-
glutinogen A or B with the corresponding agglutinin « or 8.

From this description and the diagram below, it will be seen that
any group can give blood to its own members and to group AB. Group
0, because its red corpuscles do not contain any agglutinogen, can be
transfused to any other group, its members being universal donors.

0

[N
A | B

Nl
AB

Certain other agglutinogens in red blood corpuseles (i.e., M, N, and
P) do not appear to have any clinical significance; but a new ag-
glutinogen, Rh, has been responsible for post-transfusional accidents.

The Rh agglutinogen is present in some 85 per cent of persons, the
remainder being —Rh. If —Rh persons receive blood from + Rh donors
they may develop the corresponding agglutinins, and if several trans-
fusions of +Rh blood are given, the —Rh recipient may develop a very
serious reaction. In the treatment of recent casualties, however, this
Rh factor can be overlooked, for there is no risk from the first trans-
fusion, no matter how much blood is given.

Technique of Grouping
Grouping can be most easily performed on a glass slide. The method
is quick and, if the following precautions are observed, reliable.
1. There must be an excess of serum as compared with corpuseles.

9. The mixture of cells and serum must be allowed to stand for at
least ten minutes, and if possible examined under a microscope.
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3. The blood must be fresh and the slide warmed. (In cold weather
or if the sample to be tested is old and infected false agelutination
may be seen.) i

Drops of sera of groups A and B aye placed on the slide, continental
workers usually add a drop of group O serum as w ;
of the blood to be tested is mixed with each serum
mix the samples. The slide is gently rocked, left %
then examined in a good light.

If there is:

ell, and one drop
taking care not to
or 10 minutes, and

agglutinat@on in A the subject belongs to group B
agglutination in B the subject belongs to group A
agglutination in A and B the subject belongs to group AB
no agglutination in either the subject belongs to group O

Cross-Matching Test

A simple cross-matching test should always he carried out, except
in the gravest emergency. A drop of serum from the recipient may be
obtained by filling a capillary tube with his blood, sealing one end, and
centrifuging for a few minutes. The serum is then mixed with red
corpuscles from the blood it is proposed to give and the reaction
watched as in the grouping test.

COLLECTION OF BLOOD

Blood for storage and transport is collected by the transfusion serv-
ice and reaches the surgeon ready for use after the appropriate group-
ing and cross-matching tests have been carried out. When the surgeon
has to collect the blood himself, he should use a wide-hore needle at-
tached to the receptacle by means of a short tube so as to reduce the
risk of clotting while the blood is being withdrawn. The admixture
of 50 c.c. of a 4 per cent solution of sodium citrate with each pint of
blood serves to prevent coagulation and the blood may be used im-
mediately on eollection.

To avoid skin and air-horne infeetions the donor’s skin must be care-
fully prepared with a suitable antiseptic and the local venous region
protected by sterile towels. A tourniquet should be applied and. tight-
ened at the minimal arterial pressure and left for about five 1mnute§,
by which time there is marked venous dilatation and the donor is
ready for bleeding (see Fig. 11). : el ‘

Whenever possible the blood should be collected fastm_g‘, or six 110111'8
after the last meal. In the fasting blood the plasma is cl.eal':. for ;_t
contains no products of digestion. It is also free from pl'Ot.cl.nSlmSUiilc-
ciently broken down by the liver (such as may be prescnt” ml'liplz)l'w
insufﬁciency or after large meals), allergens, and post-prandial bac-
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teriemia, and is thus lgss 11
after a meal. Follovvl.ng i
meal or a substantial drink.

ble to cause accidents than blood ob.tained
:S collection the donor should be given a

A

Fig. 11.—Collection of blood. The needle is directed against the venous current.

METHODS OF TRANSFUSION

The only methods to be described in this section are those that in-
volve the use of stored or stabilized blood. Direct donor-recipient
transfusing is practiced but seldom and, in any case, should be adopted
only by those familiar with its special difficulties.

Preparation of Stored Blood for ‘Transfusion

It may be recalled that during storage the blood cells sediment,
forming three layers: red corpuscles, white cells and plasma. The
white cell layer (by some authors ealled the ‘““blanket’’) behaves like
a gel, and the red cells form small clumps. Owing to reduction of
oxyhemoglobin the hemoglobin becomes very dark, and diffuses out of
the cells into the plasma, which becomes pigmented both by it and by
hemoglobin liberated from dead red cells. Between the plasma and

free of clots or precipitates;

layer or (as oceurs in contaminated blog
completely diffused through the plasma,
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Tmmediately before use the plasma and the cells must be mixed, but
very gently so as to avoid excessive hemolysis of the fragile cells.
Gerious accidents may result from transfusion of old blood which has
peen mixed too energetically, with consequent destruction of many red
cells and the discharge of much hemoglobin into the plasma.

i i cells;
Fig. 12.—Tube for storage and administration of blood. bi)i,rste‘;lélilll“;ﬂ‘t Igf Sl':xfiew T
B, Dlaéma.' C, compressed air; D, sealed end of tube in ru ) ef VRll tiibes in =lass
to control ‘flow of blood; F, two-way cock; G, arrangement o
partition H, dividing the tube into two chambers.

Finally, when possible the blood to be administered should be \varltnf)d
in a water bath at a controlled temperature of 40° C'. % Sh(milfl ’no' thg
left in the bath longer than strictly necessary, for this would d:ll\ :(1) b
multiplication of any bacteria that might be pl'?sent and so aPc Vi
risk of transfusion aceidents. Heating to 45° C. is dangel'ou§« f1 (;)1 od
in the destruction of red blood corpuseles and tll‘f mOd.lﬁc?mn ° Bl((;od
Proteins, and is thus yet another cause of serious ; 1ea'edl<:in‘silc i
which has been warmed but not transfused should be disearded;

not be put back into the refrigerator.
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1
Use of the Barcelon?. Con
teeted when the blood is §tor :
Barcelona Service (see Iig. 12).

i be most easily de-
iner.—Infection can :

:’1 in the type of container devised by the

This was made entirely of glass and

b y led by an electric are in a steel
: illary tube which was sea B o
endeili} aIcta 1zvas charged with fltered atmospheric aut ::tf 2ti>1 eplcilellllllds
::agieesduare inch, which served to convgl-t 99bpe1 efle];o]ol- b 13())_
‘ in. eivine the blood a ruby ¥ S °
i oxyhemoglobin, giving ; ainer ¢

v{irxlo.blnigqntfwes l'gsulted’: first, the oxygen 1n the colnta}fnel ‘lll‘dbthe'
i ‘l‘ On:e o‘xvﬂ‘ec;mtion of the blood inhibited the growth of anacrobes;
1mtens ) B

nd secondly, if aerobes developed the oxyhemoglobin was reduced and
a cC A f]

the color changed from ruby red to black. The sterility of the blood
i = . . .
could thus be verified by simple inspection.

Fig. 13.—Durdn Jord4 chamber for the closing of bottles under 25 pounds of atmos-
pheric pressure.

Apparatus Used for Transfusion

The types of apparatus used in the Emergency Medical Service and
in the Army Medical Service resemble each other closely. The army
Overseas Pattern (Fig. 14, upper), designed to enable transfusion to
be given under active-service conditions, is available in a tin container,
sterilized and ready for use. The Home Pattern (Fig. 14, lower), for
use in hospitals and by organized transfusion services, is similar to the
Overseas Pattern in principle but often has a filter of the glass bead
instead of the mantle type. In both patterns the blood is transfused by

gravity, the speed varying according to the height of the container and
the width of the needle, :

23
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Wire handle

EQUIPMENT
ASSEMBLED FOR USE

A Short piercing tube
B Long piercing tube

C Air inlet containing non-return
valve enabling pressure to
be applied

D Mantle Filter
E Drip Counter
F Screw Clip

G Two packets, one containing
-needle and syringe adaptor,
the other a cannula

4 feet long \»

A B
blood or derivatives.
blood. C, Air filter;




WAR SURGERY

154
i t be given
p battle casualties, when blood mus g
Tor the treatment of ba conditions, I prefer the apparatus

most difficult and primitive 0 e .
E;%;ed for the Barcelona Serviee by Duran Jord4 and his colleagues

an Jordd, 1939). In essence it consis
1()2:1;::1@ in a ;ealed Dbottle with a tube filter and needle attached (see

Fig. 15). The seal is broken, the flow controlled by a c’lip, and the
bottle pinned to the lapel of the surgeon ’s or techniclan’s coat. Be-
cause of the high pressure inside the bottle, a fine needle can be u§ed
and the transfusion thus carried out by way of the smallest veins.

Fig. 15.—Barcelona Blood Transfusion Service bottle for
mi.
before transfusion. Notice the thin needle used in the “air pressure” method.

xing corpuscles and plasma

This is a great advantage when the whole procedure has to be carried
out by a nonspecialist technician ; as it is too when the veins are
col'lapsed or when conditions do not favor cutting down on a vein.
Wlth a supply of such containers several pints of blood can be given
smglehanfled within a short space of time. The same apparatus can
be ysed, if desired, for giving blood at drip rates. Finally, the trans-
fusion can continue while the patient is being moved, for ’there is no
need, as W1t¥1 the apparatus used in gravity methods :E,or any provision
for suspending the container. The essential princi’ple of the method

has been embodied by Duri a i
) y Duran Jord4 in t g
used in Great Britain (see Figs. 16 and 17)).’pes e comnen

ts of blood stored under -
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Fig. 16.—Adaptation to the “air pressure” method of bottles commonly used in
Great Britain,

Left-hand bottle—800 c.c. capacity, containing 400 c.c. of blood under pressure.
This type of bottle is in regular use at Ancoats Hospital, Manchester.

Right-hand bottle—approximately 600 c.c. capacity, containing 300 c.c. of blood
under pressure. This is Durdn Jordd’s adaptation of the Emergency Medical Service
model used for blood transfusion.

THE VENOUS PUNCTURE

One of the problems of blood transfusion is the venous puneture of
a recipient suffering from severe anemia or shock. If the method is
slow and much blood has to be injeeted, the proportion of cases which
will need venous dissection is great; but if the method will permit the
blood to be injected through a narrow needle, the transfusion can be
made without cutting down on the veins.

Dissection should always be avoided if possible, for many patients
need several transfusions during their treatment, and repeated dissec-
tion is obviously impracticable. If the blood can be i{ljgeted through
a small needle there are plenty of superficial veins which can be use.d.
In small children the external jugular vein may be used without dis-
section,
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Fig. 17.—Patlent receiving a blood transfusion by Durdn Jord4’s pressure method.
The bottle is an adaptation of the Emergency Medical Service bottle. The photograph
shows the suspended bottle, the screw on the rubber tubing, the drip apparatus, two-

way tap and syringe. The syringe, needle, and tap are held in place by a strip of ad-
hesive plaster,

Penile Transfusion

In exceptionally grave cases the transfusion of wounded males may
be made into the corpus cavernosum penis. The method is very simple
and resembles venous puncture. A long needle of medium size is intro-
duced, pointing distally, half an inch from the base of the penis in its
lat‘eral aspect. The skin should be drawn very tight and punctured
before the corpus is entered, and the injection should be made slowly.

Aortic Transfusion

Another route of transfusion, also for

the abdominal aorta (Tuohy, 1938).

ordinary 15 em. lumbar punetur

lumbar vertebra, in three stages:

1. The needle is intr
found.

use in exceptional cases, is by
The puncture is made with an
e needle at the left side of the first

oduced obliquely until the vertebral body is
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2. It is then pressed along the lateral e
ateral part of the vertebr:

to the anterior part. HtsbraliHodysuin

-3. Finally it is turned in an anteroposter

_ lor direction and pressed
onwards until the aorta is punctured. P

In an adult the skin must be punctur

: ed 8 em. and in a child 5 em.
from the spinal process.

Sternal-Marrow Transfusion

Sternal-marrow puncture may also be used i oenei ;
the peripheral veins are inachssil)le. A steln:l;Elne(;';lexl::cﬁz,e(ﬁ:e::
inserted through the cortex of the hone and a small amount of marrow
fluid is aspirated. The blood or blood derivative flows in under gravity,
so far as the resistance offered to it will allow. In consecious patients
a rate above 10 c.c. a minute sometimes produces a feeling of fullness
in the sternum, but this usually passes off when the transfusion is com-
pleted. If a more speedy transfusion is needed, the fluid may be intro-
duced through two needles, one in each end of the sternum. Tocantins
used the sternal-marrow route in 72 eases without untoward reactions
of any kind (Lee, 1942).

INDICATIONS FOR BLOOD TRANSFUSION

Transfusion finds its most urgent application in the resuscitation of
the wounded suffering from severe hemorrhage and of the wounded
suffering mainly from shock. The latter group inecludes those with
shock due to burns. These acute cases have been further subdivided
to include a group with multiple injuries and considerable hemorrhage
but without obvious shock (Grant and Reeve, 1941; Vaughan, 1942).
In practice, however, the broader classification works well enough, pa-
tients with hemorrhage from multiple or from single wounds needing
transfusion alike with the appropriate amounts of fluid and at the
earliest possible moment. The employment of transfusion in resuscita-
tion is discussed in Chapter IX.

Transfusion may also be required in the later stages of treatment of
wounds and burns. Severe and persistent infection and toxic 1'enctm.ns
from drugs of the sulfonamide group all result in secondary anemia,
and the transfusion of whole blood raises both the hemoglobin concen-
tration and the blood content of complement and antibodies. It is also
valuable before and after severe operations, when it serves f(?l‘ the
prophylaxis of shock, and as a pre- and POStOPCPFtiVC measure in pa-
tients receiving definitive treatment in the hospital after having re-
ceived only emergency treatment in the field.
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TIME, AMOUNT AND RATE OF TRANSFUSION

: , d is manifestly the first con-

In the acute cases 111ent1(f)ne1(11 iasb:)]: : SIG)ZS s hion o meet the
sideration. Most ul'gent o- (;1 U ——— et s
sudd-en decompensa?‘lon pul).e:i(iancz and the defense mechanisms are
puttu-lg up the mamfnu'lllrlhe Joss of oxygen-carrying cells, proteins and
om0 b A--l oi ‘shock in such cases at least 40
water. To overcome posthemorrhagie e
per cent of the lost fluid must be restored at once, preier al .};‘1 ?f Oim
of the quick methods. The blood pressure usually remains high ii the
amount of blood which passes through tl-lt? heart per minute is al)q\'e
60 per cent of the normal, but at this crl'tlcal l?vel it may fall as Ehe
result of the loss of only a few extra cubic centimeters of blood. ‘1' or
some time the pressure is sustained by the vasoconstrictor mechan-]sm;
but if, through the hemorrhage, the blood supply to the Vaso.consi 1'10.1.01'
centers becomes deficient, the mechanism is put out of actlo}l and in-
tense vasodilatation sets in. It is for these reasons that patients who
receive a small or late transfusion often collapse, even though they
may seem to recover for a time.

Unfortunately there are no quick and reliable methods for estimat-
ing the amount of blood lost after injury. Hemoglobin estimations are
of little value, except, as is shown later, in cases of burns (see p. 412).
A far more valuable guide is the systolic blood pressure, a fall of which
to 50 mm. Hg or less indicates the need for a fairly large amount of
blood, with a second transfusion should the level fall again after the
first. Generally speaking, 500 c.c. of blood or blood derivatives is re-
quired for every 10 to 20 mm. fall of blood pressure below normal.
Failure of such a transfusion to raise the pressure by the expected
increment suggests continued bleeding, and accordingly the need for
checking the hemorrhage and giving more blood. A transfusion of
500 to 1,000 c.c. should be given as a routine to patients whose systolic
blood pressure remains below 100 mm. Hg. :

Methods which restore the fluids very quickly are best, for the danger
of cardiac failure is far smaller in war casualties, many of whom are
young and healthy, than it is in patients suffering from chronie anemia
or other debilitating conditions.

In 2,000 transfusions for hemorrhage the Barcelona Service gave an
average of more than two pints per patient in an average period of 10
minutes. Many patients received three or four pints. The speed could
be 1'.egu1ated from 100 e.c. per minute to a drip. Most of the patients
1'ece1'ved t}}e first pint at a quicker rate than the rest, but no case of
card%ac failure was reported from dilatation of the right heart. Ac-
atue o Whitby (1942) “‘subjects with a normal hlood volume . . -
have received from 700 to 2,100 c.c. of serum intravenously in 7 to 20
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minutes, 01}1(3 as much as 2 liters in 16 minutes, with no mor
trifling embarrassment and certainly no : 297
draws the sound conclusion that “i1}1r casulzllli;n (\)\rflc:)l;g f(ﬁlellln-a t’ a'nd h'e
blood volume is a danger greater than overloadine of th 1'0‘ ; le'StOI’e’
g e circulation.
Tor t}}e lc:ss urgent cases referred to above (see p. 158) speed of
transfusion is u_sually not so important but considerable amounts of
-blff)oi alre someltlmes ne(}aded. T]hus, for the treatment of patients with
mfected wounds enough must be given to restore the hemoolobi
the normal level. Several transfusions of 500 ec.c. oer Ifllori?cblr(:lzl; 1§Z
needed for this purpose, and to maintain a normal hemoglobin level
once this has been reached. The amounts given hefore and after opera-
tion naturally vary with the severity of the operation and the condition
of the patient. I usually give amounts in the order of 1,000 to 1,500 e.c.
Transfusion for the detoxication of patients who have received exces-
sive amounts of the sulfonamide compounds has not, in my experience,
given very encouraging vesults. The procedure of the Barcelona
Service was to withdraw 400 to 500 c.c. of blood and immediately trans-
fuse a like quantity. The amount of fluid that should be transfused in
the later stages of the treatment of hurns is discussed on p. 413.

e than a

POST-TRANSFUSIONAL ACCIDENTS
Hemolytic Shock

Hemolytic shock, a severe but fortunately rare accident, results
from the transfusion of incompatible blood or of blood in which the
cells have undergone gross hemolysis. It may also occur, as explained
on p. 148, after the repeated transfusion of +Rh blood into -Rh
recipients.

The symptoms, which include nausea, vomiting, headache, rigor and
pain in the abdomen and back, usually develop rapidly, and in con-
seious patients may be noted after the transfusion of 50 e.c. or even
less. The pain in the back is very severe and persistent. A high pro-
portion of patients with true hemolytic shock die in the early stages
with all the signs of acute heart failure—according to some authors
as many as 50 per cent. In the survivors the most important and
prominent symptoms are renal, i.e., uremia and anuria, but intestinal
disturbances, including severe diarrhea, are also common.

The immediate treatment is to stop the transfusion and to give a
quick transfusion of compatible blood (Hesse, 1936). The renal
symptoms should be treated by measures designed to render the blood
alkaline and to ensure a good urinary output. TLarge amounts of al-
kalies (e.g., sodium citrate) and fluid should be given to this end, both
orally and intravenously. Ior parenteral administration the War
Office Manual on Resuscitation (1941) recommends ‘150 c.c. of 3 per



160 WAR SURGERY

cent sodium citrate given intravenously by syringe, followed by 450 c.c.
of 3 per cent citrate mixed with 2400 c.c. 5 per cent glucose by intra-
venous drip during the following 24 hours. Subsequently .the patient
should receive, by intravenous drip, 660 c.c. 3 per cent sod.mm citrate
mixed with 2,400 c.c. 5 per cent glucose every 24 hours until the urine
is free of pigment.”” If necessary, large amounts of glucose solution
should also be given by the rectum.

Tailure to pass urine may in some cases be due not to suppression
but to retention of urine, and in the latter event catheterization should
be carried out twice a day.

Minor Reactions

Minor reactions have been attributed to a diversity of causes, in-
cluding the use of dirty apparatus or old blood, or to the presence of
minor incompatibilities which could have been eliminated by the ap-
plication of cross-matching tests. The symptoms, e.g., fever, rigors,
urticaria, hemoglobinuria, headache, malaise, may appear during or
within a few hours of the transfusion and differ from the symptoms of
hemolytic shock only in intensity. Treatment is as for hemolytic shock.

BLOOD DERIVATIVES

The scope of blood transfusion has been limited by three factors:
the shortness of the time for which blood will keep in storage, the fact
that in some pathological states blood must not be given, and the risk
of accident due to mistakes in grouping. To overcome these draw-
backs, workers have tried to find effective substitutes for whole hlood.

Red Cells

Hedon in 1902 experimented with transfusion of red cells which had
been washed and resuspended in saline solution. In 1929 Agote sent
suspended red cells from Buenos Aires to Bordeaux. As red cells can
be transfused without plasma, some authors then suggested that it
would be better to give patients with chronie anemia a double amount
of red cells in the given volume of fluid.

Various methods have been devised for preparing red blood cor-
puscles and concentrating them in a suspension. They may be sus-
pended in saline solution at normal strength, slightly hy‘pertonie saline
11 per cent, or Ringer’s solution. In cases of red cell transfusion
:\[01115011' and Young (1940) report only 6.5 per cent of accidents from
nonspecific protein shock.

Bod‘blood corpuscles have been used in powder form, after being
dried in the 1'ef}'1ge1'at01- and then resuspended in saline solution, glu-
cose-serum or Ringer’s solution (Naoji Kiguchi, reported by Grimberg,
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1939). Kiguchi used dried blood 25 days old. By his method it is not
necessary to group the bloods and, although accidents have oceurred,
none, he claims, have been serious.
Hemoglobin has also been used in Ringer’s solution, but without
great success.
Plasma and Serum

Experience in Great Britain seems to indicate that there is little to
choose between these products. It should be recalled, however, that
whereas serum has an average protein content of 7 per cent that of
plasma is only 4 to 5 per cent owing to the addition of an anticoagulant
solution. The protein content of reconstituted dried plasma and serum
depends, of course, on the amount of fluid used. This, in the form of
distilled water or normal saline, may he added in amounts sufficient to
yield transfusion fluids of normal concentration or, if desired, of con-
centration up to four times the normal.

Indications for Plasma or Serum

These may be used in acute hemorrhage when blood is not available.
Transfusion with plasma or serum is only a temporary measure, how-
ever; the patient needs hemoglobin to combat his anoxemia and for
this purpose the presence of red blood corpuscles in the transfusion
fluid is essential. If blood is available, but not in sufficient quantity,
a transfusion of blood may be effectively supplemented by one of
plasma or serum. A satisfactory proportion is two pints of plasma or
serum to one pint of blood.

Both plasma and serum are now widely used in the treatment of
shock, but here too the results are best when blood is used as well. If
more than two pints of plasma or serum are injected they should be
followed by at least a pint of blood. For further details see p. 138.

One of the chief uses of plasma or serum is in the treatment of burns.
For the treatment of the primary shock the methods are those de-
seribed in Chapter IX; but at a later stage the aim of treatment is to
reduce the hemoconcentration which results from the loss of plasma,
and either plasma or serum (without the addition of blood) should be
given as long as this persists. I'rom the time of injury the period may
be up to 48 hours. Various formulas have been devised for caleulating’
the amount of transfusion fluid required, and if reconstituted plasma
or serum is used, it may be given at twice to four times the normal
strength. An effective method is to begin transfusion when the hemo-
globin reading is 10 per cent above the normal, giving 250 c.c. of
plasma for each 10 per cent of rise. The first 500 c.c. should be given
by a quick method, but drip transfusion (i.e., at the rate of 250 c.c. an
hour) may be used for amounts over and above this. Concentrated
blasma or serum may be given in proportionately smaller volume.
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AN ARMY BLOOD TRANSFUSION SERVICE

The transport of adequate supp.lics of stored blood to the. most ad-

vanced medical posts depends entirely on t-he general planning of the
army medical services. Obviously, transfusion must be more successful
if carried out in the battle area on newly wounded men than, aftey g
variable time lag, in hospitals many miles back. The decision as to the
type of organization, however, whether to have small medical units in
the field or to concentrate the medical services in larger centers in the
rear, rests with the higher command. Both types of organization were
used during the Spanish War, the Republican Army Medical Corps
preferring advanced posts, whereas Franeco’s armies, following the
practice of the German Army Medical Corps, kept fully equipped
medical centers in the rear. Thus, in the Republican army transfusion
could be carried out in brigade posts, i.e., three steps farther forward
than allowed for in the German system, as well as in every link of the
organization back to the base hospitals (see Fig. 19).

Every classification post had a supply of stored blood; the medical
officer prescribed transfusion but the operation itself was usually car-
ried out by a senior orderly or nurse. In advanced No. 1 hospitals
there was always kept a blood store big enough for fifteen trans-
fusions; and here too the work was done by assistants under the ovders
of the chief of the surgical team. In No. 2 hospitals blood transfusion
was in charge of a medical officer with three assistants; these hospitals
kept enough blood for fifty transfusions. Every mobile unit had its
transfusion staff working under the surgical team of the unit. The
Barcelona Service had a special type of heavy lorries reserve depot,
with enough blood for 100 transfusions, in charge of a medical officer
with his assistants; every day it received fresh blood from the center,
and cars supplied the advanced hospital and mobile units from it. If
a unit needed blood urgently, an ambulance was sent to the nearest
depot for supplies. Air transport is of course still more expeditious.

With this organization it was possible to deal with over a hundred
transfusions a day, an average of ten for each surgical post. Moreover,
the organization was economiecal in personnel, for the work could be
carried out by trained though medically unqualified assistants (see p.
154). These took a course in the center and learned everything neces-
sary about grouping, storing blood, the preparation of auto-injection
containers, the keeping of records, and the first aid of post-transfusional
accidents.

In advanced hospitals supplied with eleetricity the blood was stored
in electric refrigerators; otherwise, the control center provided a paraffin
refrigerator. The clearing station was provided with special heat-
insulated boxes, some of wood and some of canvas, with a thick lining of
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cork and a chilled mixture of water and alcohol. In this type of box,
blood from the Barcelona Service was transported for transfusion to
Paris, Czechoslovakia and Switzerland.

The mobile units had electrie refrigerators supplied from a dynamo
worked from a car engine. The surgical trains also had electric
refrigerators.

Records.—Transfusion data were recorded on special cards provided
with every blood container, and at the base hospital the medical officer
in charge had full clinical records of every transfusion. Patients
could be traced to the different hospitals to which they had been
evacuated. Every container could be traced from the blood bank, and
records showed who transfused the blood, where and into which patient.



CHAPTER XII
ANESTHESIA IN WARTIME

The problems of anesthesia in wartime are here cons.idered from the
point of view of the surgeon at the side of the operating table rather
than from that of the anesthetist at its head.

Under normal conditions the choice of the anesthetic appropriate
{o the individual case is safe in the anesthetist’s hands, but in wartime
the supply of good anesthetists is often inadequate, and the adminis-
tration of the anesthetic may then fall to general practitioners or even
to the nursing staff. In this event it is usually the surgeon who must
decide not only whether the patient is fit for the operation, but also
what form of anesthesia is most suitable, how long a period of anes-
thesia is needed, and the depth required at its various stages. The
contribution made by the anesthetist is largely technical, and the whole
question must be determined by the condition of the patient and by
the requirements of the operation to be performed. I hope that the
following suggestions, which are based on my own experience, may be
of value to other surgeons who have to deal with war wounds.

Choice of Anesthetic

In modern warfare the need for an anesthetic may arise in the front
line or in a raided city. Working conditions are very different in these
two places, but in each the administration presents certain difficulties
owing to three main common factors:

1. The large number of operations that may have to be per-
formed simultaneously and the limited number of anesthetists
and amount of apparatus available.

2. The diversity of the operations required and the varying
condition of the patients.

3. The fatigue of the anesthetist after many hours of con-
tinuous work.

On the other hand, certain factors serve to differentiate the work
of the anesthetist in the front line from that in the raided city, such as:
1. Apparatus must be easily transportable, owing to the mo-
bility of modern armies.
* 2. Stocks may run out owing to the failure of supply serv-
ices, and substitutes have to be used.
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From the individual point of view, the best anesthetic under peace
or war conditions is, as Macintosh has pointed out (Macintosh and
Pratt, 1939), that with which the anesthetist is most familiar. The
skill of an anesthetist may be said to be in inverse proportion to the

. amount of anesthetic he employs to ensure operating conditions satis-

factory to the surgeon. A really good anesthetist can use successfully
a variety of techniques, but every anesthetist has a preference. When,
however, operations have to be performed under war conditions, the
best anesthetic is the one which is most easily administered and which
ensures least harm if an overdose is given.

The anesthetic which fulfills these requirements most closely is ether.
An excessive dose of chloroform may be extremely dangerous, owing
to its effect on the cardiac musculature, and it should therefore never
be used by the occasional anesthetist. Nitrous oxide, one of the best
anesthetics, is unsuitable for general use in war conditions. The ap-
paratus is complicated and an overdose is synonymous with anoxemia,
a state particularly dangerous in shocked patients. Lennox and others
(1935) have shown that, even in normal subjects, the central nervous
system is easily damaged by an insufficient saturation of oxygen; and
Quastel (1939) has laid stress on the irreparable lesions in this system
produced by an anemia of only a few minutes’ duration. In patients
suffering from shock the effects of oxygen-lack are still more serious,
not only on the central nervous system but also on the tone of the
cardiac muscle, which largely depends on the degree of oxygenation in
the coronary arteries. The administration of oxygen, in fact, forms
the basis of any treatment of shock.

Nearly all the other general anesthetics, such as vinesthene, eyclo-
bropane, avertin and most of the barbiturates, also require consider-
able experience in administration and are therefore not generally suit-

.able in wartime. Evipan or pentothal, however, may be given in a

single injection if the surgical operation can be completed in less than
ten minutes.

Administration of Ether

In my own country ether was widely used in peacetime, and nurses
were specially trained in its administration, with very satisfactory
results. The apparatus most commonly employed was that devised by
Pl'o.fessor Ombrédanne of Lyons, which is similar in principle and
design to the familiar Clover’s inhaler. It is efficient, simple and light,
but has one disadvantage in that it is difficult to maintain a constant
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concentration of ether. With some pructic'e, howeve}', an anestheti‘st is
able, after the initial induction, to maintain a.suffiment degree of un-
consciousness and muscular relaxation by ad,]ustlng the eontro.l tap.
In my hospital there was enough apparatus to provide anesthe.sm for
all the regular operating tables. When the number of casualties was
too great, ether was given by the open method. .

Toward the end of his resuscitation treatment the patl'ent s{wuld be
given an injection of atropine to prevent undue secretion of mueus.
Induction of anesthesia is started by placing the ether mask at a little
distance from the face and gradually bringing it toward the nose and
mouth. As soon as the depth of anesthesia justifies it, an airway is
inserted or, in operations on the head and neck, an endotracheal tube
is passed, preferably through the nose.

If the ether is given without undue hurry, the patient will take it
easily and no other anesthetic will be needed. It is important to re-
member that in certain cases, e.g., patients suffering from shock, or
from exhaustion after prolonged transportation, or under the influence
of morphine, partial anesthesia is already present, and the amm‘mt oi:_
ether required may be less than half that needed for an operation of
the same length in a patient not unduly depressed.

Professor Macintosh and his associates have recently devised an im-
proved apparatus for the administration of ether. In this we ha\'e. the
best means at present known of controlling the amount of ether given
to the patient; and indeed it is so dependable that by its means a
specialist-anesthetist can supervise the anesthesia given by occasional
anesthetists to as many as six or eight patients at a time. The
Oxford vaporizer (Macintosh, Epstein, Mendelssohn, 1941) has the
further advantage that it can, if necessary, be used to insufflate air or
oxygen, a factor of considerable value if an overdose of anesthgtic
should be given, or if any other emergency should arise demanding
artificial respiration.

Effect of Ether on Shocked Patients.—The administration of ether
causes a slight rise in blood pressure, which is followed, after the
termination of the anesthetie, by a sudden fall. Consequently, a rela-
tively serious operation can be performed without any great risk from
the anesthetic. But the subsequent fall of blood pressure when the
anesthetic has passed off must not be forgotten, and resuscitation treat-
ment must be continued after operation. If this is done, and if the
patient has been treated by the biological technique and the affected
limb has been immobilized in a plaster cast, the sense of relief, tl-le
lack of pain, and the absence of further disturbance of the wound will

generally lead to a quick recovery from shock. The risks of the post-
anesthetic effect of ether must, however, be taken seriously into ac-

167

ANESTHESIA IN WARTIME

count, and the smallest possible dose should be administered. F 01.'tu-
nately the Ombrédanne apparatus or, better still, the Oxford VaPOI'.lzer
makes it possible to perform a relatively lengthy operation on a limb
with a relatively small quantity of ether, and so to avoid the more
serious complications of the postanesthetic period.

Cases in Which Ether Is Contraindicated.—There ave two types of
‘casualty for whom ether is contraindicated :

1. Those who need only a very short operation, e.g., a provisional
incision of the wound, the reduction of a fracture, or the application
of a plaster cast. In such cases ether is unsuitable, since the time re-
quired for induction is as long as that in which the whole operation
can be performed; instead an intravenous injection of evipan should
be given. A dose seldom exceeding 0.7 gram will enable a surgeon to
finish all he needs to do, and the rapid detoxication permits prompt
removal of the patient.

2. Wounded persons who urgently need an operation but who on
account of severe shock are not fit for general anesthesia. In such
cases local anesthesia should be used.

Local Anesthesia

Good local anesthesia may be obtained with a solution of 0.25-0.5
per cent procaine. If the operation is likely to take longer than an
hour, and provided that the patient is not suffering from intense shoek,
it is advisable to add a small quantity of adrenaline (1 e.c. of 1 in 1,000
solution to every 100 c.c. procaine solution). If the wound is not very
large and the amount of procaine solution administered does not ex-
ceed 150 c.c., it is preferable to use the 0.5 per cent solution, but where
the amount needed is more than this (as, for instance, in cases of
amputation of the thigh) the 0.25 per cent solution should be used.
The infiltration should be made at some distance from the actual
wound and contused tissues, and the operation should not be started
until ten minutes later, in order that the full anesthetic effect may be
obtained. The addition of a small amount of adrenaline to the pro-
caine solution appreciably prolongs the period of insensitivity and
diminishes the bleeding, with the result that the surgeon can work
for a couple of hours without the sense of hurry which is so frequently
bresent during long operations under inhalation anesthesia.

I have had considerable experience with local anesthesia for all
types of surgery, and have employed it, in combination with infiltr
of the splanchnic ganglia, in more than 700 abdominal oper
uniformly good results (Trueta, 1935). Under
8eon may find it difficult to spare the necess
filtration, but this difficulty ean be over

ation
ations, with
war conditions the sur-
ary time for a careful in.
come if he works at two operat-
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ing tables and his assistants are trained in the technique, so that when
he is nearing the end of his operation at the first table an assistant
begins the infiltration at the second and no time is lost.

The value of local anesthesia in preventing shock is well known, byt
its beneficial effect on established shock has perhaps not received the
attention it deserves. I had many cases in which even the most per-
sistent resuscitation treatment failed to secure sufficient improvement
in the patient’s condition to allow the operation to be started. Shocked
patients suffering from the effects of toxic absorption several hours
after the production of the wound are often beyond the effective help
of surgical operation without local anesthesia. In several such cases
in my experience the local anesthetic produced a marked improvement
in the patient’s condition and made the operation possible. Meanwhile,
resuscitation treatment was continued and the patient was then found
to be receiving the full benefit of the plasma or blood transfusion,
This improvement may be due to the action of procaine in suppressing
the stimulation of sympathetic nerves in the region of the wound, the
factor primarily responsible for the shock. In cases operated on under
general anesthesia local infiltration with a weak solution of procaine-
adrenaline helps to control bleeding. Such infiltration is particularly
useful when the general anesthetic is gas and oxygen.

Regional Anesthesia

I fully agree with Atkins (1937) that regional anesthesia is not to
be recommended for patients suffering from shock. An infiltration
into important peripheral nerves, such as the brachial plexus (the
Kulenkampf technique) or the seciatic nerve, is frequently followed by
an immediate fall in blood pressure and other signs of shock. An
infiltration of the peripheral nervous system appears to have a depres-
sor effect on the nerve centers without suppressing the sympathetic
stimulus.

Spinal Anesthesia

Even in patients not suffering from shock, spinal anesthesia has a
depressor effect, and in shocked patients this technique is contraindi-
cated. I have lost two patients on the operating table as a result of
spinal anesthesia, and am convineced that the effect in man is exactly
the reverse of that which Slome and O’Shaughnessy (1937) noted in
cats. The object in giving any infiltrating anesthetic to shocked pa-
tients is to suppress sympathetic stimulation, but administering an
anesthetic by the low spinal route does not achieve this effect, since ana-
tomically the sympathetic trunks and ganglia are not contained within
the dura.
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ORGANIZATION OF THE ANESTHETIC SERVICE
IN RAIDED CITIES

In view of the large number of anesthetics required and the ease
with which the technique of administering ether anesthesia can be
learned, special courses should be arranged for training additional
personnel. General practitioners and experienced nurses provide the
best anesthetists to work under specialist direction. When trained,
they should be listed on the hospital’s reserve staff in the same way as
members of the resuscitation teams, whose work is also generally di-
rected by a single specialist. A good supply of oceasional anesthetists
is thus readily available when required, particularly if, as with other
services, they report for duty at every.air raid. Senior surgeons should
also train house surgeons and other assistants in the technique of local
anesthesia.

One final and important point: supplies of ether and other inflam-
mable anesthetics should be stored in small bomb-proof shelters.



PART II
ESSENTIALS OF WAR SURGERY

CHAPTER XIII

THE ESSENTIALS OF TREATMENT AND
ORGANIZATION

The special features of modern warfare, and particularly the wide
use of the aerial bomb, have introduced a great diversity into war
wounds, and at the same time air attack on the civil population has
necessitated new arrangements for the reception and treatment of
casualties. The organization of the surgical services must be adapted
to these varying requirements, but the actual treatment of any war
wound, whatever the nature or scene of the battle in which it was re-
ceived, should always be based on certain fundamental prineiples.

The biological treatment of wounds rests on the following five basie
points or principles, each and every one of which must be applied to
ensure the greatest possible success in the treatment of recently inflicted
wounds.

1. Prompt surgical treatment.

2. Cleansing of the wound.

3. Excision of the wound.

4. Provision of drainage.

5. Immobilization in a plaster-of-Paris cast.

1. Prompt Surgical Treatment

The successful healing of a wound depends largely on the speed of
treatment. The risk of serious post-traumatic infection is directly pro-
portional to the interval between injury and operation. The w_ork. of
the rescue parties, ambulance services, first-aid posts and resusmtat.lon
teams must all be organized in such a way as to facilitate surgl'cal
treatment with the minimum of delay. The shorter the period durn}g‘
which the casualty is left untended, and the shorter the time taker} n
transport to hospital, the earlier can resuscitation begin and the patient
be ready for operation. .

The value of such timely assistance has indeed been recognized since
the earliest days of surgery; and it was no doubt this recognition
which led to the organization of a rudimentary form of ambulance
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service during the siege of Malaga by the troops of Ferdinand of
Aragon in the 15th century, stimulated Larrey during the Napoleonic
Wars to develop the ambulance on lines which were to form the basis
of the modern system, and led Florence Nightingale to organize the
first nursing units during the Crimean War.

During the early weeks of the War of 1914 to 1918, when the fight-
ing was mobile, the lack of preparation in the arrangements for dealing
with casualties in the Allied armies led to much disastrous delay in
treatment, but with the development of trench warfare came improve-
ments in the organization of casualty services. A continuous chain of
receiving posts was organized, from the front line through the field
ambulances and the casualty clearing stations, to the base hospitals in
the rear. Unfortunately, it was never possible to provide any satisfac-
tory organization for rescuing casualties who fell in ““no man’s land,”’
and it was these which produced the highest mortality rate, owing to
the delay before they received surgical assistance.

The experiences of the last war, and particularly Carrel’s work, led
to the common belief that eight hours represented the time limit within
which wounds of the extremities must be treated to ensure recovery.
This period may be considered as a reasonable average, but it by no
means represents the safety limit in all cases. On the one hand, a
patient who has received a bullet in the knee may still be in a good
condition for radical operation, and even for primary suture of the
synovial membrane, as long as 24 hours after injury. On the other
hand, a patient who has been wounded in the thigh by an aerial bomb
may be developing gas gangrene within four hours of his injury. (I
have seen two such cases.) Thus, although the ‘‘eight-hour aseptie
period’’ may be taken as a basis for planning the organization of the
medical services in the front line, where conditions are difficult and
the field of military operations is constantly changing, the army sur-
geon should always bear in mind the more urgent needs of those
wounded by aerial bombs and high explosive shells, and remember that
for them six hours represents the maximum time limit.

2. Cleansing the Wound

No antiseptic known is equal to soap and water for dealing with
contamination in a wound. Even the best antiseptic is unable to ve-
move ““dirt,”” and the majority in fact fix the dirt in the tissues. Others
ncrease the risk of infection by further destruction of the cells. Both
liquor saponis olei cocois (BP.C.) and sodium ricinoleate are more
effective in getting rid of bacteria from wounds than are most of the
loncaustic antiseptics. The staphylococcus is the only organism that
has some resistance against these soaps. TFor the skin, iodine or a simi-
lar antiseptic should be used. At the end of the operation the wound
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may be dusted with sulfanilamide. I never used sulfanilamide g a
prophylactic in my country, where I treated over a thousand cages by
closed plaster with almost uniformly good results, but there appears
now to be sufficient evidence to justify its local prophylactic application

3. Excision of the Wound

Excision of the wound is the keystone of the whole technique ang
the factor which permits the application of a closed plaster. WITH.
OUT PROPER EXCISION NO RECENT WOUND SHOULD BE EN.
CLOSED IN PLASTER EXCEPT FOR EVACUATION. This is a rule
to which there can be no exception, and lack of appreciation of itg
vital importance is generally responsible for the failures which may
occur with this technique as with all others.

To ensure proper excision, the wound must first be incised (the
débridement of the French). In wounds caused by high explosives the
extent of the damage in the deeper tissues, particularly the muscles,
is often enormously greater than that in the skin and superficial layers,
and consequently, unless the traumatic opening in the skin is consider-
ably enlarged by incision, excision of the deeper tissues is very difficult
and must generally be incomplete. After the initial incision of the
skin and fascia and the excision of the dead portions of these tissues,
the operation proceeds layer by layer into the deeper tissues, in sue-
cessive stages of incision and excision, until the bottom of the wound
is reached. The periosteum, however, must never be inecised. Only a
narrow strip of skin should be excised; excision of the fascia should
be radical, and that of the muscles still more radical, but with the bone
the surgeon must be as conservative as possible and should limit re-
section to fragments which have lost their periosteal connections or
their muscular attachments.

4. Provision of Drainage

Dry gauze of a very fine mesh (similar to that of good quality band-
ages) should be used to provide drainage for a recent wound. The gauze
Is inserted without pressure into the intermuscular spaces, and a flat
layer is laid over the surface. Where a deep and narrow cavity re-
mains at the bottom of the wound, counterdrainage must be provided
by the insertion of a piece of rubber tubing through an opening into
the most dependent part of the cavity. v

The next and final stage of the technique, the immobilization in plas-
ter, is also designed to provide drainage. Good plaster of Paris is
highly absorbent, and the direct contact between the dry gauze and
the plaster covering the wound facilitates rapid absorption of the rela-

tively small amount of discharge (mainly lymph and blood) which
comes from a clean wound.
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5. Immobilization in a Plaster-of-Paris Cast

With the provision of drainage the last stage in the surgical pro-
cedure is accomplished and the wound is now ready for protection.
The only single expedient which will prevent initial absorption of toxic
products from the wound, protect the granulation tissue, and newly
formed epithelium from damage, and provide an effective barrier to
secondary infection; is the plaster-of-Paris cast. This should be ap-
plied in direct contact with the skin, except at a few points over bony
prominences. The plaster should be well moulded to the limb, particu-
larly over the wound, in order to establish good contact with the drain-
age gauze and to maintain a gentle pressure on the surface of the
wound, a factor which assists the progress of epithelization.

Summary of Technique

Here is a ‘‘five-point technique.”” All points are vital, but their
successful application turns on Point 3: excision. Without proper
excision, however faithfully the other points are fulfilled, the technique
is worthless and may even be dangerous. Since excision is closely
linked to and largely dependent on Point 1, early surgical treatment,
this is also extremely important. If the operation is not carried out
until six or eight hours after the time of the injury, the contaminated
area may have become so extensive as to make exeision a correspondingly
serious operation. Point 5, immobilization in plaster, in its turn de-
pends on Point 3, for unless excision is complete the treatment of a
recent wound in a closed plaster, far from being beneficial, is fraught
with serious danger.

Alternative methods for Points 2, 4 and 5—cleaning, drainage and
plaster—might be substituted in certain injuries which are more fre-
quent in peace than in war. In peacetime injuries drainage is not
always necessary and the wound can often be closed by primary suture,
whereas in war wounds primary suture is only exceptionally permis-
sible. Relatively good immobilization can be obtained by many meth-
ods, e.g., continuous traction or the Thomas or Braun splint. Never-
theless, closed plaster, inasmuch as it provides many other benefits
peculiar to itself, is in my opinion superior to all others for the treat-
ment of recent wounds, always provided that excision has been prop-
erly carried out.

TYPES OF AIR RAID INJURY

The special features of modern war have enormously enlarged the
field of possible casualties by bringing the civil population within the
range of the enemy’s attacks. It is particularly important that the
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relative urgency of the main types of injury produced in air attack
should be understood, always bearing in mind that the condition of
the wounded patient is more important than the wound.

1. Wounds Caused by Heavy H. E. Bombs

These bombs are dropped with the idea of destroying massive huild.
ings. They produce very severe wounds which if in the head, chest or
abdomen are usually fatal, but if in the limbs may respond to immedi.
ate treatment. Proper treatment—namely, resuscitation and a major
operation—can be carried out only in a hospital, and consequently the
only possibility of saving casualties of this type is to get them to a hos-
pital without delay. Transportation is in itself a problem, for shock
inereases with movement, and the patients must therefore he taken
with great care and by the quickest possible route.

2. Wounds Caused by Light H.E. Bombs

These bombs are used with the specific object of producing casualties,
and for this reason we in Barcelona (where they were used in Europe
for the first time) called them ‘‘anti-personnel’’ bombs. They are
used in attacks on aerodromes, on marching troops, and especially on
the civil population in an attempt to inspire terror and demoralization
in the face of an advancing army. Covered with a thin layer of light
material, they make only shallow craters in the ground, but throw out
thousands of small splinters, many no larger than a fingernail. Dis-
persion of these splinters is horizontal, and consequently the majority
of the wounds oceur in the leg, thigh or lower abdomen.

Patients so injured ean generally he moved safely to more distant
h.ospitals than patients in the first group, but the damage to the deeper
tissues is nearly always far more extensive than the small wound in
the skin would suggest. Many patients suffer from shock and severe
hemorrhage. TFirst aid outside the hospital is useless, for these vietims
must be treated by resuscitation as soon as conditions permit; and the
'efﬁ.cacy of resuscitation mainly depends on the rapidity with which it
is initiated. The best results are obtained when it is possible to operate
within two hours. The fact that persons injured by this type of bomb

are in the open should make it easier for them to be taken to a hospital
within this time.

3. Injuries Caused by Incendiary Bombs

- Many casualties are caused by the conflagration of buildings, par-
?xcularly where these are largely built of timber. This was clearly seen
in Spain, Poland, and Finland, as well as in Great Britain. Pz;tients
should be taken to a hospital immediately ; but however good the or-
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wanization of transport, there is often some inevitable delay while vie-
:ims are extricated from fallen debris. When the hospital is less than
one hour distant from the ‘‘incident’’ treatment in a first-aid post is
useless; on the contrary, until the patient can receive proper treatment
in a hospital it is better to leave his injuries untouched. The best
dressing for the moment is his own burnt clothing, for any attempt to
clean the burn and cover it with sterilized gauze in the first-aid post
adds not only to the delay in providing proper treatment but also to
the danger of further infection. Resuscitation is often needed, and
cannot readily be provided at a first-aid post. If the nearest hospital
is more than one hour distant, the burned area should be protected
with sterilized plain gauze.

4. Crush Injuries Caused by the Collapse of Buildings

As a rule these injuries provide a surgical problem only when the
buildings are small and constructed of light material. I do not know
the exact numbers of people killed by falling masonry in Barcelona,
but I believe that more than half our fatal casualties were due to this
cause. The buildings of this city are so large (generally six floors
high) and constructed of such heavy materials that very few who were
crushed beneath them survived, the severity of their injuries, if the
vietims were not killed outright, precluding the possibility of surgical
aid. In other towns, however, where the huildings were only two floors
high and constructed of less heavy materials, many of the patients
survived. All of them suffered severely from shock and were inevi-
tably the last to be rescued, with the result that by the time they were
extricated, they needed, so grave was their condition, intensive treat-
ment such as could be provided only in a hospital.

5. Injuries Caused by Blast

Compared with other types of injury, these are not only fewer but
also less serious. From the surgeon’s point of view they present no
problem, for the patients, unless also wounded, need no assistance
beyond rest and some measure of resuscitation, and consequently need
not be taken to a hospital until all the more seriously injured have been
dealt with. They may have a certain amount of preliminary treat-
ment, and above all shelter, at the first-aid post, while waiting for the
ambulances to take them to a hospital for special treatment, if any.
Many of these patients suffer from bronchial spasm, a kind of acute
and transitory asthma, and perhaps also from arterial spasm; in ad-
dition they have microscopical alveolar and pleural hemorrhage. Zuck-
erman (1940), Falla (1940), and Hadfield and Christie (1941) have
contributed to our knowledge of the effects of blast.
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6. Minor Injuries
These include cuts by flying glass (when there is no serious hemoy.
rhage) and also concussion and nervous excitement. It is with this
type of casualty that the first-aid post should deal. Most of the pa-
tients are fit to go home after treatment and only a few need to be sent
to a hospital.

PROBLEMS OF ORGANIZATION

It will be clear that all stretcher cases should be taken directly to
the hospital and not to the first-aid post. Ideally, the first-aid post
should be sitnated in the hospital itself, since more than 30 per cent of
all casualties require operation. Any measure which tends to acceler-
ate the admission of air raid casualties to the hospital contributes to
the success of treatment, and all delaying factors should accordingly
be eliminated as far as possible. Patients received in the hospital soon
after injury are generally suffering from primary shock (that is to say,
from the initial effect of nervous disturbance) or from a combination
of primary shock and hemorrhage, conditions in which resuscitation
treatment often quickly produces sufficient improvement to permit
operation. When, however, patients do not reach the hospital for
more than an hour after injury, they may be suffering from secondary
shock, due either to persistent ischemia of the nervous centers or to
absorption of the toxic products of tissue disintegration in the wound.
Patients already suffering from loss of fluids in the injured limb are in
a still worse plight and do not respond well to any form of resuscitation.

Successful hospital treatment therefore depends in no small measure
on t}'le .speed with which easualties are admitted to the hospital, and
’fhls In its turn depends on the efficiency of the passive defense services
in the bombed area. Individually, the surgeon is not responsible for
falll}res due to bad organization of these services, for he eannot hope
to give proper treatment to patients who reach the hospital either beyond
hell.) or at the best fit for operation only after many hours spent in com-
bating shock, by which time serious infective complications will prob-

ably have set in. My observations on this matter ave those of a sur-.

geon who has syﬁered from the mistakes made in the original plan-
ning of a passive defense organization, and has seen the striking
improvements which followed when these mistakes were rectified. The

following scheme is based on the principle that speed is essential for
success.

The Organization of Medical Services in a, Raided City

The technical problems connected with the organization of reseue
parties and of fire-fighting and ambulance services do not fa]l within
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my sphere, but the prompt conveyance of air raid casualties to a hospital
largely depends on the efficiency of these services and on their col-
Jaboration with the hospital and other medical services. One illustra-
tion will serve to show the vital need for a unified control of these
various organizations.

A town is raided and a large number of casualties occur in
a relatively small area. There are three hospitals in the dis-
trict: hospital A is situated half a mile from the scene of the
raid, hospital B one mile away, and hospital C two miles away.
If there is no central control of the organization for transport
of the casualties, the chances are that practically all the am-
bulances will take their patients to hospital A, since this is the
nearest, and will eontinue to do so until the driver is told that
this hospital is full. e will then proceed to hospital B, and
only then will the surgeons at this hospital receive any pa-
tients; while in hospital C, the most distant, the surgeons will
still be waiting. Meanwhile, at hospital A many casualties
have to wait for hours before a surgeon is free to deal with
them, although at a distanee of only 15 minutes or so (dis-
tance should be reckoned in time rather than mileage) sur-
geons are standing idle.

I have on several occasions witnessed this pitiful state of affairs where
there was no authorized person at the scene of the raid who knew the
capacity of each hospital at any given moment and was able to direct
transport accordingly. The organization of first-aid parties under an
experienced surgeon, who is also in control of the ambulances at the
seene of the raid, helps not only to provide some casualties with their
most urgent needs, e.g., the application of a tourniquet or the im-
mobilization of a limb, but also to ensure their appropriate distribution.
This surgeon must, however, know at any given moment the available
resources of beds and surgeons at the different hospitals, and this in-
formation can be satisfactorily supplied to him only through the cen-
tral control office.

Organization in the Hospital—To ensure smooth running of the
work inside the hospital, the organization for dealing with casualties
must be thoroughly efficient both in the grounds, for the control of
ambulance traffic, and inside the actual building. Arrangements must
be made for one-way direction of ambulances so that they may be un-
loaded without loss of time. Obviously, adequate numbers of stretch-
ers, and especially of trolleys, are essential, but the secret of efficiency
lies in perfect cooperation between all departments, and particularly
between the staff responsible for the reception and sorting of casual-
ties, those responsible for the resuscitation room, operating rooms and
wards, and those responsible for discharge.
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Classification of Casualties.—In the sorting room casualties should
be divided into five main groups:

1. Those Who Need Operation as Soon as Possible, Whether Resusci-
tation Is Necessary First or Not—The group includes patients with
severe hemorrhage, open chest wounds, extensive bruised destruction,
avulsion of limbs, and small penetrating abdominal wounds.

9. Those Who Need Immediate Treatment But May Wait Until the
First Group Has Been Dealt With.—The group includes patients with
compound fractures caused by small splinters, penetrating wounds of
the joints, and wounds of the face.

8. Those Who Need Immediate Resuscitation and Rest But No Opera-
tion, at Any Rate During the First F'ew Hours—The group includes
patients with severe shock, small penetrating wounds in the chest, and
crush injuries. These patients should be sent to the wards and resusci-
tation carried out there.

4. Those Who, After Receiving First Aid, Can Be Transferred to a
More Distant Hospital for Further Treatment.—The group includes pa-
tients with penetrating wounds in the skull caused by small splinters,
peripheral nerve injuries, and eye lesions.

5. Those Who May Be Sent Home After Some Form of Minor Treat-
ment.—The group includes patients with minor injuries and simple
fractures.

Sorting Room and Operating Room.—In the sorting room each pa-
tient should be provided with a record card or label of one of five dif-
ferent colors, according to the nature of his injuries and the treatment
required. Efficient work in the sorting room will greatly increase the
efficiency of the other departments; for without it patients who are
unfit for operation will probably be taken to the operating room and
those who need immediate operation to the wards. An experienced
surgeon should be in charge in the sorting room, and it is a good plan
for the senior surgeons of the hospital to take periods of duty there in
turn, as a relief from the strain of econtinuous operating.

Resuscitation teams should start work on those patients who need
immediate treatment: in the resuscitation room, in the wards, or in
the operating room, according to the patient’s condition and the urgency
of his operation.

Each surgeon should work at two operating tables so as to avoid
delay. While the patient on the first table is being operated on, the
patient on the second table should be prepared and, at the appropriate
moment, anesthetized, so as to be ready for the surgeon as soon as the
first operation has been completed. Two surgeons working in this way
can do as much as three working at single tables. Every hospital in
a dangerous area should have at least one operating room underground
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and protected against a direct hit. The degree of efficiency bears a
direct relation to the sense of safety felt by the surgeon and his as-
sistants, who must remain at the operating table in all circumstances.
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Fig. 18.—Organization of passive defense in a bombarded town, following the experi-
ence of Barcelona.

The Ambulance Service.—The ambulance depots must be connected
with the central control office, and when casualties have to be conveyed
to a hospital the ambulances which are sent to the secene of the raid
should be under the direction of the surgeon who takes charge of the
distribution of casualties. It is a great advantage to have a standard
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type of stretcher throughout the organization, so that when the patient
is unloaded he can be carried into the hospital without change of
stretcher, a replacement stretcher being supplied to the ambulance at
the hospital.

Fig. 18 shows the main structure of a passive defense organization.
At the central control office is a representative of each of the five main
services—demolition and rescue squads, transport, medical serviees,
fire service, and statistiecs—each of which again has its own headquar-
ters. The transport headquarters is in direct communication with the
various ambulance depots, and is kept informed of the available num-
ber and movements of ambulances. The medical headquarters is in
constant touch with the hospitals, having full information about the
number of beds and surgeons available in each, and about the blood
transfusion and other medieal services. It is also responsible for the
organization of first-aid parties. In each bombed district the medical
officer in charge of these parties should not only have full authority
over his own team but should also act as the representative of the cen-
tral office, directing the distribution of casualties to the various medical
centers on the information supplied to him through the central control
office. The statistical headquarters, with its subsidiary departments of
records, research and information, provides the means for developing
and improving the whole organization in the light of experience, for it
is here that the speed and efficiency of the various services are estimated
and data collected on all aspects of the city’s passive defense service.

The Time Factor in the Frontline

Surgical aid to casualties in the frontline is impeded by many factors
and has to be adapted to varying conditions, but the main basis of
success is to have the wounded patient on the operating table at the
earliest possible moment. This is the only factor that counts, and is
the objective at which the whole organization should aim. During the
War of 1914 to 1918 the static condition of the majority of battlefields
gave rise to a static system of assistance with a distant emergency
hospital—the casualty clearing station. With the constantly changing
position of modern armies, the surgical organization must be as mobile
as the fighting forces and must follow them in advance and retreat.

In this connection, as in many others, the War in Spain provided
much valuable experience. It was found that the casualties who most
urgently needed surgical assistance had to be treated within a maxi-
mum of 5 hours—a requirement which resulted in the development of
the ““Three-Point Forward System’” outlined in the following section.®

*For details of this organization the reader i f ’
Field Surgery in Total War, Paul B. Hoeber, I:c:elzrfg.d Sk Dovslas W, Jolly's

“Distance from the front line
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The Three-Point Forward System (see Fig. 19) was based on the
distribution of assistance in three successive stations. The first was
the casualty classification post, a center for collecting casualties, on
which depended the smooth running of the whole organization. It was
sitnated close to the front, on an average less than an hour from the
fighting line. So great was the importance attached to the time factor
in treatment that distance was measured by minutes and not miles.
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Fig. 19.—Organization of field medical services in a modern military medical corps,
gfollowing‘ the experience of the Spanish Republican Army.

The second step of the system was the No. 1 hospital, placed at a
maximum of five hours from the front line. This was the center of
treatment for the most urgent cases—hemorrhages (particularly cases
in which a tourniquet had been applied), abdominal wounds, open chest
wounds and serious bruised wounds in the extremities.

"‘Distance from the front line
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The last step of the system was the No. 2 hospital, at an average
of ten hours from the frontline. Here the less urgent cases were dealt
with.

During active military operations these surgical centers were as.
sisted by self-contained mobile surgical units provided with everything
necessary for dealing with the same type of urgent casualty as the
No. 1 hospital. They had surgical lorries with operating rooms and
sterilization apparatus, and so were in effect small mobile hospitals of
great value in difficult conditions.

After the biological treatment had been tested at Teruel, and proved
successful, Colonel d’Harcourt decided to extend it throughout the
army. In the late stages of the war, by which time many young sur-
geons had been trained in the method, all No. 1 hospitals and mobile
units used it; plaster casts were also often used for evacuation, even
when wounded men were sent to the rear without any radical opera-
tion. Such casualties showed a distinguishing mark on their plasters,
so that the pressing need for operation should be immediately evident
to the medical officer in charge of the sorting room.

Provisional Operation.—In periods of great pressure, the number of
casualties arriving at No. 1 hospitals and mobile units may often far
exceed their capacity. In such circumstances, in order to avoid or at
any rate diminish the risk of gas gangrene and at the same time allow
time for the resuscitation required before operation, certain surgical
measures should be carried out at the advance casualty clearing station.

An injection of 345 to % grain of morphine for patients
whose sensibility is already reduced by shock, or 0.5 to 0.7
gram evipan in others, is a sufficient analgesic for the simple
procedure required. The patient is laid on the table and un-
dressed and the wound examined, and as soon as the instru-
ments are ready the analgesic or anesthetic injection is given.
During the short operation a quick blood or plasma transfu-
sion may be given (see p. 158). The skin surrounding the
wound is quickly washed with soap and water and swabbed
with a skin antiseptic. With a knife and a pair of scissors the
wound is enlarged by incisions above and below, parallel with
the long axis of the limb; the superficial faseia should be di-
vided without hesitation. The wound is then dusted with
sulfanilamide, a piece of dry gauze is inserted to keep it
open, and the limb is immobilized by a Thomas splint or, bet-
ter, a plaster cast. If the latter is used, a note should be made
on the surface that excision has not yet been performed. The
whole procedure will take a skilled surgeon less than ten min-
utes, and can be completed while the first resuseitation treat-
ment is carried out. The patient is then ready for definitive
treatment at a hospital some ten or twelve hours from the line.
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When working under great pressure it is convenient to have at hand
4 number of muslin patterns (see Chapter XX) so that limbs requiring
immobilization may be encased in plaster without delay.

Evacuation of patients with large wounds and fractures under plaster
casts is very comfortable. In Spain the insistent demand of soldiers
for such treatment was noteworthy. They knew that casualties evac-
nated in plaster suffered no pain, in contrast with those treated by any
other method of immobilization. Local application of sulfanilamide
powder definitely helps in these cases. In Great Britain this treatme'nt
was first tested during the evacuation from Dunkirk, with very satis-
factory results.

The success of this technique depends only in part on the ability of
the individual surgeon; its chief determinant is the efficiency of the
military organization. The results are never satisfactory if different
techniques are used by the various surgeons in charge of the treatment at
each stage of the three-point forward system; or if these stages are not
so disposed as to keep the time-lag within the prescribed limits.



CHAPTER XIV
ANTISEPTICS

Cleansing of the Wound

No advance in surgery has had such a profound influence as the
institution of the antiseptic technique by Joseph Lister; indeed it is
no exaggeration to say that the history of surgery can be divided into
two eras, the pre- and the post-Listerian. The essence of Lister’s great-
ness lies in the fact that he provided a solution to a problem which wag
as old as surgery itself but which even the most enlightened workers
of the past had been unable to solve. Throughout history there had
always been some surgeons who had realized that cleanliness, not only
of the wound but also of the surgeon’s hands and of the instruments
he used, was essential for success. For over two thousand years, how-
ever, the truth of this observation, which today seems hardly worth
mentioning, was recognized by very few. Hippocrates recommended
boiled water and the cleanliness of the surgeon’s hands and nails, and
in doing so was laying the foundation stone of the aseptic technique
as we know it today. One or two of the surgeons who immediately
preceded Lister set the stage for his great discovery by refuting the
old ideas of ‘‘poisons’’ in wounds and the ‘“miasma’’ of the air.

It can hardly be claimed that the use of wine by Avicenna, of tur-
pentine by Paré, or of acetic argile by the German surgeon Burrow in
1847 (see Volkmann, 1881), constituted antiseptic techniques, although
all these substances have some antibacterial properties. The first gen-
uine precursor of Lister was the Hungarian Ignaz P. Semmelweis (1818-
1865), who published his first paper on antiseptics in 1848. Oliver
Wendell Holmes (1809-1894) had come to conclusions similar to those
of Semmelweis in 1843, and like him met with strong opposition from
his colleagues.

Phenol.—It was to this sceptical world of medicine that Lister intro-
duced the antiseptiec technique as an essential element of surgery, and
by his undaunted perseverance eventually succeeded in convincing
his colleagues that this technique was the surgical weapon which they
had been awaiting since time immemorial. Having heard of Pasteur’s
work on fermentation and heat sterilization, Lister tried to secure a
similar sterilization by certain chemical substances. After trying zinc
chlorides and the sulfites, he turned by a fortunate chance to carbolic
acid, a substance which had been used for the sterilization of sewage.
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In 1865 he used carbolic acid for the first time when operating on zf
patient in Glasgow, and in 1867 he published the results .of tw‘(z years
work in nine articles, one of which, now famous, was CI}tltled .On the
Antiseptic Principle in the Practice of Surgery.’”’ Like al'lilfmova-
tions in science, these papers received much adverse criticism, a
fact which is in striking contrast to the exaggerated use made ('>f ant.l-
septies in more recent times. Thomas Huxley was indeed r{ght in
saying, ‘It is a customary fate of new truths to begin as heresies and
to end as superstitions.”’

It is unfortunate that Lister has been so widely misrepresented. In
his outlook he was a true follower of Hippocrates, and his writings
are full of ideas to which the great Greek physician would certainly
have subseribed. For example, at the International Medical Congress
held in London in 1881, he said, ‘I believe I happened to be the first
to demonstrate that the tissues of a healthy living body have a power
of counteracting the energies of bacteria in their vicinity and prevent-
ing their development.”” The attitude of the majority of his medieal
contemporaries, however, was still Galenist—that is to say, sceptical
of the healing power of Nature—and in consequence, when after many
years they were finally convinced of the efficacy of antiseptics, they
took to using them simply as a new kind of ‘‘miraculous substance.”’
Lister himself condemned this attitude when he declared (1881) that
his object in establishing the antiseptie technique had been to help the
body in its fight against bacterial aggression and not to substitute
healing by artificial means for the healing power of Nature. How far
from this eriterion is the practice of many surgeons of our own day!

The goal toward which Lister was aiming was reached a few years
later, when von Bergmann in 1886 introduced steam for the steriliza-
tion of instruments and developed the technique known today as asepsis,
which in other words may be called ‘‘antisepsis outside the tissues of
the body.”” The principles of aseptic surgery were quickly and uni-
versally accepted, and prevailed until the War of 1914 to 1918, when,
after some months of new experiences, surgeons came to realize that
war injuries could not be treated on the same lines as surgical wounds
and, in an attempt to prevent the frequent infective complications,
again took up antiseptics. Unfortunately the practice was carried too
far, and distressing results followed the excessive use of phenol and
strong cresol pastes.

Hypochlorite.—The studies of Alexis Carrel at this stage were there-
fore particularly opportune, and the adoption of sodium hypochlorite,
which he recommended as the best antiseptic, led to an immediate im-
Provement in results. The hypochlorite solution which Dakin prepared,
though a comparatively active antiseptic, was relatively harmless to
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the tissue cells, and it was to this factor that the better results were
attributed. Today we are in a position to realize that its beneficial
effect is largely due to other causes. In the first place the Carrel-
Dakin technique, when used as recommended in continuous irrigation,
causes very little interference with the wound (an important factor to
which I believe the success of the much-discussed Bunyan bag is also
largely due). Secondly, the hypochlorite solution has a valuable pro-
teolytic capacity, which cleanses the wound and so makes bacterial
reproduction in the dead tissues difficult.

After the war the use of antiseptics in treating wounds steadily de-
creased, and the majority of surgeons returned to the antiseptic-aseptic
technique, applying antiseptics on one occasion—namely, during the
operation—and eclosing the wound by primary suture where possible.

When infection had already begun the Carrel-Dakin technique was
still widely used.

Initial Antibacterial Treatment

Today one fact stands out clearly: all accident wounds need initial
antibacterial treatment: that is to say, they must be protected from
bacterial contamination or, where this is not possible, from bhacterial
colonization. Good antiseptics have a high potency against bacteria
either on inorganic substances or on the skin, a tissue which has a
great natural resistance to all external actions. In the interior of a
wound, however, their effectiveness is very limited, for several reasons.
Tirst, the organic fluids, blood and lymph, alter the nature of most
antiseptics and greatly reduce their bactericidal capacity. Secondly,
the character of many wounds, and particularly their irregularity,
makes it impossible for the antiseptic to be evenly distributed through-
out every corner. Thirdly, antisepties have a very poor selective ca-
pacity, diseriminating little between different types of living cells; and
consequently not only the bacteria but also the tissues suffer from their
chemical action: Finally, antiseptics have little power of penetrating
the tissues, and so cannot destroy bacteria where the natural defenses
most need assistance inside the tissues. Even those antiseptics which
have the greatest power of penetration, e.g., the aniline type, do not
penetrate into the tissues to a depth greater than 2 to 3 mm.

Requirements of an Antiseptic

To be effective an antiseptic must fulfill certain conditions which
depend not only on its own properties but also on the way in which
it is used:

1. It should be applied before infection has begun, or, in other words,
before bacteria have penetrated the tissues. In war wounds, and par-
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ticularly in those caused by acrial bombs, four hour§ is the limit of
time during which an antiseptic can be effectively applied. .

9. Tt should be well distributed throughout the wound, penetrating
every corner and pocket which may he contaminate(‘l. Enlm.'gement of
the wound and excision help to make this distribution possible.

3. Tt should not be toxic either to the tissue cells or to the body
fluids. : ;

4. Tt should be active against the majority of bacteria which con-
taminate wounds and should act in a single application.

5. It should be capable of resisting the inactivating effects of the
body fluids.

The ideal antiseptic which fulfills all these conditions has not yet
been discovered, as is clearly indicated by the constant succession of
new antisepties which in turn make their appearance on the 'market,
only to disappear after a short period of trial. Neverthe_less, it would
be unjust to say that antisepsis has made no progress since the days
of Lister’s carbolic and Koeh’s mercury derivatives. The deep concern
of surgeons in recent years over the action of antiseptics on the living
cells of the tissues is proof of a definite advance. But the statement
of Fleming in 1928 still stands: that the best antiseptics are the natural
defenses of the body.

Action of Antiseptics on Living Tissues

Specialization in the different branches of medicine has brought many
advantages, but has also had certain unfortunate consequences. One'
of the most regrettable of these has been the divergent app}'oaehes_ of
the surgeon and the bacteriologist to the problem oi infection. I‘lfl’p-
pily, the wide gulf that existed in recent years is today becom'mg
rapidly narrower as a result of mutual cooperation and understanding.
The absence of early collaboration is clearly indicated by the. methods
of study of the action of antiseptics. To determine th.e il(?thI].. of an
antiseptic the bacteriologist tests its antibaecterial capa(nt)" m vitro, by
observing its powers of sterilizing cultures and of preventmg.bacterla-l
reproduction. To discover its toxic potency, intrav?nous, 1nt1'f1pe1-1-
toneal or subcutaneous injections are made in experimental a_nlmals,
particularly mice and rats, while recently the brains of 1'a,.bb1tsl and
cats have also been widely used in the study of local toxie eftects.‘
Tissue cultures have provided bacteriologists with a l'aet.ter means of
testing the effect on living cells, for by this method it is possible to
observe the action of an antiseptic on the fibroblasts and letlcocyte§.

While all these laboratory tests are undoubtedly of g‘reat_ value, it
must he remembered that when the tested antiseptic is applied to the
living body its activity may be influenced by certai}l unlfnown .fac-
tors, which do not depend only on the impeding action of the tissue
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fluids. If it had been left to laboratory experiment alone to determine
the properties of antiseptics and to recommend their use, Lister woulq
never have effected the revolution in surgery which he achieved by hig
introduction of carbolic acid, a substance which we now know to he
toxic to the tissues; nor would Morison have obtained his sucecessfy]
results with bismuth iodoform paraffin paste, for Garrod (1940) has
shown that iodoform, the antiseptic basis of this paste, has no anti.
baejcerial capacity and is unable to impede bacterial reproduction even
on its own surface. Ileming (1919) showed that wounds treated with
bismuth iodoform paraffin paste contain more bacteria than other wounds,

There appear to be good grounds for suspecting that certain chem-
ical substances stimulate the activity of the tissue cells and so may
exert a favorable influence both on the granulation process and on th‘e
contraction of a wound, as Carrel (1921) found with turpentine. But
undoubtedly the factor of greatest importance lies in the care exer-
cised by the surgeon in his use of the antiseptic, and particularly in his
avoidance of interference with the natural mechanism of healing.

Action of Antiseptics in Common Use

Many antiseptics that were commonly employed some years ago, e.g.
the heavy metals, such as the mercury derivatives introduced by I’{octix,
copper, silver, and zine, have now fallen into complete disuse. Th(;
mercury derivatives, at one time widely used, have the great disad-
}'antage. that they coagulate the proteins, and are always completely
ineffective in solutions sufficiently dilute to avoid this difficulty. Alco-
hols are not recommended for similar reasons. The halogens, such as
chlorine, iodine, and iodoform, are in fairly common use, and ,iodine is
u‘ndoubtedly one of the best antisepties for the skin. The chlorines
like eusol and Dakin’s solution, which are still employed in certain’
cases, are not strong enough to be effective in a single application and
consequently involve repeated interference with the natural healine
process. The Bunyan technique of the periodic bath avoids much han,:j
dling of the wound, but precludes immobilization and its beneficial
eff.ec.ts_, which. we now know to be essential for perfect healing. The
oxidizing antls.eptics are not very effective against bacteria, because
the- oxygen which they generate combines with organic substa’.nces for
which it has a greater affinity than for bacteria. For a lone tirr,le it
was commonly supposed that oxidizing antisepties, and eve;., oxygen
itself, had a specific action against anaerobic infee’tions but they ?11'0
now known to be ineffective against gas gangrene, and oxily the oxygen
in the blood prevents anaerobic reproduction in th’e wounds. y

Coal-Tar Derivatives do not coagulate the proteins, are nonirritant
and have a fairly quick bactericidal action. They hz;ve the disadvanj
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tage, however, that their potency is reduced by contact with the or-
ganie fluids, and thus they have only a short period of effective action.

Acridine Dyes.—Many of these anilines are on the market, the most
widely used being acriflavine, euflavine, proflavine and rivanol. On
the whole they are good antiseptics and in high concentrations are
capable of quick action; when applied over a long period of time a
more dilute form can be used. Garrod (1940) affirms that a concen-
tration as low as 0.0001 per cent can still sterilize when allowed to
operate for some time. Neither serum nor blood produces any marked
change in their antibacterial properties, and it has been claimed that
leucocytes stained with these acridine dyes have been seen to retain
their amoeboid movenients. These antiseptics are not, however, capa-
ble of effective action in a single application. Probably the most effec-
tive is proflavine sulfate in a concentration of 0.1 per cent in isotonic
saline solution buffered to pIl 6.2 (Russell and Falconer, 1940) ; while
the most recent development of the acridine series is the 2.7 diamino-
acridine hydrochloride, which appears to be the least toxic of all (Rus-
sell and Faleoner, loc cit.: Manifold, 1940). The acridine antiseptics
are effective against the hemolytie streptococcus but not against Staph.
aureus or Ps. pyocyanea.

Antiseptics and Infected Wounds

The changes which bacteria undergo on contact with an active anti-
septic depend on the properties of the antiseptic and its concentration.
They are of three kinds; the bacteria may be destroyed, paralyzed, or
deprived of their reproductive capacity. When an antiseptic is ap-
plied before the bacteria have penetrated into the tissues, the degree
of contact established between the two opposing elements is merely a
matter of technique, and any of the three effects can be produced.
When, however, the antiseptie is applied to a wound in which bacteria
are already colonizing, its contact, and therefore its action, are con-
fined to those bacteria which are germinating on the surface of the
wound and those which are extruded from the inner tissues with the
discharge; consequently the effectiveness of the antiseptic is limited.
Moreover, when infection is already established, those bacteria which
survive the action of the antiseptic and retain their reproductive capac-
ity give birth to a progeny which has a higher power of resistance, and
which in its turn produces a still more resistant generation, with the
result that in a comparatively short time the antiseptic entirely loses its
effect, the bacteria having acquired a specific resistance to it.

These various factors, and above all, the constant interference with
the body’s own healing activities which repeated application of anti-
septics necessarily involves, serve to explain the persistent failure of
the antiseptic technique in dealing with infected wounds or in trying
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to protect a wound from secondary infection. Clearly we should aban-
don antisepties as a method of treatment for wounds in which infection
has already been established, and rely on the biological action of the
body’s defenses, put in full activity by the surgeon’s intervention,
Fleming (1940) sums up the whole matter in two significant questions .

1. Is 1t Justifiable for the surgical pessimist who dastrusts his
own cleanliness to use antiseptics in an attempt to cover up his
own deficiencies?

The only reasonable answer to that is that the surgeon should
so improve his methods that he would cease to be a pessimist.
All the antisepties in common use are toxic in some degree to
the human organism as well as to bacteria, and are to be avoided
wherever possible.

2. Is it possible by the use of an antiseptic to destroy an in-
fection in a freshly inflicted wound before the bacteria have
time to grow out?

In the last war, at a base hospital in France, I examined
wounds which had been specially treated with carbolic acid,
and compared them with others which had not been so treated.
So far as the bacterial content went, the carbolie-treated wounds
were worse than the others.

SOAP

In a chapter on antiseptics, soap deserves special mention, not only
on account of its strong bactericidal action, but also because of the
special property it possesses of being able to remove ‘‘dirt’’ from the
surface of freshly made wounds. Lister is reported® to have endorsed
the remark of a colleague that every good surgeon is, whether con-
seiously or unconsciously, an antiseptic surgeon. “Serupulous clean-
liness,”” Lister continued, ‘. . . is an antiseptic means.”” In this sense
soap is undoubtedly the best antiseptie, and it was clearly the efficiency
of soap as a cleansing agent that led Lister’s contemporary Lawson Tait,
the great gynecologist, to oppose the use of carbolic acid. Tait was a
very clean surgeon, who used soap and large quantities of water, and
on the strength of his satisfactory results he carried out a violent cam-
paign against the carbolic spray and other antisepties. Tait was an
‘‘antiseptic’’ surgeon no less than Lister, but his method differed from
Lister’s in approximating more closely to the further development of
the technique which we now eall ‘‘asepsis.”’

During the War of 1914 to 1918 a number of French surgeons used
soap for cleaning wounds, and their results appear to have been very
satisfactory. Following a suggestion made by Sir Cuthbert Wallace,
several British army surgeons used soap, and Dixon and Bates (1917)
published the result of a series of 388 cases where it had been used.

*Forty-Eighth Annual Meeting of the British Medical Association, 1880.

ANTISEPTICS 191

Hayecraft (1918) also used soap with very satisfactory 1'esulFs. Com-
paring the results with those of a series of similar cases in which eusol,
hydrogen peroxide or bismuth iodoform paraffin paste'ha.d been em-
ployed, Dixon and Bates were convinced of the superlor.lty of soap.
They used a 214 per cent solution in water of a soap containing 63 per
cent of fatty acids, 4.6 per cent of combined alkalies and 24.6 per cent
of water. The gauze used for drainage was soaked in this soluti‘on and
changed every three or four days. These surgeons were surprised to
find that there was no pus and that the musecles looked red and healthy;
the treatment was not painful, and healing was obtained in a shorter
time than with any other antiseptic.

My own experience was similar, and in many hundreds of'caseF I
saw ample evidence that soap was superior to the common antiseptics,
which achieve their effect solely by their chemical action. In the ma-
jority of cases I used coconut soap of low alkalinity, and found i.t to
be neither painful nor irritant. Equally good results were obtained
when soap was used to clean infected wounds. Other surgeons have
reported similar successful results, but, in spite of the clinical e\rl'dence
in its favor, soap is still commonly used only to clean the skin, while jche
disinfection of the interior of the wound is left to chemiecal antiseptics.

Soap as an Antiseptic

Koch (1881) was the first to point out that soap has a bacterici(.ial
action, and sinee then Reichenbach (1908) and many others have studlefl
the various properties of soaps both in vitro and in experimental ani-
mals. Lamar (1911) found that unsaturated soaps will destroy pneu-
mocoeei and streptococei, and believed sodium oleate to be the most
active in this respect. Violle (1933) found the ricinoleates to be more
active than the oleates, palmitates or laureates. Barnes and Clark
(1934) showed that 0.004 per cent of sodium ricinoleate and 0.9004
per cent of sodium oleate were the minimum concentrations required
to kill three different types of pneumococci.

Bacteria vary in their sensitivity toward soap, and, while all wo'rkers
agree that the streptococei, pneumococei, meningococei, gonocoeei, and
diphtheria and tubercle bacilli are extremely sensitive, some have found
that the staphylococei, and to a lesser extent the coli-typhoid group
also, are very resistant. Kolmer and his associates (1934), however,
found that Staph. aureus is completely destroyed by exposure for an
hour to sodium ricinoleate, while Bayliss (1936) showed that it is also
destroyed by sodium abietate when the pII exceeds 8.6. Walker (1924-
1925) found that a 1 in 50,000 solution of sodium laureate destroyed
Pneumococei, and that streptococei would not grow in the presence of
even small amounts of sodium ricinoleate.
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Vincent (1907) first demonstrated that soaps can neutralize bacterial
toxins. Larson and Nelson (1924) found that several of the most
powerful bacterial toxins were destroyed by ricinoleate as soon as
enough of this had been added to the solution to reduce their surface
tension below a certain figure. For example, guinea pigs given the
equivalent of 100 minimum lethal doses of tetanus toxin and treated
in this way showed no ill effects. Belin and Ripert (1937) found that
the same toxin left for 90 minutes in a 1 in 10,000 solution of oleate
or ricinoleate was completely inactivated.

It is clear, therefore, that the majority of the unsaturated soaps will
destroy the bacteria most commonly found in wounds, and that they
will also neutralize any of the powerful toxins that may be produced.
The question then arises of the best type of soap to employ. Nichols
(1920) showed that ordinary household soap in a concentration of 0.5
per cent has a powerful action on the streptococeus and pneumococeus.
Walker (1926), who found that this soap was also active against the
diphtheria bacillus, noted that the typhoid bacillus was destroyed by
a coconut-scap solution at room temperature, and, moreover, that the
effectiveness of all soaps was increased if the solution was warm.
Sodium ricinoleate and the coconut soaps destroy the staphylococeus,
and coconut soaps, to which my own experience has been largely con-
fined, have the further advantage that they are very efficient in remov-
ing dirt. Sodium and potassium soaps differ little from one another
in their bactericidal action, but the latter are more stable and produce
a foam with smaller bubbles, for which reason they are commonly used
for household and toilet purposes and particularly in shaving soaps.
For cleaning the interior of a wound I prefer soaps which produce
larger bubbles, such as the sodium soaps.

Effect of Soaps on Tissues.—Violle (1933) found that 50 c.c. of a 1
in 1,000 soap solution was not toxic when given intravenously to rab-
bits, and that local application of the same solution did not irritate
the cornea. Stronger solutions, however, particularly of the acid soaps,
were hemolytic and also tended to lower the blood pressure. My own
experience of soap has convineced me that a 5 per cent solution of
ricinoleate or coconut soap, with a pH no higher than 7.5, while very
effective in destroying bacteria, particularly streptococei, does not dam-
age or Irritate the living tissue cells, and may even have a stimulating
effect on healing. These soaps must be used in a concentration of at
least 1 in 50, for, although a 1 in 50,000 solution of sodium laureate in
water has an action equivalent to that of a 1 per eent solution of phenol
(Walker, 1926), contact with serum greatly reduces their activity (du
Notiy, 1922).

Effect of Soaps on Bacteria.—The mechanism by which soaps de-
stroy bacteria has been widely discussed. It now seems clear that
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soaps achieve their bactericidal effect not by their chemical action, as
do other antisepties, but by their physical properties. That is to say,
their destruction of bacteria is accomplished neither by coagulation
nor by lysis, but rather by a steady process of disruption, which is
effected by a reduction in the surface tension of the bacterium. This
process is considerably impeded by the presence of protein solutions
such as blood serum. The fact that neutral soaps are as effective as
alkaline ones disposes of the idea that they act only by reason of their
alkalinity.

Soaps as Detergents.—Quite apart from their bacteriological proper-
ties, another factor which makes soaps invaluable in the treatment of
wounds is their capacity for removing ‘‘dirt.”” This detergent action
is again not due to their alkalinity, but to the fact that the power of
attraction of soap for the dirt particles far exceeds the attraction of
the tissues for them, and also that of the particles themselves for one
another. This has been shown experimentally with particles of alumi-
num oxide, iron oxide, and silica. For the soap to fulfill its funection as
a detergent it must be able to reach the necessary interfaces, and for
this reason it must be in colloidal solution, that is to say, it must be
used in warm water.

Taking everything into account, its detergent action, its bactericidal
and antitoxie capacities, and its lack of irritation of the tissues, I think
that soap constitutes the ideal antiseptic for war wounds. In faet, I am
personally so convinced of its value that I would be willing to use almost
any variety of soap in preference to the best chemical antiseptic yet
known.

Recent work has shown that useful substitutes for soap may be
found among the group of substances known as detergents. Many of
these combine strong bactericidal activity with useful eleansing prop-
erties, and are apparently harmless when applied to living tissues.
One such substance is cetyl-trimethyl-ammonium-bromide, which has
been shown to be very efficient both in removing dirt and in killing
bacteria upon the skin (Barnes, 1942).

Soap in the Treatment of Wounds

The cleansing of the skin surrounding the wound and of the damaged
tissues in the wound itself are two distinet processes. For the un-
damaged skin surrounding the wound a solution of about 5 per cent
sodium coeconut or sodium ricinoleate in warm water should be used.
The temperature of the solution should be about 100° F. The skin is
thoroughly serubbed with a nail brush and several changes of the soap
solution, and is then finally washed over with sterile water.

For cleansing the wound a similar but weaker soap solution is used,
Le., about 2 or 3 per cent. With a piece of sterile gauze or a soft
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nail brush the wound is carefully and thoroughly washed, especially
the museles and cellular connective tissue; the soap solution is rinsed
out with sterile water, and more of the solution is left in the wound
until the actual operation. The surrounding skin may be treated with
a chemical disinfectant to deal with any contamination coming from
the wound. When the field has been isolated with sterile towels and
the surgeon is ready to begin the operation, the soap solution is mopped
up with sterile gauze and the wound is dried. In my country at the
end of the operation a piece of gauze soaked in the solution was placed
in the wound for a few minutes and was then replaced by a piece of
dry gauze. I now prefer in such cases to use sulfanilamide powder
instead.

Each time the plaster is changed the skin and the wound are cleansed
in this way. If, on removal of the drainage gauze at the change of plas-
ter, there is much discharge, it is a good plan to fill the wound with
freshly made soap solution and pack it with sterile gauze soaked in the
solution. This generally has a marked effect in reducing the discharge,
and noticeably diminishes the smell.

Burns.—Ior cleansing burns the technique is the same, with one im-
portant modification. The whole procedure must be carried out with
the utmost gentleness and care to avoid breaking the blisters. A brush
must never be used, and the surface of the burn must be washed very
gently with swabs of cotton wool. The normal skin surrounding the
burn is treated as in a wound.

CHAPTER XV
CHEMOTHERAPY

The term ‘‘chemotherapy’’ is used to denote the treatment of infec-
tion by certain chemical substances whose action is chiefly manifested
when they are introduced into the body. In its widest sense chemo-
therapy is an ‘‘antiseptic’’ method of treatment, although the chemo-
therapeutic substances cannot be considered as antisepties if the term
is confined to those chemical substances which directly destroy bac-
teria. All chemotherapeutic substances have an antiparasitic effect in
the body at least as great as, and generally considerably greater than,
that which they produce in wvitro. They act, not by coagulation or by
lysis of the bacteria, but by an as yet unknown action on the living body
through which the destructive effect on the invading organisms is ob-
tained. Admittedly the effect of certain chemotherapeutic substances—
for instance Ehrlich’s salvarsan—is commonly supposed to be due to
direct bactericidal activity; but research workers have shown that
salvarsan acts on the medium in which the spirochete lives, impeding
its nutrition and thus interfering with its growth (Danysz, 1917). Of
others such as the sulfonamide compounds, the view that the body
plays a part in the action is more widely accepted, the problem having
been more carefully studied in the light of modern hiological conceptions.

Chemotherapy may be said to have been first employed in 1890 when
Guido Baceelli introduced injections of quinine for malarial fever. The
value of quinine in this eondition had been known for some time, but
until Baccelli’s day it had not been used on a scientific basis or adminis-
tered by injection. In recent years the field of chemotherapy has been
enormously extended by the introduction of the sulfonamide com-
pounds for the treatment of infections caused by the streptococcus-
pneumococeus group and other organisms more or less related to it.

THE SULFONAMIDE COMPOUNDS

Jacobs and Heidelberger synthesized the first sulfonamide in 1917, but
the technique of sulfonamide therapy was only established on a scien-
tific basis by Gerard Domagk in 1935. Even before his first published
account the antistreptococcal action of certain sulfone preparations
was known. For instance, in my hospital in Barcelona we had before
that date treated more than twenty cases of surgical streptococecal
infecfion, many of them with complete success, with a French product,
““sulpharsenol’’ (sulfarsphenamine), which had been formerly used as
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an antisyphilitic but was then coming on the market as an antistrepto-
coccal agent. T well remember a particularly striking effect in a child
of two suffering from a highly septic erysipelas. Unfortunately we did
not know the exact dosage, or which of the two elements, the sulfonie
or the arsenical, was the active part. In 1935 Tréfouél and others
found that the activity lay in the sulfonamide nucleus.

In 1937, during the Spanish War, we received our first samples of
prontosil and were able to use it in a number of cases of seriously
infected war wounds. The results obtained by d’Harcourt, Folech and
Oriol (1938), published during the war, were on the whole encouraging.
I used it myself in seven cases of serious infective complications, but
with less good results. Sinece that time, however, better knowledge of
dosage, the use of new compounds, and inereased experience have made
it possible greatly to extend the use of the sulfonamide therapy in
war surgery.

Action of Sulfonamide Compounds

It has been clearly shown that in vitro the bactericidal action of the
sulfonamide compounds is inferior to that of the majority of even the
weak antiseptics. Consequently, their use to maintain the sterility of
organic substances, such as blood stored for transfusion, is entirely
illogical. The beneficial action of the sulfonamides is developed in the
living body, but the changes in the body to which they give rise, and
by means of which they achieve their action, have not yet been clearly
established. It has been suggested that they are more effective the
greater the number of the specific antibodies in the blood (Collins,
1940) ; but MeIntosh and Whitby (1939), on the other hand, deny that
the natural defenses of the body make any contribution to their anti-
bacterial activity. Recently Lockwood (1941) has shown that they
prevent the use by the bacteria of the p-aminobenzoic acid which is
essential to growth; the organisms thus die of starvation and are then
ingested by the leucocytes and eliminated from the infected region.
Several workers, including Finkelstein and Birkeland (1938), and
Finklestone-Sayliss, Paine and Patrick (1937), have noted an increase in
phagocytic capacity after administration of these compounds, a finding
which at any rate does not conflict with Lockwood’s observation.

At the same time, the p-aminobenzoic acid has an inhibitory effect
on the action of sulfonamide compounds similar to that of peptones
and proteolytic enzymes, and this fact may account for the increased
resistance which bacteria seem to acquire to these compounds after the
administration of several doses. There is clinical confirmation of the
inhibitory effect of peptones and proteolytic enzymes on sulfonamide
compounds in the fact that the latter are ineffective when applied to
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wounds containing the produets of tissue disintegration. Lockwood
helieves that the resistance of the staphylococeus to the sulfonamides
is due to the intense local reaction produced by this organism, with
a necrosis of the tissues which inhibits the antibacterial activity of
the drugs. This appears to be a satisfactory explanation and might
well account for their ineffectiveness in undrained abscesses, whatever
the causative organism. Tunnicliff (1939) and Henschel (1940), work-
ing with tissue culture media composed exclusively of animal body
fluids, showed that neoprontosil, in a coneentration of 1 in 1,000, stimu-
lates leucocytic migration in the rabbit’s blood. One fact at any rate
seems clear, namely, that the sulfonamide compounds have a bacterio-
static action in the tissue fluids,

Whatever the exact mechanism, the fact remains that these com-
pounds act on the bacteria through the medium of the cireulating fluids
of the body, and are ineffective if these fluids do not reach the con-
taminated area and so come into contact with the bacteria. It is clear,
therefore, that the full effect of the sulfonamide compounds in the
treatment of traumatic wounds can be obtained only if the wound is
completely free of all dead tissues and retained fluids, i.e., of any sort
of organic foreign body, and if a good circulation is maintained.

Since the sulfonamide compounds are most effective in highly dif-
fusive infections, e.g., streptococcal lymphangitis, their effect on the
““spreading factor’’ has been investigated by Duthie (1941), but appar-
ently with negative results.

Antibacterial Capacity of Sulfonamide Compounds.—

Sulfanilamide, Sulfapyridine, Sulfathiazole.—A comparative study of
the effects of these three compounds on different infections has shown
that they act with an intensity which varies with the causative bae-
teria. This is summarized in Table VIII which shows comparative values
taken from the work of Reed and Orr (1941), McIntosh and Selbie

TaBLe VILI

EFrFECTS OF SULFONAMIDE COMPOUNDS IN VARIOUS INFECTIONS

SULFANILAMIDE SULFAPYRIDINE SULFATHIAZOLE

Strep. pyogenes 3 2 3
Strep. viridans 2 3 2
Staphylococeus 0 1 2
Pneumococcus 0 3 3
Ps. pyocyanea 0 0 1
B. coli 2 2 3
Cl. tetani i 2 2
Cl. welchii 2 1t 2
Cl. septique 0 1 2
Cl. oedematiens 0 0 2

10 15 22

In the table 0 stands for no effect, 3 for maximum effect, and 1 and 2 for values
between.
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(1941), Mayer (1938), Lawrence (1940), Melton (1941), Colebrook and
Franecis (1941), Hawking (1941), Whitby (1940), Thrower (1941), and
from my own experience.

Sulfathiazole thus appears to be more effective than either of the
other two compounds, whether it is administered orally or intravenously,
For local application sulfanilamide has been found very suitable, owing
to its diffusibility, but sulfathiazole in its soluble form seems to be even
better (Hawking, 1941).

Administration.—The best way to give these drugs is either by the
intravenous or by the oral route. It is important that there should be a
high concentration in the circulating blood, i.e., not less than 5 mg. per
100 c.c. The initial dose, therefore, whether of the drugs themselves
given orally or of their sodium derivatives (used for injection because
of their solubility), should be high. Subsequently it may be reduced.
For staphylococeal infection a constant concentration of more than 10
mg. of sulfathiazole per 100 c.c. is recommended.

Oral Administration.—For oral administration the sulfonamide com-
pounds are prepared by the manufacturers in tablet form. The tablets
should be powdered and given in milk or water.

Sulfanilamide (Prontosil Album; Streptocide; Proseptine; Pronty-
lin).

Prophylaxis—RBight tablets (4 grams) should be given at first, fol-
lowed by 4 tablets (2 grams) in four hours’ time, and then by 2 tablets
(1 gram) every four hours day and night for 48 hours.

Treatment—Eight tablets (4 grams) should be given at first, fol-
lowed by 4 tablets (2 grams) in four hours’ time, and then 2 tablets
(1 gram) every four hours day and night for a period not exceeding 10
days. At the end of this time the drug must be discontinued, and if the
infection is not yet under control, a course of treatment with a com-
pound of another series should be started after an interval of at least
48 hours. The drainage of the wound should be improved, for failure
of these compounds is generally due to an undrained inflammatory
process and could in most cases have heen prevented had surgical treat-
ment been possible. Only patients who cannot receive surgical treat-
ment should be treated with the intensity and persistence described
above. As soon as the infection is under control, the dose should be
reduced to 1 tablet (0.5 gram) every four hours, to be given until three
days after the temperature has fallen to normal.

Sulfapyridine (M. and B, 693; Dagenan).
that of sulfanilamide, except that the initial
instead of 8 tablets (4 grams). If the )
split the doses and give them at short
gram) every two hours instead of 2 tab

—The dosage is similar to
dose is 6 tablets (3 grams)
atient vomits, it is advisable to
er intervals, e.g., 1 tablet (0.5
lets (1 gram) every four hours.
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If, however, the vomiting begins with the initial doses, it is difficult to
continue the treatment, and the best plan is to change to sulfathiazole.

Sulfathiazole (M. and B. 760).—The dosage is the same as that of
sulfapyridine. Vomiting is a less frequent complication.

Intravenous Administration of Sulfonamides

When oral administration is ineffective or impracticable, either be-
cause of gastric disturbance preventing absorption or because the pa-
tient is unable to swallow, the best alternative is intravenous injection
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of the sodium derivatives. Intramuscular injeections ecan be given, but
these are painful and produce some reaction in the cellular tissues;
necrosis of the soft tissues and nerve lesions have been reported.
The intravenous administration may be effected ecither by repeated in-
Jjections or, better, by the continuous drip method. In the forn}er case
injections of 1 gram (one ampoule of M. and B. soluble [sulfathiazole])
in 20 c.c. of sterile distilled water or saline should be given every four
hours. By adding the drug to a suitable quantity of saline or blood it
can be administered by continuous drip in the same dosage, i.e., 1 gram
per four hours. The latter seems to be a very satisfactory method and the
best means of maintaining the drug in the blood at a constant level. Asa
prophylactic measure the administration should be limited to 48 hours,
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but for treatment it may be continued for a total period of ten days,
with the same dosage (1 gram every four hours day and night). As
soon as the infection is under control, however, it is advisable to
change from the intravenous to the oral route. Fig. 20 shows the
effect of sulfapyridine in controlling a sudden rise of temperature.

Local Application of Sulfanilamide

In 1939 Nitti tested experimentally the local action of sulfanilamide,
and Jensen, Johnsrund and Nelson reported the first eclinical results
after treating 41 compound fractures. The experimental work of
Legroux (1940) at the Pasteur Institute and the papers by Colebrook
(1941) have stimulated much discussion on the effect of sulfanilamide
locally applied; nevertheless its value has not yet been fully deter-
mined. Experimental work in animals has shown that sulfanilamide
is absorbed by the body when applied locally to the tissues of a wound.
Thus, Reed and Orr (1941) found that after such an application the
surrounding muscles, even those at some distance from the actual
wound, may contain the drug in a high concentration. But the degree
of concentration depends on the power of absorption of the tissues of
the wound, and this is greatly diminished by certain local factors, such
as the presence of a layer of coagulated fibrin, or of pus or dead tissues,
or of a layer of healthy granulation tissue, which has a very low power
of absorption.

‘War wounds, however, bear little resemblance to the ordinary type
of experimental wound made in animals, and consequently the value of
local application of sulfanilamide as a preventive should be assessed
on clinical experience rather than on experimental findings, unless the
latter are obtained from wounds closely resembling those of modern
warfare. Directly after complete excision of the wound, when the
dead tissues have been removed and the living tissues lining the wound
are bleeding freely, absorption may be possible, and at this point a
local application of sulfanilamide may render good service as a pro-
phylactic. When after some days, however, the granulation tissue is
well established, local application is not as effective, because the drug
is not well absorbed, and its sphere of action is limited to the surface
of the wound. The sulfonamides have little value as ‘‘antisepties’
in_the more specific sense of the term, and at this later stage any suit-
able antiseptic is more effective.

The local application of sulfanilamide in wounds where local infec-
tion is already established is, in my opinion, worthless. It seems ex-
plicable only by the persistence of the antiseptic tradition. Anti-
septics, even though at the best moderately efficient, are undoubtedly
as effective as sulfanilamide in cleansing flat granulating wounds.
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Moreover, the local applications necessitate changes of dressing and
thus interfere with the healing process. Under the following condi-
tions only are two or three days of local application of sulfanilamide
justifiable: first, in the preparation of a healthy wound for skin graft-
ing, because in these cases the damage to the epithelium caused by t}}e
change of dressings is only of secondary importance; and secondly, in
a recently inflicted wound when for some reason operation must be
delayed for more than eight hours.

Until recently the best drug for local application was sulfanilamide
in its soluble form, the most commonly used being streptocide which is
soluble in organic fluids. Lately, however, sulfathiazole seems to have
taken its place, especially in America where it is more easily obtained.

Technique of Local Administration.—The amount of sulfanilami.de
powder required to protect a wound from infection varies with the s1z§
and depth of the wound, but the average appears to be from 10 to 15
orams. King (1941) has recently insisted that the drug must fill every
corner of the wound. While not denying the general wisdom of this
recommendation, I fear that it may lead to a misconception of the
action of the drug, the emphasis on widespread distribution suggesting
that it is an antiseptic with a direet bactericidal effect. Since the
action is an indirect one, operating through the medium of the body
fluids and in relation to the concentration of the drug in the tissues sur-
rounding the wound, it depends far less than do antisepties on physical
contaet with the infeeting organism, and perfect distribution in the
wound is not so vital as King’s statement implies.

Colebrook (1941) has devised an insufflator with which the oxac't
amount of sulfanilamide powder can be gauged, and although distri-
bution even with this is still not very easy, it is undoubtedly more effec-
tive than by any other method (see Fig. 35). The difficulty lies in the
hygroseopic quality of the drug, which makes the powder very com-
pact. For this reason the powder should be kept absolutely dry.

Sulfonamide Compounds in the Treatment of War W ounds

All diffusive infective processes, and particularly the streptocococcal
infections, should be treated with one of these compounds, always pro-
vided that the wound is also properly treated surgically. The satis-
factory effect of immobilization combined with sulfonamide treatmfn}t
in cases of streptococcal infection without either pocketing or cellulitis
may be seen in the following case:

A boy of 16 had his left arm caught in a fan belt and was lifted oft
the ground. e had the lower epiphysis of the humerus dislocated and
protruding medially through the skin; also a fracture of the forearm.
At the Wingfield-Morris Orthopaedic Hospital, four ‘hours after the
injury, the wound (8% in. by 2 in. in area) was excised and packed
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with gauze; owing to the technical impossibility of a primary suture
the fracture of the forearm was reduced and the whole upper lim}
placed in a plaster cast. Execept for some slight temperature during
the first ten days, the case followed a normal evolution, and the ho
left the hospital two months after admission with the fracture of the
forearm consolidated and the wound greatly reduced in size. The
plaster was removed. In the convalescent hospital he wag put into
quarantine for scarlet fever, and some days afterwards he had a sud-
den malaise with sore throat followed by pain in the elbow joint, swell-
ing of the fingers and hand, and a temperature of 104°. A course of
proseptasine tablets was given for three days and a plaster applied.
From the second day the temperature fell and on the third day it was
normal (see Fig. 20) ; no other infective aceident oceurred. Hemolytie
streptococei were grown from the wound.

If, however, the excision of the wound is incomplete, or if proper
drainage is not provided, the effect of the drug is limited and often
negligible. In fact, sulfanilamide is a potential source of danger in
that it may encourage a surgeon to delay the necessary operation until
there is evidence of a wider diffusion.

Lymphangitis,.—In this condition the sulfonamides are undoubtedly
of great value. The infection is widely diffused, arid the initial focus
may reveal no suppuration and is sometimes so small that surgical
treatment is considered unnecessary. In such cases, and in erysipelas
(also a highly diffusive infection) the effect of sulfonamide treatment
may be very striking.

A soldier 36 years old was wounded by splinters in France on May 28,
1940. He had a penetrating wound in the abdomen which was ex-
plored, and a lesion was found in the omentum. The damaged part
was excised and primary suture was performed without drainage. Ie
also had a wound in the lower part of the upper arm, with the entrance
on the inner side and the exit higher, close to the brachial artery but
not involving it. There were signs of complete musculospiral section
and a compound comminuted fracture of the humerus.

The wound was ““superficially excised’’ and packed with vaseline
gauze, and the arm was put in a plaster cast. Two days afterwards the
patient was transferred to another hospital, where the plaster was im-
mediately removed and complete immobilization applied in a shoulder
spica. The wounds gave no trouble of any sort. He was sent to a
third hospital on June 10 in good general condition. The plaster was
too loose and the hand was not supported in a correct position; for this
reason the plaster was removed on June 15 in spite of the lack of in-
flammatory signs at the site of the fracture. An antero-internal wound
2 in. by 1% in. and a postero-external wound about 115 in. in diameter
in the lower third of the arm were found. Both were granulating, but
an excessive amount of discharge came through the anterior wound.
The wounds were cleaned and packed with vaseline gauze; a new plas-
ter was applied fixing the wrist in dorsiflexion. The course was un-
eventful except for an excessive amount of discharge through the
plaster and two short rises of temperature to less than 100°, which
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were maintained only for a day each. The abdominal wound never

ave any trouble. After a quiet evolution for three weeks the patient
suddenly had a severe rigor lasting 20 minutes, and the temperature
rose to 102.6° (see Iig. 21). e complained of headache but had no
pain in the arm and no swelling of the hand and fingers, but some pain
in the axilla. He stated that ten years before, while in India, he had
had a severe attack of malaria, and that he had had one sudden rigor
since returning to England. A lymphangitis was suspected. Sulfa-
pyridine was administered, and on the second day the temperature fell
to normal. The plaster was therefore not removed until J uly 8, a week
after the final disappearance of the fever. He had at that time two
small wounds surrounded by some edema and induration of the soft
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of thg humerus treated under plaster. Probable lymphangitis. Immediate corltrtrol r?xi-:
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dine.)

tissues, and an elastic union of the fracture of tl}e l111111e1-11§. The
wounds were granulating and some pus came out of the ante.rloerne.
A new plaster was applied, this time from hand to axilla. After three.
weeks the patient complained of a loose body inside the plaster near
the elbow joint and, on removal of the plaster, two pieces of bone were
found lying loose in the region of the wound on the anterior side. ~An
additional small sequestrum was removed from the woun‘d. The frac-
ture was consolidated in good position. Two weeks afterwards the
wound was healed. All the trouble was produced by the initial inade-

quate bony excision.

A man 23 years old sustained a compound fracture of the right tibia
and fibula, together with several other lesions, in a collision on a motor-
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cycle. The wound was cleaned, incised-excised and drained on correct
lines. The leg was placed in an unpadded plaster from the toes to the
middle third of the thigh. The postoperative course was uneventful
but the plaster was changed after 25 days on account of some slighf
discharge, which, however, was not copious or bad smelling. A second
plaster was applied and the patient got up with crutches. Four days
afterwards he felt uncomfortable, vomited and complained of pain at
the fracture site, accompanied by chills and swelling and tenderness
of the femoral glands. The temperature rose to 101.6°. There was
no swelling of the toes. From the clinical picture he was clearly suffering
from lymphangitis, and a course of proseptasine was given. From the
second day the temperature fell to less than 98°, except for the evening
of the fifth day. The drug was discontinued on the fourth day, on
which the temperature was normal. The rest of the treatment was un-
eventful (see Fig. 22).
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Fig. 22.—Immediate control of the tem ini
perature by the administrati i
in a case of lymphangitis. gl or proseptasine

.I.n this case of sudden general malaise the diagnosis of a lymphan-
h i : : :
gitis was mad(.a easy by slight local pain, swelling of the regional
glands, acute fever and lack of edema of the toes. The immediate
response to sulfonamide treatment confirmed the diagnosis.

. Abscesses.—In abscesses, on the other hand, the sulfonamides are en-
tirely ineffective and the only treatment of any value is surgical. A
member of the group may be administered after the operation to pre-
vent undue bacterial absorption, but it will have no power whatever
in combating the initial infection. The Chart shown in Fic. 26 is an
example of this type of case. i

CHEMOTHERAPY 205

Cellulitis.—The presence of necrotic tissues and pus, together with a
tendency to diffusion, demands a combination of surgery with chemo-
therapy—or, perhaps I should say, of chemotherapy with surgery. The
sulfonamides impede the diffusion, and the operation reverses the
direction in which the bacteria and toxins travel.

Insufficiently Immobilized Fractures.—In some insufficiently im-
mobilized fractures with profuse discharge, the granulation tissue is
macerated and acquires a new power of absorption; this causes a per-
sistent fever (100° to 101° F.). Sulfonamide compounds act only at
the time they are administered; the correct treatment is to cut a win-
dow in the plaster and treat the wound locally with an antiseptic of
the chlorine or acridine group, or better still with soap for three or
four days, in order to reduce the discharge. The limb is then reim-
mobilized in a new closed plaster.

Sulfonamide Compounds and the ‘‘Biological’’ Treatment
of Wounds

If a rise of temperature occurs in a patient whose limb is enclosed
in a plaster cast, the most probable cause is a septic complication—
erysipelas, lymphangitis, cellulitis, abscess, or unhealthy granulations.
An immediate diagnosis must be made in order that the appropriate
treatment should be given.

Erysipelas today is a rare complication of war wounds and one much
less to be feared than in the preantiseptic age. Nevertheless, it may
still oceur under plaster. Its signs and symptoms are very similar to
those of a highly septic lymphangitis, but include in addition a spread-
ing sensation of local heat. A rise in the temperature of the plaster is
commonly observed. The administration of one of the sulfonamide com-
pounds is very effective.

Lymphangitis.—The rise of temperature is abrupt in lymphangitis,
the patient feels ill at ease, and nausea and vomiting are frequent;
there is no serious local pain but a painful inflammation of the regional
glands (particularly in the axilla or groin), and edema is not at first
apparent in the fingers or toes. A sulfonamide compound should at
once be administered by mouth without disturbing the wound. The
effect is often striking (see Figs. 21 and 22).

Cellulitis.—When cellulitis develops, the rise of temperature is more
oradual. Local pain is severe and is accompanied by a feeling of ten-
sion in the region of the wound. Inflammation of the glands, on the
other hand, is not so marked in the ecarly stages, but the swelling in-
creases after a short time; edema of the fingers or toes appears immedi-
ately. An initial course of one of the sulfonamides should be given im-
mediately. If the patient experiences an inerease in the area of tension,
the plaster must either be removed or have a window cut in it without
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delay, and appropriate surgical treatment must be given. After
incision of the inflamed cellular spaces a new plaster should be applied,
unless the area of inflammation is very extensive, when the new plaster
should be deferred for a few days, lest the infection spread and ne.cﬁgs-
sitate early removal of the second plaster. Meanwhile oral adminis-
tration of the drug should be continued.

When either lymphangitis or cellulitis is suspected but accurate
diagnosis is impossible, one of the sulfonamides should be given for
four or five days. If at the end of this time—and it is unwise to wait
longer—there is no improvement in the clinical picture, a window
should be cut in the plaster and the wound explored.
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Fig. 23.—Compound fracture of tibia and fibula treated by cleansing, excision,

drainage and plaster Sudden rise of tem

§ 3 rature after manipulati

to improve th semperay 1 anipulation of the fracture
mobilization lneplpa(;stlg-?n of fragments. Control of the temperature by simple im-

Abscess.—The rise of temperature when an abscess develops under-
neath the plaster is progressive, hut there is a daily fall; local pain
gradually increases, but is never very severe; the feeling (;f tension is
confined to the wound area, some regional glands are slibrrhtly painful
and thex:e is little or no edema in the digits. The best t:eatment is t(;
cut.a window in the plaster, explore the wound and provide better
drainage. At the end of the operation the wind(’)w should be closed.

The sulfonamides are of no value in this type of localized septic proc-

ess, and there is no object in using them i .
3 # g In comhb ith s
plaster (see Fligs. 23 to 26). " Ination with a closed
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A man 31 years old sustained a compound supracondylar fracture
of the right femur; it was treated by excision, Thomas splint, and trac-
tion through a Steinmann pin placed in the tibial tubercle. He was
transferred to the Wingfield-Morris Orthopaedic Hospital after nearly
two months’ treatment, with a shortening of 214 inches and an osteitis of
the tibia where the pin had been. Under general anesthesia with gas
and oxygen, extenslon ice tongs were placed on the distal femoral frag-
ment, the osteitis of the tibia was incised, and strong traction was ap-
plied. Aftel.' four days, reduction of the fracture was very much im-
proved; the ice tongs were replaced by a Kirschner wire passed through
the inferior femoral epiphysis, and a plaster spica was applied. After
six days the patient had a sudden rise of temperature accompanied by
some pain at the site of the tibial osteitis. Sulfapyridine was adminis-
tered every four hours, but after two days failed to relieve a tempera-
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Fig. 24.—Transitory response to sulfapyridine in a case of il‘\fe'
ture of femur. Definite control of the temperature after improy s th
the infected region when the patient was no longer under chemotherapy.

693, sulfapyridine.)

ture of 102°. A small window was cut at the anterior part of the upper
tibial epiphysis and the dressing was changed; a small ::mount of‘ puls
(less than 2 c.c.) emerged. Next day the temperature fell to pmxgg .
and after two days the sulfapyridine was discontinued (see Fig. 25).

This is another proof of the failure of chemothelzapy to. control high
temperature caused by retention of pus, and the immediate result of
improving drainage.

cycle accident on

oed 25 yvears was injured in a motor ,
el Sa ) ge laceration

October 20, 1940, sustaining various injuries and a lar
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with gross tearing of skin and muscle just above the front of the knee,
Radiography showed fracture of the external edge of the patella with
gross displacement. The skin of the leg and thigh was serubbed with
soap and water, the skin edges were excised and the traumatized tissue
removed, together with loose bone fragments. The laceration, which
involved the knee joint on the lateral side, was sutured with plain
catgut. A dependent rubber drain was inserted on the lateral aspect,
but not into the joint. A plain gauze dressing was applied and the
wound left freely open. A plaster spica was put on. The patient was
given sulfapyridine and the course was uneventful. At the change
of plaster on November 14 the wound was found granulating well. On
November 22 the new plaster was removed ; the wound was found filled
with granulating tissues and very clean. After the wound and the sur-
rounding skin had been cleaned a dry dressing was applied and the leg
fixed in a Thomas splint. A sample of the slight discharge found on
the surface of the wound grew some colonies of hemolytic strepto-
coceus. The wound was still 3 by 4 inches in area over the patellar
region.

-
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Fig. 25.—Immedjate response to drainage in a i i i i

i —Immedig ¢ patient sufferin infection
cau'm.d by a Steinmann pin. A short course of sulfapyridine did nt)tgmfrxx‘?gl the tem-
perature until drainage was established. (M. and B. 693, sulfapyridine.)

After some days of cleansing the granulation tissue and applying
s‘uliaml_amlde powder, a secondary suture of the wound was performed.
The skin margins o_f the wound were excised and the granulations
scraped off. Thg sl'(m above and below the wound was mobilized with
the help of two Incisions about 4 inches long up the thigh at the inner
and outer margins of the wound, and one short ineision downward at
the medial margin. The skin edges were approximated completely.
There was slight tension where the flaps met in the center. A dry
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dressing was applied and immobilization was secured with a posterior
plaster splint. From the day of the operation a course of proseptasine
in tablets was given.

In spite of the proseptasine the patient ran a temperature of 101° F.
(see Fig. 26). After four days the dressing was removed, a very small
collection of pus in retained blood was found in one of the corners of
the suture, and a single stitch was removed ; the rest of the suture was
completely normal. The proseptasine was discontinued and the tem-
perature fell to normal the same day. On January 11, 1941, the patient
walked and flexed the knee 15°. After two manipulations under pento-
thal anesthesia he was discharged, flexing the knee to 90°, and flexion
probably improved still further.
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Fig. 26.—Complete failure of a course of sulfanilamide in a patient suffering from
a small abscess containing 3 c.c. of pus, and from lymphangitis. Immediate response
to the establishment of drainage.

The following facts are noteworthy: 1. The complete absence of
articular reaction after a primary suture of the synovial membrane, in
spite of the bony injury, hours after the production of the wound. 2.
The absence of inflammatory reaction in the extensive wound of the
soft tissues covering the knee joint. 3. The failure of the sulfonamide to
control the temperature caused by a small pocketing, and the complete
and immediate success after drainage of the collection. 4. The good
result of a secondary suture.

Septic Absorption Through the Granulations occurs, with the de-
velopment of pyrexia and other general signs of infection, in cases
with profuse discharge in which the granulations are macerated by the
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fluid and consequently lose their protective function. Treatment of
such cases with a course of one of the sulfonamides is generally inef-
fective. Frequently, it is true, the manifestations of the infective
process subside during the period of administration, but they reappear
immediately the drug is discontinued. The only way to make sure
of stopping absorption is to eut a window in the plaster over the region
of the wound and treat the granulations direct with a mild antiseptic
or a local application of sulfanilamide. When the discharge is reduced
to the normal amount, either the window should be replaced or the
granulations treated for a few days more, until the wound is ready for
a skin graft. '

It should be stressed that it is only in the last of these five types of
infection that the local application of sulfanilamide ecan be of any help.

Sulfonamide Treatment of General Infections

The infections in which the sulfonamides give the best results are

the so-called septicemias. These septic processes have a marked
tendency to diffusion and give a consistent clinical picture of nervous
and splanchnic impregnation (high fever, a dry skin, rigors, loss of
appetite, great prostration, and in some cases delirium). They are
generally due to a very small inflammatory focus in either an inacces-
sible or a concealed site. Where the site or type of the original septic
focus prevents surgical treatment, chemotherapy provides our only
resource and may have striking effects. From Herrell and Brown’s
(1941) study of a comparative series of patients treated with and with-
out sulfonamide I have abstracted the following results (see Table
IX), obtained in patients in whom pathogenic bacteria were persist-
ently present in the blood and who showed a clinical picture of severe
toxemia.
TaBLE IX

RESULTS OF SULFONAMIDE TREATMENT IN SEVERE TOXEMIA

TREATED TREATED
CAUSATIVE WITH - WITHOUT
BACTERIA SULFA- RECOVERIES i RECOVERIES
NILAMIDE NILAMIDE
Strep. hgn{mlyticus 38 25 (65 per cent) 61 18 (29.5 per cent)
Strep. viridans 39 7 (77 per cent) 2 1 (50 per cent)
Staph. aureus 27 15 (55.6 per cent) 29 10 (34.5 per cent)
Pneumococcus 15 5 (20 per cent) 20 6 (30 per cent)

Summary of Indications for Sulfonamide Compounds in
War Surgery

Prophylaxis.—1. In all cases in which the complete surgical treat-
ment of war wounds must be delayed owing to difficulties of transport,
the number of patients to be treated, or the presence of shock, the
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sulfonamide compounds should be given at the earliest possible mo-
ment. Before the patient’s admission to a hospital oral administration
is the most convenient; after admission they may be added in soluble
form to the fluids administered intravenously for resuscitation. After
the provisional operation, i.e., incision of the skin and superficial fascia,
a local application in powder form may be beneficial. Without the
preliminary opening-up of the skin and fascia, however, local applica-
tion of sulfonamide compounds will not be so effective, particularly in
anaerobic infections.

2. Where early operation is possible and where excision of the
wound has been complete, a local application of the drug seems to be a
useful adjunet to the surgical technique.

3. A local application of the drug may contribute to the success of
both grafting operations and secondary suture.

Treatment.—In an already established infection, treatment with sul-
fonamides should be general, not local. The wound should never be
disturbed with the idea of destroying the bacteria by direct contact
with the drug. In superficial wounds with suppurating granulations
treated without plaster, it is better to use the drug for general treat-
ment while applying a really active bactericidal substance, such as
sodium eoconut soap, to the actual wound. In serious cases it is ad-
visable to give the drug intravenously in the early stages and, as soon
as the infection is under control, to change to the oral route.

Minor Complications

Cyanosis.—Cyanosis due to the formation of sulfhemoglobin or, more
probably, of methemoglobin (Collins, 1940), is characterized by a bluish
coloring of the skin. It is a very conspicuous but not usually a danger-
ous sign. The best treatment is to give 0.5 Gm. methylene blue orally 3
times a day (adult dose). Drastic purgatives and saline purges should
be avoided. In some really alarming cases bleeding, followed by im-
mediate blood transfusion, was used by Duran Jorda in Barcelona.

Nausea and Vomiting often occur after the initial dose of sulfa-
pyridine. In such cases the drug should be suspended for several hours
and then restarted in fraectional doses (i.e., 2 tablets every two hours
instead of 4 tablets every four hours). If vomiting recurs, the drug
should be discontinued, and after an interval of 48 hours another
preparation (preferably sulfathiazole) should be administered. If, in
spite of the change of drug, the vomiting begins again, this form of
treatment should be abandoned, owing to the possible risk of agranulo-
cytosis or hemolytic anemia.
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Acidosis should be treated with sodium bicarbonate.

Dermatitis or Other Skin Eruptions may appear five to seven days
after the beginning of treatment and generally ocecur at pressure
points. Collins claims that this complication oceurs in 7 per cent of
cases, but I have seen only two cases among over 75 treated with these
drugs. The surgeon, should, however, be on the wateh for dermatitis,
as it may be the first indication of a really serious complication. The
drug should be immediately suspended and the patient made to take
large quantities of fluid.

Drug Fever is often indistinguishable from the fever caused by the
infection, and it is therefore difficult to decide whether the drug should
be discontinued or not. Generally, however, the rise of temperature
from this cause oceurs after several days of normality and other signs
and symptoms of infection are absent.

Headache and Dizziness.—These symptoms should not be lightly
regarded, for they may be the forerunners of agranulocytosis, a serious
complication. The patient should be made to drink large amounts of
fluids, and if symptoms persist, the drug should be stopped and a
leucocyte count made.

Hematuria occurs only with sulfapyridine and should be treated by
the administration of plenty of fluids.

Serious Complications

Hemolytic Anemia, which may appear between the second and the
fourth day of the treatment, is rare and generally not acute. It leads
to jaundice and hemoglobinuria. Blood transfusion is of value.

Agranulocytosis.—Also a rare complication, agranuloeytosis does not
appear until eight or ten days have elapsed. Fever, headache, and a
sore throat are often present, but the diagnosis is established by a
leucocyte count. The only treatment known at present is blood trans-
fusion and thie administration of pentnucleotide.

As a precautionary measure, all patients treated with sulfonamide
compounds should be made to drink large amounts of fluids, i.e., not
less than 4 pints a day.

PENICILLIN

Recent work indicates that penicillin, a new substance, may also
prove useful in combating a diversity of infections; it promises to be
effective either as a local application or administered parenterally. It
is extracted from the mould Penicillium notatum, as a brown, water-
soluble powder. It is almost nontoxie to laboratory animals, and on
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intravenous injection has little or no action on the cardiovascular or
respiratory systems. Leucoeytes exposed to a solution of 1 in 1,000 parts
are not affected. It inhibits the growth in wvitro of many bacteria; its
action seems to be bacteriostatic rather than bacteriocidal. Given at the
Oxford Department of Pathology to mice infected with Strep. pyogenes,
Staph. aureus and Ci. septique, it has saved a very high proportion.
Relatively large amounts may, however, be needed in the treatment of
man. It has not yet been isolated in a pure form, and much work re-
mains to be done on it (Chain and Duthie, 1939; Abraham and others,
1941).



CHAPTER XVI
WOUND EXCISION

ENLARGEMENT OF THE WOUND

The first stage in the operation on any war wound is enlargement or
incision. This is an essential preliminary on which the effectiveness
of each of the subsequent procedures depends. Unless an adequate
opening is made in the skin and faseia and in the deeper structures, the
second and most vital part of the operation—the exeision of bruised
tissues—ecannot be carried out with sufficient thoroughness. Many war
wounds are characterized by a small skin wound and extensive destrue-
tion of the deeper tissues. Even in larger wounds the injured muscles
tend to disappear beneath the skin and superficial fascia, owing to the
persistent retraction of muscular fibers ruptured by the projectile, so
it is virtually impossible to excise them through the traumatic opening
of the skin. Unfortunately this initial step of inecision is only too often
omitted, and the surgeon begins straight away with excision, with the
result that many damaged tissues are retained, with the subsequent de-
velopment of such complications as gas gangrene, cellulitis, or, at a later
stage, osteomyelitis.

The line of the incision should be parallel with the long axis of the
limb. Transverse incisions are unsatisfactory because they tend to
damage important anatomieal structures, are not suitable for drainage,
heal slowly, and leave unsightly scars. Only in triangular wounds is a
transverse inecision, a cut towards each corner, permissible. The length
of the incision varies according to the size and type of the wound
and its location. Generally speaking, and exeepting those cases
where a large area of skin has been destroyed, it should extend be-
yond the wound on either side for a distance at least equal to the
length of the wound itself. Small wounds in muscular regions, how-
ever, such as the thigh and arm, require longer incisions; while wounds
caused by aerial bombs, particularly those of the smaller type which
produce perforations of the skin and extensive damage in the tissues,
need very long ineisions—out of all proportion to the superficial wound
(see Figs. 27 to 37). Where there has been very severe damage to the
musecles, it may be necessary to extend the incision for wider inspec-
tion.

Technique of Incision

The skin surrounding the wound is carefully examined and the

amount to be excised is determined. The skin, the cellular tissue, and

214

WOUND EXCISION 215

the superficial fascia are then cut with a sharp knife along the line w}}ich
extends the wound both up and down in the longitudinal axis of the limb
(see Fig. 29). The knife must be direeted towards the cdg.e of ?he
wound from either end, and the incision made first on the proximal side
with a cut from above downwards, and then at the distal side with
a cut from below upwards. The knife is then exchanged for scissors,
and the skin requiring excision is cut away along the edges of the wound

e ™

(s

i isi i g B femur produced
. 97.—Toxcision of wound in a case of compound fracture of the P uce
by Iziﬁ;inter. The thigh is placed under traction to bring the tissues into tlle}x1 nox“x]tx:);l
arrangement and facilitate the recognition of anatomical structures. (See also Figs.
28 to 37.)

(see Fig. 30). In most cases it is enough to excise 3 or 4 mm. of skin
from each side, but occasionally the lack of vascularity makes it neces-
sary to remove a wider strip. I mention the excision of the skin at this
point because this is a complementary part of the initial incision and
is best carried out at this early stage of the operation, before the sur-
geon proceeds with his exploratory examination of the wound.

The wound must be carefully explored through each successive layer
of tissues from the skin to the bottom of the wound, which generally
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means to the bone, the most careful examination of all being made of
the museles. Thorough exploration of deep wounds is facilitated by
separating the edges of the skin, either with fixed skin retractors or with
aluminum retractors which can he adapted to the shape and depth of
the wound. The examination of cach layer is immediately followed by
the excision of the dead tissues in that layer, and the operation con-
tinues plane by plane, in the sequence of incision, examination, and ex-
cision, until finally—if the wound extends to this depth—an unrestricted
view is obtained of the hone.

Fig. 28.—The same wound before operation ; note the limited damage to the skin.

Fig. 30.—A narrow strip of the skin edge is excised with scissors or a knife.

Superficial aponeuroses require enlargement just as much as, if not
‘ more than, the skin, for they have little elasticity and so tend to inerease
the constriction of the muscles caused by traumatic edema. Conse-
quently the surgeon should not hesitate to make a long incision in the
superficial fascia with a knife or scissors; I prefer the scissors, as with
them there is less risk of damaging the structures immediately beneath
the aponeuroses (see Figs. 31 and 32).

In most wounds in muscular regions, such as the thigh, buttock and
arm, the surgeon has to carry the incision to the deeper fascia, carefully
dividing the muscles and taking special pains not to damage their sup-

¢ plying arteries and nerves. The muscle spaces must be opened up with
3 ‘ : a non-traumatie instrument, such as a Kocher spatula; the knife should
be used only when the musele must be divided. This stage of the op-
eration is not difficult but must be carried out with care; thus, layer by
layer into the deeper structures, the enlargement of the wound proceeds,
followed at each stage by close inspeetion and the appropriate exeision
(see Fig. 33).

Fig. 29.—Exploratory incision of the skin. T
. The leng i
on the type of injury andet!?ethreogfiogfe il % 7ou'd depend
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Fig. 33.—The first muscular layer t51:;.5 been cle
S
Fig. 31.—The skin is pulled apart with ire‘t]ractors. The fascia is widely incised- cussion. The deep muscle
excised.

arly excised beyond the area of con-
is now explored.

i 1
ig. — uscle and fragments of bone free from muscular or periostea
a.ttfégmi‘rixts Eg.sedgggnmexcised. The edges of the gap left in the bong bys the retr_x;ol\;al
of devitalized fragments are regular, and the bony marrow is clqar_l_e - olme stitches
. are placed at the ends of the wound where the skin has been incised only.

Fig. 32.—The skin and fascia are se
¥ barated, facilitatin
amage. Hereafter it jg better to perform the exﬁsfgﬁ’ lgvxi%lt:iosrcl:igsfort;l eonxg}fsculal'
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The periosteum must never be incised. The connections between the
deep museles and the periosteum should as far as possible be left intact,
for they are of great value in carrying nutriment to the bone.

In an irregular through-and-through wound, it is better to begin en-
larging from the side of the bigger wound, which is ordinarily the exit
wound. The greater destruction of tissues will be on this side. Hav-
ing reached the bone from this side and after excising all devitalized
tissues, the surgeon then proceeds with the operation on the side of
entry. Thus the bone is exposed from both sides, and this often simpli-
fies the excision of detached fragments (see Ifig. 34).

The general rules for enlargement can be applied to wounds in all
regions, with slicht modifications in certain cases, as, for instance,
wounds in the hand and the lower forearm. Here, in view of the fune-
tional importance of the tendons and the vital necessity of causing no
damage to the tendon sheath, the range of the incision-execision must be
more restricted; moreover, in these areas the absence of great masses
of musele, and particularly of long museles, justifies a more limited op-
cration.

EXCISION

The exeision of all devitalized tissues is the basie factor in the treat-
ment of war wounds. The patient’s progress, good or bad, bears a direct
relation to the skill and thoroughness of this excision. It is the most dif-
ficult part of the operative procedure, because the degree of tissue dam-
age varies enormously and every wound has its special features. Ob-
viously it is impossible to deal with every contingeney that may arise;
nor indeed is it necessary to do more than set out the general principles.
It is only from direct teaching in the operating room by a surgeon ex-
perienced in the technique that the student can learn the necessary de-
tails and avoid the mistakes which any inexperienced surgeon is hound
to make in his first cases.

I am convinced that the chief cause of the many surgical disasters
of the War of 1914 to 1918, which gave rise to endless discussions on
the infective properties of the Flanders soil, was that the technique
of execision was not properly understood. The war in Catalonia pro-
vided us in Spain with the opportunity of proving, as I believe, be-
vond dispute the vital importance of proper excision. When the war
began, the only experience which the vast majority of surgeons there
had had was confined to peacetime injuries. These never show either
the deep penetration or the extensive bruising and spasmodic ischemia
that are found in war wounds, particularly in those caused by aerial
bombs and high explosive shells; and consequently they require less
extensive incision and excision, and in many instances can safely be
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closed by primary suture. In dealing with their first cases of war
wounds the Spanish surgeons not unnaturally applied the methods that
have served so well in peacetime, with the consequence that their initial
results were very bad. Quickly realizing that the treatment must be
adapted to the speeial features of war wounds, they introduced radical
changes into their technique and into the whole organization for deal-
ing with casualties. This led to an immediate improvement in results,
and the “‘antiseptic value’’” of wound excision was re-established on an
even firmer basis than it had been in the later stages of the War of
1914 to 1918.

My observations both in Spain and in Britain have convinced me that
a number of the infective complications which have occurred, particu-
larly gas gangrene, have been due to insufficiently thorough excision,
which in its turn was in most cases due to an inadequate previous en-
largement of the wound. Among more than 200 cases of serious wounds
(almost exclusively compound fractures) treated during the last two
vears by the staff of the Wingfield-Morris Orthopaedic Hospital, there
has not been a single case of gas gangrene. The divergent results in dif-
ferent hospitals during these first two years of the present war might
well give rise to another series of discussions on the infeetivity or
sterility of the soil in various parts of the country; whereas in fact the
feature of supreme, it not sole, importance is the thoroughness, skill and
care with which devitalized tissues are excised.

Technique of Excision

Excision alternates with enlargement, and in each successive layer of
tissues is carried out immediately after the ineision and examination
of the layer. Only when the periosteum is reached does the surgeon
cease enlarging and start immediately with excision of the devitalized
tissue.

The general principles on which the excision of the various tissues
should be based are as follows:

Skin.—We need to be very conservative with the skin, because this
tissue has a very rich blood supply and a high power of resistance to
infection. Apart from exceptional cases, not more than 3 or 4 mm.
should be excised beyond the edges of the wound (see Fig. 30). Even
in those areas where the skin is thin and has a relatively poor blood
supply, as on the dorsal aspect of the foot, undue excision must be
avoided. Secondary necrosis of the skin may often occur without
giving rise to infective complications, provided that the underlying
tissues are properly excised. Excessive excision of the skin deprives the
wound—and, particularly important, the bone—of valuable protection,
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and also necessitates skin grafts at a later stage. Scissors are the best
instruments with which to execise the skin, being quicker than a knife
and making a more even cut.

Cellular Tissue and Fascia.—The excision of the subcutaneous tissue
must be bold and unsparing (see Fig. 31). This tissue is relatively un-
important, and the ease with which it is infected by hemolytic strepto-
cocei demands the radical exeision of even those portions which have
been only slightly damaged. The surgeon must keep a special lookout
for the hematomas which form in this tissue; they are often small and
very numerous and occupy the intermuscular spaces. They must all be
excised, since they provide a good culture medium for anaerobic bac-
teria and, if not removed, will lead to infective complications.

Tendons.—Only ruptured and bruised tendons should be excised.
Tendons in which the damage is confined to a limited area must be
only partially excised, all fibers that can be preserved being retained.
The degree of functional recovery after execision of one-half of the
tendon fibers, particularly the extensors of the hands, is often surpris-
ing. With the flexors of the hand, however, the problem is more dif-
ficult, for here there is a serious risk of pyogenic infection in the tendon
sheath; and so, notwithstanding its funectional importance, the bruised
sheath must be radically excised.

Nerves.—In dealing with damaged nerves the surgeon must adopt
an extremely conservative attitude. Nerves are highly resistant to
infection, and the loss of an undue length of one causes irreparable
damage, for nerve transplantations in an area of scar tissue give very
poor results.

Arteries.—Ideally, not a single artery that still functions as a blood
channel should be destroyed. Unfortunately it is impossible to carry
out execision without causing further damage to arteries, but great
care must be taken to avoid cutting any artery that supplies either
musecle or bone. Damaged arteries should be ligated if they are im-
portant, or clamped if this will stop the bleeding. Important arteries
must never be sutured in the emergency operation. In some cases of
traumatic aneurysm a suture may be used at a later operation after
excision of the aneurysmal sac; but both end-to-end and lateral sutures
of important arteries, performed in emergency war cases, are always
failures.

Muscles.—Excision of muscles is the most important stage of the
operation. Wound damage in muscles is of two types: first, bruising
over a zone of destruction caused by direct action; and secondly, in a
more remote area, vascular spasm in which the arterioles and capil-
laries are contracted as a result of traumatie stimulation of the sympa-
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thetic nervous system. In the first of these areas the blood supply
has been completely interrupted and the muscular fibers cannot sur-
vive for more than a very short time. The excision in this area must,
therefore, be radical (see Figs. 32 and 33). In the second area the
muscles are still supplied with blood, but the amount circulating in
them is reduced by the spasmodic action of the sympathetic nerves;
and, when edema develops, the tension may still further decrease their
nutrition with serious consequences. The wide area and indeterminate
limits of the spasm make excision of all affected muscles impossible, and
yet it is not sufficient to confine the excision exelusively to the bruised
tissues.

The right course of action is to extend the line of excision to a point
slightly beyond the limit of anatomical damage so as to include those
portions of the muscle which are most seriously affected by the spasm.
When a long muscle has been completely divided by a trauma, the tis-
sues in the distal part require more drastic excision than those in the
proximal part, owing to their greater loss of blood supply. Muscles
should be excised with scissors. If in a relatively healthy area a muscle
is eut with a knife, the individual fibers retract instantly, leaving an
irregular plane of section, and clots tend to collect among the uneven
ends. Secissors obviate this risk and make an even cut, causing a uniform
retraction of the whole muscle.

Three signs guide the surgeon in the excision of musecles:

1. Color.—Ischemic musecles are always, even in the relatively early
stages, darker than the normal muscle. In some cases, particularly
when very little time has elapsed between the injury and the opera-
tion, the fibers retain their bright red tone and the only appreciable
change in color will be bluish interstitial hematomas. The older the
wound, the darker the color of the devitalized muscle, which in some
cases turns completely black. In the area of spasm the affected mus-
cles are often slightly paler than normal, but at an early stage no im-
portant change of color will be noticeable.

2. Contractility to Mechanical Stimulation.—Any muscle that has
lost its power of contractility to stimulation with an instrument is
either already dead or dying. With a certain amount of practice the
contractile power of the muscular fibers can be assessed when the sur-
geon is excising with the scissors. Any piece of muscle that does not
contract when cut in this way must be considered dead, and a further
portion must be execised. :

3. Bleeding Capacity.—Bleeding capacity is the most reliable in-
dication of the vital eondition of the muscles. After the first portion
has been excised, the sectioned ends of the fibers must be carefully ex-



224 WAR SURGERY

amined. If no blood appears at these ends, further portions must he
excised until bleeding is observed. It must be remembered that the
amount of bleeding from the normal muscle is in most cases only small,
and that it is further diminished if the arteries are affected by trau-
matic spasm. A gentle oozing from the cut end is a sufficient indieation
that the right line of excision has been reached.

These three signs, taken in conjunction, indicate the vital condition
of the wound. The difference of color between the healthy and the de-
vitalized musecle guides the surgeon’s hand in the initial excision, and
the contractile capacity of the fibers and the bleeding from the sectioned
ends indicate whether the exeision is adequate. The area first excised
is often shown to be insufficient by the subsequent tests of contractility
and bleeding capacity, and a further excision parallel with the first is
required. In the short musecles contraction, even under normal con-
ditions, is almost imperceptible, and the surgeon must rely on the bleed-
ing capacity.

Excision of Bone

The low resistance to infection, the porous character and the rigid
structure of bone facilitate the onset of persistent pyogenic bacterial
colonization. The cortex of the shaft is so compact that, when it is
isolated from its original blood supply, newly formed vessels are often
unable to penetrate it. The areas requiring excision must, therefore,
be determined with the greatest care and accuracy, the line of demarca-
tion between the portions that need to be retained and those that must
be excised being very narrow. On the one hand, any pieee of bone that
is detached from the periosteum or muscular attachments must be re-
moved (see I'ig. 34); on the other hand, any fragment that retains its
attachment to the periosteum or to the musceular insertions must be pre-
served, to avoid the risk of pseudarthrosis. The ends of the fragments
must be evened with rongeurs and the pieces replaced in their normal
position. At this stage sulfanilamide may be blown in with advantage
(see p. 201 and TFig. 35).

Here, however, an important point should be borne in mind. If all
the fragments can be preserved, and if each is replaced in exactly its
normal position, there will be no possible outlet from the medullary
cavity; and since this is invariably contaminated at the time of trauma
and the bone has been deprived of its eovering of soft tissues, particu-
larly of muscles, both by the trauma and the excision, osteomyelitis is
likely to develop. For this reason, it is wise in such cases to reseet some
of the most mobile fragments and so provide an opening for drainage
from the medullary cavity.

In some cases, in spite of serious damage to the soft tissues, the bone
has only a simple fracture with two fragments. Where the musele dam-
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age is severe and the excision has to be very cxtensive, the hone will
be left for a considerable period without any covering. Consequently,
it in these conditions the ends of the fragments have lost their peri-
osteum, it is advisable to resect a lateral portion of the cortex on each
fragment, so as to prevent the retention in the medullar cavity of any
contaminated fluid.

Fig. 35.—Sulfanilamide powder may be blown into the wound. The layer of powder
should be thin and uniform.

Any portion of the periosteum that retains its attachment to the sur-
rounding tissues must be scrupulously preserved. The periosteum re-
ceives all its blood supply through the surrounding tissues, and in its
turn supplies the cortex which lies beneath it—especially the shafts of
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long bones. Accordingly, if a piece of bone has to be excised, the cortex
should first be separated from the periosteum, so that the blood vessels
which supply the periosteum may be preserved intact to facilitate the
tormation of new bone beneath it.

Sinee the time of Duhamel, and more particularly that of Ollier, con-
servation of the periosteum has been recognized as a fundamental prin-
ciple of surgical technique, but since good vascularity is essential for the
production of callus, it is still more important to preserve the blood
supply of the periosteum, especially in a compound fracture, where the
greatest possible local vitality is needed to resist bacterial aggression.
Any damage to this blood supply not only exposes the bone to the risk
of serious infection, but also hinders the consolidation of the fragments.

In emergency work, especially after aerial attack against towns,
previous examination of the fractured bone with x-rays is seldom neces-
sary. On the contrary, the surgeon who systematically performs the
operation with the x-ray film in view tries to approach the bone looking
more to the radiograph than to the wound. The point which really
matters is the direet examination of the wound. In articular wounds,
on the other hand, an x-ray film is a great help.

Excision and Time

Obviously, excision is most effective in preventing infection when it
is done early. No change in the vascularization of wounded tissues
oceurs during the first four hours after the production of the wound.
After that, extension of the damage depends mainly on the degree of
bruising and especially of crushing of the musecles. After four hours,
infective anaerobiec complications may develop if there has been great
initial impairment of the blood supply, but in all war wounds after
eight hours of injury inflammatory changes appear in variable degree
and increase the area of devitalization. The cause of this secondary in-
terference with the blood supply is progressive infeetive thrombosis.
For that reason it is important to excise before any further damage in
the vessels has extended the arca of devitalization. When excision is
performed after more than ten hours, the swelling of the surrounding
tissues makes the operation more difficult, and the difficulties inerease still
further during the first two days. In patients who survive, Nature then
takes up the role which ought to be played by the surgeon, and excision
is brought about by sloughing and progressive suppuration.

Whether or not a delayed excision after 24 hours is justified, depends
on the aspect and characteristics of the wound. The majority of wounds
should be incised and explored whatever the time, and the surgeon
should determine whether the wound needs excision or not. I person‘ally
do not accept the common view that a wound should never be excised

WOUND EXCISION 227

after the first 24 hours. The reason for this apparently conservative
attitude dates back to the last war, when wounded soldiers died from
septicemia after delayed excision. This was due to the massive ab-
sorption of pyogenic bacteria when the defensive barriers established
round the wound were broken down. I have not lost any patient after
delayed excision, even in the days before I used sulfanilamide, but I
have always immediately immobilized the limb in a plaster-of-Paris cast.
The success of the procedure appears, then, to have been due to im-
mobilization. Patients operated on in this late period have a rise of
temperature for several days, but this soon subsides with the marked
decrease in absorption which the plaster effects.

The advantage of excision in these cases is that the wound is left with-
out any favorable culture medium for bacterial colonization, the de-
fensive mechanisms can act at full strength heeause the blood is sup-
plied to all corners and pockets of the wound, and drainage can be
established in the most convenient way. Even surgeons who object to
late excision will not hesitate to perform thorough musecle excision, no
matter how long a time has elapsed, when gas gangrene is developing;
and to those who think the dangers of excision greater in pyogenic in-
fections I recall the excision of hony tissue in osteomyelitis.

I do not pretend to lay down a general rule on this point, believing
that every case must be considered on its own merits. If much inflam-
matory reaction results from infection without major tissue necrosis,
operation must be limited to drainage after convenient enlargement, but
all necrotic tissue should be eliminated to diminish the risk of complica-
tions. After 48 hours excision must be limited to the elimination of
dead tissues without interfering with the layer of healthy tissues which
surround the necrotic ones. A pair of seissors is the best instrument.
An untreated patient who survives 48 hours without signs of anaerobic
infection will probably escape gas gangrene.



CHAPTER XVII
DRAINAGI

The surgeon’s chief concern in treating war wounds is the removal of
foreign bodies from the wounds themselves or the surrounding tissues.
During the War of 1914 to 1918 this surgical measure was directed
largely to inorganie foreign bodies, such as bullets and pieces of shrap-
nel. Today, however, we know that these are of secondary importance
compared with organic foreign bodies such, for instance, as pieces of
clothing, splinters of wood, and, above all, pieces of devitalized tissue
and collections of econtaminated fluids.

The tissue fluids are powerfully bactericidal and very similar in
composition to lymph. The purpose of their appearance in a wound
is clearly defense against bacterial infection, for they are rich in anti-
bodies, being in this respect inferior only to the blood itself. Once, how-
ever, the cireuit which is comprised by the blood, the tissue fluids and
the lymph is broken, the bactericidal capacity becomes progressively
less. Consequently a wound, by breaking this circuit, collects tissue
fluids as harmful as devitalized tissue. It cannot be too strongly empha-
sized that these fluids constitute a valuable defense against bacterial in-
vasion only when they are confined to their proper place within the tis-
sues; once they emerge from the tissues they immediately become a
“‘foreign body’’ and as such must always be removed. The purpose of
drainage is to prevent the retention of these fluids, which, in spite of
their original defensive character, come to serve as an ideal culture
medium.

There are two main methods of providing drainage for cavities and
cellular spaces. In the first, known as dependent drainage, the fluids
are evacuated by gravity; and in the second, drainage is accomplished
by suction or aspiration, a method which is less commonly used but is
often more effective. In ancient times drainage by gravity was the only
method used. The drainage tube was first deseribed by Pietro d’Argelata
at the beginning of the 15th century, but it was used only intermit-
tently in the subsequent periods until in the 19th century Chaissaignac
again described it (see Billroth, 1871). Soon afterwards the use of
drainage tubes was widely extended by the influence of Lister, who
recommended the rubber tube as the best device. Surgeons later used
a piece of striated rubber, cut in long, narrow strips and inserted in the
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wound in the same way as the rubber tube. More recently Winnett Orr
popularized the vaselined gauze pack as a means of draining wounds
widely opened by incision. !

These procedures are all based on gravity and require an opening at
the most dependent part of the wound. This has serious disadvantages
in war wounds, for in many cases it would be necessary for the surgeon
to make new inecisions outside the wound in an already much-damaged
limb, and thus interfere with the nutrition of the tissues surrounding
the wound. Moreover, with any of these methods some discharge is
bound to be retained in pockets which are not at the most dependent
part, and this will encourage bacterial reproduction. Drainage by
gravity is undoubtedly the best method in infected wounds in which the
discharge is copious, but drainage by suction leads to better results in
wounds treated hefore infection has begun. Even a small amount of
discharge is sufficient to allow bacteria to multiply, and consequently
all wounds treated before infection should be kept absolutely dry.
Drainage by suction will do this if properly applied.

A cavily with a narrow opening can be effectively drained by an
aspirator or pump similar to those used to empty the pleura or stomach.
A widely open wound, however, such as is produced by extensive ex-
cision, cannot be drained in this way, owing to the impossibility of ob-
taining the necessary vacuum, and the only satisfactory method of
drainage in such cases is that afforded by the suction of a piece of highly
absorbent gauze.

Plaster Drainage

The provision of adequate drainage, not only for the tissue fluids that
have to be evacuated but also for the extravasated blood which fills
every small corner of the wound, demands a special technique. The
absorbent capacity of gauze, however high, is not unlimited, and conse-
quently after a while it will be unable to absorb any further discharge.
If the discharge is not to be retained in the wound, the gauze must be
supplemented by some other substance still more absorbent than itself.
Here the plaster cast provides one of its many advantages, for good
plaster of Paris is very absorbent. It is important that the plaster
should be applied in direct contact with the gauze, and its quality must
be good ; some brands on the market have little or no absorbent capacity.
In treating compound fractures by the methods I deseribe, a non-
hydrated plaster of Paris of the type called ‘‘alabaster’’ should be used,
for this when set is highly absorbent, as indicated by the rapid dark
staining of the outer surface of the cast.

This quick absorption of the initial blood and lymph exuded from
the wound is of very great value; in faet, in my hospital in Barcelona
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my assistants used to base their prognosis on the appearance of the
plaster the day after operation.. When the plaster was stained with
blood at this early stage the patient nearly always made a good recov-
ery. Moreover, if the exudate is rapidly absorbed the offensive smell
will not appear, and when the plaster is changed the wound will be
found dry and healthy. ’

In some deep wounds operated on towards the limit of the optimum
time, i.e., between six and eight hours after injury, if the opening of the
wound is situated on the upper surface of the limb, suction drainage is
not sufficient to eliminate the discharge and must be supplemented by
a form of gravity drainage applied to the bottom of the wound. In such
cases the best method is to insert a narrow strip of striated rubber of
appropriate size at the most dependent part, passing this out through a
small incision in the skin. To avoid excessive saturation of the plaster
by the discharge in cases operated on after more than eight hours, it is
advisable to pass the external end of the rubber strip through a small
hole in the plaster; the end is then covered with sterile gauze and cotton
wool. As soon as this counterdrainage is no longer necessary (often
after four to six days), the rubber strip can be withdrawn without in-
terfering with the plaster, the small hole in the plaster being closed with
plaster paste.

In wounds operated on before infection has begun and where the
proper technique has been applied, suction drainage is so effective that
unless a very close-meshed gauze is used, similar to that from which
good quality bandages are made, the granulation tissue will grow
through the mesh, making it difficult to remove the gauze when the time
comes to change to plaster.

In infected cases, on the other hand, dry gauze is not so effective,
because its capacity of absorption is not sufficient, even with the help
of the plaster, to eliminate all the copious discharge; and so it acts as a
““foreign body’’ and tends to be colonized by bacteria. The drainage
afforded by a gauze pack coated with vaseline or paraffin, supplemented
by a rubber tube to provide counterdrainage, gives better results.

Technique of Drainage

The first step in the provision of drainage is taken at the time of
excision, when the surgeon should carefully study the lie of the wound
and its special features, particularly its depth and irregularity, and
should decide on the type and location of the drainage to be used and
whether counterdrainage is necessary.

The easiest way of having the material for drainage ready for all pos-
sible needs is to sterilize a 6-inch bandage of good quality. From this
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Fig. 36.—A layer of dry, close-mesh gauze, cut from a good quality bandage is applied
to the depths of the wound.

n[ﬂ '

Fig. 37.—The cavity left by the excision of the bruised tissues is filled with
of orglnary gauze. This makes a prominence above the surfac e
be slightly compressed when the plaster is applied. AR08 PG, FiD SR
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bandage is cut the first layer of gauze needed for drainage. This piece
is eut much larger than the wound, put flat over the surface and pushed
in with a couple of forceps (see Fig. 36). Then the concavity in the
gauze is filled with ordinary sterile gauze until this reaches the level of
the skin or, still better, above it (see Fig. 37). The application of the
plaster cast in direct contact with the skin and gauze secures the absorp-
tion of the small amount of discharge which comes from a properly
excised wound before infection develops. Not much pressure is neces-
sary ; the requirement is contact, not pressure.

~

Fig. 38.—Compound fracture of tibia and fibula operated on four hours after in-
jury. Wound cleaned with soap and water; excised and drained with plain gauze.
Fixation of the fragments with two Steinmann pins and applica.t.mn of plaster.
Photograph taken one month after the operation. Note the plaster stained with blood.
No discharge and no smell. (See also Figs. 39 to 41.)

In planning how and where to apply counterdrainage where this is
indicated, while due consideration must be paid to gravity, the ana-
tomical arrangements of the wounded region must also be very carefully
taken into account. Counterdrainage must never be placed near a main
artery or an important nerve; in a certain number of infected cases I
have found that the proximity of the rubber to one of these structures
has caused secondary hemorrhage. To prevent this it is wiser to insert
a narrow strip of vaselined gauze instead of the rubber.
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Counterdrainage

The best method of inserting a rubber wick for counterdrainage is
as follows. The limb is placed in the position which it will occupy in
the bed. A long and slightly curved forceps is passed to the bottom of
the wound, and carefully and gently pushed down between the tissues,
always being passed, if possible, through the intermuseular spaces So
as to avoid damaging the muscle fibers, until finally it makes a
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Fig. 39.—Radiograph of same case.

prominence on the skin on the dependent side. Here an incision is made
in the skin and fascia and the foreeps is pushed through. The tunnel
thus made is slightly expanded by opening the foreeps, which is then
drawn back grasping one end of the rubber wick or vaselined gauze.
The position of the wick should be such that it will be capable of drain-
ing off all the fluid without any assistance by manipulation or compres-
sion, for need of these is a sure indication that the drainage is not ade-
quate. Occasionally a wound of irregular shape will ‘require more than
one wick to provide sufficient counterdrainage.
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Orr’s Technique

Orr’s technique of vaselined gauze is satisfactory in infected wounds,
which should first be incised and enlarged. The gauze, coated with
vaseline, should be packed tightly into the wound so as to fill the whole
depth and to keep the walls well apart. A flat layer of vaselined gauze
is then laid over the packing, and finally the plaster is applied in contaet
with this layer. If the discharge is not unduly abundant I prefer to use
paraffin rather than vaseline, since this, being more fluid, is more suec-
cessful in penetrating to the corners.

o

Fig. 40.—At the removal of the pins and first plaster, two months afterward, the
wound is almost healed and the fracture is united by a callus still slightly elastic. A
guarding plaster below the knee is applied.

Changing the Gauze

In normal cirecumstances a clean wound drained by dry gauze should
not be disturbed during the early stages of healing, and the first drain-
age gauze and the plaster should be left in position for several weeks
(4 to 6 on the average). If on removal of the plaster at the end of this
time the drainage gauze, in spite of the close mesh, adheres to the surface
of the wound, an application of peroxide for 10 to 15 minutes will enable
the dresser to remove it without damaging the granulations or catising
more than slight bleeding. In some instances, and particularly in frac-
tures of the leg that have been pinned, the small amount of discharge

and the absence of smell or any discomfort make it possible for th:e‘ ﬁlfsﬁ _
plaster to be retained until the consolidation of the fracture is complete. .

It is not advisable, however, to leave the first drainage gauze in position
for longer than 6-weeks, and in such cases, therefore, a window should
be cut in the plaster at the end of this period and the gauze removed

through it.
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The new drainage gauze may be either dry or coated with paraffin or
vaseline, according to the amount of discharge found on uncovering the
wound. If the wound is dry or almost dry it is best to use plain gauze,
for this and the fresh plaster used to close the window will quickly
absorb the small amount of new discharge which a change of drainage
always stimulates. When, however, the wound is still discharging, gauze
with vaseline or paraffin, according to the special features of the wound,

Fig. 41.—End result of case shown in Figs. 38 to 40. Photograph taken 'six months
after injury.

should be used for the second drainage. If the wound is still deep I
prefer paraffin, but when the granulations have nearly reached the level
of the skin, it is better to use vaseline, as this is more persistent and has
some favorable effect on epithelization.

Figs. 38 to 41 show one of the many examples of the evolution of a
serious compound fracture when excision, drainage, and immobilization
have been properly carried out.



CHAPTER XVIII
REDUCTION AND FIXATION OF FRACTURES

‘Whether in simple or in compound fractures, accurate restoration of
the anatomical structure of the bone is a keystone of the patient’s good
and speedy recovery.

Reduction of fractures is obtained by traction, a fact which has always
been recognized and on which special emphasis was laid by Guy de
Chauliae, who as long ago as the 14th century described a device for
maintaining such traction continuously. Traction in itself, however,
will not secure a good position of the fragments: there must also be
uniform tension of the museles, for without this, traction causes devia-
tion of the fragments owing to the different amounts of tension exercised
by the various muscular attachments.

The first person to recognize the importance of posture in the treat-
ment of fractures was Percival Pott (1769), who introduced a position
of semiflexion of both thigh and leg for treating fractures of the femur.
He used a double-inclined plane to relax the gastroecnemius and so pre-
vent the backward displacement of the lower fragment. Some years
later Robert Chessher (1750-1831), an English country surgeon, em-
ployed this method, but, except for the incorporation of the same prin-
ciple by Gurdon Buck in his traction apparatus, I have been unable to
find any further record of the postural treatment of fractures until its
reintroduction by Zuppinger in 1906. Gurdon Buck devised the first
really useful apparatus for reducing fractures of the femur: he applied
a thick roller cushion under the knee to provide the double-inclined
plane, and obtained traction by means of elastoplast affixed to the skin,
a material which had previously been used for this purpose by Crosby.

Pin and Wire Traction

Traction effected through the skin was a great advance on previous
methods, but in many cases it still proved inadequate. In 1897 Ransahoft
introduced the ‘‘ice tongs’’ for skeletal traction, but it was soon
abandoned. Early in the present century the Italian surgeon Codivalla
described for the first time a method of traction by transfixion of ana-
tomical structures. MHis apparatus consisted primarily of a narrow
metal blade, which was inserted above the posterior tuberosity of the
caleaneus and in front of the tendo achillis, and through which trac-
tion was applied. Before long two other systems embodying the same
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p1'1n01p1e were d.escrlbed, Le., the Steinmann pin, published in 1911, and
the Kirschner wire, which is better in certain cases.

Com.pound fraetures need, if anything, even more perfeet reduction
than Slmplc ones, owing to the importance of the local cireulation in the
fight agz.nnst infection. The best means of obtaining good position is by
the' uniform pressure of muscles under traction, for these have a higil
splintage value. But in the treatment of compound fractures con-
tinuous traction has many disadvantages, some serious. The immobiliza-
tion of the soft tissues is far from complete, the protection of the wound
is inadequate, and the patient is necessarily confined to bed for a long
period and requires much skilled handling, a particularly serious draw-
back in war conditions. During the War of 1914 to 1918 many hospital
wards looked more like factory workshops than surgical eenters, with
Balkan frames over each bed and limbs hanging from a network of
strings and pulleys and carrying numerous weights. In congested hos-
pitals it was extremely difficult to give adequate supervision both to the
wound and to the proper alignment of the fragments. Morecover, this
cumbrous apparatus constituted a very serious obstacle to the evacua-
tion of patients if and when this became necessary. A new technique was
obviously required, one in which the beneficial effects of traction could
be combined with complete immobilization of the limb, including the soft
tissues, and a real protection of the wound, and which at the same time
would facilitate immediate evacuation. All these requirements are pro-
vided when a plaster cast is used as a supplement to traction.

Plaster and Traction

Almost simultaneously Winnett Orr and Lorenz Bohler began to treat
fractures by applying a plaster cast after reduction with a Steinmann
pin or similar device, and including the pin in the plaster so as to im-
mobilize this as well as the fragments. Bohler found that this technique
involved little risk when the pins were absolutely immobile, and that
the infective complications which sometimes developed at the site of the
pin were almost always due to its incomplete immobilization. This tech-
nique was used mostly for simple fractures, but Orr applied it to
infected compound fractures of the leg. Recently Anderson ('19538)
has been using a new method of external fixation based on a Slml!al'
device employed by Lambotte (1913), transfixing the bone with pins
from cortex to cortex and attaching a metal plate to each pair f’f pins;
the plaster cast, which is a good substitute for lateral fixation, im-
mobilizes the plates and pins, and consequently the fragments.

Unfortunately the Steinmann pin is not free from risk. I have my-

self seen enough local reactions (and, indeed, three cases of more serious
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complications, two ended by amputation) to realize its limitations in
compound fracture. The following is an illustrative case:

A man 41 years old was operated on for a compound fracture of the
tibia and fibula and the wound was sutured. The leg was immobilized
by traction through a Steinmann pin in the calecaneus. Considerable
sepsis developed in the wound and round the pin, and eleven days after-
wards the patient was admitted to the Wingfield-Morris Orthopaedic
Hospital. The wound was drained and the calecaneus region opened up
from both sides. A complete plaster was applied. The fracture of tibia
and fibula healed correctly in normal time, but the osteomyelitis of the
calcaneus, without giving rise to any general reaction, progressively de-
stroyed the whole bone in spite of several operations. After many
months of persistent suppuration, the ankle joint was stiff and the sinus
persisted unhealed; the foot was painful and edematous. At that stage
an amputation was decided on (see Fig. 42).

Fig. 42.—Osteomyelitis of calcaneus after the application of a Steinmann pin. After
many months of treatment the foot had to be amputated.

There seems little doubt that the infection to which the pin is apt
to give rise is due to the introduction of a ‘‘foreign body’’ of undue size;
for it is well known that infection is less frequent when thin pins are
used, provided they are completely immobilized. Strong traction, how-
ever, needs a strong pin, and the fractures which are in themselves most
serious—those of the femur and tibia—are those which need the thicker
pins. The Kirschner wire has an advantage over the Steinmann pin, in
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that it permits strong traction with a relatively thin wire, but it also has
the disadvantage that, in order to maintain the wire at tension, the
“stirrup’’ has to be kept attached to it even after a plaster cast has been
applied.

In my lldspitul in Bareelona I had a device, which I still use, to
obviate this inconvenience. Inside the stirrup a simple form of clamp,
to which is affixed a broad metal plate, is attached to the wire on each
side of the limb. “This plate is incorporated in the plaster (which natu-
-ally must be sufficiently-strong at this level), and then, when the plaster
is fully set, or preferably the day after its application, the stirrup is
removed and the ends of the wire are cut off. The rigidity of the plates
in the plaster is sufficient to keep the wire taut (see Figs. 43, 44, and
45). Ior further details see the description on p. 358.

i i imi ‘hich attaches the Kirschner
i — ith a device similar to that whic ISy
wilglbzb 4t31ie gt]ﬁﬁlsp Qt%((z)(ll Sxing Kirschner wires to plaster casts. (See also Figs. 44

and 45.)

Operation Under Traction

All operations on war fractures should be pe.rf01"med under s;me
kind of traction. This is an important rule W'hl(’,h Is only t.oc_> ottolau
~*disregarded. Manual traction, witp the.han.ds 91 a 11"a1111;;3d asmst:'u;i I;}(;-
} placing the pin, is generally sufficient for 11'a.c§111'es in the ;1p11>e1 s
but in a few cases, e.g., compound fractures of the hefld_ of t_le lumer uz,

2 Kirschner wire through the oleeranon process providing traction, an
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Fig. 44.—Traction is maintained by the stirrup, which tenses the Kirschner wire.
Plaster is applied and, when it has completely set, the small plates are fixed in con-
tact with its external surface.

Fig. 45.—The plates are now fixed to the plaster with a few turns of plaster
bandage. The stirrups are removed, the edges of the Kirschner wire cut, and the
patient is free from external traction.
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a strong ba'ndage passed under the axilla and round the chest for
counjuert'ractlon, will greatly facilitate reduction, and particularly the
application of plaster. In the lower limb, on the other hand, all com-
pound fractures should be reduced under pin or wire iraction, and the
insertion of the pin or wire and its attachment to the traction apparatus
of the orthopedic table (especially in fractures of the femur) should
be the first stage of any operative procedure.

If an orthopedic table is not available, an extension apparatus of the
Bohler type, which can be attached to any kind of table, should be used.
If, however, either this apparatus or an orthopedic table is used for a
fracture of the femur, some provision must be made for applying trac-
tion with the hip and knee joints in flexion. This can be done by a
metal tube about 4 feet long, one end of which is fixed vertically in the
traction apparatus of the table, while to the other end is attached the
serew for foot traction found in most orthopedic tables. The patient is
laid on the table with the pelvie support in position, the hip and knee
are flexed, the appropriate degree of abduction is obtained in the thigh,
and traction is applied from the serew at the upper end of the metal
tube to a pin or wire passed through the superior epiphysis of the tibia.

In many cases of compound fracture caused by the high explosives of
modern warfare the traumatie destruction of the soft tissues and the ex-
tensive exeision which they require make it possible for the surgeon to
reduce the fracture without much trouble. In fractures of the leg, par-
ticularly oblique fractures, the upward displacement of the plaster that
commonly occurs is apt to cause overlapping of the fragments, and it
is therefore advisable to insert a pin—or preferably a Kirschner wire
through the upper fragment of the tibia near the tuberele or to fix both
upper and lower fragments, avoiding, however, the insertion of any pin
in the caleaneus, owing to the danger of infeetion. In fractures of the
femur there are various methods for preventing displacement of the
fragments after reduction: Anderson’s pins and plates, or a wire run
vertically through the trochanter to fix the upper fragment and anoll}er
through the lower fragment, or traction through ﬂ}e plas.ter by. in-
corporating a small handle at the knee and suspending \}'clght.s from
this for the first month. It is, however, only those cases in which 1:‘110
wound is small and the muscles remain relatively intact which require
these various forms of traction fixation. In the more seri.ous ez}se.s, and
particularly in fractures of the femur with ‘muc.ll contusion of tlssues:,
which require thorough exeision and con'lmmull(.)n, a good ])'lu.slor-oi-
Paris cast and a proper degree of flexion 111'1110, 11}1: z.md knee joints are
generally sufficient to maintain the redunetion. I'his technique is de-
seribed more fully on p. 356.
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The only cases which should be treated under traction without plaster
are those in which the local condition of the tissues or the general con-
dition of the limb when first seen is such as to render enclosure of the
wound in plaster inadvisable owing to the risk of gas gangrene. This
may occur in wounds of the thigh or leg. In wounds of the leg or thigh
in which an arterial lesion endangers the circulation, it is wise to apply
only skeletal traction at first, deferring the application of the plaster
cast for a few days. In all other cases the limb should be enclosed in
plaster immediately, while at the same time the beneficial effects of
traction and postural treatment should be maintained. Detailed aec-
counts of the methods of traction and immobilization most suitable for
various types of injuries in the different limbs will be found in later
chapters.

CHAPTER XIX,
IMMOBILIZATION

Unlike mos? of the teachings of Hippoerates, the importance of rest
was nojc ““rediseovered’’ at the Renaissance, and, Magati’s contribution
apart, it was not until the last century, when John Hilton published his
book On Rest and Pain (1863), that a complete study was made of its
part in combating disease. In 1872 Ollier published the result of his
treatment of war fractures by immobilization with plaster of Paris, and
described rest as an essential therapeutic factor. About the same time
Billroth (1871) was working on similar lines, using plasters with a win-
dow cut over the wound. Not, however, until the War of 1914 to 1918
was the vital importance of rest—and of rest in its best form, immobiliza-
tion—universally aceepted.

This great advance in surgical treatment was due largely to the work
of Sir Robert Jones, who, appalled by the disastrous results of the early
months of the war, introduced the splint which Hugh Owen Thomas
(1886) had described in the last century and which had been almost for-
gotten in the intervening period. The immobilization afforded by the
Thomas splint, in spite of its inadequacy for the soft tissues, produced
greatly improved results and revealed once and for all the need for the
best possible technique of immobilization. The other belligerent nations
devised their own methods: the Germans took up the technique previ-
ously deseribed by Billroth, using the windowed plaster (Schede, 1915;
Braun, 1915, 1916) ; while the French used a combination of plaster and

- iron supports.

None of these methods, however, provided the complete immobilization
afforded by the teehnique which Ollier had devised during the Franco-
Prussian War; and it was not until after the War of 1914 to 1918 had
ended that Winnett Orr introduced his epoch-making variant of Ollier’s
method, which immobilizes not only the bones but the soft tissues also.
Orr recognized the value of rest as an antiphlogistie, and made this the
basis of his treatment of osteomyelitis, immobilizing the affected limb by
the only device which provides absolute and complett'z 1.'est: a perfe9tly
moulded plaster cast extending beyond the adjacent joint on both sides
of the injured segment. In the treatment of traumatic wounds, eomplejce
immobilization is even more important than in osteomyelitis, since in
these injuries, and especially in war wounds, the greatest risk to the pa-
tient lies not in the condition of the bone but in the infective compl¥ca-
tions which tend to arise in the soft tissues. To avoid these complica-
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tions, abs i ilization i i i
, absolute immobilization is necessary, a fact which was first brought

home to me by my clinical experience in Barcelona and was subsequently
proved by experimental research in Oxford. :

THE EFFECTS OF IMMOBILIZATION

[_]ntil quite recently no one has known the actual mechanism by
which the complete immobilization of a wound in plaster achieves 1ts
successtul results against infection. Many theories have been advanced
to explain the phenomenon. Albee (1933) believed that the beneficial
?ffect of the Orr treatment was due to the production of bacteriophages
I a wound covered by a closed plaster. Garcia Alonzo, among otheors
held that biological antagonism between different groups of bacteriz;
makes it impossible for pyogenic organisms to colonize in plaster and
that this slows up the septic process. In some cases, undoubtedly
bacterial ineompatibility may diminish the numbers of pathon'en‘i(;
bacteria, but the success of the closed plaster cast must ultimateloy be
attributed to immobilization and to this alone.

I have elsewhere referred to the experimental work of J. M. Barnes
and myself which showed that obstruction of the lymph flow prevents
the absorption of bacteria and their toxins (see p. 75). Our experi-
n.lents also showed that rest produced by immobilization of the affected
limb .in a plaster-of-Paris cast has the effect of obstructing the lymph
flow, in very much the same way as ligation of the lymphatic trunks.

Experimental Work on Lymph Flow

; Interest in the part played by the lymph circulation in the absorp-
tion of substances from the tissues has led to a great deal of experi-
mental work, particularly in recent years by Drinker and Field and
their colleagues (see Drinker and Yoffey, 1941). These workers stressed
the importance of muscular activity, and indeed of any kind of move-
ment, in determining the rate of Iymph flow in the limbs. They put
a cannula into a lymphatic vessel in the leg of a dog and found that
no lymph flowed from the cannula as long as the dog was at rest, but
that as soon as the limb was moved, the lymph appeared and continued
to flow as long as movement was maintained. It has also been found that
the flow of lymph from a limb with an inflamed paw is greater than that
on the normal side (Lassar, 1877; Field, Drinker and ‘White, 1932).

dJ. M. Barnes and I carried out a number of experiments in dogs to
confirm these observations (1941), cannulating one of the main lym-
phatic trunks lying alongside the femoral vessels in the thigh and
ligating the remainder. In a normal limb at rest there was no detectable
flow over a period of thirty minutes. Passive movement produced an
immediate flow, which could be considerably increased if the museles
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were stretched by hyperextending or acutely flexing the limb; manual
compression of the muscles produced no flow at all. The greatest lymph
flow over a period of thirty minutes was brought about by active muscu-
lar contractions produced by faradic stimulation of the nerve, the limb
being allowed to pass through a full range of movement. If, on the
other hand, the same stimulation was continued after the whole limb had
been immobilized, the flow stopped almost completely.

Having confirmed that the lymph flow is stopped by complete rest, we
next tried immobilizing the limb in a plaster cast, and found that
under these conditions only a very small amount of lymph appeared
through the cannula; in one animal the volume was nine times less than
when the leg was freely moved. The efficiency of the plaster cast was
further proved by experiments in which we injected snake venoms and
bacterial toxins into the limbs of rabbits immobilized in plaster and
obtained results very similar to those of our earlier experiments in which
the lymphatics had been ligated. With tetanus toxin the results were
particularly striking, for, while the control rabbits all died in an
average of less than 4 days, those which had been immobilized in plaster
survived for over 11 days, the majority at death showing no signs of
tetanus.

Effect of Immobilization on Inflammation

Inflammation produces an increase in lymph flow that coinecides with
the development of edema. The lymphatics in an edematous area, far
from being occluded by the pressure of the swollen tissues, have heen
seen to be widely dilated (Pullinger and Florey, 1935), and our experi-
ments confirmed these observations. In animals with edema following
burns, and in two animals with a generalized edema of one leg (one of
them associated with an abscess in the thigh), there was always a greatly
increased lymph flow on movement. When, however, after scalding the
foot, we prevented edema by immediately applying a small plaster, the
lymph flow was markedly reduced. But although enclosure in plaster
of a recently scalded foot will prevent swelling and so reduce the lymph
flow far below the amount observed in a foot left free to swell, the flow
is still considerable. Our investigations showed that this flow can be
further reduced if some incisions are made over the inflamed area.

IMMOBILIZATION IN CLINICAL PRACTICE

From our findings, first, that the immobilization in plaster of a limb,
with or without inflammation, greatly reduces the flow of lymph and
thereby reduces the absorption of foreign substances from a wound, and
secondly, that in cases with no inflammation the arrest of the Iymph flow
effected by plaster immobilization is almost as complete as that secured
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by ligation of the lymphatics, it follows that immobilization in plaster
provides one of the most effective measures for preventing bacterial and
toxie diffusion, and so constitutes one of the most valuable localizing
agents at our disposal.

Clinical observations fully confirm the evidence of experimental find-
ings. Some patients whose wounds are immobilized in a closed plaster
cast have fever for the first day or two after the injury, but it subsides
as the beneficial effect of the plaster makes itself felt, and a fresh rise
of temperature may be observed only after each change of plaster, in-
dicating that some diffusion has occurred in the short period of inter-
rupted immobilization.

It might be argued that the application of a splint would achieve a
similar effective arrest of the lymph flow, but this is not so. None of the
existing splints provide more than a relative fixation of the extremities.
The best of them, the Thomas splint, which combines some degree of
lateral fixation with traction, immobilizes the bones but does nothing
to protect the soft tissues either from uncontrolled external pressure or
from the movements caused by muscular activity. Complete and
absolute. rest for the museles and protection from external disturbance are
provided only by the plaster-of-Paris east. A windowed plaster as used
by Billroth is, in my opinion, better than a splint, but it has the serious
drawback that the region of the wound—which is just the area that most
needs rest and protection—is left uncovered and exposed to the dis-
turbance of inflammatory swelling. In some cases treated in this way I
have seen complications due to the poor circulation and the absence of
uniform compression. One such case will serve as an example.

A man aged 45 years sustained a compound fracture of the right
tibia and fibula on June 27, 1940, when he was thrown from his motor-
eyele which had struck a car. He was operated on within two hours
of being wounded, and 2000 units of antitetanic serum were given.
There was a wound 3 in. x 2 in. over the lower third of the tibia on its
internal aspect, with ragged edges and the underlying musecle extremely
lacerated. A second small wound, 1% in. in diameter, lay 114 in. distal
on the outer side of the leg. There was comminution of both bones at
the level of the fracture. The skin and wound were cleaned with soap
and water, and the skin edges and muscles were excised. A free frag-
ment of tibia was removed. Gauze was applied over the wounds and the
leg was put in plaster after reduetion by manual traction, which was
considered sufficient. X-ray examination five days afterwards showed
that reduction was incomplete. During the first three weeks the tem-
perature, except for one evening when it rose to 100° after a new in-
jection of antitetanic serum followed by some anaphylactic reaction,
was below 99° I7,

On July 8 the plaster was removed and the fracture manipulated un-
der general anesthesia. The wounds looked healthy and had a slight,
clean discharge. A new plaster was applied, and a small window was
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Fig. 46.—A. Compound fracture of tibia and fibula treated by plaster covering only
the posterior half of the wound. Note thec marked edema corresponding with the
window. The uncovered area of the wound was sloughing and suppurating.

B. When the plaster was completely removed the part of the wound covered with
plaster was found clean, granulating well, and free from edema.
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cut over the anterior half of the hig wound to obtain samples of the dig
charge 1‘.01- research purposes. The part of the plaster correspondin«;
to the window was reapplied and maintained in position by an ordinary
bqndage. After that day the wound discharged more, and, on remov-BI
of thq plaster after three weeks, the part which had been covered bdv
the window was found edematous and sloughing, and the surroundine
skin showed a dermatitis, whereas the posterior area, which was com.
plo_tel_v covered and compressed by plaster, showed very healthy o-ranu-
lating tissue with only slight discharge; the edges of this part %f th<;
wound were flat and clean. A very definite line existed between these
two areas. The other wound, which was completely covered by phqtctr‘
was granulating well (see Fig. 46). ‘ TR
On December 16, the fracture was completely consolidated but a small
sequeslrgun was seen on the x-ray film, and was removed under pexn"()l'l;'n]
anest.hesm. New plaster was applied from toes to knees, after ])'1(‘kin(0‘
th.e little woun‘d with dry gauze. A fortnight later the i)last'cl' \\:aq eu?
off and the sinus appeared to be healed. There was clinical -mdv
'zldlograph_loal union but still another small sequestrum, which '1';’1'01'
some localized imflammation, was removed two months’later ’;\ﬁ'or
1'hal, movement of the knee ranged from 0° to 110° and of tiw ankl
from 0° to 35°, and the patient was transferred to his unit. -
The points to be stressed in this case are: 1. The excision was carried
out without enlargement of the wound, and as a consequence the re-
mo.val of devitalized bone was incomplete. 2. The reduction was not
satisfactory, .and therefore a second manipulation was necessary when
th.e gw‘nulahon tissue was not yet an organized barrier. 3. The cutting
of a wm(.low over the wound showed the vital part played by uniform
pl'essul'e.m producing healthy granulations as well as the gooa effect of
ll}e suction drainage which is exerted by the plaster when this is in
direct contact with the wound. |

THE TECHNIQUE OF IMMOBILIZATION

To provide perfect immobilization a plaster cast must include not
o.nl_v the joints on either side of the wound, but also the segments of the
limb beyond these joints, For example, to immobilize the leg the plaster
should include the foot and extend to the upper third of theothigh. The
same principle applies 1o joinis: for instance, the knee should be im-
mobilized in a plaster which ineludes both the foot and the hip. In
order that the surgeon may satisfy himself about the condition of the
enclosed limb, at least the last phalanges of fingers and toes should be
left uncovered. Edema, any change of color in the skin, loss of move-
ment or warmth in the digits will thus be readily deteeted and serve to
confirm any general signs and symptoms of complications. It is more
difficult to provide proper immobilization for wounds in the hand or
foot without enclosing the fingers or toes in the plaster. A good
method is to include part of the digits and to fix the rest with traction,
that is to say, to make them immobile but visible.
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Padding and Its Drawbacks

Some surgeons cover the whole limb with a layer of padding before
applying the plaster. The reason given is that with muscular atrophy
the enclosed limb soon shrinks, and that consequently, if a proper
degree of immobilization is to be maintained, an intervening layer of
some resilient material must be placed between the plaster and the skin.
This is a great mistake. In the first place, a thick layer of padding
definitely reduces the immobilization. Secondly, any padding between the
plaster and the gauze covering of the wound (it should be remembered
that I am speaking only of wounds and compound fractures) reduces
the absorption of the plaster, and the wound is thus kept wet with the
fluids which exude from it. The absorbent capacity of the padding is
quickly exhausted, and the saturated material provides an excellent
medium for the growth of bacteria as well as producing a most offensive
smell. If, apart from the protection of a few hony prominences, the
plaster is applied without an intervening layer of padding, the limb is
more effectively immobilized, the wound is kept dry and less susceptible
to infective complications, and the smell is far less unpleasant.

Owing to the dependent position of the upper extremity even in bed,
muscular atrophy never constitutes a serious problem in wounds of
the arm, forearm and hand. In leg wounds, however, the best method
of ensuring close contact between the limb and the plaster is to make the
patient walk about on a Bohler iron as soon as the condition of his
wound permits. Walking may be allowed after the first change of
plaster if the wound is well filled with healthy granulation tissue and
the risk of infeetion is considered to be over. Where the patient’s
progress is so satisfactory that the plaster can be left.in,position until
the consolidation of the fracture or the healing of the wound is com-
plete, the patient may be allowed to walk -about a month after the in-
jury, the exact period depending on the severity of the lesions in the
soft tissues. Patients with fractures fixed by pins or wire may walk
sooner than others, owing to the better immobilization of the bones.

During the first days of walking the patient must be carefully watched
for any sign of pyrexia, edema of the toes, or sensations of heat or pain
in the wound. The slight swelling of the whole limb and the better
muscular nutrition afforded by the exercise lead to a greater tension in
the plaster and so to better immobilization of both the soft tissues and
the bones. When a patient suffering from a wound in the lower ex-
tremity has to be kept in bed for a long period, owing to multiple lesions
or other factors causing a serious general condition, it is a good plan,
after keeping the plastered leg raised for a period not exceeding a
month, to move the limb into a lower position for a short but gradu-
ally increasing period two or three times each day. This alteration in
position must, however, be made without moving the patient from his bed.



CHAPTER XX
PLASTER-OF-PARIS TECHNIQUE

The immediate precursor of our modern plaster-of-Paris technique
was the use of bandages freshly stiffened with starch—a method per-
fected by the Belgian surgeon Seutin (1840) in the first half of the
last century, and later adopted in most of the surgical centers in Europe
(see also Putti, 1939). The starch bandage was reinforced by splints
consisting at first of strips of thick pasteboard and later of thin laths
of wood, which were attached by bandages soaked in starch paste.
This bandage was not very rigid, however, and had the further dis-
advantage that it required 24 hours to harden; it was therefore aban-
doned when the possibilities of plaster of Paris were discovered.

The plaster dressing as it is now used was first deseribed in 1852 by
a Duteh surgeon, A. Mathijsen, but did not become widely known until
some years later (see Monro, 1935). Mathijsen’s plaster dressing was
composed of roller bandages very similar to those in common use to-
day, but various modifications have heen introduced since his time, the
most important being that of Pirogoff. This surgeon, finding himself
without any of the necessary bandages during the Crimean War, used
various kinds of material cut in the shape of splints and provided with
a stiff coating by being drawn through a thin plaster paste. After the
war Pirogoff elaborated his method and evolved a special form of the
plaster technique, cutting coarse sailcloth to a definite pattern shaped
to fit the limb and soaking it in plaster paste before application. Since
Pirogoff’s day there have been other modifications of a similar type.

From early days, too, surgeons have varied in their methods of ap-
plying the plaster dressing, some using an underlayer of padding to
protect the skin, others placing the plaster in direct contact with the
skin. i

Since plaster of Paris was first used in the treatment of fractures,
therefore, almost every possible modus faciend: has been tried. The
successive ‘‘rediscoveries’’ of the various adaptations of the general
method have, however, failed to provide any substantial improvement
on the earliest forms of the technique. For his institution of the
plaster cast, surgery undoubtedly owes Mathijsen a debt of gratitude
no less than those which it readily acknowledges to Jackson, Long,
Morton and Simpson for anesthetics and to Lister for antiseptics.

The value of plaster of Paris to the surgeon is its property of crystal-
lization, or ‘‘setting,”” when it dries after being mixed with water.
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This feature was first observed by Lavoisier in 1765, and a special
study of the substance was made by van’t Hoff and his school at the
beginning of the present century. Plaster of Paris will absorb a great
deal of water, far more than is required to make it crystallize—a point
which must be borne in mind when a plaster cast is applied, for unless
the surplus water is removed before the ecrystallization begins, the
plaster will not be sufficiently compact. The plaster supplied for sur-
gical use is 90 to 95 per cent calecium sulfate, the chief impurities con-
sisting of caleium carbonate, ferric oxide, aluminum silicate and some-
times pyrites. So long as these impurities are present only in small
quantities, their influence on erystallization is negligible.

The process of crystallization can be retarded by sodium phosphate
or small quantities of glycerine or starch, or it can be accelerated by
the addition of one part of potassium silicate or alum, in saturated
solution, to the water used to make the paste. Warm water also hastens
the setting of the plaster.

PRINCIPLES OF APPLICATION

The general principles of applying plaster-of-Paris casts for the im-
mobilization of fractures are based primarily on the fixation of the
portions of the skeletal system which lie nearest to the skin, i.e., the
epiphyseal regions, the foot, the anterior superior iliac spine, the lateral
part of the thorax, and in some cases the crest of the tibia. The pres-
sure applied to the bone through the soft tissues is responsible only in
part for the general fixation process; the support given by the plaster
to the soft tissues, particularly the muscles, is just as important. As
orthopedic surgeons have come to use plaster more and more for the
immobilization of limbs affected by every kind of pathological condi-
tion as well as fractures, there has been an increasing tendency to
follow the old method of protecting the skin and bony prominences
with some form of padding, cotton wool, or stockinette. This padding
is used with a twofold object: first,-to prevent constriction and conse-
quent ischemie effects; and secondly, to protect the skin overlying the
more superficial parts of the skeleton in order to avoid the formation
of sores.

These complications have occurred with sufficient frequency to jus-
tify the unwillingness of many surgeons to apply the plaster in direct
contact with the skin. In most cases, however, careful investigation
will show that the real cause of these sequelae lies, not in the skin-tight
fit of the plaster, but in a faulty technique of application; either the
plaster has been put on too tightly, or else the position of the limb has
been altered before the plaster has set. Among the thousands of plasters
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which I have myself applied without any padding, I have seen only
one serious complication. This was after an operation for a fracture
of the lower end of the humerus. I found that reduction was most
satisfactorily maintained with the forearm in semi-extension, and I
therefore applied the plaster with the limb in this position. Before it
was dry, however, an assistant, not realizing that there was a special
reason for this position, moved the forearm to form a right angle with
the humerus, and consequently produced a severe compression fol-
lowed by Volkmann’s ischemic contracture, which was fortunately cor-
rected by an immediate arterial sympathectomy. Slight constriction
will also tend to occur when a plastered limb is kept low, for edema is
readily produced and increases the pressure of the plaster.

There has been much discussion whether the plaster increases in
volume on setting, and many surgeons have believed that constrietion
is due to this cause. Rugh (1904) investigated the supposed change,
using a dynamometer similar to that used to measure pressure of the
hand, and found that in every case the dilation produced was less
than %45 inch and that contraction never occurred. This shows that
there is no ground for the argument that a plaster applied directly to
the skin without padding tends to cause constriction. Apart from the
prevention of possible friction in a few areas, among them the great
tuberosity of the caleaneus, the anterior superior iliac spine, the lumbar
spinal processes, and the sacrum, there is nothing to be gained by sepa-
rating the plaster from the skin. In fact, a plaster applied in direct
contact with the skin effects a more complete immobilization and thus
holds the fragments of the bone more firmly in position than does one
which is placed over an intervening layer of padding.

Moreover, the absolute immobilization of the limb that ean be ob-
tained by careful application of a skin-tight plaster, provided that
there is some protection over the bony prominences, prevents any slight
displacement of the skin underneath the plaster, and thus averts the
sores commonly produced by this cause. That the sores which occur
underneath plaster casts are in many cases caused by friction due to
incomplete fixation is clearly shown by the conditions under which the
commonest of all such ulecerations is produced, namely, that which ap-
pears in the lumbo-iliac region. Despite the routine protection of this
area with several layers of padding, sores often develop here under-
neath spica plasters. On the other hand, sores in this region are very
rare when the plaster covering it is part of one which immobilizes the
trunk, as in fractures of the spine, even though this plaster exerts a
considerably greater pressure than the hip spica. In other words, the
more complete immobilization of the bony prominences of the spine
prevents ulceration of the skin.
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In almost every case the lesion is first seen in the superficial layers
of the skin, and only in the later stages is the whole integument de-
stroyed; the damage is clearly produced by severe seraping combined
with some pressure.

Sores produced by excessive pressure, causing an area of ischemia
in the whole skin, are rare and arise from one of two causes: the poor
general condition of the patient or faulty technique. The most com-
mon mistake is to apply undue pressure with the thumb when mould-
ing the plaster over a small but marked bony prominence (e.g., the
head of the fibula or the internal epicondyle of the humerus). The late
appearance of sores under a plaster that has given no trouble through-
out a long initial period, and the development of skin lesions accom-
panying general infective processes, are well known. With the type
of sore due to ischemia there is a necrotic sloughing of the whole
thickness of the skin over an arca immediately surrounding a bony
prominence.

It will be seen, therefore, that a protective general padding is of
limited value in preventing sores, and in some cases actually increases
the risk, since the less complete immobilization which it often involves
promotes friction of the skin by the protective material, which quickly
becomes compressed and hard beneath the plaster. The best material
for protective purposes is white adhesive felt 4 inch thiek; the adhe-
sion of this to the skin prevents friction. To protect a marked bony
prominence, such as the posterior iliac spine, it is a good plan to cut
a number of slits in the piece of felt radiating from the center, so that
there is a snug fit round the protuberance. For patients who must be
kept in bed for a long period, it is particularly advisable to use felt
cut in squares of three inches.

In war injuries there is a further and still more important reason
for omitting a layer of padding beneath the plaster. Compound frac-
tures operated on late and immobilized in plaster, whether with or
without a window, are apt to produce a copious discharge which satu-
rates the cotton wool or other protective material, producing macera-
tion of the granulations and an offensive smell which necessitates pre-
mature change of the plaster.

For these various reasons skin-tight plaster is strongly advocated for
compound fractures. Those few areas of the body which require some
slight protection from direct contact with the plaster will be indicated
later when the casts for the different regions are individually deseribed.

METHODS OF PLASTERING

As in the days when plaster of Paris was first employed for surgical
purposes, two methods of application are in use today: the plaster-
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bandage and the ‘‘patiern”’ techniques. Raeh has its individual ad-
vantages and disadvantages.

Advantages of the Plaster-Bandage Technique.—

1. The application of plaster bandages requires no special knowledge
other than that possessed by the general practitioner. Moreover, stu-
dents can be quickly trained in the technique, owing to its similarity
to that of the ordinary roller bandage.

2. The material, being uniform, varying only in size, is very easy
to apply.

3. The fact that plaster bandages can be made up in advance and
stored up for future use results in saving of time in the preliminary
preparations.

4. The pressure of the plaster can be reinforced over those areas
which carry the greatest weight merely by making additional turns of
the bandage. :

Disadvantages of the Plaster-Bandage Technique.—

1. An ample supply of prepared bandages has to be kept in store.

2. The application of the bandages, particularly for shoulder and
hip spicas, takes up a fairly considerable time. In wartime, when con-
siderable numbers of casualties are admitted to a hospital at the same
time and have to be dealt with in quick succession, surgeons must
necessarily work at speed and can ill afford the 20 to 25 minutes which
are required for applying, for example, a thoracobrachial plaster by
this method. Moreover, even at the end of this time the operating
table is not free for the surgeon to proceed with the next case, for the
patient must be left until the plaster has set. All compound fractures
must be plastered on the table on which the surgical procedures have
been carried out. The patient who needs a thoracobrachial plaster has
probably suffered a serious injury and undergone a long and severe
operation, and so the considerable extra period of general anesthesia is
an added risk.

3. The procedure is always messy. However careful and skillful the
worker, it is virtually impossible to apply a plaster bandage without
spilling the plaster over the table and floor. If the operating room is
to be spared this mess, the patient should he moved to the plaster room
before the plaster is applied, but that will still further increase the
time taken.

Advantages of the Pattern Technique.—

1. There is no need to keep a stock of prepared bandages, which in
time of great pressure, as after heavy raids, might become exhausted.
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2. The technique is relatively quick, for more than half the pro-
cedure—the preparation of the materinls—can be carried out by an
assistant while the surgeon is still operating, and the plaster can be
applied on an orthopedic table without any alteration in the skeletal
traction used during the operation. A thoracobrachial plaster can be
applied by this method in about 8 minutes.

3. The method is clean, and the whole application ecan be completed
without more than a few drops of paste being spilt on the floor. Hence
there is no need to move the patient out of the operating room for the
plastering process. .

4. Radiographs through the uniformly thick and dense pattern
plaster are not marred by the patchiness so often produced by radiog-
raphy through plaster bandages.

5. The plaster sets uniformly, taking on a similar consisteney through-

“out, and is therefore not subject to the exfoliation which not infrequently

occurs with the bandage technique.

Disadvantages of the Pattern Technique.—

1. The technique requires a certain amount of specialized knowledge
and takes somewhat longer to learn.

2. Some time must be given up to the preparation of the plaster just
before its application.

In my opinion, cach of these two techniques has its speeial indications.
For immobilization of the elbow, the forcarm and the foot, the plaster-
bandage method is the most suitable; for the shoulder and arm (tho-
racobrachial plaster), the leg and the wrist T prefer the pattern tech-
nique. For the hip spica there is little choice between the two.

The Plaster-Bandage Technique

Instruments and Materials
The instruments commonly employed are:

Several plaster cutters.

A saw.

A magnified glove streteher for opening the plaster after cutting.
Benders.

Scissor-like cutters for soft plaster.

Strong scissors for cutting felt.

. Strong sealpels, generally second-hand from the operating room.
. Wire cutters.

Indelible pencils.

10. A tape measure.

11. A pint measure.

12. Pails.

13. ‘Bowls of several sizes, some very large.

© 00N U N0
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The materials required are as follows:
Plaster of Paris, known as ‘“‘superfine plaster.”’

B_ooéc muslin, 32 threads to the inch, stiffened with starch, not
sized.

‘Wool bandages.

. White felt, 74 inch thick.

White adhesive felt, 4 inch thick, backed with zine oxide.
. Malleable iron wire, 10-20 S.W.g.

. Flat strips of malleable iron, 2 ft. x 34 inch x 14 inch.

. Kramer wire, 314 inch x 24 inch and 31/ inch x 40 inch.

PRPU W POH

The plaster and the plaster bandages are kept in airtight containers
in a dry place.

Preparation of Bandages.—The muslin from which plaster bandages
are made is supplied in rolls about one yard wide and twelve yards
long. This is torn into strips of various widths and lengths ranging
from 6 inches by 4 yards to 3 inches by 2 yards. From each strip of
muslin the outer three threads are withdrawn; if this is not done these
threads tend to fray and hamper the bandaging process. The strips
are then loosely rolled into a bandage.

The method of converting these strips into plaster bandages is best
learned by observation and practice. On a smooth board the bandage
is unrolled foot by foot, passed through a heap of dry powdered plas-
ter, which is lightly rubbed into it, and re-rolled as the plaster bandage.
About 12 to 15 inches of the muslin strip lies exposed on the board at
a time. Care must be taken to ensure that just the right amount of
plaster is rubbed into the muslin, and again that the proper amount is
retained in the mesh and left on the surface of the material in the
re-rolling process. The rolling must be done very evenly and at a
‘moderate tension; if the roll is too tight it will not absorb the water,
and if too loose much of the powder will come away before, during,
and after the soaking process and the bandage will tend to run out in
a ‘“tail”’” when applied.

Soaking.—AIll materials and utensils must be ready. The probable
number of bandages needed should be laid out on a tray. This is an
important point, because if bandages are taken from the storage con-
tainer with a wet hand, drops of water will inevitably be spilt on the
other bandages and render them useless. Plenty of warm water should
be set out, in two deep basins for small plasters and two pails for large
ones. A smooth board about 3 ft. by 2 ft. should be readily available
for plaques.

‘When all preparations are complete, the first two rolls of bandages
are gently lowered into the water. There are a right and a wrong way of
handling the bandage during the soaking process. The roll should be
gently let down to the bottom of the basin or pail in the horizontal
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position and left there undisturbed until all bubbling has ceased. It
is then lifted out clear of the water, still horizontal, and is gently
squeezed from the two ends; it must not be wrung. By this means
unnecessary loss or disturbance of the plaster is avoided. If, on the
other hand, the bandage is let down into the water or removed from it
in the vertical position, or if it is handled carelessly, much of the
plaster either escapes altogether or becomes unevenly distributed
through the muslin and the bandage is consequently spoiled. The
squeezing is intended only to remove the surplus water, and the band-
age should be applied while still dripping wet.

Application.—The characteristic virtue of the plaster bandage is its
combination of great flexibility while being applied and strong rigidity
when fully set, and the period between these two stages is of critical
importance. The limb must be placed in exactly the required position
before the plaster is applied, and this position must be strictly main-
tained throughout the whole of the application. If the position is
altered at any stage, even while the final layers of the plaster are being
applied, unsuspected ridges will be formed among the inner layers,
which will not only cause pain but will also tend to produce sores or
ischemia. The comfort and well-being of the patient depend on the
smoothness of the inner surface of the plaster and on its aceurate and
comfortable fit round each bony prominence. A plaster cast that has
a perfect external appearance may have a sharp ridge inside. The
position of the limb, therefore, should never be altered during the ap-
plication of the plaster. If the position is found to be wrong, the
plaster must be stripped off and reapplied after the correct position
has been obtained.

It is advisable whenever possible to apply a plaster with the limb
completely immobilized by continuous traction on the orthopedic table
on which the surgical operation has been performed. If a fractured
limb is held in position by hand, slight movement is almost inevitable,
particularly in the plaster-bandage technique, for with this the hands
of the assistant holding the limb must be moved from time to time to
allow the bandage to be applied, and the comparatively long time con-
sumed in the application favors the possibility of movement from the
original position.

““Loop’’ and ‘‘Draw.’”’—Two movements can be used to ensure that
each turn of the bandage lies evenly and to allow changes in the
direction of the bandage: first the ‘“‘loop,’’ by which a 2- to 3-inch loop
of the plaster bandage is thrown back, after which the run of the band-
age is easily redirected; and secondly the ‘“draw,’” by which one edge
of the bandage is drawn back a little while the run is redirected. It is
advisable to make frequent use of one or other of these two devices in
applying the innermost layer of a skin-tight plaster, in order to avoid
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all risk of causing a small ridge or unevenness by greater tension of
one edge of the bandage. If during the earlier stages of applying a
plaster bandage a loop or draw is made as each turn covers any bony
prominence, and if the plaster is well rubbed in and moulded to exag-
gerate, if anything, the depression surrounding the bone, there is little
risk of undue compression

The Outer Layers.—Once the first few layers of the plaster bandage
have heen carefully applied in this way, we come to the appholtlon
of the layers which form the outer structure of the east. The method
here is somewhat different and is hased on the sole principle of provid-
ing additional strength where this is needed. The process consists no
longer of bandaging in the ordinary sense of the term; indeed, great
care must be taken to avoid the slightest pull. One method is to unroll
the bandage rapidly on the actual surface of the existing plaster, for
this eliminates the risk of tension involved when the roll is held away
from the surface.

In certain areas, such as the dorsum of the foot and the anterior
aspect of the elbow, the initial layers of the plaster bandage are suffi-
cient support and require no reinforcement, while the region of the
upper abdomen and lower ribs in front nced never be enclosed in
plaster at all. The plaster cast for the lumbar region is made of
plaques, well moulded to the body and possibly held in place tempo-
rarily by a few turns of bandage round the upper abdomen, the band-
age being cut and turned back from this region before the plaster has
fully set. On the whole the best method of reinforeing the inner layer
of the plaster cast is by plaques, which are prepared by one or more
assistants while the inner layers are being applied.

Plaques.—Plaques for reinforeing plaster casts are made out of ordi-
nary plaster bandage. The smaller plaques are made from the smaller
bandages, i.e., those that are used for the forearm and hand; while for
strengthening casts over the thorax and the back of the pelvis, broad
plaques 2 feet square are made from several handages of a larger size.
The plaster bandage is soaked in the ordinary way and is then moulded
backwards and forwards over a smooth board, being unrolled naturally
along the board in one direction and then lifted and unrolled by hand
in the other, then laid down and run along the board again, lifted and
unrolled by hand, and so on. This process is carried out much more
easily and quickly if an assistant places a finger at each end of the
plaque as the bandage is unrolled and the layers are laid out on the
hoard.

The plaque is laid carefully over the casing made by the plaster
handage and is rubbed into it, being held in position by a further band-

age where necessary. It can either be left flat or gathered into round
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ropes or oval bars to form trabeculae. The surgcon places the rein-
forecement just where the plaster requires additional strength, e.g., for
a long spica of the groin, both in front of and behind the hip.

Patching.—If, in the course of wear, a plaster cast requires strength-
ening at any point, it can be patched either with bandages or with
plaques. Such a pateh will not, however, adhere to the original plaster
unless the surface is slightly softened with new plaster paste. The
technique of doing this is as follows. The portion to he patched and
the area immediately surrounding it are seratched and roughened with
a saw or rasp; some fairly thin plaster paste is rubbed well into the
roughened area, and the bandages or plaques are applied before the
paste has had time to set.

The Pattern Technique

Since the first deseription of this technique by Pirogoft (1864) its
main prineiples have remained unchanged ; but the materials employed
for the patterns and the design of the patterns themselves have heen
frequently modified. In Catalonia we used a thick, soft flanneclette
with a wide mesh ; in France the school of Calot and in England John
Croft employed ordinary gauze. I have recently adapted the tech-
nique current in Barcelona, using the muslin material ordinarily em-
ployed for plaster bandages and inereasing the number of layers to
compensate for the thinner material.

Preparation of the Patterns.—DMecasurements of the part to be im-
mohilized are taken on the uninjured limb, from 5 to 10 per cent being
added to allow for shrinkage of the fabric. These measurements are
marked on the muslin, which is spread out on a table, and the appro-
priate number of layers are then folded up. Next the design is pen-
cilled on the top layer of the muslin, and the pack is eut out. The
number of layers required varies with the size and weight of the part
to be immobilized. The quantities given below refer to the require-
ments for an average-sized adult. There are five patterns for the
limbs ; these are suitable for all cases and vary only in size.

The Plaster Cream.—The proper amount of hot water (temperature
approximately 100° F.) is poured into a shallow basin. Plaster powder
in the prescribed proportion (for details see ‘‘Regional Plaster Tech-
niques’’ below) is quickly sprinkled over the surface of the water until
it is no longer absorbed. The mixture is then stirred and rubbed into
an even cream. Ield at one end, the pattern, complete with all its
layers, is passed into the mixture, where, while still immersed, it is
loosely rolled up. Finally, the roll is lifted out of the basin and gently
squeezed (it must not be wrung) to remove any excess of liquid. The
pattern is then ready for application.
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Application.—Without loss of time the pattern is spread out over
the injured limb and moulded to the surface. Care must be taken that
all the layers correspond and that no ridge is formed. Some turns of
ordinary bandage are used to hold the pattern in position and a thin
layer of plaster cream is spread evenly over the surface. Before the
plaster has set the pattern must be well moulded round the epiphyseal
regions and other bony prominences and over the area of the wound,
care being taken that smooth pressure is made with the whole hand and
not with the tips of the fingers only ; this is to secure uniform and wide
pressure on the selected points.

REGIONAL PLASTER TECHNIQUES

The Hand

No padding is required in either the bandage or the pattern technique.

Bandage Technique.—The plaster extends from the heads of the
metacarpals to one inch below the bend of the elbow. Plaster bandages
measuring 3 in. x 2 yards are used, from one of which a plaque should
be made. This plaque is applied to the palmar region and forearm
with the hand in dorsiflexion. Two or three bandages of the same
length and width are used to hold the plaque in position. The thumb
should be placed in slight abduction and opposition. The end of the
plaster at the elbow must allow complete flexion of the forearm with-
out making any pressure on the skin; if the plaster is too long the
upper edge must be turned back before setting.

i
1

Fig. 47.—Plaster pattern for immobilization of wrist.

Pattern Technique.—
Materials required: 6 layers of muslin
1% pint of water to 3/ pint of plaster

The extent of the plaster and the position of the hand are the same
as in the bandage technique. The pattern (see Fig. 47) is slightly nar-
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rower at one end; an inch and a half from this end, and near one of the
long edges, a hole about the size of a half dollar is cut out for the thumb.
A single plain gauze bandage is used to hold the pattern in position.
TFor simplicity and rapidity of application and for perfeet fit, this
technique is preferable to the bandage technique in this region.

Wrist and Forearm

The hand should be in 45° of dorsiflexion, the forearm in 90° of
flexion. The degree of rotation of the hand depends on the level of the
fracture: if the fracture is in the lower end of the radius and ulna,

Fig. 18.—Plaster pattern for immobilization of forearm.

the wrist should be in pronation, but this position must never be forced.
For other fractures the hand must be immobilized in a degree of
supination determined by the level of the injury: for a fracture in the
middle third of the forearm, the hand should be in a midway position,
and for one in the upper third in moderate but not extreme supination.
In thin persons, or in patients suffering from sepsis with toxic ab-
sorption, the internal condyle of the humerus must be protected with
a square of adhesive felt to prevent undue pressure at this point.
Bandage Technique.—A plaque is made with a single bandage, 4 in.
x 4 yards, to stretch from the heads of the metacarpals to the humeral
insertion of the deltoid, and is applied to the posterior part of the
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arm and forearm. With the hand in pronation the plaque supports the
palmar region, and with the hand in supination the dorsal region.
Four plaster bandages of the same type are rolled on to make a strong
plaster.

Fig. 49.—Shoulder spica. Thoracic pattern. A. Part corresponding to the axilla
and inner aspect of the arm. B and C. These two parts are superimposed over the
suprascapular region.

Pattern Technique.—
Materials required: 6 layers of muslin
13/ pints of water to 2 pints of plaster

The design of the pattern for the wrist and forearm is similar to that
for the hand, but it has an extra part to include the elbow and arm
(see I'ig. 48). This extra part is drawn at right angles to the forearm,
and its width corresponds to the circumference of the arm. A cut is
made in the center of the anterior angle to facilitate application, and
a curved indentation is made in the posterior angle, which corresponds
to the position of the olecranon. The plaster is applied to the lateral
aspect of the limb and fixed in position with an ordinary gauze bandage.

The pattern technique has no appreciable advantage over the band-
age technique in this region, and the simplicity of the latter explains
its general acceptance.
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Elbow, Arm, and Shoulder

The elbow cannot be completely immobilized without fixation of the
shoulder, and for this the ‘“thoracobrachial’’ plaster is required. This
is the most complicated of all plasters and, as it includes a large part
of the body and the upper limh fixed in abduction, must be strong
and yet not too heavy. Ifor this region the use of bandages, by which
the plaster is difficult to fit and takes a long time to apply, is greatly
inferior to the pattern technique. I shall therefore confine myself to
a description of the latter, by which with practice the thoracobrachial
cast ean be applied in less than ten minutes.

Fig. 50.—Shoulder spica. Brachial pattern. This is applied immediately after the
thoracic pattern. In fitting the pattern to the elbow, the superimposition of the
layers of muslin increases the resistance of the plaster.

Thoracobrachial Plaster: Pattern Technique

This plaster consists of two different parts, one embracing the thorax,
and the other immobilizing the shoulder, arm, forearm and wrist. These
two parts will be described separately.

Pattern for the Thorax.—

Materials required: 10 layers of muslin
214 pints of water to 334 pints of plaster
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The width required is the maximum circumference of the thorax
(plus 5 per cent to allow for shrinkage of the muslin) and the length is
from one inch below the anterior iliac spine over the shoulder to the
spine of the scapula (see Fig. 49). When the layers of muslin have
been prepared, the rectangle is folded in half so that the two shorter
edges D—D’ come together. Irom one of the edges, at a point 6 to
7 inches from the fold, a curved line is drawn to the lateral edge at the

) 't

Fig. 51.—Shoulder spica. Padding with felt. (See also Figs. 52 to 57.)

level which will correspond to the axilla of the uninjured side (B—D
and C—D’). From the same edge, and about 214 inches from the fold,
another line is drawn, this time parallel with the fold and ending one
inch below the level of the axilla (B—A and A—C). When cut out the
pattern presents the appearance shown in Fig. 49; the flap A forms a
strong support for the arm in the axillar region.

Pattern for the Limb.—

Materials required: 10 layers of muslin
2 pints of water to 3 pints of plaster
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The length is taken from the heads of the metacarpals to the base
of the neck, with the forearm extended, and the width from the circum-
ference of the arm. Measurement of the girth of the forearm is not
necessary, because the proportions are very constant; in its proximal
part it is slightly larger than the upper arm, and in its distal part it is
smaller by two-fifths.

Fig. 52.—Padding of back.

This pattern has a different design from that described for the fore-
arm, owing to the need for reinforcing the plaster at the elbow. It is
drawn in a straight piece, with a long cut into its anterior face at the
level eorresponding to the bend of the elbow (see Fig. 50). As the pat-
tern is placed on the arm with the elbow in flexion, the two edges of this
cut overlap each other at the point where extra strength is needed. The
part corresponding to the shoulder is butterfly-shaped; and at the level
of the axilla a eut is made on each side to enable the plaster to be applied
smoothly round this area.
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Protection of the Skin (see Figs. 51, 52).—
In order to protect the skin from the upper edges of the plaster, a

band of felt 4 inches wide should be passed round the base of the neck

on the injured side to the axilla on the opposite side, where the two
ends are stitched together. The lower 3 inches of this band will be
covered by the plaster and the remaining inch turned back over its
edge. A similar band should be used to protect the anterior superior
iliac spines and lumbar region. In thin or toxemie patients the internal
condyle of the humerus should also be protected.

Fig. 53.—The anterior flap, corresponding to the suprascapular region, is super-
imposed on the posterior.

Application.—

The best position for the patient is sitting on a stool. Obviously, how-
ever, a patient cannot easily be held in a sitting position under general
anesthesia, and in such cases a special operating table is required for
the application of the plaster. If this is not available an improvised
support can be devised (see Fig. 49). The patient’s head and pelvis
are supported by two separate tables, and a bar, preferably of iron, some
40 inches long, 3 inches wide, and % inch thick, is placed as a bridge

to carry the patient’s spine. An assistant should steady the patient by
holding the uninjured shoulder.
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The thoracie pattern, having been duly prepared and soaked in the
plaster eream, is the first to be applied. The two flaps for the supra-
clavicular and suprascapular regions respectively, and the flap for the
axilla must be placed carefully in position (see Fig. 53); and over the
iron bar the plaster is well moulded to the body, particularly over the
iliac spines and the upper edges of the ilia. A fine plain gauze bandage
is used to hold the pattern in position. Meanwhile an assistant or nurse

TFig. 54.—The flap corresponding to the axilla is applied to the inner aspect of the
arm.

has prepared the plaster cream for the limb pattern and soaked this in
it. The limb pattern is now applied immediately, the part for the
shoulder being placed over the shoulder flaps of the thoracie pattern (see
Fig. 54). Care must be taken that the flap for the axilla in the thoracic
pattern is well covered by the corresponding portions of the arm pat-
tern. The pattern is held in position by an ordinary gauze bandage
(see Fig. 55). IFinally the iron bar is withdrawn from inside the plaster
by traction towards the patient’s head (see I'igs. 56 and 57).



268 WAR SURGERY

The immobilization of the different types of fractures of the humerug
and the various positions of the arm required are dealt with in Chap-

ter XXT,

Fig. 55.—The pattern for the arm is being applied. Some turns of ordinary bandage
fix the plaster in position.

The Foot

Some protection, preferably of felt, should be placed round the leg
below the knee to prevent friction of the skin from the upper edge of
the plaster. If traction is to be applied, the whole ankle region must
be protected ; if not the only padding required on the foot is over the
tuberosity of the calcaneus.

Bandage Technique.—Plaster bandages can often be easily applied
in this region. The best method is to prepare a plaque with a single
bandage, 6 in. x 4 yards, spanning the distance from the toes over the
heel to just below the back of the knee. This is applied to the plantar
and posterior aspects of the foot and leg. A cut must be made into
both edges at the level of the heel to avoid the formation of ridges and

Fig. 56.—Thoracobrachial plaster completed. Anterior view.

Fig. 57.—Thoracobrachial plaster completed. Posterior view,
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consequent pressure points. Four or five plaster bandages of the same
width and length are rolled on and moulded carefully over the ankle
and heel. Care must be taken to avoid retraction of the toes in
flexion, which is very liable to occur when the tips of the toes have no
proper support.

Pattern Technique.—

Materials required: 8 layers of muslin
1 pint of water to 13/ pints of plaster.

The length is measured from the tips of the toes to the heel and thence
to the back of the knee. The maximum width of the pattern is the cir-
cumference of the leg at the calf; below this point the pattern narrows
to the malleoli, and then widens out again.

S

Fig. 58.—Pattern for immobilization of the foot and ankle. The foot is placed be-
tween the straight straps. The curved lateral strap covers the heel and plantar
region. (See also Figs. 59 to 63.)

Into the lower end of the pattern two cuts about 12 inches long are
made, dividing this end section into three flaps, two of which are of equal
width and the third slightly wider (see Fig. 58). The pattern is applied
so that the foot passes between the first and second flaps, which thus
cover both malleoli. The remaining portion of the pattern is passed
round to the back of the leg so that the third flap covers the heel and sole
of the foot, where it is held in position by the two side flaps which are
now rolled round the foot. If a Kirschner wire or a pin is exercising
traction on the caleaneus or lower epiphysis of the tibia, the first and
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second flaps pass in front of the wire and the third behind it. The
whole pattern is held in position by ordinary gauze bandages.

The pattern technique is simple and quick, and is undoubtedly
preferable to the use of bandages for limbs immobilized under continu-
ous traction, if only because of the difficulty of passing the bandage
hetween the foot and the traction apparatus. Moreover, when position
is being maintained by manual traction, better fixation is obtained
because the hands need only be moved once to permit application of
the pattern.

The Leg

The rules for protection of the skin are the same as those deseribed
above in the technique for the foot. In addition, however, a piece of
felt should be placed over the patellar region.

Fig. 59.—Pattern for immobilization of the leg.

Bandage Technique.—Using two 6-inch bandages 4 yards long, a
plaque is made extending from the middle of the thigh, over the back
of the heel, to the toes, and applied to the plantar and posterior aspects
of the foot and leg, as described in the technique for the foot. It is
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fixed in position with seven or eight plaster bandages of similay size,
and with a 4 in. bandage for the foot.

Pattern Technique.—
Materials required: 10 layers of muslin
2 pints of water to 3 pints of plaster

This pattern is similar to that for the foot, deseribed above, except
that it extends to the middle of the thigh (see Figs. 59 to 63).

For the leg, as for the foot, the pattern technique is preferable to the
bandage technique when traction is required.

Fig. 60.—The pattern soaked in the plaster cream is spread out over the leg, and the
foot is placed between the narrow strips.

Knee, Thigh and Hip (Hip Spica)

In both bandage and pattern techniques protection should be pro-
vided over the anterior superior iliac spines and sacrum, round the
knee, and over the calcaneus. J

Bandage Technique.—A plaster bandage 6 in. x 4 yards is rolled in
a figure of eight round the pelvis and groin. A two-bandage plaque
is applied round the pelvis and held in position by another 6-inch
bandage. One single-bandage plaque is applied to the back of the but-
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tock, thigh and knee, and another to the front of the pelvis and groin;
these are held in position by two cireular bandages. When the hip
has been fixed, plaster bandages are rolled on from the groin to the
middle of the calf, and a plaque of 6-inch bandage is applied poste-
riorly from the middle of the thigh to the lower third of the leg, and
held in position by two more plaster bandages. The knee having been
thus fixed, a plaster bandage 4 in. x 4 yards is rolled round the ankle
and foot, and a posterior-plantar plaque extending from the thick of
the calf to the toes is applied and secured by another 4-inch circular
bandage.

Fig. 61.—The plaster pattern is spread out, carefully avoiding the production of
ridges.

Pattern Technique.—The pattern consists of two parts, one embrac-
ing the pelvis and the other the thigh, leg and foot. These two parts
overlap 4 to 6 inches at the groin (see Fig. 64), where an angle is cut
out to facilitate application. A curved indentation is made opposite
this angle, so that the pattern can be smoothly fitted round the buttock.
This overlap of the two parts provides extra strength at the most vul-
nerable region of this plaster.

Materials required
for each part: 10 layers of muslin
214 pints of water to 31% pints of plaster

For the pattern for the pelvis the length required is from the ninth
rib to one inch below the groin, and the width is the circumference
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Fig. 63.—The final product.

PLASTER-OF-PARIS TECHNIQUE 275

of the pelvis. For the pattern for the leg the length is taken from the
anterior superior iliac spine to the toes, and the width from the ecir-
cumference of the thigh at its widest part.

The pattern for the pelvis is the first to be applied (see Fig. 65) and
is held in position by two ordinary gauze bandages. Care must be
taken that it should be very well moulded over the anterior iliae spine
on each side and over the groin arca. Application of the leg pattern
should follow without delay, before the pelvic plaster has time to set

o

Fig. 64. —Gmm spica for adults. The plaster pattern is cut in two pieces: one for
the pelvis and the other for the thigh and leg. They are superimposed at the groin.
(See also Figs. 65 to 68.)

(see Iigs. 66 to 69). The upper end is laid over the groin and tro-
chanterie portions of the pelvie pattern, care being taken that the
cuts for the groin and buttock in each pattern correspond exactly.
The lower portion of the leg pattern is applied as described above (see
p. 270). If traction is exercised by means of foot pieces, the pattern
ends at the level of the malleoli and the foot is subsequently immobi-
lized with plaster bandages.

In this case the pattern technique has the advantage of taking only
half the time required for application of the bandage technique.
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Fig. 65.—After the bony prominences of the pelvis and foot have been protected with
felt, the pattern corresponding to the body is placed in position,

; Fig. 68.—The final product.
Fig. 66.—The pattern for the limb is spread out and placed in position. B
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Fig. 69.—Long groin spica to immobilize a transtrochanteric fracture. Plaster
made by pattern technique. Although it is a light plaster, the photograph shows its
good condition after ten weeks of wear.

COMPLICATIONS UNDER PLASTER

One of the major difficulties in introducing the biological technique
of treating war wounds has been to convince surgeons that the com-
plications are not only far fewer than with any other but also more
casily detected. The old demand to examine the wound directly in
order to estimate the progress of healing has been one of the greatest
obstacles to the general acceptance of this technique. Fortunately,
any complication which may arise in the wound immediately produces
general repercussions and other direct signs that allow the surgeon to
make a prompt diagnosis. In the following pages I shall describe the
most important and commonest of the complications which may occur
in wounds treated under plaster casts, estimating the importance of
the signs and symptoms and suggesting their interpretation.
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Fever.—Many patients with wounds encased in plaster show a rise
in temperature for two, three, or four days after the operation. This
fever varies with the characteristies of the wound, the time of the
operation, and the technique. It is a sign cither of a local fight against
bacteria or of reabsorption of blood in an extensive zone of local shock
(see p. 145). In the great majority of cases it lasts for two or three
days and then decreases rapidly. A rise in temperature alone need not
mean that something wrong is happening beneath the plaster. In some
cases a more persistent fever may occur, and the administration of one
of the sulfonamide compounds may help in diagnosis. A fever that
disappears after a short course of chemotherapy is not a sign of com-
plication in the wound, but probably reflects the ordinary local fight
that goes on before the layer of granulation tissue can protect the
wound from absorption. Patients treated prophylactically with sul-
fonamide compounds are generally free from this initial rise in tem-
perature, and so are those who are operated on under the optimal con-
ditions of time and technique without chemotherapy.

Absence of fever is the main sign that a perfect evolution will follow.
The patients who remain afebrile are also those who never have an
offensive odor and whose first plaster can be kept in position for six
or eight weeks if need be.

Most of the patients who have had an initial period of fever after
the operation have a transient rise in temperature each time the plas-
ter is changed, very similar to the first bout but shorter. This is due
to absorption of bacteria and toxins as a result of the slight damage
done to the granulations by the change of dressings and of the move-
ment of the tissues during the fitting of the new plaster.

A sudden rise in temperature shortly after operation, accompanied
by an inecrease of pain and swelling of fingers or toes, is a sign of an
infective complication in the wound. The commonest cause is cellu-
litis, due either to the operation having been performed too late or to
an inadequate incision into the cellular spaces having allowed blood
and lymph to collect. A course of one of the sulfonamide compounds
should be given immediately (see p. 205).

A similar picture may be shown by patients whose progress has been
satisfactory for some time after the operation. Such patients have
usually had some excessive discharge, and the problem is whether bet-
ter drainage or treatment for lymphangitis is required. If the first,
chemotherapy is useless, but a window in the plaster or, still better,
its division into two halves allows the necessary operation to be per-
formed; if the latter, sulfonamide compounds administered by mouth
rapidly control the temperature. _

The remaining possible cause of early fever is gas gangrene; hut
fever is not the most important sign of this complication, which with
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very few exceptions affects only wounds of a lower limb (see Chapter
VII). Suspicion should be aroused at once by a rapid pulse, pain with
an inereasing sensation of heat and tension in the wound, edema, cold
and difficulty of movement in the toes, slight excitement during the
first few hours, and the general characteristics of the wound at the
time of the operation.

In case of doubt it is better to cut a small window without delay,
not over the wound itself but over the skin proximal to the wound, to
see the degree of tension of the thigh or leg. The plaster should be
removed only if the skin is pressing against it. In over 1,300 cases I
have treated with plaster I have had only one case of gas gangrene,
and that was diagnosed early by the discomfort caused by the inereas-
ing tension of the limb under the plaster.

Another type of patient has a moderate but persistent fever for sev-
eral weeks. This is due to osteomyelitis, for which the only treatment
is drainage of the affected bone.

The Pulse.—The pulse is important only in relation to the tempera-
ture. An inecrease of pulse rate together with some rise of blood pres-
sure may be the first sign of gas gangrene.

Pain.—One of the most striking features of the treatment of wounds
under plaster is the absence of pain. This is so constant in the biologi-
cal treatment that pain has a diagnostic value far greater than in any
other technique. Pain, or even discomfort, in the wound is a sign that
something is amiss. Pain has a special significance in a patient who
has previously been perfectly well. When pain accompanies fever in
a patient who has been under treatment for more than a week, the
most probable cause is either cellulitis or pocketing of the wound due
to insufficient drainage. Swelling of the regional glands and edema
of the toes and fingers, and in gas gangrene the sensations of tension
and heat, which both increase with great rapidity, facilitate diagnosis.

Edema.—Edema of the toes associated with a rise in temperature
and inability to move toes and fingers is typical of an infective com-
plication.

Profuse Discharge.—Though not a real complication, profuse dis-
charge is one of the events which may induce the surgeon to change
plasters too often. In a fracture especially, the removal of the plaster
increases the risk of losing the reduction, damages the granulation
tissues, and gives rise to absorption. On the other hand, some plasters
become softened by a copious discharge with resulting impairment of
immobilization. For this reason, and also because a profuse discharge
is a nuisance and there is danger of absorption through the granula-
tions, treatment is desirable. ‘

The best measure is to prevent the suppuration by proper operation
at the appropriate time. When a granulating wound more than two
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weeks old has a copious discharge, it is desirable to wait as long as
possible and, before changing the plaster, to cut a window in it, examine
the wound, and search for osteomyelitis. If this is present, the limb
should be radiographed and the operation performed after cleansing
the wound in the manner deseribed in Chapter XIV. The second plaster
may certainly be left on the limb very much longer than the first, and
by the time it is changed, probably the whole wound will be granulating
and the bone covered. If suppuration is still profuse, the wound should
be cleansed with soap and water solution and dried, the granulations
soaked in tincture of iodine (which decreases the excessive moisture by
coagulating the superficial layer), and vaseline gauze and a new plaster
applied.

The excessive discharge of some wounds treated under plaster causes
the most serious drawback of the biological treatment: offensive smell.
As this may be strong enough to constitute an argument against the use
of plaster for wounds, the problem merits discussion in some detail.

THE PROBLEM OF OFFENSIVE SMELL

It has been widely declared that bad smell is inseparable from the
treatment of wounds under plaster casts. This is true when, as a result
of delay or improper surgical technique, wounds are not encased until
colonization of bacteria has begun to take place. Among the bacteria
which multiply in the wound are many anaerobic saprophytes, and it
is these in particular which produce the offensive smell. Pus is pro-
fuse, and plasters stained with the discharge smell abominably.

On the other hand, in many cases—which are precisely those which
follow the least eventful course—the wound produces an inoffensive
smell or none at all. Bacteriological examination in these cases shows
practically sterile wounds, and only dry and black clotted blood stains
the inside surface of the plaster. Thus the best way to combat smell
is to prevent it by a proper operation at the proper time. Once pus has
formed in the wound, smell is inevitable and may even interfere with
treatment. Many plasters are changed too soon owing to the offensive

-discharge which soaks them; this constitutes a risk, especially in cases

of compound fracture.

Several measures to combat the smell have been devised, but none
so far has been uniformly successful. Yeast has been recommended by
the Leriche school on the theory that yeast feeds on the necrotic tissue.
I treated a few cases with this ferment but found no appreciable dif-
ference. The difficulty of procuring enough yeast adds to the incon-
venience of this method, and is a reason that experience with it is so
meager. Wallis and Dilworth (1941) recommend lactose, to modify
the conditions of bacterial growth and thus decrease the number of
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anaerobes. I have tested this technique in three cases of offensive
smell without observing any change.

Connell (1940) rccommends a paste called ‘‘zipp,”’ consisting of zine
oxide 1 part, iodoform 2 parts and liquid paraffin 2 or 3 parts. This
is a modification of Rutherford Morison’s Bipp, but seems to be less
irritant and less likely to cause iodoform poisoning. I have seen only
a few cases in which it was used, chiefly in soldiers from Dunkirk, and
I was not unfavorably impressed with its effect on the smell, even
though it added the unpleasant odor of iodoform. Some bad smell,
however, persisted in spite of the ‘“zipp.”’

A. B.

Fig. 70.—Infected compound comminuted fracture of both legs, caused by aerial
bomb. Admitted to the Wingfield-Morris Orthopaedic Hospital six weeks after the
wound. Drainage was performed, sequestra were removed, and both legs were encased
in plaster and tied up in bags to confine the smell. The photographs were taken after
four months of treatment in plaster.

A. Short plasters to allow flexion of the knees, showing some discharge.

B. Protective bags covering the smelling plasters.
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Seddon and Florey (1942) have approached the problem from an-
other angle: that of ‘“‘isolating’ the plaster by covering it with a
specially prepared linen bag impermeable to gases. When all the
plaster can be included, e.g., on leg or forearm, and the bag is tightly
closed, this device undoubtedly does diminish the smell (see Fig. 70).
Plaster spicas, however, cannot usually be completely enclosed.

Apart from the best antidote, a clean operation within six hours of
the wound, I recommend the avoidance of too frequent changes of
plaster merely because of the bad smell. Though it seems strange,
many cases with evil-smelling plasters, that are kept in position for
several weeks, make a very good recovery, and the smell decreases
with each change of plaster. If, however, smell and discharge persist
despite renewals of plaster, the cause in nine cases out of ten is osteo-
myelitis, which should be treated by removal of the necrotic bony
tissue and free drainage of the cavity. It is better, however, to wait
until the temperature rises and some direct signs of osteomyelitis ap-
pear before removing the plaster. As long as smell is the only sign,
the plaster should be left alone.

Gissane (1939) recommends a few drops of chlorinated eucalyptus
dropped on the plaster several times a day. I have had no experience
with this procedure; it might perhaps help in cases treated at home.



CHAPTER XXI
PRIMARY AND SECONDARY SUTURES

PRIMARY SUTURE

Wounds have been treated by immediate and primary suture inter-
mittently since the early days of surgery, but it was not until the
fourteenth century that the method was fully described by Pietro
d’Argelata as a definite principle of surgery. Since then it has been
employed from time to time, but the frequency of serious infections
(the “‘irritations’’ of olden days) discouraged surgeons from using
it as a general practice. Primary suture first became a regular pro-
cedure in the treatment of traumatic wounds after the discovery of
antisepsis by Lister, for in many cases the antiseptic technique enabled
it to be applied without bad results. The general position remained
essentially unaltered until the War of 1914 to 1918, when the majority
of surgeons began to treat war wounds on lines similar to those they
had used for peacetime injuries. This led immediately to disastrous
results, and it was not long before surgeons came to realize that a
drastic revision of surgical technique was needed. The vast numbers
of casualties in the early months of the war provided surgeons with
ample opportunity of determining the value of their techniques and
improving their methods.

Milligan (1915), Tabuteau (1915), Lemaitre (1916), and others
showed that the essential factor in the treatment of war wounds lay in
the excision of dead tissues. When the importance of this principle
had been recognized with a very marked improvement in results, pri-
mary suture, which had been temporarily discarded, again made its
appearance. The reason for this is obvious. Many surgeons with long
and wide experience of peacetime surgery had adopted the new meth-
ods of wide excision and drainage, without any enthusiasm, and when
further improvements in technique made possible the use of primary
suture with less risk, they gladly took up this new development, for it
approximated more closely to the technique they had used before the
war. As a result of numerous failures, however, there followed an im-
mediate reaction, and primary suture was condemned from all the main
surgical centers of the Allied armies, particularly from the Académie
de Chirurgie de Paris. That the practice was supported rather by
prejudice than by sound judgment is indicated by the changed attitude
of a number of French surgeons, including Professor Tixier, who, hav-
ing strongly advocated the technique during the War of 1914 to 1918,
now emphasize its serious risks.
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Drawbacks of Primary Suture
A number of factors militate against primary suture as a routine
procedure in war wounds:
1. The need for excising a wide area of dead tissues, which makes

it very difficult for the surgeon to draw the edges of the skin together
without tension.

2. The presence in most cases of an area of concussion surrounding
the wound which must be kept entirely free from tension if gas infeec-
tions are to be avoided.

3. The invariable appearance of edema in the area of concussion and
spasm, which makes it all the more necessary that the soft tissues
should retain their maximum elasticity and capacity for distention.

4. The frequent delay before surgical treatment can be given, due
either to the requirements of military operations or to the poor general
condition of the patient.

5. Factors concerning the surgeon himself: the difficult conditions
under which he has to work, the large number of casualties with which
he has to deal, fatigue, and frequently inexperience.

For these various reasons primary suture should be used only in
exceptional cases. The definition of these cases is not easy, however;
if only because it is never easy to express in brief terms the solution
of a large problem which has been arrived at by personal experience
over a long period. A useful though rough classification is into two
groups: cases in which primary suture may be used, and those in which
it should never be used.

Cases in Which Primary Suture May Be Used.—

1. Articular wounds operated on within 24 hours of injury, in which,
after careful excision, it is technically possible to appose the edges of
the synovial membrane. In these cases the skin and aponeuroses must
generally be left open. Only when the operation is performed at a
very early stage, i.e., within 6 to 8 hours of the injury, and when the
amount of skin requiring execision is so small that a suture will not
cause the slightest tension, can the whole wound be completely closed.
Even so0, in most cases it is preferable to avoid suture of the skin. If
the skin is stitched up, the sutures must never be continuous but always
of the separate stiteh type, so that blood and lymph can escape between
the stitches.

2. Wounds in tendinous regions, as in the ankle and foot, and wrist
and hand. In wounds of these areas the risk of gas infection is very
small; healing by granulation leads to disastrous functional results;
and even slight infection of widely open wounds often leads to slough-
ing of the tendons. For these reasons, primary suture may be used
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with advantage for wounds of this type in all cases in which it is tech-
nically possible and the conditions, especially time and cleanliness, are
satisfactory (see Ilig. 71).

Fig. 71.—4. Primary suture in a lacerated wound of the hand, caused by the ex-
plosion of a hand grenade four hours before.

B. Good functional result, due to absence of fibrosis in tendons and cellular spaces.
This is the great advantage of primary suture in a tendinous region. A small bone
graft inserted in the stump of the first metacarpal gave a better grip.

3. In a few cases primary suture may be allowed after an elaborate
suture of nerves, in order to protect them from infection and possible
interference by granulating tissues. These cases, however, are very
rare in war surgery.

4. The majority of lacerated wounds of the skin, without serious
damage to muscles (e.g., those caused by glass splinters in hombed
towns), operated on within eight hours.

Cases in Which Primary Suture Must Never Be Used.—

1. Wounds in muscular regions. The greater the amount of muscle
involved, the greater the risk of primary suture. For example, a deep
wound in the middle third of the thigh should never be closed by pri-
mary suture.
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2. Wounds in areas which receive blood through a single main artery.
The best examples are wounds at the back of the knee and in the an-
terior aspect of the arm. Primary suture applied after excision in
these areas adds to the risk of constriction, and consequently increases
the risk of gas gangrene.

3. Wounds in which it has been necessary to ligate the main local
artery, e.g., ligature of the anterior tibial artery in a wound of the
anterior aspect of the leg.

4. Wounds not operated on until after six to eight hours from the
time of injury (with the exception of the articular wounds mentioned
above).

Technique of Primary Suture

When work has to be carried out at very high pressure, owing to the
large number of casualties which have to be dealt with in a relatively
short time, primary suture must be confined to the most exceptional
cases, that is, to selected cases of articular wounds. The primary
suture of the surgical wound made in the incision-excision procedure
is, however, another matter. Here the long deep incision, made to
facilitate exploration and proper excision, must be reduced after the
excision has been completed. If this is not done, an excessive amount
of fluid will be lost through the long opening, the wound will tend to
gape, the muscles will prolapse and healing will be very slow. The
suture of this incision should be with separate stitches, to facilitate the
natural evacuation of blood and lymph. It should begin at the extreme
ends of the incision on each side of the wound, and should end at the
outer limits of the excised area. The size of the opening that is left
will therefore correspond to that of the original wound plus the en-
largement produced by the excision. To extend the suture to the area
where the tissues have been execised would only lead to still further
restriction of circulation in the ischemic area, and so expose the patient
to the risk of serious complications.

The most suitable material for sutures is either flax or very fine silk.
Catgut has the disadvantage that it is quickly macerated by the Iymph
and prevents the wound from drying.

It must be remembered that only the skin should be sutured; no
stitches should be made in the fascia or muscles. This rule applies
equally to the closure of enlargement incisions, in which, if the super-
ficial fascia were sutured, all the benefit of the release of internal ten-
sion provided by the incision would be immediately lost—with serious
consequences to the patient when the inevitable edema followed.

SECONDARY SUTURE

The careful studies made by Carrel at Compi¢gne during the War of
1914 to 1918 enabled him to lay down the principles of secondary
suture. The great advantage of deferring suture is the avoidance of
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the risks which accompany it at the first operation. Secondary suture
also encourages rapid healing.

In the later stages of the last war three conditions were considered
necessary to justify the closure of a wound by secondary suture (see
Fraser et al., 1918) :

1. That not more than two bacteria per microscopic field should be
present.

2. That it should be possible to apply the suture without causing un-
due tension in the tissues.

3. That the edges of the skin should be clean and healthy.

Secondary suture should preferably be carried out about eight to
twelve days after the injury. After this period the wound becomes too
sclerotic and it is extremely difficult, if not impossible, to draw the walls
together. In contrast to the requirements of primary suture, the ap-
position of the tissues in the deeper parts of the wound is more important
than that of the skin edges. When an area has been excised, it is very
risky to close the skin without first closing the space in the depth of the
wound. Suture of the skin alone would leave an already mildly septie
cavity incompletely closed, and thus lead to infective complications, par-
ticularly cellulitis.

Technique of Secondary Suture

General anesthesia is preferable, so as to avoid the inereased tension
in the tissues produced by the infiltration of a local anesthetic. The
wound is first washed out with a 5 per cent solution of soap (e.g.,
sodium ricinoleate or 1 per cent solution of C.T.A.B. detergent (see p.
193) and water, changing the solution five or six times. The surround-
ing skin is sterilized with an aleoholie solution of iodine or other skin
antiseptic, and the field is isolated with sterile towels. The sutures
should be made with a very long and strong curved needle; and stout
catgut or other suture material, such as flax, should be used. The
needle is introduced into the skin on one side of the wound about half
an inch from the edge and is passed through the tissues to the bottom
of the wound. Great care must be taken not to include any important
anatomical structure in the suture. From the bottom of the wound
the needle is reintroduced into the deep tissues on the other side, and
is passed up until it emerges through the skin, again about half an
inch from the skin edge. A piece of thin rubber tubing one inch long
is passed over one end of the suture to take the pressure from the skin
when the suture is tied. A second stitch is similarly inserted at a dis-
tance of about one inch from the first, a third at the same distance
from the second, and so on.

When all the stitches are in position, the wound is dried and dusted
with sulfanilamide powder, and the stitches are tied. Only moderate
tension should be used, just enough to appose the edges. In between

PRIMARY AND SECONDARY SUTURES 289

each of these stroﬁg and deep stitches a superficial suture of fine qual-
ity is inserted. Iinally, a dressing of sterile gauze and cotton wool is
applied with a moderately tight bandage, and the limb is placed on a
plaster splint that covers about three-quarters of its circumference.
The region of the wound itself must not be covered with plaster, be-
cause in a certain number of cases subsequent inflammation makes it
necessary to remove the stitches. The large plaster splint provides
an adequate measure of immobilization and at the same time facilitates
immediate reopening should this become necessary.

During the War of 1914 to 1918 secondary suture was widely used,
and failures were far less frequent and less serious than those of pri-
mary suture. Some surgeons also described a form of secondary suture
which they called ‘‘delayed primary suture,’”’ in which the suture was
applied three or four days after the wound, when the danger of gas
infection was largely over. This early use of secondary suture is not
to be recommended, however, for although gas gangrene does not
often appear after three or four days, pyogenic infections commonly
do, closure of the wound at this stage greatly assisting their onset and
rapid diffusion. Moreover, edema is still present, the circulation is
deficient, and the local defenses, particularly the layer of granulating
tissue, are not fully developed. At this stage rest forms a vital part of
the natural defense mechanism of the body and interference may bhe
dangerous. After about ten days of normal progress, secondary suture
applied to wounds that show only a few bacteria per microscopic field
produces results which are on the average sufficiently successful to
justify its use. The introduction of sulfanilamide powder has in-
creased the scope of secondary suture.

In the treatment of a wound enclosed in plaster, whether or not a
fracture is involved, the sutures are applied through a window cut
large enough to permit easy access. When the suture is finished and
the dressing has been applied, the window is laid back over the wound
and held lightly in position by a few turns of ordinary bandage. The
window can be quickly opened for the removal of stitches, if infection
makes this necessary. With the biological treatment, however, second-
ary suture is seldom necessary or even possible, since that portion of
the wound which can be closed by apposition of the edges, i.e., the
region of the incision, has already been sutured at the first operation,
while in the area of excision, which has been left open, the gap is
generally too wide for a suture to be made without causing tension.
I prefer to leave the area of excision to heal by granulation, as with
this method there is a better chance of avoiding the risks which accom-
pany all war wounds.

When the cavity of the wound is being filled up with granulations
the surgeon can decide whether or not a skin graft is needed to com-
plete healing.



CHAPTER XXII
SKIN GRAFT IN WAR SURGERY

Only one aspect of this important subject can he discussed here;
namely, the skin graft as it concerns the general surgeon rather than
the specialist (e.g., in the plastic surgery of war), and in particular
its application as a means of completing or accelerating the healing of
war wounds treated in accordance with the principles described in
this book.

OBSTACLES TO REPAIR OF SKIN

In epithelization, we have the final stage of the natural reparative
process. The epithelium gradually advances from the edges of the skin
over the granulating tissue, while at the same time the wound con-
tracts, until finally, in most cases, the whole surface is covered. Sev-
eral factors, however, interfere with this normal healing process.

1. Lack of Natural Healing Capacity.—In some regions retraction of
the wound is limited by the comparative immobility of the skin, with
the result that the area of granulation tissue is too extensive to be
covered by the new epithelial cells growing from the wound edges.
For this reason the process of epithelization is generally less effective
in wounds at the back of the knee and the lower third of the leg than
in wounds of the thigh.

2. Friction of the Skin.—In general, wounds on the extensor side of
the joint heal more slowly than those on the flexor side; and, in gen-
eral, wounds in articular regions show less active healing than those
in the diaphysial areas. This is still true when plaster is used, because
this, however carefully applied, inevitably allows some minor muscular
contractions, which lead to a slight superficial friction of the skin, par-
ticularly over bony prominences.

3. Extensive Area of the Wound.—Once the contraction of the
wound has stopped, the newly formed connective tissue fixes the edges
of the skin to the periphery of the wound, with the result that it can-
not cover any gap that still may remain at this stage between the edges
of the epithelium.

4, Presence of Hypertrophic Granulation Tissue.—Hypertrophic
granulation tissue is one of the most frequent causes of delay in heal-
ing. The epithelium can advance over the surface of the granulations
only if they are at the same level or slightly lower; it cannot sur-
mount the obstacle of hypertrophic granulations. In a wound on
which the granulation is very prolifie, the epithelium is at all points
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growing along the floor of the valleys between the hills, just as a river
makes its course along the deepest part of the ravine. Iypertrophic
granulation provides a great impediment to healing, and the more
prolific the granulation the less the capacity of the epithelium to cover
the wound.

5. Excessive Discharge.—An excessive discharge from the wound
macerates the newly formed epithelial cells and decreases the activity
of the cells at the edges of the skin.

6. Infection.—Streptococeal infections destroy the new, labile epi-
thelial cells and damage those at the edges of the skin, thus impeding
the formation of new epithelium. A pyoeyaneus infection has a similar
but less marked effect.

All these factors, operating singly or in combination, obstruct the
final process of healing, and when present in any considerable degree
indicate the need for a skin graft. In many cases, however, the de-
cision to graft must be deferred until the natural healing process has
been in operation for some time. Only when the surgeon can see at
once, either by the extensive nature or the particular site of the wound,
that complete natural healing will be slow and difficult, can the need
for a skin graft be foretold at the time of the first operation. Ior in-
stanee, it may be taken as a general rule that (exeept for the thigh) a
wound larger than two inches in diameter when the excision is completed
will need a skin eraft.

THE TIME TO GRAFT

The proper moment to graft war wounds, in general terms, is when
a substantial layer of healthy granulation tissue has been established.
By this stage the risk of infection is past, the bone is protected by
newly formed tissues, and the cavity produced by the loss of musecles
and fascia has been filled in. When a closed plaster cast has heen
used, the graft should be made when the first plaster is changed, i.e.,
two to three weeks in a wound without a fracture, four to five weeks
in one with fracture.

This refers to wounds operated on before infection which have run
an aseptic course. In septic cases, when Winnett Orr’s plaster tech-
nique (see p. 37) has been used to combat the infection, skin grafting
should be deferred until the final stage of treatment, first because in-
fection impedes the survival of the graft, and secondly because, even
if the graft should be suceessful, it will interfere with the drainage of
the cavity. As, however, excision does not form part of Orr’s tech-
nique, insufficient epithelization never constitutes a major problem
when it is used.
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TECHNIQUE OF THE SKIN GRAFT IN WOUNDS TREATED
BY CLOSED PLASTER

The skin graft was first used in 1847 by the American surgeon F. H.
Hamilton. In 1869, two years after he had demonstrated the parasitic
properties of skin, Reverdin of Geneva introduced the so-called Mal-
pighian graft, 2 to 6 mm. in size. The technique of skin grafting was
improved by Karl Thiersch of Munich, professor of surgery in Erlangen,
who in 1874 deseribed the method which has sinece been known by his
name, but with which Ollier’s name should also be associated, for this
great I'rench orthopedic surgeon had already described a method exactly
similar in 1872. The ‘‘pineh’’ graft, consisting of a small conical graft
of skin about half a centimeter in diameter, is generally attributed to
Staige Davis (1919). More recently the grafting of small pieces of
skin was greatly improved by my own teacher, Manuel Corachéin, who
in 1933 published an account of the technique with which he had ob-
tained highly successful results. Sinee 1917 the chief exponent of the
whole-thickness living graft in the form of tubed pedicle flaps has
been Sir Harold Gillies, to whose school the progress of modern plastie
surgery has been so largely due.

Preparation of the Wound for Grafting

An extensive wound that has been treated by a closed plaster cast is
ready for grafting just before the cavity has been filled up with granu-
lation tissue to the level of the skin. Wounds in which the bone is
suppurating or is not covered by granulation tissue must not be
grafted. In a great many cases the wound is ready for a graft when
the first plaster is changed, and that opportunity should be seized. At
this stage the wound is often covered with discharge, and although in
many cases the infection in this is relatively low, some preliminary
measures to clean and dry the wound are required. Where the dis-
charge is very copious, it is advisable to eut a window three to five
days before the plaster is changed and prepare the wound through this.
The wound should be washed each day with a 5 per cent soap and
water solution (preferably of sodium coconut soap) and subsequently
dusted with sulfanilamide powder.

In some wounds treated by plaster the granulations are so firm and
the superficial layer of connective tissue covering them is so resistant
that it is advisable, before applying the graft, to scrape away the super-
fieial covering and make the granulations bleed slightly so as to ensure
adequate nutrition for the graft. In other cases this is unnecessary,
for the mere removal of the gauze covering the wound makes the
granulations bleed freely, a fact which indicates that the wound 1is
veady for grafting. In cases in which skin grafting has been unduly
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delayed, the skin edge surrounding the wound may be sclerosed and
the plane of its line of section be at right angles to the surface of the
skin; in such cases a narrow strip should be excised from the edge at
the time of grafting to facilitate the advance of the epithelium. Hy-
pertrophic granulations must be seraped until their level is that of the
surrounding skin. The following case is an example of the troubles
caused by excessive delay in grafting a wound.

A man of 41 was injured by an aerial bomb on August 16, 1940. He
had a large wound in the back of the left calf and a large portion of
the gastroecnemius was missing, but the circulation in the foot remained
good. Operation was performed four hours after the injury. Most of
the gastroecnemius was excised after the wound had been cleansed with
soap and water. The fascia covering the soleus muscle was intact. The
small sciatic nerve was also intact, but hanging and extending halfway
round the calf. After complete excision ordinary dry gauze was ap-
plied flat on the wound, and the leg immobilized by a plaster cast from
the toes to the upper third of the thigh. The postoperative course was
completely uneventful, the lack of pain and pyrexia through the treat-
ment by plaster being specially noticeable.

On October 5 the plaster was removed under pentothal anesthesia
and the skin cleansed with soap and water. The gauze used for drain-
age was found invaded by the granulations, which were growing
among the mesh. When the gauze was removed, great damage to the
granulations was produced, and many strands were left buried in the
wound. A new plaster was applied. On November 9 the plaster was
removed and the wound was found granulating well although many
strands of gauze were still being eliminated. The leg was put up in a
Thomas splint and saline dressing was applied to the wound. On
November 25 a Corachdn skin graft was placed on the wound. On
December 11 the dressing was removed and the whole area was found
epithelizing well. Only a small area the size of a half dollar on the
inner and upper aspect was slightly greenish and not yet covered with
epithelium. The wound was cleansed with saline and vaseline gauze
was applied. To avoid any movement the leg was put in plaster, and
the patient was discharged from the hospital.

On removing the plaster three weeks afterwards the wound was
found covered by a greenish slough; all the skin graft was destroyed;
the granulations were fibrotic; and some strands of gauze still had to
be removed. On April 8, 1941, the granulations and edges of the
wound were excised. A Bunyan bag was applied and the wound was
irrigated with Milton solution. On April 24 the wound was found
clean and the bag was accordingly removed. On May 31 pinch grafts
were applied after exeision of the wound and granulations; the wound
and grafts were covered with sulfanilamide powder. On June 14 half
the grafts were found destroyed by new sloughing. On June 30 the
wound was almost completely healed except for a small area at the
upper margin. A few days afterwards the patient discharged himself
from the hospital. He came back on August 7 with the whole scar
broken down and an area of inflammation surrounding it. After treat-
ment in bed for a month he was discharged to a plastic surgery hospital.
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