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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 scen the same
reaction among my fellow countrymen, the Catalan surgeons, in 1934,
and among the srgeons 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
techique which, if not identical with mine, was at least based on the
same prineiples. Shepherd (1941) gave an account of the 49 cases he
had treated, following the technique more closely, with one death
probably from heart failre. Ball and Qvist (1941) declared that the
cases they had treated on these lines '' gave exeellent results.'' In
Ameriea 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. His impressions, too, were very favorable. To these
eitations more could be added, but I will rnention only the 200-ocld cases
treated at the Wingfield-Morris Orthopaedie 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' trial, 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 whieh 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 ítem
in the ''fve-point program'' described in Part II is essential: to praetice
sorne and omit the rest is to invite failure, o at least only a qualified
sueeess.
The second fact which emerges from experienee 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 elear understanding and
careful practice of the principles on which the method is based. At the
Wigfield-Morris Orthopaedie Hospital results have been uniformly
good, including those of several house surgeons with but a short ex­
perience in this banch of surgery. Still more conclusive proof comes
from a provincial hospital connected with the Wingfield-Morris Ortho­
paedie 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 bed
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 by
all sorts of surgeons. A system which needs either elaborate apparatus
or a high degree of specialization in the surgeons is of little use in war
conditions.
Nevertheless, it would be misleading merely to state that the ·method

is simple and leave it at that. Nothing-to take a familiar example­
could be simpler than the ritual of asepsis followed in every wel­
ordered operating room; yet, as every surgeon kows, few procedures
are so fraught with possibilities of dangerous error not indeed from
willful negligence but from a failure to appreciate the reasons for. and
the signifeance of, every step in the ritual. Similarly with this surgical
technique. 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 described in the
second part be carried out.
Within the narrow limits of my first volume on the subjeet-published

in Catalonia during the Spanish War, and later, on the outbreak of the
present wider confliet, in English-it was impossible to give full weight
to every factor involved in successful treatment. Writing under the
stress of active warfare, I dwelt mainly on those factors which seemed
in greatest danger of neglect. Thus I assumed that less need be said
about the principles of wound exeision than about the need for complete
immobilization, 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 part of the work to the latter, with the
unfortunate consequence that the eneasement of wounded limbs in

·Treatment of War Wounds and Fractures. Hamish Hamilton Medical Books,
London; Paul B. Hoeber, Inc., New York.
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plaster carne to be regarded, by sorne 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 bcneath the plaster.

Obviously it would have been better to ha.ve taken nothing for
granted ; and one of the chief aims of the present work is to supply all the
details of teclmique that the earlier one lacked. It is also concerned
with the scientife basis of my methods, a subject on which, in view of the
limited opportunities for research in wartime Cata1onia, I could formerly
have said very little. Since returning io hospital life, however, I have
supplemented my clinical 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 ns 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 diffieulties 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
sorne sections could have been written differently if their authors had
been specialists concerned exclusively with their own subjeetse.g.,
bacteriologyy, anesthesia, or plastic surgery ; but in the conviction that the
surgeon can do his best worl only when he feels competent to cleal
alone, if necessary, with ali 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 mueh ot' 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 arived 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 Wigfield-Morris
Orthopaedic Hospital, through whose kind offices I have been able to



6 PREFACE

return to hospital lite and to enjoy the opportunities fo work and ve.
seareh so abundantly off'ered by the hospitals and University of Oxlord.
Mueh of the researeh was earried out at the Sir William Dunn School of
Pathologr. Oxlord, in the laboratories of Professor H. W. Florey, from
whom 1 reeived every lacility and meh stimlating eriticism. The
animal experiments were made with the collaboration of my friend Dr.
J. Barnes, and it is to his care and severity of judgment that or results
must be attributed. I also received great eneouragement 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. Barelay, honorar radiologist to the Nuffield
Institute for l\[edieal 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 partieularly indebted to Mr. J. A. Scott, assistant orthopaedic sur­
geon at the Wingfeld-Morris Orthopaedie Hospital, with whom it has
been my privilege to share most of the operations which illustrate this
book; and to M. 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 criticising
sorne of the speeial chapters I must express my gratitude to Professor
R. R. Macintosh and Dr. P. Gabarro. To Dr. Durán Jordá, 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 Transfnsion, and for placing at my disposal his vast experience
in this fi.eld. 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 ackowledge with gratitude the help of Mr. D. Harcourt
Hitchin; and for his great kindness in helping me over the laborious
task of poofreading I owe the warmest thanks to my colleague Mr. R.
Bransby Zachary. Most of the drawings whieh illustrate the text are
the wok of Miss A. J. Arnott; and most of the photographs were taken
by the photographic department of the Wingfield-lVIorris 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
Medieal 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 described; on the contrary,
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Oxford, England
J. T.

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 increased by their logical use in a
single method of treatment. To a.U 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 lighted the path
I have followed, that my gratitude is chiefly due. I have proclaimed
this befare, but there is no other or more fitting note on which I would
wish to introduce this book.



INTRODUCTION

OwEN H. WANGENSTEEN, M.D., MINEAPOLIS, MINN.

Dr. 'Trueta's aecount of his surgical experiences during the recent
War in Spain has made him well lmown 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 reaclers. This larger and more inclusive discussion of the
problems of military surgery should find a warm reception in this
country.
Two new therapeutie expedients whieh 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 :md trans­
fusions of plasma. The Pearl Harbor experience with these agents, as
recorded by Ravdin and Long and the surgeons of or 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 bae­

teriology during the last decade of the past century came the hope of'
an immunologie specifie for almost every bacteria! disease. That hope,
the fulfillment of which seemcd almost assured, never materialized.
Suddenly, bacteriolog-y, which in a relatively short space of time revolu­
tionized the practice of medicine, seemed to have become therapeutically
sterile ad promises of conquests almost within grasp in the immediate
offing were no longer capable of realization.

Only as we sean the experiences of our prei::lccessors can we appreciate
fully how grateful we shold be fo the sulfonamides. Prior to the in­
novations of Lister, Nikolai Pirogoff, a Russian military surgeon of many
campaigns wrote, in discussing '' Fortuno in Surgery'' : '' The influence
of the surgeon, the therapeutic resources ancl mechanical clexterity are of
no importance; the results of an operation are depenclent entirely upon
chance.'' The sulfonamides also may pove not to be the long a waited
chemical lVIessiah to lead ns out of' the bondage and fear of all suppura­
tion : yet, the sulfonamides already have met fully, in many respeets, the
most sanguine expectations of a pharmacologic speeife for pyogenie
infections entertained in the hopes. of our medical antecedents of the

'frst decade of this century.
"Army Medial Bulletin, No. 61, April, 1942.
tHawaii Medical Journal, September-October, 1942.

9



10 INTRODUCTION

The frst care of the srgeon was the management of accidental won43
With thC' ach-ent of antiscpsis and asepsis; the surgeon abandoned ths.
epithet of "externi. t' and <1oncerned himself as well with problems
the body interior, diseases which previously had been the sole dornain
of the internist. The surgeon devoted less thought and attention to the
treatment of wounds. More and more, however, it became increasingly
apparent that the surgeon who had schooled himself well in the fund.
mental tenets of wound healing could undertake successfully tasks which
wcre impractical for thc surgeon who failed to appreciate the geat
significanee of earef'ul hemostasis and accurate approximation of divided
tissues for the success of any formal surgical undertaking. or the
American surgeon, this doctrine of the management of the clean wound
is 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 practices of his pupil, Larrey, with reference to débridement and
wound revision. The observations of Friedrich (1898) lent experimental
support to thc thesis of Desault that early excision of damaged tissue
encouraged wound healing.

In the appearance of Dr. Trueta's book on The Principles and Prae­
tice of War Surgery in an American edition, it is perhaps not out of
place to point out that Frederie S. Dennis, a New York surgeon, incor­
porated in his practice with considerable success, sixty years ago, the
principies of wound revision and fixation very much as we know them
today. Writiug· under the title of "The Treatment of Compound F'rac­
tures, Including a Report of One Hundred and Forty-Four Cases With­
out a Death From Septic Infection, and One Hundred Cases Without a
Death From Ay Cause,'' Dennis described in the June 21 issue of the
Jornal of the American Medical Association in 1884, his experienees
with the management of compound fractures. The following paragraphs
taken from the paper of Denis appear to have a very modern touch.
Only the local implantation of a sulfonamide and the use of plasma for
grave injuries are wanting:

"It will be the aim of this paper to demonstrate by the results of a
large number of cases that the treatment of compound fractures is best
accomplished by adherence to three well-recoo-nized and established
principles. 0

1st. Absolute. cleanliness.
2nd. Immediate fixation.
3rvd. Provision for free drainage when necessary.

"The treatment which has been employed for the most part in the
cases to be reported is in brief as follows :
"The patient having been taken to the operating theatre, is placed

upon the table, and if the exigencies of the case demand an anaesthetie
'
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is at once administercd. Anaesthcsia relaxes the muscles, affords the
surgeon an opportunity to explore thoroughly the extcnt of the injury
without inflicting pain. The injured limb is washed with soap and warm
water and scrubbed well with a brnsh. The dirt, debris, and blood are
thus removed, and thc hair on the extremity is cleanly shaved, and then
the limb is irrigated for a few moments with a solution of earbolic aeid
(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 cmployed with a
view to binging the boken fragments into coaptation. If the bones
protrude through the wound and cannot be reducecl without the exerc1se
of too much violence, the projecting encl is removed by a chain-saw.. It
has been my custom when the protrucling bones cannot be reduced with­
out the exercise of undue violence, to divide subeutancously all tendons
ancl thus overcome all resisting forces. This operation secnres physio­
logical rest cluring the repair of the fracture.
'' Attention now must be clirected to the wound itself. Any loose frag­

ments or spiculae of bone 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 periostem. The
interior of the wound is thoroughly irrigated by a sringe, o by a tbe
from an Esmarch 's wound-clouche. Having cleansed the limb, mclucl~ng
even the fingers and toes, and having adjusted the fragments and having
washed out ancl clisinfeetecl the interior of the wond, the application of
a splint is now made. The limb is elevated, and uder it are placed towels
saturated in some disinfectant solution, which keeps the limb from
comino· in contact with the covering upon the operating-table, o from the
opposite limb, or from ay pat of the body. I the wound is small a
piece of surgically clean aclhesIVe p1aster 1s placed over the seat of
fracture ancl then colloclion is painted over the plaster. If the wound

, ¡. ·ith the seat oi fracture is too lage to hermetically sealcommumca mg w1 . 1 º
in the rnanner alreacly describecl, a part of the w?nncl can be c1osec1 by
catgut suture, and a drainage-tbe is introduced into the bottom of the

el Decalcified bone drainage-tubcs are used, as they seem to ans,1 e1
wouna. [to th und. and overthe purpose in the rnost satisfactory rnanncr. n'o ''e wou < ,

and arond the wound is sprinkled a layer of iodoform and then ove"
this any of the many differently prepared dressings, such as cor_1osn_c

· . · doform gauze, o absorbent ecotton. The limb issubhmate gauze, 01 10 o · ' • d
d f tl Spll.nt A roller of Gamgee's absorbent cotton is heatenow reaay tor ne t.. ' ,14]

h. h s it to swell. and this is now made to envelope the entne 1111 .w 1e. cause , d d el · suchH r o- the cotton seems to permit to it expan, an any ressmg,
~,flor-Pais andase, can be sgly apied over i, ad te

¡ll t lose its wonderful elasticity. During the applicationcotton w1 no . 11 b - 1 a
of the bandage, extension and counter-extenswn shou e e emp oye '
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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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CHAPTER I

THE BIOLOGICAL PRINCIPLIS 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 shoulcl 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 understancl 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. vVhen these foil
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 bacteria 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 suppliecl with circulating blood are
very poor. The deacl tissues, as well as supplying an ideal meclium for
bacterial growth, lay on the body a heavy tasl of elimination and thus
delay the reparative processes. The retention of organie fluid in a
wound facilitates bacterial reproduction.

When an inflammatory process is developing, the bocly takes meas­
ures to limit the infection; e.g. , automatic immobilization depencling
on periarticular muscular spasm (in arthritis), intestinal paralysis and
rigidity of the abdominal muscles (in peritonitis), decrease in thoracic
movements (in plerisy). All these are familiar defensive reactions.
The only way in which, as surgeons, we can reinforce them is by assist­
ing Nature in the removal of obstacles to healing. I excising a wound
we anticipate Nature in eliminating the dead tissues, a process which
would otherwise be long and hazardous, and so ensure that the repara­
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PATHOLOGY OF WAR WOUNDS AND GENERAL
CARE OF THE WOUNDED
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On the whole, the Arabs appear to have been influenced more by Gal
than by Hippocrates, whom they followed only in the use of the cauteren
This was largely due, no doubt, to the religious scruple of Mohamm~:
dans against drawing blood.
A further stimulus to the practice of cauterization ( or to the use of

its substitute, boiling oil) carne with the discovery of gunpowder. 'Thi
agent for the propulsion of missiles resulted in so great an increase in
the complications of wounds tha.t 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 was
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 beneficia! 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 impotant 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 medieal science of today has
been built. Thanks to the advances made in recent years in other
scientific fields, such as optics, 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 externa! aggression, and then,
when these are lmown, to cooperating in their fght against the invader.
In reinforcing antibodies and leucocytes in their fght against bacteria,
in limiting the absorption of toxic products and removing the "foreign
bodies'' present in aU 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.D. 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 riext 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 surgey were his view that suppuration or, as he
termed it, "cocto''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.

After Hippocrates and Galen.-In the light of the teaching of Hip­
pocrates and Galen the surgeons of the succeeding ages can be clas-
ified into two groups. Those of the one group, to which by far the

SI1 ·h »l d labored togreater number belonged, followed the Ga.lenist se oo a.n a
heal wounds by various methods of constant interference and by the
application of certain 'miraculous'' substances. 'These men accepted

· · · bl f t , f d and not understand-suppuration as an inevita .e · ea ure o woun s, , . h
ing what Nature's action really was, confused tl1e complications wit
1 ll were thosethe healing process. In the other group-a very sma one

. . . of the Creatorwho, with Hippocrates, believed in the supreme power .
' d d h' h · orne mstancesto which all their actions must be attune, an w ic m s . ,f ,

must be redirected when deflected from its normal course by interter­

l
·no· aO'encies To form a picture of the gradual emergence of modernh

b b • • • • ºt ·u be wortconceptions from the fallacious beliefs of ancient times, 1t I! eh
hile to consider briefl.y the ,vork of these comparatively fcw enhg t­:n:d men, whose achievements shine out as beacons in the dark days

of the past. 1 . ht
With the fall of the Roman Empire of the West undcr the onslaugr -

of the invadino· barbarians of the North, the knowleclge of Greel~:e.f
cine was etirely obliterated throughout western Jarope?$,,
Singer (1923) in his study of biology m anc1ent Greece, says_. i

t~ 1 t' on 'of Aristotle 's Historia cinimalimn or De gen~ration·e.l ªon -
a ransiau .: th Hippoeratie work mn.. · d. had Latin version o1 nemalum survived, 1a_a ~ hrastus On Plants reached the earlie'
Generation or the treatise of'Theop' , 1 might have been dif­

t 1 h. torv o · • urope ,,Middle Ages, the whole men a is J t d t d by
> :. ' nature might have been ante a e

ferent and the red1scovery o ' h f t "'f the Greek treatises Singer
. A n example ol te a e o dcenturies. s a1 " ¡ tle. The Greek original was lost, an

mentions the 0n Plants of Aristot :. ., .:. #a former Arabie
.. ·s. ) ly an Arabice vers1on 0

(apart from a Latin version) o!_ (gr@el eommentary is known!
. f S .· ·enclermo· o a u e '-translation o1 a yran r ",,, p ·» ·hiel was familiar with. tl Byzantme • mp1re, w . .In the East, however, ne dth teaehing of Greek medicine

G l- lt re, peserved ne ' . .all aspects of :rree '- cu ur ' B t· made no contnbut1on. . : The vzan mes
for more than nine centur1es. . 1· se as a science and little

o r in its wider sen 4 >
to the progress of _smge1y l . but we owe them a great debt for
reo die pót or vi9!1"]" et wos or he @cok peonio@d;
being the faithful custodians o1 al,, destroyed by the Turls in

h B antme Empne "as . .so that when t e yz d' . d Europe was given the opportu-
1453, and its servants were lispe"",,, r he Greeks, not from the

' . lt , and teac mg · ' .nity of studymg the cu e ",4 b t frvom the orio·inal manuscnpts· f the Ara s u 1
bgarbled translat10ns O • 1 'l'l . factor playecl no small part

f ' C nstantmop e. llS . . .brought away rom. o 1 and artistic pursmts m the Renaissance
in the revival of all mtellectna
period.
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Salero.Meamwhile, however, two important schools of mediea] teach.
ing had been established in the \Yest, oue at Salerno in South Italy
(dounded in the 10th eentry) and the other as Montpellier in the
South of France (founded in the 8th century). Salerno was th
first center of reviYal of the Hippocratic teaching. Here, in that part
of' Italy which formed part of Magna Graecia, this school inherited
sorne of the traditions of Greek culture and was in contact with men
from other cities where Greek teaching had be.en preserved, such as
Byzuntium in the East and 'l'olcdo (a g-reat center of Arab and Jewish
culture) in the West. 'These varied influenees produeed a school of
thought which, by the great part it played in establishing the medicul
schools of Bologna, Pavia and Padua in North Italy, served to link
Hippocratcs to the men of the Renaissance period. :Montpellier, by
contrast, had no traditions of Greek culture, and being very largely
under thc 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 15th centuries).
The leading surgeon of the Salerno school was the Bishop of Cervia,

Teodorieo Borgognoni, or Theodorvie ( 1205-1296), whose father I-Iugo
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 recommencl the expectant trea.tment of wouncls, 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 clisease, and to prevent the
conglutination and consolidation of the wound" (see Brown, 1931).
Theodoric also introducecl arterial ligatures. Another surgeon of the
Salerno school, Bruno de Longoburg, held similar opinions, and in his
Chirwrgia, Ma,gna, (1252) advocatecl the same principle of clry treatment.
He, too, contributecl to the technique of surgery by using sutures with
separated stitches to allow clrainage (see Giacosa, 1901). Henri de
l\Iondeville, who was of Norman origin and a lecturer in Montpellier,
appears to have become acquainted with Theocloric's work in Italy,
and was another of those who believed that supprating wounds should
be washecl clean and nothing whatever put in them. His manuscript,
passed over at the time of the Renaissance because his pupil Guy de
Chauliac hacl clescribed it ns being incomplete ancl of ]ittle value, was
published for the first time only in 1892 (see Nicaise, 1893).
Montpellier.-Surgeons of the 1\fontpellier 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 ancl rnany others of his school spent encl­
less time and ingenuity in tryiug to find some "rniraculous" substance
which would help to produce suppuration ad so, as they believecl,
promote healing. One of de Chaliac 's pupils, Pietro d'Argclata, who
after his training at Montpellier went as professor to Bologna, taught
the clry treatment of wouncls, but under the influence of his teacher
also advocated various strange powders. D '.Argelata also usecl sutures
and was the fist surgeon to put drainage tubes into wouncls (1499).
Owing to de Chauliac 's great i1úluence the l\fontpellier surgeons were
all imbued with principles which were funclamentally wrong, and there­
fore this school, in other respeets an important medical center, made
no aclvance 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 bocly's natural power of healing was the
general ancl widespreacl practice until the Rcnaissance (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 I-Iohenheim (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 N'ature. 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.eanwhile great progress was being made in

the field of anatomy and physiolog. The teaching ol Vesalius (1514­
1564) in Padua and Paris and the publication of his book De Fabrica
Humani Corporis (1543), in which he confuted the Galenist teaching
of anatomy and thereby made enemies of a number of' his contempo­
aries, furnished surgeons with better knowledge and a sounder basis
for: the logieal treatent ol wounds. Three years older than Vesalius,
and a fellow-teacher of anatomy in Paris, was Miguel Servet (1511­
1553), who may be considered the real founder of human physiology.
He wrote the first description of the pulonary cireulation and oxy­
o·enation of venous blood in the lungs which was wholly contrary tot1e Galenist school of thought. 'The year in whieh Servetus made this
d. · t known, but a full description of the pulmonary cn·cu-1scovery 1s no I. '» . •
lation has been foud in the manuscript of an unpublished work en­
titled Renovatio Christianismi (dated 1546). A similar aecount ap­
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peared in his Christianismi Restitutio, the book for whch he wa b
at the stake as a heretie by Calvini the year of its publica "

The discovery of the truth about the circulation of the blood had
3
·

profound influence on subsequent medicine, but tradition andpeja
yield very slowly to revolutionary innovations, and it was only aft:~
Harvey's time that the new conception was universally accepted. It i:
unlikely that Harvey knew Servetus' work at first hand, but his period
of study in Padua undoubtedly provided him with the in:fluence which
determined the lines of his future investigations. The various refer­
ences to the pulmonary circulation by Vesalius, Colombo and Cesalpino,
and the discovery of the existence of venous valves by Harvey's own
teacher, Fabricius ab Aquapendente, all indicate the interest in the
circulatory system which Servetus had stimulated in the Paduan and
other schools of North Italy, and the direct chain of thought linking
Servetus with Harvey.

The work of these two great men of the 16th century, Vesalius and
Servetus, combined to provide the fundamental basis on which the
principles of modern surgery have been established. Every anatomist
of today is a pupil of Vesalius, every physiologist a pupil of Servetus.
Paré and Botallo.-The steady increase in knowledge of human anat­

omy and physiology at this period had far-reaching results, for it stim­
ulated physicians to disregard philosophical theories and to investigate
the facts for themselves. Surgery followed the advancing trend of
general medicine, although at a somewhat slower pace, and it is nota
matter of chance that this era produced the two first great surgeons
of modern times, Paré and Botallo. Ambroise Paré (1509-1590) was
a man of real genius who, like all thé best surgeons of bygone days,
acquired his experience on military service. At the age of 19, con­
vinced by a chance experience that a wound healed better when not
cauterized with boiling oil, he introduced a simple paste made of tur­
pentine, oil of roses, and yolk of egg. The surgery of subsequent years
owed much to Paré, not only for many improvements in surgical tech­
nique but also for his supreme con:fidence in the healing power of
Nature, which he epitomized in the well-known saying "Je le pansay,
Dieu le guarit" (1586). His book on the treatment of war injuries,
"La rnéthode de traicter les play es faictes par harquebutes et aultres
batons a feu," may still be read with pleasure and interest today.
Leonardo Botallo, an Italian born in 1530, served in the French Army

and went to Paris in 1564, where he won favor with the Royal family
and particularly with Catherine de Medici, the widow of Henry II.
The prevailing belief that gunshot wonds were poisoned led him to
investigate the various ingredients of gunpowder, and he showed that
it contained nothing poisonous or caustic. He then concluded that the
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poisoning of wounds was due to :Eoreign bodies, under which term he
includecl not only rnatter introclucecl from outside but also fragments
of bone contused and 1aceratecl tissue, ancl clots of blood. These
foreign bodies, he declared, must be removed and the affected area
restored to conclitions as approximately normal as posible. If only
the surgeons of his day had been preparecl to accept this discovery, the
essential truth about the treatment of wounds, the surgery of the nhe.xt

l .. surably healthiertwo hunclred yea.rs would have une ergone ~n irnme~- rum
development. Botallo's book, De Curandis Vlnerbus Sclopeto

, . 1 .r. 1nte1·est to the modern(1560), like that of Paré, contarns mue 1 O.L

reader.
h f accurate observa-Mag·ati.-Another army surgeon w ose powers O • 9tion seeed a further stage of advance was Cesare Magati d",

. . h h' t , f suro·ery lVIao·ati pom e1647). For the first time in t e is o1y o º ' º . h
· 1 c1 , f suro·ical interference witout as an indisputable fact t le ange1 o ~ l tudent of

the healing power of Nature. Born in Scandiano ane ~ s . R me
, to have spent some tnne in o 'medicine in Bologna, he appears a so • h '' cure '' In

ere e es to a«i«e a@z2 ~. i t«­
his book, De rara medicatione vlern (C ), ,a.. 'Thre

, , t' e of dressmg a wound claüy.
estino· comrnents on the prae ic . , l . . id to be neces­

6 ·h dily dressing of' wounds 1s saare forteen reasons why al • ~ ·h d the nutrefaction
f. ·1 . . ti. t 'by uneovering the woun Isarv. One o: these 1s rn , ' ne if wounds' • +h rtht 'gangrene may supere

is exposed to vie, ano"!",,,, ¡t is neld to be necessary to re­
are not dressed frequently. ne y, 1 . . ff ts to o·ive a daily

:. +t dily ad observe the e1ec,new the mechcamen s e a1 J . : . l fi rnlly it has already. s of' irritation, and .prognosis, to remove cause .:. +his method of treatment'' h ,,0° In opposmg :nbeen done, hence why e rnnge. . b ·1. "'1 wouncls are treated most
"'1'1 t thod of cure Y w ne l . . .Magati says: hat meu ' ' t dicious. Experience• º . . .. 1·1 , . the best ancl the mos JUC ic . . . .· ·)

happily and qiek!y IS tld (infrequent change of dressi
has shown that with this new me" ,z,»y tha with any other, and

td re happily and que!Y "wouncls are treated mo " 1 - t ancl most judicious.,,
therefore this new method is t ie )es 1 , o-ress for a ~vhole century.

• •o· ry macle no rea p10., 11After lVIagati, sm.,e . t ,- d tl1e Renai.ssance gradua yt th t charaeter1eThe intellectual formen rn f tao·n·1tion throughout Europe. In
• f 11 l by an era 0. S1. ' bdied and wa.s o owec : fth rgeon fell so low that he was su ­. tl nrestio·e o e sur . ¡he flcrsome countries he P' ',, .¡¡; typical example being the 1og­. . ble ind1o·m ies, a - bjected to 1nconce1va. º f Frederick the Great were su ­. h tl p ·ussian suro·eons o . . h lrging to whiel he T " qad of wounds: the higher the ran

5 ldi rs of his guar ue ,, :. »dmitted when so iers º 1 . of strokes the surgeons rece1ve .el tht greater the numper .:
of the decease , e º E ·l nd however did not experience

t and Hewson.- 'ng ª , ' •Harvey. Hunter . On the contray, it was.' +oh followed the Renanssanee.the decline w ic 0
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in this period that vVilliam Harvey (1578-1657) made his ·
b 6. th 1. :. valual]contri utlon to tle progress of mechcal sc1ence (1621). Har , e

tailed description of the circulation of the blood was based ,% de­
t
. d . 1 . u ect observa 1011 an expernnent, a revo utlonary method of approach wh· ·

also characterized the work of Jolm Hunter ( 1728-1793) a cent; ch. ury and
half later, and to wlnch we owe the great progress of the last t ª

, • > cenury
Hunter's experience as an army surgeon was limited, but hi .±

• ·.· s • ' IS Servio
with the expedition to Belle lle m 1761 and in Portugal a year 1 .·a d l . . h . aterprovite him witl material for a book on the treatment of war ini .:· Jr1es
(1794). In tlus he described shock and inflammation and gavean
excellent aceount of the part played by the lymphatie system in the
absorpt10n of foreign matter from the tissues, a conception ·which w

. 1ddi5 vasg1ve11 a It1011al support by the discovery by Hunter's pupil, William
l-Ie-wson (1739-1774), that the lymphatic system existed also in birds
reptiles and fishes (see Gullive, 1846). Hunter's view that absorption
is the function of the lymphatic system was generally accepted until a
rival theory was put forwarcl by Magenclie (see p. 74).

The Pioneers of Conservation.-Johan Ulrich Bilguer (1720-1796)
was the first person to aidvocate conservative treatment. According to
Larrey, however, Bilguer's recommendations, published in his book De
amputatione membrorum rarissime administrada aut quasi abrogada
(1761), did a good deal of harm and led to many alife being lost in
the attempt to save a limb. Other early exponents of conservative
surgery were James Syme (1799-1870), whose book The Excision of
Diseased Joints was published in 1831; and William Fergusson (1808-
1877), who held that 'It is a grand thing when by prescience even the
tip of a finger can be savecl" (1842).

THE BEGINNINGS OF lVIODERN TREATlVIENT
Desault.-Pierre Joseph Desault (1744-1795) was the real founder of

the modern treatment of war wounds. He was the first surgeon to
adopt the technique of débridemet, which he taught to his pupils
Larrey, Bichat, and Cassious. The exact meaning of the term débrde­
ment has been much discussecl in recent years, but the sense in which
Desault used it is clearly shown in the account given by him and
Larrey, in which they described débridemet as being a deep incision
made for the purpose of exposing the anatomical structures and for
exploring and draining the wouncl (Larrey, 1812). Desault also advo­
cated conservative treatment, but he recognized that it must be based
on certain definite principies, explaining, as Bichat (1813) quotes,
'' Sacrifier une partie a la conservation du tout, est la derniere res­
source de l 'art; il faut, avant de s 'y resoudre, épuiser celles qui peuvent
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rendre a la vie et a leurs fonctions l 'ensemble ele nos organes.'"
Desault was in charge of the surgical work at the Hotel-Dieu in Paris
in 1785, and during the Prench Hevolution gainecl much experience in
the treatment of war wounds. IIis technique of initial débridement
was quickly and widely adopted and led to an immediate improvement
in results. But modern surgery is inc1ebted to Desault for an even
greater contribution, in that he established as a fundamental principle
of treatment the precept, first introduced by Batallo in the 16th cen­
tury, that dead tissues must be excisecl. 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 létt complique l'étát simple; que le sel moyen d'y
parvenir est de réfraichir avec instrument tranchant les bords contus. "t
From this quotation it is clea that Desault himself attached far

greater 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 criticism of an operation performed by an army surgeon in Egypt:
"L 'officier ele santé avait cru sufficient c1 'exciser avec 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 lien ou la circulation des :fluides n'etait pas enticrement
anéantie, le blessé devait périr, apres avoir parcouru un cerele de
deuleurs atroces. "t Si11ce the time of Desault and Larl.'ey the two
procedures, débriclement on the one hand and excision or rescction (the
latter term is commonly used fo bones) on the other, have formed
the general basis of surgieal technique, although the exaet interpreta­
tion of each has varied from time to time (see p. 214).

Larrey.To mention Larrey only as a disciplc and followcr of Desault,
however, would be to do him an injustice, for he was uncloubtec1ly one
of the greatest military smgeons of all time. Dominiqne Jean Larrey
(1766-1842) had the gift of being able to solve any problem to which
he set his hancl. A good organizer, a skilled technician ancl a hard
worker, he was a man of complete sineerity and simple modesty. While

•"The sacriflce 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 totiI of organs shoulcl be exhausted."
t"It was claimed that incisions changed the character of wounds produced by fire­

arms. Desault showecl us that merely to make a wouncl bleed cloes not sur·ryce to
chane it from the comlicated to the simple statethat the only means to th1s encl
is t'trim the bruised edges with a cutting instrument."

1"The medical ofTcer had thought it sufTicient to remove with scissors some shreds
of disorganized tissue hanging from the site of amputation ...so disorganized, t
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 hadnot been
entirely déstroyed, the wounded man woulcl inevitably clie, after a pcriod of dreadful
suffering.'
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•"The chief vessels of the affected limb are immediately involved in the malady
and thelr movements come to a stop; the blood is arres~~d, above all in the capil­
laries, and becomes carbonized with the liberation of heat.

still a student in Paris he took part in the storming of the B t'llas 1 e
and at the age of 26 he was appointed chief of the medical serviee
the French army in the South. In 1797, after a short period as s of

1
. . Pro.

fessor of surgery and anatomy at the military school of Val de Gre
he accompanied General Bonaparte to the campaign in Italy, and there~
after was one of Napoleon's most loyal supporters, serving in his carn.
paigns in Egypt, Spain, Germany, Poland ancl Russia.
The four volumes of his Mémoires de chirrqie militare still mal

interesting and profitable reading. Many of his observations in this
work are so accurate and show such great insight that it is hard to .
believe that they were written over a hundred years ago. His account
of the techniques of débridenient ancl excision has already been men­
tioned. He described the beneficial effect of maggots on wouncls, an
observation which more than a century later was made and put into
practice by the American surgeon Baer. Larrey also cleclared that
"traumatic gangrene" (gas gangrene) was a mortification of the tis­
sues due to changes in the sympathetic nervous system which impair
the nutrítion and affect the secretions. He said: ''Les pl'incipaux
vaisseaux du membre affecté participent promptement de la mala.die
et cessent leurs mouvements; le sang s 'y arete, surtout dans le systcme
capillaire, se carbonise et le calorique s 'en clégage. "*~ In such cases
he recommendecl immediate amputation. After the "bacterial theory"
had been accepted, the idea that the sympathetic nervous system, by
its influence on the blood vessels, played a part in the production of
gas gangrene was entirely discredited, but recent evidence has shown
how true this conception was. Clinical and experimental results ha.ve
convinced me that vascular spasm is a factor of no less significance in
the production of ischemia than the actual anatomical lesion of the
blood vessel. So once againLarrey was right.
But the featme of Larrey's work to which modern surgery probably

owes most of the improvement in its results was his insistence on the
importance of early treatment. He was convinced that prognosis de­
pended larg·ely on the interval that elapsed between the injury ancl
surgical assistance; and in order to reduce this interval and to bring
hospital facilities within closer rea.ch of the wounded, he developed an
ambulance service. Ambulances ·were not an innovation; they ha.el
been used (for the first time, as far as I lmow) during the siege of
Malaga in 1487 by the army of Fedinand, Iing of Aragon, and again
by Ferdinand 's grandson, Charles Y, during the siege of Metz in 1552.
But before Larrey's time their use had been only occasional and it was
he who created, as an inherent part of the army organization, that

:. ben indispensable inlar ambulance service which has ever sice een "
regu ' ·d written after the campa1gn
all mobile warfare. Larrey's own wors, ... under his
in Egypt, testify to the effi.ciency of the ambulanc~. ~erv1ce a art de

d.'. Les blessés regurent dans cette affaire de la Pi ,comman . . • • _ , s les lus prompts et es
tous les chirurgiens de l'ambulancc les secour p . • . , ))()

P
lus efficaces. pºas un ne resta plus d 'un quart d 'heure sans et~·e panse.

' . , t' Pierre Percy
Percy-Another ºTeat army surgeon of Larrey s ime, 1 l· ] d , l ment of the ambuan@e

(1"'54-1825) contributed much to the .e elop H1 ' . ., •.• , · Napoleon's army. e
system and to many other aspects of surgery m • 1 bl' h d the first

:. ¡l, th f Larrey and pu! 1useworked on lines s1m1 ar to . ose o . . of exit de-
t Of the difference between wounds of e11try a11d . '

accoun . 1 (L .gi g 1904)pi· il the featres of the wound track ong, 'scr1 mg a so . e . . d no fur­
Pirogoff.After the Napoleonie wars military srgery ma4e

. o f the Caucasus m 1847 and, mor
ther progress untü _the campa1':'11 ~gr::4 . ,-dcd further opportunities
articulas, the cites ar i.", war prodeed another
for trying new surgical methods. 'The N' 1 Ivanoviteh Piro­· f history 1co.a1of the really great army surgeons o ,1 . . .' ·üment of Russian troops
o· ff (1810-1881), who was m charge of the t~e, l 'l'h con-
ºº . . . ,} . h }asted for forteen months. e
in the siege of' Sebastopol, wh1e! alling, and the number

l . l h 1 • el to wol'l-: we1·c Ltpp, "'' 'ditions under w uc l e na . l . . hospital gangrene
r »e s«to a«t as a reos9P7"%,%,"21.p?"a sar a so­

1 , s so }nn·h t rnt nogo ..and purulent ec. ema "'a O l · : rreat task. strrvmng. . . " Al st unaided he toiled a t 11s º ' ' .matic epidemie. os .' sound recomendations to
d. · l making manto improve con .itions and · . ·fl of thc Grand. . . , 'rhrouo·h the m uence

combat the preva1lmg seps1s. . bl ~ introduce female nursing for
Duehess Helena Pavlova he was !'¡eee Nightingale was pro­

11. t tl e tnne '1el ­the Russian soldiers at I British my. Pirogoft' was a..: , izti ior the rsh al 9. 'viding a similar organzaton ' ·] ¡ri@al treatment and was
o • l · •tance of ear Y smgi ' ' .fm believer in the mpol t dances ol' surgery, as is1 t 11 the more recen 1 o

one of the fi.rst to adop' a l . . 1847 only a few months after
. ¡¡' ther anesthesta m 'shown by his use o e ' . l .e phster-of-Paris bandages• c1 t l ly Bin·elow anc OL , · •this was first a voca ec ) . '." ' 'fi . t description o:E this techmque.

. 854 t r • rs after IVIatl11Jsen s t s ,in 1 ' wo ) ec1 1 1870 during the Franco­
f . . rd was mace 111 , 0

Ollier.-'rhe next step o1wa, ' d' . •o· n Louis Ollier (1825-
ht Frveneh orthopedie surge0 ¡.

Prussian War, by the 're' ,jt st helped greatly in the healing• d tl t abso u e res o •1900). Ollier bel1eve rn ' 1 . ·f' completely immobilizing the
l · t . d el a techn1que o . hof wounds, and mro uc~ ,. l . •l l a- lled the '' occlus1ve tec -

f P ·1s cast w uc 1 1e c . ·tlimb in a 'Plaster-o - a1 ' ' r t' o:E the pri11ciple of rest, 111 i s
nique.'' 'rhis was the first. app ic~ 10\\ the words Ollier used in 1872,
best form, and it is interestmg to reca

, . reons of the ambulance, the
·..,r»rose u,ge±}2;"}2.l"si oc vi «inca ore asa

ouna@i 6j4in4,,};E& aiueiñüor"
a quarter. of an °
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at a meeting of the Congres lVIédicale de France held in Lyons
. l f h' t t t "L' 1 · · ' todescribe the purpose o 1s rea meu . occ us10n mamovible , , 1· · 1 · l d'' ' lesaid, '' repose sur deux prmc1p es essentie s et egale importance.

(1) la protection de la plaie par un corps isolant que la mette l'abi
des germes infectieux; (2) l'immobilité complete, absolue, permanente
de la région blessée dans un appareil fixe, enfermant toutes les parties
dont les mouvements peuvent inflner d 'une maniere quelconque sur les
tissus devisés. "'"' Ollier clearly appreciated the important part playecl
in healing by protection of the wound and complete rest. He also
pointed out the beneficial effect of the cotton-wool that he appliecl over
the wound in absorbing the discharge and thus providing drainage:

t, '

he did not, however, lay any great stress on this part of the treatment.
It was left for Winnett Orr, more than fifty years later, to emphasize
the importance of providing good drainage in the plaster-cast treat­
ment of infected wonds. Ollier was aware of the dangers of applying
his technique to recent wounds with serious bnüsing of the soft tissues.
'l'o quote him again: "Une complication que l 'occlusion inamovible ne
prévient pas plus que la septicémie aigué, e 'est la gangrene humide,
ou gangrene septicémique, qui accompagne les grands traumatismes.
J'en ai eu un certain nombre de cas l'année derniere, et je me suis
demandé si la méthode que j 'employais ne favorisait pas cette com­
plica.tion.' 't As a result of this doubt he advocated continuous irriga­
tion instead of the plaster cast for cases of serious trauma. V-le now
know that Ollier's hesitation in applying a plaster to these cases was
fully justified, in view of the incomplete surgical teclmique which he
used. In his day the importance of wound excision, stressed by Larrey,
had been forgotten, and surgeons paid little attention to the dead tissues.

The importance of Ollier's work was not realized by the surgeons of
his generation, but toda.y, in the light of Winett Orr's work, it can
be fully appreciated. Ollier based his treatment on the protection of
the wound and the complete rcst of the affccted region, while at the
same time he provided sorne measure of drainage. vVinnett Orr, in
his technique, attached as much importance to the protection of the
wound and the principle of rest as 011ier, but assignecl an equal value
to draina.ge. This marked a great advance, which macle it possible to
extend to a wider range of patients the principles of rest and wound
protection by the use of a closed plaster cast.

*"Persistent occlusion is based on two essential and equally important principies:
(1) the protection of the wound by un isolating substance which excludes infective
germs, and ( 2) the absolute and persistent immobilization of the wounded regio_n in a
rigid structure which encloses all those parts of which the movements could in any
way affect the divided tissues.''
t"One complication which persiste'nt occl~sio~ does not prev_ent, any mor_e than it

prevents acute septicemia is the wet or septicemic gangrene wh1ch accompames sevr.re
trauma. I had a certain number_of these cases last year,and I wondered whether
this method which I was using did not encourage th1s comphcat10n. .
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. 1 • ..1. t' ·cptic tcchnic¡uc hy ListerLister.-Mcanwhile the mtroc uct10n o·. an 18 . • •

· 186,.,, alterecl the whole aspect of surgical problems and qmck~y en­
m di el m thelarn·ecl the fielcl of operative treatment. Though not d1scovere
' º • 1 . h d g , t influence on surgical treat­course of war, th1s tec 1111que rnc a rea' . el

. It . ' d by no means an unnuxement in subsequent campaigns. pro e . . ·ti
blessing. 'l'he case with which good resnlts coulcl b~ obtameel_ by ª~~;
septie methods hindered the development of surgical techique,

. l t· l erative procedure wasmany surgeons came to think that t 1e a.e .na op . 1• º . . .1 . . . 1 pended entirely ona matter of minor significance, and that success de] ,, +15el
, . , 0 • • ption w ucthe use of carbolic acid or sorne othe1· ant1septlc-a conce I tf ..
vas far fvom what Lister himself had in mind (see p. 184). 11 11

~

ton n ts or iterest that ti»ter vas one or te frst s9"4"",,",
the moclern period to aclvocatc the use of clramage tubes. These
been employed in the l\'[idclle Ages by el 'Argel ata; and the prahctice ~ans

. 1 1 Lst . nd the Frene surgeore-introclncecl almost s1mu1taneous y by as er, a ·
Chaissaignac (see Billroth, l87l). . 1 f' th

• .e t' • · • there carne a reviva o evVith the o·eneral aclopt10n O.L an JSeps1s ·f tl
] . 11 f s'n•n·ery The use o he

f Gale)1].st attitude to the pron ems O • bormer .. th •e la o-·raclous'' factor seemed to make necessary 1ne mor ,new mn, e ' 1 'rl , , sprea
rious task of learning intrica te surgica.1 procec ures.. 11e , ie,\ 1 and

:. l t kil] the germs in the wound,
that the sm•n·eon's mam tas-: ,vas o o º 1 .· l eas-º . l 11 ther pme y surg1ca m ,that débridemet, excision, drainage anda o h f anti­. 71'1 . althouo·h t e use 0

res,roer«t«3;!"is ns ro«t
sesis,ad0f"?",R sine trove»et i he restos ot
(von Bergman, ',. +1 outlook for compound fractures and
treatment m snrgical c1iseases, thc . · ·f . tl · • elifference. 1 t' ·f ·ton' 'l'he reason .01 11swounds remained highly unsatus1a€' ,q ras in whieh the tis­
. . ] f t tlrnt wounds mcvitably p1oc uce .1tea . .
lies in the faet, ,qth natural defense mechanisms are impaired:

ve destroyed and ne : El, »ftheirsnes a . . . .·. . f the alfocted rcgwn lose itte o e
whereas in disease the t1ssues 0 _,¡ ] eases become necrosed. In

.. rs ad only in exceptona '> ,rdefensive powers a ' ;citis, the results o"
1 . ·11 o-ann·renous appenc 1c1 ,

these rare cases, iowe,er, as: ,,,, "' . . this even when comhinecl
antiseptic treatent were disastro% ",, tension of the ifeetive. •less to J)reven , - .with dramage, was powe ,,,, t cxcise the c1evitalized tissue

O 1 1 snro·eons eº an ° -process. n y wen " tl º )lied drainao-e dicl their resnlts
(as in appendectomy) before 1ey apr º
show improvement.

THE TWENTIETH CENTURY

F a, 1 a German surgeon, published some experi­
1898 P L. 'T1edren, ' .. dI - . . . ' . ·howec1 conclusive]y that the exc1s10n of cleac

mental fndings which s', ·qj ereat vale of Friedrieh's work was. : ]] ortant. ne grea d G

tissue was vita Y 1111P. '. · 1 · . :f . the technique which Botallo had
that it furnished a sc1ent1fic )as1s o1
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recommended and Desault and Larrey had introduced as a clinieal
measure. Yet his findings, because they were derived from experi­
mental work, made little impression on the srgeons of the day; and
even though later they were acceptecl by a number of German surgeons
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 0f 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 surgica.l technique was imperative. Milligan (1915), Ra.nzi (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 prima.ry 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 sutme 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
a.rea 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
lmife (see p. 46).
In injuries of civilian life gangrene occurs less commonly, owing to

the smaller degree of shock, 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 dama.ge being
markedly less in the deeper tisses 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. I wartime, however, both the nature of
the injury and the facilities for treatment are entirely different. Dur­
ing the War of 1914 t0 1918 when primary suture was used as a stand­
ard practice, the results varied in direet relation to such factos as the
amount of dead tissue in the wound, the degree of general and local
shock the time of admission to hospital, the nmber 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 numerons, owing· to the peculiar nature of the most frequent
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THE PERIOD SINCE 1918
Winnett Orr's Plaster Technique

Towarcl the end of the "\Yar of 1914 to 1918 the .American surgeon
Winett 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 encloscd in a plaster
cast to facilitate transport to .America were generally in a bctter 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
treatinn· infections of the extremities, and in particular osteomyelitiso
(see Orr's papes), by the provision of' drainage and complete im-
mobilization of the limb in plaster. He also advocated this techique

wound of today: that caused by the aerial bomb. This destructive
weapon produces far greater damage in the deeper than in thc super­
fieial tissues; the patient suffers immediate and severe shock, both
general and local, ancl the blood supply to the affected region is dimin­
ished by arterial spasm. Moreover, large nmbers of persons suffering
frvom 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 Compiegne,
he laid the foundations of a technique of irrigation which did much
to improve results. Ie believed that the efficiency of the hypochlorite
was due to its bactericidal capacity, 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.

"\Vhile Canel was fighting infection with hypochlorite, Robert Jones
was emphasizing the importance of rest in the treatment of wounds,
and reintrodeing the Thomas splint, which had been forgotten.
Toward the end of the war Winnett Orr caught a glimpse of the possi­
bilities ol' the plaster-of-Paris cast, which led him later to develop his
technique for treating osteomyelitis and infected wounds.
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for infected compound fractures, and later suggested that it cold
applied to fractures at an early stage. Iis readiness to appreciat ,
importance of immobilization by plaster was due to his experience a:
a, pupil of John Ridlon, who-as he himself writes in his preface to Orr
book Ostomylitis and Compound Fractures (1929)for forty years
had immohilized all his operative wounds of the soft tissues, as well as
of bones, with plaster-of-Paris casts and then watched the patients
not 1he wound. '

Af'ter many yeas of persistent teaching, Orr's technique was ae­
cep1ecl for the treatment of osteomyelitis, and many surgeons published
successful results. But its vale in the treatment of old infected com­
pound fractures (that is to say, postfracture osteomyelitis)-on which
it is true, Orr aid less emphasis-was appreciated all too little. Even his
demonstration, during a visit to Englan<l in 1930, of a highly satisfac­
tol'y result in such a case (Hey Groves, 1930), failed to impress British
surgical opinion. There were no similar cases published in the English
medical jornals; nor apparently did his suggestion that the technique
shoul<l be applie<l to fractures before the development of infection
meet with any response. I am unable to find in the medical literature
up to ]!)34 any record of cases of this type having been treated in this
way. 'J'he reason for the hesitation to use the technique is obvious:
everybody was afraid of treating serious cases by what appeared to
he so simple a proce<lure as mere drainage ineision and enclosure of
the limb in plaste. 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
cornplications 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 France and England.
Undoubtedly Wimett Orr made an exceedingly important contri­
ltion to surgery in re-establishing, among the surgeons of a genera-
1 ion which had f'orgotten Ollier's work (see p. 33), the Hippocratic
belief' in Nature's power of healing. Moreover, he introduced the most
eff'eetive techique yet lmown for the treatment of osteomyelitis and
inf'eeted wounds. It would, however, be a great mistake to think that
t.he On· tcclmiquc, without modification, can be applied with equal
suecess to serious wounds and fractures within the frst few hours of
the in,jry, for in sueh cases, and particularly in wartime, drainage and
immobilization are not enough. Botallo, Desault, Larrey, Friedrich and
Milligan, eaeh in his turn, taught that the essential factor in the

a.
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*In 1932 over 42,000 cases, representing every type of accitlent, were treatetl by
this organization.

treatment of wounds was the excision of dead and dying tissues; and
only when this technique of excision has been fully learned, with the
teachings of Lister constantly in mind, can the surgeon safely begin to
treat early 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 carenamely, adequate primary drain­
age; protection of the patient 's wound against secondary infection;
immobilization in correct position; and good general care."

The idea that Wimett Or's fundamental principles might be of
valne, not indeed alone but as a complement to the srgical technique
I was then using, carne to me in 1929, when I was in charge of the
snrgical service of the Ca,.ict ele Prevision y Soccorro, an organization
whieh dealt with the majority of industrial and road accidents in Spain.
I had been thoroughly trained by my old teacher, Professor M. Corachán
of the University of Barcelona, in the art of incision and proper excision,
and hacl hacl much experience in these pocedures. By 1929 I hacl
treatecl over 40 cases of osteomyelitis with the Winnett Orr technique
ancl had been much impressecl by its success, particularly in two re­
spects: first, the rarity of secondary infections, and secondly, the ex­
traorclinary case and comfort experiencecl 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, srely it mst have an even
better chance of suecess if applied before the infective process has
begun. Aecordingly I began to treat some mino cases by a method
which combined the Larrey-Friedrich techique with the drainage and
plaster techique which I had been using in osteornyelitis.

lVIodifications of the Orr Technique

My first results encouraged me to apply the techique to more seri­
ous cases, and in these I gradually introduced various modifications.
First, I clecided to omit the applieation of iodine recomended by Orr.
Then, finding that in sorne cases the very long incision, macle to facili­
tate a thorough excision of clevitalized tissues tended, if left open along
its full length, to make the wound gape, with consequent prolapse of
the muscles ancl slow healing, I took to suturing each end of the
initial incision after I had completed the excision, leaving open only a
length approximating that of the excised area. Later, I reduced the
amount of gauze usecl for drainage, inserting only a few layes between
the exposed muscles with a single layer over the wouncl. I also dis-
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e arded Orr 's use of vaseline on the gauze, since I had noticed th .
. at insorne cases when I removed the gauze a mass of d1scharge had accu

lated under the vaseline. I first replaced the vaseline with liquid Para:ll­
which, although better in sorne respects, did not entirely se"

.. id ·bl t: mypurpose, for I was trying to avo1 any poss1 e re ention of the tiss
d d . Uefluid which exudes from every clean woun urmg the first few hours

providing, if not drained away, a suitable culture medium for bac~
teria. So I finally decided to substitute drainage by suction for Orr's
vaseline drainag·e, and, abandoning every kind of fatty substance, ap.
plied dry gauze to the wound in all cases treated before the onset of
infection. Even the dry gauze, however, had certain disadvantages,
the chief being that granulations grow into and through the relatively
coarse mesh of ordinary standard gauze, so that when in due course
the gauze was removed, the granulations were damaged. This was a
great drawback, particularly since it was obvious that the cases that
did best-that is to say, those in which there was never a trace of
sepsis-were those in which the gauze had been placed in closest con­
tact with the wound and had thus immediately absorbed any discharge.
I eventually got over the difficulty by using very fine-mesh gauze,
similar to that used for the best bandages. This readily absorbs any
slight discharge, leaving the wound dry, and in most cases is casily
removed when the plaster is changed. If the gauze is more firmly
adherent, saturation for a few minutes with peroxide will enable the
surgeon to withdraw it without damaging the granulations.

lVIeanwhile, in addition to these details, I had been gradually devis­
ing a series of individual plasters fo immobilizing different parts of
the body, developing in particular the thoracobrachial plaster, the
value of which has been emplrnsized by the Spanish orthopedic sur­
geon M. Bastos (1935).

Spread of the New Technique
My first lecture on this technique, delivered in 1934 to the Catalan

Society of Surgery, was received with considerable scepticism. Only a
few surgeons were convinced, among them Gubern, who quickly ap­
plied it in a munber of road-accident cases, with vey good results.
At the time of the outbreak of the war in Spain on July 19, 1936, I was
chief surgeon at the General Hospital of Catalonia. From the very
first day my assistants, who were all personally experienced in the
technique, and I applied it to the casualties brought in from the street
fighting. In September, I gave another lecture to the Catalan Society
of Surg·ery (1936), and on this occasion, when Gubern also reported
his successful results, the surgeons of Catalonia showed a greater in­
clination to give the method a trial. From that time the technique was
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gradually adopted. I 1937 the Spanish Government, having be%"
Oblio·ed to leave first Madrid and then Valencia, established itself

b .. . . · h Col. J. el 'Harcourt,Barcelona· anel the o·eneral staH of the A1 my, wit . _ .
' i, ±h f the army surgical service,an experienced l\1adr1d surgeon, m c arge o e J • b

II_. 1 t I h d encountered con-also set up its headuqarters there. Hitherto .. a . . al-
siderable opposition from the medical authorities of the a" ,

· t · th ealy days, Lieut.- 'o •though one of my strongest antagoms s m ose . • . ' 40)
b · · 11 b ti with Soulie (19. anLinares subsequently pubhshed m co a oia. 10_ n ,. . . t

" @hiu d giving an accounatticle emphasizino· the merits of the tec nuque an b t'
b . • F ) o Col el'I-Iarcour sof more than 300 cases treated by it m i rance . n .

. . ·ti th ·y were soon overcome.arrival in Barcelona my elifficult1es w1 l e arm h .
. . . 1 d · ·¡ l t try the method m t e army,After some initJal hesitat10n le ec1c ec o - 93" l

ad during the Republican off'ensive at Teruel in Decembe, "";; "
January ~938 he himself applied it in more than 100 c_ases. ·t· 1e1

' ' . . ts. Iis posiion asafter he was one of its most enthusiastic exponen . . bl l
Chief Smofoal Consultant to the Spanish Repu~li_can .A1:m_y ~1:a thece
s:. , ding training inl . to build up an extensive organization, providi g '

mm 5. d establishing atechnique fo every army surgeon in _Cata oma ~ne ~·. o·b. ut ~he
Scheme for the coordinatecl treatment of all casualtJes t roub º1 c 11t

. 1 t ti n to the conva es evarious stages from the frontline casualty statio' l. d'lareourt
h 'l'he first article on my technique published by C .orne. . f
(1940) o·ives a vivid picture of its value m war are. . .

b ' _ · f the techmque m aEarl in 1938 I wrote up my own experiences o . . '

ki«is»ii;y2";""""".'ld. i e th Sparns ,, a1. ' · ,.technique that appearec e u~m.,, . e b .· f the small book which was
Hatead ito Sanish adovided 1!""",,] y os te »r Gr
published in England in September, ended should have fur­

·} tl el t,herem recomme
cases treated by the me 10 . . . . . understanding of thc tech-. ¡ l gh material to cnsrne a pope

1m1snea enoug1 1a 1, sdit. ad to secure a substantia. t 1 , t by those who rnve usec 1 ' e

muque, at 1eas y ¡1s »tained in the early days whenimprovement in results over t iose o . am .·
: t ith ut previous experience.surgeons were a.doptmg i w1 iot . . . thod

O l 1 1 the attitncle of the British med1cal press to the me
11 t le w 10 e, . o·h sm•o·eons have been inclinecl to regard sup­

has been favorable, thoug ' nts 'l'his pessimistic
. f ·t inevitable accompamme . .

puratJon as one . o 1 s ·tif. a certainlv not in conection with. . t entirely unjusi eo, J

view is no . . battlefielcl where surgical treatment must
wounds sustained on the ,¡@ry operations. In bombed cities,

I l ccount o 1111 1ary
often be de ayee on ~ 1 11 b taken to facilitate operation

r • l)OSS1ble step S l0U C e .a ..
however, evey rpj ¡lts depend largely on two factors:. . d lops 'I le resu s üe · b
before mfection eve . l tl ff ctiveness of the arra1tgements for
the skill of the surgeon anc le e e have a good knowledge of
dealing with casualties. When surgeons
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all the ,le1 ails of the techniquc, and when the organization is such that
they can deal with a steady stream oi cases instead of sudden ore}..
whelming nubers, the results shold be as consistently good as is
possible within the limitations of human endeavor.

The most recent prewar development is antipyogenic chemotherapy.
In 1935, Gerad Domagk in Germany and M. and Mme. Tréfouél and
others in France puhlished papers on the_ effects of sulfonamide com
pounds in the treat ment of strcptococcal infections. Since that time a
steady flow oi pblieations has appeared, and this new chemotherapy has
proved by far the best auxiliary of war surgery. Nevertheless we
should beware of repeating the error that followed the discovery of
tl1c antiseptic technique hy Lord Lister. The chemical product is often
a good adjunct to surgical technique but should never be used as a
suhstitute 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 hy himself is the most effective. The Germans Bill­
roth (1871), Schede (1915), and Braun (1915) also treated such cases
by drninage and immohilization in plaster, but they cut a window in
the plastcr 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 technique 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 diffeulties
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, thc result can
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TABLE I

PRINCIPIES OF 'TIEATMEN'T AND 'TIIEIR EXPONENTS

CLEANSING TIIE EXCISION OF PROMPT
REST DRAINAGE DEAD 'TISSUE S TREATMENTWOUND

LarrcyTheodoric Magati d'Argelata Botallo
de Longoburg Ollier Chaissaignac Desault Pirogoff
de Mondeville Billroth Lister Larrey Nightingale
Paré Thomas Orr Friedrich
Lister Jones Milligan
von Bergmann Orr Gray
Carrel Ranzi
Domagk Lemaitrc
Tréfoul

only be disaster. It cannot be too strongly emphasized that the method
demands the most detailed knowleclge in the surgeon, who must be
well versed in the art of excision, able accurately to distinguish deacl
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 lmowledge and experience
will enable him to reach correctly. From the moment he sees the
patient he is faced with several vital questions: Is the patient fit for
immediate operation, o does he need resuscitation first? If resuscita­
tion is needed before operation, how long is it permissible to wait with­
out endangering the futre of the limb? Can the limb be saved, orO to

must it be amputated? I the limb can be savecl, how much of the
wouncl, i:f 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 paticnt 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 ancl estima.te the relative urgency of each case. Both
the immediate ancl the ultimate futre of each case will largely clepencl
on the decisions madc at the outset and in every successive stage.

The rnodifications necessarily rcquirecl in thc adaptation of a peace­
time techniqne 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 oi' the teclrnique, when it was
adoptecl as the standard method of treatment, must in large measure
be attributecl to the provision of such instruction for all or young
medical officers ancl thus to the attainment of virtually the same tech­
nique throughout the services.
In this bief sketch of the history of war surgery I have triecl to pay

tribute to sorne of the great surgeons of the past and at the same time
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to show how certain main principles, which are the basis of s l'gerytoday, have been emphasized by surgeons throughout the ages. Th.
pioneers can be grouped as in Table I, in relation to the principl e
treatment to which they have attached chief importance. e;,t
cardinal teachings of these great personalities may be picturva
th . ·11 . tl . ase mam pllars supporting he war surgery of today. The underlyin
base of the whole strueture is formed by the Hippoeratic doct¡,, ". . le of
the healing power of Nature, and the pillars whieh spring from thi
base represent the various means by which these surgeons have so h

· N · ug tto assist ature in her task.
I realize that this list <loes not include all those ;vho have contrib t d

t . u e
o progress in the treatment of wounds, but they are outstanding

figures 111 the gradual advance towarcl the position we now hold.

CHAPTER III

THE HEALING OF WOUNDS
The process of wound healing has been the subject of continuous

experimental stucly since the encl of the 19th century, but from the
time of Billroth (1865), Klebs (1875) and Loeb (1898), the first work­
ers to make accrate observations, little progress was macle until 1910,
when Alexis Carrel laid the foundations of a systematic and clctailed
investigation of the problem. Sinee his day our knowledge has steaclily
increasecl.
Most of the tissues of thc human body have highly recuperative

power, although this varies with the type of tissue. The skin ranks
first and the muscles and central nervous systcm last.
Both from the clinical and experimental points of view, wound heal­

ing· must be stuclied in two clifferent 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 typcs of healing
are very important clinically 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 repaithe formation of new
tissues-begins as ::;oon as thc elimination of the clcad tissues or cells
is complete, and so depends largely on the extent and degree of tissue
disintegration. For this rcason in war wounds, where the quantity of
damaged tissues is freqnently Yerr great ancl the local circula tion ancl
nutrition are seriously impaired, the reparative process seldom follows
normal lincs. In treating thcse wouncls the surgcon's main ohject must
be to create a condition in whieh the healing process may begin within
a short time after the injury, i.e., three to five das.

Whatever the type of healing process, the formation of new tissues
depends on the capacity of the cells to increase their normal ate of
metabolism; ancl for the cells to aequire the necessary reserve of
energy an increase in thc hloocl supply to the damaged area is essential.
The rate of healing· bears a direct relation to the amounts of nutrient
elements, particularly oxygcn, carried to the tissues by the bloocl.
Obviously, clifferent conclitions in the wound will produce markecl
variations in the healing process. The most impotant of these con­
clitions may be classifiecl in two groups:
l. The extent of trauma ancl necrosis, the degree of' infeetion, the

shape, size, and locality of the wound, and the nature of the tissues
45
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regions.

Bone
Of all the tissues of the body, bone is the most susceptible to injury.

This is due to its rigid strueture, as is clearly seen in the greater de­
gree of damage which bone suffers in injuries of adult life, when it is

EFFECT OF PROJECTILES ON THE TISSUES

The Skin
'l'he skin is highly resistant to extemal damage. 'l'his is due largely

to its elasticity ad 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. 'l'he only type of injury which really de­
stroys it is the lacerating· wound, for this is very apt to interfe1·e with
its blood supply. Concussion wounds, which cause extensive destrue­
tion of. the muscles ancl 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 wouncl, and the necrosis is
due to the clirect action of the traumatic agent.

Subcutaneous Tissues
The damage which a projectile causes in these tissues is often con­

fined to the area immediately surrounding its track. 'l'he capillaries
preserve their function and react with eady inflammatory changes,
supplying the necessary leucocytes and plasma proteins to the injured

Muscular Tissue
'The effect of modemn explosives on the muscular tissue depends

largely on the anatomical characteristics of the muscle affected. The
short ancl segmented muscles, e.g., those of the shoulcler, lumbar region,
foot and skull, ancl the rectus abdominalis, must be consiclered sepa­
rately from the long muscles, particularly thosc of the limbs. In the
short muscles the nutrient arteries are short too, and the area they
supply is limited. For this reason the damage i a short muscle is
determined by the type and foatmcs of the projectile, particnlarly its
size, shape and velocity. On the whole, this type of muscle reacts
favorably to injury. A ]ayer of clead and clisintcgratccl muscular fibers
will be found surrounding the track of the pojeectile. 'The dead fibers
are easily distinguished from the living on microscopic cxamination,
but with the naked eye distinction is diffieult becase the color and
bleeding capacity of the devitalized musele is oEten not very cliffcrent
from the normal. In the long muscles, on the other hand, each of the
nutrient arteries has a mueh larger portion of mnscles to supply, and
consequently if one of these vessels is clarnaged by a projectile a con­
siderable area is deprived of its nutrition.
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THE PROCESS OF WOUND HEALING

In a.U wounds there are two main zones of damage. I the first a
great many cells are immediately destroyed by the traumatie agent,
while others die subsequently through being cut off' from the capil­
laries and arterioles which normally supply them. All cells which
depend for their blood supply on vessels that have been damaged
suffer necrosis owing to their lack of nutrition. It is not srprising,
therefore, that the efficacy of the reparative process is governed by
the extent of the devitalized a.rea. Beyond this first zone there is a
wider area of damage, in which, although the anatomical integrity of
the vascular system is preserved, the blood supply is initially impairecl
by the vascular spasm inducecl by sympathetic stimulation. 'The cells
in this area may die by secondary necrosis; or if their nutrition is
only temporarily affeeted, 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 be discussed
in detail in a later chapter (see p. 141). '

Borst (1920) described all contused wounds as composed of three
areas i mcludmg m 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
a.reas is due to one and the same canse-the direct action of the trauma.tic
agent-it appears simpler and anatomically more conect to consider them
as one: in short, as constituting the first zone of my classification above.
From the surgieal t :. . Ipomt o: view, the component traumatie areas are al­
most cqually important. The first area is contaminated from the onset
and, the surrounding tissues being also devitalized, the risk of spread is
very great, for this always bears a direct relation to the extent and
severity of the dama ge in the second zonethe ''area of vascular
spasm '' of the classification I prefer.

involved. These features depend largely on the nature of t]
:. b ·. li ·h fe : he tramatie agent, ut various externa stimuli, suel as roreign bodi "

perature, humidity and mechanical and chemical influences, e­
a large part in determining the course of healing. ' so 'Play

2. Varios faetors depending on the general condition of the p t·atent
of which the most important are hormone and trephone action tr 1.'. . . . . d . ' Op lCnervous activity, vitamin concentration an cytotrophism, the inf

• > 'ene@
of which on the nutrition of cells in wounds has been definitely proved.
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highly calcified, and more especially in old people in who1u raref .
has beeun, copared ith the damage suttered by childrven, , ";3,"
the bone has some degree of elasticity owing to Its cartlla o·inotis t lll

.. : : ' StPpte. Iighly calcified bony tissue, like the shafts of the fem¡ ,
humerus, is more vulnerable than the spongy tissue of the expande¿
ends and short bones.

THE REGENERATIVE PROCESS IN WOUNDS

As Carrel (1910) pointed out, there are four distinct periods in th
healing of a wound: preparation, granular retra.ction, epithelizatione
and cicatrization. '

First Period: Preparation
The fist stage extends fromthe time of the injury to the beginning

of the period of granular retract10n and cons1sts of preparation of the
wound for the reparative process. It is initiated by the trauma itself
and consists of trauma.tic inflammation, which is very similar to infee­
tive inflammation and is characterized by the usual inflammatory fea­
tures; namely, mild fever, pain, discharge, edema and leucocytic mi­
gration. This combination of reactive phenomena leads to the reab­
sorption of blood on the surface of the wound and to the removal of
necrotic tissues by phag·ocytes and enzymic digestion. In the wound
which has been properly teated f'ro the onset, the reparative phe­
nomena proceed in an orderly sequence.

Hemostasis.'The first reparative or, more properly, defensive phe­
nomenon is the spontaneous cessation of hemorrhage. Bier ( 1897) was
one of the first to describe this, and Magnus (1924) and Stich (1930)
made observations which enable us to picture the mechanism. 'l'he
elastic ret:·action of the damaged vessels and the coagulation of the
blood fibrinogen stop bleeding from the vast majority of the blood
vessels; but in the larger arteries the comparatively high blood pres­
sure prevents the initial formation of elot. A fall in blood pressre,
produced eit!1er by acute anemia or, more :frequently, by shock, also
plays a considerable part in ending hemorrhage ·when the bleeding is
not checked by surgical intervention.

Once the vessels have ceasecl to bleed, the coagulated fibrinogen both
of the blood and of the lymph, soon covers the wound with a thin layer
which prevents further contamination from outside. This layer is so
thin that it is easily destroyecl, even by a mere change of dressing.
Elimination of Dead Tissues.-'l'he next reparative phenomenon is

the elimination of dead tissues. 'l'his is generally accomplished by a
process of liquefaction, and dead cells form the chief constituent of the
discharge 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 disintegratecl tissues-in itself a clefensive action, constituting in
fact the first step in the regeneration of the tissue-is effected by thc
cooperative action of several enzymes, clerivecl from varions 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 initia1 colonization in the devitalized cells. Among
the other heterogeneous enzymes which appear in any serious trau­
matic wouncl are those produced by the bacterial toxins which at­
tack living cells. 'l'he chief role of bacteria! toxins, however, is the
disintegration of the dead tissues.
The produets of disintegration either are eliminatecl with the dis­

charge or else are absorbed into the lymphatic system and passed on
into the blood stream ·vin the thoracic cluct. 'l'he work of many _rn­
vestigators (see p. 60) has shown conclusively that foreign boches,
ranging frvom proteins of small molecular size to some of the largest
organisms, can be eliminated from the tissues by the lymphatie system;
but most of the products uf tissnc disintegration make their way di­
rectly to the exterior. . . .

The amount of dead tisc;ues prescnt in a wound being important in
cleterminino· its cvolution, the main object of surgical tl'eatment must
be to eonert 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 lique­
faction is incomplete and elimination takes the form of slonghmg.

Bacteria

E, 11 the cleanest traumatic wounds, and particularly wal' wound~,
ver j3 5..5+51 1t

t · t cJ bv bacteri·1 from the outset. T 11s uutia con mm-are con amma e .1 J , • • •

t. · · deo·i·ee accordino· to the number and tox1c capaclty ofna1on van1es m ' ' .
the organisms introduced into the wound, but the changes in the bae­
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. .
E .· ntal work especially that of Carrel, has shown that mn se­xperme1 o.. ,,, h ti·¡t TI
d repair germs are reqmred to stnnulate ea mg ac 1v1 y. eon ary . - o
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toxic capacity of these germs, however, must be limited, and tl
cause no more than an irritation on the wound surface. \V~ey 111Ust

1 f l . h . . . en asresult of the large number o) bacteria or their toxicity, inflan,' a
changes take place within the tissues, the normal process of h ~-ªt01'_Y
checked and the biologieal power of the cells is applied ¡, [" is

:. • s. :. d »ft ti: +ti F "ounteracting infection instea o1 .o reparative action. b'ortunately. ov, "
. h . b . . 1 h ' en thmost active pat. ogemc acteria reqmre severa ours to multipl

fieiently to invade the woud tissues, nd the future of the pan,,"";
largely depends on whether or not surgical treatment is given 1e,
th. . d . If . l o1e1s pero 1s over. poper surgeau measures are applied bf
inflamatory changes begin, infection will be prevented. The baeta3,
on the surface of the wound will be removed in the operative proce.
dures, and if a few remain they will quickly be isolated from the tis.
sues by the coagula.ted fibrin, so that clinically the wound may be
considered sterile. The coagulation of fibrinogen is a tpical example
of 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, bt then
the active period of hea.ling, as indicated by the granular retraction,
began. Many surgiecal wonds give a similar history. The preparatory
period is shortened by the presence of certa.in mild irritants which
have a stimulating effect on the wound. Carrel and dn Noüy (1921)
showed that if turpentine or staphylococci are applied to a sterile ex­
perimental wound, the period can be reduced from 20 to 4 days. Other
factors affecting its duration are the size and location of the wound
the tissues involved and the age and general health of the patient. '

Second Period: Granular Retraction
After the preparatory period, the active healing process begins, with

the formation of granulations and a reduction in the size of the wound.
'Thus the wound is provided with a second and stronger covering
which, when heaithy and undisturbed, has the effect of a new skin.
As early as 1879 Devaine and Nissen had shown the effectiveness of the
barrier to absorption :furnished by healthy granulations; and this ob­
servation was confirmed in 1893 by Afanassieff working with toxins of
virulent bacteria. Noetzel (1897) showed that non 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
particulaily striking. Melchior and Rosenthal (1920) made similar
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observations working with methylene blue, a.ncl more recently d'Har­
court, Folch 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 clown. He found that a
granulating wouncl contaminated by anthrax will show no sign of ab­
sorption if lef't undistrbed for five or six days but that a mere change
of dressing is immediately fo1lowec1 by toxie eflects. 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. 'l'hus, to
preserve its full protective va1ue the granulation tissue must be 1eft
completely undisturbed. Only healthy qralations, 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 pressurethe granlations are neither healthy
nor undamaged, if, that is to say, they are pale or cyanotie, spongy,
fluffy or hypertrophic and bleed very readily, they aftord far less pro­
tection to the underlying tissues. Fortunately, however, the formation
of healthy granu1ations 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, thc 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 ancl climinati11g bacteria and toxins
-a function similar to thc filtration of bacteria and .-irnses by thc
lungs and spleen. Halley, Chesney and Dressel (1927) excised a piece
of skin from the back of a rabbit ancl left the wound to granulate.
They then injected 0.1 e.e. of a testicular emulsion containing Treponema
pallidum into the testes and found that syphilitic lesions appearcd on
the surface of the wound. Viruses are also eliminated through the
capillaries of granulation tissue, and F'u;jinarni ancl 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 granlations covering the wound and not to clisturb it in ay
way.
The contraction of the wound cluring the period of grnnular 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 sueh contraetion is very rapid, but it gradually becomes
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slower until finally, with the beginning of the next period, it e
almost entirely. The rate of contraction is directly proportional tea~s
size of the wound. I a wouncl with a cliameter of 60 to 70 mm th

O
t e

1 d · · · · 1 9 10 · 2 ~ l · e nor.mal reduetion in size is about o mm. i '± hours; in the g
od' 1d f di .< +b ameperio in a wou of 40 mm. liameter it is about mm.: in a wo q

·> un
of only 20 mm. diameter it is vcry slow. Reduction cea.ses entirel .. . . . y 11)
all wounds when the margins have approached to within 10 to 151nm.
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 proportional
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 distanee is less than 10 mm.
If the granular contraction ends before the edges of the old epidermis
have closed to within 25 mm. of each other, the new epithelium cannot
spread ay farther over the qranlatios and so the healing process
comes to a standstll. In wounds of irregular shape epithelization ahvavs
begins at those points where the edges of old epithelium are nearest
to each other.

Once the regeneration of epithelium begins, the contraction of the
wound slows down; if the epithelization is accomplished quickly,
contraction will come almost to a complete standstill, and the final scar
will consequeutly be less fibrotie than when the process takes a long
time. Sorne contraction is necessary to reduce the space between the
divided tissues, but fvom the point of view of the final scar it is im­
portant that it shoulcl not be excessive. When a large area of skin
has been lost, the produetion 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 srface of the granulations is achieved in the

o '
view of most workers, rather by an amoeboid movement than by the
mitotic division of the cells, which indeed plays but a srnall part in
the process.
In traumatic wounds the progress of epithelial cells over the granu­

lations is partly governed by the number and toxie capacity of the
organisms present, but depends more on certain purely mechanical
factors. The fragile and delieate ature both of the detached epi­
thelial cells and of the fine layer of connective tissuc over the granu­
lations which forms their bed renders these cells very liable to destrue­
tion by the slightest mechanical interference, e.g., the movement of a
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The bene:ficial effect of external pressme on healing was not recog­
nized until the surgeon and obstetrician Charles hite (1762) pub­
lished his results of treating chronie uleers of the leg with sea sponges
applied with gentle pressure. In 1797 another English surgeon, T'homas
Baynton, published a full description of the pressure treatrnent of
chronic lcers. 'The first to use adhesive plaster for this purpose, ap­
plying it across the ulcer, he founcl that the clischarge was noticeably
diminished ancl granulation ancl epithelization were complete in a
relatively short time. Baynton also notec1 that the treatment had a
goocl effect on the circulation of the leg. In 1853 J. S. Gamgee pub­
lished his results of treating wounds and fractures by banclages; these
he applied with a certain amount of pressre, the degree of which he
comparecl to ''that with which one ho]cls the hancl of a lady when one
greets her,'' and he emphasizecl the benefieial effeet of this treatment
on wound healing. In 1881 James Harclie took up the use of the sponge
for treating wounds, pointing out that by the pressure the cliviclecl
tissues were apposed and thus the wound was provided with conditions
similar to those produced by suture; he also emphasized that the pres­

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. E-pithelial cells find it extremely diffi­
cult or even impossible to advance when the peripheral granulations
rise above the leve! of the epidermis, for, although they can travel
across a flat srface or a slight depression, they cannot move upwards.
.Amoeboid progress of epithelial cells is a]so impossible where the base
of the granufations is narrower than the body (see p. 290).
The general conclition has a great influenee on healing. Chronic

infections, such as tuberculosis ancl syphilis, definitely hinder healing,
and more recent work has shown that a deficiency of vitamins (par­
ticularly of A, C, ancl D), diseases of the circulation (particularly
cardiac ancl renal clisease), diabetes, ancl acute infections originating
from the wound, all retarcl the repair process. Nevertheless, the main
obstacles to healing are locál, and are all clirectly 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



WAR SURGERY

EFFECTS OF 'TREATMENT ON WOUND HEALING

THE EFFECT OF DIFFERENT TREATlVIENTS
ON STANDARD WOUNDS

The effects of several forms of treatment in current use for the ae­
celeration of wound healing were compared with the following results
(see 'Table II) :
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healing. Finding Carel'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 measre­
ments in each group of wounds and plotted them against time af'ter the
operation. 'l'he measurements they took were as follows:

l. The distance between the cut edges oí the old epithelium,
giving the decrease in the size of the scar.

2. 'rhe distance between thc margins of the rcgenerntcd epi­
thelium, giving the rate of epithelial regeneration.

3. 'rhe distance betwecn the cut edges of the old collagcn
fibers, indicating the tensile strength of the scar (Howcs,
Sooy and Iarvey, 1929).

4. The distance between the margins of the regenerated col­
lagen, giving the rate of collagen regeneration.

5. 'l'he thickness of the regenerated collagen fiber bundles at
differcnt levels in the scar.

ME'THOD OF 'TIEA'TMENT

APPLICATION
APPLICATION

APPLICATION APPLICATIONPIIENOMENON
OF OTHIER OILS

OF EPICU'TAN
APPLICATION

OF PLASTERSTUDIED OF COD LIVER AND VITAMIN OF UREATREATMENT OF PARISOIL A PRODUC'l'S

Retarded or Slightly acccl- No effect AccelerateclDecrease in Accelerated
size of scar no effect eratcd

Markedly More rapidEpithelial re- Slightly de- Markedly de­ lightly re-
generation layed layed tarded retarded

Collagen re- Improvecl Improved lmproved Improvecl Retarded
generation

Shortened Shortened ProlongedLatent period Shortened No efl'ect
of collagen
regeneration

Improved No efleet Much the'l'ensile Improved Ifarmful or
strength of no effect best treat-

mentscar
Not tested Not testedMuscular re- No effect No effect Marked im­

generation provement
Thickness of Increased Increased Increased Increased Increased
regenerated
fiber bundles
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sure of the sponge prevented accmnula.tion of discharge. In
1
.
ecenLyears Douglas (1935) e-introduced the pressure technique fo 4

: ' ' htreatmcnt of chronic ulcers.
One result of all wounds is to deprive the underlying tissues of tl

elastie pressre of the skin and often of the aponeuroses also. ,
lack of balance thus produccd damages the cells in the superficial
layers of all the tissues in the wound, and the swelling of the injurq
region adds a further factor which adversely affects the nutrition.
Evidence of these disturbances is seen in the granulation tissue. Wonnds
treated without pressure often show hypertrophic granulations which
reach well above thc level of the surrounding skin and newly formed
epithelium; a copious discharge which saturates the wound and in
many cases macera tes the tissues; and edema, not only in the woud
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, som
gentle an<l persistent pressure has been -applied show firm, even and
healthy granulations, only a small amount of discharge (for this de.
pends on the degree of bacteria} 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 be properly applied. The only soft tissucs which
should be pad<led beneath the plaster are those of the actual wound.
ITere sorne layers of gauze should be applied over the gauze placed in
1 he wound for <lrainage, but elsewhere, apart from the protection of
bony prominences, the plaster should be applied directly to the skin.
In moulding the plaster care must be taken to establish good contact
with the limb, particularly in the region of the wound, where slightly
greater pressure is needed. As soon as the danger of primary infection
1s past, a plastered leg should be lowered from its elevated position for
an increasing period each day, and as soon as the condition of the
wound permits, the patient should be made to walk about so as to
avoi<l muscular atrophy. vVith these precautions good contact be-
1 Wécn the plaster and the wound is more easily maintained, and thc
hcncfieial effect of the pressure is exercised over a long period. In a
J'cw cases it is helpful to put a layer of sponge rubber between the
wound and the plaster.

Experiments on Wound Healing in Plaster
Recently at the Sti-angeways Laboratory, Cambridge, Dann, Glücks­

ma1m an<l 'l'ansley (1!J41) canied out a series of experiments on wound
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Cod Liver Oil Treatment.-Several types of cod liver oil were ll d
:. d ·ith th seand a number of control ammals were treate wr ot er olls and fatt

acids, either with or without vitamins A and D. y
Epicutan Ireatment.Epicutan was dusted on the surface of stand

ard wounds under different experimental condit1ons.
Urea Treatment.-Solid crystals of urea were applied to standard

wounds.
Plaster-of-Paris Ireatment.Superficial standard wounds and burs

were covered by a broad plaster belt round the animal 's thorax.
'These research workers say: 'Of the above four treatments (five

including the controls) the plaster method gave far the best results.
Next in order of merit came cod liver oil, then epicutan, and finally
urea.''

The results of these iuvestigations confirm my twelve years' clinical
observations, that no method of treatmeut fulfills all the optimal con­
ditions for wouud hea.ling as effectively as the enclosure of the affeeted
limb in a plaster cast. When infection is prevented-as by the cor­
rect use of the whole technique it easily can be-epithelization is
produced more rapidly than by any other treatment, and the scar is
more resistant and elastic. The protection of the wound against sec­
ondary infections, the pressure on the surface of the wound, the pre­
vention of damage to the granulation tissue, the absorption by the
plaster of excessive discharge which might damage the newly formed
epithelial cells, the avoidance of edema, the maintenance of a good
circulation, and above all the absolute and continuous rest of the af­
fected limb-all these factors combined form the fundamental basis
for the snccess 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. Larg·ely 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 ar of 1914 to 1918. 'l'he
moclern idea of infection was formecl by such men as Pasteur, Lister
and Koch; but it may be recalled that these were preceded by men who
had prepared the grouncl not only for their actual cliscoveries but also
for a better unclerstanding of the principles behind them.

Before Pasteur discovered the process of fermentation, the great
French physiologist Claucle Bernarcl (1866) saicl: "On aurait tort . • ·
de renoncer a l'espoir ele rattacher un jour ces manifestations morbides
(maladies septiques) aux lois ele la physiologie. S 'il nous est pour le
moment impossible de le faire, nous y parvienclrons sans cloute dans un
avení plus ou moins éloigné."" Bernard's theoyy, constantly found
in his writings, that the developent of infection is due to 1proper
functioning, was forgotten af'ter his death and only quite recently re­
suscitated. That this concept of infection shold have been discarded
was due not to Paste and Iister themselves, but to the effeets of the
widespread difusion 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 antiseptics was that they helped
this meehanism. But for most surgeons bacteria were now the "cause"
of the infective complieations of wouds, and as a re_sult of' this con­
ception and of the patent success of Liste's antiseptie technique, the
attention of the rnedical profession was largely confined to the de­
struetion of bacteria. Consequently, in a comparatively short time
Bernarcl 's suggestion that the natural function of the body prov1cled
the control]in influence in the development of infeetion came to be

1 t completely ignored. It seems curious that no one in those days
a1nos1 '5' bl ¡lli f
should have wondered how, in view of the innumera e m1 1ons o

· h f one day brin ing these morbid manifesta­
·I wo@ta_pe ron 9,E"",}"?} ¿ isiiey. ijiGügji we cannot do so yet,

$%#%%2%%..#"# "»sores sr is @iwiriiir"
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these pernieious bacteria that had surrounded n 1.:.. · · nankmd :
gimning of time, the human race shold have survivea,,ce th• 'e thus f, e.
Bernard s theory has heen re-introduced seYeral t· ar!.. -1mes and

gn"en some support, particularly hY Pavfo, who, h n has bn>d '·' : u)se theon, "ven
IOne reflexes made the concept of immuru·t , Y of cona·k • comprehe itj I­
opaef and Saotchian, 1928), and by Jétalnikov (199a """%le Paa.
that by the destruction of their third dorsal ala d . ) ' who sho\\·edld im mmu s

cou be rendered susceptible to cholera (see 1 Elnized 1ror1ns
Mtalniko, 1932). ª so rmolaeff and

It has been stated bv some writers that B dp . ., ernar di .
as eur the relatie parts played in an infection b scu~sed With

one hand and by the liring tissues on the other \ ba~ter1a on the
ho venr, of such a <liscussion. In Bernard's last. w~r~- ti ac; remains,
was not published in full uutil after his de th h ~ (18t9), \\hich
of alcoholic fermentation. carrYino- h. th ª, ' e took up the subject
l. · . , • e 1s eory on the pr ·ti
1vmg tissues so far as to maintain that the f . . . . ºl:er ies of the
effected, not by a fermenting sub»sta."Pentation oi alcohol was
], anee mtro uced fr _. hy a soluble ferment 1·11 the • . f h om without, but
d. Jmce o t e rott f · pisturbed by this idea, publisl d en rmt. asteur, greatly
emphasizing, howeve, in ¡,,""" a small book (1879) attacking ii,
great physiolo!!"ist and, po· t· p eface his cordial relationship iYith the

: ' ntmg out that th;which they had disagreed. º · 15 was the first occasion on

Today we can state with confide . .
development of ineetion ;, ,,"e that the primary factor in the
vading organism. A th1es 11: t e mmediate environment of the in­

' . pai ogenic germ ·hi»h Eh. .J)owerless in another, and '=' w Ic thrives in one animal is. ' even m the s .w11l suceessfully attack t . . ame animal an organism which
1[, certam tissues vil] h
•1 ore correctly perh \H ave 110 effect on others.' aps, we should s th • .may be susceptible to a t . ay at a given animal or tissuecertam germ or t 1 h . . .no symptoms in oth , . . oxm w uc w1ll g1ve r1se to
Th er anunals or m th .

e germ in each case is th . o1 1er tissues of the same animal.
ceptor medium. e same' the varrnble factor lies in the re-

INFLAMMIATION
In the higher animals th

invading organis is in.,i,""al mechanism of defense against an
ess, the clinical signs of ,h. h Y an mflammatory process. This proc­
tumor, calor dolor") ,~ t~c were first described by Celsus (''rubor,

. ' , constitutes th l . fanism. Inflammation he asis o1 the body's defense mech­
may be sf ] t d .such as trauma a l)t . f imu a e by various external causes,rn, or frostb' t lvariety of foreio·n Sl 1 t . JI e, or by the sudden enty of a large

s tDsanees mto th " u· . , . b 1Achard and Loeper 1923° 1. le 'milieu intérieure'' of the ody.
the tissues and fluids( of th' d~s?ussmg the changes brought about m

e living body by the entry of any foreign
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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 eonstant. It is now fairly generally aceepted that the extent to
whieh the defense meehanism of the body is brought into play and the
seale 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 diflerent forms which inflammation· may take are wel] known.
In every case the process is directed to the same end, namely, the elimi­
nation or neutralization of the disturbing factors. vVhen inflammation
is caused by an organism which secretes toxie substanees, 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 phagocytic and anti­
toxic functions. 'rlüs 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 lyrnph and the tissne fluids are one
and the same substance; although probably a more correct description
of lymph is that it consists of interstitial fluid which, by entcring 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 flnids of the blood and those of
the tissues is fundamentally sound. Iydrostatic pressre on the one
hand, and the osmot-ic 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 t\\'o fluicls, ,,·hich bathc the entire bocly. Re­
cently, however, aclditional controlling factors have been 1·ecognized
in the pressure of the tisses (Drur and Jones, 1927), the temperature
(Landis, 1937), and the electrical potcntial of both flnids (Donnan,
1911; F. lVIcLean, 1925).
Inflammation is caused by a stirnulus which is probably nervous

(Bernard, 1872; Bruce, 1910; and others). This stimlus incites a re­
flex which effects a brief initial local vasoconstl'iction, followed by a
vasodilation and a rise of capillary pressure. 'The inereased capillar
pressure, combined with various other factors ( e.g., lVIenkin 's lenko­
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 circulati
is the cause of local edema, one of the signs of inflanunaf on. '1'his

a . Ion wh·stretches the interstitial spaces an so mcreases the pressur . ' 1ch
tissues, thus contributing a secondary factor to counterbal:I Inside the

1ce th, :creased capillary pressure. e 111.

Once edema is established, the lymphatic flow, that is to
drainage and emoval of the interstitial fluids in a changa"" he
greatly increased. The view that the lymphatics are thromb onn, Is
compressed in edematous tissues has been shown to be incorre0:ed or
the contrary, by the attachment of their walls to the adjacent cr. On
they are held widely open as these tisses become stvetenea, 3"]"
fl : s m theow of lymph along them is greatly augmented (Pullinger and Flo
1935; MeMaster and Hudack, 1934; Barnes and Trueta 1941) TI!,
l. h ' . nswhiel, may be looked on as a washing of the inflammatory fo . '

h ~~uanotlter of the body's defense mechanisms.
The "purpose'' of inflammation, from the defensive point of vie

is to bring the leucoeytes and antibodies into action against baete¡,
and toxms so that the latter may be destroyed or neutralized othi d : : '· . mee

IS destruetion is accomplished, the foreign elements must be absorbed
from their place of entry and carried into the blood stream for elimina­
tion from the body. But just as overaction of every mechanism of the
body may be injurious, so the absorption process, which is designed
for defense, may come to h. e. • ff O

•, a, e an opposite e ect. If the aggressive
elements are so numerous or so powerfl that they are absorbed with-
out having frst been rendered harmless, their distribution through the
body_ brmgs them mto contact with cells speci:fica.lly sensitive to them;
and if these cells happen to be vital to the existence of the body, this
contact affects not only the life of the individual cells but that of the
body as a whole. Clearly, then, absorption is a process of great im­
portance from the point of view of infection.

ABSORPTION
The route by which germs 1d t·...±, ¡r:. San oxins are carried from the site oentry mto the system g· • ll h 'Wh M . enei a Y as only recently been. established.

f en Magendie and, late, Bernard took up the study of the action
01 certai poisons and drugs <, .. ¡l1os, usmg strychnme curare and other sL ­stances, they stated that ll • . '
f 1 . . a1 po1sons pass mto the blood stream byayo: the capillaries. Th; : .. us 1s not strietly true. While cystalloid sub­stances of small molecul . • . .
d. 1 . ª1 Size, such as strychnme do m fa.et pass
1rect y mto the blood st . h . ' .sream through the capillary walls, proteins,

many enzymes (such a · 1 º • ' · ds sorne sna {e venoms and bacter1al toxms) an
most dyes are absorbed fror th ti . · d. m e 1ssues mto the lymphat1c vessels anthcncc make their way vía. the lymphatic system and thoracic duct into
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the blood stream (Barnes and Trueta, 1941). Bacteria also follow the
lymphatic route of absorption, a fact which is not srprising 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 carry
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 introducecl into the body. Thus, hydrogen sulfide injectecl
intravenously passecl 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, ancl 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 poisos. 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 befare 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 sorce of danger to the system in facilitating too rapid a clif­
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.e., hypersensitivity and anaphylaxis, and
even local inununity in varying degree. The aspect of the defensive
mechanism which consists in localizing the infection is known today
as II fi...·rntion." Pawlowski (1909) found that, whereas staphylococci
injected into the knee of a guinea pig normally pass into the bloocl
stream in 24 to 48 hours, they fail to do so at all if an irritant sub­
stance such as turpeutine is injectecl beforehancl. Bcsredka's "local
immunity" can be attributed to a decrease of permeability in the af­
fected a rea ( Amoss and Bliss, 1927).

'l'he eadiest account of the localizing 01· 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 arsenie. '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 tumo in which the bulk of the
arsenie was found completely enveloped in fibrin. In 1925 Krause
deseribed the fixation mechanism. He showed that, if bacteria are
introduced into an animal after the injection of some irritant sub­
stance, the local produetion of fibrin stimulated by this substanee
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·herever something lives, a register is opened in which Time writes its signa­
ture."

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 ancl their toxins, but also (for these
ultimately become "foreign" elements and produce toxins of varying
capacity) of the proclucts of cellular clisintegration caused by the
trauma. Fortunately the human body has previous ''experience'' of
nearly all thc bacteria commonly found in traumatic wounds, ancl 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: "Partont ou quelqne chose vit, U y a
ouvert quelque part un registre o le temps s 'inscrit. ''()
Provided that the clefensive mechanism of the body can operate

nnder good conditions and no excessive number of bacteria are sud­
clenly introduced into the interstitial spaces, bacterial invasion will be
prevented, and in consequence the wound will follow a normal and
aseptic course of healing.

VIRULENCE AND DIFFUSION

A clear distinction 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 streptococci, the staphylococcus,
a.nd the diphtheria bacillus can diffuse through this medium, the typhoid
and tubercle bacilli have no such power but are taken up ancl scattered
by embryonic cellules ancl leucocytes.
Each bacterium has a virulence, or power of aggression, peculiar to

itself, ancl this is probably related to the cliffusive capacity either of
itself or of its toxin. For example, the staphylococeus, having a toxin
whieh coagulates fibrin, is easily confined to its place of entry, whereas
the body requires more than 48 hom·s to build up the necessary pro­
tective barrier against the hemolytie streptococeus (Menkin, 1940).
Exactly what constitutes bacterial virulence has not been clefinitely

established. Some believe that it depends almost entil'ely on the power
of the organism to spread through the tissues, ancl 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 ve1·y

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
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makes a barrier which isolates the bacteria from the inter t' .
ad the lymph and so prevents their diffusion; that is « ""al fluía,
wi ll not tale place when bacteria find a protective 1,3· diftsi,
prevent diftusion the body needs time to build up this pr::· ~ow to
rier, ad the sienificanee of Krase's experient lies no ¡{" ba.
of the first injeetion but in the faet that this injection gives ¡,, "re
the necessary time to construet the barrier before the second ¿"al
injection is made. Fig. 1, A, shows the limiting barrier m, tive
in. iection or Sta»hlococos areus; and Fig. 1, B, the tan1"","; "" te
pcrfect ba.rrier to prevent diffusion. a.n un.

A,
Fig. 1.-Diffusion of "Pontamine blue" . . . B.
A. Limitation_ of spread of the d injected into abscesses in the skin of rats.

abscess producea y ííe injeétin {3,,"} granulating barrier ot a well-constituted
B. Diftusion of the dye thu 3, @phytococcus aureus culture.

dye was iijécieá tocé±cr ji,,,2,},¿compete_1ayer or reactive granulations. Thea mg factor." ·

In imnnmized animal th t ·
''experiene' , 1 1 s, 1a 1s to say, those .which have a previous
ates rath ced'j; t iel aggressive agent, th_ e defensive mechanism oper­
' t· ' e~· 1 erent Y, for diffusion is prevented by bacterial aggluti­
na 10n wh1ch is affected b tl · 'O
and others) 0 h he antibodies (Shibley, 1926; Rieh, 1933,

1 s · nce t e bacteria are agglutinated their destruction by
po ymorphonuclear leucocytes is greatly facilitated.
It seems clear then tl t th .. ' , 1ª . e natural defense mecha.msm is largely

concerned with the r@lti } . .
o+...1. ..." 'eguat1on o: the absorption process, accelerating

or 1etardrng lt m relation to tl b d , · d d · ·· · 1e o y s capacity to estroy an elimi­
nate the aggressive element.
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endocarditis. Nonpathogenio bacteria commonly found in the monp
and alimentary canal of normal persons may prove chsastrous 11 t b. • ' o 'Yreason of any virulenee but becase of the vital importance of ¡,
tissue in which they colonize. This is a striking example of the han
ful aetion which may be produced by diffusion. A toxin-produe¡#
germ, on the other hand, even when it has little diffusive capacity anq
takes a long time to enter the bloocl, produces ·what may be fatal en­
sequences by its virulenee aloe.

LYMPH AND THE LYMPH NODES

The antiseptic properties of lymph have been studied very careflly.
In 1888 Nuttall pointed out that b]oocl has bactericidal properties and
suggestcd that the same might well be true of other body fluids. Meltzer
and Norris (1897) foud that lymph has an antibacterial capacity in­
ferior only to that of ser, an observation which was later confirmed
by Hnghes and Carlson (1908). It is now known that blood and lymph
are the two most powerfl germicidal fluids of the body; and it has
a1so been shown that, after isolation fvom the tissues, lymph preserves
its antibacterial capacity for a noticeab]y longer pcrioc1 than bloocl
(Meltzer and Norris, 1897). Freund and Whitney ( 1929) found that
the lyrnph of the liver of irnmunized 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 throgh them, and they are also believed to play
sorne 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 indica tes that these small organs are probably able to destroy
large numbers of bacteria. They are loaded with reticulocytes and
2ndothelial phagoctes, and possess relatively high concentrations of
antibodies.

Movement of any kind, however slight and whether active or pas­
sive, has a marked efleet 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 increases the lymph
flow throughout the a.rea. 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 lymphatics.
Bacteria of great diffusive capacity pass almost unimpeded through

the lymph node barrier, and so generally cause little inflammation in the
glands. In 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 afected and he
will show a high temperature and other signs of toxemia.

Thee main points emerg·c from these considerations:
1. The future of the wound, and in many cases of the patient him..

self, depends 011 the quantity and toxicity of the foreign substances
which remain in the tissues of the wonnd.

2. 'l'he mechanism of the body primarily responsible for the deveiop­
ment of an infection is absoption, which leads to the diffusion of
germs and toxins. 'To affeet the patient's general condition the bac­
teria or their toxins must reach the blood stream, pre:fcrably the arte­
rial, for this is the means by which thcy 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, thereforc, to prevent in:fection dcveloping in a war wound,
the surgeon must do all that he can, first, to prevent the colonization
of bacteria and the formation of toxic proclucts in thc wound, and
secondly, to impede the lymph flow so as to prevent the absorption and
diffusion of the foreign elements that are always present.
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thus it has been shown that Proteus vulgaris, Bacterium coli, Pseudo­
moas pyocyanea and Friedliinder's pneumobacillus will clisappear very
rapidly when placed on normal skin (Arnold, 1934). 'This antiseptie
action of the skm may be due to the sebaceous secretion (Colebrook
1930), or possibly to the persistently acid reaction of uninjured skin
(Arnold and others, 1930).

1

Clinically, the skin's resistance to anaerobio or ordinay pyogenic
bacteria 1s well lrnown. Postoperative spreading gangrene is very rare,
the total number of cases recorded up to 1937 being 37 (Stewart-Wal­
lace, 1937). This infection is causecl by a combination of the staphy­
lococcus with a streptococcus which though naturally anaerobic can
grow aerobically in a culture medium. In sorne 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. I-Iemolytic streptococci sel­
dom give rise to infection, in spite of frequent contamination of the
skin. Even in extensive laceration in which the blood supply is seri­
ously reduced, a dy 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, ancl in these circumstances the
pyogenic streptococcus may cause erysipelas. Staphylococci seldom
give rise to serious septic infections except where the general metab­
olism is upset, as in diabetes.
The Connective Tissue.-
SuBCUTANEOUS AND INTERS'rITIAL.-The resistance of the connective

tissue is very feeble. Its histological constitution and poor vascularity
malee it vulnerable to pathogenic bacteria, and its elasticity and mo­
bility undoubteclly contribute largely to the diffusion of infections.
Its laminated arrangement subjects it to every kind of pressure when­
ever the muscles contraet 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 conective tissue by hemolytie streptocoeci-the

commonest infective agentsare diffieult to 1ocalize. If the viability

CHAPTER V

THE PASSAGE OF BACTERIA AND THEIR
THROUGH THE BODY TOXINs

COLONIZATION

The first factor in the development of infection th
colonization of bacteria in the wound itself N t In e _body is the
fre f l • · o raumatiee rom saprop 1ytic and few are free from patl . ound i
but th d nogeniec organ'ey o not multiply in every ,vound their º'l'OW. t, usms,
largely on local conditions. The actual virulenee a4,'," dependig
an important part, but it is not the only and osa, "&teria play
important factor. poss1l ly not the most

The local conditions significant in thi .
wound ad the natare ot the ijea +,"ction are the site or he

Site of the Wound
The development of a septic )roces

direct relation to the 1 . I s as a result of a wound bears a
vascu ar1ty of the affect d t Fsuperficial wounds of th f h" e par • i or instance

e ace, whieh bleed prof l '
an aseptie evolution. On the other han use y, normally have
of the knee and in th 1 h d, wounds on the anterior aspeet

. e eg on t e tibial sid h h brelatively poor, run a . . t . e, w ere t e lood supply is
' g1ea er rISk of seps· Th . f .wounds is also related t . .18· e mfection of deepo certain anatomi I f •concern chiefly the natu, f h . . ica_ acts, which, however,

arrangement The . e 0 t . e mjured tissues rather than their
· regons in which dee dcourse are the buttock th : 'ep Wounls tend to run a septic

f e, e anterior aspeet f th h. h
of the calf, and the t a· . 0 et 1g , the upper part

' entmous regions of the hand and foot.

Th Nature and Susceptibility of the Injured Tissues
. e varous tissues of the huma b . . , · ·

resistanee to infection. un ody differ widely in their natural
The Skin.-The surface of the l . .

numbers of bacteria. do]ej, SKI 1s capable of destroying large
. · o e rook (1930) l .tococci are rapidly d showed that hemolytie strep­

hand. He contan¡,,",",Pontaneously eliminated frvom the skin or the
a e a finger by rb; : Iand, three minutes later h u, mg it gently with a culture

further culture and . bt' _w en the finger was apparently dy, made a
hour later the ±;""}d a cont of 30,000,000 streptococei. An
to 7 000 s· •¡ Ie ª ·allen to 1,722,000, and after a further hour

»' '. miar results havo b . .ve een obtained with other organisms;
66
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of the tissue is inpaired by trauma, i.e., if the .blood suppl . .
ished, sepsis is usual. The elasticity of the tissue ad its ¡,, " dimi.
tact with the muscles favor the lodgement of smaU clots lll~te con.
cnused by interstitial hemorrhage, and the combination of d

O
• hlood

etali; ·qcellular tissue and coagulated blood forms what is perhaps th ze
culture medium to be found in vivo for the growth of pyoo·en· e best
sorne anaerobic organisms. 6 ic and of

TENDON SBEA'l'HS.-The tissnes of the tendon sheaths owinO' t .
fib ' 1:, o theimore 1 rous structure, offer a somewhat greater resistance t · .

h 0 mvasiontan the lax cellular tissue; nevertheless they have little cap: it
d . . · 'a +acIy for
efense and protection. 'Their external surfaces are far more 1• ·

1 :.· · 'es1stantthan the internal, a fact proved clnucally by on the one hai d .
f I . . . . • · ' 1 , rar1ty

o1 the septie necrosis when the injury has not penetrated within th
sheath, and, on the other, the frequency with which the whole str.
ture 1s destroyed when pyogenic organisms have been introduced rio·ht
thrvough the sheath, either by a septie punetwe or other tatua. f»
~novement o~ t 1e tendon facilitates diffusion of sepsis in the srrod.
mng sheath, just as movement of the museles facilitates it in the inter.
stitial tissues.

'l'he hemolytic streptococci are the organisms that develop most
readily in these tissues. Some infections caused by them spread so
rapidly that the bacteria arrive in the blood stream almost immediately
even though they have first to pass through the ,vhole lymphatic sys:
tem. In such cases there is practically no local reaction and little or
110 glandular reaction Th 1 t J · h · ·. · e exuCta e, w ne 1s serous or shghtly puru-
lent, contains very few leu :yt E . ., . 1coc. es. ◄ xtens1ve edema mcreases the fl.ow
of lymph and so facilita.tes bacterial absorption and toxemia. Sorne
cases show a serous-hemorrhagie exudate, due to a marked increase in
the vascular permeability. Infeetions due to the staphylococcus alone
are easily ] 1 d. b . .

y 1ocanzed, ut when this organism is accompanied by thest:·eptococcus It has a marked tendency to disseminate. In cellulitis
of slow development and 1 . d . p. h · . ong nrat10n . pyocyanea is often associated
witl the streptocoeeus 1d t l 1an s apb0coccus. In diabetic patients a form
of staphylococcal cellt 1 ·t· ··. 1 1 is is apt to occm· as a result of the subcutaneous
penetrat1on of Staph. C/.tlreus.

'l'ENDONS.-These tissu I 1· l • . . .. es ave 'itte res1stance to pyogenie infections,mamly because of the · , , .. · n poor vascularity but also because of their con-
stant movement and ti . . .. . ne consequent friction against the sheath. When
pogen1e organisms, parti ¡l,+] h. .
• • • t, , icu ai Y iemolytic streptococc1, attack them, the
infection is rarely check d bf . .. "' e ce )e ·ore the whole tendon IS mvolved. The
same pyogemc organisms colonize in the tissues of the tendons as in the
other celllar tissues. If·ti b j:... :. .q• · ec11on y anaero )lC orgamsms Is mue 1 rarer.
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Muscular Tissue.-Of all tissue, muscle has undonbtedly the greatest
power of resistancc to pyogenic 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 mnscle fiber begins. From the biological
point of view thc muscles can be considered as an extension of' the
vascular system, and it is probably this very rich blood supply which
inhibits bacteria} growth. 'l'hcir mobility, greater than that of any
other tissue, does not nevertheless affeet 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 fbers did not readily take up the
pigment, which colored only the cells of the sarcolemma and cellular
interfascicular tissues. The facts that the mnscle fibers are nonabsorb­
ent, and that they contain a plentiful supply of antibodies (a feature
recognized by Turró 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.
Muscular tissue is less resistant to anaerobic infections. A decrease

in the quantity of blood supplied to the muscle wíll 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 rec1ucec1 blood supply proviéles 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 stateél that the spread of infcction along muscle is

hampered by the absence of lymphatics. The demonstration of
lymphatics in musele (Aagaard, 1913) makes this view untenable.

Bony Tissue.-'l'wo features clistinguish 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 infec­
tion will very rarely penetrate bony tissue frorn without so long· as the
periosteum remains intact. Once this protective covering has been
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damaged, however, the exposed cortex, even thouo·h ·1- •, .
rieh in inorganie substanees, is wide open to ifeei'," "ten!
tissucs, vulnerability trns on the blood supply; a4N,]all o
reaso that the Jequeney and severity of an infeetiv ,]" thi
such a dll'ect relat1011 to the slte, for the nutrition of bon .· ccss bea1,

greatly fro one bone to another, and even in difre,,""%" avi
b TI

. or 1ons f
same one. he patient's age, to_o, has a close bearing- on th of the
supply of the metaphys1s a.nd cp1physis. Up to the end of e blood
many of the metaphyseal blood vessels are terminal. ' puberty
ll

. . e ' ser VIno· as bl;
a eys m wluch orga.nisms circulating in the blood st ' dS

1
11d

t
. d d . sream may b

ame an , owmg to the poverty of the blood suppl r a· e de-TI · · , rea lly col ·
1e exaet age at which vascular anastomoses are fon y' 'OIIze.
·din o th , ; t'me vari

cording to the bone or epiphysis, but generally the pocess «,,""
dm mg the la ter period of infaney and puberty C a. {es placeti d . . . • onsequentlv · f
ions 'ue to the format10n of septic embol' . 1 "' m.ee­b . . . I ar e ess common 1f
pu e11y, although the mtercommunication betweeu th 1 1 a ter
epiphysis and diaphysis, respectively, remains v . . e vessels of the
years longer. · eiy tcnuous for severa!

'l'he organic elements of bone (nerves bl el
bone cells) are enclosed 1·1 .- .- 1 f·, oo vessels, lymphatics and

1 a l rg1c ramework A . fl
process inside this framework . Iy mtlammatory' r e compresses tl bl dgives rise to thromb · · le oo vessels and so
«t mor nso. 1222.,";2j",zomas o« ns st«et m
way, the whole a.rea of' b . ela._ l nere an artery is occluded in this

· one which it suppli ' dd, ·
blood, and necrosis sets ·1 TI . . . ies is su enly deprived ofm. hus necrotic pr : •to small a.reas of bon l . 1 b ocess is sometimes confined

. e w uc l reak away i, s d'
then either extruded with th di«q,, y immersed in pus, and al'e

v h he lischarge, or l. di '
partially or wholly reabsorbed. ,Vl ' 1

e se ISmtegrate and are
is affected the 11ec1·osed f ien, however, a larger a.rea of bone.' ragment stit . • • . . .
body within a elosed et,, constitutes an irritating foreign

avl y anc must be l 'º.- 11behave like all oth . d ' · s 11 ºrea Y removed. Sequestra
er necrose tlssues and o· . 11 . .

of demarcation where the h lth general!y show a clear lme
begins. In the spon(l'y

1
eal 1Y bone ends and the affected portion

l
"'· Jones, 10wever and t tl l .0ne, sequesta are sl tc fo '> at he metaphysis of a long

ow o orm and d t lfor a long period. 0 not become sharply defined

It follows from this that r a· l .such spongy bones tl .a ica Snrgical treatment of infections in
as he astragalus o . I

than the infection itself .. d "' . I ca caneus may do more injury
ferentia.ted fr·oin th

1
. . ' m eed, unless the dead tissue is clearly clif-

e lving oper+ti ]ca.re. In th . 6' a. rnns 011 these bones call for excessive
e compact tissue su 1 tl a·hand sequestra f . e: as 'he 'iaphyseal cortex, on the other

. ' onn more rap1dl · o· 1· ltlns portian l ·
1

• . Y, owm,,, ·º the poo vascularity of
, wm1ch is in part E d ·jteum Th supplied with blood through the perios­

. · us m a severe fr ·t ] , l ·from th t· 1 . acture, when the periosteum is torn away
e cor ica tissu tl . . . . ·.e, ns is immediately deprived of the greater
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part of its blood supply and is therefore very susceptible to bacterial
infection. M:oreover, its compactness makes it very difficult for newly
formecl bloocl vessels to penetrate, ancl for this reason it is selclom pos­
sible to revascularize snch an area. In clealing with such severe in­
juries the surgeons shoulcl thereforc remove at once those portions of
borre which have been stripped of their pcriostenm, a proceclure which
inciclentally will also facilitate clndnage from the meclullary cavity.
Only in those ca.ses, rare in war, in which a suture of the soft tissues
is permissible, is it possible to conserve largc fragments of periosteum­
free cortex, and even thcn it is safcr if they are pcrforatcd with a
Kirsclmer ·wire to facilita.te the reclevelopmcnt of tl1c bloocl vessels.
In view, then, of this susceptibility of bone to infection once its

periosteum has been torn away, any cxtension of the traurnatic avul­
sion must be avoided. In many cases postfractme os1cornye1itis is the
c1irect result of mistaken surgical avulsion.
The organism which most rapic11y initiates an infectivc pt·ocess in

the bone when introcluced vici the blooc1 stl'cam, as in juvenile osteo­
myelitis, is the staphylococcns, cspecially Staph. aw·e1is, although sup­
purating periostitis is in many cases causccl by a strcptococrus. Perhaps
the power of the staphylococcus to coagula.te fibrinogen is rcsponsible far
its fixation at the narow vascular neeks. When, however, the infection
is introcluced clirectly into the bone as a result ol a componnd fracture,
the streptococcus, staphylococcus, nd in sorne cases P. p1¡ocyanea, may
be found. i\'Iost cases o.E postfractmc osteornyelitis a1·c caused by Strep.
pyogenes; in sorne cases anael'ohic ol'ganisrns con tribute .
The Clinical Importance of Osteomyelitis.-01' all tissnes, bone, when

disrupted by a rnissile, is the one which may most easily be invaded by
bacteria in a maner that leads to elu·onic infection. It- is so casily
colonized, in faet, that «ll chronic suppuralions of war wounds which
are properly drained ad free from foreiqu odies sl be attrilted to

bone infeclion.
At the time o.E operation such infoction must be prevented by the

excision of sufficient clevitalized bonc. ~fost cases of ostcomyelitis
developing after war injury are due either to delay in operation orto
defects in technique. 'J'his is abundatly evidet from the large num­
ber of persistent bone infoctions ,vhich occnr in wounc1s operatecl on
by the "well" technique-that is to say, throgh the original wound
without any previos opening of its two main angles. 'Tho difficult
of excising deep-lying damaged struetres through this insufficient

field is obvious.
In dealing with an already establishcd ostcomyelitis, the surgeon has

two alternativcs. He may either excise most of the c1evitalizecl bone
at once, a corse that is particularly clesirable when the cortex of the
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shaft of a long bone is involved; or he may wait for th
f h : Sequest .

o t e necrotic bone and remove the fragments. His deci atio
depend mainly on the nature and charaeter of the oste, "On nmyelit;
the early stage of an infected wound, when the bone is s. h
vrotsely, the best case is to ereise a lage portio» ,Z$""""atine
up the bone marrow cavity, and establish free drainao·e TI x, 0Pe11
the bone which ordinarily suppurates is the one which lla. le Part of

s no mus l
atta.clnneuts; e.g., the anteroexternal aspect of the middle third cu ar
femur, ad the anterointeral aspeet of the middle thirq « ,, " then o t e til;
On the other hand, when osteomyclitis has been long est 11. 1

1 1ª·
th f . · aD is 1ed a ,

e racture 1s consohdated but with the persistence of 1 . mnd
·ti. :. ·..: enronie suppma ,1011, surg1cal mtervent1011 shou]d be confined to th "

th ne removal 3e sequestrum and resection of the sclerotic bone sur1•0111 a· o
f T · 1 mg 1t tfacilitate healing of the bone. Fortunatly the arca of sclerotie 1
m postfrnctme osteomyehtis 1s usually smaller than in the 1 t . ne
condition. 1emaogenos

The foregoing views may be summarized as follows . Cl .
puration fro d 1 . ro1e sup­. m a woun which does not contain a foreio·n bod
in al proba»iity neodevitalzed bone, ad siota a,$,"""
removal f t. · . a e Y t e
cortex.. o sequestra, if they ex1st, or by resection of the devitalized

Nerve Tissue A a· f f
e, ero«eri se}$"",,"ewde etr«ce he ses ot

• . ose o: he central nervou t Thper1pheral nerves offer consid r . . . s system. 1e
larly if they have not b e able resistanee to mfect1011, particu-

. · • een separated by trauma f tl . .with the neighborin ti T] trom hen conection
erally septie, sela.""Ses. 'he faet that war wounds, though gen­
erve tisse is na, jj",""? o a tre acute neuritis indicates that the

:. goo culture medium for b to; d .:res1stance to toxin I )ac errn an not withouts. n most cases of ope t • h.are affected th t· . . n rauma m wich the nerves, e issue 1s subJected to · filt •points Th . . . an m ration of blood at many' e nerve tissue IS seldon . r 1 1 • ·tion, but when it ' . 1 im O vect m an m:flammatory reac-
way into the a " "e" conective tissue is fored which makes its

amage nerve witl rreason it is v . l e isastrous consequences. For this
ey mportant to avoid .:. : q, :.:may result, ith Seps1s m the injured nerve such as

, wrh consequent ascendi · ·suture in a field 1 • h . - · mg neuritis, from attempts at
. w uc IS not absolutely sterile.

The tissues of the central ner . .
septic encephalit' 'ous syStem 81 e less res1stant, and acute

is occurs more often tl a·able to withst d tl l Tnan ascen mg neuritis. Thoun·han ie ong· expo f º
S]10,vn l)y, tl· ·t f • sures o · modern cerebral surgery as is1e rar1'y o - se ·ti. . . b , •on the br» th. ?Ptue complications following majo operations

'am, hey are Jug·hly , 1 1 l • . . .which th q..:. umerable to injuries, in response toey e 1smtegrate d b . . . . .tissue witl ·t . . an ecome flmd; and in this disintegrated
'

1 1 s mpaired nutrition, infections develop freely. While
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then the importance of the central nervous system <leman<ls the great­
est possible conservation of its tissues, the risk of losing the patient
altogether from meningo-eneephalitis necessitates radical excision of
all contused nervous tissues.
Most of the pyogenic organisms can settle in central nervous tissues

clisintegratecl by trauma, particularly the streptococcus.
Vascular Tissue.'The defense of the vascular tissues is provided by

the b]oocl. It is vey effective, for the inner surface of the vessels is
permanently in contact with the plasma, ancl the exterior with the
fluicls of the ac1jacent tissues.

Local Immunity
Apart from a general immunity to bacterial invasion, the bo<ly may

acquire also an antibacterial resistance limitecl either to a particular
kinc1 of tissue or to a specific region. This phenomenon was stu<liecl
by Cobbett and Melsome (1894), who, experimenting with erysipelas
in rabbits, showecl that an attack effectec1 an immunity of the skin
against subsequent inoculation, The mechanism by which this local
defense is achieved is not yet fully understooc1, but Amoss and Bliss
(1927) showed that when an injection of Strep. pyogenes was made into
the flank of a rabbit an erysipclatous rash appeared over the ventral sur­
face, following the line of the lymphatic flow; but later, whcn a second
injection was made at thc same site, the area formerly afected off'ered
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 unrelatecl to the
general production of antibodies in the blood. It is true that after
several localized injeetios of Strep. pyogenes into a rabbit an increased
procluction of antibodies can be found in the general system, but this
process is entirely inclepcnclent of thc 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 prntect it from the effects of a
subsequent injection of virulent pneumococci. li'avilli and lVIcClean
(1937) believe that this local immunity is due to a clecrease in tissue
permeability.

The importance of local immunity was stressed by Besre<lka (1919,
1924), who based a theory on the rnarked tendency of certain bacteria
to attack specific tissues-e.g., anthrax bacilli the skin; typhoid, para­
typhoid and dysentery bacilli the intestinal mucous membranes; pneu­
mococci the respiratory system. Accorcling to Besrec1ka the seat of
bacterial attack is not determincd by the route of invasion, and the
effects of virulence are manifest only in those tissues that are specifi-
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eally susceptible to the invading organism. Consequently, if th ,
sues are locally immunized against a specifie organism, then t e tis.

· l · · T td b ·t 1 · ' le Who}animal is immune, 'ested y actual experenee, Besredka's , "
f . t 1eor,,appears to go too ar. J

These two phenomena, the tendency of certaiu bacteria to t
specific tissues ( the old theory of Rosenow), and the local imnª ta_ck

..± nuity
which the body may acquire, have an nnportant bearing 011 the treat
ment of wound infections. The mechanism of the body 's local defen ·
against bacteria.l invasion must also be understood, in order that 111 ses

· · eas.
ures to prevent the development of mfectlon may be based on logical
principles.
Finally, the active part played by the tissue cells in the mechanisn

of immunization must not be overlooked. Turró and Pi-Sunyer (1905)
demonstrated the bacteriolytie capacity of all the tissues, particularly
of epithelium, and stressed the point that the factor of irnmunity is
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 conected with
an inerease in the local permea.bility of the capillaries in the previously
inflamed a.rea ( e.g., Burrows, 1932; Menkin, 1940; ete.). Other work­
ers ( e.g., Rich, 1933), however, have empha.sizecl the importance of a
combination of faetors 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 orga.nisms are clestroyed by lytic or leucocytic action, and in the
third they are elimina.ted 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 Jolm Hunter
pointed out the fundamental part played by the lymphatic system in
the absorption of foreign substances from the tissues and showe<l that
the vascular system played only a secondary part in this process. 'l'he
lymphatics ha.el 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. Fra.ngois l\fagenclie (1785-1855), the great French
physiolog·ist, disputed Hunter 's ideas, and his view that foreign sub­
stances passed directly into the bloocl stream was generally acceptecl
until the end of the 19th century. Having observed that stryehine
was absorbed through the capillary walls, l\fagendie (1837) reached
the extreme view that all substances were thus absorbed, entirely ex-
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clucling the possibility that the lymphatic vessels might play a part
in the process. Ha lban (1897), Manfredi ( 1899), N oetzel (1906), and
Pawlowski (1900, 1909) each in turn showed that bacteria pass ont of
the tissues by way of the lymphatics ancl never· by the blood vesscls.

Since then there has been much experimental work to prove that
inert particles travel solely by the lymphatic system. Batchelder,
Fielcl and Dr·inker (1931) founcl that only a very few particles of an
inert colloidal nickel preparation were absorbed by the blooc.1 vessels
of the omentuman organ which is saicl to contain no lymphatics. On
the other hand, it might be imaginecl that bacteria in freshly made
wounds coulcl enter the bloocl stream clirectly through the open encls
of the divided blood vessels, although theoretically this is unlikely
becase either the blood is J-lowing from them or else thcy are occluclecl
by clot. McMaster and Iudack (1934), examining freshly made
wouncls in the ear of the mouse, saw the blood vcssels shut clown withín
a few minutes of the injury, while the lymph vessels remained patent
for over 48 hours and readily tool up a large-molecule dye such as
pontamine blue. Thesc observations havc recently bcen confinnecl 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
lymphatic clrninage from thc limb was intact.

Absorption of Toxic Substances

Accor<lino· to Drinker and Field (1933), the path of absorption of
chemieal substances seems to depend on the size of their molecules:
the smaller molecules are absorbed by the blood stream, the larger by
the lymphatics. Unfortunaiely wr do not yct knuw whcl'e the dividing
line is to be clrawn; in other words, what is thc size of the molecule
that is just able to enter a blood capillary while one slightly larger
must perforce travel by the lymphatics. It is ot simply a matter of
the molecular weight, but rather of' thc s1atc of ihe rnolecule~ 111 sulu­
tion. Thus, stryehnine travels by the blood stream (Mlagendie, 1823),
whereas a dye such as trypan blue, with a molecular weight only a
little greater, tavels by the lymphatics. Starling (1895) showed that
serum proteins were not removed from the limbs by the blood stream,
and the work of Leis (1921) and Field and Drinker (1931) provides
evidence that these proteins are absorbed from the tissues ad carried
to the blood by the lymphatics.
I believe that when once we lrnow cxacily what factor·s regulate the

absorption of substances from the tissues, we shall be ahle to make a
n-reat advanee in the teatment of' disease. Unfortunately we ha ve as
;et no Jmowlecln·e of the clegrec to which inflammation affects absorp­
tion by the 1lood 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 venom. A control cat,
not immobilized, had died twenty-four hours before.

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 can be very sensibly delayed by the
complete immobilization of the limb into which the toxin has been in­
jected. 'l'his 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
teria} toxins, diphtheria and tetanus, took place by thc lymphatics
(Barnes and 'True ta, 1941).
From these experiments it seems clear that the absorption of the

types of toxie substances normally present in infected wounds is via
the lymphatic system.

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

2. They rnay reach an organ susceptible to their action, ancl 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 metastatic infections.

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

BACTERIEMIA

Bacteriemia 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 natral defensive capacity
of the blood is greater than the invasion force of the bacteria, they are
destroyed without givig rise to significant signs or symptoms.
Barrington and Wright (1930) showed that ureterie eatheterization

was in many cases :l'ollowed by a rise in temperature and the entry of
bacteria into the blood, the l ikelihood of these results varying directly
with the bacteria! content of the urine and the amount of trauma pro­
duced by the teclmique. Okell and Elliott (1935) published a stucly 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 for so:m
A positive result was obtained in 75 per cent of the patien« _"Os.
on for severe oral sepsis, whether in the teeth or in the gums tterated
perature in most cases reaching 99° to 102° F. within fo{ ,""%m­

:. f thr o ninhours of the operation, and after a t. er two to four hors ret ,· e
to normal.· Uu'nin

In the course of my experience of treating wounds by the clo
plaster method I have been interested to note how often a change of ] ed

. ter is followved after a fe hors by a rise i temperatre. m a#,
of these cases blood cultures were made and more than half gave a p .

• • • • 0Sl-
tive result. All the patients who showed this feverish reaction, ana
the great majority of those in whom the blood culture was poi4
had experienced sorne degree of local reaction, pain and fever imme.
diately after the injury and fo a few days afterwards. On the other
hand, in three cases out of seventeen, organisms were found in the
blood in patients who had had no fever or local reaction during the
first few days. The manipulation involved in changing a plaster in.
evitably produces sorne trauma in and around the wound. In certain
instances this may break down defensive barriers, stimlate lymph
flow, and so 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 sorne deep-seated
organ 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

has not yet been fully determined. It is an established fact that foreign
proteins in the blood cause a rise of temperature. When heterogenous
proteins are injected for therapeutic purposes, there is generally an
interval of four to six hours between the injection and the temperature
rise. A similar interval was noted by Barrington and Wright (1930)
and by Okell and Elliott (1935) in their observations on the effects of
ureteric catheterization and dental extraction, respectively, and I have
observed the same time sequence in the bacteriemia that follows a
change of plaster casts in the treatment of war wounds. In a few cases,
however, the temperature <loes not rise until after 24 hours (Trueta,
1939) • We have not yet been able to determine the exact correlation
between the time when the fever begins and the intensity of the bac-·terial 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-) o
tients who have the higher temperatures ave those in whom the fever
appears at an early stage.
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TOXEMIA

Sorne specific organisms, including thc most highly pathogenic such
as Clostridium tetani and Corynebacterium diphtheriae, have the pop­
erty of implanting themselves in the tissues either at their site of entry
or in another region, whence they liberate soluble toxins which make
their way into the blood stream via the lymphatic system and are then
distributed over the whole body. Although these specife 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 'l)icture which may be
produced by other less specific but highly pathogenic bacteria, the
toxins of which attack the cells of important organs which a.re 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 011 the colonizatíon of bacteria. and the dif­
fusion of their toxins in the blood have shown ever more clearly how
seldom germs live or mltiply in the circulation. Joberheim and
Murata (1924) showed that the amount of Bacilliis anthracis required
to kill a guinea pig is ten times greater when the organism is intro­
duced intravenosly than when it is given by either subcutaneous or
intramuscular injection.
Yet the term ''septicemia'' is used for a clinical picture of general

intoxication due to local colonization of highly pathogenic bacteria
travelling rapidly throug·h the blood stream, The clinical picture
created by the entry of bacteria into the blood stream depcnds on the
same two factors as determine the effeet of an invasion into the tis­
sues, namely, the nmber of germs entering in a given period, and
their virulence. The term "septicemia," however, shoulcl 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 nmbers of bacteria or by their virulence.
A small, nonpathogenic, nonhemolytic streptococcus, which normally

resides in the mouth and alimentary canal, is frequently found in the
blood of patients suffering from what is known as bacteria! endocar­
ditis (Osler, 1880). Aecording 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 defeet in the valve struetre which allows a nonpathogenie
organism to settle and colonize in the cardiae tissues. It is interesting,
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Thc minus sign signifies "not mvcsllgated.

COUNT PER C.C.

VIRULENCE OF IMMEDIATE­ AF'TER ATER AFTER AFTER
BACILLUS J,Y Al•'TER 5 1OURS 24 HOURS 48 HOURS 96 I-IOURS

INJECTION

Nonvirulent 9,000,000 2 o - -
Moderately virulent 1,030,000 340 1,300 - o
Highly virulent 1,070,000 25,000 1,510,000 Animal dead -..

The decrease in the counts taken five hours after injection is a result
of the normal process of bacterial destruetion. After this period the
blood is sterilized with more or less difficulty aecorchng to ~he v1rulence
of the germ: when the germ is higlly virulent the bacterial reprodue­
tive process, which begins after five hors, causes a progressrve m­
crease in the nmber of germs until finally the animal dies; the repro­
duction of the bacteria has outstripped the eliminative process.
A combination of three faetors-large numbers, great power of_ re-
d t. aiicl J11• o·h virulence of bacteria-produces the most ser10nspro uc1on, 5 •

f · f t·011 Sucli cases are however, rare, for bacteria entercases o 111 ee 1 • · ' h
tl blood stream only after passing through the whole course of t e
i,ad syvste. he batéles of matlogenie organisms finalls reael
the blood, the protective mechanism is immediately engaged, and if it
· 1 id 110 inoi·e ])acteria arnve, the blood soon becomes steule.Is norma. an 'a •

\Vhen reproduction overwhelms the proteetive mechamsm, the rea~on
is probably the arrival in the blood of further batches of germs which
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(1898), ancl Bull (1914, 1915) had shown that the spleen, bone marrow,
liver ancl lungs contain a higher concentration of antiboclies than the
blood, and play an important part in the destruction of bacteria.
Aschoff (1924) clescribecl the phagocytic power of the cells of the
reticulo-endothelial system, and drew particular attention to the sessile
histiocytes of the lymphatie glands. By the process of bacterial ag­
glutination effected by the antibodies, clumps are formecl 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 intrace1lular 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 endothclial ce1ls, and are therefore the site
of the final destruetive process. Wight's experiments show how the
passage of germs and their toxins through the blood stream contributes
to their elimination. Injecting pneumococei intravenously mto rnbbits,
he obtained the results shown in Table III.

TABLE III
F'ATE OF ORGANISMS IN TIIE BLOOD STREAM

however, that although the congenital abnormality occurs .
.. mthe }at the point of attachment, the organism attacks the cusps, 3, ase,

the lines of apposition and late over the whole surface,,"""alo
:. ±. h, 1stoit affeets the most active parts of t e valve. Some degree f ay,

h : hi di o1 fethough generally slight, accompanies this lisease, but the ] ',
variably fatal result is due not to the general infection 1[,"""i­
sulting cardiac changes. These clinical observations have been ere.
in experiments on dogs by Kinsella and Sherburne (1923), who ¡l'oved
that if the aortic valve is injured by passing an instru:ment thrOWed
h 1 f ·a a . . . . 'ought e e t carotI artery an an mtravenous lllJection of a cultu
St t . ·a . h . h. b . b I e ofrcp ococcus viri ans 1s t en given, t e acteria ecome implante]
h . . d l ontite injure valve.

A severe septicemia caused by the moniliform streptobacillus f
Levaditi is introduced by a rat bite; this infection may be contusá
with sodoku, but is distinguished from it by having a shorter period
of incubation and producing comparatively slight local reactions. 0ther
characteristics of the disease are a hig-h temperature, dark :maculae
polyarthritis, affections of. the pharynx, and the absence of any re.
sponse to arsenobenzene. Although the tissues are invaded, the insig­
mficance of the local reaction indicates that the infection meets with
no effective barrier but passes immediately into the blood stream, thus
causing a serious form of septicemia (l\forin, 1938).

Thus, in vegetative endocarditis the organism responsible for the
bacteriemia, though not pathogenic to man, achieves its ill effects by
attacking a vital organ in great numbers. On the other hand, the
septicemia caused by the moniliform streptobacillus is serious because
a highly virulent organism passes directly into the blood stream with­
out encountering any barrier which would effectively Iocalize its attack.

'l'here is yet another method by which bacteria are disseminated and
ndmitted into the blood stream. In many forms of septicemia the
process of phagocytosis, contrary to the doctrine of Metchnikoff, actu­
ally protects the individual bacteria. In such cases a plasma culture
gives a negative result and a seroleucocyte culture a positive one, the
explanation being that the leucocytes, having ingested the organisms,
effectively ISolate them from the antibodies in the plasma.

ELIMINATION
'l'h .e nnportance of bacteria! elimination was fully appreciated by

CJaude Bernard (1872), who showed that large amounts of poisons
could pass through the body without producing· harmful effects when
the rate of elimination and that of absorption were properly balanced.
Present knowledge of the process is due largely to the work of

Aschoff, although before him Wyssokowitsch (1888), Pfeiffer and Marx
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progressively neutralize the antibodies. The spleen plays
larly important part in the destruction of bacteria, and in so ~a_rtieu.
a complement to the lungs. i\foreover, live bacteria can be f oing- is
the spleen some time alter they have disappeared from th 1,,,"" in

Bccause, therefore, the entry of bacteria into the blood stre ·
. h . . . f . arn eonstitutes suel a serious stage in an infective process, and becau "

stage is not reached until they have passed through the wholse/his
phatic system, it is of the utmost importance to prevent thei .'3"
through the lymphatie chanels. This need shold be con«,"%
the surgeon 's mind: for, although the task of supplementino•\t
body's natural and acquired defensive measures belongs to theº b ie
teriologist and the chemist, the responsibility for preventing, or at ac-
t d · · · 1 d · . f anyrate reducing to a minimum, the admission o) germs into the gen ,1· .era

system rests with the surgeon. The body has its natural mechanis
for eliminating bacteria, even when they are highly virulent and :~

_tack it in great numbers, but the surgeon must allow time for these
mechamsms 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 rarely that a single type is found. In their studies of the
bacteria! flora of wounds which follow a clinically aseptic course,
Levaditi, 'l'rueta, d 'Harcourt, Folch ancl Oriol, Spooner, Orr-Ewing,
Scott and Gardner, and others workers have, in most such wouncls,
found streptococci, staphylococci, diphtheroids, Pseudomoas pyocyanea
(B. pyocyanes) and the common saprophytes; in many wouncls Clostri­
dimn welchii is founcl 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 pyogenie infections, including spreacling cellulitis
ancl septicemia; the latter for man y of the gas infections discussecl in
the next chapter.
In the following pages matters of classification will be consiclered in

no more detail than is strictly necessary for a correct interpretation by
the surgeon of the bactcriologist '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 clealt
with.

Aerobic Streptococci

Many aerobie streptococci are normal parasites of man, and some
produce soluble toxins. The early classification was based 011 the
changes produced by them when grow on blood-agar plates; the no­
menclature in common use toclay is that suggested by Smith ancl Brown
in 1919. The changes are of three main types:

(a) Alpha Type. The colony is surrounded by a green zone of
alterecl blood pigment. (Strcptococcus viridas.)

(b) Beta Type. The colony is surrounded by a clear zone with com­
plete hemolysis of blood pigment. (Streptococcus hemolyticus.)

( c) No change is produce el in the blood in the culture medium.
(Streptococcus faecalis or Enterococcs.)

The beta hemolytic streptococci appear chi_efly in wound infections.
l\fore recently, hemolytic strcptococci have been further subdivided

according to their serological reactions. Griffith (1926, 1927, 1935)
83
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PYOGENIC INFECTIONS OF WAR WOUNDS 85has isolated at least 27 different types by the agglutination
Lanceffeld (1928), using precipitin tests with the vario,,, "tion.
fractions of the streptococci, has described several gro+,,"eeni
which have characteristic habitats and pathogenic powers. ' some of

Streptococcus hemolyticus.-
Group A.All the streptococci of this group produce hernoly ·/s1s when

grown on blood-agar plates and in all cases form a soluble hern 1 .
St · · h b d · · · O!sin.rams ave een erived from humanmfect10ns such as puerperal f

· . d; d l everotitis me ia, an scar et fever and have been isolated from the th,'· .roat
nasopharynx and nose of normal persons. Tlus group correspond 's more
closely to the Strep. pyogenes of the earlier classifications than to the
Strep. hemolyticus; for, according to Topley and Wilson (1936)· · · , S0me
other strains which produce hemolysis when cultivated on blood-agar
plates do not belong to this group. Of Griffith's 27 groups, 23 fall int
tlus group A of Lancefield's classification.

Group B.-Most, but not all, of these strains forma soluble hemolysiu.
They have been isolated from cases of mastitis in cattle and, to a lesser
extent, from the human throat and vagina. They are rarely pathogenic
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 Griffth's
27 groups of pathogenic hemolytic streptococci belong to this group.
Some strains of Group O are pathogenic to man, though not markedly
so, and owing to their aggressive power might be classified with Strep.
pyogenes.

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

Group E.The organisms of this group, which are found in cow's
milk, are not pathogenic to man.

Group •The strains of this group live in the human throat and are
responsible for tonsillitis and possibly for other infectious of the respi­
ratory tract.

Group G.-The strains of this group are very closely related to those
of Group C. They are slightly pathogenic, but have been isolated from
normal persons. One of Griffith's 27 groups bclongs 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-).This organism is responsl­

ble for most of thc serious infeetions which occur m man, through its

great capacity for invading the tissues and its production of filtrable
exotoxins. Five such toxins have so far been isolated:
l. A hemolytic toxin, hemolysin or streptolysin. This toxin, studiecl

in detail by 'Todd (1934), is in sorne cases produced only when the
organism is grown on solid media, being too unstable to survive growth
in a liquicl vVhat 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 in vivo.
Fry (1933) has described certain strains which show hemolysis of the
type of hemolyticus-d when grown on blood-agar plates in aerobic
conditions and of hemolyticus-(3 when cultivated in the same medium
anaerobically.

2. A leucocidin which destroys the polymorphonuelear leucoeytes.
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 isolatecl by 'Tillet and Garner in 1933, which both
dissolves human fbrin and inhibits its formation from fihrinogen.

5. A "spreacling factor" isolatecl by Duran-Reynals (1933) from
the lysates and filtrates of Strep. pyoqenes; injected into the skin of a
rabbit this increases permeability to snspensions of India ink and to
bacteria.
Streptococcs viridans.The organisms of this group are of low viru­

lence, both in man and in animals; nevcrtheless, they constitute the
commonest infective agent in bacteL"ial endocarditis (scc p. 80) • In

o fman they may be isolated from ]ocal infections, J)articularly those o
the teeth and gums.
Mutation of the Streptococcus.-It is well lrnown that streptococci

of various strains may undergo mutation from one type into another.
Por example, Strep. pyogecs when transferred from one medium to
another with a different oxygen content may lose Its hemolytic char­
aeter and turn into a streptococcus of the viridans type.

Anaerobic Streptococci
All natura.lly a.erobic streptococci are facultative anaerobes. Certain

· } • • tri·tly anaerobic These are pres-types of streptococci, however, are str1e1 '
ent in most suppurating and gangrenous infections and m many cases

· · (C 1 b ·ool· 1930) There are manyof puerperal fever and septicemia 'oleD1 , <

f h. 1 • · 'la· to some of the aerobicdifferent groups, several of which are smm u :.. th · t man is the a.naerob1c Strep.strams but the only one pat ogen1e O ' •
pyo9enes. 'This produces the same toxins as the aerobic Strep. pyogenes
and has most of its other characteristics. In association with other
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anaerobic bacteria, such as Cl. welchii, Cl. oedematiens and Ol .
it is a formidable aggressive agent and contributes to ¡}, "tiquee gravit
the most serious cases of ga~ gangrene. 1 Y of

lmmunity to Streptococcal Infections
All types of streptococci are normal residents either in the h

body itself or in many objects with which the body comes into f. lUnanl'equent
contact. Consequently the body builds up an antibacterial resist
l . 1 ffi . f . . l aneew uc 1 su ces to protect it rom mvas1on so ong as one or othei·

two conditions does not arise-namely, (1) the introduction of a 1a/
1

nmber of organisms as a esult of an injury which damages th,
tective surfaces (i.e., the skin or mucous membranes), or (2) an attacl
by an organism of great virulence with which the body is unfamiliar.
The second factor is less important than t.he first, as is shown, fo
example, in scarlet fever. It is now generally accepted that any of the
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 the
scarlet fever type. Schultz and Charlton (1918) showec1 that when 1
e.e. of normal human serum was injected into the skin of a patient with
a scarlet fever rash, the red area was blanched around the site of the
injection; and Mair (1923) attributed this effect to the presence of a
speci:fic 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 specifi fever,
can nevertheless build up a plentiful snpply of antibodies speci:fic to
the causal organism.

This aequired 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 inflictecl wound or into the endometrium after
labor. Once 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 -vVar 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 localizing the organisms in puerperal
fever, in which the decline in mortality is clue mainly to chemotherapy
by the sulfonamide group.
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'l'he following points should be remembered:
l. Strep. pyogenes is a normal resident in certain regions of the hu­

man body.
2. vVith increase of age, antibodies are formecl which produce specific

antitoxic substances that neutralize the action of some toxins. The best
known of these antitoxins is the antierythematous.

3. 'l'he virulence of St-rep. vyogenes is due chiefl.y to its great diffu­
sive capacity, and perhaps partly to its produetion of a fibrinolytic
toxin.
4. Localization 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
moclern operating· room, and incleed is extremely rare when the prin­
ciples of aseptic surgery are conectly applied. There is, however, a
o-reat difference between the clean operating room supervised by special­
ist nurses and the o·eneral warcl ·where dressings are changecl. In the
ward there may epatients 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. I wouds closed by primary su­
ture the fine elot of blood and lymph forms a protective barner agarnst
contamination, but the changing oi dressings exposes open wounds to
serious risk of contamination, as well as facilitating entry of bacteria
by the trauma inevitahly produced.

Surgeons do not fully agree on the sourccs of contamination. lVIost
bacteriologists believe, and in support of thei view man papers have
appearedin the last five years, that hospital infection is due to a"
borne contamination, with the result that during the change of' dress­
ings masks are now worn to proteet wounds from nasopharyngeal car­
riers of hemolytic streptococci. The work of Oke:l and Elhott (1936) '.

Ir ·1 le (1937) R Hare (1940) R Crmckshank and Godbe1fcevii and Vamps 's v. «a '' "" ..e, • :. fa r

(1939) and many others has shown that air-borne infection is afactor
to be reckoned with, but I do not think it is the mam somce of second-
ary infection.

L . B""l l . id other Central European surgeons who have treatedorenz iohter an , h]° ''t]
d l l 11 el "open met 10 or 1emany thousands of wounds by the so-ca e . ,

air cure ,, have founcl secondary infections rare despite the fact that
the wound remains uncovered and masks are not usedor at any rate
were not when I visited the Unfallkrankenhaus in 1933. It may be



that the absence of banda.ge and gauze, by obviating· 111an· 1·pu.ati
the wound, prevents damage to the granulations and so s . 1º.11 of
rectly to proteet the tissues from infection. erves 1l1di.

In my view the principal cause of secondary infection is .· ·. ·. . manipu]
tion, and the best way of preventmg hospital mfection is to iso1, "

d f · h tl · · · ate thewoun rom any contaet witl he exterior, ineluding the hands,
·st d · Th b :. »nenms ruments an. ar. e est way to avoid both manipulation '
. t . . . 1 h d · anda1r con ammat1on 1s to ene ose t e woun m a plaster-of-Paris cast
the end of a clean operation in the operating room. vVhen the pl tat
· · · taSteris changed from threc to six weels later, the stri@test aseptic pre· · ·@a.
tions must agam be observed-a point worth emphasizing, for the need
of sterilizing plaster-removing instruments is not always realized. It is
true that despite the greatest care new bacterial flora are often found
in a wound after a change of plaster-for when a skin-tight plaster is
removed, the shears touch the skin and may toueh and contaminate the
wound-but their number and pathogenicity are least when the pre­
cautions are greatest.

Bacteria! Flora of Wounds Treated Under Plaster
In my hospital in Barcelona the bacteriologist investigated the changes

of bacterial flora under 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. Similar investigations by d 'I-Iar- ·
court and others (1940) in the base military hospital at Barcelona suf­
fered from the same difficulties. It was, however, shown that a great
diversity of organisms may be present uncler the plaster. In wounds
which had been carefully operated on at the right time the first change
of plaster revealed only a few sapi·ophytes, which persisted ntil the
end of treatment, a few similar organisms being added in sorne cases
at each change of plaster. In other wouncls which hacl been operated
on late, or incompletely, large numbers of bacteria were founcl, inclucling
streptococci, staphylococci, Ps. pyocyanea, Pr. vulgaris and CZ. welchii.
Investigations in Great Britain on soldiers evacuatecl from Dunkirk

and on the victims of air attacks and road accidents have generally
confirmed the Barcelona findings, and have also revealed the 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. 'l'hey 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

l
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< 39 days

< 48 days

FATE OF ORGANISM

IN PLASTE

1

Disappearecl
Persistecl
Disappeared[V Uncertain

V Uncertain

B. IN PATIENTS WITIIOUT WINDOW

PYOGENIC INFEC'IlONS OF WAR WOUNDS

A. IN PATIENTS FITTED WITI 'WINDOW' IN PLASTER
ORGANISM [CASE NO. PLASTERNO. '

Diphtheroids
Strep. pyogenes
Strep. viridans

I

Strep. pyogenes (Group A) I 2 Persisted > 7 months

III 2 Disappeared < 63 days
CI. welchii VI 2 Disappearecl << 19 days
Strcp. viridans VI 2 Disappeared < 21 clays
Staph. albus VI 2 Disappeared << 21days
Micrococci (1) VI 2 Persistecl > 40 days
Micrococci (2) I 2 Disappeared < 50 days
Bacterium I 3 Persisted >135 days
Ps. pyocyanea II 2 Persistecl > 63 clays
Plectriclium

" ' " T R

best way to avoid undue passage of germs through the plaster from
the wouncl is to prevent the formation of pus. According to these au­
thors 82.5 per cent of the elinieally ill patients and 50 per cent of the
healthy patients hacl streptococci in their wounds; facts which empha­
size the importanee of keeping the wound free from hemolytic strepto­
cocci after the operation and of avoiding secondary infection.

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 acquirecl Pr. vulgciris, two acquirecl cliphtheroid
bacilli, one acquired Ps. pyoc.ya.nea and it was probable that one acquired
Strep. hemolyticus. The most conclusive work so far published on
the bacteriological flora of wounds treatecl 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. vulgciris, Staph. cilbus ancl other
micrococci, diphtheroids and Ps. fluorescens, seemed to be completely
and permanently removed by thorough excision and cleansing within
a few hors of the accident.

Time of Introduction of Org·anisms
"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 of'ten 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 bcfore the first change of
plaste. On the other hand, 21 samples talen at subsequent plaster
changes showed no new species. OR the 10 patients submitted to these
tests, 4 were found to have become secondarily infected; a fifth also
acqired new species dring a period when thc plaster had no wrndow

TABLE IV
NEW SPECIES APPEARING IN WOUNDS AFTERFIRST 15 DAYS OR 'TREATMENT IN PLASTEI

WAR SURGERY88
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CASE DAY 1 DAY 4 DAY 10 DAY 14
V (48 hours) Staph. aureus + +

· Micrococcus o o o
Pr. vulgaris o o o
Diphthcroid Type 1 + + +
Bacillus + + +

Bacterium +
DAY 23

VII (16 hours) Strep. pyogenes ++ ++
Staph. aureus ++ ++
BaciJJus + +

Micrococcus o
Diphtheroid Typc 1 +

VIII (16 hours) Strep. pyogenes + +
Staph. aureus + +
Micrococcus + +
Bacterium + +
Bacillus + +

Ps. pyocyanea +

Delayecl development occm·s 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 introc1ucec1 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 forth and tenth, and four between the
seventh and fifteenth daysmaking 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

and the sorce of infection coulcl not be tracecl. 'l'he bacteria so
acquirecl cluring the first fifteen clays h1 cases treated ,vithin eight
hours of the accidentare listecl 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 o during the first plaster application.
Prehospital Infection.-'l'here 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 sorne
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 fort.y-eight hours after the accident.

TABLE VI
NEW SPECIES ISOLATED AT VARIOUS 'TIMES DURING FIRST FOR'TNIGIT

IN CASES OPERATED UPON LATE

o
o

o

o
o
o
o
o

++
o
+
+
+

o
+
o

+

DAY 16

ses
~

+
+
o
o
+

Diphtheroid
Ps. Pyocyanea
Plectridium

Staph. aureus
Diphtheroid
Typel

Bacillus

+
+
+
o

+
+
o

+

o
o
o
o
o

Strep. pyogenes
(Group A)

Enterococcus
Proteus
Ps. pyocyanea
Diphtheroid (3)

+
+
+
+

DAY 4

+
Chromobacterium Proteus

Bacillus
Cl. bifermentans
Cl. sporogenes
Ps. fluorescens
Bacterium sp.

Diphtheroid (1)
Diphtheroid (2j
Micrococcus (1)
Micrococcus (2)
Staph. albus

Sterile

Hemolytic
streptococcus
(Group B)

Staph. aureus
Diphtheroid
(3 types other
than 1)

II

+
+
o

Diphtheroid
Type 1
Bacillus

1
Hemolytic Enterococcus
streptococcus

. (GroupA)
I'ersistence or disappearance shown by + or j
The numbers in parentheses refer to ti d· ff .Y O.

e hfferent types of the organism.

Wound excised 3
hours after ac­
cident

III
Wound excised 3
hours after ac­
cident

TABLE V
NEW SPECIES ISOLATED AT VARIOUS 'TIMES DUna p

-=_:__:__:__1;~-t=_=_=_=_7-:=_=_=_~~...:~tl~=-=_=_\1_=_=_=_=~~~~~~~-~:_~l~~~~1:R:s~·1•~1~5 DAvs- CASE DAY 1 DAY3
I DA7F

v@a e@sea2 [g«».+no Irrg>aph. atwus 0
hours after ac- Diphtheroid (1) 0
cident [Staph. aureus 0

Dipltheroid (2) {[
Micrococcus (1) +
Micrococcus (2) o

M_icrococcus (3)
Diphtheroid (3
Plectridium
Baeillus

X
Vound excised 2
hours after ac­
cident

IX
Wound excised 2
hours after ac­
cident
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in faet present but undetected at previous examination

f ºf l· fi · s. 'l'hiseems well founded, for il the irst assumption were correet , " Yie
species would have been introduced in the course of elev e eveu 11e,.,,
tions between the third and tenth days, whereas non " ami,
in twenty-one similar examinations at later periods. ," "teetq
bacterial development at this time, when the barrier of e_ delay i11
tissue is being built up, may be of geat benefit to ti ;{latio

ent. pauthors suggest that most (though doubtless not all) of the . · . le

were introduced before and not during wound excision (qy ,@is. .. ecause t]number of new species was far greater m the early than in th le

paratively late cases, and (2) because sueh infection was con¡,"."­
aive]rare,at subsequent changes of plaster. Y

To smn up: cases operated on during the frst three hours sh
delayed growth of new species-the great majority being saprophowed
During the first few days bacteria contaminating the wound +."""?. . e mue
less numerous m such cases than 111 those operated on after si t. . x een
hours; moreover, m the latter group either Strep. pyogenes or Sta h
aureus, or both, were present. 'l'he investigation also showed t~ t
plaster protects the wound against secondary infections provided th:t
all the necessary precautions are taken in applying it.

CHAPTER VII

GAS GANGRENE

Although recognized since ancient times, gas gangrene was never) o o
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. 'l'hc earliest reference to
the infection was by Fabricius of Hilden in 1607 (Kellett, 1939), who
appears to have published the first clinical description. Since 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 itas "bronze erysipelas," because of the
color of some of the patients in the advanced stages. During the
Crimean 'Nar Salleron made a study of 65 cases which he had himself
treated; and in the Franco-Prnssian vVar of 1870 Fréry suro·eon to the

• O

French troops in the siege of Belfort, collectecl many cases, of which
he published an account in a short monograph.

During 1914 ad 1915, particulady in the first six months of the war,
many descriptions of gas gangrene appeared in Great Britain, Tt'rauce
and Germany. Accorcling to the publishcd statistics the incidcnce 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 battleields. This suggests that the development of gas gan­
grene turns on more than one factor-not only the specific bactel'ial
agents but also the conditions in which theit· pathogcnic effect can be
cxercised. In March, 1915, W einberg and Séguin descl'ibed the whole
range of bacterial flora that produce gas gangrene, ancl preparecl the
first antigangrene serum. Vincent, Levacliti, Sacquepée, D'Este Emery,
Bullock, Fleming, Mclntosh, and others gave accounts of thc infection
from the bacteriological point of view, and Lardennois ancl Baumel,
Duval, Cuthbert Wallace ancl others clescribed its characteristic clin­
ical features. In recent years little further progress has been made in
the general stucly of gas gangrene, but some aclvance has been achieved
in its treatment. 'l'hus, the statistics of today, thanks in part to the
use of sulfonamide compouncls 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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TABLE VII
RELATIVE NUMBERS OF ANAEROBIO ORGANISMS IN CASES OF GAS GANGRENE

Weinberg and Séguin also found Cl. histolyticum fairly f'requently, both
this organism and Cl. sporogees seeming to contribute in some measure
to the aggressive capacity of Cl. welchii.

WEINBERG & MC INTOSI MC INTOSJI HENRY
SÉGUIN

(91 CASES)
(41 CASES) (52 CASES) (50 CASES)

% % % %

Cl. welchii 77 43.9 67.3 80
oedematiens 34 4.0 10
sporogees 27 36.5 38.7
fallaa; 16.5 6
septique )3 19.5 16.3 16

Muscles infected by this organism are renclered soft, and dring the
first few hours are intensely red.

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 aerobic bacteria, and
24 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 elative numbers in which
they were present varied greatly, some 38 clifferent 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).
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DEVELOPIMIENT OF GAS GANGRENE

Apart from the presence of the responsible organism, the essential con­
dition for the development of gas gangrene is laek of oxgen in the
wounded tissues; in other words, an inadequate blood supply. In vivo
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.
l. The intramuscular injection of Cl. welchii into guinea pigs may

cause sorne 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 bruisec1 ancl their circnlation was
consequently impairecl, a typical gas gangrene always developed. This
contribution of trauma to the procluction of gas gangrene can be
demonstrated even when there is a considerable dela.y after the injec-

BACTERIOLOGY OF GAS GANGRENE
Many patients with gas gangrene harbor a diversit f
b. d b" d · f y O bacte1··aerobic an anaerobic; anc in atal cases it is raro fo d bon

species to be present. nly a single

Clostridium welchii (French: "perfringens'') 'TI;. us organi
isolated in 1892 from a cadaver by Welch and Nuttan, , » fhust

ill. t d 1dthi> s. uves inmi • waer, 'ust, sewage an t e mtestmal canal of man d . son,
It d f f . . . an anun l

produces tour types o) exotoxin, and varies in patho, s.,, laIs.· gen1eity fr
one stram to ainother. It is a great producer of gas w · b on,· · em erg
Combiesco (1930) described the effects caused by the wel h"• ~uu
h. 1 · 1 d 1 · e 11 toXJ.nsw 1c 1 me u e lysis of the red corpuscles (producing hemogl b" , '. · · . toDmuria)

local areas of necrosis in the kidney and hver anda rise in blo d '
: -- • )O pres.

sure which may lead to hemorrhage. The minimum lethal dos f. .. e ora
mouse is about 0.25 e.e. Cl. welchii produces the spreading facto d

ibed bv r 1e­scr1 e y Duran-Reynals (MeClean, 1936). It invades the tissues in
the advanced stages of the infection, and in fatal cases will generally
be found well beyond the limits of the initial focus. Its action is pre­
dommantly saccharolytic, but it is also proteolytic, and the extent of
its production of gas depends on the degree of fermentation in thc
surrounding medium.
Like other spore-bearing anaerobes, Cl. iuelchii requires an increase

of carbon dioxide and cannot flourish in a medium supplied with oxy­
gen, though the spores may live for a long time in oxygenatecl culture
media.

Cl. oedematiens.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 e.e. 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 ita surpris­
ing observation considering that it cannot invade the tissues and one
which McClean (1936) could not confirm. The toxin on the other
hand, is highly invasive. Cl. oedematiens produces extensive gelatinous
edema, which is nonhemorrhagic and can thus be readily distinguished
from the markedly hemorrhagic edema produced by Cl. septique. It
produces little or no gas.

Cl. septique.Originally described by Pasteur and Joubert in 1877,
this organism lives in the soil and produces exotoxins. The average
mínimum lethal dose for a mouse is 0.005 e.e. It produces less gas
than Cl. welchii and an edema which, though highly hemorrhagie, is
less extensive and gelatinous than that produced by Cl. oedematiens.
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1 d th t g·as ganarene will develop when. v· t and Stodel Showe .a º .tion. meen . l ten days after the introdue­
the museles have been bruised as ong as .
tion of Cl. welchii. . .

. d t f llow the injection of orgamsms, even 111 large
2. Infection toes no O d f tl · t ·

numbers, that have been thoroughly washed and free from hen omns.
bl ·] 1 d f toxin is injected together with the toxin­If however a su etha, .ose o , • d K . f d B 11

free baeilli 'an intensely virulent reaction will result _( e rm an O ­
man, 1917), for the toxin produees a lesion which interrupts the local
blood supply and so provides the conclitions reqmred for the multiph­
cation of anaerobic organisms.
3. Calcium has a similar effect. Bullock and Cramei: (1919) _injected

mice with calcium salts of various kinds (soluble calcrnm, sodrnm cal­
cium chloride, calcium nitrate and calcium citrate), and then, else­
where in the body, introduced a washed suspension of Cl. welchii o
Cl. septique. These toxin-free bacilli produced serious lesions, not
locally in the arca in whieh 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 calcium
salts produce extensive necrosis of tissue.
4. Wamoscher and Vásárhelyi (1933) found that a small amount

of sterile agar would also activate previously injected anaerobic organ­
isms. In this case, however, the effeet was achieved, not by any inter­
fcrence with the blood supply of the tissues, but by the agar forming a
proteetive covering which isolated the organism from the oxygen in thc
blood.
From these experimental findings we may conclude that in normal

tissues the oxygen content is suffieiently 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
stressed that the amount of tissue damage needed to enable the spores
to germinate is very slight. Moreover, as the agar experiment shows,
a mere enelosure of the spores, separating them from the oxygen in the
MI d. " IR' . .010o«, 1s sufficient without any tissue damage to permit anaerobie bae­
teria to multiply. Such enclosure may be provided by any kind of
fore1gn body, especially soil.

Working on the fundamental fact that anaerobic organisms do not
thrive in an oxygenated die me mm, surgeons have for many years re-
garded atmospheric oxygen as the chief preventive of anaerobio infee­
tion, favoring the injeetion of oxygen into the infected area as a thera­
peutie measure. I believe that this view is mistaken and that tech­
hiques based on it have resulted in more harm than good. Atmospheric
oxgen plays indeed a very small part in the prevention of gas gan-
grene, for anaerobic bacter· lt" 1 f 1 º

ia mu 1p Y ree y and produce their charac-
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PATHOLOGY OF THE MUSCLES IN GAS GANGRENE

l\ f 1. · t o-rated muscle. Imme-ost war wounds produce an area o e ism e,, .
d. f h lth: living fibes, the inter­1ately round this area is a zone o: hea, :, 1 · 0 • '

ff. . l concusswn and become6paces between which have, however, sutterea :q1 ¡]
• mTh, terspaces form an 1dea, solexposed to bacteria} penetrat1on. .1 ese m · b

f l f Aao·aard (1913) has esta­
Or the growth of organisms. 'The work 01 a" .·.¡]
l. h • · I, though the anatom1calshed the existence of lymphatics in muse4e, "

teristic lesions in wide-open, well-oxygenated wounds from which the
Irised tissues have not been propely excised; whereas they do not
develop or p:·oduce les1011s m wounds which, after appropriate and
detailed surgical treatment, have been enclosecl in plaster casts ancl
have thus been isolated from the oxygen of the air.
It is, of course, true that gas gangrene cannot develop unless the

wound is contaminated by one of the specife organisms, but equally
true that such contammation does not necessarily by itself result in
gas gangrene. On this point surgeons and bacteriologists are agreed.
Since the introcluction of the closecl 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),
ancl Spooner (1941), Gardner (1941) and others have published similar
findings. In none of these cases has the organism poved harmful, a
fact which emphasizes the error of the old view that atmospherie
oxygen is essentia.l for the prevention of gas infection.
Levaditi and others (Hl40) have citecl 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 devclopment 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 ,:omparatively powerless to do much l~arm ...
but I have seen a whole limb gangrenous, and the patient dead
from hemie infecto, sixteen hors from the time he as injured.
It is evident, theefore, 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, ,vhen 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 arterial 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.
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d It . throug·h the intertissue spaces
details are not yet well understoo . d isfrom the initial area of con­
nd lymphatics that infeetion spreads

tamination. . f individual muscle bears a
bility to infection o1 any ... f'l'he susccptl 1 1 J . . , t , and the two mam types o ·. t its anatomical structur'e, t]

direct relat1011 ° 1
' ' d . 1 -t muscles of the trunk and the

1 the scrrmente 01 s 101 1 I
muscles, name y, º tl f ·e be considered separate y. n

l f tl e limbs, must here:.o1 flong muse es o 1
· ' b. t d to the secondary effects o. . 1 o- uscle the area su JeC einjury to a long m 3j 5 much greater than when the

interference with blood supp y is very - º d
segmented or short mseles of the trunk are damage .

There are accordingly markecl differences between the clinical pic­
tures of gas gangrene in long and in segmentecl muscles. The spread
of infection, the rapiclity of evolution and the gravity of gas gangrene
are all greater in the former than in the latter. In segmental and
short muscles the area suppliecl by a single artery is small, and the
vessels run parallel; thcy approach the muscles from the side and ex­
pand into them transversely. I long muscles the arteries enter at the
proximal end and run along the tissue for a variable distance. A good
example is found in the thigh, particularly in its anterior ancl superior
part, the sartorius being one of the most typical of the long muscles.
Wounds in the upper part of the thigh may damage the blood supply
so that the muscles distal to the injry become ischemie from the first
(see Figs. 4 and 5).

Effect of Gas--Forming Infection inMuscles
At a very early stage of the infection three zones can be defined:

(1) The first zone corresponds to the area where the fbers, both in
their anatomical structure and arrangement, have been immediately
destroyed by the trauma. Disintegrated muscle and organized clot are
commonly seen and a vast number of organisms are found. (2) In the
second zone the strueture of the fibers has been destroyed but their

tomical arrangement has remained undisturbed. 'l'hese fibers may
ª~ª have been killed immediately; but as they are always covered by
ª so s of bacteria and products of bacterial infection, thcir destructiona mas . . ,
is more probably due to bacterial act10n. 'l'he muscle fibers are sepa-

·- --- - TI e most important
1 f the thigh. 1 extensive

Fe, s.-BIood supply or tug.a3?%¿2k as a¡fries 1eaves an "
muscular arteries run downward. ", +ithout blood supply
area of the distal portion of the musc e l d

I 'ch may or may not be pac cedate w uc · frated from each other by an exuc f . fection. vVhcn the 111 e~-
with leucocytes, according to the type oE?"., ah pus-forming eocci,

' . 1 t ·ia too·et 1er w . . 1tion is mixed, i.e., anaerobio baeter) "' ,,, nlection is exclusively
' ' . t when t 1e n . . tthere is local leucocytosis; but no {¡+ f leucocytes is so grea

-+f+ti the numelanaerobic. In mixed in.econs
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that m sorne places they even obliterate the capillaries between the
fibers. (3) In the third zone the muscle is normal, except for sorne
cellular infiltration.
Briefly, the tissues of these three zones may be described, respee­

tively, as dead, dying, and normal Organisms are more often found
in the lymph surrounding the muscle fibers than in the fibers them­
selves, and in mixed infections large numbers may be seen inside the
leucocytes in the second zone. The bacteria! invasion extends rapidly
through the damaged muscle up to the point where the circulation is
still intact and normal fibers begin. Here it is temporarily checked.
Thus, although the tissues of the first and second zones are quickly
destroyed by the combined effect of the trauma and infection, the
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 ra.pid invasion soon
follows. The intensity of the resulting process may often be traced
from the central fibers toward the sheath, which frequently remains
uninfected, but may be the chief soree of spread of the bacilli. The
septa between muscles, the connective tissue surroundino· veins or

. 1 "anaton~1ca structures such as Hunter's canal may provide paths of
e:tens1011. In long muscles the successive stages of tissue disintegra­
tion and bacterial invasion follow one another with great rapidity and
m, olve not only a single musele but a whole group and sometimes even
the entire limb. Near the wound many large bbbles can be seen with
the naked eye, both outside the muscle sheath and inside the sheath
itself, but never in the muscle fibers themselvcs. The diffusion takes
place through the fluids that surround the fbers, and once the bacteria
reach the neighborhood of the musele insertion they proceed along the
"~lls of the capillanes without, however, passing through them. Only
af'ter the sarcolema has been destroyed do bacteria make their wa
mside the actual fibers • at lt t 1 . Y
1 . . ..i a ª e s age they even invade the vessels,

thus 1 upturmg capillaries and causing multiple small hemorrhages.

Thrombosis
Thrombi'one of theos1s, a "ell-known accompaniment of wound infeetion and

causes o · secondary hemorrha . .as a result of th t ·f . . ge'. occurs at many pomts and,
muse ne mterference with the circulation and of the intra­

ular hemorrhage due to rupture of ca ·11 .· .
sue are converted into a mediu . ~I aues, new areas of tis-
'l'he thrombi m· f . d. 111 ideally smted for bacteria] growth.ay orm at a 1stance fro th ·
flammatory lesion and together are ,"""_e site of the original in­
grene of the limb. Occasion· 11 e ~am cause of extens1ve gan­

a y secondary gas gangrene wil] appear

in a difterent limb (the most common extension is f th thi]. . rom he g! to
the arm), the cause here lying in an embolic met t • J

• • • _
0

• . as as1s. ust as an
anaerobie invasion of the museles in the region distal t th 1di. · a o e woun IS
largely due to trauma.tic mtenuption of +he bloocl Sll 1 1. . - PP Y, so a spreac
of the infection to the muscles on the proximal side · . d a b· 1 · 1 • Is rn o uce y
thrombos1s-w ich, it must be rememberecl occtir·s th dil. . , e more rea y
when the c1rculat1011 has been impaired by vasomoto: di t b. . . . . r Is ur anee,
shock and diminished nutrition of the vascular enclothelium.
Te constant appearance of these anatomical changes in gas gangrene

makes it clear that te infectio is inseparably conected witl impaired
blood supply, ad that this must be regarded as a factor essential for the
multiplication of anaerobic organisms and the production of their toins.

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
occurs most commonly in areas in which the muscles 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, amonting to
nearly one-third of all cases. In the remaining sixth the infection oc­
curs most commonly in the arm, and less often in t.he forearm and in
other parts of the body sueh as the buttock, shoulc1er and retroperito­
neal region. In the rarer cases of gas gangrene in and about short and
broad or segmentecl muscles, 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 instance,

in the thigh gas gangrene develops most commonly from wounds in thc
upper third, less often from wounds in the midcUe third, and still less
so from wonds in the lower third. Furthermore, it develops more
commonly fron~ wounds of the front than from those of the back of
the thigh, the proportion being approximately the same as that of
infections in the arm to those in the forearm. In the arm there ap­
peas to be less distinction between one pat and another. Both in leg
and arm a lesion of the main arteries is a almost invariable predispos­
ing factor.

RELATION TO THE TYPE OF PROJECTILE

The nature and form. of the projectile inflicting the wound play an
imy ·t; :. :.:. h d, l ent of gas gangrene.por ant part in determining the eve opm o O O •

Rifle Bullets.-Rifle bullets fired at long range, and those that retam
th,<. ·+fretion. When, howevereir proper shape, se1c1om produce a gas m ec 1 .- ' '
bullet .. ., +il tel r by ricochet, or when theye s are misshapen, either delibera e Y 01 '
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• . • ge (thus often producing an explosive ef­

have been fred at short range p h '' , . . 11 . t th exit wound), the chances o gasfeet, particularly noticeable ar ne ">

gangrene are far greater. .
' G des. -'The trench-mortar grenade is alwaysTrench-Mortar rena .- . . . ·•

e, perhaps becase it causes extensn eliable to produce gas gangren ,
Yascular damage and scverc shock. . .
Shell Fire.-During the "\Var of 1914 to 1918 the wonds in which

ed n1ost commonly were those made by lngh-gas gangrene appear .
º ¡ · º 1 lls The irregular shape of the wounds, the extensiveexp.os1ve Sne! •
damage to the soft tissues, and the impairment of both local and gen-
eral circulation ali facilitated infection. 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

eaused wounds very similar to those made by shells. any 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, dama.ge
the tissues in the depth of the wound out of all proportion to the minar
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 bombs pro­
duce wounds similar to those caused by shells, but more serious owing
to the ischemic effect of the blast. ·
The projectiles of modern warfare may be listed, according to the

frequency with which they produce gangrenous wounds, in the follow­
ing descending order :

1. Heavy aerial bombs
2. Shells
3. Medium and small aerial bombs
4. 'Treneh-motar grenades
5. Rifle bullets fired at short range
6. Rifle bullets fired at long range

OLINICAL PICTURE OF GAS GANGRENE
Gas gangrene is not a specife disease, for it may be produced by

anaerob1c oro·amsms of v ,· . M . .'ar1ous groups. Moreover, its severity variesremarkably ranging f, ¡· h . '
, 1 om a shght inflammatory reaetion with some
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local edema, gas formation and an off'ensive smell, to an extensive
generalized toxemia which may prove fatal in less than twenty-four
hours. There are for distinet types of anaerobic infection:

l. 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 frst 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 bbbles 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 temperatre. 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

l · · 1· ·a al 1)at1ents Thesegangrene variations in detail are fonnc m me 1"1 u· ·
l ' . . . · tl . acttrnl symptoms but of1owever, do not consist of differenees m he a a- " • ,

. . . . 1 . F xamIJle 111 one case the rnfec-var1ations in their time re.ations. 'or ea o . . ·
.. bef th patient's condition istive process may take three days e ore 1e . 1. t o·e is reached in less thanser1ous, whereas in another the same s ªº
twenty-four hours. . .

l 7 : ithr alone or in associationThe organism responsible is Cl. welchi@, ert 1er g1. 5A
.,-' ·+] Cl, edematiens or . septiqewith another anaerobe (normally eit rnr · 0 f h..: and grave o1 t/ese gas

or with Strep. hemolyticus. The most ivas!ve 3ptieularly to the
infeetions are largely due to this combination, and p
association of Cl. welchi and Cl. oedematiens.
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Anaerobic Toxemia
· d :f all o·as is not proIn this form of gas gangrene, the most rap1_ o ­

:. · ¡l swelling or smell. 'The mus­d d locally and there 1s practica Y no • b
uce · . dl . l Th y are so:ft ancl free fromeles are dry, friable and marke Y pa e. e. . .

· a· · t· • uas ,vithin twenty-four hours the skm IS coldpam an con am n0 ' " . 1
ad dry and has a deathly pallor; the patient's temperature is ver 1ow
and the pulse too rapid to be counted. A stnlnng- calmness o:f 1:1111d
and of facial expression chararterizes these cases.. In sorne patients
sufl'ering from this hypertoxic anaerobie infection, signs of hemorrhage
or shock appear ,vithin the first :few hours; in_ others who srvive
longer, edema is seen; but in both groups there is the same complete
absence of pain in the wounded limb. Autopsy reveals gas m the
hrain, liver, kidney, ancl spinal carel.

Cl. wclchii, the organism which prncluces this toxemia, may be :found
in the blood from the initial stage onwards; and the serious and ·wide­
spreacl general cffccts of this bacteriemia are out o:f all proportion to the
arnonnt of local darnage. Fortunately the condition is rare, :for Cl.
wclchi srvives with diflielty in human bloocl. ( See also Emery, 1916.)

Toxic Edema
This anaerobic infection is clue to local colonization of Cl. oedematiens,

somctimes alonc but more often in preclominant association with CZ.
welchii, Cl. septiqne, or Strev. hcmolytic1ts. A highly invasive infec­
t ion, its most characteristic features are the absence of gas ( in cases in
which Cl. oede111aHe11s alone is the responsible agent), widespread and
rapidly progressive gelatinous edema, imrnediate ancl severe general
intoxication, ancl a time-lag of 48 horsin many cases as long as thc
patient survivesbefore the appearanee of gangrene.
In operntions performed soon after the onset of the infection the

eellular spaces and subeutaneous tisses are found invaded by a clear
gelatinous edema, and the museles are dark red. When the infection is
in an extremely advaneed stage, gangrene spreads rapidly from the most
distal part of the limb and invades the whole member. In cases in which
Cl. ocdemaliens is associated with Cl. sevtiqiic the edema is hemorrhagic
and a small amount of gas may be fonnd. Examination of the blood
rarely reveals Cl. oedematiens. This type of infection is nearly always
fatal.

Gaseou.s Phlegmon
Gaseous phlegmon, the mildest form of anaerobiv 5·nfet < 1 ]id) . ·. 11 . . IC m ect1on, 1s oca lZC

lSpecia y 111 the cellular connective tissue It comm l . .
wounds of th l ª .. d . . . . . on y appears m
1 . . e e., an aun and m thc more superficial wounds of thc
t nghd; It may also sometimes appear in deeper and severely bruised
wounds of the latter region. I

> · n rnany cases the only symptoms are gas

bubbles, some crepitus in the inflamed area, local pain and a slight gen­
eral reaction; m some the only mcl1eation is the offensive smell of thc
ound. This mild type of gas-forming infection spreads slowly if at
all. It is most nnportant to distinguish it clearly from the more serious
forms.

DIFFERENTIAL DIAGNOSIS

The :following· points shoulcl be considerecl in the clifferential diagnosis.
l. Lapse of Time Since the lnjury.-The more serious types of infec­

tion generally dcvelop earlier after the wound than the milcler type.
2. 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 a1:i.terior aspect o:f the leg or the })Osterior part o:f the arm, ancl
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 proclucecl, and particularly if the
tissues have not been excisecl ancl are not deeply bruised, the infection
may be of this mild localized type.
Further signs are a dirty, evil-smelling clischarge; sorne inflamma­

tory reaction in the sunounding skin, which is sometimes very warm
ancl clry ancl a peculiar dirty yellow; and inflammation of the regional
g-Iancls. The wound gives rise to pain both spontaneously aucl on pres­
sure over the in-flamed arca.
The general condition of thc patient is not seriously affectecl, but

there may be a rise of temperature, in sorne cases to 103º F., with a
corresponding increasc in the pulse rate. Apart from gas in the arca
surrounding the wound and an offensive smell (which is not that of
putrefactio;1), the clinical picture of gaseous phlegmon is not very
difterent from that of early pyogenie infections, before the pus has
formed. Cl. welchii rnay be founcl in the blood. The patient is torpid
and somnolent until the blood is sterile (Andeson and Richardson, 1917).
Qvist (1941) has recently given a clear description of this infeetion.
If . . »d ti t in whom the infection 1san operation is performe on a pa 1en .

already establishecl the wound is found dirty and may show a certain
• ' c1 . t· ·f· f t ancl connective tissueamount of tissue damao·e · necrose por 1011s O ª

d. . b , . . . ot extensive but appearsare listributed thoughout. This necrosis 1s n " ,
º . · 1 perficial layer o:f t eto be confined to a limited and comparative Y sn · . d

• »4. hen the wound is openet1ssues which have been directly damage · n e . c1· t
tl 0• extends sorne 1s aneesome gas escapes. In a number of cases ie bas . . 1 . ) .

f . . 1 tl actually m:fectec a1 eas .tom the wound (sometimes far beyond he. . . 1. •t :f the o·as are not neces-It is important to remember that the limits o1 b. c1· 11 1 r g·angrene rnay esarily those of the infection. A sprea mg ce u ª
Seen in the subcutaneous tissues.
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Patients suffering from this form of gas infection, when correctly
treated, generally reeover rapidly. Fatal results are exceptional, and
mostly occur in cases complicated by sorne other type of mfection or
by poor general condition due to some other cause. Vlithout 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 teclmique 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 ANAEROBIO 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 risino·

' o
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 occurs 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 correspondmg increase.
Pain.'The amount of pain is dir ·tl velted . ­. ec Y re a e to and vanes mversely

with the extent of the bacteria! invasion. In the early stages, patieu­
larly when the deeper strueturs 1bi. '6'?> '· res are su Jected to great pressure by
gas or edema pam may be O f th . . ·
h , ne O e most striking symptoms, but in
t..e advanced stages it disappears C I 'th t 1 ais. omp ete absence of pain is one of
e mos mar rnd characteristics of the toxemic forms. .
General Appearance.I the iti]

the patient has a fl ·! . 1 f· e ntal stages of gangrenous infection
Any atit UShed face and shows considerable mental activity.

y pauent who, within 24 hours of being +
normal drowsy conditi 1gouded, passes from the
\\·1·th sp . 1 I 1011 to one of mental excitement must be watchedec1a care,

The Tongue-The ton l , . l
V niti; ge very quickly becomes dry and coated.

omutung.The ocurrence of' vomitivo
is suggestive of . I mo, a not unconunon symptomgas gangrene. '

Signs and Symptoms Specific to Closed Pl
ate diagnosis of gas inf t' . , laster Cases.'The immedi­

ec 1on m tissues enelosed in plaster, a matter

obviously of the utmost importance is facilitated b th Rll ·. . , y 1e ·o owmg
further symptoms which do not generally occur with other forms of
treatment.
A Sensation of Heat at the Site of the Wound. -In thi.- sorne cases IS

sensation, pervhaps best described as a burning pain, may cause much
acute chs_comfort. _It 1s probably due to the greatly increased pressure
on the affectecl reg1011, clue to the formation of gas under the plaster.
Edema in the Toes or Fingers.-Edema in the toes or fingers is

always present whcn gas gangrene clevelops under plaster; although it
also appears in other infections (e.g., streptococci), its occurrence
within the first three days after the wound, accompanied by a local
sensation of heat, is always highly suggestive.

Cold Toes and Fingers.-From a vey early stage in the development
of gas gangrene the toes and finges 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, combinecl with a rising pulse, a rise of temperatme, and

occasionally with vomiting, necessitate immediate removal of the plas­
ter cast.

Signs in the Gangrenous Area

The Wound.-Gas and edema mayor may not be present; the color
of the muscles rnay be necrotic or dark red; there is often an evil-smell­
ing discharge. 'The surronding 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 procluced 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 diagnosis should not
be deferrecl until it is observed. In some of the most ser1ous cases, 1.e.,
thosc in which the infection is due to Cl. oedematiens, and to a lesser
extent those in which it is due to Cl. septiquethere may be no crepitus
because no gas is formed. On the other hand, in the relatively mild
gaseous phlegmon, there is a great deal of gas and consequently much
crepitus.
Tympanism of the Skin.Also connected with the presence of gas,

tympanism of the skin accompanies crepitus and is most noticeable in
Ca f . . 1 d 1· 1. ti'on of thc subcutaneousses of massive gangrene with marke dIsten
spaces.

Changes in the Appearance of the Skin.In the earliest stages there
1s n • . 1 1 b t a·fter sorne hours the skm often0 appreciable change in the color, u a v •

b "5' b dirty eream color withecomes pallid. Later, it commonly ecomes ª ·
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P t. t ff · fi·om tJ11's form of o·as infection, when correctlya 1en!s su ermg ·
treated, generally recover rapidly. Fatal results are exceptional, and
mostly occur in cases complicatecl by sorne other type of infection or
by poor general condition due to some other cause. Without proper
treatment, however, the eondition 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 usecl for invasive gas gan­
grene in that the principal part is here played by drainage instead of
excision.

SIGNS AND SYMPTOMS OF ANAEROBIO 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 diffi.cult to assess, but once he has recovered, a rising
pulse rate, particularly when accompaniecl by a rise of blood pressure,
may be taken to indieate that an anaerobie infeetion is probably de­
veloping.
Temperature.-Owing to the wicle variation in the degree of fever

that occurs 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 ontlook is
grave. In the mildest type of gas infection, gaseous phlegmon, there
is sometimes a considerable rise in the temperatre, 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 bacteria! invasion. In the early stages, particu­
larly when the deeper struetres are subjected to great pressure by
gas or edema, pam 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.I the initial stages of gangrenous infection
the patient has a flushed f'aee and shows considerable mental activity.
Any patient who, within 24 hours of beino• wounded f. ti
normal drows . . . : 4,'o , passes rom I e
.· h . y condition to one of mental excitement must be watched

witi specia] care.

The Tongue.'The tongue very quiekly becomes dry and coated.
Vomiting.'The occurrenee f ¡4• , • o: vomring, a not uncommon symptom1s suggestive of gas gangrene. · '
Signs and Symptom S ifi. s pee e to Closed Plaster Cases-'1'1 · a·ate diagnosi f ·¡: ne me1­

s1s o gas m..ection in tissues enclosed in plaster, a matter

obviously of the utmost importance is facilitt d b 1 .. , a e y t 1e follo,vmo·
further symptoms which do not generally occur with other forms of
treatment.

A Sensation of Heat at the Site of the Wound. -I 1 •. . ,- n sorne cases th1s
sensation, perhaps best described as a burnig pain, m q. . º , 1ay cause mue
aeute 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.-Eclema in the toes or fingers is

always present when gas gangrene develops unde plaster; although it
also appears in other infections ( e.g., streptococci), its occurrence
within the frst three days after the wond, accompanied by a local
sensation of heat, is always highly suggestive.

Cold Toes and Fingers.-From a very early stage in thc clevelopment
of gas gangrene the toes and fingers of the affected limb are colder
than those of the sound side. 'The symptom is due to pessre of the
plaster on the emphysematous tissues.
These signs, combined with a rising pulse, a rise of temperatnre, and

occasionally with vomiting, necessitate immediate removal of the plas­
ter cast.

Signs in the Gangrenous Area

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

Crepitus.-Crepitus is produeed by the escape of gas from the mus­
eles into the cellular connective tissues and subcutaneous arca. It is
common in many forms of gas gangrene, but the diagnosis 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 Cl. oedematiens, and to a lesser
extent those in which it is due to Cl. septique-there may be no crepitus
because no gas is formecl. On the other hand, in the relatively mild
gaseous phlegmon, there is a great cleal of gas ancl consequently much
crepitus.
Iympanism of the Skin.Also conneeted with the presence of gas,

tympanism of the skin accompanies crepitus and is most notieeable in
cases of massive gangrene with marked distcntion of thc snbcutaneous
Spaees.

Changes in the Appearance of the Skin.In the earliest stages there
lS no appreciable change in the color, but after some hors the skin of'ten
becomes pallid. Late;, it cornmonly becomes a dirty cream color with
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J<'i¡; . G-,1.-Hauiograph showin¡; gas in the tissue spaces. 'The appearance was pro­
duced br the a¡,plication or sodium hrr>ochlorite to a smal! wound in the leg.

The changes in color depend largely on the site of the gas gangrene.
In cases in which the infection is superficial and confined to a small
area, the purple may appear vey quickly; in those in which the gan­
grene is highly invasive, the staining may be very slight and delayed.

. . t who was not suffering
. a wound, m a pat1en cu ,ied by the gas.Fig. 6-B,-Radiograph showing _gas .:Sote the limited space oc 1from any anaerobic infectwn. h

1 In the early stages t ef the Muse es.- · 1 tlGhanges in the Appearance of hemorrhagie and he
.. ·. ;], ver, and becomemuseles lose their contractile power,

I iany cases a fairly widespread gangrene in the muscle occurs be­
n n · 1 1 . I . 1th what appears to be an entirely norma skm. n retroperitoneanea
gangrene the skin becomes bronze colored.

m thed 1 Sce Finally.. :., hh mnlarge an coaie! .] tinig wmuen el s
arcas of purp e s a ºa, ·]- ,ellowish tint may be seen.most advaneed stages a a1 ,, )
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I f ·ed br·i·cl·. ,,·lren o·mwrene is complete the color is greenish

CO Ol' O l , ' , '"' "' • · t·} 1
'\'1 tl . 'J¡Je oi•o·anism 1s Cl oeclcma.tiens, , re muse eblaek. hen he responsl 1» •

rernai11s <lark red for a long periocl.

X-rays in the Diagnosis of Gas Gangrene

The presenee of gas in a wound is not proof of gas gangrene. Gas
gangrene is a elinieal entity and its diagnosis IS based on clinical
signs only. Reeently, however, attempts have been made to drngnose
anaerobie infeetions by radiogrnphy. This seems to me a completely
wrong approach. In the first place it is sornetimes difficult during the
first fr,1· hom·s to secme a convineing radiograph of gas spreading
1'hroug·h the tissur spHcrs; in the second place other causes than gas
gangrene may produee gas in the tisses surrounding a wound (see
¡_,ig~~ 6-.cl and. 6-B). Thc'"'i•adiogrnphic discovcry of gas in a wound may
lead to ampntatio11, indeed has sometimes done so, in cases free from
aaerobie infeetion.

PROGNOSIS

'I'hc p1·og-11osis drJwlllls on sen1·al factors, by far the most important
of' whieh is early diagnosis. In gaseons phlegmon the outlook is usu­
ally good. 'l'he rcgionnl type of gangTene causes a high p1·oportion of
deaths, and toxic edema is nearly always fatal. In serious cases a
11101·e fuYorable pro¡n10sis can he secnrecl only by rapid diagnosis fol­
lowed by immediatc and drastic operation.

PROPHYLAXIS OF GAS GANGRENE

Al measures, howevei careful and thorogh, against an established
gangrenous infeetio have only a limited usefolness. Even when the
most. scrupnlous technique is used, many of' the patients die. It can-
ot, therefore, be too strongly n 5h4sizd th¡+ {1, ,]

, ,.. ., e 1p ias1ze ia · t 1e rea essence of suc-cessful teatmet lies in the ¿q y .,
· e <1üop 1011 o! every possible preventive

measm·_e. .AboY_e all, ope>1·:1ti,·e tl'eatmcnt rnust be conducted on the
lll~SI rigoi·ons lmps, particular atten1.ion beino· paid to thc followino·pomts: ' 'B5

I 1: 'ThP ope1·ation should be performed within six hors of the injury.
u some cases gas gangrendr] ¡41:, 1,

:,,, .r ' 1e tevelops within for hous, but in the gveatmajority six hors or more are needed. >, '

9 'l'l . -
, ,," "d st be thoroughly cleaed with soap and water and• IIHI )l'US l.

3 . .All <lead or dyi110· ll1Usclcs ·111<1 tl .•
exeised, speecial atten ,,, 8her tissues must be radically

· ·· +a a ton being pai tth g di4, '·
cess mainly depends on +h {¡ " hose listal to the wound. Sue­

• • o ne horoughess ith ·15.4 ±..the distal part of' the d gq '' "»S ith which the exeision of
amage musele is carried out.

4. All organic foreign hodies (picces of clothing, earth, woocl, etc.)
must be removed.
5. All hematomas must be removed.
6. 'l'he cellular connective spaces must be left free from tension. No

war wound in which muscle has had to be excised shoulcl be closed with
a primary suture.
7. Good drainage must be establishecl.
8. Ef-ficient immobilization must be provided.
9. Sulfonamide compounds injected or applied locally from the earli­

est possihle moment rnay help to prevent gas gangrene.
10. In severe concussion or shock, antitoxins may be given by intra­

muscular or intravenous injection: gas-gangrene antitoxin (perfrin­
o·ens) 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 intemational units.

TREATMENT OF GAS GANGRENE

Once gas gangrene is established, the most drastic treatment must
be employed. The general principles are the same as those on wlnch
prophylaxis is based: radical excision of all clamaged muscular, cel~u­
lar inteo·mnentary and other tissnes. Owing to the spread of the m­
fection i~ a longitudinal and upward direction, ancl its rapid passage
from the initial focus throuo·h the whole muscle and then to the adjoin­

t:, • d. fr the thigh to the trunking muscles, gangrene sometimes spreads 10111 º
in less than {enty-four hours. It is therefore vital that treatment
should be carried out befare the infection has passed beyond its
localized stage. . . . .

·¡ l 1 . t . n established infection: surgi­Four weapons are ava1 a J e agams a ,
• · ¡ tl and deep x-ray therapy.cal opera.twn, ant1sera, c iemo 1e1 ap}, ,_ - · •

Surgical Operation
. 1 E · · f All Infected Tissues.-Conservative Treatment: Radica xcisrnn ° .

1
.

1" t· ' , ' 1 ec·rnse elespite the rae icaThis operation is termed conserva ·ne J ' '
1

·1 bl ·
e 1 It . , th best method avai.a e mexcision the limb is not amputa.tec · 1s ne . . · made

> A long and deep incision iscases of ''regional'' gas gangrene. .h.. 0 0 • • •

1
·t r o·

. t:, 1 . tl 1 no· axis of' the limb, ex enem°'throug·h the center of the wounc m ie O °' 1 · 11 ¡ · tis
• r I ' 1 'l'he s nn, ce ual ­far beyond the limits of the muscles ivo. ved. l. ·d ad
1 and the muse es exposesues, and fascia are thoroughly openec '

carefully examined. . . f c1 1 1 dyino· tissues.
. fth es1on o ea.e anc . °'The second stage consists o ie ex . . if the infection is

If , l th early stages 01 1the operation is ped:ormec 111 ie .e • t:, 't b very extensive;I . . l t b excised may no eocahzed, the area of s nn ·o e '. ,.., 'l'l crotic cellular tissue
all blue areas must be removed (F'ig. T). ie ne
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aud muscular tissue must also be unhesitatingly excised. Just as dam­
ged musele lying distal to the wound nrnst be eompletely removed for
a '' ' ..., . l t th1 tl·011 of gas rranrrrene so is its excision proxman o · et rn preven ., ., , . .
wound essential for the cure of an established mfect10n. A muscle
damaged by the infection must therefore be excised from end to end.
The muscles 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 forceps still produces some con­
traction, the muscle must be excised until a point is reached where the
fibers bleed normally.

Fig. 7.Case of gas gangrene of tl f t a ¡
exetston, plaster, an iiíiai; sin ¡",22}; "qer_ha1t or ne_ 1eg treated y
normal. ª · · O\emen of lhe ank!e jomt are almost

To obviate any constriction in thc limb, further incisions will be
necessary. These should be parallel with the original incision but far
enough away from th d . . '• . · ie woun to avo1<l mterference with the blood
supply of the skin immediately surrounding it.
It shoul<l be remembered that bi h .th . . a gas eneat 1 the skm a long way from

t e tound. does not 111 Itself mdicate that the infection has extended
""""a"ea, for gas spreads through the tissue spaces in regios whiehare stil perfectly health Si·1 "ea y. milarly, the presence of Cl, welclii in

healthy muscle, as for instance in many amputation stumps, does not
indicate an extension of the danger area. The only criter:ion for dis­
tinguishing healthy tissues from those affected by gas gangrene is their
vitality.
Amputation.-Since gas gangrene spreads through the tissues and

along the various groups of rnuscles in a longitudinal and upward
direction, amputation seems illogical except for gangrene due to ar­
terial lesions. In rnany cases, however, it is the one and only means
of saving life; incleecl the few patients who have survived a massive
infection due either to an arterial lesion or to an anaerobic org·anism
such as Cl. oedematiens or Cl. septique, undoubtedly owe their lives to
amputation of the affected limh. Amputation must also be performed
in cases in which gangrene immecliately attacks large a.reas 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 infection amputation is
not satisfactory, for, even if the transverse section of the muscle is
made at a very high level, it maynevertheless 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
lighly 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 case$

thoroughly explore the wound and do all he can to save the limb by
excising the damaged tissues. Only in massive gangrene of a whole
Iimb is amputation justifiable without previous exploration. When

· l 1 l J · of the rio·ht levelamputation is the only possible method, t 1e e 10ice "
is made on the principies outlined in ChapteXXIV.

. 11 · b ade as hio·h as possible.An amputation in the thigh must usuau!y e ma ai ' •
•
0

• .- l , since the superficrnlThe flap type, besides being elaborate, is r1si,
• • '

0
f't · l ele contaminated a.reastissues retained to form the :flaps o en me u . . d

. tl . fection may well extenwhich shold be removed. lVIoreover, · 1e m e · .
. 1 . l t tl erefore be opened up tomto the muscles of the stump, w uc 1 mus 1 . . f th ·

ht t the upper limit ot e m­allow excision of necrosecl muscles rig O 1 tl · t of case
b l red for us ype ' ·fection. Guillotine amputation should e emp1o . h

• • • • 0• • the lower third of t eA thigh-level amputation for gas gangrene m suture; if no
leg may be of the flap type, but there mst be no primary s fi ' d s

. . . . '• ' d . tl· t m1p after four or ve ay 'Sgn of gas gangrene has appeare in he st n XXIV)
o s .+j 1t risk (see also hapter .a secondary suture may be made withoi 1 .

(r : b ve working at the Pastem
Anti-Gas-Gangrene Sera.I 1917 W em e º' . btained from

I . : R ti.gas-gangrene sel a Oustitute, prepared a mixture of anti-a " 1ilt against Cl.
horses in which immunity had gradually been il up



'I'he individual sera shold have potencies equal to 100 international
nits of' antitoxin per eubie centimeter for the anti-welchii, anti-sep­
tique and anti-histolyticum sera, ancl to 1,000 units for the anti-oedema­
tiens serum.

Weinberg (1939) quotes some results obtained with these two types
of sera 111 1919 Of G0 t' t ff ·. . · pa ien s sn ermg from gas gangrene, 43 were
gven trivalent sr d ·· h"' . . ,.., _ serum, an of these 33 recovered and 10 diecl; the re-
mammg lt pahents were o·iv tl ·. d O en re qmnquevalent sermn a.nd all reeov-
ere : He advocates the following dosa o·es and method f d . .
tration: (1) fr th +4," '' " s o1 admm1s­

01 ie 1.1 eatment of ser10ns cases 900 f . .
800 e.e. saline. o·i . . . . · . , ... e.e. o serum m
avoids ,","ch mtravenously by continuous drip injection; this
' s ,map 1y act1c reactwns· (2) . 1 . '· · t d . l ' as a. P1 op rylactic 20 e.e. of serummjee e su Jcntaneously. '
Another anti-gas-gangren ·id

baeterial was r~ . ~ d 1 . e serum sar to be both antitoxic and anti-
o«a ni.,"",""""gplasosr«u. Tos ser»,

1erial specios, aero1». ~,""""! inmunized against all the 17 bac­
at anaerobie, wh'eh ] E :

of gas gangrene, is beli , d t b ' 1
eh have been found in cases

ieet (1939) celais á,¡,,"_ eovally efective aegainst all types.
g results whieh he attributes to the anti-
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wlchii, Cl. scptique and Cl. oeclematie11s. The auimals were immun­
ized separately against each of these anaerobes, and the three differ­
eut types of sern thns obtaincd wel'e mixed together to form the origi­
nal (trivalent) Paster anti-gas-gangrene serum. Pierre Duva.l (1918)
showed that this serum, given prophylactically to 381 wounded soldiers,
!'educed t he incidencc of gas gangrene to 4.7 per cent, against 16 per
C'rnt in a control gronp. Thc sernm is only antitoxic and has no anti-
bacterinl properties.
Weinherg found that in rnany cases thc pat:hogcnic anaerobic organ­

isms wcre associated with other auaerobes which, although incapable of
producing gas gangrene themselves, tended to increase the severity of
the gas infeC'lion. The most important of these were Cl. sporoge11es,
whieh is highlr protcolytic, Cl. fallax, an organism of relatively low
toxicity, and Cl. 7iisfolytic11111, the most frequent companion of the patho­
genic anaerobes. As a result", he prepared a new serum desig·n to combat
1he effects of fivc anacrobic organisms, including· Cl. sporogencs and Cl.
histolyticum with the three pathogenie tpes. This quinquevalent serum
is made up by mixing monovalent sera as follows:

115

Given by intra­
venos or in­
tramuscular in­
jcction.

GAS GANGRENE

bacteria! properties of thc sernm ancl to its , ..· 1 .
• vared antibody co te» t

For prophylaetic purposes the prescribed dose is 20 eh­
ment from 80 to 150 e.e. · i:; e.e., and for treat-

In Great Britain a preparation similar to W einl ... , • • .· erg's original triva­
Jcnt serum (see p. 114) is put up in rubber-cappecl bottle. . . . º" es, each con-
taining an amount equivalent to one therapeutic dos (20 .). . se ... e.e. or three
prophylactie doses; it can be used for either purpos Th d :o. e. 'e osa o·e 1s
as follows:

0

Prophylactic: Cl. welchii antitoxin 3,000 I.U.
01. septique antitoxin 1,500 I.U.
CL ocdematiens antitoxin 1,000 I.U.

Therapeutic: CL welchii. :mtitoxin 7,500 I.U.
CL septique antitoxin 3,750 I.U.
CL oedcmatiens antitoxin 2,500 I.U.

1,500 units, Tetanus antitoxin ( Cl. tetani)
2,000 units, B. perfrino·ens antitoxin ( Cl. welchii)
2,000 units, Vibrion septique antitoxin ( Cl. oedernatis-maligni)

For therapeutic purposes in treating gas bncillus infection, therc is
available a polyvalent gas gangrene antitoxin without tetanus anti­

· o o O

toxm, each vial containing the following:
10,000 units, B. perfring-ens antitoxin (Cl. welchii) . . .
10,000 units, Vibrion septique antitoxin (CI._ ocden!atis-mahgm)
3,000 units, B. histolyticus antitoxin ( CI. !11~tolyt1cum) .
1,500 units, B. oedematiens (Novyi) antitoxm ~Cl. oeclematiens)
1,500 units, B. sordelli antit.oxin ( CI. oedemato1des)]

Chemotherapy.-Sincc the Spanish ,var sulfonarnide cornpounds have
been used as a matter of course. Thc first results, published by d '~ar­
Cor:t and his colleages in 1939, were most encoraging. One patient
lh whom the infeetion was too far advaneed for a radical surgieal opera­
tion made a spectacular recovery after 1.reatment with SUlfamlanude. In
Barcelona the drug was o·iven by mouth and the treatment was supple­
mented , f "i11 e hy severa} hleedmgs and blood tra11s usions.

Givcn by intra­
venous injec­
tion and re­
peatcd as nec-
essary while
symptoms of
toxemia persist.

These threc antitoxins are a lso issued separately for more intensive
therapeutic use in cases in which the specific organism has been identi­
fied. They are put up in am¡mlcs each containing one therapentic dosc.

[Some American preparations are available and a tetanus g·as gan­
grene antitoxin is available for prophylaetic use; the constituents are
as follows:

3 parts
3 parts
3 pats
1.5 parts
0.5 part

Anti-welchii serum
Iti-oedematiens serum
Ant:i-septique serum
Anti-histo]yticum sermn
Anti-sporogenes serum



Kilovoltage: Sufficient thoroughly to penetrate the infected area: varies
from 90 to 135 KV.
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According to these workers there are no contrainclications to this
treatment, provicled that it is given under the direction of a qualified
radiologist. . In fact, they regarcl it as so effective as to render all
radical operative techniques unjustifiable. If furthcr experience justi­
fies this view, the use of x-rays will be the best treatment for gas gan­
grene. Unfortunately the results of other workers are not so encourag-
10·110' ancl the method is still under trial. As far as Iknow, it was nevero'
used during the Spanish War and has not yet been adequately tried
in this one.
Treatment of the Acidosis.In patients suftering from gas gangrene

there is an immediate cleterioration of the liver function with conse­
quent acidosis. This was first noticed by Sir Ahroth Wright during
the last war and confirmed by Marquis, Clogne and Diclier in France
(1918). How 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 e.e. of a 20 per cent solution twice a day. Urine and blood must be
investigatecl and the treatment adapted to the condition of the patient.

SUMMARY

1. Prophylaxis of Gas Gangrene.-
(a) Essential Factors
l. Early operation, if possible within 4 hous of the wound. .
2. 'Thorough cleansing of the wound and the surronding skin with

soap ancl water and a nail brush.
· ti · · . d region. and care­3. Opening up of the cellular spaces in he injure º ,

ful removal of all hematomas. el d
4. Radical excision of all damaged muscle, particularly any amage

portions of the long museles of the limbs lying distal to the wound.
º . 1 f . th vnnd itself and for the5. Provision of good drainage both or he wo

heighboring cellular spaces. . f o·oocl
6. Effective immobilization of the limb, the maintenanee o ª ºn .

circulation and protection of the wound .from the entry of germs ª
1
. e;

' b ·c1 c1 by a plaster cast applieoperation. These conditions are est provte · . blt without
d. . h . lete rest and rnuno I I y ,irectly to the skin, wluc gives comp

1 1
1 irculation of

impeding the normal circulation of the limb or t le oc~ _e d bt .
h . . . lor local is m ou , par-t e llljurecl part If the circulatwn, geneia f '

11
1 t should

tiet«is ± voías or he thign, the «plintio off"%"%,P],~..
b I ch cases rc a 1vee deferred fo two or three days. In su "a h continuous traction
tion of the limb in a Thomas or Braun splint (wit! t keep the
b rr· . . f f . t ue) makes It poss1 e .' a Iirscher wire in cases of fractuu more drastie

. that, if' necessary,Wound under constant observation, so · ' 1

AR SURGERY

From 60 to 100 R units per treatment through each pot:
the dosage should vary with the size of the port. A smaller
dose may_be used on the third and fourth days of the dis­
easc; 50 R umts is probably suffeient for late treatments.
Large enough to cover ali infected tissues and acljacentsuspected arca.

Ports:

Dosage:

i16
:. r (1940) investigated the thera­At the Paster Institute Legroux s' ' .

. . ' . lf .1 ·a, in infected O'uinea pigs. The mfectionJeutic act10n of su am ann e º .
l 4leed by inserting in the wound a piece of cloth soaked in awas proa ' ,, 3E lf ·i]

f el l 7 : Legroux found that local apphcat1on o su an1 ­culture o. •wcchi. '
·a ¡ ¡ d the animal to survive as long as thc treatment was con-ann e ena )e ' ¡ d

tinued, but that when it eeased the animal died. If, however, the woun
was reopened, the pieee of infected cloth removed, and a fresh applica­
tion of sulfanilamide made, the animal surv1ved and recovered. The
aetion of sulfanilamide seems to be bacteriostatie, its local application
probably playing an eftective part in bacterial ''fixation'' and possibly
Jimiting the production of toxins, which when not ex_cessive 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 systenuc
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 foeus 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-ras 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 colleagues
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
states that of 17 patients with well-established gas gangrene, only 2
died. He stresses the importance of early treatment, maintaining that
if trcatment is started while a case is still uncler suspicion ancl before
a definite diagnosis is made, gas gangrene should not develop; that in
cases treate<l within 24 hours of the infection there should be a ver
high percentage of recoveries; and that if treatment is not started
until after the first 24 hours recovery will be less likely and 10 to 15
per cent of patients will probably die.

The x-rar teclmique advocated (Kelly and others, 1938) is as follow:
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b ta1'en ,vithout delay The Billroth-Schede techniquemeasures may e ~ •
of leaving the wound open to view also enables the surgeon to watch
its nutrition.

(b) Subsidiary Factors
l. Application of a sulfanilamide pack. .
2. Administra.tion of anti-gas-gangrene sera, preferably of the quin­

quevalent type, 20 e.e. by subcutaneous injection.
3. X-ray treatment.

Treatment of Gas Gangrene.­
Irnportant Factors
l. Early diagnosis.
2. Immedia.te surgical treatment.

(a) Loca.l and regional types: long incisions to expose the affectecl
area, and radical excision of gangrenous tissues and of any
adjacent tissues suspected of contamination-particularly the
muscles.

(b) Jl!assive 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
tract10n according to whether or not a fracture is present, or (for the
Pper extremity) abduetion apparatus, such as an aeroplane splint.

@. Administration of anti-gas-gangrene sera, 200 c.e. in 800 e.e.
salme, mtravenously by continuous drip injection.

6. X-ray treatment.
7. Anti-~cidosis treatrnent: 10 e.e. sodium bicarbonate solution (20

per cent) intravenously 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 teclrnique and the discovery 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 fl.agellated organism, first
discovered in garden soil by Nicolaiev in 1885. Later Kitasato was
a.ble to isolate it in pure culture. Clostridium tetani charaeteristically
appears as a rod with a little knot at one end, the spore. It is a striet
anaerobe and can grow only in the absence of oxygen. Associat10n wlth
other types of bacteria which consume oxygen facilita.tes its growth, a
faet which increases the mena.ce of mixed infections.

Cl. tetani commonly lives in humid, warm soil, particularly in culti­
vated ground, and according to Loewe (1937) its development is con­
siderably influenced by the composition of the soil. It is a normal i­
habitant of the intestinal traet of the horse and is present in large
quantities in stable manure. 'The spores may survive for many years,

id h ti This faet carries with itand may remain actually ms1 e t 1e 1ssues. u . .
the unexpected (and often forgotten) risk of exeiting tetanus by
disturbing an old wound many years after the initial injury. In a case
reported by Bonney and others (1938) this happened after ten yyears.
Sorne human races are relatively immune: for instance, tetanus is ":ry

l . tl · ·d f whom carry the orgamsmrare among the people of Pe cm, one- nr 0

Dejou, 1938). rvdine to
Tulloch (1919) has divided Cl. tetani into four groups accor 1 0 h

the charaeteristics of its growth and the agglutinating P9""" ""%
antitoxin. The frst group is less pathogenie than te 91!"" %7 7s

. l fon of antitoxrn ie ex1s enceused in the United Sta.tes for t 10 prepara ·i h · ." therapeutic
f f ssibly explain t e varyrngo: our different types may po . it of the infection
results obtained with antitoxin and the special gravity
in certain countries.

PATHOLOGY
.. 3upposed to be absorbed and

Until recently the tetanus toxm was 8 t ther bacterial toxins. It
diftused by a route different from that O· 0

119
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was commonly believed to reach the nerve cells by way of the periph­
cral nerves or by the perineural lymphatics. Abel and lus co-workers
(1938) and Harey (1939), however, affirmed that it follows the same '
route as all other bacterial toxins. They repeated and confirmed ex­
perirneuts by Leo Zupnik (1905) on the production of local tetanus,
showing that the toxin did not travel by the nerves, and assuming thato
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 sciatic or crural nerves
of dogs, with due precautions against contamination of the surround­
ing tissues and particularly of the muscles, the characteristic intoxica­
tiou of the central nervous system does not appear. If numerous small
injections of the toxin are made into the muscles, a local rigidity is
eaused by the toxic impregnation of the muscle nerve endings, but this
rigidity is entírely <lifferent from the spasms and contractions that
follo"· the toxic impregnation of the motor cells of the spinal cord.
Ihere a wound involves muscular tissues there is always a greatly

inerveased risk of tetanus, as of gas gangrene. Zupnik (1905) was un­
able to produce local tetanus by injecting the toxin into the cellular
tissues between the tibia and the tendo achillis, a region where there
is no muscle; similarly, the absence of muscular involvement probably
aecounts for the mild form of tetanus which occurs among natives of
the French colonies after perforation of the ear.

Abel and his co-workers (1935) have show that if a small dose of
toxm is given mtravenously it does not reach the nerve cells but is
apparently removed from the circulation by the lungs.

_'l'he incubation period varies from five days to several weeks. and
with the first appearance of symptoms the disease is already established.
The varios clinieal forms are determined by a number of faetors,

of which the most important are (1) the portal of entry, (2) the t
omy and . th l " f 1 . ' e ana
ad 4, """9"o/ the lesion, (3) the presence of other infeetions,

. ~et tam factors probably connected with the o-rot t which
the organism belongs. up to

A very mild form follows perforti f' h
1or is the "medieal" or 'sni,"""Po! the ear. A more serious
portal of entry is not e ·t ~ TI me tetanus, so called because the
the sole o the o« ¡"Mal. 'he tetanus hich follows a prick on
, . 1e commonest form 111 peacetim ) · fll .. .

while the most serious form of' all i . . e Is s I grave1'
cases of postoperative tetanu ,}¡· ~ l)ostope1ative tetanus. Of seven
was due to imperfectly t -~- "die l I have seen, where the infection
saved only one patie ~"e_eatgut, the most drastie treatment
h · e anus Is more seri · th .t e lower extremity. 1ous m 1e upper than m

The symptoms vay according to the factos mentioned above, but
the followmg stag·es are often Identifiable when the disease runs its
full course :
l. Headache and shivering, followed by stiffness in the muscles of

the face, lower jaw and neck, trismus being the most obvios and some­
times the only sign. In sorne 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 carried 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 thc shoulc1er is
generally fixed by a spasm of the pectoral muscles. Painful convul­
sions accompany this widespread rigidity, and increase the spasm. Re­
flexes are exaggeated and there is a sharp rise in temperature, ,vhich
may in sorne cases reach 107° F. bcfore death. Death is due to cardiae
or respiratory failure.

SPECIAL TYPES OF TETANUS

Local Tetanus
The early signs are similar to those in other forms, but muscular

rigidity is more conspicuons and is sometimes the only appa.rent sign.
Rigidity plays a greater part than contractions, which in turnare more
frequent than spasms, although in some instanees a slight spasm does
accompany the local rigidity. Harvey (1939) believes that the rigidity
of the masseter muscles is due to impegnation of the nerve endings
by the tetanus toxin. When the disease is localized in a extremity
thcre is sometimes neither rio·idity of the neck nor trismus. Such cases
suggest that the advanee o# the disease is halted at a stage which no­
mally represents its initial phase. Probably the amout of toxm ab­
sorbed is not very great and its action is largely confined to the nerve
endings in the museles. The fixation of the toxins in the peripheral
herve endings is responsible for the long time the disease often tales
to develop. Occasionally, the patient is not himself aware of the Stlff-

.. ti it. The stiffness of localness, and the surgeon Is the first to no ice 1 · . .
tetanus is wholly different from the first effects of mvolvement of t~e
C t . 1 st f slight spasms and tremos mena] nervous system wluc 1 cons1s o .,
the injured limb: if these are the frst indications of tetanus the prog­

. . th atients in whom the firstosis is very unfavorable. I have seen ree pa .
sign was local tremor and all three died in a very short time.

'
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A gnide 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 may cases local rigidity is the only sign of
tetanus in the early stages, and this rnakes accurate diagnosis difficult
at a time when active therapeutic mensures are. urgently required.
Henee 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
Faeial tetanus, first deseribed by Rose under the name of 'tetanus

hydrophobieus,' follows an injury of the head or face and affects the
whole aren supplied by the cranial nerves. In many cases the muscles
of' the throat also show violent spasm. Facial paralysis often occurs
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
traetion of all the facial muscles, which produces the "risus sardoni­
eus.' 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 tetans is like local tetanus and develops

slowly. The absence of striking symptoms may lead to · ffi · td. .:. :. msui te1en
admustration of antitoxinan error which may prove fatal. 'The
ineubation period may b r l d .d . · e very ong, an in some cases the first sio·ns[",,"?' "mear til several weceks atter the iiry. m the herva1

Plete healing may have oceurred, an event which makes early diag­
nos1s more difficult, particularly when the injury was trivial. "

Chronic 'Tetanus
Chronie tetanus has no special 1 . .

any of the oth r fn characteristics and may develop frvom
1er torms. The only signifie; t fe ti :reason (e.g. th ¡¡., 'B neant teature is that fo some·o he patuent's resistanee, th ·ta]the type of organism) th a; ,> le portal of entry, and perhaps
5 e Isease asts for 1 1however it is not one of tl t . severar weeks; generally,• ne mos1 serious forms.

DIFFERENTIAL DIAGNOSIS
1'etanus is not often confused w'tl . .

soning, eneephalitis and me¡, ,,'' U other diseases. Strychine poi­
d mg1 1s present · ·1 •an hydrophobia resemble f· . 1 ª SIIDI ar clmical pictures aeiai tetanus with th» 'takes are not often mad b roat spasms; but mis-

a e, ecause stryehnine poisoning and hydro­

phobia are rare, and encephalitis and meningitis can be diagnosed by
examination of the spinal fluid. "
It is, however, important to distinguish the effeets 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 occ 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 laro·eo
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 anaphylaetic rashes had appeared until after the second injec­
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 hypertonie 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 tha.n
passive movement; moreover, the trismus is not painful. A patient
suffering from anaphylactic arthralgia, on the other hand, cannot him­
self move the mandible at all, although it can, with sorne pain, be
moved passively. Any attempt to produce lateral movements causes
acute pain, which is strictly 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 been
largely confined to local applications of antiseptics such as Baccelli's
phenol acid and Lumiere's 5 per cent permanganate of potash. In
1890 von Behring prepared tetanus antitoxin, which has ever sincc
formed the basis of all treatment, and for a long period was also the
only prophylactic known.

Prophylaxis
Until recently preventive treatment was confined to injections of

tetanus antitoxin; i.e., the serum of horses immunized by the admin­
istration of tetanus toxin in progressively increasing doses. The in­
cubation period of tetanus is sufficiently long for the first injection to
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be given before the onset of infection; but, to be effectiv_e, _prophylactic
· ·"' t· should alwavs be given within 24 hours of inj y. If thelllJCC !Oll ., t:, • • • • d
patient requires surgical treatment it is bes: to g1ve the mJect1on ur-
ing the operation, for anaphylactic shock 1s very rare under general

tl · and particularly under ether (Koontz and Shackelford, 1939).anes 1esrn, . . . .
The immunity afforded by the antitoxin is of linuted duratlon how-
eYer-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 lmow 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 earter received a small superficial scratch 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,
lmt 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
ment, a prophylactic injection must in wartime be given to all wounded
patients, avoiding anaphylaetie shock either by the Besredka technique
(an intradermal injeetion of 0.5 e.e., followed four hours later by the
prophylaetie dose mJectcd subcutancously), or by injection under ether
anesthesia.

'The number of units considered necessary to prevent the develop­
ment of tetanus has liecn mcrcased in recent ycars and today the dose
erally giren is 3,000 international units (one I.U. being the amount

of serum which proteets a mouse weighing 10 grams against 4,000,000
tunes 1.he m11111num lethal dosc of tctanus toxin) S "i
becn pub!º ·h d · 1. 1 . . • cvcra cases ave
. tl . is. e m which, despite this high dose, tetanus has developed
a e en provcd fat-11 Most f th ., . -11 b . . . ' : . · 0 · ese patients, however, were aleady
very 1 cforc the ant1toxm was introduced.

Active Immunization
I 1931 Ramo, at the Paste Institute, prepad :. ld. , , . , · , 1 ec a vaccme , ca ce

"anatoxme in Franee and "toxoid" in Britain, which he afterwards
declared would provide active immunity frvom tetans for five years.
This claim is today regarded as excessive. The immuni ti ·{·· . · · za1on c0ns1s.s
of three intramuscular injections of' the vaccine. I e e. b' · ·

•• • " « •• emg grven m
the first 1!1Jection; 2 e.e. in the second, made three weeks after: and
a further 2 e.e. in the third, now given after an interval of six months.
The British techique diflers from the French in omitting the third
injection. Marvell ad Parish (1940) showed that when only two
injections are given tite antitoxin titer in the circulating bloocl is often
inadequate and that the period of immunity is less than one ycar.
For wounded patients who have not been previously immunized with

toxoid, a combination of active and passivc irmnunization may be used.
For this purpose 3,000 I.U. of tetanus antitoxin and 1 e.e. of toxoicl are
injected togethel' on the day of the injmy; ten clays latcr a further
3,000 I.U. of antitoxin are given, followed ten days later by 2 e.e. of
toxoicl. By this means the patient is pl'otectecl against tctanus infec­
tion throughout the period of treatmenut even when this is lengthy.

Treatment

The administration of antitoxin forms the basis of all trcatrncnt.
The motor cells of the central nervous system have a great affinity
for the tetanus toxin which, once irnplanted in these cells, can be dis­
placed only with diffieulty. 'l'he fact that patients who recover from an
attack of tetanus show no evidence of permancnt clamage to the cen­
tral nervous system suggests that the toxin irritates but cloes not dam­>o
age it. 'l'his is in contrast to the permanent clamage often left by
poliomyelitis. It was probably with this consideration in mind that
Dnfour (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. General ancsthcsia is inclucccl with
ether or chloroform with the objeet of clisplacing thc toxin from the
cells, which have an even greater affinity for these anesthetics than for
the toxin. During the anesthesia, the toxin is neutralized by the anti­
toxin. The _patient is o·iven 20 e.e. of chloroform, clrop by drop, which
induces a light anesthesia for 30 minutes. Half an hour before the
anesthetic, and again half an honr after it, 20,000 I.U. of tetanus anti­
toxin are administered either intramuscularly or, prcferab~y, rntra-

'od f sth 2sia may be given eachvenously. A maximum of two per1ous o anesine: º. .
d I f •· : 11 1·11t1·aspinal rnJect10n ofay. n very severe cases Du om g1ves a ' .
20,000 50 000 I.U. of warmecl antitoxin, after w1thdrawal of the
e · ' . • ¡ 11· , ctice is not recommended.quivalent volume of spinal fluid, but tlus pva
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h · l 1 d to some improvement in results, and IDufour's teelmique has te • •
:, ] ill patients recover. General anesthesia, more­have seen to Ser1ous!y 1, .
t d 1 t l·elieve severe muscular contractions, and toover does a grea .ea o

a large extent prevents anaphylactie reactions.
Couvy uses hexamine (urotropine) instead of ether or chloroform.

H · o 5 t 1 . m of a 95 per cent solution, after an mtraspmale gives ., o grai -v .. ­
· · t· f 6 000 IU of antitoxin · and half an hour later mJectsmjectuon 01 , .'· ' • h
30,000 I.U. intramuscularly. The results are not as good as t ose 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
tomay routes of injection are subcutaneous, intramuscular, intrave­
nous and intraspinal. Any of the first three may be used, but intra­
spinal injeetion is not only ine:ffective, since there is no contact between
the spinal fluid and the majority of nerve cells, but apt to be danger­
ous. I saw a patient die as a result of an injection of 30 e.e. of Pasteur
Institute antitoxin by this route. Local injeetion of antitoxin into the
1issues surrounding 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)
advoeate the intravenous injection of as many as 200,000 I.U. They
found 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
(1936) suggests and, in ali serious cases, give a second injection of
50,000 I.U. seven days after the first.
I, when all the signs of general intoxication have disappeared, the

patient still has sorne contractions or paralysis, the infection may be
assumed still to be present, and a further injection should be given.
If more than ten days have elapsed sinee the patient received the last
mjeetion, antianaphylactie measures must again be taken.
. General Treatment.-The patient should be kept warm. and very quiet
in a darkened room. An injeetion of isotonie glucose solution. if the
spasms will permit , will compensate to a large extent for the loss of
glueose that results from the great muscular activity: 200 e.c. a day
is sufficient to mamtam muscular nutrition The d" t h ld bfined tc ·ill d th ' uet snoul e con­

e O mi ', an the patient may have to be fed through a stomach
tube.
Treatment of the Wound. ¡R:... -sany workers have recommended ex­

e1s1on of the wound, particularly of its deeper parts, to remove the

tissues infected by Cl. tetan. Others, on the other hand, rely on com­
plete noninterference, and I believe this is the right poliey. 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. He injccted
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 sorne
cases it produces complete paralysis. Meltzer (1916) used magnesium
sulfate subcutaneously, injecting 2 to 6 e.e. of 25 pe cent solution
daily. A certain number of cases have been publishecl, howevcr, in
which necrosis of the skin followed a subcutaneous injection.

CHLORAL I-lYDRATE.-Chloral hydrate inhibits contractions, but must
be given in high dosage. A suitable average dose is 30 grams in 50 e.e.
each of water and milk, given rectally.
BARBITURATES.Large doses of phenobarbitone (luminal, gardenal),

phenobarbitone sodium (luminal-sodium, gardenal-sodium), or amytal,
c.g., 4 to 8 grams daily, are effective in reclucing· the spasms.

· ATROPINE.-Üne and five-tenths milligrarns of atropine (¼o grain)
injected subcutaneously each day may have a seda tive efleet.
AVERTIN.-General anesthesia under avertin two o three times a

day is of considerable value in serious cases. From 0.07 to 0.12 gram
per kilogram of body weight controls the spasms. .. ·,
Immobilization.-Before the discovery of antitoxm many empmcal

methods were used some of which were followed by complete recovery.
. .. lth tgh entirely unrelated toThree are worth mentioning, because, a 1ou,, .

. lt d apparently from thell'each other, their success, such as it was, resu. .e '· • •
capacity to bring about absolute cessation of muscular activity.

Claude Berard tried curare (1866), and recordcd iour " "?
. el red the other two 1 notreated: two developed paralysis an recove ' d id

d . . the beneficial effect of curare was pro uce
an died. That is to say, . . 1 . ·timn of mao·nesium
by the same means as that of the intraspma mJec 10

1° tll · Florey anc o· rnrssulfate, i.e., by persistent muscular para!ys1s.
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t t bv curare should be supplemented

(1934) have suggested that treatmen ! .

by the use of a mechanical resp1rator. . d d t· o·· tl
. . . . º a ers were pubhshe a voca mº 1e
More than sixty years ago PP_, q ve of the aflected limb:. h :. tr periphera, ner '

stretchmg of t e m.im mo or t . t d in this way recovered
11 tl ·. f nerve Some cases rea egenerally he se1aue_" 1 (Th 1879; Callender, 1878.

af'ter paralysis of the afleeted limb homas, i ' '

Clark. 1879). . f l
Serveral Italia srgeons oi the last centry published sueeessfl re­

slts after absolute rest of all the senses, particularly of sight and
hearing; no other treatment was given (De Renzi, 1892; Nigris, 1882).

The reslts of experimental work (see p. 7) seem to pove beyond
doult that the real case of suecess in eaech of these three different
1orms of treatment lay in the complete absence of muscular activity.
Jfuscular activity is the supreme, if not the only, factor respons1ble for
the absorption of toxins from the tissues by the lymphatic system and
their c:ome:rance to the blood. Onr experiments showed, first, that the
rote by which tetanus toxin is absorbed and ecarried to the blood is
the lymphatie system, and secondly that immobilization of the affeeted
limb in plaster of Paris either completely prevents absorption or elsc
very markedly diminishes it. Rabbits immobilized with a plaster spica
and injeeted with a highly lethal dose of tetanus toxin survived for
an aYemge J.)eriod of 11 days, death occurring in most cases without
auy sign of tetanus, while control rabbits similarly injected, but not
immobilized, died of tetanus in an average of less than four days.
It seems abun<lautly clear, thereforc, that in all cases in which teta­

nus <levelops 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 p. 124-), the patient develops anaphylactic shock, one of the follow­
ing drugs shold be used; none of them are, however, very effective.
ADRENALINE.Two subeutaneous injeetions of 1 e.e. of a 1 in 1,000

solution daily.

CALCIUM CHLORIDE.'Two intravenous injections of 5 to 10 e.e. of a 10
per cent solution <laily.
Witl'. 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 sueeessful treatment depends above al] others is immediate
diagnosis. It would perhaps be better to say that in tetanus the only
really effic1ent treatment is prophylaxis.

SHOCK

'l'he term ''shock'' is used to denote the acute state of depression of
all vital activities, and in particular of the circulatory and nervous
mechanisms, tha.t follows the abrnpt action of agents alíen to the body.
From the first description of this syndrome by James Latta in 1785

until the present time, there have been many varying conceptions of
shock and many different theories of its cause. Claude Bernard's work
was continucd by Mitchell. Morehouse and Kcen (1864), who were the,
first to put forward the theory of the nervous origin of shock by de-
scribing itas a consequece of reflex inhibition of the vasomotor nerves.
In 1891 Heiclenhain pl'Oducecl the thco1·y, liased on labornfory rcsearch,
that shock is dne to the absorption ol toxins; he liad founcl that ani­
mals injected with peptone collapsecl in shock, '.l'his theory was re­
introcluced rnany yeal's la.ter by Dale and Laidlaw (1919), who pro­
duced the charactcristic effects of shock by inüavenous injections of
histamine.

'l'he emphasis laicl in recent years on animal experiments has tended
to distract attention from the importance ad value of the study of
human subjects. Mueh of the experimental research, however, is very
useful, particulal'ly when it can be correlated with clinical work, and
in the followino· account of the clinical as1Jccts of shock I shall take
into consjdcration the resnlts of the most irnportant animal experi­
ments, especially those of Freedlander and Lenhart (1932), Slome and
O'Shaughnessy (1937), Parsons and Phemister (1930), Blalock (1_9~1),
I-Iarkins and I-Iarmon ( 1937), Bross and Lueken ( 1938), the clinical
observations of Szánt6 (1937) and Atkins (1937), and the study of
burns by Lambret, Driessens and Comillot (1938). 'To the various
theories thence derivecl I shall add t.he results of my own experience
in the stucly of war casualties, ancl that of Kekwick and h_is co-_workers
(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 by trauma, omitting
ti ed by frost burns or mfec-many very similar types such as h1ose caus ,

. · · . f 1 1 · that it may be produced by anytions. 'The essential basis o1 shock 1s nar '
· ¡ l 1 cute clistu rbance of the nervecondition which causes a mar me anc ª · . f 1centers. Human shock rnust be studiecl in human beings; most o t ie
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enormons amount of experimental work performed on animals during
the last twenty years only complicates the picture. The higher cen­
ters in man play such a prcponderant part that the pathogenic condi­
tions of human shock cannot be exactly reproduced in laboratory ani­
mals. To a1tempt 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 clini<'al pictnre of shock as closely as possible.

My own observations and those of others have now evoked sufficient
support for the riew that the fall ol' blood pressure is in many cases
preceded by a sudden and brief increase in arterial tension. The rise
in blood prPssure comes on so soon after the trauma and lasts so short
a time that it is difficnlt to investigate. Surgeons who have praeticed
arterial sympatheetomy are familiar with the phenomenon described by
Leri<'he: the immediate contraction of the artery after denudation of
the adventitia, followed after a few hours by persistent dilation. This
seeondary dilation results from paralysis due in its turn to lack of
sympathetic control, but it <loes not appear until some time after the
excision of the plexus; the first reaction is an immediate energetic con­
traetion. This contraction is seen in Raynaud 's disease, Volkmann's
syndrome and other local or general disorders arising from sympa­
thct ic shmnlat1011 of the vascular plexus. For instance in sorne cases
of post-tramatie deealeifieation of the foot the clinieal pieture is
that of local s_econd_ary eapillary sympathetic paralysis indicated by
edema, cyanosis, pam, paresis and marked clecalcification of all the
bones of the foot. The sympathetie is under the control of the vaso­
motor centers, but these in their trn are apt to be disturbed by the
peripheral sympathetie.

·l T~kc disturbance of thc nervous centers which starts off the state of
s ioc produces a general v l11 d ascu ar spasm and a sharp short rise of
"""" P"Sr, ad these in turdisturb the b1ood and oxygen svpplyo he organs and tisses, partil] ]svst Tl ·, . . ' · 1 icu ar Y those of the central nervous. em. 11s tram of rchted , t .
shoek.' Iit ¡. , " events is commonly called "primary

persists, it produces seriou d thof the eenters and th . . s amage rough anoxemia
bil ity to the iju' "" jured area; inerease of capillary permea­

· regron, resulti: : 1
hlood Yolume and inc , b ' f bl mg m ocal edema; and decrease of
1

1 case O ood concentrat· · a· ·ary circulation by th 1 . 10n, 1mpe mg the capil-
b e agglomeration of red 1 h . .a out still more anoxemi d ' . . . corpusc es, tus bringing

1a an 1111tiatmg a v' · · 1others (1935) show that . Ieous cirele. Lennox and
:. 1at unconsciousness supr ihcontcnt in the jugular vcin falls b ervenes w en the oxygen

showcd that interruption f th elow 24 per cent. Quastel (1939)
minutes causcd irrcparabl ~ . . e ?erebral circulation for only a few

etes1ons in the nerve cells of tca s.

SHOCK CAUSED BY INJURIES TO LIMBS

Shock in limb injuries may be of three types:
a. Produced by bruised wouncls ancl fractures.
b. Produced by mltiple splinter wounds (peppered wounds).
c. Produced by crush injuries.

Shock Produced by Bruised Wounds and Fractures

In these injuries as in ali other types, primary shock is due to nerv­
ous stimulation. If this stimulation is not stopped, secondary shock
follows, resulting from the stimulation itself, o frvom hemorrhage or
from both. But it is the absorption of toxic products from the wound
which makes secondary shock practically irreversible. Once such ab­
sorption is established, the patient gets steadily worse and no treat­
ment is of any avail. For this reason early removal of dead and dying
tisses is essential in the prevention of secondary shock. This does
not mean that patients with bruised wounds in the limbs must be

When this vicious circle has become establishecl the conclition is
termed ''secondary shock.'' The change from primary to secondary
sho_ck ~epends on many varying factors, among the most important of
which is whether or not the proper treatment is appliecl at the proper
time. A patient with fully developed secondary shock shows a lowerecl
temperature and metabolism, very low blood pressure and blood vol­
ume, decrease in blood chloride, and increase in sug·ar and nonprotein
nitrogen. If a baclly 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 toxie produets of tisse disinte­
gration, often coupled with those of bacteria! invasion. The transition
from primary to secondary shock is progressive, the ate varying frvom
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 depencl on the injury.
I shall therefore describe the types of shock in relation to various in­
juries, with particular reference to thc 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.
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rshed into the operating room withont consideration for their general
condition. 1f thev have reaehed the hospital within an hour of being
injurcd and if i11~mediate treatment can be established, the surgeon
mst determine the Jwst time for operating, remembering that thc
somier the hetter. He must take into eonsideration the patient 's con­
dition, the anesthesia required, and the duration and gravity of the
opera ti 011.
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 smgeon mnst make the hest combination he
can of the three other measres: rapid and efiicient resuscitation, non­
toxie anesthesia, and a rapid and smooth operation involving the mini­
mum loss of blood and followed by complete immobilization and el e­
vation of the injurcd limb. If all t-his can be effected within three hours
of the injur~,, infect ion and toxic complications can easily be avoided.

Shock Produced by Multiple Splinter Wounds (Peppered Wounds)
Sueh wounds are generalJy clne to aerial bombs or treneh mortar

gwnades, m'.d manifest a slightly different kind of shock. The pi­
mary shock 1s ge~erally more intense, and from the first there is greater
'.ien·ous exhaust10n, especially if there is a fracture. The shock is
iereased by movementindieating the part played in its production
by stimlation of nerves in the wound. Hemorrhage may also be a
contributory cause, but ' : ..

, """ mu m many cases it is interstitial rather than
external. T'he pahent must be inunediately immobilized, because if he
is_~10t, s_econdary shock snpervenes without any interval. The nervous
exhaustion brought on by movement is quite umrelated to pain: it iser striking to see how ea 1lti- 3f' {] :. >a· ] . <ISU,1 les O this type may show exao·o·erated
isp acement of the injured r. b 'tl . . . • ººfall int tl . . , nn _ w1 IOut snffermg any ·pain, and yet

o , 1e most mtense clepress1011 when the limb is moved.

. . Shock Produced by Crush Injuries
If no essential orga is <hma o·ed .

eral hours and seeond q~, bmary shock may persist for sev­
and imprisoned 1. ¡,,"k be considerably delayed. People crushed

• e rng masonry may Ji f lpressure of the <l ~I ,· . . . · , e or severa hours under the
1 , tebris, which produces local i ±h .:. .:
the hospital until second· , h l. . isc ienua, and not arr1ve at
treatment, pl ary shock is well developed. Rest, postural

' ,isma transfus1011 •md ·] · ¡ . . '
of the limb forro th 1 .. , f ' 8 ig 1t but pers1stent compression

e DaSIS 0 snccessful treatment.

SYMPTOMIS OF SHOCK
. Shock is a clinieal
1gns and symptoms.

its degree but are at the very best only complementary to the clinical
picture. Blood pressure is the essential factor in the intensity of shock
and everything else must be relatecl to it. · '

Mental Condition

Except for cases of head injury, most patients suffering from shock
are mentally clear, with a tendeney eithcr to dowsiness or to de­
pressed indifference and distraction. Occasionally therc is excitement,
but this is usually in less serious cases. l\fany paticnts remain con­
scious and clear in mind until a few minutes before death.

Pain
Pain has no precise relation to shock but depends on the type and

site of the injury. Most patients have some pain ,vhich can usually
be controllcd by morphine. Its pcrsistcnce after the subcutaneous
a<lministration of morpltinc 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 pressre is often associated with pallor of the
skin due to periphera1 vasoconstriction. If dnring resuscitation the
skin becomes pink, this indieates a good reaction. Cyanosis of the
limbs and especially of the fingernails suggests serious interferenee
with the peripheral circu1ation and a variable degree of anoxemia;
its clisappearance is a good sign in prognosis.

Sweating-

Sweating is variable ancl rnay be absent in severe shock. It probably
clepends more on idiosyncrasy than on shock itself. In sorne patients
sweating during resuscitation is a sign of good reaction.

Temperature
One of the most eonstant 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 sensit.iveness to external cold.

Pulse Rate
Pulse rate varies remarkably and <loes not invariably follow the

blood pressure. During the early stages it depends on many factors,
including constitution, age, and previous pulse rate. In sorne cases a

entity and its diao· . . . . .Lalc Unos1s rests solely on clinicalaoratory fidings m h], :· ' may help in the estimate of
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. d "ti l , blood pressme. The effeet ofvery slow pulse is associate wItn 1ow ,, b ttst; di·' ,: l rte' ry variable, ut an outstantmgblood transfusion on the pulse rate s ver > •

· 1 · rr f •apid pulse wlule a low bloodfeature of recovery is the slowmg o: a 1

pressure rises.
Pulse Volume

'l'he pulse volume is more important than the pulse rate, and an_y
variations during resuscitation must be noted. Special apparatus is
necessary, and I have obtained valable information from the Pachon­
Boulitte oscillometer.

Blood Pressure
On blood prcssure the diagnosis of shock and the measurement of its

intensity chiefly rest. Nevertheless, during the air raids over Barce­
lona 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
a ble 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 pressre. 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 pressnre 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. I-Ig is in grave
danger and urgently needs resuscitation 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 blood
pressure than one whose first reading was only 80.

'l'o determine the severity of shock in any patient all these factors
must be consi<lered together with the actual injry and the time that
has elapsed since it was sustained. The last factor to be considered is
the need 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 a.Jso important to ascertain
whether there is any external or interstitial bleeding. Every symptom
"" be evaluated rather in terms of its evolution during treatment
than of its original intensity.

SHOCK CAUSED BY THORACIC WOUNDS

Splinter or bullet wounds in the chest, even small oues, commonly
cause shock, a fall of blood pressure resulting from stimulation of the
inhibitory reflex from the pleural or pulmonary centers. Primary
shock is increased 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 sorne danger

· · · · f t· f the pleurafrom such comphcat1011s as lung clamagc 01 m ec ion o ,
o from the serious operations they may have to undergo. The pne­
mothorax and mediastinal displacement inerease the gravity of open
chest wounds, and seconclary shock appears ealy and without any
recovcry from primary shock. If blood leaks into the pleural cavity
the resulting respiratory inefficieney inereases the shock. The frst
precaution is immediately to compress the chest by tightly encircling
.... ... ; m/h; te. Local and ganglionicit with adhesive plaster and to give morpune. 5 "

·nfil · · · ( · enocaine, sevicaine) assists re­ltration with procaine novocam, D a , . .
covery from shock and so enables the surgeon to operate m time.

SHOCK CAUSED BY ABDOMINAL WOUNDS

In patients with abdominal wounds secondary sho l f 11 ·
: : 4 cK .o)ow primary

shock without any interval, but many abdominal wounds do not pro­
duce JJr1mary shock at once The pat· t "th l. · . 1en s w1 a ow blood pressure
and rapid pulse who show a period of recovery between the injury and
the secondary shock are those suffering from hemorrhage; they may
recover from the prunary depress10n after a blood 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 splanchic ganglia. 'The gravity of wounds entering through
the umbilical rcgion is well recognized, as also is the fact tl1at 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 beino· wounded •

t, '

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 sig·ns
of shock appearec1.
The treatment of abdominal shock clepends on precise diagnosis. The

symptoms generally inclicate the difference between clepression from
internal hemorrhage and shock causecl 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 produeed when, during
abdominal operations, the sympathetie nervous system is stimulatecl by
manipulation of the mesentery and traetion on the intestine.
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SHOCK CAUSED BY HEAD WOUNDS

l\Iost head wounds do not cause shock but rather a high blood pres­
sure with good peripheral capillary cireulation, flushed skin and m­
cous membranes, and often excitement. The phenomena ary with
the site of the wound and the particular nerve centers affocted, but
if the patient arrives at the hospital in a state of shock the prognosis
is very grave: I have seen few cases of recovery from head wounds
with ~ho

0

ck. Bastos (1937) says that he failed to save any patients
with marked low pressure after head injury. Even when the wound
producei;: hcmorrhage a high blood pressure is of'ten present, the pulse
falling only when thcre has been much loss of blood.

DIAGNOSIS OF SHOCK

Trama has two main results: shock and hemorrhage. These may
have similar symptoms: fall of blood pressure, decrcase of bloocl vol­
mnc, increase of pulse ate and respfration rate, depression and severe
general prostration; but the two canses of this reduction of all vital
activity respond very differently to treatment. Acute anemia shonld
not be included, as is sometimes done, under the heading of shock,
although the initial symptoms are similar. It is true that hemorrhao·e
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 t.1-eated first. The signs are primarily produced

by reduetion in the total blood volume and not by trnnsudation of
plasma though the capillary all. Shock in eas f h } :. " · , ~ es O 1el110l'l" 1ao·e lS
produced by the rap1d exhau t· f ti · · O

• »t suon o he anemic and anoxemie ne1vous
and eardiae centers. Blood tr f· · •. . . · 1 a11s us1on at tl11s stage has the same
limited effeet as m other types of secondary shock.
" "l"orlase is externa), ad indicated by the ature ad site

oI he ouna, or by a bandage o tourniquet, the cause of the low blood
pressre is usually clcar· but the di o· • • •
times almost impossible ir the 1,,,,""Nos1s is more diffieult and some­
especially in erushed in) , Orhage is internal o interstitia]

., 111 Js. 1 erY early tlnrst · . f ¡In abdominal hemorrhag« th di . . 1s a s1gn o iemorrhage.
thrill and dlln 'e he c_iagnostic s1gns mclude flnctuation fluid

. ' . ess o11 percuss1on of the low , . . ' .
nosis of hemorrhage must 1h l Ver quadrants. The diag­' auways e bay d ];: .blood characteristies are indef¡, _"Sed on clinical signs alone; the

e 1111 e m the e ·1 t .when they couid be of val S; · ª1 Y s age, the only timeamue. Signifieant ]stage, however: thus second; +, " cnanges occr at a later
. ·· o ay shock rith ]panied by a high red bl 1 · "1 rnut 1emorrhage is accom-. " ooc count a11d 1 . d

rhage should be suspected wl . .
1

co or m ex. . Serious hemor-
panies low blood pressur. "" low hemoglobin content accom­. /nrortunately. th :. .., , e simplest hemoglobin

determination needs laboratory workers and .:
·¡ bl · · ' a equupment which are seldom ava1.a e under disorganized conditi I th "ons. t e surgeon i ·doubt whether or not to give blood, plasm b h . s m

: e na o otl, a simple colori­
metrie test hke that of Sahli is useful but t b. . . ' mus e regarded as only
accessory to the clinieal diagnosis. I IJatient l .. . . . · s w 1o arrive at the hos­
pital with ser10us depress1011 a11cl bruisecl WOllI l 1 1 . . .: nas, hemorrhage is indi­
cated by a very clear füucl venous hlood collectecl fr· · • hom a vem 111 t eforearm.

Secondary shock may, of course be due to causes tl th l. . · . , o 1er an 1emor-
rhage if the primary shock is not properly teated: sch factors as
pain, fear, cold and exhaustion of the cortex must be considered to­
gether, but in rcla.tion to t_he main factor prodncing primary shocks;
namely, the central and pe1·1phcral sympathetic stimulation.
Briefly, therefor~, the smgeon must investigate the cause of every

case of shock, decide whether or not there is hemorrhage, determine
• o '

the exact mterval tha.t has elapsed between injry and the reduction
of vital activity, and ascertain the natlll'e of the projectile, the time of
injury, the conditions of evacuation, and the characteristics of the
pulse, tempernture, respira.tion and blood. He must then carefully
examine the injured region. An experienced surgeon can do all this
in five or ten rn inutcs, but sorne 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. 'l'he toumiquet should
be applied only when direet pessure fails. All stretcher cases must be
immediately sent to the hospital, but \\"Íth the utmost precautions against
movement of the injured region.

Treatment of Primary Shock
The patient is put to bed, examined, and provided with warmth,

preferably by means of an electric cradle, but if racliant-heat apparatus
is not available, by means of hot-water bottles. The lower end of the
hed is raised on blocks • a mask fo administering oxygen is fitted up,
the best apparatus being the B.L.B. (Boothby and others, 1938; Mar­
riott, 1940), and 7 to 8 liters of oxygen are given every minute. M~r­
phine (grain ¼ to ½) or lobeline (gra.in ¼ to ½) or hoth are admm­
istered accordino· to the condition of' the patient; pain and dyspnea
are the chief ii~dications. If there is excessive sweating, atropine
should be injected. The blood pressue should be measured, if pos-
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TI . d cell concentration or hemoglobinble ·ith seillometer. ne res1 e wI'h an 0 • : d 'f thi is feasible, but only more than
content should be determme, 1 s
three hours after the injury. id hther to g·ive blood
Transfusion.-'l'he surgeon must then e ec1 e w ie ~

or plasma or both. Id l bl d IVoundcd patients with serios hemorrhage shoul have Iooe only,
· 1 t a to the anemia. One patrnnt of Duran Jorda wasm an amount re a e a, •

saved by a ruassive transfusion of 3½ liters of whole blood. The m-
jeetion must be ma.de rapidly, for a previously norma;

1
heart very soon

Jeteriorates when the systole contracts "on a vacuum.
onded patients with primary shock and hemorrhage need blood and

plasma in amounts related (as shown below) to their clinical condition
and, when these are known, to the red eell or hemoglobin concentra­
tion. Primary shock with hemorrhage is most often seen m wounds
of the limbs. 'The red cell concentration varies extraordinarily and
seems to depend 011 the relative degrees of nervous shock and hem­
orrhage, ad also on the interval since the injuy. The frst transfusion

º'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 therea.fter
plasma only should be given. When depression persists a.fter the first
two pints of blood, a third pint of blood should be given before the
plasma transfusion is started.
oundcd patients with shock only should be given two pints of

plasma by a quiek method of administration. I' this is not enough,
a pint of blood should be g·iven by tbe 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 blood pressure, pulse volume,
an<l pulse rate should be charted to enable the surgeon to determine
the moment for operation. When the suecessive readings show a con­
stant tendeney to rise, he should wait until the patient is as nearly
normal as possible. If, after initial improvement, the line remais
stationary or shows a tendency to fall, he rnust decide a.t once whether or
not the patient is fit for operation, for this is probably his peak of re­
covery frorn wlnch he will go downhill.

Consider, for example, a patient who arrives in the hospital twenty
mutes after being wounded, with severe primary shock and a sys­
tolie blood pressure of 95 mm • ft , , · · '•, a. er resuscitation the blood pressure
reaches 105 mm at the fist r di d 115 ·b · ea mg an mm. at the second readmg,
ut only 112 mm. after a frther fifteen minutes' resuscitation. This
patient has reached his peak and very great efforts by his attendants
""""! pobably be required if this level is to be maintained. It is i

is 'plateau period' that operation should be performed, and the
surgeon must decide whether the patient can stand it and what ·anes-

thetic would be best. In my experience the sooner resuscitation can
be instituted, the more easily is the platean reached and the hio-her
becomes its level. º
Local anesthesia with 0.25 to 0.5 per cent procaine (novocain plano­

caine, sevicaine) solution is a va.lua.ble factor in combating shock.
Excision of dea.d 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 ( ancl accorclingly 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 limb without any
appearance of pain. For many of them, since the sensory nervous sys­
tem is alrea.cly out of action, morphine is dangerously depressive and
I do not recommend it. Lobeline (grain 1;6 to 1/:'i) and coramine (5 e.e.)
are, however, valuable at the time of transfusion because of their stim­
ula.nt action on respiration. These patients suffer more from nervous
shock than from hemorrhage, and often secondary shock follows pri­
n1ary shock without clelay and there may be plasma extravasation in
the injured region from the very first.
The urgent need is for immediate immobilization, elevation of the

in.jred 1imb, and radiant heat. Copious plasma transfusions are neces-
. I f · ints of plasma followed by twosa.ry 111 sorne cases: as mue 1 as or p d • •

pints of blood can be given in the first two hors. Operation is often
l · l 11 1·fo1·ations in the extremit1esvery dangerous because mu tlp e sma pe ' . .

º l l 1 l ,· s. Resuscitation measuresmake the procedure prolonged and la Jouou ·
l , t· nd for several hours a.fter-must continue throughout the operaaon a

·1 I l 11 More blood than plasmawards for there may be e e ayect co apse. .
' . · ·formed Heart stmrnlants,must be given when an amputation 1s per "g. bef te

:. ] ]a ir be given erore rans­with the exception of coramine, shola never ' • t, ·¡¡,1
t ·: y improvement in t e v1 afusion beca.use they may cause a empora.i b

0
.• ,

h l th, before: they may e grven,processes followed by worse s ioc e an ' . . _ t·. , . . , t d. Coramme 1s an excep 1011however when the wound is being treae ·
because of its stimlant action on respiration. ; due to internal

: h ri ary depress1on "
Abdominal Shock.Unlike the pi""; lly responds well to. ( 135) w ne usuaabdommal hemorrhage see P· ' 1 diffieult to combat.• 1 h l is extreme Y Itreatment, true abdomma. s oc e " bl ·t does shock due

· ·l so favora !y as 1
Operation does not aff ect It n_ea.i Y . »fthe intestines may fail to
to injuries of the limbs; resection or suture o
influence it at all.
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The morements of the mesentery ad the evaporation of fluid which
» ·itably accompany laparotomy inerease the depression and the f'al]me1ta !Y a' "d! • e it iti; f
in blood pressure. Nevertheless the great risk of peritonitis torces the
surgeon to operate at the earliest possible moment. Anesthesia stil]
further inereases the danger, and the choice of ancsthetIC IS very nn­
portant. I have tried all types, but only one in my experienee, namely,
splanchnic anesthesia ly the posterior approach (Kappis' technique),
allows immediate operation in shocked patients (Trueta, 1935). This
teclmique interrupts sympathetic communications through the celiac
and splanchnic ga.nglia and raises the blood pressure. The anterior
approaeh (Braun's method) is unsuitablc beca.use the splanclmic in­
jection is made after the incision of the peritoneurn, when the fall in
the blood pressure is greatest.

The teclmique 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 2% 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 o! 30 c.e. of one per cent procaine is given, and the
same techmque 1s then employed on the other side. Finally the
anterior abdominal wall is made insensitive by local anesth~sia.

Spinal anesthesia is very dangerous for these patients, because it lowers
the blood pressure despite all prophylactic mensures.
Thoracic Wounds.-Morphine acts well on patients with thoracic

wounds; and if breathing is shallow lobeline should also be o·iven
subeutaneously or intravenously. The chest should be immobilized 1,
an adhesive bandage. A small plasma transfusion is useful when there
is no severe hemorrhage, and complete rest is very beneficial If o·en­
eral anesthesia is used for surgieal treatent, it mst be suplemented
by local ~nd para.vertebral anesthesia, which make it possible to opera te
without inereased danger, If th , 4; :· ''· he operation involves the lunos. and
especially in pneumoneetomy, the hilus must be injected to a.:stroy
sympathetic conduetion. '·
Head Wounds.-There is no d, t r •v . ac eqna e treatment for shock m these

cases. ' e1y low blood pressure witl ll . .
betokens a f· t 1 t . h parlo and hypothermia usually

,t a ou come. Radiant heat . l .
fusion have very littl ff t. , morphme and plasma trans­
condition. Fa ," "U@et, and operation seriously aggravates the

. o1 una e y shock in head d ºº
many of the patie t . . wonnc s is very rare; although
fall in blood pe" " neonscious, few of them have any serious

CHAPTER X

rrRAUMATIC VASCULAR SPASM

Severe trauma of the extremities is always likel t t· l h. e y o samu.ate t e
sympathetie nervous system and so give rise to ·'stt 1lpersas.en vascu.ar
spasm.
The infinence o:f the sympathetic nerves on tl1e vasc l t h. . • . , u ar sys em as

been recogmzed smce the time of Bichat ancl Larrey, and thé researches
of Claude Bernard, and later of Bvown-Séquard, showed something of
how tlus mfluence 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 af'ter the ar 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 clisturbances.
Kroh, 1915; Leriche, 1917; Jeanneney and Guyot, 1918; Ki.ittner
and Baruch, 1920.) The clinical descriptions were all very similar.
In most cases an operation was performecl for a suspectecl arterial
lesion, but the surgeons founcl that the ischemia of the limb below the
wound was duc, not to a clamagecl or thrombosecl artery, but to con­
striction of the vessel which lasted for several hours ancl 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. hen a main artery also is affected by spasm, the wound
is more than ever at the merey of bacteria. Capil1ary spasm is not
necessarily accompanied by arterial spasm, and in contusecl wouncls
often occurs alone; but with spasm of the small arteries there always
goes an incrcase o:f capillary permeability causing local edema, which
further impedes the circulation in the damaged area. Moreover, when
edema appears, the laek of elasticity in the aponeuroses increases the
risk of complete occlusion of the circulation.
Most workes agree that a small amount of blood still passes throug·h

an artery constricted by spasm, and consequently that 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 concuss1on,

whether this involves the artery directly or only the soft tissues sur-
141
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rounding it. Spasm may occur without an actual wouúd as in p I, eop e
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. Bares and I earried out a
series of expernnents on rabbits." 'To simulate the crushing produeed

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

by fallen masomry and to obtain a uniform standard of eonstrietion,
we used a rubber tourniquet; and we studied the eireulation by inject­
ing a eontrast 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 3 to 5 e.e. of sodium ioclide was made into
the abdominal aorta, radiographs being taken of both hind legs towards

"This wor was carried out, by the_kind_permission of the Trustees, at the Numeld
Institute for Medical Research, Oxford, and with the constant help of Dr. A. E. Bar­
clay, Mr. M. S. Tuckey, and Miss M. Prichard, to whom we owc our deepest thanlts,

the end of and a few seconds after the · · t'. · mjecton. A seri ' ]to wluch the tourmquet had not b . · r1es o anima seen applied were sin il, ·] :: d
and radiographed as controls. m ar y 1njeete

The results gave a clear idea of the eff t f 1• ce o pro onged com • • ·
on the arteries. In the controls the vascul, .: , '' 1press1onar p1eture was ex tl · ·lar in both legs (see Jig. 8). Th + .:. ·xacuy su­. ' ':. he arteries were clearly visible through­
out the hmb and showed no abnormality in · TI . . .,s1Ze. he main veins were

Fig. 9.-Vascular spasm caused by tite application of a tourniquet at the top of
the right thigh. 'There is frcqucntl)' spasm of the left femoral artery although no
tourniquet is app!ied 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 other hand, all
showed persistent contraction of the arteries of the affectecl limb, start­
ing immediately below the level of the tourniquet; the main arteries,
particularly the femoral, were either very thin or else coulcl not be
seen at all, while the veins were completely invisible (see Fig. 9). In
addition the radiographs showed a wide cliffusion of the contrast me-
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dium through the tissues immediately below the zone of constrictio
thereby confirming the view that arterial spasm is acompanied y 4
inereased permeability of the capillaries in the injured region. Tht
thc 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 pronouneed
as that in the compressed leg, but was always at the same level suo·

5

Fig. 10.Appreciable decrease, after lumbar ganglionectomy, of vascular spasm pro­
duced in a rabb1t by the apphcahon of a tourniquet as in Fig. 8.

gesting reciproca! innervation. On dissection the femoral vessels
'of the affected leg were noticeably smaller than normal, sometimes

even f'ar 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 J)roduced by the tourniquet

was in fact due to sympathetic action, we carl'Íed out a further series
of experiments, removing the lumbar sympathetic ganglia on the
ligated side before, immediately after, or sorne hours after the applica-
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tion of' the tourniquet. The radiographs of these animals (see Fig. lO)
showed markedly less arterial spasm than those of th t . t d ..

l ·1 1· • e un rea e an1­mals, whi,e on e 1ssect1011 the femoral vessels w r tl 1. • d l . . . e e apparen y normain size and the artery spurted with great, and ove b ¡ .·
a e en anorma., vigor.

Vascular Spasm and Shock

lVfany animals to which a toumiquet has been applied di f _. ¡] e ue or a syn
drvome very similar to that of' shock (extensive edema in the affected
limb, hemoconcentration, progressive weakness, etc.). 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 Iarmon, 1937; and others). There seem good grounds
for believing that the changes in the local circulation brought about
by the sympathetic nervous system-changes which accompany all in­
juries causecl by violent impact or persistent crushing, whether there
is an actual wound or notare 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 "arca of spasm" may also be termecl
the '' area of local shock.''

DIAGNOSIS

In crush injuries with no ,vound it is difficult to determine the clegree
of sympathetie disturbance. Our only gnides at present are the read­
ings on an oscillometer applied to each limb and the local temperature.
'l'ests have shown that the injmed limb (generally the leg) gives a
somewhat lower oscillomete reading than the uninjured limb and a
markedly lowe reading than the other extremities. 'l'his result ac­
cords with our final experimental finclings that a spasm, less pronounced
but nevertheless substantial, also occurs in the leg· to which the tourni­
quet has not been applied. This featnre is most common where the
blood supply is carried by a single main artery, as in the thigh and arrn.
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, fo arterial spasm, unlike thrombosis,
does not completely obstruet 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 fcw centimeters long.

Capillary spasm is less easy to diagnose, and can only be inferred
from a decrease in the normal bleeding capacity of the tissues, a some­
what pale color of the muscles, and edernatous infiltration, which ap­
pears a short time after an injury.
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COURSE

In most cases the arterial spasm persists for severa! hours, and it
may last for more than a day. It then relaxes and the full circul t·
:.4 1blishd. I :. h d atonIS re-esta 1sh1e. n sorne instances, however, an particularly in .
juries cansed by prolonged erushing, the initial symptoms disa¡,
after a few hours but an mcreased edema and a progressive ani
produce a kind of delayed shock whieh may canse death arte ai'
or more. The renal failure is probably due to spasm of the renal
arteries (of which we found suggestive evidence in our experimenta]
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
serious condition, and the clinical picture of the patients who 1
died of renal failre has been very similar to that of ischemia of th
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 bloocl supply and
commonly leads to edema, treatment must be directed frst to relaxing
the spasm and secondly to preventing edema. In woundecl patients
these objects are best achievecl by enclosing the affected limb in a plas­
ter cast, for by the successive proceclures of incision, excision, 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. hen 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 pressre, and its elevation to a
high angle are still more important. vVith this treatment pain will
quickly disappear, the limb will be maintained at a constant tempera­
ture inside the plaster, and the gentle compression and raisecl position
will do much to prevent edema and so allow re-establishment of the
circulation.

Catalan surgeons had to treat several thousa.nds of people crushed
by falling masonry in aerial bombardments, and this technique was
very successful as a standard treatment. I have no personal experi­
ence of operation on the sympathetic nerves as a method of dealing
with this type of injuy, but the evidence in its favor seems sfficient
to warrant its trialat least as an alternative to the amputations
which, according to sorne surgeons, afford the only chance of saving
pa.tients from death later.

CHAPTER XI

BLOOD TRANSFUSION

Out of the Spanish vVar ca.me one development which is now univer­
sally aecepted as part of the surgical treatment of war casualties: the
dispatch to the front of stored blood fvom the civilian population.
Despite the collapse of thc Republic at the most critical period in

the trial of this method, the service steadily improved and it beca.me
evident that it ha.el a place beside anesthesia, excision, immobilization
and chemotherapy in the treatment of war injuries. Nevertheless,
sorne of' the most successful teclmical aclvances made in my country
have not yet been adequately considered; and it is in the hope that
under the stresses of the present greate war this deficiency will be
remedied that together with more recent developments, I shall also
outline the Catalonian experience, stressing what seemed then the rnost
important factors in a service for the transfusion of stored bloodY
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 bloocl 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 bloocl or its derivatives to the bombarded or
battle a.reas where they are needed. These problems, techical and
aclministrative, 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 aclvan­
tage. But although most of the teclmical 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
described are such as can be aclopted 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.
The Barcelona BIood Transfusion servige, under the 1eaaershin ot Dr:, T· EN";;

Jordá, built up in to years a body o 27,000 donors andgave more_ tan -1,

ira »fij»±. "in",ie' ini.,iE». @@'sis,j"%7"}2$% %.22%}. "7"Tgr al the Republican _Armies yas PU "P$?}. ' ¿íis experience, and_my tñinks re
is help that 1 am _able to revietle resu! ,g¡;in; my original description. Fr

due to him for his kindness_in criticizing an mou! ¡} j. M. ;rneg
valuable suggestions I am also indebted to my friend, )r. • sarns.
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The phenomenon of agglutination depends 011 a mixture of an ag­
glutinogen A or B with the corresponding agglutinin a or (3.
From this description and the diagram belo-w, it will be seen that

any group can give blood to its own members and to group AB. Group
O, because its red corpuscles do not contain any agglutinogen, can be
transfused to any other group, its members being universal dono1s.

Technique of Grouping

Grouping can be most easily performed on a glass slide. 'I'he method
is quick and, if the following precautions are observed, reliable.

1. There must be an excess of serum as compared with corpuscles.
2. The mixture of cells and serum must be allowed to stand for at

least ten minutes, and if possible examined under a microscope.

STUDY OF BLOOD GROUPS

There are four different blood groups which are determined by the
agglutinogens A and B i the red blood corpuscles and by the ag­
glutinins a and f3 in the serm. Using the International Nomenclature,
based on the presence o absenee of A and B agglutinogens, the groups
may be classifed as follows. The figures in parentheses refer to the cor­
responding Moss classifeation, still used occasionally in Europe and
America.

o
TA B
'\it✓
AB

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

The Rh agglutinogen is present in sorne 85 per cent of persons, the
remainder being· -Rh. If -Rh persons receive blood from + Rh donors
they may develop the corresponcling agglutinins, ancl if several trans­
fusions of + Rh blood are given, the Rh recipient may develop a ver
serious reaction. In the treatment of recent casualties, however, this
Rh factor can be overlooked, for there is no risk from the frst trans­
fusion, no matter how much blood is given.
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COLLECTION OF BLOOD

Blood for storage aud transport is collectecl by the tansfusion serv­
ice and reaches the surgeon ready fo use after the appropiate group­
ing and cross-matching tests have been carriecl out. When the surgeon
has to collect the blood himself, he should use a wicle-bore neeclle 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 bloocl may be used im­
mediately on collection.
To avoid skin and air-borne infections the donor's skin must becare­

fully prepared with a suitable antiseptic and the local :'enous re_gion
protected by sterile towels. A tourniquet shoulcl be applied and tight­
ened at the minimal arterial pvessure and left for about five minutes,

1·1 tti d the dono isby which time there is marked venous e 1 a a 10n anc
ready for bleeding (see Jig. 11). . .
henever possible the blood should be collected fasting, or six hours

af'ter the last meal. In the fasting blood the plasma is clear, for it
. . . I · 1 free from proteins insuffi­contains no products of digestion. !t is a1so .. .
;,',.. ( ±h may be present in hepatiec1ently broken down by the lrver suc 1 as 1 •' · • .

. . · 1 ) ll •o·ens ancl post-prandial bac-msufficiency or after large mea s , a, el's

3 . 'The blood must be fresh and the slide warmed. ( I l 1 h. . ' . n co d weat. er
or if the sample to be tested is old and infected f'al 1 t· •use aggutiation
may be seen.)

Drops of sera of groups A and B are placed on the slid ¡ti> 1tals 1 e, con men a
workers usually aclcl: a drop of group O serum as well, d d

la • • w» w ., anc one e rop
of the blood to be tested is mixed with each serum, taking care not to
mix the samples. The slide is gently rocked, left for 10 minut l. di d1 u es, anthen examined in a good light.
If there is:

agglutination in A the subjeet 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 be 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 bloocl it is proposed to give and the reaction
watched as in the grouping test.

a aud {3
{3
a:
o

AGGl,U'l'ININS

o
A
B
AB

AGGLU'TINOGENS

O (IV)
A (II)
B (III)
AB (I)

GROUP
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e

mmmediately before use the plasma and the eells must be mixed, but
gently so as to avo1d exeess1ve hemolys1s of the frag1le cells.very h hSerious accidents may result from transfusion of old blood whicl 1as

b mixed too energetically, with consequent destruct10n of many red
.# ~a the discharge ofeh hemoglobin into the plasma.

F e%
bl d A. Sediment of red cells •e. ±e-se ter gpE y}, g%"%"%%%.c%"hao$±, iiiji#iki.iré%B, plasma; C, compresse air, . , ~ ,. ock . G arrangement o sma

to control_oy og, toad; +, "g%2"?iírs.
partition H, dividing the tu e in.o

. . . l admínístercd shoulel be warmedFinally, when possible the blood to be. 4o° 0. It should not be
. . 11 el t mperature o ·
111 a water bath at a contrn e . e . , for thís woulel favor the
left in the bath longer than strictly necessai}' . t d

O
adcl to the

b . ti at might be presen an smultiplication of any actena 1
. .b 450 C . dano-erous. It results

. d t Heatmo to . is brJSk of transfus1011 acc1 en s. . 0 el tl modification of bloocl
in the destruction of red blood corpuscles anf 1

.~ us reactions. Blooel
t ther cause o ser JOproteins, and is thus yet ano ,' d I Id he eliscarded; it should

which has been warmed but not transfuse shou
not be put baek into the refrigerator.

1
F lg. 11.-Collection of blood. The needte is directed against the venous current.
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150 eeidents than blood obtainedr blé to cause ac .
t .- mia and is tlus less a" _,, ·ti the donor should be given aene ' 11 . g its c0. .ec:10af'ter a meal. Followmn
meal or a substantial drinl.

MÉTHODS OF TRANSFUSION

The only methods to be described in this section are those that in­
volve the use of stored or stabilized blood. Direet 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 sorne authors called 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
the cells there should be a very sharp layer free of clots or precipitates;
if these are present, the blood must be rejected. Equally unsuitable is
blood with a marked orange tint more than halfway up the plasma
layer or (as occurs in contaminatecl blood) with pmple-recl pigment
completely diffusecl through the plasma.
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4 (eet long»'

Tin box
contalnlng
cquipment
In ster//e
packet

assembled
(or use.

Rubber band

1
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1{
\ 1
lyase

Wlre handle

EQUIPMENT
ASSEMBLED FOR USE

A Short pierclng tube
B Long plerclng tube
C Ar inlet containing non-return

va/ve enabling pressure to
be applicd

D Mane/e filter
E Drip Counter
F Screw Clip
G Tw packets, one containing

· needle and syrlnge adaptar,
the other a cannu/a
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.Meo!ce

n
e

4f.

A B
Fig. 14. UL · '.-- 1'JJCI'. Ovcrscas pattern cquipmcnt for giving storcd blood or derivativcs.

D, gli~~I':.Home pattcrn cquipment for A, taking, and B, giving _blood.. C, Air fll ter;
ll!anuals wmdow; E, drip counter; F, specd-regulating clamp. (From thc vVar omce

on Resuscitation, reproduced by pcrmission of H. 1\1. Stationery Ofllcc.)

WAR SURGERY

Fig. 13.-Dnrán Jordá cho.mber for the. closing of bottles unde_r_
pherie pressure. 25 pounds of atmos-

Apparatus Used for Transfusion
. The types of apparatus used in the En •o· ' .in the Army Medieal S . . 1e10 eney Med1eal Scrvice ancl

er1ce resemble l 1Overseas Pattern (Fin- 14 cae 1 other closely. 'l'he army
l

. 0· , pper) designed t 11Je g1ven under active-servic a· '. ':' 0 ena J e transfusion to
terili ±d e conditions, is availabl 5· 5, ·'s e11 1ze and ready f . , ' ai a e m a tm contamer. . o1 use. The I-Iome P· tt . . 'use m hospitals and by . ed 'attern (Fig. 14, lower) far0 orgamze transfusi . . ,
. verseas Pattem in principle 1 t son services, is similar to the
instead of the mantle type. I Jlu ·]º ten has a filtcr of the o-Jass bead
gra it th '! e. In both patterns th b] ; "
013"1 ·Y, t ie speed varvino· ne •d' s he bood is transfused by
th ·c1. " .., ' eo1 mo· to th l . ·l . . "e width of the needle. º e height of the contamer and

152
Use of the Barcelona Container.-Infection can be most easily de­

tccted when the blood is stored in the type of container devised by the
Barcelona Service (see Fig. 12). This was ma.de entirely of glass and
ended in a. capillary tube which was sealed by an electric are in a steel
chamber. It was chnrg·ed with filtered atmospheric air at 25 pounds
to the square inch, which served to convert 99 per cent of the hemo­
globin to oxyhemoglobin, giving the blood a ruby red color (Fig. 13).
'Two advantages resulted: first, the oxgen in the container and the
intense oxygena.tion of the blood inhibitecl the growth of anaerobes;
ancl sccondly, if aerobes developed the oxyhemoglobin was reduced and
the color changed from ruby 1·ed to black. 'l'he sterility of the bloocl
eold thus be verified by simple inspection.
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THE VENOUS PUNCTURE

One of the problems of blood transfusion is the venous puncture of
a recipient suffering from severe anemia or shock. If the method is
sl?w and much blood has to be injected, 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 clown on the veins.
Dissection should always be avoided if possible, for many patients

need severa] transfusions during their treatment, and repeated dissec­
tion is obviously im])racticable. If the blood can be injected through
a small needle there are plenty of superficial veins which can be used.
In small children the external jugular vein may be used without dis­
section.

a.,";};,,,daptatton to the "air pressure" methoa or ottles commonty usea in

Left-hand bottle-800 c c. capacit; t · · 40This type of bottle · • · ·1
1 Y, con ammg O e.e. of blood undcr pressureis in regular use at Ancoats Hospital, Manchester.

Right-hand bottle--aproximately 600 c.c. capacity, containing 300 e.e. of blood}g,,% P"%%%%,¿is is iur4n Jora's adaptation ot the pmereeney Meaieat service
use or ood transfusion.

WAR SURGERY

For the treatment of battle casualties, when blood must be given
under most difficult aud primitive conditions, I prefer the apparatus
desio-ned for the Barcelona Service by Durán Jordá and his colleagues
(Du;·án Jordá, 1!)39). In esseuce it consists of blood storecl uncler ·
pressure in u sealed bottle with a tube filter and needle attached (see
Fig. 15). The sea! is broken, thc flow controlled by a chp, ancl the
bottle pinned to the lapel of the surgeon's or technieian 's coat. Be­
cause of the high pressure inside the bottle, a fine neecUe can be usecl
ad the transfusion thus caried out by way of the smallest veins.
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FIg. 15.-Barcelona Blood Transfusion Ser . -- - .
béfore transf usión. iice üe in ,'{"? "ottle tor, mixing corpusclgs ang plasmae use in the "air pressure" method.

This is a great advantage when th wh 1 dout b . . . '' 1e v O e procec ure has to be carried
y a nonspecialist techician: as it is too wh, th, :

collapsed or when e diti a,' wnen e vems are
i th a supply ","ons do not favor cutting down on a vein.

sue containers several · t f bl d .singlehanded within I t pm s O oo can be givenª s ior space of time Thbe used, if desired for "Í . bl d . · e same apparatus can
fusion can conthní +$,""{ "g at drip rates. Finally, the trans­
need, as with the apparatus le 1ª~1ent. is_ being moved, for there is no
for suspendie the cona#"," avity methods, for ay provision
has ben cbódied by Durn n$?""ial principl e ot the method
used m Great Britain (see F- 16 d n types of apparatus commonly1gs. an 17).
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Fig. 17.-Pat!ent recelvlng a blood transfusion by Durán Jordá's pressure method.
The botlle 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 sringe. The sringe, needle, and tap are held in place by a strip of ad­
hesive plaster,

Penile Transfusion

In exceptionally grave cases the transfnsion of wounded males may
be made ito the corpus cavernosum penis. 'l'he method is very simple
and resembles venous puneture. A long needle of medium size is intro­
dueced, pointing distally, half an inch from the base of the pen.is in its
lateral aspeet. The skin shold be drawn very tight and punetred
bei:ore the corpus is entered, and the injection should be made slo,vly.

Aortic Transfusion
Another route of transf · ] f· s1on, a so or use in cxceptional cases, is hy

the abdominal aorta ('Iuohy. 1938). T] · ·' ' . he puncture is made with an
ordinary 15 cm. lumbar punetre needle at the left side of the frst
lumhar vertebra, in three stages:

1. The needle is introduced lli ] ,e, isfound. 0 ique Y until the vertebral body
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2. It is then p:essed along the lateral pa.rt of the vertebral bod u
to the anterior part. y p

· 3. Finally it is turned in an anteroposterior el" ti d. ll ec 10n an pressed
onwards until the aorta is punctured.

In an adult the skin must be punetred 8 cm. and i> +hilad 5. . m a c 11 e cm
from the spmal process. ·

Sternal-Marrow Transfusion

Sternal-marrow puneture may also be used in emergencies, whn
the peripheral veins are maccessible. A stemal.-puncturc needle is
inserted through the cotex of the bone and a small amount of marrow
fluid is aspirated. 'The blood or blood dcrivativc flows in under gravity,
so far as the res1stance offered to it will allow. In conscious paticnts
a rate above 10 e.e. 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 sternm. Tocantins
used the sternal-marrow route in 72 cases without unto,varcl reactions
of any kincl (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. 'l'he latter group incluclcs those with
shock due to burns. These acute cases have been further subdivided
to include a group with multiple injuries ancl considerable hemorrhage
but without obvious shock (Grant ancl Reeve, 1941; Vaughan, 1942).
In practice, however, the broader classification works well enough, pa­
tients with hemorrhage from mltiple o from single wouncls needing
transfusion alike with the appropriate amonts of fluid and at the
earliest possible moment. The employment of transfusion in resuscita­
tion is discussed in Chapter IX.
Transfusion may also be requircd in the late stages of treatment of

wounds and burns. Severe ad persistent infection ancl toxic reactions
from drugs of the sulfonamide group all result in secondary anemia,
and the transfusion of whole blood raises both the hemoglobin coneen­
tration and the blood content of complement and antiboclies. It is also
valuable before and after severe operations, when it serves for the
prophylaxis of shock, and as a pre- and postoperative measure in pa­
tients receiving definitive tl'eatment in the hospital after having re­

>
ceived only emergency treatment in the field.
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AMOUNT AND RATE OF TRANSFUSIONTIME,

t.· d alJove speecl is manifestly the first con-
] te cases men 10ne ' •In the ae ° E ll is the need for transfusion to meet the

:q, ¡i Most urgent o: a, 1 U :

siderat1on. ' d: d by hemorrhage, when the patient isd ton pro uce O
'sudden teeompensa istanee and the defense mechanisms are

tting up the maximm res1 • .:putmng thel s of' oxygen-carrying cells, protems anclworking to make up or . 1e os .. ,.., . . "' . l .
tllemorrha"'ic shock m such cases at east 40water. To overeome pos o , . • , b

t f tl ] t flllid must be restored at once, prefeiab]3 Y one-per cent o1 he 1os1 : ]h if ]· ¡ tl d The blood pressure usually remains high i theof' the quiel me 10 s. . .
f bl d l · J passes through the heart per minute is aboveamount o oo w ne 1 5

G0 er cent of the normal, but at this eritical level it may fall as the
«lt or the loss of only a few extra eubic centimeters of blood. For
some time the pressure is sustainecl by the vasoconstr1ctor mechan_1sm ;
but if, through the hemorrhage, the blood supply to the vasoconstrietor
eenters becomes defieient, the mechanism is put out of action and in­
tense vasodilatation sets in. It is for these reasons that patlents who
reeeive a small or late transfusion often collapse, even though they
may seem to recover for a time.

Unfortunately there are no quiek ancl reliable methods for estimat­
ing the amount of blood lost after injury. Hemoglobin estimations are

>
of little value, exeept, as is shown later, in cases oí burns (see p. 412).
A far more valuable guicle is the systolic b]ood pressure, a fall of which
to 50 mm. Ig or less indicates the need for a fairly large amount of
blood, with a second trirnsfusion should the level fall again after the
first. Generally speaking, 500 e.e. of blood or bloocl derivatives is re­
quirecl for every 10 to 20 mm. fall of blood pressure below normal.
Failure of sueh a transfusion to raise the pressure by the expectecl
increment suggests eontinued bleeding, and aecordingly the need fo
eheeking the hemorrhage ancl giving more blood. A transfusion of
500 to 1,000 e.e. shoulcl be given as a routine to patients whose systolic
blood pressure remains below 100 mm. Hg.

Methocls whieh restore the fluids very quickly are best, for the danger
of cardiae failure is far smaller in war casualties, many of whom are
young and healthy, than it is in patients suffering from chronic anemia
or other debilitating eonditions.
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
mmutes. Many patients reeeived three or four pints. The speecl could
be r_egulatecl from 100 e.e. per minute to a drip. Most of the patients
received the frst pint at a quicker rate than the rest. but no case of
cardiae failure was reported from dilatation of the rio·ht heart. Ac­
eording to Whitly (1942) 'subjects with a normal blood volume...
have received from 700 to 2,100 e.e. of serum intravenously in 7 to 20

minutes, one as much as 2 liters in 16 minutes, with tl. . , , no more han a
trifling embarrassment and certainly no pulmonary edema"; and he
draws the sound conelusion that ''in casualty worl failr t st. , a1 ure o res ore
blood volume is a danger greater than overloading of th ·· 14t.e ,:-, e Cll'eU a 1011.
For the less urgent cases referred to above (see p. 158) . 1 f. . . speec o

transfusion is usually not so important but considerable amounts of
bloocl are sometimes needed. Thus, for the treatment of patients with
infected wounds enough must be given to restore the hemoglobin to
the normal level. Several transfusions of 500 e.e. or more may be
needed for this purpose, and to maintain a normal hemog-lohin level
once tlus has been reached. 'The amounts given before and after opera­
tion naturally vary with the severity of thc operation ancl the conclition
of the patient. I usually give amounts in the order of 1,000 to 1,500 e.e.
Transfusion for the detoxieation of patients who have reeeived exees­
sive amounts of the sulfonamicle compounds has not, in my experience,
given very encouraging results. The procedure of the Barcelona
Service was to withdraw 400 to 500 c.e. of blood and immediately trans­
fuse a like quantity. The amount of fluid that should be transfused in
the later stag·es of the treatment of bmns is discussed on p. 413.

POST-TRANSFUSIONAL ACCIDENTS

Hemolytic Shock
I-Iemolytic 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, al'ter the repeated transfusion of +Rh blood into -Rh
recipients.
The symptoms, which include nausea, vorniting, headache, rigor ancl

pain in the abdomen and baek, usually develop rapiclly, and in con­
scious patients may be noted afte the transfusion of 50 e.c. or even
less. The pain in the back is very severe and persistent. .A high pro­
portion of l)atients ,vith tl'lle hemolytic shock die in the early stages
with all the signs of aeute heart failure-according to some authors
as many as 50 per cent. In the survivos the most important and
prominent symptoms are renal, i.e., uremia ancl amn·ia, but intestinal
disturbances, including severe diarrhca, are also common.
The immediate treatment is to stop the transfusion and to give a

quick transfusion of compatible blood (Hesse, 1936). 'l'he renal
symptoms should be treated by mensures clesigned to render the blood
alkaline and to ensure a good urinary output. Large amounts of al­
kalies (e.g., sodium citrate) and fluid should be given to this cnd, both
orally and intravenously. For parenteral administration the ar
Office llfcmiwl on Resuscita,tion (1941) recommends "150 e.e. of 3 per
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cent sodium citratc givcn intravenously by syringe, followed by 450 e.e.
of 3 per cent citrato mixed with 2,400 e.e. 6 per cent glueose by intra­
venous drip during the following 24 hours. Subsequently the patient
shold receive, by intravenous drip, 660 c.e. 3 pe cent sodium citrate
mixed with 2,400 e.e. 5 per cent g-Iucose every 24 hours until the urme
is free of pigment.'' If necessary, larg·e amounts of glucose solution
should also be given by the recturn.
Failure to pass urine may in sorne cases be due not to suppression

but to retention of urine, ad in the latter event catheterization should
be earried out twice a day.

Minor Reactions
l\finor 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 elirninated by the ap­
plicntion of cross-matching tests. 'I'he symptoms, e.g., fever, rigors,
urticaria, hemog-Iobinuria, headache, malaise, may appear during· or
within a few hors of the transfusion and differ from the symptoms of
hemolytic shock only in intensity. Trcatment is as for hemolytic shock.

BLOOD DERIVATIVES
The scope of blood transfusion has been limited by threc factors:

the shortess of' the time for which blood will keep in storage, the fact
that in sorne pathological states blood must not be given, and the risk
of accident duc to rnistakes in grouping. To overeome these draw­
backs, workers have tried to find effective substitutes for whole blood.

Red Cells
Hedon in 1902 experimented with transfusion of red cells which had

been washed and resuspended in sa.line solution. In 1929 Agote sent
suspended red cells from Buenos Aires to Borcleaüx. As red cells can
be transfused without plasma, sorne authors then sug·gested that it
wold be better to g·ive patients with chronie anemia a double amount
of red cells in the given volume of fluid.
Varios methods have been devised for preparing red blood cor­

puseles and concentrating them in a suspension. They may be sus­
pended in saline solution at normal strength, slightly hypertonie saline
1.1 per cent, or Ringer's solution. In cases of red cell transfusion
Mollison and Young (1940) report only 6.5 per cent of accidents from
nonspecific protein shock.

Red blood corpuseles have been used in poder form, af'ter being
dried in the refrigerator and then resuspended in saline solution. glu­
cose-serum or Ringo'« 3luti (Na 5; K; .. " •

> gers soluton ¿aoji iguchi, reported by Grimberg,

1939). Kiguchi used dried blood 25 days old. By his method it is not
necessary to group the bloods and, although accidents have occurred,
none, he claims, have been serious.
Hemoglobin has also been used in Ringer's solution, but without

great suceess.
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 flid used. This, in the form of
distilled water or normal saline, may be added in arnounts 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.

'l'ransfusion with vlasrna 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 sufficicnt 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. Fo 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
scribed 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. From the time of injury the period may
be up to 48 hours. Various formulas have been devised for ealculating
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.e. of

b •
plasma for each 10 per cent of rise. The first 500 e.e. should be given
by a quick method, but drip transfusion (i.e., at the rate of 250 e.e. an
hour) may be used for amounts over and above this. Concentrated
plasma or serum may be given in proportionately smaller volume.
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AN ARMY BLOOD TRANSFUSION SERVIOE

1 t OJ·t of adef(Hllte snpplics of stored blood to the most ad-'The ransp ° • • •

d dl·cal posts depends entirely on the general planing of thevanee me ' . ·
dl·cal serviees Obv10usly, transfus1on must be more successfularmy me ' ' ·

¡f rried out in the battle area on newly wounded men than, after a
n car ¡ b el. Th d·<variable time lag, in hospitals many miles ach. 1e lecision as to the
tpe of orgnnization, however, whether to have small medical units in
the field or to concentrate the medieal services in larger centers in the
rear, rests with the higher command. Both types of organization were
sed during the Spanish War, the Republican Arrny lVIedical Corps
preferring 11dvanced posts, whereas Franco 's armies, following the
praetiee of the German Army Medical Corps, kept fully equipped
medical centers in the rear. 'Thus, in the Republican arrny transfusion
eould 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 classifíeation post had a supply of stored blood; the medical

officer pl'escribed transfusion but the operation itse]f was usually car­
ried out by a senior orderly o1 nurse. In aclvanced No. 1 hospitals
there was always kept a blood store big enough for fifteen trans­
fusions; ancl here too the work was done by assistants under the orders
of' the chief of the surgical team. In No. 2 hospitals blood transfusion
was in charge of a medieal offieer with three assistants; these hospitals
kept enogh 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 enoug·h blood for 100 transfusions, in charge of a medical of-fi.cer
with his assistants; every clay it received fresh blood from the center,
and cars supplied the advancecl hospital and mobile units from it. If
a unit needed bloocl 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 <leal with over a hundred
transfusions a <lay, an average of ten for each surgical post. Moreover,
the organization was economical in personel, for the work could be

. carried out by trainecl though medically unqualifiecl assistants (sec 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 frst aid of post-transfusional
accidents.
In advanced hospitals supplied with electricity the blood was stored

in electric refrigcrators; otherwise, the control center provided a paraffin
refrigerator. The clearing station was provided with special heat­
insulated boxes, some of wood and sorne of canvas, with a thick lining of

corle and a ehilled 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 electric refrigerators supplied from a dynamo

worked from a car engine. The srgical trains also had electric
refrigerators.
Records.-'l'ransfusion data were recorded on special cards provicled

with every blood container, ancl at the base hospital the medical officer
in charge had full clinical records of every transfusion. Patients
eould be traced to the different hospitals to which they had been
evacuated. Every container could be traced from the bloocl bank, ancl
records showed who transfused thc blood, where and into which patient.
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ANESTHESLA IN WARTIME

The problems of anesthesia in wartime are here considered from the
point of view of the surgeon at the side of the operatmg table rather
than from that of the anesthetist at its head.
Under normal conditions the choice of the anesthetic appropriate

to the individual case is safe in the anesthetist 's hands, but in wartime
the supply of good anesthetists is of'ten inadequate, and the adminis­
tration of the anesthetie 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 deterrnined by the condition of the patient ancl by
the requirements of the operation to be performed. I hope that the
following suggestions, which are based on my own experienee, may be

"of value to other surgeons who have to cleal 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 ea.ch the administration presents certain difficulties
owing to three main common factors:

1. The large number of operations that may ha.ve to be per­
formed simultaneously and the limited number of anesthetists
and amount of apparatus available.
2. The diversity of the operations requirecl 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:

l . .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
iees, and substitutes have to be used.
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3. 'The anesthetie may have to be given by comparatively
inexperiencccl doctors, owing to the heavy demand for anes­
thetists in the moden army.

From the individual point of view, the best anesthetic under peace
or war conditions is, as Macintosh has pointed out (Macintosh ad
Pratt, 1939), that with which thc anesthetist is most familiar. 'The
skill of an anesthetist may be saicl 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 peformed 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 fulflls these requirements most closely is ether.

An excessive dose of chloroform may be extremcly dangerous, owing
to its effect on the cardiac musculaturc, 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 clangcrous in shocked patients. Lennox ancl 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 musele, which largely depends on the degree of oxygenation in
the coronary arteries. The administration of oxygen, in fa.et, forms
the basis of any treatment of shock.

Nearly all the other general anesthetics, such as vinesthene, cyclo­
popane, avertin and most of the barbiturates, also require consider­
able experience in administration and are therefore not generally suit­
able in wartime. Evipan o 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 nuses

were specially trained in its administration, with very satisfactory
results. The apparatus most commonly employed was that devised by
Prvofessor 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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concentrntion of ether. ith some practice, however, an anesthetist is
able, after the initial induction, to maintain a sufficient degree of un
consciousness ancl muscular rela.xation by adjusting the control tap.
In my hospital there was cnough apparatus to provide anesthesia for
all the regular opera.ting tables. When the number of casualties was
too great, ether was given by the open method.
Towarcl the encl of his resuscitation treatment the patient shoulcl be

given an injection of atropine to prevent undue secretion of mucus.
Induction of anesthesia is startecl 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
insertecl or, in operations on the head ancl 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 suff.ering from shock, or
f'rom exhaustion after prolonged transportation, o uder the influence
of morphine, partial anesthesia is alreacly present, and the amount of
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 fo the administration of ether. In this we have the
best means at present kown 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, Bpstein, Mendelssoh, 1941) has the
f'urther advantage that it can, if necessary, be used to insufllate air or
oxygen, a factor of considerable value if an overdose of anesthetic
should be given, or if any other emergency should arise demanding
artificial respiration.
Eff'ect of Ether on Shocked Patients.-The administration of ether

causes a slight rise in blood pressure, which is followed, after the
termination of the anesthetic, by a suelden 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, ad resuscitation treat­
ment must be continuecl after operation. If this is done, and if the
patient has been treated by the biological technique and the affected
limb has been immobilizcd in a plaster cast, the sense of relief, the
lack of pain, and the absence of fmther disturbance of the wouncl will
generally lead to a quick recovery from shock. The risks of' the post­
anesthetie efteet of ether must, however, he taken seriously into ae­

count, and the smallest possible dose should be administered. Fortu­
nately the Ombrédanne apparatus or, better still , the Oxford vaporizer
malees 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.-'l'here are two types of
casualty for whom ether is contraindicatecl:
l. Those who neecl 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 incluction 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 wil] enable a surgeon to
finish all he needs to do, and the rapid detoxication permits prompt
removal of the patient. ·

2. "\Vounded persons who urgently need an operation but who on
account of severe shock are not fit for general anesthesia. In such
cases local anesthesia shoulcl be used.

Local Anesthesia

Good local anesthesia may be obtainecl with a solution 0f 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 suflerig from intense shock
it is advisable to add a small quantity of adrenaline (1 e.e. of 1 in 1,000
solution to every 100 e.e. procaine solution). If the wound is not very
large and the amount of procaine solution administered does not ex­
ceed 150 e.e., it is preferable to use the 0.5 pe 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 mfiltration should be made at sorne distance from the actual
wound and contused tissues, and the operation shold not be started
until ten minutes late, in oler that the full anesthetie efleet may be
obtained. The addition of a small amount of adrenaline to the pro­
came solution appreciably prolongs the period of insensitivity and
diminishes the bleeding, with the result that the surgeon can work
fo a couple of hors without the sense of hury whieh is so frvequently
present 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 infiltration
of the splanchie ganglia, in more than 700 abdominal operations, it
uniformly good results (Tueta, 1935). Under wa conditions ti ,
geon m, fid it iff I+ e sur­1ay m 1t duf icult to spare the necessay time for a c efl
filtration, but this difficulty can be overcome if he work t t are u 1­

s a! wo operat­
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ing tables and his assistants are trained in the techníque, so that when
he is nearing the end of his operation at the first table an assistant
begins the infiltation at the second and no time is lost.

The value of local anesthesia in preventing shock is well known, but
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 suffi.cient improvement
in the patient 's condition to allow the operation to be started. Shocked
patients suffering from the effects of toxic a.bsorption 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 founcl
to be receiving the full benefit of the plasma or blood transfusion.
'This improvement may be due to the action of procaine in suppessing
the stimulation of sympathetic nerves in the region of the wound, the
faetor primarily responsible for the shock. I cases operated on under
general anesthesia local infiltration with a weak solution of procaine­
adrenaline helps to control blecding. 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 recomended for patients suffering from shock. An infiltration
into important peripheral nerves, such as the brachial plexus (the
Kulenkampf techique) or the sciatie nerve, is frequently followcd 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 effeet on the nerve centers without suppressing the sympathetie
stimulus.

Spinal Anesthesia
Even in patients not suffering from shock, spinal anesthesia has a

depressor effect, and in shocked patients this technique is contraindi­
ca ted. I have lost two patients on the operating table as a result of
spinal anesthesia, and am convinced that the effeet in man is exactly
the reverse of that which Slome and O 'Shaughnessy (1937) noted in
cats. The objeet 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 achievc this effect, since ana­
tomically the sympathetie trunks and ganglia are not contained within
the dura.

ORGANIZATION OF THE ANESTHETIO SERVIOE
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 shoulcl be arranged for training additional
personnel. General practitioners and experienced nurses provide the
best anesthetists to work under specialist direction. When trained

9

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 occasional anesthetists
is thus readily available when required, particularly if, as with other
services, they report for duty at every.air raid. Senior surgeons should
a.lso 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.
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PART 11

ESSENTIALS OF WAR SURGERY

CHAPTER XIII

THE ESSENTIALS OF TREATMENT AND
ORGANIZATION

The special features of modei·n warfare, and particularly the wide
use of the aerial bomb, have introducecl a great diversity into war
wounds, ancl at the sa.me 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 o scene of the battle in which it was re­
ceived, shoulcl always be basecl on certain :fundamental principles.
The biological treatment of wounds rests on the following five basic

points or prineiples, each and every one of which nrnst be applied to
ensure the greatest possible success in the treatment of recently inflictecl
wounds.

l. 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 clepencls largely on the speed of
treatment. 'l'he risk of serious post-traumatic infection is directly pro­
portional to the interval between injury ancl operation. The work of
the rescue parties, ambulance services, first-aid posts and resuscitation
teams must all be organized in such a way as to facilitate surgical
treatment with the minimm of delay. The shorter the period during
which the casualty is left untendecl, and the shorter the time taken in
transport to hospital, the earlier can resuscitation begin and the patient
be ready for operation.
The value of such timely assistanee has indeed heen recognized since

the earliest days of surgery; and it was no doubt this recognition
which led to the organization of a rudimentary form of ambulane
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service during the siege of lVIalaga by the troops of Ferdinand of
Aragon in the 15th century, stimlated Larrey during the Napoleonie
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 nrsing units during the Crimean War.
During the early weeks of the ar of 1914 to 1918, when the fight­

ing was mobile, the lack of preparation in the arrangements for clealing
with casualties in the Alliecl armies led to much disastrous delay fo
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 feld
ambulances and the casualty clearing stations, to the base hospitals in
the rear. Unfortunately, it was neve possible to provide any satisfac­
tory organization fo rescuing casualties who fell in '' no man 's land ''

'and it was these which produced the highest mortality rate, owin to
• ' othe 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 treatecl 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 woundecl in the thigh by an a.erial bomb
may be developing gas gangrene within fo hours of his injry. (I
have seen two sueh cases.) 'Thus, although the ''eight-hour aseptie
period'' may be taken as a basis for planing the organization of the
li, ' 6medical services in the font 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
woundecl 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 lrnown is equal to soap and water for dealine with
contamination in a wound. Even the best antiseptic is unable

O
to re­

move "dirt,'' and the majority in faet fix the dit in the tissues. Others
crease the risk of infection by further destruction of the cells. Both

liquor saponis olei cocois (B.P.C.) and sodim ricinoleate are more
effeetive in getting rid of bacteria from wouncls than are most of' the
noncaustic antiseptics. The staphylococcus is the only organism that
has some resistance against these soaps. For the skin, iodine or a simi­lar ti .: 'a.n iseptic should be used. At the cnd of the operation the wound
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may be dusted with sulfanilamide. I never used sulfanilamide as a
prophylactic in my country, where I treated over a thousand cases 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 and

the factor which permits the application of a closed plaster. WITH.
OUT PROPER EXCISION NO RECENT WOUND SHOULD BE IN
CLOSED IN PLASTER EXOBPT FOR IVACUATION. 'This is a rule
to which there can be no exception, and lack of appreciation of its
vital importance is generally responsible for the failres 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 mscles,
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 diffieult
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 incised. Only a
narrow strip of skin should be excised; excision of the fascia should
be radical, and that of the museles 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 conections 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 surfaee. Where a deep and narrow cavity re­
rnains at the bottom of the wound, counterdrainage must be providecl
by the insertion of a piece of rubber tubing through an opening into
the most dependent part of the cavity.

The next and final stage of the technique, the immobilization in plas­
ter, is also designed to provide drainage. Good plaster of París is
highly absorbent, and the direct contaet 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.

5. Immobilization in a Plaster-of-Paris Cast
With the povision of drainage the last stage in the surgical pro­
dure is accomplished and the wound is now ready for protection.ce .

The only single expedient which will prevent initial absorption of tox1c
produets from the wound, proteet the granulation tissue, and newly
formed epithelium from damage, and provide an effeetive barrier to
secondary infeetion, 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 shold be well molded to the limb, particu­
laly over the wound, in orde to establish good contaet with the drain­
age gaze 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 faitlifully the other points are fulfilled, the technique
is worthless ancl rnay 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 hors after the time of the injury, the contaminatecl
area may have become so extensive as to make excision 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 5cleaning, 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 goocl immobilization can be obtainecl by many meth­
ods, e.g., continuous traction or the Thomas or Braun splint. Never­
theless, closed plaster, inasmueh as it provides many other benefits
peculiar to itself, is in my opinion superior to all others fo 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 importat that the
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relative rgeney of the main types of injury produced in air attael
should be understood, always bearing in mind that the condition of
the wonded patient is more importat than the wound.

1. Wounds Caused by Heavy H. E. Bombs
'These bombs are dropped with the idea of destroying massive build.

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
opération-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. Tra.nsportation is in itself a problem, for shock
inereases with movement, and the patients must therefore he taken
with great care ancl 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 Etrope
for the first time) ealled them ''anti-personnel'' bombs. They are
used in attacks on aerodromes, OH marching troops, and especially on
the civil population in an a.ttempt 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 tha.n a fingerna.il. Dis­
persion of these splinters is horizontal, and consequently the ma.jority
of the wounds oecur in the leg, thigh or lower abdomen.
Patients so injured can generally be moved safely to more distant

hospitals than patients in the frst group, but the damage to the deeper
tissues is nearly always far more extensive than the sma.11 wound in
the skin would suggest. Many patients suffer from shock and severe
hemorrhage. Fist aid outsicle the hospital is useless, for these victims
must be treatecl by resuscitation as soon as conclitions permit; a.nd the
effieaey of resuscitation mainly depends on the rapiclity with which it
is initiated. The best results are obtained when it is possible to opera.te
within two hors. The faet that persons injured by this type of bomb
are in the open should make it easier for them to he taken to a. hospital
within this time.

3. Injuries Caused by Incendiary Bombs
Many casualties are ca.used by the conflagration of buildings, par­

tieularly where these are largely built of timber. This was elearly seen
in Spain, Poland, a.ncl Finland, as ·well as in Great Britain. Pa.tients
should be taken to a hospital immediately; but however good the or­

· tion of transport, there is often sorne inevitable dela.y while vic-gam1za ,, ] th
re extrieated from fallen debis. When the hospital is less antmms a1 .. •

one hour distant from the ''incident'' treatment in a flrst-aid post Is
1 SS. 011 the contra.ry until the patient can receive proper treatmentuse e ·· '

in a. hospital it is better to leave his injuries untouched. The best
c1 • ssing for the moment is his own burnt clothing, for any attempt to
j.«he brn ad cover it with sterilized gaze in the first-aid post
adds not only to the dela.y in providing proper treatment but also to
tl da.no·er of further infection. Resuscitation is often needecl, and
1e ' j 5+¡]carmot readily be provided at a first-aid post. If the nearest hospita

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 exaet numbers ol people killed by falling masonry in Barcelona,
but I believe that more than half our fatal casualties ere due to this
ca.use. The buildings of this city are so large (generally six floors
high) and constructed of such heavy materials that very few who were
erushed beneath them survived, the severity of their injuries, if the
victims were not killed outright, precluding the possibility of surgical
aid. In other towns, however, where the builclings were only two floors
high and construeted of less heavy materials, many of the patients
srvived. Al] of them suffered severely from shock and were inevi­
tably the last to be 1·escued, with the result that by the time they were
extrica.ted, they needed, so grave was their condition, intensive treat­
ment such as coulcl be providecl 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 pesent no
problem, for the patients, unless also wonndecl, neecl no assista.nce
beyond est 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 ma.y ha.ve a. certain amout of preliminary treat­
ment, a.nd above all shelter, at the first-aid post, while waiting for the
a.mbulances to take them to a hospital for special trea.tment, if any.
Many of these patients suff'er from bronchial spasm, a kind of aeute
and transitory asthma., and perhaps a.lso from arterial spasm; in ad­
dition they have microscopical alveolar ancl pleural hemorrhage. Zuck­
erman (1940), Falla (1940), and Iadfield 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 hemor­

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-a.icl post. Ideally, the frst-aid post
should be situated in the hospital itself, since more than 30 pe cent of
all ca.sualties require opera.tion. Any measure which tends to acceler­
ate the admission of' air raid ca.sualties 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
af'ter 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 ad 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 injry, they may be suffering from secondary
shock, due either to persistent ischemia of the nervous centers or to
absorption of the toxic produets 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 resnscitation.

Successful hospital treatment therefore depends in no small measure
on the speed with which casualties are admitted to the hospital, and
this in its turn depends on the efficiency of the passive defense services
in the bombed area. Individually, the surgeon is not responsible for
failures due to bad organization of these services, for he canot hope
to give proper treatment to patients who reach the hospital either beyond
help or at the best fit for operation only after many hos spent in com­
batmg shock, by which time serious infective complications will prob­
ably have set in. My observations on this matter are those of a sur-.
geon who has suffered 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 rectifi.ed. 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 rescue

parties and of fire-fighting and ambulance services do not fall within

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
laboration 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, ancl will continue to do so until the driver is told that
this hospital is full. He 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 hos before a surgeon is free to deal with
them, althogh at a distance of only 15 minutes or so (dis­
tance should be reckoned in time rather than mileage) sur­
geons are standing iclle. ·

I have on severa] 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 ay given moment and was able to direct
transport accordingly. 'The organization of first-aid parties under an
experiencecl surgeon, who is also in control of the ambulances at the
scene of the raid, helps not only to provide sorne casualties with their
most rgent needs, e.g., the application of a tourniquet or the im­
mobilization of a limb, but also to ensure their appropriate distribution.
This snrgeon must, however, know at any givcn moment the availablc
resources of beds and surgeons at the difterent 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 runing of the
work inside the hospital, the organization for clealing with casualties
must be thoroughly effi.cient both in the grounds, for the control of
ambulance traffi.c, 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 seeret of efficieney
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, operatmg rooms and
wards, and those responsible for discharge.
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Olassifi.cation of Casualties.In the sorting room casualties should
be divided into five main groups:

1. Those Who Need Operation a,S Soon a,s Possible, Whether Resusci­
ta.Uon Is Necessa,1·y First or Not.-The group includes patients with
severe hemorrhage, open chest wounds, extensive bruised destruction,
avulsion of limbs, and small penetrating abdominal wounds.

2. 'Those Who Nccd Immediate Treatment But lay it Until the
First Gro1tp 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.

3. 'Those ho Need Imediate Iesuscitatio ad Rest But No Opera­
tion, at Any Rate During the First Iew Iours.The group ineludes
patients with severe shoek, small penetrating· wounds in the chest, and
crush injuries. These patients should be sent to the wards and resnsci­
tation carried out there.

4. Those Who, After Receiving First Aid, Can Be 'Transferred to a
More Dista.n,t Hospital far Further Treatnient.-The group includes pa­
tients with penetrating wonnds in the skull caused by small splinters,
peripheral nerve injuries, and eye lesions.

5. Those Who Jifa.y Be Sent Home After Some Fomi of Minor Treat­
ment.-The group ineludes patients with minar injuries and simple
fractures.
Sorting Room and Operating Room.-In the sorting room each pa­

t.ient 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 experiencecl
surgeon should be in charge in the sorting room, ancl it is a good plan
for the senior surgeons of the hospital to take periods of cluty there in
turn, as a relief from the strain of continuous operating.
Resuscitation teams shoulcl start work on those patients who need

immediate treatment: in the resuscitation room, in the wards, or in
the operating room, accorcling to the patient 's condition and the urgene
of his operation.
Each surgeon should work at two operating tables so as to avoid

delay. While the patient on the frst table is being operated on, the
patient on the second table shoulcl 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. 'l'wo 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

Fig. 18.Organization of passive defense in a bombarded town, following the experi­
ence of Barcelona.

d protected against a direct hit. The degree of efficiency bears a
',,,t relation to the sense of safety felt by the surgeon and his as­
its, who must remain at the operating table in all circunstances.
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The Ambulance Service.-The arnbulancc depots must be connected
with the central control of-fice and when casualties have to be conveyed
to a hospital the ambulance¡ which are sent to the scene 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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Fig. 19.Organization of fleld medical services in a modern military medical corps,
following the experience of the Spanish Republican Army.

The second step of the system was the No. 1 hospital, placed at a
maximum of fve 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.

The Three-Point Forward System (see Fig. 19) was based on the
distribution of assistanee in three successive stations. The first was
the casualty classification post, a center for collectmg casualt1es, on
which depended the smooth running of the whole organization. It was
situated 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.

''Distancé 'from the front line
_______ under 10 hours
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I .­.... -

THREE-PDINT FORWARD SYSTEM.

$¡°
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1
1
1
1

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 snpplied 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, medica! services,
fire service, ad statistieseach 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 medica! 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 medica! 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 medica!
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 experienee, for it
is here that the speed and efficiency of the various services are estimated
and data collected on all aspeets 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 statie 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 othes, the War in Spain provided

much valuable experience. It was found that the casualties who most
urgently needed surgical assistance had to be treated withi a maxi­
mum of 5 hoursa requirement which resulted in the development of
the 'Three-Point Forward System'' outlined in the following section.

•For details of thls organlzatlon the reader is referred to Majar Douglas W. Jolly's
Field Surgery in Total ar, Paul B. Hoeber, Inc., 1940.
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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 surgica.l units provided with everything
necrssary for dea.Iing with the same type of urgent casualty as the
No. 1 hospital. They had· surgical lorrics with operating rooms ancl
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
sueeessful, Colonel d'Iarcort decided to extend it throug·hout 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 wouded 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 of:ficer in charge of the sorting room.
Provisional Operation.In periods of great pressure, the nmber 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 ancl at the same time allow
time for the resuscitation required before operation, certain surgical
mensures should be carried out at the aclvance casualty clearing station .

An injeetion of e 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 analgesie o anesthetie 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 antiseptie. With a kife and a pair of seissos the
wound is enlarged by incisions above and below, parallel with
the long axis of the limb; the superficial fascia should be di­
vided without hesitation. The wound is then dusted with
sulfanilamide, a piece of dry gaze is inserted to keep it
open, ancl the limb is immobilized by a Thomas splint or, bet­
ter, a plaster cast. If the latter is used, a note shoulc1 be made
on the srface 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 resuscitation treat­
ment is carried out. The patient is then ready for definitive
treatment at a hospital some ten o twelve hours from the line.

hen working under great pressure it is convenient to have at hand
a nmber of muslin patterns (see Chapter XX) so that limbs requiring
immobilization may be encasecl in plaster without delay.
Evacuation of patients with large wounds and fractures under plaster

casts is very comfortable. In Spain the insistent clemand of soldiers
for such treatment was noteworthy. They knew that casualties evac­
uated 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 treatment
was first tested during the evacuation from Dunkirk, with very satis­
factory results .

The success of this technique depends only fo part on the ability of
the individual surgeon; its chief determinant is the efficiency of the
military organization. The results are neve satisfactory if difterent
techniques are used by the various surgeons in charge of the treatment at
each stage of the three-point forward system; o if these stages are not
so disposed as to keep the time-lag within the prescribed limits.
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CHAPTER XIV

ANTISEPTICS

Cleansing of the Wound
No advance in surgery has had such a profound influence as the

institution of the antiseptie teclmique by Joseph Lister; indecd 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 faet that he provided a solution to a problem which was
as old as surgery itself but which cven the most enlightened workers
of the past had been unable to solve. Throughout histoy therve 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 tuth 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 ol '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 sorne 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 frvom
his colleagues.
Phenol.-It was to this sceptical world of medicine that Lister intro­

duced the antiseptic 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 substanee 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 a
atient in Glasgow, and in 1867 he published the results of two years'

~vork in nine articles, one of which, now famous, was entitled ''On the
Antiseptic Principle in the Practice of Surgery." Like all innova­
tions in science, these papers received much adverse criticism, a
fact which is in striking contrast to the exaggerated use made of anti­
septics in more recent times. Thomas Huxley was indeed right 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 subscribed. For example, at the International l\fedical 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 clevelopment." 'l'he attitude of the majority of his meclical
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 baeterial aggression and not to substitute
healing by artificial means for the healing power of Nature. Iow far
from this criterion is the practice of many surgeons of our own day !

The goal towarcl which Lister was aiming was reached a few years
later, when von Bergmann in 1886 introdueed steam for the steriliza­
tion of instruments and developed the technique known today as asepsis,
which in other words may be called '' antisepsis outsicle 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 sorne months of new experiences, surgeons carne 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 praetice 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, ancl the adoption of sodium hypochlorite,
whieh he recommended as the best antiseptic, led to an immediate im­
provement in results. The hypochlorite solution which Dakin prepared,
though a comparatively active antiseptie, was relatively harmless to
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the tissue cells, and it was to this factor that the better results were
a.ttributed. Today we are in a position to realize that its beneficia}
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 mch-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 onc occasion-namely, during the
operation-and closing the wonnd by primary suture where possible.
When infeetion had aleady begun the Carel-Dakin techique was
still widely used.

Initial Antibacterial Treatment
Today one fact stands out clearly: all acciclent wouncls neecl initial

antibacterial treatment: that is to sa, they must be protected from
bacterial contamination or, where this is not possible, from bacteria}
colonization. Good antiseptics have a high potency against bacteria
eit:her on inorganic substances or on the skin, a tissue which has a
great natural resistance to all external actions. In the interior of a
wouncl, however, their effectiveness is vey limited, for several reasons.
First, the organic fluic1s, blood and lymph, alter the nature of most
antiseptics and greatly reduce their bact:ericic1al capacity. Secondly,
the charaeter of many wounds, and particularly thei irregularity,
makes it impossible for the antiseptic to be evenly distributed through­
out every corner. Thirclly, antiseptics have a very poor selective ca­
pacity, discriminating little between different types of living ce1ls; and
eonsequently not only the bacteria but also the tissues suffer frvom their
chemieal action: Fially, antiseptics have little power of penetrating
the tissues, and so cannot clestroy bacteria where the natural clefenses
most need assistanee inside the tissues. Even those antiseptics which
have the greatest power of penetration, e.g., the aniline type, do not
penetra te into the tissues to a depth greater than 2 to 3 mm.

Requirements of an Antiseptic
'l'o be effective an antiseptic must flfill certain conditions whieh

depencl not only on its ow properties but also 011 the way in which
it is usecl:
l. It should be applied before infection has begun, or, in other words,

before bacteria have penetrated the tissnes. In war wounds, and par-

ticularly in those caused by aerial bombs, for hos is the lirnit of
time duing which an antiseptic can be effectively applied. .

2. It should be well distribnted throughout the wound, penetrating
every corner and pocket which may be contaminated. Enlargement of
the wound and excision help to make this distribution possible.

3. It should not be toxic either to the tissne cells or to the body
fluids.
4. It shoulcl be active against the majority of bacteria which con-

taminate wounds and should act in a single application.
5. It shoulcl be capable of resisting the inactivating effects of the

bocly fluicls .
The ideal antiseptie which flfills all these conditions has not yet

been c1iscoverec1, as is clcarly inclicatecl by the consta11t successio11 of
new antiseptics which in turn make their appearance on the market,
only to disappear after a short period of trial. Nevertheless, it would
be unjust to say that antisepsis has made no progress smce the days
of Lister's carbolic and Koch 's mercury derivatives. The cleep concern
of surgeons in recent eas over the action of antiseptics on the living
cells of the tissues is proof of a clefinite aclvance. 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

aclvantages, but has also had certain unfortunate consequences. One
of the most regrettable of these has been the divergent approaches of
the surgeon and the bacteriologist to the problem of' infection. Iap­
pily the ,vide o·ulf that existed in recent years is today becommg
rapidly narower as a result of mutual cooperation ad understanding.
The absenee of ealy collaboration is clearly inclicated by the methods
of study of the action of antiseptics. 'To determine the action of an
antiseptie the bacteriologist tests its antibaeterial capacity in vitro, by
observing its powers of sterilizing cultures and of preventing bacterial
reproduction. To diseove its toxie poteney, intravenous, intrapel­
toneal or subcutaneons injections are. macle in experimental animals,
particularly mice and rats, while recently the bains of rabbits and
cats have also been wiclely used in the study of local tox1c effects.
T'issue cultures have provided bacteriologists with a better means of
testing the effeet on living cells, fo by this method it is possible to
observe the action of an antiseptie o the fibroblasts and leucoeytes.
While aH these laboratory tests are undobtedly of great value, it

must be remernhered that when the tested antiseptic is applied to the
living body its activity ma.y be influencecl by certain unknown fae­
tors, which do not depend only on the impeding aetion 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 would
never have effected the revolution in surgery which he achieved by his
introduction of carbolic acid, a substancc which we now know to be
toxic to the tissues; nor would Morison have obtained his successful
results with bismuth iodoform paraffin paste, for Garrod (1940) has
shown that iodoform, the antiseptic basis of this paste, has no anti­
bacterial capacity and is unable to impede bacteria! reproduction even
on its own surface. Fleming (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 the
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 antiseptie, and particularly in his
avoidance of interference with the natural mechanism of healing.

Action of Antiseptics in Common Use
Many antisepties that were commonly employed sorne years ago, e.g.,

the heavy metals, such as the mercuy derivatives introduced by Koch,
copper, silver, and zinc, have now fallen into complete disuse. The
mercury derivatives, at one time widely used, have the great disad­
vantage 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
undoubtedly one of the best antiseptics for the skin. The chlorines,
like eusol and Dakin 's solution, which are still employed in certain
cases, are not strong enough to be effecti ve in a single application and
consequently involve repeated interference with the natural healing
process. The Bunyan technique of the periodic bath avoids much han­
dling of the wound, but precludes immobilization and its beneficia!
effeets, which we now know to be essential for perfeet healing. The
oxidizing antiseptics are not very effective against bacteria, because
the oxygen which they generate combines with organice substances, for
which it has a greater affinity than for bacteria. For a long time it
was commonly supposed that oxidizing antiseptics, and even oxygen
itself, had a specific action against anaerobic infections but they are
now known to be ineffective against gas gangrene, and only the oxygen
in the blood prevents anaerobic reproduction in the wounds.

Coal-Iar Derivatives do not coagulate the proteins are nonirritant,
and have a fairly quick bactericidal action. They have the disadvan­

tage, however, that their potency is reduced by contaet with the o1­
nie IIuids, and thus they have only a short period of eftective action.
Acridine Dyes.Many of these anilines are on the market, the most

widely used being acriftavine, euf-tavine, 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 acricline dyes have been seen to retain
their amoeboid movements. '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 bufferecl to pl-I 6.2 (Russell and Jalconer, 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 Falconer, loe cit.: Manifold, 1940). The acridine antiseptics
are effective against thc hemolytic st1:eptococcus but not against Staph.
areus 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 antiseptie and its concentration.
They are of three kinds; the bacteria may be destl'oyed, para.lyzecl, or
deprived of their reproduetive capacity. When an antiseptic is ap­
plied before the bacteria have penetrated into the tisses, the degree
of contact established between the two opposing elements is merely a
matter of technique and ay of' the three effects can be produced.
When. however the 'antiseptic is applied to a wound in which bacteria' ' . .are already colonizing, its contaet, 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 iner tissues with thc
discharge; consequently the effectiveness of the antiseptie is limited.
Moreove when infection is already established, those bacterrn wh1ch
survive the action of the antiseptic and retain their reprocluctive capac­
ity give birth to a progeny which has a higher powe 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 havino· acquired a specific resistance to it.
These varios faetors, and above all, the constant interference with

the body's own healing activities which repeated application of anti­
septies necessarily involves, serve to explain the persistent failure of
the antiseptic technique in dealing with infected wounds or m trymg
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to J)rotect a wound from secondary infection. Clearly we should ahd : : van­
on antiseptics 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 signifieant questions.

1. Is it justifable for the surqical pessimist who distrusts his
own cleanliness to se antiseptics in a attenpt to cover up lis
own deficiencies?

The only reasonable answer to that is that the surgeon should
so impove his methods that he would cease to be a pessimist.
All the antiseptics in common use are toxic in some degree to
the human orgamsm 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 wond before the bacteria have
time to grow out?
In the last war, at a base hospital in France, I examined

wounds wluch had been specially treated with carbolic acid
and compared them with othes which had not been so treated.
So far as the ba.ctenal content went, the carbolic-treated wounds
were worse than the others.

SOAP

In a chapter on antiseptics, soap deserves special mention, not only
on account of its strong bactericida! 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
sciously or unconsciously, an antiseptic surgeon. "Scrupulous clean­
liness, '' Lister continued, '' ... is an antiseptic means. '' In this sense
soap is undoubtedly the best antiseptic, 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 antiseptics. 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 call 'asepsis.'
During the War of 1914 to 1918 a number of French suro·eons used·soap for cleamng 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.
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llaycraft (1918) also used soap with very satisfactory results. Com­
paring the results with those of a series of similar cases in which eusol,
hydrogen peroxide or bismuth iodoform paraffin paste had been em­
ployed, Dixon and Bates were convinced of the superiority of soap.
They used a 2½ 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 solution and
changed every three or for days. 'J'hesc surgeons were surprised to
:find that there was no pus and that the muscles 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 cases 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 it to
be neither painful no irritant. Bqually good results were obtained
when soap was used to clean infectecl wounds. Other surgeons have
reportecl similar successful results, but, in spite of the clinical evidence
in its favor, soap is still commonly used only to clean the skin, while the
disinfection of the interior of the wound is left to chemical antiseptics.

Soap as an Antiseptic
Koch (1881) was the frst to point out that soap has a bactericida}

action, and since then Reichenbach (1908) and many others have studied
the various properties of soaps both in vitro and in experimental ani­
mals. Lamar (1911) found that unsatrated soaps will destroy pneu­
mococci and streptococci, and believecl sodium oleate to be the most
active in this respect. Violle (1933) found the ricinoleates to be more
active than the oleates, palitates or laureates. Barnes and Clark
(1934) showed that 0.004 per cent of sodium ricinoleate and 0.0004
per cent of sodium oleate were the mínimum concentrations requirecl
to kill three different types of pneumococci.
Bacteria vary in their sensitivity toward soap, and, while all workers

agree that the streptococci, pneumococci, meningococci, gonococci, and
diphtheria and tubercle bacilli are extremely sensitive, sorne have found
that the staphylococci, 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 pH exceeds 8.6. Walker (1924­
1925) found that a 1 in 50,000 solution of sodium laureate destroyed
pneumococci, and that streptococci 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 bacteria!
toxins. Larson and Nelson (1924) found that several of the most
powerful bacteria! toxins were destroyed by ricinoleate as soon as
enough of this had been added to the solution to reduce their surface
tensiou below a certain figure. Fo example, guinea pigs given the
equivalent of 100 mínimum 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 clea, therefore, that the majority of the unsaturated soaps will

destroy the bacteria most commonly found in wounds, aud that they
will a1so 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 aetion on the streptococcus and pneumococcus.
Walker (1926), who found that this soap was also active against the
diphtheria bacillus, noted that the typhoid bacillus was destroyed by
a coconut-soap 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 staphylococcus,
and coconut soaps, to which my own experience has been largely con­
fined, have the further advantage that they are very ef-ficient in remov­
ing dirt. Sodium and potassimn soaps difler 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
f'or household and toilet purposes and particularly in shaving soaps.
For cleaning the interior of a wound I prefer soaps which produce
larger bubbles, sueh as the sodium soaps.
Effect of Soaps on Tissues.-Violle (1933) found that 50 e.e. 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 convinced me that a 5 per cent solution of
ricinoleate or coconut soap, with a pII no higher than 7.5, while very
effective in destroying bacteria, particularly streptococci, 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 lareate in
water has an action equivalcnt to that of a l per cent solution of phenol
(Walkey, 1926), contact with ser greatly reduces their activity (du
Noüy, 1922).
Effect of Soaps on Bacteria.-'l'he mechanism by which soaps de­

stroy bacteria has been widely cliscussed. It now seems clear that

soaps achieve their bactericidal effect not by their chemical aetion, as
do other antiseptics, 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 sur:face tension of the bacterium. This
process is considera bly impeded by the presence of protein solutions
such as blood serum. The faet that neutral soaps are as effective as
alkaline ones disposes of the idea that they act only by reason of their
alkalinity.

So0aps as Detergents. Quite apat from their bacteriological proper­
ties, another factor which makes soaps invaluable in the treatment of
wounds is their capacity for removing ''dit.'' 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 attraection of
the tissues for them, and also that of the particles themselves for one
another. This has been show experimentally with particles of alumi­
num oxide, iron oxide, and silica. For the soap to fulfill its function 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 antitoxic capacities, and its laek of irritation of the tissues, I think
that soap constitutes the ideal antiseptic for war wounds. In fact, 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 antiseptie 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 aetivity with useful eleansing pop­
erties, and are apparently harmless when applied to living tissues.
One such substance is cetyl-trimethyl-amrnonium-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 distinct processes. For the un­
damaged skin surrounding the wound a solution of about 5 per cent
sodium coconut o sodium ricinoleate in warm water should be used.
The temperature of' the solution should be about 100º F. The skin is
thoroughly serubbed with a nail brush and several changes of the soap
solution, and is then finally washed ove with sterile water.
Fo cleansing the wound a similar but weaker soap solution is used,

1.e., about 2 or 3 per cent. With a piece of sterile gauze o1 a soft
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nail brsh 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
dy 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. I, 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.-For cleansing burns the technique is the same, with one im­

portnnt 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 srfaee 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 chiefl.y manifested
when thcy 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 antiseptics if the term
is confined to those chemical substanccs which directly destroy bae­
teria. All chemotherapeutic substanccs have an antipara.sitie effect in
the body at least as great as, ancl generally consiclerably greater than,
that which they produce in vitro. They aet, not by coagulation or by
lysis of the bacteria, but by an as yet unknown action on the living body
through which the destructive effeet on the invading organisms is ob­
tained. Admittedly the effect of certain chemotherapeutic substances­
for instanee Ehlich's salvarsanis commonly supposed to be due to
direct bactericidal activity; but research workers have shown that
salvarsa11 acts 011 the medium in which the spirochete lives, impeding
its nutrition and thus interfering with its growth (Danysz, 1917). Of
others such as the sulfonamicle compouncls, the view that the bocly
plays a part in the action is more widely accepted, the problem having
been more carefully studied in the light of modern biological conceptions.

Chemotherapy may be said to have been first employed in 1890 when
Guido Baccelli introduced injeetions of quinine for malarial fcver. The
value of quinine in this condition 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 yea.rs the field of chemotherapy has been
enormously extended by the introduction of the sulfonamide com­
pounds for the treatment of' infeetions caused by the streptococcus­
pneumococcus group ancl other organisms more or less related to it.

THE SULFONAMIDE COMPOUNDS

Jacobs and I-Ieiclelberger 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 treatecl more than twenty cases of surgical streptococcal
infection, many of them with complete success, with a French product,
"sulpharsenol" (sulfarsphenamine), which had been formerly used as

195
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an antisyphilitic lrnt was then coming on the market as an antistrepto­
coccal agent. I well remember a particularly striking effect in a child
of two suffering from a highly septie erysipelas. Unfortunately we did
not know the exaect dosage, or which of the two elements, the sulfonic
or the arsenical, was the active part. In 1935 Tréfouel and others
found that the activity lay in the sulfonamide neleus.
In 1937, dring the Spanish WVar, 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, Folch 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. Since that time, however, better knowledge of
dosage, the use of new compounds, and increased experience have made
it possible greatly to extend the use of the sulfonamide therapy in
war surgery.

Action of Sulfonamide Compounds
1

It has been clearly shown that in vitro the bactericida! 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 far transfusion, is entirely
illogical. The beneficia! 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 specifie antibodies in the blood (Collins,
1940); but MeItosh and hitby (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 tlms die of starvation and are then
ingested by the leucocytes and eliminated from the infected region.
Several workers, ineluding Fikelstein and Birkeland (1938), and
Fmklestone-Sayhss, Paine and Patrick ( 1937), have noted an increase in
phagocytie capacity af'ter administration of these compounds, a finding

1 . 1 ' b
which at any rate does not confliet with Loekwood's observation.
At the same time, the p-aminobenzoic acid has an inhibitory effect

on the aetion 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 severa} doses. There is clinical confirmation of the
inhibitory effect of peptones and proteolytic enzymes on sulfonamide
compounds in the faet that the latter are ineffeetive when applied to

wounds containing the produets of tissue disintegration. Lockwood
believes that the resistance of the staphylococcus to the sulfonamides
is due to the intense local rcaction produeed by this organism, with
a necrosis of the tissues which inhibits thc antibacterial activity of
the drugs. 'This appears to be a satisfactory explanation and might
well account fo their ineffectiveness in undrained abscesses, whatever
the causative organism. Tunnielift ( 1939) and Henschel ( 1940), work­
ing with tissue culture media composed exclusively of animal body
fluids, showed that neoprontosil, in a conccntration of 1 in 1,000, stimu­
lates leucocytic migration in the rabbit's blood. One faet at any rate
seems clear, namely, that the sulfonamide compounds have a bacterio­
statie aetion in the tissue fluids.
Whatever the exaect mechanism, thc fact remains that these com­

pounds act on thc baetel'ia throug·h the medium of the circnlating fluids
of the body, and are ineffective if these fluids do not reach the con­
taminated area and so come into contaet with the bacteria. It is clear,
therefore, that the full effect of the sulfonamidc compounds in the
treatment of traumatic wounds can be obtaincd 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 cil'culation is maintainecl.

Since the sulfonamide compounds are most effcctive in highly dif­
fusive infections, c.g., strcptococcal lymphangitis, their effect on the
"spreading factor" has becn 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 thee compounds on difterent infections has shown
that they act with an intensity whieh Yaries with the causative bac­
teria. This is summarizecl in Table VIII which shows comparative values
taken from the work of Reed and Orr (1941), MeIntosh and Selbie

TABLE VIII

EFFECTS OF SULFONAMIDE COMPOUNDS IN VARIOUS INFECTIONS

SULFANILAMIDE SULFAPYRIDINE SULFA'TILIAZOLE

Strep. pyogenes 3 2 3
Strep. viridas 2 3 2
Staphylococcus o 1 2
Pneumococcus o 3 3
Ps. pyocyanea o o 1
B. coli 2 2 3
Cl, tetani 1 2 2
Cl. welchi 2 1 2
Cl. septique o 1 2
Cl, ocdematicns o o 2

10 15 22
In thc table O stands for no effect, 3 for maximum effect, and 1 ancl 2 for values

between.
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(1941), Mayer (1938), Lawrcnce (1940), Melton (1941), Colebrook and
Francis (1941), Hawking (194-1), vVhitby (1940), Thrower (1941), and
from my own cxperience.

Sulfathiazole thus appears lo be more effective than eithcr of the
other two compounds, whethcr 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).
Administratio.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 concentra.tion in the circulating blood, i.e., not less than 5 mg. per
100 e.e. The initial <lose, 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 staphylococcal infection a constant concentration of more than 10
mg. of sulfathiazole per 100 e.e. is recommended.

Oral A.dmim".stra.tion.-Por oral administration the sulfonamide com­
pounds are prepared by the manufacturers in tablet form. The tahlcts
should be powdered and given in milk or water.
Sulfanilamide (Prontosil Album; Streptocide; Proseptine · Pronty-

lin). '

Prophylaxis.-Eight 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 <lay 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 da.y and night for a period not exceedino· 10
days. At _the end of this time the drug must be discontinued, and Ú0thc
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 eould in most cases have been })revented had surgical treat­
ment been possible. Only patients who cannot receive sm•o·ical treat­
ment should be treated with the intensity and persistenc; 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 b . ·til tl
d f ., , e g1ven un 1 'ree
ays a ter the temperature has fallen to normal.
Sulfapyridine (M and B 693 · D · ) T. . · · , agenan .- he dosag·e is similar to

that of sulfamlamide, except that the initial <lose is 6 tablets (3 grams)
ms~ea<l of 8 tablets (4_ grams). If the patient vomits, it is advisable to
split the doses and give them at shorter intervals, e.g., 1 tablet (0.5
gram) every two hours instead of 2 tablets (l g'l'am) f h· every our ours.
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Fig. 20.-Rapid control of high temperature by the combinccl action of chemo­
therapy and immobilization in a plaster cast, in a patient suffering from streptococcal
infection of a granulating wouncl.

If, however, the vomiting begins with the initial doses, it is diffi.cult 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 disturbanee preventing absorption or because the pa­
tient is unable to swallow, the best alternative is intravenous injection

of the sodium derivatives. Intrnmuscular injections can be given, but
these are painful and produce soine reaction in the cellula tissues;
necrosis of the soft tissues and nerve lesions have been reported.
The intravenous administration may be effected either by repeated in­
jections or, better, by the continuous c1rip method. In the former case
injections of 1 gram (one ampoule of lVI. and B. soluble [sulfathiazole] )
in 20 e.e. 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. As a
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 n suelden rise of temperature.

Local Application of Sulfanilamide
In 1939 Nitti testecl experimentally the local action of sulfanilamide,

and Jensen, Jolmsrund ancl Nelson reported the first clinical results
after treating 41 compound fractures. 'l'he 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.
Tlms, 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 resembla.nce 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
011 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 wouncl
are bleeding freely, absorption may be possible, ancl at this point a
local application of sulfanilamide may render good service as a pro­
phylactic. Vlhen after sorne days, ho,vever, the granulation tissue is
well established, local application is not as effeetive, because the drug
is not well absorbed, and its sphere of aetion is limited to the surface
of the wound. The sulfonamides have little value as "antiseptics"
in the more specifie sense of the term, and at this la ter stage any suit­
a ble 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 persistenee of the antiseptie tradition. Anti­
septics, even though at the best moderately efficient, are undoubtedly
as effective as sulfanilamide in cleansing flat granulating wounds.

Moreover, the local applieations 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-
l·no· because in these cases the clamage to the epithelium caused by the
» d, 'change of dressings is only of seconday importance; and secon'ly, in

a recently inJlicted wouncl whcn for some reason operation must be
delayed for more than eight hours.

Until reccntly the best drug ÍOl' locnl application was sulfanilamide
in its soluble form, the most commonly used being streptocide which is
soluble in organic fluids. Lately, howevcr, sulfathiazo1e seems to have
taken its place, especially in America where it is more easily obtainecl.

Technique of Local Administration.-'l'he amount of sulfanilamide
powcler required to protect a wouncl from infection varíes with the size
and depth of the wound, but the average appears to be from 10 to 15
grams. King (1941) has recently insisted that the drug must fill every
corner of the wond. While not denying the general wisdom of this
recomendation, I fea that it may lead to a misconception of the
action of the drug, the emphasis on widcspread clistribution suggestmg
that it is an antiscptic with a direct bactcricidal effect. Since the
action is an indireect one, operating through the medium of the body
fluids and in relation to thc concentration of thc chug in the tissues sur­
rounding the wound, it depends far less than do antiseptics on physical
contact ~~•ith the infecting organism, ancl perfect distribution in the
wouncl is not so vital as Iing's statement implies.

Colebrook (1941) has devised an insufllator with which the exaet
amount of sulfanilamicle powder can be gauged, and although distri­
bution even with this is still not very easy, it is uncloubteclly more effec­
tive than by any othcr method ( see Fig. 35). 'rI1e diffi.cu l ty lies in the
hygroscopic quality of the clrug, which makes the powdcr very com­
paet. For this reason the powder should be kept absolutely dry.

Sulfonamide Compounds in the Treatment of War Wounds

.All diffusive infcctive 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
faetory effect of immobilization combined with sulfonamide treatment
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 caght in a fan belt and was lifted off
the ground. He had the lower epiphysis of the hmerus dislocated and
protruding medially through the skin; also a fracture of the forearm.
At the Win@field-Morris Orthopaedie Hospital, four hours af'ter the
injury, the wound ( in. by 2 in. in area) was excised and packed
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with gauze; owiug to· the technical impossibility of a primary suture
the fra~ture of the forearm was reduced and the whole upper limb
placed m a plaster cast. Except for some slight temperature durine
the first ten days, the case followed_a normal evolution, and the b
left the hospit~l two months after ad1111ss1on with the fracture of the
forearm. consohdated and the wound greatly reduced in size. The
plaster was removed. In the convalescent hospital he was put into
quarantine for searlet 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 temperatnre of 104°. A course of
proseptasme tablets was gwen 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 accident occurred. Hemolyt\c
streptococc1 were grown from the wound.

I~, how:ver, the e::ccision of the wound is incomplete, or if proper
drainage is not provided, the effeet of the drug is lirnited and often
negligible. In fact, sulfanilamide is a potential source of dano·er in
that it rnay encourage a surgeon to delay the necessary operatio;until
there is evidence of a ·wider diffusion.
Lymphangitis.-In this condition the sulfonamides are undoubtccUy

of great value. The infection is widely diffused, arid the initial focus
may revea! no suppuration and is sometimes so srnall that surgical
treatment is considered mmecessary. 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 lesio:1 was found in the omentum. The damaged part
was excised and p_r1111ary suture was performed without drainage. He
also ha~ a wond in the lower part of the upper arm, with the entrance
on the iner side and the exit higher, close to the brachial artery but
not involving it. There were signs of complete musculospiral section
and a compound commmuted fracture of the humerus.
The wound was "superficially excised" and packed with vaseline

gau_ze, and the arm was put in a plaster cast. Two days afterwards the
pati~nt was transferred to another hospital, where the plaster was im­
mediately removed and complete immobilization applied in a shoulder
sp!ca. Th~ 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
in• by 1½ m._and a postero-extemal wound about 1½ in. in diameter
in the lower third of the arm were found. Both were granulating, but
;1;1 excessn e amount of d1scharge came through the anter10r wound.
The wounds were cleaned and packed with vaseline gauze: a new plas­
ter was apphed fixmg the wrist in dorsiflexion. The co~rse was un­
eventful except for an . excessive amount of discharge through the
plaster and two short rises of temperature to Iess than 100º, which
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Fig, 21.-Sudden rise of temperature in a case of compound comminuted fracture
of the humerus treated under plaster. Probable lymphangitis. Immediate control of
the temperature by the administration of sulfapyridine. (M. and B. 693, sulfapyri­
cline.)

were maintained only for a day each. 'l'hc abdominal wound never
gave any trouble. After a quiet evolution for three weeks the patient
suddenly had a severe rigor lasting 20 minutes, and the temperature
rose to 102.6º (see Fig. 21). He cornplained of headache but had no
pain in the arm and no swelling of the hand and fingers, but sorne 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 retuming to England. A lymphangitis was suspected. Sulfa­
pyridine was-administered, and on the second day the ternperature fell
to normal. The plaster was therefore not removed until July 8, a week
after the final disappearance of the fever. He had at that time two
small wounds sunounded by sorne edema and induration of the soft

tissues and an elastic union of the fracture of the humerus. 'l'he
) .

wounds were granulating and some pus carne out of the antenor one.
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 sequestrurn was removed from the wound. The frac­
ture was consolidated in good position. Two weeks afterwards the
wound was healed. All the trouble ,vas 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 severa! other lesions, in a collision on a motor-
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cycle. The wound was cleaned, incised-excised a.ud 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 slight
discharge, which, however, was not copious or bad smelling. A second
plaster was applied and the patient got up with erutches. Four days
af'terwards 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 101.6º. 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 <lay the temperature fell to less than 98º, except for the evening
of the fifth <lay. The drug was discontinued on the fourth <lay, 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 temperature by ~he administration of proseptasine
m a case of lymphangitis.

In this case of sudden general malaise the diagnosis of a lymphan­
gitis was made 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 va.lue is surgical. A
membcr 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 Fig. 26 is an
example of this type of case.

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 shoulcl say, of chemotherapy with surgery. The
sulfonamides impede the cliffusion, and the operation reverses the
clirection in which the bacteria ancl toxins travel.
Insufficiently Immobilized Fractures.-In sorne insufficiently im­

mobilized fractures with profuse discharge, the granulation tissue is
maceratecl and acquires a new power of absorption; this causes a per­
sistent fever (100° to 101 º F.). Sulfonamide compounds act only at
the time they are administered; the correct treatment is to cut a win­
dow in the plaster ancl treat the wound locally with an antiseptic of
the chlorine or acridine group, or better still with soap for three or
four days, in orcler to reduce the discharge. The limb is then reim­
mobilized in a new closed plaster.

Sulfonanúde Oompounds and the "Biological" Treatment
of Wounds

If a rise of temperature occm·s 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 macle in order that the appropriate
treatment should be given.
Erysipelas today is a rare complication of war wounds and one much

less to be fearecl than in the preantiseptic age. Nevertheless, it may
still occur under plaster. Its signs ancl symptoms are very similar to
those of a highly septic lymphangitis, but inclucle in addition a spread­
ing sensation of local heat. A rise in the temperature of the plaste 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, ancl 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 shoulcl at
once be administerecl by mouth without distrbing the wound. The
effect is often striking (see Figs. 21 ancl 22).

Cellulitis.When cellulitis develops, the rise of temperature is more
gradual. Local pain is severe ancl is accompanied by a feeling of ten­
sion in the region of the wound. Infl.ammation of the glands, on the
other hand is not so markecl in the early 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 shonld be given im­
mediately. If the patient experiences an increase in the area of tension,
the plaste 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 apphed,
unless the area of inflammation is very extensive, when the new plaster
should be deferred for a few days, lest the infection spread and neces­
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 shold be given for
four or five days. If at the end of this time-and It 1s unw1se to wait
longer-there is no improvement in the clinical picture, a winclow
should be cut in the plaster a.ncl the wound explored.

A ma_n 31 years ?ld sustained a compound supraco1{dylar fracture
of the right femr; it was treated by excision, Thomas splint, and trac­
tion through a Stemmann pm placed in the tibial tubercle. He was
transferred to the Wingfielcl-1\forris Orthopaedic Hospital after nearly
two months' treatment, with a shotening of2inches and an osteitis of
the tibia where the pin had been. Under general anesthesia with gas
and oxgen, extension ice tongs were placed on the distal femoral frag­
ment, the osteítis of the tibia was incised, ancl strong traction was ap­
plied. After four days, reduetion of the fracture was very much im­
provecl ; the ice tongs were replaced by a Kirschner wire passed through
the inferior femoral epiphysis, ancl a plaster spica was applied. After
six days the patient had a sudden rise of temperature accompanied by
sorne 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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Abscess.-The rise of temperature when an abscess develops under­
neath the plaster is progressive, but there is a daily fall · local pain
gradually increases, but is never very severe; the feeling of tension is
confined to the wound area, some regional glands are slightly painful,
and there is little or no edema in the digits. The best treatment is to
cut a wmdow m the plaster. e ·pl • th d ·. , x ore e woun , and provide better
drainage. At the end of the operation the window should be closed.
The sulfonam1des are of no value in this type of 1, 1 d t·. oca 1ze sep ·1c proc-
ess, and there is no object in using them in combination with a closed
plaster (see Figs. 23 to 26).

Fig. 24.Transitory response to sulfapyridine in a case of infected comi¡ou_nd frac¡:
ture of -f~mur. Dettnhe control of the tempcrature after improvin'i: the ?{~mag~ B.
the infected region when the patient was no longer under chemotherapy. M.. a
693, sulfapyridine.)

ture of 102º. A small window was cut at the anterior part of the upper
tibial epiphysis and the dressing was changed; a small amount of pus
(less than 2 e.e.) emerged. Next day the temperature fell to_normal,
and after two days the sulfapyridine was d1scontmued (see F1g. 25).

This is another proof of the failre of chemotherapy to control high
· 1 b . t ti of pus, and the immediate result oftemperature causect y 1 e en 1on '

improving drainage.

A O' el 25 years was injured in a motorcycle accident . on
Octob~i~n20~"'{940, sustaining various injuries and a large laceration
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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 bloocl wns found in one of the corners of
the suture, and a single stitch was removed; the rest of the sutui•e was
completely normal. The proseptasine was cliscontinuecl and the tem­
perature fell to normal the same clay. On January 11, 1941, the patient
walked and flexed the knee 15º. After two manipulations under pento­
thal anesthesia he was discharged, flexing the knee to 90°, and ílexion
probably improved still further.
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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 displa.cement. The skin of the leg and tlngh was scrubbed with
soap and water the skin edges were excised and the traumatized tissue
removed, togetiier with loose bone fragments. The laceration, which
involved the lmee 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
wouncl left freely open. A plaster spica was put on. 'l'he patient was
given sulfapyridine and the course was uneventi'nl. At the change
of plaster on November 14 the wound was found granulating ,vell. On
November 22 the new plaster was removed; the wound was found fülecl
with gra.nulating tissues and very clean. After the wound and the sur­
rounding skin ha.d been cleaned a. dry dressing was a.pplied and the leo·
fixed in a 'l'homas splint. A sa.mple of the slight discharge found i
the surface of the wound grew some colonies of hemolytic strepto­
coccus. 'l'he wouncl was still 3 by 4 inches in a.rea over the patcllar
region.

Ti. 25.Immediate response to drainage in a patient suffering frorn infection
ca~_sfd by a _Steinmann pin. A short course of sulfapyridine did not control the tem­
pera ure until dramage was estabhshed. (i\I. and B. 693, sulfapyrldine.)

~ft~{· so_me days of cleansing the granulation tissue and applying
sulfanilamide powder, a secondary suture of the wound was performed.
The skin :1'1ª;·gms o_f the wound were excised and the granulations
sciaped off'. 'The skin 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 incisio~ downward at
the medial margin. The skin edges were approximated completely.
There was shght tens1011 where the flaps met in the center. A dry

Fig. 26.-Cornplcte failure of a course of sulfanilarnide in a patient suffering from
a small abscess containing 3 e.e. of pus, and from lymphangitis. Immediate response
to the establishment of drainage.

The following facts are noteworthy: l. 'l'he complete absence of
articular reaction after a primary suture of the synovia.I membrane, in
spite of the bony injury, hours after the procluction of the wound. 2.
The absence of inflammatory reaction in the extensive wound of the
soft tissues covering the lmee joint. 3. The failure of the sulfonamidc 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 seconclary suture.
Septic Absorption Throug-h 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 funetion. 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 cut a window in the plaster over the region
of the wound and treat the granulations direct with a mild antiseptic
or a local applieation of slfanilamide. 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 can 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 pieture of nervous
and splanchnic impregnation (high fever, a dry skin, rigos, loss of
appetite, great prostration, ancl in sorne 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 effeets. From Herrell and Bvown '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 WITII RECOVERIES WITIIOUT
BACTERIA SULFA­ SULFA­ RECOVERIES

NILAMIDE NILAMIDE
Strcp. hemolyticus 38 25 (65 per cent) 61 18 (29.5 per cent)
Strep. viridans 39 7 (77 per cent) 2 1 (50 per cent)
Staph. areus 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 lndications 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 diffielties of transport,
the number of patients to be treated, or the presence of shock, the

sulfonamide compounds shoulcl be given at the earliest possible mo­
ment. Befare 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.

g. 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

fonamicles 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 bactericida! substance, such as
sodium coconut 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 characterizecl 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 bleecling, followed by im­
mediate blood transfusion, was used by Durán Jordá in Barcelona.
Nausea and Vomiting often oceur af'ter the initial dose of sulfa­

pyridine. In such cases the drug should be suspended for several hours
and then restarted in fractional 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 shoulcl 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

af'ter the begining of treatment and generally occr at pressure
points. Collins claims that this complication occurs in 7 per cent of
cases, but Ihave seen only two cases among over T5 treated with these
drugs. 'The surgeon, should, however, be on the watch for dermatitis,
as it mayy 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 occurs after several days of norrnality and other signs
and symptoms of infeetion are absent.
Headache and Dizziness.-These symptoms should not be lightly

regarded, for they may be the forerunners of agranloeytosis, a serious
complication. The patient should be made to drink large amounts of
flnids, 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 ofplenty of flids.

Serious Complications
Hemolytic Anemia, which may appear between the second and the

fourth <lay 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, agranulocytosis does not

appear until eight or ten days have elapsed. Iever, 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 the 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 notatm, as a brown, water­
soluble pow<ler. It is alost nontoxic to lahoratory animals, and on

intravenous injection has little or no action on the cardiovascular or
respiratory systems. Leucocytes exposed to a solution of 1 in 1,000 parts
are not affected. It inhibits the growth in vitro 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 pre form, and much work re­
mains to be done on it (Chain and Duthie, 1939; Abraham and others,
1941).
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CHAPTER XVI

WOUND EXCISION

ENLARGEMENT OF THE WOUND

The first stage in the operation on any war wound is enlargement or
incision. 'l'his is an essential preliminary on whieh the effeetiveness
of each of the subsequent procedures depends. Unless an adequate
opening is made in the skin and faseia ad in the deeper structures, thc
second and most vital part of the operationthe excision of bruised
tissues-eannot be carried out with sufficient thoroughness. Many war
wounds are eharaeterized by a small skin wound and extensive destrue­
tion of the deeper tissues. Even in larger wounds the injured museles
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 trauma.tic opening
of' the skin. Unfortunately this initial step of incision 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 anatomical structures, are not suitable for drainage,
heal slowly, and leave unsightly scars. Only in triangular wounds is a
transverse incision, a cut towards each corner, permissible. The length
of the incision varíes according· to the size and type of the wound
and its location. Generally speaking, and excepting those cases
where a large arca 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 incisions-out of a11 proportion to the superficial woúnd
(see Figs. 27 to 37). Where there has been very severe damage to the
muscles, 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 determincd. Tite skin, the cellular tissue, and
214

the superficial fascia are then cut with a sharp knife along the line which
extends the wound both up and down in thc longitudinal axis of the limb
(see Fig. 29). 'The knif'e must be directed towards the edge of the
wound from either end, and the incision made first on the proximal side
with a cut from abovc downwards, and then at thc distal side with
a cut from below upwards. The knife is thcn cxchanged far scissors,
and the skin requiring excision is cut away along the edges of the wound

Fig. 27.Excision of wound in a case of compound fracture of the femur produced
by splinter. 'The thigh is placed under traction to bring the tissues into their normal
arrangement and facilitate the recognition of anatomical structures. (See also Figs.
28 to 37.)

(see Fig. 30). In most cases it is enough to exeise 3 or 4 mm. of skin
from eaeh side, but occasionally the lack of vascularity makes it neces­
sary to remove a wider strip. I mentían 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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Fig. 28.-The same wound before operation; note the limited damage to the skin.

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
alummum retractors which can be adaptccl to the shape and depth of
the wound. The examination of each layer is immediately followed by
the execision of the dead tissues in that layer, and the operation con­
tinues planc by plane, in the scqucncc of incision, examination, and ex­
eision, unt il finallyif the wound extends to this depthan unrestrieted
view is obtained of the bone.

- - - ---
_....__ -- --

Fig. 30.A narrow strip of the skin edge is excised with scissors or a knife.

Superficial aponeuroses requirc enlargement just as much as, if not
more than, the skin, fo they have little clasticity and so tend to increasc
the constriction of the muscles causcd by tranmatic edema. Conse­
qnently the snrgeon should not hesitate to make a long incision in thc
superficial fascia with a knife or scissors; I prefer the secissos, as with
them thcre is less risk of clamaging the structnrcs immediately beneath
the aponeuroses (see Figs. 31 and 32).
In most wounds in muscular regions, such as the thigh, buttock ancl

arm, thc surgcon has to carry the incision to the cleepcr fascia, carefully
divicling· the musclcs and taking special pains not to damage their sup­
plying arteries ancl nerves. The muscle spaccs must be opened up with
a non-traumatic instrument, such as a Kocher spatula; the lmifc shoulcl
be used only when thc muscle mnst be diviclcd. This stage of the op­
eration is not difficult lrnt mnst be caniccl out with eare; thus, layer by
layer into the deeper struetres, the enlargement of the wound proceeds,
followed at each stagc by close inspcction and the approprintc cxcision
(see Fig. 33).

Fig. 29.-Exploratory incision of the skin. The length or th
on the type of mjury and the reglon. e incision should depend
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Fig. 31.-The skin is pulled apart with retractors. The fascia is widely incised­
excised.

F'ig. 32.-The skin and fascia are se
damaee. irearier i i ii"?¿!%,c[}atine_exptorguon or he muscular

m he excision with scissors only.

Fig. 33.-The flrst muscular layer has been clearly excised beyond the area of con­
cussion. The deep muscle is now explorecl.

\
\

/

Fig. 34.T he deep muscle and fragments of bone free frorn muscular or periosteal
attachments have been excised. 'The edges of the gap left in the bone by the removal
of devitalized fragments are regular. and thc bony marrow is cleaned. Sorne stitches
are placed at the ends of the wound where the skin has been ·incised only.
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The pcriosteum must never be incised. The connections between the
decp museles and the periosteum should as far as possible be left intaet

'for they are of great value in carrying nutriment to the bone.
In an irregular through-and-throgh wound, it is better to begin en­

larging from the side of the bigger wound, which is ordinarily the exit
wonnd. The greater destruction of tissues ·will be on this side. Hav­
ing reachcd 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 exeision of detached fragments (see Fig. 34).

The general rules for enlargement can be applied to wounds in all
rcgions, with slight modifications in certain cases, as, fo instance,
wounds in the hand and the lower forearm. Herve, in view of the fune­
tional importanee of the tendons and the vital necessity of causing no
damage to the tendon sheath, the range of the ineision-excision must be
more restricted; moreover, in these areas the absence of great masses
of musclc, and particnlarly of long muscles, justifics a more limited op­
cration.

EXCISION

The excision of all devitalized tissues is the basic factor in the treat­
ment of war wounds. The patient 's progress, good or bad, bears a direct
relation to the skill and thoroughess 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 contingency 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 mistakcs which any inexperienced surgeon is bouncl
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 cliscussions on
the infective properties of the Flanders soil, was that the technique
of excision was not properly understood. The war in Catalonia pro­
vided us in Spain with the opportunity of proving, as I believe, be­
yond 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 wouncls, particularly in those caused by aerial
bombs and high explosive shells; ancl consequently they require less
extensive incision and excision, and in many instances can safely be

closed by primary suture. In dealing with their frst cases of war
wounds the Spanish surgeons not unatrally appliod the methocls that
have servecl so well in peacetime, with the consequence that their initial
results were very bad. Quickly realizing that the treatment must be
adapted to the special featres of war wounds, they introdueed radical
changes into their technique and into thc whole organizátion for deal­
ing with casualties. This lecl to an immediate improvement in results,
and the 'antiseptic value'' of wound excision was re-established on an
even firme basis than it had been in thc later stag·es of the War of
1914 to 1918.
My observations both in Spain ancl in Britain have convincecl me that

a number of the infective complications whieh have ocurred, particu­
larly gas gangrene, have been due to insufficiently thorough excision,
which in its turn was in most cases duc to an inaclequate previous en­
largement of the wound. Among more than 200 cases of serious wounds
(almost exclusively compound fractures) treated during the last two
yyears by the staft 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 infectivity or
sterility of the soil in various parts of the country; whereas in faet the
feature of supreme, if not sole, irnportance is thc thoroughness, skill and
care with which devitalized tissues are excised.

Technique of Excision

Excision altcrnatcs with enlargement, ancl in each successive la.yer of
tissues is carried out immediately af'ter the incision ancl cxamination
of the layer. Only when the periosteum is reached does the surgeon
cease enlarging and start immediately with exeision of the devitalized
tissue.

The general principles on which the cxcision of the various tissues
should be basecl 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 powe of resistance to
infection. Apart from exceptional cases, not more than 3 or 4 mm.
should be excised bcyoncl the edges of the wound ( see Fig. 30). Even
in those areas where the skin is thin and has a relatively poor bloocl
supply, as on the dorsal aspect of the foot, undue excision must be
avoidecl. Secondary necrosis of' the skin rnay often occur without
giving rise to infective complications, proviclecl that the underlying
tissues are properly excised. Excessive excision of' the skin deprives the
wound- and, particulaly imporvtant, the bone-of valuable protection,
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and also necessitates skin grafts at a later stage. Scissors are the best
instruments with whieh to excise 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, anid the case with which it is infected by hemolytic strepto­
cocci demands the radical excision 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 of'ten small and
ver numerous and occupy the intermuscular spaces. They must all be
excised, sinee they provide a good culture medium for anaerobic bac­
teria and, if not removed, wiU lead to infeetive complications.
Tendons.Only ruptured and bruised tendons should be excised.

Tendons in whieh the damage is confined to a limited arca must be
only partially excised, all fibers that can be preserved being retained.
The degree of funetional recovery after excision of one-half of the
tendon fibers, particnlarly the extensors of' the hands, is often surpris­
ing. With the flexors of the hand, however, the problem is more dif­
fieult, for here there is a serions risk of pogenic infection in the tendon
sheath; and so, notwithstanding its functional importance, the bruised
sheath must be radically exeised.
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 excision without casing further damage to arteries, but great
care must be taken to avoid cutting any artery that supplies either
muscle 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 emergen@y 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 direet aetion; and secondly, in a
more remote area, vascular spasm in which the arteriales and capil­
laries are contracted as a result of traumatic stimulation of the sympa­

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 arca must,
therefore, be radical (see Figs. 32 and 33). In the second are a the
muscles are still supplied with blood, but the amonnt circnlating in
them is reduced by the spasmodic action of the sympathetic nerves;
and, when edema develops, the tension may stiU fnrther decrease their
nutrition with serious consequences. The wide area and indeterminate
limits of the spasm make excision of all affccted muscles impossible, and
yet it is not sufficient to confine the cxcision exclusively to the bruisecl
tissues.
The right course of action is to extend the line of excision to a point

slightly beyond thc limit of anatomical damage so as to include those
portions of the muscle which are most seriously affeeted by the spasm.
When a long muscle has been completely dividecl 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 scissos. If in a relatively healthy area a muscle
is cut with a knife, the individual fibers retract instantly, leaving an
irregular plane of section, and clots tend to collect among the uneven
ends. Scissors obviate this risk and make an even cut, casing a uniform
retraction of the whole muscle.
Three signs guide the surgeon in the excision of muscles:
l. Color.-Ischemic muscles are always, even in the relatively early

stages, darker than the normal muscle. I 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 sorne
cases turns completely black. In the area of spasm the affected mus­
eles are often slightly paler than normal, hut at an early stage no im­
portant change of color will be noticeable.
2. Contractility to Mechanical Stimulation.-.Any muscle that has

lost its po-wer 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 musclc that does not
contraet when cut in this way mst be considered dead, and a further
portian must be excised.

3. Bleeding Capacity.-Bleeding capacity is the most reliable in­
dication of the vital condition of the museles. After the first portion
has been excised, the sectioned ends of the fibers must be carefully ex-
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amined. If no blood appears at these ends, further portions must be
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 gcntle oozing from the cnt end is a sufficient indication
that the right line of exeision has been reached.
These three signs, takcn in conjunction, indicate the vital condition

of' the wound. The difference of color between the healthy and the de­
vitalized musele guides the surgeon 's hand in the initial excision, and
the contractilc capacity of the fibers and the bleeding from the sectioned
ends indicate whether the excision is adequate. The area first excised
is often shown to be insufficient by thc subsequent tests of contractility
and bleeding capacity, and a further excision parallel with the first is
required. In the short muscles 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 fucilitate the onset of persistent pyogenic bacterial
colonization. The cortex of the shaft is so compact that, when it is
isolated from its original hlood supply, newly formed vessels are often
unable to penetrate it. Thc arcas requiring excision must, therefore,
be determined with 1:he grea1:es1: care and accuracy, the line of demarca­
tion between the portions 1:hat need to be retained and those that must
he exciscd bcing vcry nanow. On 1:he one hand, any piece of bone that
is detached from the periostcum or muscular attachments must he re­
moved (see Fig. 34); on the other hand, any fragment that retains its
attachment to the periosteum or to the muscular 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 Fig. 35).
Here, however, an important point shold be home in mind. I 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
eavity; and sine this is invariably contaminated at the time of trauma
and the bone has been deprived of its covering of soft tissues, particu­
larly of muscles, both by the trauma and the excision, osteomyelitis is
likely to develop. Por this reason, it is wise in sueh cases to reseet some
of the most mobile fragments and so provide an opening for drainage
f'rom the medullary eavity.
In sorne cases, in spite of serious damage to the soft tissues, the bone

has only a simple fracture with two fragments. Where the muscle dam-

age is severe and the excision has to be very cxtensive, the bone will
be left fo a considerable pcriod without any covering. Consequently,
if in these conditions the ends of the fragments havc lost their peri­
osteum, it is aclvisable to resect a lateral portion oJ' the cortex on each
fragment, so as to prevent the rctention 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
ronding tissues must be scrupulously preserved. The periosteum re­
ceives all its blood supply though the surrounding tissues, and in its
turn supplies the cortex which lies beneath itespecially the shafts ot
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long bones. Aecordingly, if a piece of bone has to be excised, the cortex
should first be separated from the periosteum, so that the blood vessels
whieh supply the periosteum may be preserved intaet to facilitate the
formation 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 teclmique, but since good vascularity is essential for the
production of callus, it is still more importa.nt to preserve the blood
supply of the periosteum, especially in a compound fracture, where the
greatest possible local vitality is needed to resist bacteria! aggression.
Any damage to this blood supply not only exposes the bone fo the risk
of serios infection, but also hinders the consolidation of the fragments.
In emergeney worl, 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 direct examination of the wound. In articular wounds,
on the other hand, an x-ray film is a great help.

Excision and Time
Obviously, exeision is most eftective in preventing infection when it

is done early. No change in the vascularization of woundecl tissues
occurs during the frst fo hours after the produetion of the wound.
Af'ter that, extension of the damage depends mainly on the degree of
bruising· and especially of crushing of the muscles. After four hours,
infective anaerobic complications rnay develop if there has been great
initial impairment of the blood supply, but in all war wouncls 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 infective thrombosis.
For that reason it is important to excise before any further damage in
the vessels has extended the area 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 increase still
f'urther 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 exision or not. I personally
do not accept the common view that a wound should never be excised

after the frst 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 pyogenie 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 havé 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 bacteria! colonization, the de­
fensive mechanisms can act at full strength bccause 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 muscle 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 bony tissue in osteomyelitis.
I do not pretend to lay clown 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 healtly tissues which
surround the necrotic ones. A pair of scissors is the best instrument.
An untreated patient who survives 48 hos withot signs of anaerobie
infection will probably escape gas gangrene.
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The surgeon 's chief concern in treating ar wounds is the removal of
foreign bodies from the wouds themselves or the surrounding tissues.
Dring the War of 1914 to 1918 this surgical measure was directed
largely to inorganie foreign bodies, such as bullets ancl pieces of shrap­
el. Today, however, we kow that these are of seconday importance
compared with organic foreign bodies such, for instance, as pieces of
clothing, splinters of wood, and, above all, pieces of devitalized tissue
and colleetions of contaminated fluids.
The tissue fluids are powefully bactericidal and very similar in

composition to lymph. The purpose of their appearance in a wouncl
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 circuit which is comprised by the blood, the tissue fluids ancl
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 bacteria] 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 eavities and

cellular spaees. 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 described by Pietro d'Argelata
at the beginning of the 15th centuuy, but it was used only intermit­

> · ·tently in the subsequent periods until in the 19th century Chaissaignae
again deseribed it (see Billoth, 1871). Soon afterwards the use of
drainage tubes was widely extended by the influence of Lister, who
recommended thc rubber tube as the best device. Surgeons later used
a piece of striated rubber, cut in long, narrow strips and inscrted m the
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wound in the same way as the rubber tube. More rccently Winnett O1
popularizcd thc vasclincd gauze pack as a means of draining wounds
widely openccl by incision.
These procedures are all basecl on gravity and rcquire an opening at

tite most clepenclent part of the wound. This has serious clisadvantages
in war wounds, for in many cases it would be necessary for the surgeon
to make ncw incisions outside the wouncl in an already much-damaged
limb, ad thus interfere with the nutrition of the tissues surrouncling
the wound. lVIoreover, with any of these methods sorne discharge is
bound to be retainecl in pockcts which are not at the most dependent
part, and this will encourage bacteria! reproduction. Drainage by
gravity is undoubtedly the best method in infected wouncls in which the
discharge is copious, but drainage by suction leads to bctter results in
wounds treated before infection has begun. Even a small amount of
discharge is sufficient to allow bacteria to multiply, and consequently
all wouncls treated before infection should be kept absolutely dry.
Drainagc by suction will do this if poperly applied.
A cavity with a narrow opening can be effectively clrainecl by an

aspirator or pump similar to those used to empty the pleura or stomach.
A wiclely 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, ancl the on1y satisfactory methocl of
clrainage in such cases is that a.fforclecl by the suetion 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 bloocl which fills
every small corner of the wouncl, clemands a special tcehnique. The
absorbent capacity of gauze, however high, is not unlimited, and conse­
quently af'ter 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
supplementecl by sorne other substanee still more absorbent than itself.
Here the plaster cast provides one of its many advantages, for good
plaste of Paris is very absorbent. It is important that the plaster
shoulcl be appliecl in clirect contact with the gauze, and its quality must
be goocl; sorne brands on the market have little orno absorbent capacity.
In treating compouncl fractures by the methocls I describe, a non­
hydrated plaste of Paris of the type called 'alabaster'' shold be sed,
for this when set is highly absorbent, as inclicatecl by the rapid dark
staining of the outer surface of the east.
This quick absorption of the initial bloocl and lymph exuded frvom

the wound is of very great value; in fact, in my hospital in Barcelona



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 paticnt ncarly always made a good recov­
ery. Moreover, if the exudate is rapidly absorbed the offensive smell
will not appear, and when the plaste is changed the wound will be
found dry and hcalthy.
In sorne 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, suetion drainage is
not sufficient to eliminate the discharge and must be supplemented by
a form of gavity 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 extemal 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 necessai·y ( often
af'ter four to six days), the rubber strip can be withdraw11 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, suetion 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 gaze when the time
comes to change to plaster.
In infected cases, on the other hand, dy 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 o paaffin, supplemented
by a rubber tube to provide cou11terdrainage, 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

Fig. 36.A layer of dry, close-mesh gauze, cut from a good quality bandage is applied
to the depths of the wound.

Fig. 37.T he cavity left by the excision of the bruised tissues is filled with a pack
of ordinary gauze. This malees a prominence above the surface of the skin, and will
be slightly compressed when the plaster is applied.
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Counterdrainage

'l'he best methocl of inserting a rubber wick for counterdrainage is
as follows. Tlíe limb is placed in the position which it will occupy in
the bed. A long ancl slightly curvecl forceps is passecl to the bottom of
the wouncl, ancl carefully ancl gently pushccl clown bctween the tissues,
always being passed, if possible, through thc intermuscular spaces so
as to avoid damaging the msele fibers, until finally it makes a

1

bandage is cut the first la.yer of gauze needed for drainage. This piece
is cut 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 direet contaet with the skin and gauze secures the absorp­
tion of the small amount of discharge which comes from a properly
excised wound beforc infection develops. Not mnch pressure is neces­
sar; the requirement is contaet, not pressure.

Fig. 38.-Compound fracture of tibia and fbula operated on four hours after in­
jur. ound cleaned with soap and water; excised and drained with plain gauze.
Fixation of the fragments with to Steinmann pins and application of plaster.
Photograph taken one month after the operation. Note the plaster stained with blood.
No discharge and no smell. (See also Jigs. 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 earefully
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 strncturcs
has caused secondary hemorrhage. To prevent this it is wiser to insert
a narrow strip of vaselined gauze instead of the rubber.

Fig. 39.Radiograph of same case.

prominenee on the skin on the dependent side. Herve an ineision is made
in the skin and fascia ancl the forceps is pushed through. The tunnel
thus made is slightly expanded by opening the foreeps, whieh is then
drawn back grasping one end of the rubber wick or vaselined gauze.
The position of the wiek shoulcl be such that it will be capable of drain­
ing off all the fluid without any assistanee by manipulation or compres­
sion, far need of these is a sure indication that the drainage is not ade­
quate. Occasionally a wound of irregular shapc will require more than
one wick to provide sufficient counterdrainage.
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Orr's Technique
Orr 's techique of vaselined gauze is sa.tisfactory in infected wounds,

which should first be incised a.nd enla.rged. 'l'he gauze, coated with
va.seline, should be packed tightly into the wound so as to fill the whole
depth and to keep the walls well apart. A flat !ayer of vaselined gauze
is then laid over the packing, and finally the plaster is applied in contact
with this !ayer. If the discharge is not unduly abundant I prefer to use
paraffin rather than vaseline, since this, being more fluid, is more suc­
cessful in penetrating to the corners.

Fig. 40.At the removal of the pins and flrst plaster, two months afterwarcl, the
wound is almost healed and the fracture is unitecl by a callus still slightly elastic. A
guarding plaster below the knee is applied.

,.
In normal circurnstances a clean wound drainetl by dry gaze should

not be disturbed during the early stages of healing, and the fist drain­
age gauze and the plaste shold be left in position for several weeks
(4 to 6 on the average). If on removal of the plaste at the end of this
time the drainage gauze, in spite of the close mesh, adheres to the surfaee
of the wound, an application of peroxide for 10 to 15 minutes will enable
the dresser to remove it without damaging the granulations or caüsing
more than slight bleeding. In sorne instances, and particularly in frac­
tures of the leg that have been pinned, the small amount of discharge
and the absence of smell o any discomfort make it possible for the fst
plaster to be retained until the consolidation of the fracture is complete.
It is not advisable, however, to leave the frst 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.

;

The new drainage gauze may be either dy 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. '11 .-End result of case shown in Figs. 38 to 40. Photograph taken ·six rnonths
after injury.

should be used for the secohd 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
sorne 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.

Changing the Gauze
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CHAPTER XVIII

REDUCTION AND FIXATION OF FRACTURES

Whether in simple ar in compound fractures, accurate restoration of
the anatomical struct nre 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 la.id by Guy de
Chauliac, who as long ago as the 14th century described a device for
maintaining such traction continuously. Traction in itself, howevcr,
will not secure a good position of the fragments: there must a.Isa be
uniform tension of the muscles, 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 gastrocnemius and so pre­
vent the baekward displacement of the lower fragment. Sorne 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 postura1 treatment of fractures until its
reintroduction by Zuppinger in 1906. Gurdon Buck devised the first
really useful apparatus for reducing fractures of the femr: he applied
a thick roller cushion under the lmee to provide the double-inclined
plane, and obtained traction by means of elastoplast affixed to the skin,
a material which had previonsly 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 Ransahoff
introdueed the "'iee 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. His apparatus consisted primarily of a narrow
metal blade, which was inserted above the posterior tuberosity of the
calcancus and in front ol' the tendo achillis, and through which trac­
tion was applied. Befare long two other systems embodying the same
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principle were described, i.e., the Steinmann pin, published in 1911, and
the Kirschner wire, which is better in certain cases.

Compound fractures need if , ti · ·
• • » anynmg, even more perfeet reduction

than simple ones, owing to the importanee of the l · l4ti <. { ]
v oca c1cu.aton m he

fight against infection. 'The best ibt <:. ... •

6' "' • means ot obtaining good position is by
the_ umform pressure of musclcs nnder traction, for thcse havc a high
splmtage value. But in the treatment of compound fractures con­
tinuous traction has many disadvantages, some serions. The immobiliza­
tion of the soft tissues is f'ar 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 dra­
back in war conditions. Dring the Wa of 1914 to 1918 many hospital
wards looked more like factory workshops than surgical centers, 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 difficnlt to g·ive adequate supervision both to the
wound and to the proper alignment of the fragments. Moreover, this
cumbros apparatus constituted a very serious ohstacle to the evacua­
tion of patients if and when this became necessary. A new teclmique was
obviously required, one in which the beneficia! effects o:f traction could
be combined with complete immobilization of the limb, including the so:ft
tissues, and a real protection o:f the wouncl, and which at the same time
would facilitatc immediate evacuation. Ali these requirements are pro­
videcl when a plaster cast is usecl as a supplcment to traction.

Plaster and Traction
Almost simultaneously Winnett Orr and Lorenz Bóhler began to treat

fractures by applying a plaster cast after reduetion with a Steinmann
pin or similar device, and including the pin in the plaste so as to im­
mohilize this as well as the fragments. Bohler found that this technique
involved little risk when the pins were absolutely immobile, and that
the infective complicaiions which sometirnes developecl at the site o:f the
pin were almost always due to its incomplete immobilization. 'l'his tech­
nique was used mostly for simple fractures, but Orr applied it to
infected compound fractures of the leg. Recently Anderson (1938)
has been using a new method of external fixation bascd on a similar
device employed by Lambotte ( 1913), transfixing the bone with pins
from cortex to cortex ancl attaching a metal plate to each pair o:f pins;
the plaster cast, which is a good substitute fo 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 m
compound fr'.1-cture. 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 wouncl was sutured. The leg was immobilized
by traction through a Steinmann pin in the calcaneus. Considerable
sepsis developed in the wound and round the pin, and eleven days after­
wards the patient was admitted to the Wingfeld-Morris Orthopaedie
Hospital. The wond was drained and the calcaneus region opened up
f'rom 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 severa! operations. After many
months of persistent suppmation, the anlde joint was stiff ancl the sinus
persistecl unhealed; the foot was painful and edematous. At that stage
an amputation was clecided 011 (see Fig. 42). º

that it permits··sti'oÍ1g traction with a rclatively thin wirc, but fr also has
the disadvantage that, in orcler to maintain the wire at tension, the
'' stirrup'' has to be kept attached to it even after a plastcr cast has bcen
applied.
In my hospital in Barcelona I had a device, which I still use, to

obviatc · this inc_onvcnicncc: Insicle thc stinup a simple form of clamp,
to which is affixed a broacl metal plate, is attached to the wire on each
side of' the limb.'Thisplate is incorporatedinthe plaster (which natu­
rally must be suficiently ·strong at this level), and then, when the plaster
is f'ully set, or prefcrably the <lay after its ai;plication, the stirrup is
removed and the ends of the wire are cut off. The rigidity of the plates
in the plaster is sufficicnt to keep the wire taut (see Figs. 43, 44, and
45). Por furth_er details see the description on p. 358.

. .»
'1
\

F 43.-PI t fttted with a device similar to that which attaches the Kir_schner
4' á };"r fixing rirsciner wires o fiaster casts. (see also Figs. 44
and 45.)

Operation Under Traction
All operations on war fractures should be performed under some

kind of traction. 'This is an important rule which is only too often
disregarded. Manual traction, with the hands of a trained assistant re­

.r, plaeino· the pin,· is generally sufficient for fractures m the upper hmb;

1 . t . · e, f' o· compound fractmes of the head of the humerus,m a evV cases, e,e,·, . , · d
K¡ 4] ·> though the oleeranon process providing traetion, ana Iischmer wre '1 5 u

',

/1

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 neecl the thicker
pins. The Kirschner wire has an advantage over the Steinmann pin, in

Fig. 42.Osteomyelitis of ca lcaneus after the app!ication of a Steinmann pin. After
many months of treatment the foot had to be amputated.
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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 flxed in con­
tact with its externa! surface.

Fig. 45.-The plates are now flxed to the plaster with a few turns of plaster
bandage. The stirrups are removed, the edges of the Kirschner wire cut and the
patlent is free from externa! traction. '

a strong bandage passecl uncler the axilla and round the chest for
countertraction, will greatly faeilitate reduction, an<l particularly the
application of plaster. In the lower limb, on the other hand, all com­
pouncl fractures shoul<l be reducecl uncler pin or wire traetion, and the
insertion of the pin or wirc and its attachrnent to the traction apparatus
of ihe orthopedic table (especially in fractures of the femur) shoulcl
be the first stage of any operativc proceclnre.
If an orthopedic table is not available, an extension apparatus of the

Bohler type, which can be attached to any kin<l of table, shonlcl be used.
If, however, either this apparatus or an orlhopcdic table is used for a
fracture of the Jcmnr, sorne provision must be made for applying trae­
tion with the hip and knee joints in flexion. This can he done by a
metal tube about 4 f'eet long, onc cnd of which is fixed vertieally in thc
traetion apparatus of the table, while to thc othcr encl is attachecl thc
screw for foot traction fonnd in most orthopedic tables. Tite patient is
laicl on thc table with the pelvic snpport in position, the hip and knee
are flexed, the appropriate degrce of abduction is obtained in the thigh,
and traction is appliccl from the sc1·ew at thc uppcr end of the metal
tube to a pin o wire passed through the superior epiphysis of the tibia.
In many cases of componnd :fractul'~ caused by the high explosives of

modern warfare the ll'amnatic destmction of the soft tissues and the ex­
tensive excision which they require make it possible for the surgeon to
reduce thc fracture withont much trouble. In :fractmes of the leg, par­
ticularly obliqnc :fractures, thc upward clisplacement of the plaster that
commonly occm·s is apt to cause O\'erlapping of the fragments, ancl it
is therefore advisable to insert a pin-or preferably a Kirschner wire­
through the upper fragment of the tibia near the tubercle or to fix both
upper and lower fragments, avoicling, however, the insertion of any pin
in the calcaneus, owing to the danger of infection. In fractures of the
femur there are various methocls for preventing displaccment of thc
fragments a:fter rcduction: Anderson 's pins and plates, or a wire run
vertically through the trochanter to fix the upper fragment and another
through the lower fragment, or traction through the plaster by in­
corporating a small handle at the kee and suspending weights frvom
this for the first month. It is, however, only those cases in which the

d · 11 d the museles remain relatively intaet which requirewoun Is sma an .
1 · -f- of' ti·actI·o11 fi,··1tion In the more ser1ous cases, andthese var1ous oms « · . • ·

. l·] . f ·tres of' the femur with much contusion ol tissues,partieuar y 111 rae 1 . • _. . . . .-, •. ,
which require thorough exeision and comminution, a good plaster-of­

1"> • t 1 IJl'OJJer clcºTee of flexion in the 111p ancl lmee .1omts arear1s cas1 and a ' . m: 4,] : ·¿q
11 f,i:, • t to rnaintain the reductwn. llus tec m,qne Is e e-genera!y surte1en '

scribed 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 o 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 efleets of
traction and postural treatment should be maintained. Detailed ac­
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 most of the teachings of Hippocrates, the importance of rest
was not "rediscovered" at the Rcnaissance, and, l\fagati 's contribution
apart, it was not until tite last century, when John Hilton published his
book On Rest and Pan (1863), that a complete study was made of its
part in combating disease. In 1872 Ollier published the result of his
treatment of war fractmes by immobilization with plaster of París, and
described rest as an essential therapeutic factor. About the same time
Billroth (1871) was working on similar lines, using plasters with a win­
clow cut over the wound. Not, however, until the War of 1914 to 1918
was the vital importance of restand of rest in its best form, immobiliza­
tion-universally acceptecl.

This great aclvancc in surgical trcatment 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 Iugh Owen Thomas
(1886) had described in the last century ad which had been almost for­
gottcn in the intervening period. The immobilization aftorded by thc
Thomas splint, in spite of its inadequacy for thc soft tissucs, produccd
greatly improved results and revcaled once and for all the need for the
best possible technique of immobilization. The other belligerent nations
devised their own methods: the Gcrmans took up the technique prcvi­
ously described by Billroth, using the windowed plaster (Schede, 1915;
Bratm 1915 1916) · while thc French usccl a combination of plaster and

' ' 'iron supports.
None of these methods, however, provided the complete immobilization

afforded by thc tcclmiquc which Ollicr had clevisccl cluring thc Franco­
Prussia War; and it was not until after the War of 1914 to 1918 had
ended that Winett Orr introduced his epoch-maling variant of Ollier's
method which immobilizes not only the bones but the soft tissucs also.
Orr recognized the value of rest as an antiphlogistie, and made this the
basis of his trcatment of osteomyelitis, immobilizing· thc affected bmb by
the only device which provides absolute and complete rest: a perfectly
moulded plaster cast extending beyond the adjaeent joint on both sides
of the injured segment. In the treatment of traumatie wounds, complete
immobilization is evcn more important than in osteomyelitis, sinee 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 complica­
tions whieh tend to arise in the soft tissues. To avoid these complica­
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tions, absolute immobilization is necessary, a faet which was fst brouglt
home to me by my clinieal experienee in Barcelona and was subsequentl,
proved by experimental research in Oxlord.

THE EFFECTS OF IMMOBILIZATION

Uutil quite recently no one has known the actual mechanism by
whieh the complete immobilization of a wound in plaster achieves its
successful results against infection. l\fany theories have been advanced
to explain the phenomenon. Albee (1933) believed that the beneficia!
effeet of the Orr treatment was due to the produetion of bacteriophages
m a wound covered by a closed plaster. Garcia Alonzo, among others,
held that biological antagonism between different groups of bacteria
makes it impossible for pyogenic organisms to colonize in plaster and
that this slows up the septic process. In sorne cases, undoubtedly
bacterial incompatibility may diminish the numbers of pathogenie
bacteria, but the success of the closed plaster cast must ultimately be
attributed to immobilization and to this alone.
I have elsewhere referred to the experimental work of J. l\tI. Barnes

and myself which showed that obstruction of the lymph flow prevents
the absorption of bacteria and their toxins (see p. 75). Or experi­
ments also showed that rest produeed by immobilization of the aflected
limb in a plaster-of-Paris east has the effeet 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 Yoftey, 1941). These workers stressed
the importance of muscular activity, and indeed of any kind of move­
ment, in determining the rate of lymph flow in the limbs. They put
a ca.nnula 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).
J. 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 muscles

IMMOBILIZATION IN CLINICAL PRACTICE

From our finclings, 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 substanees from a wound, and
secondly that in cases with no inflammation the arrest of the lymph flow., '
effected by plaster immobilization is almost as complete as that secured

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 periocl of thirty minutes was brought about by active muscu­
lar contractions producecl by faraclic 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 continuecl after the whole limb had
been immobilized, the flow stopped almost completely.
Having confirmcd 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 onc animal the volume was nine times less than
when the leg was freely moved. The efficiency of the plaster cast was
further proved by cxperiments in which we injected snake venoms ancl
bacteria! toxins into the limbs of rabbits immobilizecl in plaster and
obtained results ver 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 clied in an
average of lcss than 4 days, those which had been immobilized in plaster
survivecl 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 coincides with

the development of edema. The lymphatics in an edematous area, far
from being occluded by the pressure of the swollen tissues, have been
seen to be widely dilatecl (Pullinger and Florey, 1935), and our experi­
ments confirmed these observations. In animals with edema following
burns, and in two animals with a generalizecl edema of one leg ( one of
them associated with an abscess in the thigh), there was always a greatly
increased lymph flow on movement. vVhen, however, after scalding the
foot, we prevented edema by immediately applying a small plaster, the
lymph flow was markedly reduced. But although enelosure in plaster
of a recently scalded foot will prevent swelling and so reduce the lymph
flow far below the amount observecl in a foot left free to swell, the flow
is still considerable. Or investigations showed that this flow can be
further recluced if sorne incisions are made over the inflamed area.
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by ligation of the lymphaties, it follows that immobilization in plaster
provides one of the most effective mea.sures for preventing bacteria! and
toxic 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 beneficia! 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 sorne diffusion has occurred in the short period of inter­
rupted immobilization.
It might be argued that the applieation of a splint would achieve a

similar efleetive 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 externa} pressure or
from the movements caused by muscular activity. Complete and
absoluterest for the muscles and protection from externa} disturbance are
provided only by the plaster-of-Paris cast. 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 protectionis 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 fibla on June 27, 1940, when he was thrown from his motor­
cycle which had struck a car. He was operated on within two hours
of being wounded, and 2000 nits of antitetanie serum were given.
There was a wound 3 in. x 2 in. over the lower third of the tibia on its
internal aspeet, with ragged edges and the underlying musele extremely
lacerated. A second small wound, ½ in. in diameter, lay 1in. 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 far one evening when it rose to 100° after a new in­
jection of antitetanie serum followed by some anaphylactic reaction,
was below 99 1.

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

A.

Jig. 46.A. Compound fracture of tibia and fbula treated by plaster covering only
the posterior half of the wound. Note thc marked edema corresponding with the
windo. '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.

B.
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THE TECHNIQUE OF IMMOBILIZATION

To provide perfeet immobilization a plaster cast must include not
only the joints on eithcr side of the wound, but also the segments of the
Iimb bcyoud thesc joints. Por examplc, to immobilize the leg the plaster
should include the foot and cxtencl to the upper third of the thigh. The
same principie applies to joi11ts: for instance, the knee shoulcl be im­
mobilizcd in a plaster which includes both the foot and the hip. In
order that the surgeon may satisly himself' about the condition of the
enclosed limb, at least the last phalanges of fingers and toes shoul<l be
lef't uncovered. Edema, any change of color in the skin, loss of move­
ment or warmth in the digits will thus be readily detected and serve to
cofirm 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 inelude part of the digits and to fix the rest with traction,
that is to say, to make them immobile but visible.

cut over the anterior half of the big wound to obtain samples of the dis­
charge for researeh prposes. The part of the plaster corresponding
to the window was rcapplied and maintained in position by an ordinary
bandage. Af'ter that day the wound discharged more, and, 011 removal
of the plast.er after thrcc weeks, the part which had bee11 covered by
the window was fomd edematous and sloughing, and the surrounding
skin showed a dermatitis, whereas the posterior area, which was com­
pletely eovered and comprcssed by plaster, showed very healthy granu­
lating: 1 issne with onl~r slight discharge; t:he edges of this part of the
wound were flat and elean. A very definitc line existed between thesc
two areas. 'l'hc other wonnd, which was completcly covercd by plastcr,
was grannlating wcll (see Fig. 46).
011 December 16, the fracture was completely consolidated but a small

sequestrmn was scen on the x-ray film, and was removed under pentotlwl
anesthesia. New plaster was applied from toes to knees, afte paeking
the little wound with dry gaze. A fortnight later the plaster was cut
off and the sinus appeared to be healed. There was clinical and
radiographiral union but still another small sequestrum, which, af'ter
sorne loealized inflammation, was removed two months later. Aft-cr
that, movernent of the !mee ranged from 0° to 110° ad of the ankle
from Oº to 35°, and the patient was transferred to his unit.

The points to he st.ressed in this case are: l. The excision was carried
ont withont. cnlargement of the wound, and as a consequence the re­
moval of devitalized bone was incomplete. 2. The reduction was not
satisfactory, and therefore a second manipulation was necessary when
the granlation tissue was not yet an organized barrier. 3. The cutting
of a window over the wound showed the vital part played by uniform
pressure in producing healthy granulations as well as the good effect of
the snction drainage which is exerted by the plaster when this is in
direct contact with the wound.

Padding and Its Drawbacks
Some surgeons cover the whole limb with a layer of padding beforc

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 maintainecl, an intervening !ayer of
so;e rcsilient material must be placed between the plaster and the skin.
This is a great mistake. In the füst place, a thick layer of paclding
definitely reduces thc immobilization. Secondly, any padding between the
plaster and the gaze covering of the wound (it should be rememberecl
that I am spcaking only of wounds and compound fractures) reduces
the absorption of the plaster, and the woud is thus kept wet with the
fluicls which exude from it. The absorbent capacity of the paddmg IS

quickly exhausted, and the satrated material povides an excellent
medium for the growth of bacteria as wcll as producmg a most offens1ve

ell If a1)art from the protection of a fow bony prominences, thesm . , · · b ·
plaster is applicd without an intervening layer of padding, the liml is
more effectively immobilized, the wound is kept dry and less susceptible
to infective complications, and the smell is far less unpleasant.

Owino· to the dcpendent position of the upper extremity even in bed,
mselar atrophy never constitutes a serious problcm in wounds of
the arm, forearm and hand. In leg wounds, however, th: best method ·
of ensuring close contaet between the limb and the plaster is to make the
patient walk about on a Bhler iron as soon as the condition of his
wound permits. Walking may be allowed after the frst change of
plaster il the woud is well filled with healthy granulation tissue and
the risk of infeetion is considered to be over. Wherve the patient's
progress is so satisfactory that the plaster can be left:in, position until
the consolidation of the fracture o the healingof the wound is com­
plete, the patient may be allowed to walk about a month afte the in­
jury, the exaet 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 b_e carefully watch:d

for any sign of prexia, edema of the toes, o sensations of heat or pain
in the wound. The slight swelling of the whole limb and the better
muscular nutrition affordecl by the exercisc 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 lowe ex­
tremity has to be kept in bed fo a long period, owing to multiple lesions
or other foctors causing a serious general condition, it is a good plan,
after keeping the plastered leg raised for a period not exceedmg a
month to move the limb into a lower position for a short but gradu­
ally inerveasing period two o three times each day. This alteration in
position must, however, be made without moving the patient from his bed.
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CHAPTER XX

PLASTER-OF-PARIS TECHNIQUE

The immediate precursor of our modern plaster-of-Paris technique
was the use of bandages freshly stiffened with starcha method per­
feeted by the Belgian surgeon Seutin (1840) in the frst half of the
last centry, and later adopted in most of the surgical centers in Europe
(see also Putti, 1939). The starch bandage was reinforced by splints
cons1stmg at first of strips of thick pasteboard and later of thin laths
of wood, whieh 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 hos to harden; it was therefore aban­
doned when the possibilities of plaster of París were discovered.
The plaster dressing as it is now used was first described in 1852 by

a Dutch surgeon, A. Mathijsen, but did not become widely known until
some years later (see Momo, 1935). Mathijsen's plaster dressing was
composed of roller bandages very similar to those in common use to­
day, but various modifications have been introduced since his time the. 'most important being that of Pirogoff. This surgeon, fnding 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 dawn through a thin plaster paste. After the
war Pirogoff elaborated his method and evolved a special forro 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 modifcations of a similar type.
From early days, too, surgeons have varied in their methods of ap­

plying the plaster dressing, sorne using an underlayer of padding to
protect the skin, others placing the plaster in direct contact with the
skin.

Since plaster of Paris was frst used in the treatment of fractures,
therefore, almost every possible modus faciendi 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 antisepties.
The value of plaster of Paris to the surgeon is its property of erystal­

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 Hofl and his school at the
beginning of the present century. Plaster of París will absorb a great
deal of' water, far more than is required to make it crystallizea point
which must be borne in mind when a plaster cast is applied, for unless
the surplus water is removed before the crystallization begins, the
plaster will not be sufficiently compaet. The plaster supplied for sur­
gical use is 90 to 95 per cent calcium sulfate, the chief impurities con­
sisting of calcium carbonate, ferric oxide, aluminum silicate and sorne­
times pyrites. So long as these impurities are present only in small
quantities, their influence on crystallization is negligible.
The process of crystallization can be retarded by sodium phosphate

or small quantities of g-lycerine 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 a1so hastens
the setting of the plaster.

PRINCI:J:>LES OF APPLICATION

The general prineiples of applying p]aster-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 sorne cases the erest 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 aflected by every kind of pathological condi­
tion as well as fractures, there has been au increasing tendency to
follow the old method of poteecting the skin and bony prominences
with some form of padding, cotton wool, or stockinette. This padding
is used with a twofold objeet: first,to prevent constriction and conse­
quent ischemic effects; and secondly, to protect the skin overlying the
more superficial parts of the skeleton in orde 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, o 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 serios compliecation. 'This was af'ter an operation for a fracture
of' the lower end of the hmerus. I found that reduction was most
satisfactorily rnaintaincd with thc 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 conseqnently produced a severe compression fol­
lowed by Volkmann's ischemic contracture, which was fortunately cor­
rected by· an immedinte arterial sympathectomy. Slight constriction
will also tend to occm· when a plastered limb is kept low, for edema is
readily produced and iner@ases the pressre of the plaster.
There has been much discussion whether the plaster increases in

volume on setting, and many surgeons have believed that constriction
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 e inch and that contraction never ocurred. 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 frvom the
prevention of possible frietion in a few areas, among them the grveat
tuberosity of the calcaneus, 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. I fact, a plaster applied in clirect
contact with the skin effects a more complete immobilization ancl thus
holds the fragments of the bone more firmly in position than does one
which is placed over an intervening layer of paclding.
Moreover, the absolute immobilization of the limb that can be ob­

tained by careful application of a skin-tight plaster, provicled that
there is sorne protection over the bony prominences, prevents any slight
displacement of the skin unclerneath the plaster, and thus averts the
sores commonly produced by this cause. That the sores which occm·
underneath plaster casts are in many cases caused by friction due to
incomplete fixation is clearly shown by the conditions under which the
comonest of all such ulcerations 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 uncler­
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 worcls, the
more complete immobilization of the bony prominences of the spinc
prevents ulceration of the skin.

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 elearly produced by severe scraping combined
with sorne 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 plaste over a small but marked bony promincnce ( 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 area immecliately surrounding· a bony
prominence.
It will be seen, therefore, that a protective general padding is of

limited value in preventing sores, ancl 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 compressecl and hard beneath the plaster. The best material
for protective purposes is whitc adhesive felt inch thick; 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 goocl 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 offensi ve smell which necessitates pre­
mature change of the plaster.
Por these varios reasons skin-tight plaster is strongly advocated for

compound fractures. Those few arcas of the body which require some
slight protection from direet contaet with the plaster will be indicated
later when the easts for the different regions are individually described.

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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banda ge and the "pattern" teclrn ic¡nes. Each 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 thc 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 faet that plaste bandages can be made up in advanee and
stored up fo futre use results in saving of time in the preliminary
preparations.
4. 'The pressure of' the plaster can be reinforeed over those areas

whiech carry the greatest weight merely by making additional trns 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 nncl

hip spicas, takes up a fairly considerable time. In wartime, when con­
siderable numbers of casualties are admitted to a hospital at the sarnc
time and have to be dealt with in quick succession, surgeons must
necessarily work at speed and can ill affol'Cl the 20 to 25 minutes which
are required for applying, fo 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. 'l'he patient who needs a thoracobrachial plaster has
probably su:ffered 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 operatmg r00m 1s
to be spared this mess, the patient should be 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. '1.'here is no need to keep a stock of prepared bandages, which in

time of great pressure, as after heavy raicls, might becorne exhaustecl.

2. The teclmique is relatively quick, fo more than half the pro­
cedure-the preparation of the materials-can be carried out by an
assistant while the surgeon is still operating, and the plaster can be
applied on an orthopedie table without any alteration in the skeletal
traction used during the operation. A thoracobrachial plaste can be
applied by this method in about 8 minutes.

3. The method is clean, and the whole application can be completed
without more than a few drops of paste being spilt on the floor. Hence
thcre 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 thc 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 thc exfoliation which not infrequently
ocers with the bandage techique.

Disadvantages of the Pattern Technique.-
1. 'The technique requires a certain amount of specialized knowledge

and takes somewhat longer to lcarn.
2. Sorne time must be given up to the preparation of the plaster just

before its application.
In my opinion, each of these two techiques has its spccial indications.

For immobilization of the elbow, the forearm and the foot, the plaster­
banclage method is the most suitable; for the sholder and arm (tho­
racobrachial plaster), the leg ad the wrist I prefer the pattern tech­
nique. For the hip spica there is liltlc choice betwecn thc two.

The Plaster-Bandage Technique
Instruments and Materials

The instrmnents commonly employed are:
l. Several plaster cutters.
2. A saw.
3. A magnified glove stetcher fo opening the plaster after cutting.
4. Benders.
5. Scissor-like cutters for soft plaster.
6. Strong scissors for cutting felt.
7. Strong scalpels, generally secod-hand from the operating room.
8. Wire cutters.
9. Indelible pencils.

10. A tape measure.
11. A pint measure.
12. Pails.
13. Bowls of several sizes, some very lage.
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'The materials required are as follows:
1. Plaster of Paris, known as 'superfine plaster.''
2. Book mslin, 32 threads to the inch, stiffened with stareh, not

sized. '
3. Wool bandages.
4. White felt, ¾ inch thick.
5. White adhesive felt, ¾ inch thick, backed with zinc oxide.
6. Malleable iron wire, 10-20 s.w.g.
7. Flat strips of malleable iron, 2 ft. x % inch x 1/s inch.
8. Kramer wire, 3/ ineh x 24 inch and 3/ inch x 40 inch.

'The plaster and the plaster bandages are kept in airtight containers
in a dy place.
Preparation of Bandages.The muslin from which plaster bandages

are made is supplied in rolls about one yard wide ad 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.All 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 banda.ges 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. shold be readily available
for plaques.

When all preparations are complete, the frst two rolls of bandages
are gently lowered into the water. There are a right anda 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

position and left there unclisturbecl until all bbbling has ceased. It
is then lifted out clear of the water, still horizontal, and is gently
squeezed from the two ends; it mst 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 o1 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 accurate 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.'''Iwo 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 a2- 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 baek 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 ris]r of catl . 11 ·asmg a sa r1ge or uuevenness by greater tension of
one edge of the bandage. If dring the earlier stages of applying a
plaster bandage a loop o draw is made as each trn covers any bony
prominenee, and if the plaster is well rubbed in and molded 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 been careflly applied in this way, we come to the application
nf the layers which form the outer strncture of the cast. 'l'he methocl
here is somewhat different and is hasecl on the sole principie of provid­
ing additional strennth ·where this is needed. 'l'he process consists no
longer of bandaging iu the ordinary sense of the term; indeecl, great
care nrnst be taken to avoicl the slightest pull. One method is to unroll
thc bandage rapidly on the actual surfoce of the existing plaster, for
this eliminates the risk of' tension involved when the roll is held away
frvom the sufaee.
I certain areas, such as the dorsum of' the foot and the anterior

aspeet of the elbow, the initial layers of the plaste bandage are suffi­
cient support and require no reinforcement, while the region of the
uppe abdomen and lower ribs in frvont need never be enclosecl in
plaster at all. 'l'he plaster cast :f:or 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 ound the upper abdomen, the band­
age being cut and tumed back from this region befare the plaster has
fully set. On the whole the best method of reinforcing 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 reinforcing plaster casts are made out of ordi­

naryy plaster bandage. The smaller plaques are made from the smaller
hanclages, i.e., those that are used for the forearm and hand; while for
strengthening casts over the thorax ancl the back of the pelvis, broad
plaques 2 feet square are made frvom several bandages 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 unrollecl naturally
along the board in one direction and then lifted ancl unrollecl by hancl
in the other, then laicl clown ancl 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 umolled and the layers are laid out on the
board.
The plaque is laid carefully over the casing made by the plaster

bandage and is rubbecl into it, being helcl in position by a further band­
age where necessary. It can either be left flat or gathered into round

ropes or oval bars to form trabeculae. The surgcon places the rein­
forcement just ·where the plaster requires additional streng-th, e.g., for
a long spica of the groin, both in front of ancl behind the hip.
Patching.If, in the cose of wear, a plaster cast requires strength­

ening at any point, it can be patched either with bandages or with
plaques. Such a patch will not, however, adhere to the original plaster
unless the surface is slightly sof:tencd with new plaster paste. The
technique of doing this is as follows. The portion to be patched ancl
the area immediately surrounding it are scratched and roughened with
a saw or rasp; some fairly thin plaster paste is rubhed well into the
rvoughened area, and the bandages or plaques are applied before the
paste has had time to set.

The Pattern Technique
Since the first description of this tcclmiquc by Pirogoff (1864) its

main principles have remained unchang·ed; but the matcrials employed
for the patterns and the design of the patterns themselves have been
frequently moclified. In Catalonia we used a thick, soft flannelette
with a wicle mesh; in France the school of Calot ancl in England John
Croft employed ordinary gaze. I have reccntly adapted the tech­
nique current in Barcelona, using the muslin material ordinarily em­
ployecl for plaster bandagcs and incrcasing thc numbcr of layers to
compensate fo the thinner material.
Preparation of the Patterns.Measurements of the part to be im­

mobilized are taken on the uninjured limb, fvom 5 to 10 per cent being
added to allow fo shrinkage of the fabie. These measurements are
marked on thc muslin, which is spread out on a table, and the appro­
priate number of layers are then folded up. Next the clesign is pen­
cillecl on the top layer of the muslin, ancl the pack is cut out. The
number of layes required varies with the size ancl weight of thc part
to be immobilized. The quantities given below refer to the require­
ments for an average-sizcd adult. There are five patterns for the
limbs; these are suitable for all cases and vary only in size.

The Plaster Cream.-The propcr amount of hot water (temperature
approximately 100º 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 surfaee of the water until
it is no longer absorbed. The mixture is then stirred and rubbed into
an even cream. Held 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 liftecl out of the basin ancl gently
squeezed (it must not be wrung) to remove any excess of liquicl. The
pattern is then ready for application.
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Application.-\Vithout 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. Sorne turns of
ordinary bandage are used to hold the pattern in position and a thin

• olayer of plaster eream is spread evenly over the surface. Before the
plaster has set the pattern must be well molded round the epiphyseal
regions and other bony prominences and over the area of the wound,
eare being taken that smooth pressure is made with thc whole hand and
not with the tips of the fingers only; this is to securc uniform and widc
pressure on the selected points.

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.
For simplicity and rapidity of application and for perfect 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 ancl ulna,

F'ig. 48.-Plaster pattern for immobilization of forearm.
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the wrist shoulcl be in pronation, but this position must never be foreed.
For other fractures the hancl must be immobilizecl in a degree of
supination determinecl by the level of the injuuy: 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 toxie 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 streteh from the heads of the metacarpals to the humeral
insertion of the deltoid, and is applied to the posterior part of the

Pattern Technique.-
Materials required: 6 layers of muslin

½ pint of water to % pint of plaster
'l'he 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

Fig. 47.Plaster puttern for immobilization of wrist.

t
• t

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
Iength 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 pressre on the skin; if the plaster is too long the
upper edge must be tumed back before setting.
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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.
Fonr plastcr banclages of the samc type are rollecl on to makc 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 Tecbnique.-
Materials required: 6 layes of muslin

13/,1 pints o:!' 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 inclucle the elbow aild arm
(see Fig. 48). This extra part is clrawn at right angles to the forearrn,
and its width corresponds to the ciremference of' the arm. A cut is
made in the center o:!' the anterior angle to facilitate applicatiim, ancl
a curved indcntation 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 orclinary gauze bandage.
The pattern technique has no appreciable advantage over the band­

age technique in this region, and the simplicity of the latte explains
its general acceptance.

Elbow, Arm, and Shoulder
'The elbow canot be completely immobilizecl without fixation o:!' the

sholder, and fo this the "thoracobrach ial" plaster is required. This
is the most complicated of all plasters and, as it includes a large part
o:!' the body and the upper limb fixed in abduction, must be strong
and yet not too heavy. For this regio the use of bandages, by which
the plaster is clifficult to fit and takes a long time to apply, is greatly
inferior to the pattern technique. I shall therefore confine mysel:I' to
a description of the latter, by which with practice the thoracobrachial
cast can be appliecl in less than ten minutes.

º·

H'ig . 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 sholder, arm, forearm and wrist. These
two parts will be described sepaately.

Pattern for the Thorax.-
Materials requirecl: 10 layers of muslin

2 pints of water to 3% 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. From one of the edges, at a point 6 to
7 inches from the fold, a. curved line is draw to the lateral edge at the
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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 thc width from thc circum­
f'erenee 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. 51.-Shoulder spica. Padding with felt. (See also F igs. 52 to 57.)

level which will correspond to the axilla of the uninjured side (B-D
and CD'). From the same edge, and about 2 inehes 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

Fig. 52.-Padding of back.

This pattern has a different design fom 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 corresponding 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 cut 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 proteet the skin from the upper edges of the plaster, a

band of felt 4 inches wide should be passed round the base of the necl
on the injured side to the axilla 011 the opposite side, where the two
ends are stitched togethe. 'The lower 3 inches of this band will be
covered by the plaster and the rernaining inch turned back over its
edge. A similar band should be used to protect the anterior superior
iliac spiues and lumbar region. I thin or toxemie patients the internal
condyle of the hmerus should also be protected.

Fig. 53.-The anterior flap, corresponclin;:- to the suprascapular region, is super­
imposccl 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, preforably of iron, sorne
40 inches long, 3 inches wide, and o/in inch thick, is placed as a bridge
to carry the patient's spine. An assistant should steady the patient by
holding the uninjured shoulder.

The thoracie pattern, having been duly prepared and soakcd 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); ancl over the
iron bar the plaster is well moulded to the body, particularly over the
iliae spines and the upper edges of the ilia. A fine plain gaze bandage
is used to hold the pattern in position. Meanwhile an assistant or nurse

Iig. 54.'The flap corresponding to the axilla is applied to the inner aspeet 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 sholder flaps of the thoraeie pattern (see
Fig. 54). Care rnust be taken that the flap forthe axilla in the thoracie
pattern is well covered by the conesponcling portions of the arm pat­
tern. The pattern is helcl in position by an ordinary gaze bandage
(see Fig. 55). Finally the iron bar is withdrawn from inside the plaster
by traction towards the patient's heacl (see Figs. 56 and 57).



Fig. 55.The pattern for the arm is being applied. Some turns of ordinary bandase
flx the plaster in position.

'The inmobilization of the difterent types of fractures of' the hd l · . . · umerusan the various positions of the arm required are dealt with in Ch
ter XXI. aD­

Fig. 56.T horacobrachial plaster completed. Anterior view.

WAR SURGERY

The Foot
Sorne protection, preferably of felt, should be placed roud the leg

below the knee to prevent friction of the ski 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. x4 yards, spanning the distanee from the toes over the
heel to just below the back of the knee. 'This is applied to the plantar
and posterior aspeets 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

268

Fig. 57.T horacobrachial plaster completed. Posterior view.
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consequent pressure points. F'our or five plaster bandages of the same
width and lcngth are rolled on and moulcled carefully over the anldc
and heel. Care must be taken to avoid retraction of the toes in
fl.exion, which is very liable to occur when the tips of the toes have no
proper support.

Pattern Technique.-
1\faterials requircd: 8layers of muslin

1 pint of water to 1%/ pints of plaster.
Thc length is measured from the tips of the toes to the heel and thencc

to the baek of the knee. The maximum width of the pattern is thc cir­
cumfcrence of the leg at the calf; below this point thc pattcm narrows
to the malleoli, and then widens out again.

second flaps pass in front of the wire and the thid behind it. The
whole ·pattern is helcl in position by ordinary gaze bandages.

The pattem 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 óf passing the bandage
between the foot and the traction apparatus. Moreover, when position
is being maintainecl 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 thc skin are the sarne as those described
above in the technique for the foot. In addition, however, a piece o:f
felt should he placed over the patellar region.

,,
/ 1

J

F'ig. 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 cnd 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 baek of the leg so that thc third flap covers the heel and sole
of the foot wherc it is hcld in position by the two side flaps which are' . . ..
now rolled round the foot. If a Kirsclmer wire or a pm 1s exercrsmg
traction on the calcaneus or lower epiphysis of the tibia, the first and

Fig. 59.Pattern for immobilization of the leg.

Banda.ge 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 techique fo the foot. It is
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fixed in position with seven or eight plaster bandages of similar size
ad 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, described 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 techique 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 ove the anterior superior iliac spines ancl sacrum, round the
knee, and over the caleaneus.
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-

tock, thigh and knee, and another to the front of the pelvis and groin;
these are held in position by two circular bandages. vVhen the hip
has been fixed, plaster bandages are rollecl on from the groin to the
middle of the calf, ancl a plaque of 6-inch bandage is applied poste­
riorly from the middle of the thigh to the lo,ver thircl of the leg, and
held in position by two more plaster bandages. 'T'he knee having been
thus fixed, a plaste 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 thc 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, onc embrac­
ing the pelvis ancl the other the thigh, leg and foot. 'l'hese two parts
overlap 4 to 6 inehes at the groin (see Fig 64), where an angle is cut
out to facilita.te application. A erved indentation is macle opposite
this angle, so that the pattern can be smoothly fitted round the buttock.
This overlap of the two parts provicles extra strength at the most vul­
nerable region of this plaster.

lVIaterials required
for each part :

For the pattern for the pelvis the length requirecl is from the ninth
rib to one inch below the groin, ancl the width is the circumference

10 layers of muslin
2 pints of water to 3 pints of plaster
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Fig. 62.-Some turns ~f ordinary bandage hold the pattern in position.

Fig. 63.-The final product.

of the pelvis. For the pattem for the leg the length is taken from the
anterior superior iliac spine to the toes, and the width frvom the cir­
cumference of thc 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 moul<led over the anterior iliac spine
on each side and over the groin area. Application of the ]eg pattern
should follow without delay, before the pelvic plaster has time to set

.------------------,
1

Fig. 64.-Gróin spica for adults. The plaster pattern is cut in two pieces: one for
the pelvis and ·:tite olhcr for the thigh and leg. They are superimposed at the groin.
(See also Figs. 65 to 68.)

(see Figs. 66 to 69). The upper end is laid over the groin and to­
chanteric portions of the pelvic pattern, care bcing taken that the
cuts for the groin and buttock in each pattern correspond exaetly.
'l'he lower portion of the leg pattern is applied as described above (see
p. 270). IE traetion is exercised by mcans 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. 66.T he pattern for the limb is spread out ancl placed in posltion.

Fig. 67.The pattern is held in position by some turns of ordinary bandage.

Fig. 68.-The final product.
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Fi¡; . 6!1.-Lon¡; ¡;roin spica to immobilize a transtrochanteric fracture. Plaster
made by pattern technique. Althou¡;h it is a light plaster, the photo¡;raph shows its
good condition after ten weeks of wear.

COMPLICATIONS UNDER PLASTER

One of the major difficulties in introducing the biological techniquc
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 grcatest
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 sig·ns and symptoms and suggesting their interpretation.

Fever.-Many patients with wounds encased in plaster show a rise
in temperature fo two, three, or four days after the operation. This
fever varíes with the characteristics of the wound, the time of the
operation, and the technique. It is a sign either of a local fight against
bacteria or of reabsorption of .bloocl in an extensive zone of local shock
(see p. 145). In the great majoity of cases it lasts for two or three
days and then decreases rapidly. A rise in temperature aloe need not
mean that something wrong is happening beneath the plaster. In some
cases a more persistet fever may occur, and the aclministration of one
of' the sulfonamide compounds may help in diagnosis. A fever that
disappeas after a short course of chemotherapy is not a sign of com­
plication in the wound, but probably reflects the ordinary local fight
that gocs on before the layer of granulation tissue can protect the
wound from absorption. Patients trcatecl prophylactically with sul­
fonamide compounds are generally free from this initial rise in tem­
perature, and so are those who are opcrntcd on undcr the optimal con­
ditions oí time ancl technique without chemotherapy.
Absence of' fever is thc main sign tha.t a perfcct cvolution will follow.

T'he patients who remain afebile are also those who neve have an
off'ensive odo and whose first plaster can be kept in position for six
or eight weeks if need be.

l\fost of the patients who ha ve had an initial period of fcver 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 dne
to absorption of bacteria and toxins as a result of the slight damage
clone 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 increase of pain ancl swelling of fingers or toes, is a sign of an
infective complication in the wound. The comonest cause is cellu­
litis, due either to the operntion having been performed too late or to
an. inadequate incision into the cellnlar spaces having allowecl blood
ancl lymph to collect. A course of one of the sulfonamide compourn1s
should be given immediately (see p. 205).

A similar picture may be shown by patients whose progress has been
satisfactory for sorne 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
rapiclly control the temperature.
The remaining possible cause of early feve is gas gangrene; but

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

» • J
an mereasing sensation of heat and tension in the wound, edema, cold
and diffculty 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 increas­
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 inerease 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, o 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 aceompanies 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 Discharg·e.-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, dama.ges the granulation
tissues, and gives rise to absorption. On the other hand, sorne 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

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 mch longer than the first, and
by the time it is changed, probably the whole wound will be granulating
and the bone covcred. If suppuration is still profuse, thc wouncl should
be cleanscd with soap and water solution and dried, thc granulations
soaked in tincture of iodine (which clecreases the excessive moisture by
coagulating the superficial layer), and vaseline gauze and a new plaster
applied.

The excessive dischage 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
o.f plaster for wounds, the problem merits cliscussion in sorne 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 techique, wounds are not encased until
colonization of bacteria has beg·un to take place. Among the bacteria
which multiply in the wound are many anaerobie 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 caseswhich are precisely those which
follow the least eventful coursethe wound produces an inoffensive
smell or none at all. Bacteriological examination in these cases shows
practically sterile wounds, ancl only dry and black clottecl 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. Y east has been recommencled by
the Leriche school on the theory that yeast feeds on the necrotic tissue.
I treatecl 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 laetose, to modify
the conditions of bacterial growth and thüs decrease the number of
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anaerobes. I have tested this techique in three cases of offensive
smell without observing ay change.

Connell (1940) recommends a paste called "zipp," consisting of zinc
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.''

Seddon and Florey (1942) have approached the problem from an­
other ang-le: 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 undoubteclly 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, rnake 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 necrotie bony
tissue and frvee 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 procedre; it might perhaps help in cases treated at home.

A. B.
Fig. 70.-Infected compound comminuted fracture of both legs, caused by aerial

bomb. Admitted to the Wingfleld-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 smcll. Thc photographs were taken after
four months of treatment in plaster.

A. Short plasters to allow flexion of the !mees, showing some discharge.
B. Protective bas covering the smelling plasters.
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CI-IAPTER XXI

PRIMARY AND SECONDARY SUTURES

PRIMARY SUTURE

Wounds have been treated by immediate and primary suture inter­
mittently sinee 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 frvom time to time, but the frequency of serious infections
(the 'irritations'' of olden days) discouraged surgeons from using
it as a general practiee. Primary suture first became a regular pro­
cedure in the treatment of traumatie wounds after the discovery of
antisepsis by Lister, for in many cases the antiseptic teclmique enabled
it to be applied without bad results. The general position remained
essentially unaltered until the ar 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 recognizecl 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 srgeons 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 routinc

procedure in war wounds: ·
l. The need for excising a wide area of dead tissues which malees

it very difficult for the surgeon to draw the edges of the skin togethe
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 infee
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 ancl capacity fo distention.
4. The frequent delay before surgical treatment can be given. due

. h h "either to the requirements of military operations or to the poor general
condition of the patient.
5. B'actors concerning the surgeon himself: the difficult conditions

under which he has to wok, the large number of casualties with which
he has to deal, fatigue, ancl frequently inexperience.
For these various reasons primary suture shold 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 perviod. A usefnl though rough classification is into two
groups: cases in which primary suture may be used, ancl those in which
it should never be used.

Cases inWhich Primary Suture IIay Be Used.
1. Articular wounds operated on within 24 hors of injury, in which,

after careful excision, it is technically possible to appose the edges of
the synovial membrane. In these cases the skin ancl 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 excision is so small that a suture will not
cause the slightest tension, can the whole wound be completely closed.
Even so, 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 stitch 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



Fig. il.-A. 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 flbrosis in tendons and cellular spaces.
This is the great advantae of primary suture in a tendinous region. A small bone
graft inserted in the stump of the frst metacarpal gave a better grip.

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 (sec Pig. 71).

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

<lama ge to muscles ( e.g., those caused by glass splinters in bombed
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 aspeect 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 wouncl of the
anterior aspect of the leg.
4. Vilounds 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 relativcly
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 :rnrgical wouncl rnadc in the incision-excision procedure
is, however, another matter. Here the long cleep incision, made to
facilitate exploration and proper execision, must be reducecl after the
excision has bcen com:pleted. If this is not done, an excessive amount
of fluid will be lost through the long opening, the wouncl will tencl to
gape, the m uscles will prolapse ancl healing will be very slow. The
suture of this incision shoulcl be with separate stitches, to facilitate the
natural evacnation of bloocl ancl lymph. It shoulcl begin at the extreme
ends of the incision on each side of the wonncl, ancl shoulcl encl at the
outer limits of the exciscd area. The size of the opening that is left
will therefore corresponcl to that of the original wouncl plus the en­
largement produeed by the excision. To extencl the suture to the area
where the tissues have been excised wold only lead to still further
restriction of circulation in the ischemic arca, ancl so expose thc patient
to the risk of serious complications.
The most suitable material for sutures is either flax or vey fine silk.

Catgut has the disad'antage that it is quieckly macerated by the lymph
and prevents the wound from drying.
It must be remembered that only the skin should be suturecl; no

stitches shoulcl 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 wonld be immediately lost-with serious
consequences to the patient when the inevitable edema followed.

SECONDARY SUTURE

The caref'ul studies made by Carrel at Compigne during the War of
1914 to 1918 enablecl 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) :
l. 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 das after the injury. After this period the wound becomes too
sclerotie and it is extremely diffielt, 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 ver
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 septic
eavity incompletely closed, and thus lead to infective complications, par­
ticularly cellulitis.

Technique of Secondary Suture
General anesthesia is preferable, so as to avoid the increased tension

in the tissues produced by the infiltation of a local anesthetic. The
wound is first washed out with a 5 per cent solution of soap (e.g.,
sodium riciuoleate or 1 per cent solution of C.'l'.A.B. detergent (see p.
193) and water, changing the solution five or six times. The surround­
ing skin is sterilized with an alcoholic solution of iodine or other skin
antiseptic, and the fielcl 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. Irom 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

each of these strong and deep stitches a superficial suture of fine qual­
ity is inserted. Fially, a dressing of sterile gaze and cotton wool is
applied with a moderately tight bandage, ad the limb is placed on a
plaster splint that covers about three-quarters of its circumferene.
The region of the wound itself mst not be covered with plaster, be­o .
cause in a certain number of cases subsequet 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 freqnent and less serious than those of pi­
mary suture. Some surgeons also described a form of seconclary suture
which they callecl '' delayed primary suture,'' in which the suture was
applied three o four days after the wound, when the danger of gas
infection was largely ove. 'This early use of secondary suture is not
to be recomended, 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 diftusion. Moreover, edema is still present, the circulation is
deficient, and the local defenses, particularly the layer of granulating
tissue, are not fnlly developed. At this stage rest forms a vital part of
the natural defense mechanism of the body and interference may be
dangerous. After about ten days of normal progress, secondary suture
applied to wounds that show only a few bacteria per microscopic fielcl
produces resnlts which are on the average sufficiently successful to
justify its use. 'l'he introduction of sulfanilamide powder has in­
creased the scope of secondary suture.
In the treatment of a wound enclosecl in plaster, whether or not a

fracture is involved, the sutures are applied through a winclow 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 aleady been sutured at the first operation,

hile i the area of excision, which has been left open, the gap is
generally too wide for a suture to be made without causing tensiou.
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.
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CHAPTER XXII

SKIN GRAFT IN WAR SURGERY

Only one aspect of this important subject can be diseussed here;
namely, the skin graft as it concems the general surgeon rather than
the specialist (e.g., in the plastie surgey of war), and in particular
its application as a meas of completing o accelerating the healing of
war wonds 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 reparativc
process. 'l'he epithelium gradually advances :from the edg;es 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 sorne regions retraction of
the wound is limited by the comparative immobility of the skin, with
the result that the a.rea 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 baek 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 conective 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 dela.y 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 hypertrophie 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 hetween the hills, just as a river
makes its course along the deepest part of the ravine. I-Iypertrophic
granulation provides a great impediment to hcaling, and the more
pvolifie the granulation the less the capacity of the epithelium to cover
the wound.

5. Excessive Discharge.-An excessive discharge from the wound
macerates the ne,vly formed epithelial cells and decreases the activity
of the cells at the edges of the skin.

6. Infection.-Streptococcal infections destroy the new, labile epi­
thelial cells and damage those at the edges of thc skin, thus impeding·
the formation of new epithelim. A pyocyaneus infection has a similar
but lcss markecl effect.
Al] these factors, operating singly or in combination, obstruet the

final process of healing, and when present in any considerable degree
indicate the need for a skin graft. I 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 ature or the particular site of the wound,
that complete natural healing will be slow and diffeult, can the neecl
for a skin graft be foretold at the time of the first operation. For in­
stance, it may be taken as a general rule that (except for the thigh) a
wound larger than two inches in diamcter when the excision is completecl
will need a skin graft.

THE TIME TO GRAFT

The proper moment to graft war wounds, in general terms, is when
a substantial laye of healthy granulation tissue has been establishecl.
By this stage the risk of infeetion is past, the bone is protectecl by
newly formed tissues, and the cavity producecl by the loss of muscles
and fascia has been filled in. When a closed plaster east has been
used, the graft should be made when the first plaster is changed, i.e.,» >
two to three weeks in a wound without a fracture, fo to five weeks
in one with fracture.

This refers to wounds operated on before infection which have run
an aseptic course. I septic cases, when Winnett Orr's plaster tech­
nique (see p. 37) has been used to combat the infection, skin gafting
shoulcl be deferred until the final stage of treatment, first because in­
fection impecles the survival of the graft, and secondly because, even
if the graft should be successful, it will interfere with the drainage of. b

the cavity. As, however, excision <loes not form part of Orr's tech­
nique, insufficient epithelization neve constitutes a major problem
when it is used.



292 WAR SURGERY SKIN GRAFT IN WAR SURGERY 293

TEOHNIQUE 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 para.sitie
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 Brlangen,
who in 1874 described the method which has since been known by his
name, but with which Ollier's name should also be associated, for this
great F'rench orthopedic surgeon had already described a method exactly
similar in 1872. The "pineh'' graft, consisting of a small conical graft
of skin about hal:f 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, lVIanuel Corachán, who
in 1933 published an account of the techique with which he had ob­
tained highly suecessful results. Since 1917 the chief exponent of the
whole-thickness living graft in the form of tbed pedicle flaps has
been Sir Harold Gillies, to whose school the progress of modern plastie
surgey has been so largely dne.

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 althoug·h in
many cases the infection in this is relatively low, some preliminar
measures to clean and dry the wound are required. Where the dis­
charge is very copious, it is advisable to cut a window three to five
days before the plaster is changed and prepare the wound through this.
The wound shold 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 sorne 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 gra:ft, to scrape away the super­
ficial covering and make the granulations bleed slightly so as to ensure
adequate nutrition for the graft. In other casos this is unecessary,
for the mere removal of the gauze covering the wound makes the
granulations bleed freely, a fa.et which indica.tes that the wound is
t·eady for grafting. In cases in which skin grafting has been unduly

delayed, the skin edgc 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 shold be excised from the edge at
the time of grafting to facilitate the advanee of the epithelium. Hy­
pertrophic granulations must be scraped until their level is that of the
surrounding skin. The following case is an example of the troubles
caused by excessive dela.y 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 gastroenemius was missing, but the circulation in the foot remained
good. Operation was performed four hours after the injury. lVIost of
the gastrocnemius 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 lianging and extending halfway
round the calf. Af'ter 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 laek 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 withsoap 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 stands 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 gaze were still being eliminated. The leg was put up in a
'l'homas splint and saline dressing was applied to the wound. On
November 25 a Corachán 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
iner and upper aspeect 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 excision 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 arca at the
upper margin. A few days afterwards the patient discharged himself
from the hospital. He carne 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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