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FOREWORD
by the Editor-in-Chief

HIs volume of the Official Medical History of the War of 193945

I chronicles the chief advances made in Surgery during that War.

The History owes much to all those distinguished contributors
who, often at great personal inconvenience, have written these records
of their war experiences.

Surprise may be expressed that it has been possible to record the
advances of War Surgery within the compass of a single volume. This
has been effected by the non-inclusion of a great deal of clinical infor-
mation which is already available in the standard British textbooks.

The preparation of material for this volume was begun by Dr. Charles
Newman and Dr. N. G. Horner. To Sir Zachary Cope, alike as con-
tributor and editor, under whose skilled direction the volume took
shape and form, I would express my grateful thanks.

ARTHUR S. MACNALTY
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PREFACE

VERYONE agrees that the results of the surgical treatment of wounds

were very much better in the War of 193945 than in any previous

war. The many reasons for this improvement will be clear to those
who study this volume. Shock and sepsis were for the first time brought
under early control, and technical advances were made in almost every
branch of surgery.

The amount of space given to the various sections has necessarily
been unequal but it is hoped that there has been no omission of
importance.

The editor wishes to express his gratitude to the many distinguished
contributors who have helped to produce what, it is hoped, will be
regarded as an authentic and reliable account of surgical progress in
the War of 1939—45.

In producing this volume some published records have been drawn
upon, and we would express our thanks to those who have permitted
this to be done, particularly to the editor of the British Journal of
Surgery.

V. ZacHAry CoPE
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GENERAL INTRODUCTION :
SURGERY IN WAR-TIME

By SIR W. HENEAGE OGILVIE
K.B.E., D.M., M.Ch., F.R.C.:8.

URGERY and war have always been interlinked. To prehistoric

man the coughs, the aches, the fevers, the wasting diseases and the

madnesses were clearly the work of some malevolent spirit or some
human enemy, and their treatment was the business of the priest, the
witch doctor, the physician—for the three réles have only lately become
partially separated—who advised him how to propitiate the evil spirit
or to detect and deal with the evilly disposed neighbour. But the wounds
of battle were the work of known enemies, of hostile but not evil men,
and their treatment was entrusted to a handy comrade who had made a
special study of this craft. It is true that in the Agamemnon-Priam cam-
paign in Gallipoli the wounds of some of the heroes were treated by un-
qualified superhuman interveners, but the injuries of the generals,
officers and common soldiers were dealt with by Machaon and
Podalirius, the sons of Aesculapius, who probably had working under
them a corps of trained assistants. For the next two thousand years,
while medical teaching was traditional, while pathology awaited the in-
vention of the microscope, and while planned operations were pro-
hibited by the fear of infection, the work of the surgeon was in the main
limited to the treatment of wounds and injuries and the chief school of
surgery was the battlefield. During the wars that swept Europe through-
out the dark and the middle ages, wars of religion and wars of succession
conducted for the most part by professional armies, wars that flared up
and died down, separated by uneasy truces but never by lasting peace,
surgeons learned their work with the armies. The only men whose
names have come down to us, the men who thought rather than copied
and who added to the knowledge of their time, men like Henri de
Mondeville, Guy de Chauliac, John Arderne, Ambroise Paré and
Richard Wiseman, served with the armies of their countries; and when
they came back from campaigning, with their unrivalled experience
and with the patronage of the kings and princes whom they had accom-
panied to war, they became the leading surgeons in civilian practice, the
surgeons to the hospitals, the teachers of the next generation.

It is only since the discovery of anaesthesia in the first half of the
nineteenth century, and still more with the discovery of the cause of
infection in its latter half, that civilian surgery and the development
of planned operations for the treatment of disease, have appeared,
but even so, the influence of war upon surgical thought and practice
has remained paramount. It is now eighty-five years since Lister began
to preach his gospel, and it is about sixty years since the outlines of

I B
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surgery as we know it to-day first began to take shape. Looking at
this epoch, as we now can, in a broad survey, we see that it falls into
three distinct periods; that of exploration and anatomical enterprise,
that of cultivation and physiological outlook, and that of detailed polish-
ing and biochemical study. Each of the first two periods lasted for a
quarter of a century, and the transition from the first to the second and
from the second to the third was contemporaneous with, and largely
caused by, a world war.

There are many reasons why a war should initiate a phase of surgical
advance, but underlying them all is the fundamental fact that war brings
surgeons back to a study of the basis of their craft, the reactions of the
human body to injury and infection. Surgical advance in peace-time is
conducted by a number of independent men or groups, working at
problems of their own choosing, often without the knowledge that men
in other countries are facing the same difficulties and finding solutions
only slightly different. The integration of advance is impeded by difficul-
ties of distance, of language, of training and of outlook, and by the
differences in method and material that affect the results of experiments,
and in anaesthetic technique and fitness of patients that affect the result
of operations. Years go by before unsuccessful ventures are abandoned,
before dishonest claims are unmasked, before the common factor in
several lines of research is discovered and the best of several alternative
lines of procedure is finally standardised. There is no integrating force
other than that natural selection that tends, at long last and after much
waste, to lead to the survival of the fittest. In war the surgeons of many
nations are united in a common effort to give the men of their fighting
forces the best possible treatment, and in that effort each is prepared to
sink his individuality, to take the task that is allotted to him, to learn
from others and to share with others his knowledge. In this effort experts
in every branch of science are prepared to work at any problem requiring
solution as soon as it appears; manufacturing firms will devote their
whole resources to providing some drug, material or piece of apparatus
that may be needed with the least possible delay; supplies, transport,
equipment, are all available as they are needed.

In addition to this general stimulus to study and research, there is
the wonderful urge that each surgeon experiences to give of his very
best in the common cause. It is one of the anomalies of human nature
that men are conscious of and animated by a common brotherhood only
when they are united by a common danger. Service in one of the armed
forces abolishes all distinctions of class, creed, and upbringing. The
medical officer of a battalion comes to know his men, their home sur-
roundings and their families, their worries and their hopes, their beliefs
and their habits of thought, far better than the padre and the psy-
chologist, whose approach is unavoidably professional and therefore
unavoidably meets with resistance. The surgeon commanding a field
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surgical unit works with its other members in the spirit of complete
comradeship and understanding. His feeling towards the wounded
soldier who is brought in on the stretcher is one that he would be
ashamed to put into words, but he knows without saying so that he will
use all the skill he has learned, all the care he can exert, and that he will
work with every power that is in him, to see that this fellow countryman
whose life is now in his hands, gets every possible chance to recover and
return once more to a normal happy life.

Further, while in war-time individual surgeons are spurred on to
doing more work in a given time than they would have done in twice
that time in the surroundings of peace, and better work than even their
most glowing testimonials pictured as within their capacity, the whole
sum of experience and of knowledge gained from experience is employed
and made available in a way that it never is outside a war. Service surgery
is based on the pyramid of responsibility. In each area there are con-
sultants advising the command on matters of policy, co-ordinating the
work of the surgical formations, visiting units at different levels in the
zone of combat, distributing the news of which methods are proving
successful and which disappointing, talking of new research work that
may influence ideas already under discussion, reporting the subsequent
progress of particular patients. In the individual formations experienced
surgeons are responsible for observing, guiding and encouraging others
at a more junior level, for co-ordinating their work, and for bringing the
lessons they have learned to the notice of those at a higher level. The
junior surgeon is encouraged to work in turns at different levels; in the
forward areas, where he learns decision, manual skill, confidence and
self respect, and in the base, where he is able to assess the soundness of
the primary wound treatment he has practised in the field, where he
learns to work as one of a team and to undertake planned surgery of in-
creasing difficulty, and in the special units where he learns the essentials
that will allow him to undertake surgery of every kind should he find
himself at any time in charge of a unit cut off by time or distance from
the main force, but also the sense to refrain from undertaking intricate
operations when others with greater skill and experience and better
equipment and assistance are available.

A fallacy that appears in all literature on war surgery is that war
surgery and traumatic surgery are synonymous. They are not. War
surgery is traumatic surgery applied under conditions of war, and those
conditions cannot be dictated or modified by the surgeon, or even by
the high command. The aim of those responsible for the surgical services
of any army is to give the wounded man the best possible treatment;
but ‘best’ is a qualitative adjective while ‘possible’ is a limiting con-
dition. War is tough. War can be incredibly tough, so tough that con-
ditions may easily arise when one or two surgeons whose supplies are
exhausted may find themselves responsible for a couple of thousand
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wounded for whom they can provide nothing but first-aid treatment in
its simplest form. The surgery of any campaign will depend on very
many things besides the surgical knowledge of the time; on the terrain,
on the climate hot or cold, the weather wet or dry, on the fitness of the
troops, the adequacy of their supplies of food and water, the hygiene of
the army and the prevalence of endemic or epidemic diseases at the
time, on the weapons in use, on the quantity of supplies and the
adequacy of supply lines, on the liability to air attack, on the severity of
the fighting, on the time-lag between wounding and primary surgery
and between primary and secondary surgery, on the lines of evacuation,
the distance to the base, the quality of the transport, and the opportuni-
ties for staffing and supervision en route, above all on whether the force
is fighting a winning or a losing battle. Britain’s wars have hitherto
followed a set pattern. We have started prepared on a totally inadequate
scale to fight a war on the lines of the previous one; we have taken a
pretty bad beating in the initial stages; we have learned our lessons,
tightened our belts, built up our supplies, and at long last have won
handsomely. Our surgical services during each war have followed much
the same course; lessons have been learned and better methods have
been elaborated, and during the final stages of superiority passing on to
victory, they have reached a pinnacle of excellence in personnel, housing,

equipment and supplies surpassing the best of contemporary civilian
surgery. There is an inevitable tendency, and it will be found in some
of the contributions to this history, to regard the final state as evidence

of surgical advance, as indicating the level from which the surgery of
any future war should start. There are, however, three aspects to the

matter, advances in surgical method, advances in accessory methods that

help surgery, and improvements due to altered conditions of warfare.

Of these the last is the most important, the first the least.

The surgery of wounds in the Second World War passed through
three phases. In the first, treatment by closed plaster, after the method
of Winnett Orr and Trueta, was the rule; in the second, wounds were
excised and drained, the limb was immobilised for transport in a padded
plaster or some form of plaster box splint, and closure by secondary
suture or skin graft was undertaken as soon as the surface was covered
with healthy granulations; in the third the wound was excised at the
forward units and closed by delayed primary suture at the base between
the fourth and sixth day.

These phases were to a certain extent prompted by the development
of chemotherapy, first with the sulphonamides and later with penicillin,
but they were above all an evolution to meet changing circumstances of
warfare. Each method was the right one at the time, and each would be
right again were similar circumstances to recur. The closed plaster
method is safe where the wounded are not to be evacuated, and it gives
excellent results under desperate conditions when the disproportion
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between the numbers of wounded and those available to look after them
is so great that frequent supervision after operation is impossible. Free
drainage, immobilisation without constriction, chemotherapy, and the
provision of skin cover at a later date, are the only possible lines of
treatment in a swiftly moving campaign over open country, where all
supplies are poor and where many days of rough travel separate the for-
ward surgical units from the base hospitals. Such conditions are liable
to recur, and, when they do, three-hourly penicillin, wound dressing
under theatre conditions, and all the ritual of the British surgical services
in Italy and Europe towards the close of the war, will be out of the ques-
tion. Early closure by delayed primary suture or skin graft becomes the
rule when conditions become good in a surgical sense, that is, when
advance is steady and retreat unthinkable, when air superiority ensures
uninterrupted supplies, when advanced surgical centres are close to the
fighting and dealing with moderate numbers, and when base hospitals
are within easy reach by a good evacuation route. To have carried out
two-stage closure in the Western Desert would have been impossible;
to have attempted it in Abyssinia would have been dangerous folly.

That this war differed profoundly from previous wars, particularly
from the First World War, the only one of which any of us had first
hand knowledge, is undoubted. That the results of war surgery in the
Allied forces were better than any known heretofore is equally certain.
That the surgery, that is, the work of the surgeons themselves, was any
better is certainly untrue.

This was the first total war in history. Men, women and children,
civilians and combatants, the aged and the sick as well as the young and
the healthy, suffered privations and were liable to injury by bombard-
ment, but this cannot be regarded as a factor appreciably affecting the
surgery. It was also the first war that was largely mechanised, and this
had a profound influence on the nature of the fighting, the supplying
of the medical units and the transport of casualties. The number of men
actually fighting was less, the number of men supplying them greater.
The decisive actions were usually between armoured vehicles, and a
break through, though it might mean very few men killed and wounded
on either side, could force a retreat or even decide a campaign. The
infantry and all combatant and supply units were transported to the line
in vehicles, and shifted to fresh sites or back to rest by the same means.
Long exhausting marches, spells in the trenches subject to constant
bombardment, periods of exhaustion, hunger and thirst, which were
common in the previous world war, were the exception in this one. After
an action wounded men were picked up on the battlefield, as they were
before, by stretcher parties, but thereafter their journey was by motor
ambulance, or in favourable circumstances, by aeroplane, and they
reached a surgical centre with little delay. The main result of mechani-
sation in so far as it affected surgery was that the men were fitter when



6 SURGERY

they went into battle, that many fewer of them were wounded and that
they reached the surgeon very much earlier. One distressing concomi-
tant was the high proportion of burns among the casualties—many
sustained in tanks or aeroplanes, but still more due to the careless use of
petrol for cooking or cleaning.

The weapons in use were very different. High explosive shellsand aerial
bombs, mortars, land mines and rockets, were those chieflyused. Machine
guns were used less than in the first war and rifles much less, while cutting
weapons had virtually disappeared. Thus the common wounds were
multiple and lacerated, and retained foreign bodies were the rule; many
casualties in addition to their wounds had suffered crushes from falling
masonry or overturned vehicles; clean wounds, incised wounds, single
wounds, and simple through and through wounds were seldom seen.

The surgeons who were entrusted with the care of these wounds
started the war with many advantages that their predecessors in the
War of 1914-18 lacked. First, they inherited the physiological outlook
that the surgeons of the first war had to learn for themselves—often in
the face of bitter opposition by some of Lister’s disciples who remem-
bered the conquest of hospital gangrene by the liberal use of powerful
antiseptics—an outlook they had developed during the inter-war years
and handed on to their successors as a living faith. At the outset this
post-war generation realised that the best protection against disease is a
healthy body, and that the surest guard against wound infection is the
resistance of healthy tissues. They practised wound excision from the
start by methods that hardly differed from those developed in the
casualty clearing stations of Flanders in 1917. They did not at first
appreciate the folly of primary suture, but they soon learned their lesson.

Secondly, they had to deal with far better human material. The
average soldier of 1939 was in every way a fitter man than his father had
been in 1914. He had grown up under better conditions of housing,
nutrition, work and leisure; he had been carefully selected, and after
enlistment was trained to the highest pitch of physical fitness before
being sent to a theatre of war; during his service he was well fed and well
housed, and exposed to privations for short periods only; when wounded
he reached a surgical centre in good condition after a minimal delay.
The surgeons of the British Expeditionary Force in the first war were
treating men brought down after weeks in the trenches; men who had
been short of food, water and sleep, constantly wet, smeared from head
to foot in manured mud. At times, as during the last German thrust in
1918, the majority of the casualties were received after several days, un-
tended, heavily infected, and in many cases already dying from gas
gangrene. The over-riding importance in assessing results of the con-
dition of the patient is recognised by all surgeons who worked in several
theatres of war. Those who had established a datum line for results in
the Western Desert found that the mortality and morbidity among the
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wounded increased greatly during the first few weeks of fighting in Sicily
when the troops were operating under conditions of great hardship.

Thirdly, the surgeons in the Second World War had at their disposal
several accessory methods unknown in the first, or greatly improved in
the interval. Continuous intravenous transfusion was introduced by
Hendon and Matas in 1926. Gastric, and later intestinal evacuation by
continuous suction, a logical sequel to the use of the gastric tube for frac-
tional test meals, was first practised by a number of surgeons, chief among
them Wangensteen, about the same time. The principle of alimentary
rest, made possible by the combined use of suction and intravenous
therapy, became the accepted treatment for peritonitis, and a prophy-
lactic measure where soiling or injury rendered ileus likely. Follow-
ing on the routine administration of parenteral fluids in large quantities,
the problems of salt-balance had been carefully studied. Chemotherapy
made its appearance in 1935 with the discovery of prontosil by Domagk,
and by 1939 several sulphonamide preparations were in common use.

Transfusion as an accepted and scientific procedure had its origin in
the First World War, but by 1918 one or at most two pints of blood,
drawn from donors on the spot, was the largest amount that was ever
given at a time. If this amount failed to restore the shocked patient his
shock was pronounced irreversible. By 1939 stored blood had become a
commodity in all main centres, and familiarity with intravenous medi-
cation had led to its use in large quantities in conditions of severe blood
loss such as bleeding from duodenal ulcers. In 1914 anaesthesia was
reaching the end of its seventh decade, but there were few professional
anaesthetists and their methods were crude compared to those ef even
twenty years later; intravenous and intra-tracheal anaesthesia were un-
known, and nitrous oxide, the only anaesthetic gas then available, was
seldom used except for dental extractions. The surgeons of the Second
World War were supported by a transfusion service that could supply
blood and plasma in any required quantity, and that sent its trained
transfusion officers to take charge of resuscitation in all surgical for-
mations. They had with them a corps of anaesthetists skilled in modern
methods and supplied with modern apparatus. With first-class resusci-
tation and first-class anaesthesia they were able to operate upon, and
not merely save but restore to useful health, men so gravely wounded
that they would certainly have died in previous wars.

To claim, however, that the surgeons or the surgery of the recent war
were better than those of the previous one, would be foolish. They were
not, because they could not be. The casualty clearing stations in Flan-
ders and Northern France in 1917 and 1918, where men like William
Anderson, Richard Charles, Claude Frankau, John Fraser and Gordon-
Taylor worked and laid down the principles of post-Listerian war
surgery, set an example that can hardly be surpassed. That their
successors in the field surgical units, casualty clearing stations, specialist



8 SURGERY

units and base hospitals in this war worked with the same selfless de-
votion, and attained a standard that can compare with theirs, is the ’
highest praise that can be offered them.

The steady improvement that took place in war surgery during the
years of combat was the sum of many influences, some of which have
been briefly touched upon. A few of the more obvious advances in
detail may be mentioned. In the general handling of wounds one striking
difference between the two wars has been the lessened incidence and
lowered mortality of gas gangrene. The sterility of desert soil, the
absence of trench warfare, and the efficiency of anti-sera and of chemo-
therapy, have all been given the credit; the fitness of the modern soldier,
the short time lag between wounding and surgery, and the free use of
blood were, however, more important. In abdominal surgery, the one
technical advance on the practice of 1918 was the use of exteriorisation
or proximal colostomy in injuries of the large bowel. The most outstand-
ing developments were, however, in the realm of accessory methods.
Anaesthesia progressed at a greater pace during the six years of war,
both at home and in the Services, than it had ever done in much longer
periods of peace, and the development of closed circuit anaesthesia paved
the way for the striking progress in the treatment of thoracic wounds
that was one of the most satisfactory achievements of the specialist units
in the field, and for the inception of cardiac surgery that followed the
cessation of hostilities. Resuscitation and shock treatment were estab-
lished on the sound basis of early, rapid and adequate replacement of
lost body fluids. The most remarkable contribution of the war years was
undoubtedly the development of chemotherapy, particularly theisolation,
purification, analysis and practical application of penicillin. Spurred on
by the desire to help the wounded of their forces, research workers and
manufacturing chemists on both sides of the Atlantic achieved more in
two years of concerted effort than would have been done in ten years of
commercial competition in peace-time.

This volume records what the surgeons of the Allied Nations were
able to achieve during a war in which their armies were eventually
victorious. We must not forget that these achievements were linked
with that victory. War surgery is a branch of military science, and unless
the close relationship between the aims of a surgical service and those of
the army of which it forms a part are constantly borne in mind, that
service will not be efficient. Efficiency in war surgery means the best
possible treatment of casualties compatible with winning the war, but if
anything is allowed to interfere with military efficiency, the lives of well
and wounded are risked alike. Military efficiency at times of hard fight-
ing means speed, simplicity and concealment, and surgical units able to
accompany the troops under these conditions must be content with
small numbers, limited supplies, light equipment, and simple methods.



CHAPTER 1

TREATMENT OF WOUNDS
)
The treatment of war wounds
By SIR ARTHUR PORRITT
C.B.E., M.Ch., F.R.C.S.
IMPLE or uncomplicated war wounds—involving skin, subcu-
taneous tissues, fascial planes and muscle only—constituted an
average of between 20 per cent. and 25 per cent. of all casualty lists
in the War of 1939—45. Add to them concomitant injuries of major
nerves and vessels, amputations resulting therefrom, and gas gangrene,
and the figure rises by 10 per cent. and with accompanying bone and
joint lesions well over half of all war-wound totals are accounted for.

Although this chapter will deal only with uncomplicated flesh wounds
the above figures are mentioned, because the principles of treatment are
identical in both the simple and the complicated wounds of the extremi-
ties, and to a lesser but equally important extent in the more specialised
wounds of the head, and the thoracic and abdominal cavities.

The treatment of the straightforward flesh wound is the type of the
therapeutic measures used in dealing with any and all wounds, and hence
derives its essential interest. The development of such methods of treat-
ment in the course of the War of 1939—45 forms a fascinating story—not
only of clinical advances which have produced a permanent effect on
and stimulus to post-war medicine, but also of military economics and
strategy. The improvements in the treatment of wounds during the war
led to such a saving of man-power and such an increase in morale, that
it can fairly be said the later campaigns were to a very large, quite un-
assessable and often unappreciated extent influenced by current medical
policy.

HISTORY

To trace the development of this policy over the six years of the war as
achronological sequence is difficult. A latent, negative, initial incubation
period which lasted virtually until the end of 1941, was succeeded by an
interim stage of again approximately two years during which advances
were rapid but staccato, occurring in various directions concurrently
but at different rates of progress, to be succeeded by a terminal phase of
consolidation of ideas, their routine application to practical purposes and
the fruition of much valuable clinical and scientific research carried out
often under the most difficult and bizarre conditions, both in a much-
bombed home country and in the field all over the world in widely vary-
ing climates, terrains and tactical situations.

9
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In brief, these three periods have frequently been called ‘the pre-
sulphonamide’, ‘the sulphonamide’ and ‘the penicillin’ eras of the Second
World War surgery, but it can rightly be said that these descriptions
stress too heavily one only of the major developmental channels—the
chemotherapeutic.

At the beginning of the war military surgical methods were essentially
those of 1918. In other places other writers have stressed the woeful
lack of appreciation in this country between the two wars of the potential
effects on future warfare of the tremendously rapid development of the
mechanical age. Military surgery was no exception to this laissez-faire
attitude and even the lightning speed of the catastrophic Polish cam-
paign failed to awaken any appreciation of the fact that the methods of
1939 were twenty years out of date. And so the B.E.F. went to France
in 1939 with well equipped but ponderously moving casualty clearing
stations and permanently immobile base hospitals. A scheme was
evolved by which a somewhat vague ‘surgical team’ without equipment
and without transport from the base hospital could reinforce the
C.C.S. in times of stress. Luckily, from the surgical point of view, in
that ‘phoney war’ of 1939 casualties were minimal; unluckily from a
policy point of view when the startling and tragic climax of the evacu-
ation of France did come, events moved so fast and organisation was so
violently and completely disrupted that few lessons were really learnt.

But even in this initial period the first glimmerings of advances in
wound treatment were becoming visible. As has been said, there was little
if any appreciation of the necessity for mobilising military surgery, for
speeding evacuation of casualties, for developing a more fluid medical
organisation. Yet, despite the facts that wounds were almost universally
infected and produced a high proportion of systemic side-effects, that
only a small minority of the surgical personnel had former experience
of war wounds, and that such primitive and cardinal sins as primary
suture of wounds, limb-encompassing plasters, and the lack of appreci-
ation of the difference between gas-gangrene myositis and the infection
of a wound with gas-forming organisms (leading to many unnecessary
amputations) were of everyday occurrence—nevertheless, at least three
important developments were beginning to take shape.

The inter-war period had seen a greatly increased use in civilian
practice of blood transfusion and other intravenous infusions, and these
methods and the even more important problems of blood storage were
tried out initially in B.E.F. days. The intervening Spanish war had
proved the value of closed plasters in the treatment of wounds—a
method associated for ever with the name of Trueta—and it was used
extensively in these early days. Although its life as a definitive method of
treatment was relatively brief, it served to inculcate the invaluable lesson
of the importance of immobilising and resting a damaged limb. And
thirdly, the early sulphonamide drugs were being used somewhat
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experimentally, both locally and parenterally, but to a rapidly increasing
extent and without doubt in by far the majority of cases to the benefit of
the patient.

In the all-too-brief campaign in Norway, in the early desert campaigns
in Libya and in the disastrous Grecian and Cretan expeditions, little
change in surgical methods was apparent, but in all the above mentioned
three directions advances were slow but definite. It was increasingly
appreciated that the sulphonamides were a valuable agent in controlling
generalised sepsis from wounds, but equally that their local effect was
disappointing. The long lines of evacuation from desert forward areas
underlined the importance of wound immobilisation during transit, and
at the same time stressed the dangers of the completely closed plaster, at
any rate until a static stage in treatment had been reached. Hence the
birth of the ‘split and padded’ plaster for transport purposes. Blood and
intravenous fluids were being used more and more widely, the necessity
being enhanced by the dehydration of patients, inseparable from cam-
paigns in hot climates; and the solution of storage-problems, allowing
not only preservation in sub-tropical countries but also shipment from
the United Kingdom to bases abroad, was being rapidly reached and
was accompanied by the extensive formation of local blood banks. In all
these rapid developments of the blood-transfusion service—a service
undoubtedly responsible for the saving of many hundreds of lives and
the satisfactory treatment of many thousands of major wounds—two
names should go down to military history, those of Whitby in the
United Kingdom and of Buttle in the Middle East.

And so there was reached the second stage of the intermediate period
—a stage when two major developments dominated the scene—the date
now being early 1942. First came the translation into practice of the
conception of mobile war surgery to the patient rather than the patient
to surgery. In effect this was the appearance of the field surgical unit
(with its essential offspring the field transfusion unit)—a small self-
contained unit with complete facilities in personnel and equipment for
forward surgery and possessed of its own transport. This unit in various
shapes and forms with various names and in various combinations be-
came increasingly from that time onwards a prime necessity in
forward areas. With its arrival on the scene came development of the
basic forward medical unit (the C.C.S.) into a rapidly mobile entity—a
process which ultimately spread to the smaller so-called base hospitals
and even convalescent depots and a great speeding up along lines of
evacuation, making it possible to co-ordinate forward and base treat-
ments of a2 wound into one composite whole. In this connexion early and
sporadic evacuation of casualties by air began about the end of this year

(Alamein, 1942)—a system which developed to a remarkable extent
towards the end of the war particularly in Normandy, Burma and the
closing stages of both the Italian and North West European campaigns.
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Contemporaneously with the last Libyan campaign came the North
African landings, and as the two armies joined forces another mile-stone
in the treatment of wounds was being passed—the use of penicillin. The
pioneer work of Florey and Cairns in Oxford, linked with that of Pulver-
taft in the Middle East, led to a large-scale clinical experimental investi-
gation in North Africa. The result was never in doubt; development was
limited only by supplies, but the ultimate, almost miraculous improve-
ment that occurred in combating wound-sepsis was unquestionably in
very large measure due to the early controlled and scientific experiments
of this phase.

The final two years of the war—the middle of 1943 to 1945—saw the
consolidation of these various great advances, so that in Italy, in North-
West Europe, in Burma and the Far East, there was established a routine
treatment in forward areas, in transit, and in base hospitals—all linked,
thanks to early initial surgery, adequate resuscitative methods, swift and
efficient evacuation, and the help of antibiotic control of infection, into
a unified and comprehensive treatment of the wound almost from the
moment of its infliction until the patient was rehabilitated and fit
again for duty. That this could be achieved, in the widely differing
conditions of the three final campaigns mentioned, in about 95 per
cent. or more of uncomplicated flesh wounds within a period of a
month, affords ample proof of the perfection to which such methods were
brought, and expresses a vast amount of detailed work in various spheres
of activity directed towards improvements in technique, in organisation
and in co-operation. Apart from such consolidation of previously
worked out advances in methods and policy, the terminal stages of the
war (dominated surgically by abundant supplies of penicillin) saw only
one further development and that was the appreciation of the importance
of counteracting the physiological and biological upsets produced by
wounds. Such questions as those of water, salt and electrolyte balance
and of protein metabolism in relation to trauma, received much con-
sideration, and, as a result, a great deal was achieved in expediting
healing of wounds after the more technical and mechanical treatment
had been effected.

Before dealing in detail with these technical methods it may be of
advantage to list the advances in wound treatment during the war and to
discuss other factors which may influence such treatment, so that the

essential principles should not be lost sight of in a mass of minutiae.

ADVANCES IN WOUND TREATMENT DURING WAR

(1) Resuscitation. The literal meaning of the words ‘where there is
surgery there is blood’ came to have a very different significance during
the latter half of the war. The Blood Transfusion Service which in-
cluded the collection, testing, sterilising, storing and transporting of
vast quantities of blood and other protein fluids (plasma, serum etc.),
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the training of skilled personnel both for laboratory and field work, the
formation of special units to cope with the increased mobility of modern
warfare, and the organisation which integrated all these various activities
—this service was indeed one of the outstanding developments of the
war. The blood, collected in one part of the United Kingdom, prepared
and stored in another, was transported under ideal conditions, irres-
pective of climate, by air half way round the world or by special speed-
boat across the Channel to bases in the field, whence it was efficiently
and expeditiously supplied to the most forward surgical centres by the
well-known and much-beloved ‘vampire vans’. The personnel of these
distributing vehicles often knew more of the situation as a whole in
forward areas than many a general! Arrived at its destination it was used
by the specially trained Transfusion Officers, young men whose know-
ledge of giving blood (to whom, when, how much and at what rate) was
only equalled by their general clinical acumen, which made them such
an essential part of the pre-operative and post-operative organisation in
forward surgical units. Let it be put on record that this vital service
was given either at the base or in forward areas by men who became
deservedly popular in every theatre of war for their unfailing cheerful-
ness, efficiency, and willingness to co-operate.

2. Chemotherapy. There can be little doubt that the advent of the
sulphonamides, and later, penicillin revolutionised the treatment of war
wounds. So dramatic were the results of treatment by these substances
that it had to be constantly impressed upon war surgeons that, invaluable
as they were in increasing the scope and lessening the risks of military
surgery, they were, nevertheless, only the very important adjuvants of
good surgery. In no sense did they replace it. It only has to be realised
that neither of them have any effect on the infection associated with de-
vitalised tissue to appreciate the intrinsic necessity for surgical methods
as such. In passing, and as a compliment to the general standard of
surgical technique, the relatively very low incidence of gas-gangrene
infections throughout the war should be noted. It was amply proved in
those cases that did occur that no accessory methods (serum, chemo-
therapeutic agents, transfusions) could per se effect a life-saving result
without radical surgery. The sulphonamides had their heyday in the
Middle East campaigns. It became obvious there that their effect on
systemic infections was of the greatest value, particularly in the lethal
streptococcal septicaemias, but as time went on it became evident that
locally in wounds they were only of limited value, especially in deep
wounds. It was left for penicillin to achieve the real conquest of local
sepsis and so allow the application of the best wound dressing in exis-
tence, namely skin, either by closure or by grafting. Both parenterally
and locally, penicillin yielded better results than the sulphonamides.
Combinations of the two were in general use until the end of the war,
but a large-scale field research in 21st Army Group gave ample proof
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that penicillin alone gave equal protection against existing and potential
wound infections. It should be realised that in the last year of the war,
penicillin was used as a prophylactic to an equal if not greater extent
than as a therapeutic agent. Not only was local wound sepsis practically
abolished, but post-operative infective sequelae were reduced to negligi-
ble numbers. The fact that penicillin was virtually non-toxic was of the
greatest importance in treating severely injured patients, a point in
sharp contrast to the baneful effects of sulphonamide over-dosage and
sensitivity. Again, penicillin retained its activity in pus, it could be in-
jected without fear into infected cavities and its range of effectiveness
against different types of bacteria was considerably wider than that of
the sulphonamides. Its greatest drawback was that it could not be given
effectively by mouth—a fact which led to the development of many and
varied ingenious methods of parenteral administration. :

3. Surgical Mobility. Under this heading must be considered the
development of the field surgical unit and its prototypes, which made
possible effective primary surgery at an earlier stage than hitherto. This
result became relatively more important in view of the rapidly moving
fronts of modern mechanised warfare. It allowed also, in conjunction
with greatly accelerated methods of evacuation (in particular air evacu-
ation), the conception of the treatment of a wound being one process,
carried out in three stages (forward, transit, and base treatments), a con-
ception which, though simple in itself, had until the last few years of the
war been absent. This invaluable co-operation between forward and
base surgeons and the appreciation that both were carrying out essential
parts of one procedure, were fostered by systematic changes of personnel
and, whenever possible, by meetings of the two groups. It would seem
only just at this stage to remember that the pushing forward of surgical
facilities was rapidly followed by a similar movement of nursing services
and no one who has either seen or experienced the latter can doubt
their inestimable value in attaining good surgical results.

4. Methods of General Treatment. Just as important as the unification
of forward and base treatment of wounds, was the appreciation of the
fact that quickest healing and best restoration of function depended not
only on local treatment of the wound itself, but equally on treatment of
the body as a whole—whose physical state and physiological functions
were far more disturbed by major trauma than was at first realised.
Under this head the correction of dehydration is an obvious matter.
Not so simple are the necessary adjustments of salt and electrolyte
balance, of dysfunction in protein metabolism, and of avitaminosis.
Such constitutional factors play a large part in the process of wound
healing and an appreciation of this fact did much in the later stages of
the war to improve the results of treatment of wounds. Under this head-
ing also should be included all those methods included in the compre-
hensive term rehabilitation. From the military point of view it is not
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sufficient to obtain healing of a wound ; the wounded part must be made
to function again to the best of its ability, and the wounded patient must
be made to feel that this is a desirable aim and one in which he must not
only co-operate, but enjoy co-operating. Such rehabilitation, which both
mentally and physically should start at a very early stage of treatment,
became of increasing importance as the war dragged on and problems of
preservation of man-power and of morale cried out louder and louder
for solution.

Such then, always in conjunction with well-planned, scrupulous and
effective surgical technique, would seem to have been the main advances
that became evident as the war progressed; but certain other factors
affecting wound treatment are worthy of note before discussing actual
methods.

FACTORS INFLUENCING WOUND TREATMENT

Terrain. It is well known that highly-cultivated and heavily populated
areas are more likely to cause infection from soil and dirt in wounds than
openspacesand sparsely populated regions. Evidence of this was given by
McLennan in an investigation of bacterial flora in comparable wounds
in the Libyan Desert and in France. It was found that in the former
theatre only 30 per cent. of wounds were infected with Cl. welchii
whereas in the latter the figure was 8o per cent.

Climate. As an example of the effects of climate the dehydration
associated with fighting in tropical regions is an obvious one. Again the
possibility of infection carried by flies is greater in hot climates where,
too, skin resistance seems definitely lowered. In contradistinction to this,
the cold and wet of more northerly climes have devitalising effects, both
local and general.

Diet. The body’s natural powers of resistance depend essentially on a
physical fitness, which is difficult to maintain without an adequate intake
of a well-balanced diet. Rations during the last war were on the whole
excellent, but such campaigns as those in the deserts of North Africa or
the forests of Burma often enforced reduced diets, sometimes for pro-
longed periods, with consequent lowering of general resistance.

Clothing. Thick clothing, particularly woollen clothing, harbours in-
fection to a far greater extent than the cotton drill of a tropical uniform.
Hence in-driven particles of battle dress were potentially much more
dangerous than those of bush shirt or shorts.

Hygiene. The principles of elementary hygiene were well instilled
into troops in all theatres of war, but here again the possibilities of in-
fection from excreta and rubbish (particularly in fly-ridden countries),
in terrain recently and rapidly evacuated by the enemy or by civilian
population have only to be mentioned to be appreciated.

Immunisation. Routine immunisation against typhoid, dysentery,
cholera, etc. was admirably carried out and major epidemics were
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conspicuous by their absence. The possible effects of such infections
on the wounded are obvious.

Welfare. It may seem a far cry from wound treatment to welfare, but
the morale of the wounded man, dependent to a large extent during war
on these services, is a factor of vital importance. Every surgeon of ex-
perience must have met the case of the man badly but not mortally
wounded who despite all treatment turns up his toes and dies, even as
he has many times seen the man, who would not surgically appear to
have a chance of living, nevertheless win through by the sheer will to
live. It is fair to say that during the last war, even in its most depressing
phases, morale remained as a whole extraordinarily high.

Type of Missile. The prevalence of wounds due to fragmentation
missiles (and, therefore, multiple wounds) was very noteworthy in this
war. C. G. Rob has analysed a series of reports of relative frequency of
wounds from various missiles as follows:

Per cent.

(a) Fragmentation missiles

(mortar, aerial bomb, grenade, shells) . 75
(b) Penetrating (solid) missiles

(bullets, anti-tank shells) . . . 10
(¢) Land mines, booby traps . . . 10
(d) Blast, crush . . . . . . 2
(¢) Chemical (phosphorus) . . . . 2
(f) Other wounds . . . . . 1

The fragmentation missiles can produce wounds of any size and are
certainly responsible for the largest flesh wounds. Tissue destruction is
considerable even in cases where the entry wound through skin is small.
Mine wounds are also multiple, the classical example being a traumatic
amputation of one leg at mid-calf level with spattered wounds of the
other leg up to the thigh, and not infrequently concomitant eye injury.
Bullet wounds are relatively cleaner, have a rounded wound of entry
smaller than the exit wound, if such exists. They are frequently single.
Blast, crush and chemical wounds will be noted under local treatment in

forward areas.
Time and Distance. Two time-distance factors affect wound treatment:

(a) Time between wounding and primary surgery.

() Time between primary and secondary surgery.

The former interval is relatively the more important and in the latter
stages of the war seldom exceeded twelve hours. Such an interval,
except in heavily infected terrain or in exceptionally dirty individual
wounds, permits full primary excision of the wound. Such factors as
multiplicity of wounds in any one man, or an overworked and solitary
surgical team, may automatically lengthen this interval to the detriment
of both the individual wound and the patient. Generally speaking, the
shorter this interval the better the prognosis, but it was found that
surgical teams could receive casualties too early—i.e. still in the stage
of preliminary primary shock—so that it was necessary deliberately to
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delay operative procedure until full resuscitative methods had been em-
ployed. Examples of this state of affairs were met with in certain planned
actions in Italy and the B.L.A. campaign and in Burma. The second
interval obviously depends upon the length of the time of evacuation and
the method of evacuation employed. In desert warfare 10 days or more
was not exceptional, in B.L.A. and Burma the rapid and ever-increasing
use of air evacuation reduced this to an average 3-4 days (and often less).
In Middle East this long delay, with intervening poor conditions of de-
hydration and inadequate diet, discomfort and usually several needless
wound inspections, led to an almost constant infection in wounds despite
adequate forward surgery and the use of the sulphonamides—and also to
averydebilitated patient. Such conditions were almost non-existent in the
closing campaigns of the war and rapid evacuation; the use of penicillin
and improved technique permitted efficient secondary surgical treatment
to be undertaken in go—95 per cent. of cases within a week of wounding.

TREATMENT OF A WOUND

It is necessary to consider treatment in the forward area, during the
process of transit to the base, and at the base itself.

A. FORWARD TREATMENT

GENERAL. Apart from the fact that the battle-casualty arrives at a
forward surgical unit with a wound, he is typically tired and dirty, often
cold and wet and usually thirsty. All these states call for simple treat-
ment not only from a humanitarian point of view, but also because the
effect so produced has both physically and mentally a very definite and
often marked effect on subsequent surgical procedures. Thus such
elementary measures as a pillow under the head or the knees, the pro-
vision of blankets under as well as over the patient, the removal of boots
and of wet and soiled outer garments are all relatively important factors.
A partial wash even of face and hands does much to improve the patient’s
comfort. A mouth-wash can always be given, and, in cases of flesh wounds
alone, fluids by mouth can be given freely and with obvious advantage.
The provision of sufficient but not excessive warmth requires both judg-
ment and experience. A wounded man is usually, as the result of his
previous exertions and strain, relatively dehydrated—a state that may be
intensified by the application of too much heat, particularly in a patient
whose vasomotor reflexes have been disorganised by shock. Such effects
were particularly obvious in campaigns in hot climates.

One other general point about the surgical casualty is worthy of note
and that is his willingness and desire to undergo operation.

This preliminary period of rest and the provision of simple creature
comforts is well worth the time expended. It also allows the resusci-
tation officer time to make certain essential observations and to carry
out the all-important pre-operative treatment.

C
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The blood-pressure was takenand the pulse-pressure noted ; the pulse-
rate was recorded at intervals and the state of the peripheral circulation
observed. Whenever possible, an attempt was made to raise the systolic
blood-pressure to 100 mm. before major surgery was undertaken. It was
reckoned that a systolic pressure of 85 mm. Hg implied a loss of a third
or more of the total blood-volume. Vitally important observations were
made at this stage without undue disturbance of the patient. For example
cyanosis and deafness might suggest accompanying blast injury, and a
relatively poor and prolonged reaction to resuscitative methods could be
expected; the swollen, tense, pulseless, cyanotic limb pointed to crush
injury, and in this connexion it has been pointed out that, even without
bleeding, an increase of an inch in the diameter of a thigh implied a loss
of a pint of circulating fluid from the capillary bed; and again the dead
white skin of a patient complaining of excessive pain might perhaps
point to the phosphorus burn, a diagnosis which could often be con-
firmed by luminosity in the dark.

Prophylactic Treatment. Of primary importance was the relief of pain,
second only to the first-aid prevention of further haemorrhage either by
tourniquet or by pressure dressing.* Undoubtedly the best anodyne was
morphine and where possible the best route of administration was the
intravenous. Given in }-grain doses the result was immediate and com-
plete. On long lines of evacuation the danger of cumulative doses of
intra-muscular morphine became more obvious. Little effect was ob-
served in a shocked patient and so the dose was repeated, often several
times—only to produce a cumulative and often dangerous result when
resuscitation was eventually carried out. Sera were given as a routine at
this stage, anti-tetanic always and anti-gas-gangrene serum wherever
there appeared the slightest possibility of such infection having occurred.
Prophylactic parenteral (intramuscular) penicillin was started at this
stage and such stimulants as coramine, ephedrine, and adrenaline given
where considered necessary.

Resuscitative Treatment. Resuscitation as such involved the giving of
requisite amounts of blood, plasma or glucose saline and where necessary
the administration of oxygen. Blood was given in such quantities as was
estimated would replace that actually lost, after which plasma could be
used to produce the required pre-operative blood-pressure level. The
chief indication for intravenous saline was the relief of dehydration.
The judicious use of these three fluids, either together or in sequence
and in the correct quantities, called for both judgment and experience.
That this interim period between arrival at a surgical centre and actual
operation was of the greatest importance is indicated by the fact that
less than 4 per cent. of deaths occurred during this preliminary surgical

* Tourniquets bcca.mg unpopular and were used less and less as war progressed;
they were so often applied at sufficient pressure to occlude only the venous return
and not the arterial supply.
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stage (C. G. Rob), and these were accounted for in the main by the major
abdominal, cranial and thoracic wounds and only to a very small degree
by flesh wounds—i.e. they were patients almost moribund on admission.

LOCAL TREATMENT. Some general principles may be mentioned
first. Operative priority was given to cases with a tourniquet still in situ,
to traumatic amputations and to those with obviously massive muscle
disruption and loss. (This list of course refers to flesh wounds only and
disregards the high priorities of sucking wounds of the thorax, tension
pneumothoraces, penetrating abdominal wounds, obstructed airways,
and major fractures). Pre-operative X-ray examination, whenever it
could be carried out without great disturbance to the patient, came to
have an increasing value and use as the war progressed. It permitted a
far more accurate estimation of the track of a missile than could other-
wise have been possible, it helped to localise foreign bodies and detached
particles of bone, and in thoracic wounds it could give invaluable infor-
mation as to the state of the underlying lung. As a general rule, wounds
of the posterior surface of the body were dealt with before those on the
anterior surface, and in all cases, so far as local conditions would permit,
the highest standards of aseptic surgery were adhered to.

Anaesthetics. Undoubtedly the great stand-by was intravenous pento-
thal. This proved the greatest boon to patients who were scheduled for a
series of operations and was alone sufficient in many cases of simple flesh
wounds. Where necessary it was reinforced by lightinhalation anaesthesia.
The greatest contra-indications to pentothal were an actually or poten-
tially obstructed airway and major degrees of shock. Spinal anaesthesia
found no place in forward surgery and local anaesthesia only a small
field (e.g. minor superficial wounds, scalp wounds, tracheotomy).

Cleansing the Wound Area. Clothing, if not previously removed, was
cut away carefully over a large area around the site of the wound, and this
area was then scrupulously washed with soap and water and shaved, a
sterile gauze pad being held over the wound during these procedures.
The whole area was then painted with a suitable antiseptic. This clean-
ing up was not done until the patient was on the table, it being felt that
avoidance of any disturbance of the original dressing (except to deal
with haemorrhage) was a point of the greatest importance. The area was
then towelled off.

Operative Procedure. At one time (approximately 1942) great contro-
versy existed over the details of operative technique, but in essence this
was largely a matter of terminology. Whether the operation is called
excision of the wound, débridement or wound-toilet matters little pro-
vided certain essential details are observed. At the time mentioned the
two schools of thought advocated respectively wide and radical excision
of the wound, and minimal surgical toilet of the wound. The difference
was really one of degree only, and in the later years a standardised
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routine was adopted in all theatres and was varied only by the time
factor. It was felt that after an empirical interval of twelve hours (varying
with local conditions) major interference with a wound was likely to do
more harm than good by spreading potential sepsis, and hence operative
treatment was scaled down from excision to wound toilet. The essential
details of all these procedures can be summarised as follows:

Incision. This must conserve as much skin as possible. In clean-cut
bullet wounds it is doubtful whether any skin need be removed. In any
wound a freshening of the edges, a removal of a maximum of } in. should
be sufficient. In this connexion it is worthy of mention that greatly
accelerated healing was obtained by the excision even of simple through-
and-through bullet wounds. The incision should be adequate to expose
all parts of the wound fully, and this applies equally to skin and fascia;
it may require elongation to permit of subsequent easy suture without
tension; it must effect good decompression of the depths of the wound
and this may necessitate secondary incisions at right angles to the initial
incisions to open up pockets deep to fascial planes (e.g. of the thigh be-
neath the fascia lata); in the limbs longitudinal incisions are preferable to
transverseones; incisionsover bone should wherever possible beavoided.

Excision of Tissues. As has been stated, minimal skin should be re-
moved. On the other hand, wide excision of subcutaneous fat is necessary
—this layer having a relatively poor blood supply and being liable to
gross contamination. The fascial layers certainly provide one of the
chief danger points in wound excision. Opening up fascia to an extent
at least equal to the skin incision, the careful removal of all damaged and
shredded fascia, and the making of such cross incisions as are necessary
to relieve compression, to open up deep pockets and to effect complete
drainage—these are all vital parts of the successful cleaning of a wound.
Beneath this layer, careful removal is necessary of all damaged and de-
vitalised muscle tissue, of blood clot, of all foreign material and debris
as methodically, efficiently and expeditiously as possible. In many cases
this part of the operation can be assisted by a gentle flow of saline irri-
gation through the wound; this washes away blood clot and some of the
imbedded foreign material, and floats up fragments of muscle and fascia.
It must always be remembered at this stage that it is devitalised muscle
tissue which par excellence provides a nidus for the lethal gas-gangrene
organisms.

Foreign Bodies. These fall under two heads: (@) introduced foreign
bodies (missiles, stones etc.), (b) bone fragments.

(a) The controversy over the necessity for removal of foreign bodies
fluctuated in intensity at various stages of the war. The matter is essen-
tially one of common sense. Obviously if reasonably accessible, the
foreign body should be removed, more for the contamination of the
clothing (and particularly heavy clothing) it automatically introduces
into the tissues than for itself, as the metal itself has often been heated
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by explosion to the extent of relative bacterial sterility. Again a smooth
missile (e.g. bullet) is much less likely either to introduce particles of
clothing or contamination by itself than the jagged metallic particles
of shell-cases, bombs, mortars etc. The problem case is the one in
which the foreign body is not readily accessible in the excised wound.
Here judgment and experience are of the greatest value and a consider-
ation of the facts mentioned above will often provide the right answer.
To search blindly for a poorly localised foreign body, especially if this
process involves opening up undamaged tissue and the expenditure
of valuable time, is at this stage often unwise. Such risks can often
be avoided by a simple counter-incision, if clinical or radiological
localisation make this a feasible proposition.

(6) The policy regarding bone fragments changed entirely during the
course of the war. In the initial stages practically all bone that had be-
come detached from its parent site was removed wholesale; later a more
conservative view was taken and those particles which maintained a soft
tissue connexion (and therefore presumably a blood supply) were left
m situ; and in the closing campaigns—such was the prophylactic anti-
infective cover given by penicillin and the sulphonamides—even loose
particles of bone were left in place as tantamount to primary chip bone
grafts. In the absence of subsequent sepsis, by far the majority of these
fragments lived, and thereby was avoided the long weary months of
repeated surgical operations and convalescence which inevitably fol-
lowed major bone loss. Obviously the possiblity of displaced bone
fragments pressing on or irritating major vessels and nerves had always
to be borne in mind.

Other Points in Forward Treatment. Haemostasis as complete as
possible should be the ultimate aim in treatment of the wound. To a
large extent this can be obtained by pressure with warm packs. Ligatures
should be used as sparingly as possible and in the latter stages there was
ageneral feeling that thread was preferable to catgut as ligature material.
The wound having been thus made as ‘biologically inhospitable to
organisms’ (H. C. Edwards) as possible, a further barrier to infection is
provided by dusting (‘frosting’) all the exposed surfaces with penicillin
(or penicillin and sulphonamide) powder, 5,000 units per gramme. The
powder should be gently rubbed into the depths of the wound with the
gloved finger. One of the cardinal rules of war surgery was that there
should be no primary suture of wounds. The one exception to this rule
was in the case of wounds of the face, which if properly excised healed
in go per cent. of cases. Perhaps mention should also be made of the
occasional necessity for deep sutures, e.g. of muscles in a sucking thoracic
wound and of synovial membrane in wounds of major joints. Of course,
if for other reasons (e.g. a concomitant abdominal wound) the
patient had to be retained in a forward unit for such a period of time that
the sutured wound could be under close clinical observation until the
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stitches were removed, the procedure was perfectly reasonable provided
it was not initially too time-consuming. The habit of sewing back the
skin flaps of large flesh wounds (and of amputations) which was in vogue
to some extent in the early C.M.F. campaigns was of short duration. It
had little to recommend it if primary surgery had been efficient, and it
was apt to devitalise valuable skin edges. The wound itself was dressed
with gauze, gently inserted but not packed, into the depths of the wound.
In the early stages of the war vaselined gauze was almost universally
used for this purpose. Later a distinct preference was shown for dry
gauze. Over this was placed ample wool and the whole was fixed by
bandage or strapping, the greatest care being taken to avoid circular
constriction of the limb. Finally, in considering this forward surgical
treatment, must be mentioned the great value of immobilisation of the
wounded limb as awhole in all cases in which tissue loss could be called
major in degree, and irrespective of whether bone injury accompanied the
flesh wound or not. This immobilisation was effected by various splints,
by split and well-padded plasters or by plaster slabs. The administration
of parenteral penicillin was begun and the patient was then ready for
evacuation and the second stage of treatment.

B. TRANSIT TREATMENT

Methods of evacuation improved steadily throughout the war, cul-
minating in large scale use of air transport. The successful solution of
the administrative problems involved in achieving this must undoubt-
edly be ranked as one of the most important factors in the greatly im-
proved results obtained in treating wounds. The practical fulfilment of
the conception of a two-stage single treatment of any wound was essen-
tially due to increased speed of, and comfort in, evacuation from forward
to base areas.

Medically the treatment in transit can best be summarised as masterly
inactivity. Care of the patient’s general condition throughout the journey
was obviously vital and was provided by the provision of fluids by mouth
or intravenously (the so-called ‘travelling transfusion’ of ambulances and
aeroplanes being a typical example of this) as required, by the adminis-
tration of morphine when necessary (remembering the likelihood of a
cumulative effect in a patient whose peripheral circulation was poor as a
result of shock), by the giving of food and water at as regular intervals as
possible and by the repeated administration of the antibiotics.

Locally as little as possible was done to the actual wound. Redressing
of the wound in transit was forbidden, unless some major complication
(haemorrhage, the development of gas gangrene etc.) made it essential.
The dictum that ‘inspection=infection’ was amply proved in the earlier
campaigns, particularly those in the Middle East, where a 7-10-day
journey, passing through as many staging posts from forward to base
units, offered irresistible temptation to redress a wound, with inevitably
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bad results. In the large majority of cases all that was necessary locally
was minor adjustment of the immobilising splints etc. and replacement

of the external dressing.

C. BASE TREATMENT

The definitive treatment of a wound at a relatively static unit under-
went a drastic change as the war progressed. The days of 193941, when
wounds were allowed to heal by granulation with or without a surround-
ing (and usually evil-smelling) plaster, when casualties suffering from
chronic toxaemia were numbered by their thousands, when consequent
bed-wastage and loss of man-power was rife—all these were now only
memories. The factors which produced the metamorphosis—Ileading
essentially to the virtual conquest of sepsis—have been considered
above in detail. The ultimate result in the last two years of the war was
that go per cent. of flesh wounds could be completely closed within a
week to ten days of the infliction of a wound, and by far the greater
number of patients returned to full functional duty within a month. In
some theatres of war this rapid healing of wounds led to unexpected
side results. Instead of the casualty finding himself shipped home for
prolonged treatment and convalescence with a simple ‘blighty’ wound,
he was back with his unit on full duty in a matter of a few weeks. To
‘compensate’ for this, so-called convalescent leave was granted after the
patient’s discharge from the medical services.

The closing and healing of wounds are two closely interdependent
processes. The former—either by sutures or by skin-grafting—became
a relatively straightforward and simple technical procedure. The latter
opened up fields of physiological and biological research which are still
being tilled to-day, but which in the latter years of the war produced a
crop of invaluable therapeutic methods that undoubtedly achieved a
great deal in hastening recovery.

To understand the rationale of general treatment at this stage a few
words are first requisite as regards the constitutional effects of wounds
and wound healing.

In the normal process of healing there is a latent period of some three
to four days before any significant reparative activity occurs. This period
can be indefinitely lengthened by certain local and general factors.

Local Factors. Among the obvious causes of delay in healing are per-
sisting infection, traumatised and devitalised tissue, haematomata, a
damaged local blood or nerve supply, foreign bodies, the persistence of
dead space and pressure effects. It should also be remembered that the
normal reaction in a healing wound is acid (pH 5-7). Both above and
below this figure local vasoconstriction occurs and healing is delayed.
If pus as such is present the reaction is alkaline and bacteria flourish.
Normally the local acid both stimulates an exudation of plasma-colloids
and cells and activates autolytic enzymes.
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General Factors. Again, obvious effects on wound healing may be due
to the patient’s age, associated diseases (especially such debilitating cen-
ditions as dysentery, malaria, broncho-pneumonia etc.), climatic effects,
and the individual psychological reaction to trauma. But the general
factor of over-riding importance is the upset in protein metabolism, with
its associated dehydration effects. Secondary anaemia, and in the more
chronic stages avitaminosis, have also to be considered. Normally there
exists in the body a carefully balanced and preserved state of equilibrium
between plasma proteins and tissue proteins. The normal figure for the
former is 6—7 g. per 100 c.cm., the proportion of albumin to globulin
being approximately 1-6 to 1. In all trauma there is some loss of protein
and this balance is upset, often to a very marked degree. The loss can
occur either directly from a haemorrhage or serum-exudation (from a
surface or into injured cavities), from the urine, from fistulae or from
prolonged gastric suction, or it can occur indirectly from the break-
down of tissue protein following trauma.

From all these sources it is possible to form some estimate of the
amount of protein lost and to a lesser extent the patient’s weight may
also give some guide. But the estimation of serum protein may be most
misleading unless repeated, as values are masked by dehydration and it is
possible for tissue proteins to be grossly depleted without this effect
being reflected in the serum figures. Again there has been ample proof
that plasma loss can only be slowly replaced from tissue proteins.

The results of this loss of protein are manifold:

(i) There is some evidence that amino-acids helped in the healing
of wounds. The deficiency of protein and therefore of amino-acids
may cause delay in healing.

(ii) The normal fibroblastic reaction is late in appearing (a week or
more) and less in degree.

(iii) Water and salt balance are upset, leading to tissue oedema (a fre-
quent cause of secondary wound disruption) with consequent decrease
in the volume of circulating blood, haemo-concentration, vascular stasis
and anoxaemia of the tissues.

(iv) This malnutrition of tissues leads to delayed replacement of
damaged cells by new cells and its effect is particularly marked on the
reticulo-endothelial system, with a correspondingly lowered production
of phagocytes.

(v) A liability to sepsis. This liability is obviously increased by
vascular stasis, the vicious circle being completed by the pressure of
oedematous exudation from capillaries to intercellular spaces.

(vi) A loss of gamma globulin leads to a loss of immune bodies.

All these considerations therefore dictate the now accepted general
treatment at base level.
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GENERAL TREATMENT. Protein loss can to a limited extent be made
good from endogenous sources—chiefly the liver—but any severe loss
demands exogenous replacement.

(i) High-protein diet, to include particularly eggs, lean meat, milk,
and soya bean products.

(ii) Intravenous replacement, primarily by blood transfusions repeated as
necessary. A patient with a haemoglobin of below 70 per cent. is unlikely
to produce a well-healed wound after suture. Plasma may of course be
used as an alternative, depending on the results of actual cell counts.
The hydrolysates became increasingly popular towards the end of the war
and much knowledge was gained regarding their administration from
their use among the unfortunate victims in the German concentration
camps. The most commonly used was probably ‘amigen’, an hydrolysate
of 5 per cent. casein in § per cent. glucose. It was soon learnt that this had
its disadvantages, especially if not given very slowly, as it frequently led
to marked general febrile reactions and to local thrombosis of the vein
used. However, as one litre of this hydrolysate could provide 50 g. of pro-
tein, its immediate value in acute states of protein deprivation was great.
A number of amino-acid hydrolysates have also been used on occasions.
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