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WAR SURGERY AND MEDICINE

FOREWORD

Foreword

BY MAJOR-GENERAL SIR HENEAGE OGILVIE, KBE, DM, M CH, FRCS
Consultant Surgeon to the Middle East Force, 1942-43

IT was at the battle of Alam Haifa in August 1942, that I met a group of New
Zealand forward surgeons for the first time, and began an association that lasted till
the invasion of Italy. This volume records the happy co-operation that existed in the
Second World War between the New Zealand Medical Corps and the Royal Army
Medical Corps, a co-operation that was fruitful in advancing the standard of war
surgery, in putting to a practical test many new methods, and in alleviating
immeasurably the lot of the sick and wounded. Collaboration was constant, and to
the mutual advantage of both. The administrative heads and the consultants of both
services were in close touch. During battles the New Zealand medical units were
often called upon to deal with large numbers of casualties from the British and other
Commonwealth forces, and New Zealand patients were admitted to British units. In
Tunisia in 1943 at 1 NZ CCS, which was augmented by special British units, including
a neurosurgical unit, the principle of forward treatment of head injuries by teams of
experts was first worked out.

The fighting in the Western Desert was the testing ground in which the
principles of wound treatment learned in the First World War were re-established, in
which methods applicable to the fresh conditions of mechanised and highly mobile
war were worked out, and in which many surgical methods introduced since 1918,
and others discovered during the first years of the war, were first given practical
trial. The campaign in Europe in 1940 and the Abyssinian campaign in 1941 were too
hurried for the purpose. In the Desert blood was first used in quantities that are now
considered adequate; chemotherapy, undergoing tentative trial in 1939, was used on
a large scale, first with the sulphonamides, later with penicillin; the use of gastric
suction, intravenous medication, and exteriorisation of wounds of the large intestine,
combined with the transfer of patients to forward surgical centres able to nurse them
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and retain them till their condition was stabilised, led to a recovery rate more than
twice that in Flanders in 1918, even though the type of injury being treated was, on
the average, more severe; gas gangrene, the terror of the First World War, was
almost abolished by early surgery and transfusion; and methods of immobilisation
suited to transport along lines of evacuation that might extend to a thousand miles,
the Tobruk splint for the lower limb and the thoraco-brachial plaster for the upper,
were evolved.

In Italy the forward surgical units were pushed close to the fighting and
advanced base units were sited a few hours farther back. Delayed primary suture of
soft-tissue wounds, from three to five days after injury, became the rule. Air
transport, seldom possible till the mastery of the air is assured, was exploited, and
cases were transferred to specialist centres at the base within a short period of
wounding. Penicillin initiated a fresh policy in gunshot fractures, enabling many to be
closed by delayed primary suture, and in wounds of the chest, where early and
repeated tapping of haemothoraces with penicillin instillation went far to abolish late
deaths from sepsis.

The surgeons of 2 NZEF made a valuable contribution to the surgical potential of
the Eighth Army, just as administrators and physicians helped to preserve the health
of the 2 NZEF in the Middle East and the Pacific. Their service, along with that of
their British and Dominion colleagues, was such that it can be claimed that the
soldiers, sailors, and airmen of the British Commonwealth were better cared for in
this last world conflict than any fighting men in the history of warfare.

W. H. Ogilvie

September 1953
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WAR SURGERY AND MEDICINE

PREFACE

Preface

IN this clinical volume, the first of three volumes of the Medical History of New
Zealand in the Second World War, is recorded the most important aspects of the
clinical work and experience of the New Zealand Medical Corps. Some subjects which
did not figure prominently in our New Zealand experience will be covered by the
Medical War Histories of the Commonwealth and the United States, which histories
have been co-ordinated by the meetings of the Liaison Committee of Official Medical
War Historians. The volumes produced by the various countries will together cover
the whole field of war medicine and surgery.

In this, our New Zealand record, no attempt has been made to write clinical
articles such as would be appropriate to a medical journal or a textbook. Subjects
have in the main been dealt with chronologically, linking the First World War with
the Second World War, and stating and evaluating developments in the course of the
war. The short reviews of our experience in the First World War are useful because
no New Zealand clinical history was written at that time, and they also serve to
emphasize the importance of cardinal principles, especially in war surgery, and to
show how similar problems arise in every war. With articles built up in chronological
order there is inevitably some repetition and lack of clarity, but this approach was
adopted deliberately with some subjects in order to give the reader a mental picture
of what was happening at important periods during the war; for instance, how the
wounded were treated in our Field Ambulances during the Libyan campaign or at the
Battle of Alamein, Summaries of surgical treatment have been made for reasons of
emphasis and ready reference. Statistics, some of them compiled with great
difficulty, have been incorporated to illustrate the comparative magnitude of the
problems, and War Pensions' experience has been drawn upon to help place the
problems in proper perspective.

The articles are centred on the 2 NZEF in the Middle East and Italy, where most
of our experience lay, but clinical work in the Army and Air Force in the Pacific
theatre is covered where possible. In the Middle East and Italy we had a force which
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grew from 6000 in February 1940 to 36,000 in October 1941 and remained around
the 30,000 mark until August 1945; during this period 2 NZ Division served in the
early campaigns in Greece and Crete and in all campaigns of the Eighth Army except
Sicily. Its wounded totalled 16,456, apart from wounded who were taken prisoner
(1326), and its sick over 100,000, although the sickness rate was low. The Pacific
forces were smaller and served for shorter periods; the wounded in 3 NZ Division
totalled only 227, but there were special problems relating to tropical diseases.

The New Zealand Medical Corps carried out its work in the Middle East under the
overall administration of the Royal Army Medical Corps, and always in close
association with other forces as far as clinical work was concerned, so that any
advances in treatment were immediately available to us. It fell to our lot to care for
very many casualties from other forces of the Commonwealth, and many of our own
men were treated in other medical units, especially in British General Hospitals.

The clinical work of the NZMC reached a high standard in conformity with that of
the British Army medical service, of which our Corps was a small but energetic part.
It is of interest to note that in the New Zealand casualties the proportion of killed
and died of wounds to wounded who recovered steadily fell from 2:5 in Greece and
Crete and 1:2 in Libya to 1:5 in the advance from the Senio in the final stages of the
war in Europe. The personnel of our Corps were all civilians recruited for service
during the war. Only a few senior medical officers had seen service in the First World
War and so had some experience of war medicine and surgery. The quality of our
clinical work therefore depended on the training and ability of our civilian medical
and nursing professions. Our nursing sisters did magnificent work throughout the war
and our voluntary aids and orderlies gave excellent service. There was a relative
shortage of specialists in New Zealand in the fields of neurosurgery, plastic surgery,
chest surgery, anaesthesia, and, to a lesser extent, orthopaedic surgery., This
rendered it necessary to rely on the RAMC to some extent for these services, and
special British units were often invaluable to us. (It is satisfactory to note that there
has been a marked development of these specialties in New Zealand since the war,
and it is hoped that this will enable the medical services of any future expeditionary
force to be self-sufficient.)

The development of specialist units overseas brought about a steady
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improvement in treatment, and field surgical and field transfusion units were
invaluable in forward surgery. The introduction of sulphonamides and penicillin and
the adoption of delayed primary suture brought about marked advances in wound
healing. In the treatment of, disease the sulphonamides and penicillin proved also of
the greatest value, while in the preventive field, inoculations against tetanus, typhus
and the enteric fevers, the use of mepacrine as a suppressive of malaria, and the
use of the insecticide DDT limited disease and conserved manpower. All these
developments and many others are elaborated in the appropriate articles.

Short lists of references have been appended to some of the articles when
information has been obtained from medical journals. Most of the articles, however,
have been written almost entirely from our own experience and from what
information we have found in reports filed during the war. One wishes that more of
our officers had recorded their experience in the form of surveys and special studies,
and that an attempt had been made during the war to collect clinical photographs
and drawings.

The articles have been written almost entirely by the Medical Editor with the
help of his assistant, J. B. McKinney, but a few very valuable articles have been
written in whole or in part by distinguished members of the Medical Corps-among
them G. R. Kirk (Infective Hepatitis); E. G. Sayers (Malaria); J. E. Caughey (Q Fever);
R. A. Elliott (Ear, Nose and Throat disabilities); H. V. Coverdale (Ophthalmology); W.
M. Manchester (Plastic Surgery); W. M. Platts (Venereal Disease); J. Borrie (Clinical
work among Prisoners of War); and D. T. Stewart (Work of a General Hospital
laboratory overseas); and G. H. Gilbert, New Zealand Dental Corps (Plastic Surgery).

Other senior members of the Corps have helped by reading and giving valuable
criticism of some of the articles and some have furnished fresh data. Among those
we thank for this co-operation are M. Falconer, E. L. Button, A. W. Douglas, J. K.
Elliott, M. Williams, H. K. Christie, K. B. Bridge, W. E. Henley, R. G. Park, W. H. B.
Bull, J. R. Boyd, D. D. McKenzie, C. G. Riley, D. P. Kennedy, G. F. V. Anson, and T. W.
Harrison.

A very important contribution has been made by D. Macdonald Wilson, who has
supplied information and statistics from the War Pensions Branch which have
enabled us to follow up the after-history relating to many of the important



disabilities, and has also written the article on Essential Hypertension.

It is hoped that this volume, apart from its value as an historical record of the
excellent work done by the New Zealand Medical Corps, will be of some service to
future generations if New Zealand ever has the misfortune to be involved in another
war.

T. D. M. Stout

WELLINGTON 1952
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WAR SURGERY AND MEDICINE

[SECTION]

BEFORE dealing with the methods employed during the 1939-45 War in the
treatment of war wounds, it will be necessary to give a short account of the
measures adopted in the two preceding wars, the First World War of 1914—-18 and

the Spanish Civil War.



WAR SURGERY AND MEDICINE

FIRST WORLD WAR
First World War

At the beginning of the war wound treatment consisted of the removal of foreign
bodies, of loose bone, and the institution of drainage. Aseptic dressings were
utilised. Numerous antiseptics were employed for wound dressings, the most popular
being acriflavine, others being the coal-tar dyes, Di-Chloramine T and Chloralamide.
Later came the development of the technique of the thorough excision of the wound,
with the removal of the contaminated area of the soft tissues, except naturally the
vessels and nerves. At first, excision was restricted to wounds operated on within
eight hours of infliction, and the wound was then primarily sutured. This proved
generally unsatisfactory, and later the wound was left wide open and drainage
instituted as required. Then the common occurrence of gas gangrene, and the
realisation that dead muscle was the main culture medium in the wound for the
anaerobic organisms, brought about the radical removal of devitalised muscle.

At first dressings were done frequently, with the consequent difficulty arising
from shortage of staff. Sir Aimroth Wright suggested the application of the principles
of osmosis to produce adequate drainage, and further suggested that the wound be
packed with dressings saturated in salt, tablets of salt being employed for the
purpose. The wound was not dressed for about ten days after the original operation
and packing. This treatment had great success in providing rest for the patient and
adequate drainage of serum, but produced some difficulty in observation and did not
combat anaerobic infection.

Then Carrel carried out his experiments, and advised the hypochlorites as a
wound irrigation to combat infection. This became the standard method of treatment
throughout the British Army. The wound was radically excised; then small rubber
tubes with lateral holes were inserted freely into the wound, and gauze placed over
it. The wound was not drained, but left like an open trough so that the Dakin's
solution could lie in the wound and get longer contact with the tissues. Drainage was
instituted only if abscess formation developed apart from the wound proper. Dakin's
solution was then introduced into the tubes four-hourly by means of a syringe and
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allowed to be absorbed into the dressings. In large wounds trays were placed under
the limb to catch the overflow. Later continuous slow drip irrigation was arranged by
means of large glass containers suspended above the bed by wood or metal stands,
with rubber tubes, and interposed drip taps, leading to the small tubes in the wound
to which glass connections were attached.

Morison of Newcastle developed another technique for primary treatment of the
wound. Excision of the wound was carried out and then the wound was packed with
gauze impregnated with BIPP. ! This acted as a bacteriostatic and also encouraged
lymph drainage of the wound, with generally satisfactory end-results. The method
was also employed in the secondary suture of wounds. Apart from some lymph
oozing, this method was very successful.

The preparation of the wound for secondary suture was the normal process of
wound treatment at the end of the war. Bacteriological examinations were carried
out to determine the quantitative infection present, and also to determine the nature
of the infection. A scale was compiled showing the number of organisms present
which normally would not interfere with satisfactory healing, and the scale was
consulted in determining the advisability of operation. At operation the growing
edges of the skin were gently excised so as to leave a raw area. The rest of the
wound was dealt with by removing any dense scarred area that may have formed
over the muscular and subcutaneous areas, and freeing the fascial layer. BIPP was
generally rubbed lightly into the wound after its re-excision, and then any excess of
the BIPP removed, so that only a thin staining remained. The wound was sutured by
means of figure-of-eight sutures of strong silk which had been impregnated with
BIPP. The sutures passed through the skin and the fascial layer at intervals of not
less than half an inch. The tightening of the suture first brought the fascial layer
together firmly, and then the skin. Slight oozing generally occurred between the
stitches, but this did not interfere with very satisfactory healing. The BIPPed stitches
could be left in for a long time without any irritation to the skin. Some surgeons did
not use BIPP, and others employed a simple suture of the wound without re-excision.
The bringing together of the fascial layer, however, had many advantages, especially
in the elimination of muscle hernia. Generally, even in very large wounds, the wound
could be brought together without great tension because of the wasting of the limb
that had occurred since the injury. In cases of difficulty the skin and subcutaneous



tissues were widely freed at either side of the wound, and small cuts were made in
the skin parallel to the wound after suture, when there seemed to be danger of
sloughing of the skin. The cuts relieved both tension and any venous congestion that
might be present, and so preserved the vitality of the skin. In cases with marked loss
of skin it was a usual preliminary measure to draw the wound together and then
attempt suture later. In more serious cases skin grafting or pedicle flaps were
utilised. Simple wounds and also compound fractures were dealt with in this way.

The French treated wounds, including wounds of joints and fractures, by excision
of the wound ( ébridement), by the use of large rubber tubes for dependent drainage
and plaster splints for immobilisation. The splints were kept on for weeks, the
resultant smell being relieved by the spraying of scent. As a rule, the temperature
rapidly subsided, and the progress of the patients was generally satisfactory. Except
for drainage the treatment resembled in many ways the Winnett Orr or Trueta
treatment.

Most surgeons employed the Carrel-Dakin treatment as a means of controlling
infection originally, and many utilised BIPP at the time of secondary suture.

Undoubtedly the Carrel-Dakin system produced excellent results, though it
involved considerable nursing attention and somewhat elaborate appliances as
methods of continuous irrigation were developed to obviate the four-hourly routine.

There were attempts made at the end of the war to carry out primary suture of
wounds when conditions were suitable, and, in many cases, with success. The idea
of primary suture was ever before the surgeon, but it was realised that, under
ordinary conditions of warfare, the ideal was unattainable.

After the war the techniques of excision of wounds, of Carrel-Dakin treatment,
and of Morison's BIPP treatment were all utilised in civilian practice, especially in the
treatment of serious accidental injuries.

1 Bismuth iodoform paraffin paste.




WAR SURGERY AND MEDICINE

SPANISH CIVIL WAR

Spanish Civil War

The Spaniards developed the Winnett Orr treatment of closed plaster for war
wounds, and it became the recognised treatment for all limb wounds.

It depended for its success on complete immobilisation of the limb by encasing
it in plaster, joint or muscle movement thus being prevented. The wound was
excised and freely opened up, vaseline gauze and then a complete plaster splint was
applied, and the limb was left undressed for ten days or more, when a fresh dressing
and fresh plaster splint were applied It was found that severe infections rarely
occurred, and that the wound became clean and slowly healed under the plaster.
There was a great saving of nursing and dressings. The treatment was well written
up by Trueta and Jolly, and knowledge of its benefits was widespread at the
beginning of the Second World War. The Carrel-Dakin treatment had been displaced.



WAR SURGERY AND MEDICINE

SECOND WORLD WAR
SECOND WORLD WAR

At the beginning of the Second World War the technique of primary wound
treatment laid down during the 1914-18 War, and continued in the treatment of
civilian injuries afterwards, was carried out by the army surgeons. After the surgical
cleansing of the wound the closed plaster treatment as developed during the
Spanish Civil War was utilised. Very soon the sulphonamides were employed as
bacteriostatics, both locally to the wound and parenterally by the mouth and later
intravenously and intra-abdominally.

The antibiotic penicillin, when introduced in the later half of 1943, gradually
displaced the sulphonamides and with its help the regular delayed primary suture of
wounds was introduced. The primary efficient surgical treatment of the wound
remained, however, the essential element in wound treatment.

It is necessary to survey the nature of the wounds produced by the different
missiles, and the special problems involved in injuries to different parts of the body,
before proceeding to discuss the development of wound treatment during the war in
some detail, both in regard to the various aspects and also as a chronological
account of the conditions present in the different campaigns in which the 2 NZEF
fought.

Wounds Produced by Different Missiles

There was a marked difference in the type and severity of the wounds produced
by shells, mines, and bullets. Very severe wounds, often multiple, were often caused
by shells, mortars, mines, grenades, and booby traps. Unless it struck bone, the rifle
bullet was generally less severe in its effect. Fortunately, shell splinters more often
caused numerous small wounds rather than severe wounds. Mine wounds were
particularly severe and multiple, frequently involving the face as well as destroying
the feet.
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Types of Wound

The nature of the wound varied a good deal according to the region of the body
involved, and especially as to the amount of muscular tissue present.

In the head the penetration of the skull and involvement of the brain called for
special equipment, and treatment by personnel trained in neurosurgery. Injuries to
the face, apart from the involvement of the eyes, were of importance with regard to
the prevention of disfigurement and the associated fracture of the jaw. The neck
injuries were often associated with injuries to the large vessels and to the larynx and
trachea. Wounds of the thorax were often associated with lethal injuries to the heart
and blood vessels, and the sucking wounds presented symptoms demanding
immediate relief. The accumulation of blood in the pleural cavity not only interfered
with respiration, but also acted as a nidus for infection.

The abdominal wounds were of special importance because of the injuries to the
viscera, particularly the hollow viscera, but bleeding in the retro-peritoneal tissues
and muscle injury were also of importance.

The buttock and perineum were dangerous areas because of the liability to
abdominal, especially to rectal, injuries, and also because of the mass of muscle
tissue particularly liable to anaerobic infection.

As regards the limbs, where the bulk of the uncomplicated wounds occurred, the
thighs and calves with the bulk of muscle were again prone to serious infection; and
vascular injuries were of special importance, especially in the thighs, because of the
danger of gangrene.

Injury to bone and joint produced added risk of sepsis and prolonged disability.

Injuries of the larger nerves, though of no importance as regards wound healing,
led to the longest period of disability and demanded prolonged treatment.

Traumatic amputation of the limb produced by gross injury proved to be of
considerable importance because of the profound and continued shock associated
with the extensive tissue damage.



The depth and the extent of the wound naturally varied enormously in degree
from a small abrasion to a devastating tissue destruction, and from a perforating
wound with two small perforations of the skin, with no swelling of the limb, to a
large blowout of skin and muscle leaving a huge hole in a limb or, as commonly
occurred, in the buttock.

In uncomplicated wounds the depth and the extent were important factors, but
the amount of muscle involvement was of cardinal importance as it was in damaged
muscle that infection, especially dangerous anaerobic infection, was especially prone
to occur.

In addition to the missile itself producing in the wound damaged non-vital
tissue, there was introduced into the wound foreign bodies of different kinds
including dirt, clothing, and portions of the missile itself, all of which acted as
irritants to the tissues and potential foci of infection.

The treatment of the wound had to be such as to take all these factors into
consideration.

Treatment of the Wound

Before the wound could be dealt with it was necessary to remove any overlying
clothing and expose the wound itself and a considerable area around, generally the
whole limb in a limb injury, and sometimes the whole body. This exposure was
necessitated not only to enable the wound to be adequately treated, but also to
ensure that no other wounds were present. Exposure of one area at a time was
generally necessary because of the shocked condition of the patient. (The methods
of prior resuscitation will be described later.) The skin around the wound was then
thoroughly cleansed over a very wide area by soap and hot water and shaved when
any hair was present, also shaving a limb on which plaster extension was to be
applied. The limb was then dried and painted with iodine solution or other skin
antiseptic, and guards adjusted. In ordinary wound operations mackintosh guards
were generally utilised in the forward areas so as to save washing.

The surgical cleansing of the wound was then proceeded with according, to a
great extent, to the interval that had elapsed since wounding.



Except in the case of wounds operated on very late, and in septic wounds, the
thinnest possible slice was taken off the cut surfaces of the skin, and the wound
freely enlarged longitudinally so as to open up thoroughly the deeper parts of the
wounds. The deep fascia was opened up in the same way and, if necessary, also the
muscle planes.

All seriously traumatised tissue was now removed from the internal wound
surface either by knife or scissors. Special attention was given to muscles, all
avascular discoloured muscle being removed so that a fresh bleeding surface was
presented. Tags of fascia and damaged subcutaneous tissue were removed, and all
foreign tissue such as dirt and clothing were removed by instruments, wiping, and
washing. All bleeding was stopped, the suction apparatus being of great value in the
catching of the bleeding points and also in removing blood and clot from the wound.
Blood vessels and nerves were preserved, as was bone. The extent of the removal of
tissue would depend on the amount of tissue damage and partly on the interval
since wounding.

At first in North Africa the removal of skin was excessive, so much so at times as
to interfere with the subsequent healing of the wound. It was then stressed that skin
was a very vital tissue which was seldom the site of infection, and excessive removal
was discontinued.

The extent of removal of tissue in the deeper parts of the wound also varied
during the different periods. This was especially so when the scene changed from
the relatively non-infective terrain of North Africa to Italy, where more severe wound
infection was noted and more radical wound toilet was called for.

Great tension in the wound was found at times, especially in the thigh and
sometimes in the calf. This was relieved by free incision in skin and especially in the
deep fascia, which was, if necessary, divided transversely.

After all the wound had been cleansed, tension relieved, bleeding dealt with and
the wound surface dried, the whole surface was lightly covered with powder, at first
sulphanilamide and later penicillin in a sulphanilamide base.

Gauze dressings were then applied so as to keep the wound open without
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plugging. At first sterile vaseline gauze or tulle gras was used so as to ensure an
atraumatic dressing, which would not produce pain and trauma on redressing. In
Italy, when delayed primary suture became the routine, plain gauze was substituted
for the vaseline gauze as it was found that this dressing left a healthier surface for
suture, and as the gauze was removed under the anaesthetic the question of pain
did not arise. Cotton wool, gamgee, etc., were used as outer dressings.

In all fracture cases and in all large limb wounds splints were applied, in the
great majority of cases of plaster, or with plaster incorporated with a Thomas or
Kramer splint.

Removal of Foreign Body

Foreign bodies were removed if located during the process of wound cleansing,
or if their position was known and the foreign body was large enough to warrant the
exploration. It was seldom that X-rays were taken for this purpose, and in the Field
Ambulances X-ray was not available. Hunting for foreign bodies in the seriously
shocked cases was in general not warranted, especially if this entailed the opening
up of fresh tissue planes. It was recognised, however, that the removal of foreign
bodies was desirable, and a much larger proportion were removed during the latter
part of the war. The smooth bullet was less prone to produce sepsis than the jagged
pieces of shell which often introduced clothing.

Drainage

The wound, as already stated, was always left wide open and kept open by a
gauze dressing, and this ensured some wound drainage. In large wounds of the thigh
and often of the calf dependent drainage was generally instituted by making incision
in the back of the limb, especially in the earlier period of the war. and before
penicillin became available. When sepsis developed, free drainage was provided by
large incisions.

Closed Plaster Treatment

At the beginning of the war the closed plaster technique was adopted practically
universally and all limb wounds were treated in this way. The wound treatment as



described was employed for all large wounds. Vaselined gauze was then applied to
the cleansed and enlarged wound and the limb enclosed in plaster. The results were
very good. The patients travelled comfortably. The temperature tended to subside
satisfactorily, and little toxaemia was present in the majority of the cases. There
was little strain on the staffs of the hospitals as dressings were infrequent.

Certain disadvantages were evident, and these became more obvious as time
went on, but the treatment had obtained such a grip on the imagination of the
medical officers that the disadvantages were prone to be overlooked, especially in
those who had had no previous experience of war wounds. The first disadvantage
noted was that there was a grave danger of interfering with the blood supply of the
limb if a closed plaster was applied, without padding, shortly after wounding. Some
limbs were lost because of this. Instructions were then issued by Army that padding
should always be used for the primary plaster, and that the plaster should also be
split before the case was transferred to another unit.

The second disadvantage was that the plasters became very stained by the
secretion from the wound, and also very offensive. Much ingenuity was displayed to
obviate this, and carbon dressings and deodorants applied, but without much
success.

The most important disadvantage, however, was the long period generally
required to promote healing, with the resultant serious wasting of the limb and loss
of functional activity. This was naturally noticed only as time went on. It was also
noted that secondary infections arose, notably by B. Pyocyaneus. Finally it was
agreed that the principle of primary immobilisation of the wounded limb was sound,
but that, after the first ten days, further complete immobilisation was unnecessary
and undesirable in the majority of the non-fracture cases, and that more rapid
healing and return of function should be aimed at. Changes were soon made in
attempts to clean up the wounds more rapidly and close them by secondary suture.
Many methods were utilised, including the Carrel-Dakin method, but generally simple
dressings with acriflavine and other antiseptics were used. Comparatively little was
done in 2 NZEF, however, as our policy of evacuating the seriously wounded to New
Zealand as soon as a hospital ship was available removed the patients from our
hospitals in the Middle East before their wounds were ready for suture. This was
contrary to what occurred during the First World War, when it was the routine
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procedure to hold cases in England till after the wounds had been sutured and
healed. The closed plaster technique, however, continued to be utilised throughout
the war in the treatment of below-knee fractures till delayed primary suture of
wounds was carried out in all suitable cases, the plaster splint being reapplied after
suture. The same applied generally to the treatment of arm fractures.



WAR SURGERY AND MEDICINE

SULPHONAMIDES

SULPHONAMIDES

The sulphonamides were used as a means of combating infection in wounds
during the early periods in the Middle East Forces, but it was some time before the
treatment was organised and made universal.

As far as the New Zealand forces operating in the Greek and Cretan campaigns
were concerned, the sulphonamides were only utilised in some of the serious cases
by giving doses of sulphonamides by the mouth for the first forty-eight hours.

During the second Libyan campaign sulphanilamide was applied locally to the
wound and the drug was also given orally four-hourly for at least forty-eight hours.
Sulphanilamide powder was supplied to the Field Ambulances at this period. The
local application was continued during the subsequent treatment at the Base,
especially for the cleaner wounds.

Sometimes the sulphanilamide was mixed with oil, but absorption appeared
unsatisfactory. It was noted that too much powder was often introduced locally so
that at the base hospitals large lumps were often seen in the wound, thereby acting
as foreign bodies.

It was generally thought that septic wounds did not benefit at all from local
application.

Difficulties in ensuring the adequate and regular administration of sulphonamide
tablets by the mouth led to some units instituting a special sulphonamide chart so
that dosage, especially in the forward areas, could be recorded and checked. This
was started during the second Libyan campaign and soon became universal, and it
brought about a marked improvement in the administration of the drug. In spite of
this, however, it was found that in the bustle of evacuation, and the priority that had
to be given to the treatment of the seriously wounded, more often than not the
giving of sulphonamides was forgotten and men got only minimal and erratic doses.
This caused many to give larger doses twice daily instead of the small dose four-



hourly. The Australians carried out this routine with success.

The value of the drug as a bacteriostatic was stressed, with the obvious
inference that it had to be given in the first twenty-four hours to be of the maximum
use.

In May 1942 Major-General Monro, the Consultant Surgeon MEF, advised the
supply of suitable pepper-pot tins to every Field Ambulance and every RMO so as to
make the application of the powder more satisfactory.

Sulphonamides orally were utilised for later sepsis, but it was found at this stage
that they had to be used with great caution because of their destructive effect on the
leucocytes, and their use was controlled by repeated blood counts. Although it was
held to have been conclusively proved that sulphonamides were of great value in
preventing severe infection and combating early infection, there was doubt of their
value in established infection. In our main hospitals in Egypt there was from the
beginning some doubt as to the efficacy of the sulphonamides in controlling wound
infection, as large numbers of cases had been observed during the first Libyan
campaign with little or no wound treatment, yet with little resultant sepsis. And in
the second Libyan campaign many of the smaller perforating and penetrating
wounds healed satisfactorily with no operative treatment and no sulphonamide. This
produced a natural scepticism of the vaunted value of the new drugs. The British
surgeons, however, with greater experience of the more serious cases, were
satisfied that the treatment was really of great value, and the utilisation of the
sulphonamides, both locally and orally, became standardised and the dosage chart
universal.

The Consultant Pathologist MEF laid down approved details of the administration
of sulphonamides at the first Cairo surgical conference held in February 1942 as
follows:

Given in lemon; immediate primary dosage of 2 grammes, then 1 gramme 4
hourly for 48 hours. Then M & B (Sulphathiazole) 20-24 grammes in 4 days.

At the Alamein period, October 1942, the use of sulphonamides had become
more widespread. Apart from the regular use locally in the wound, and orally by
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means of tablets, sulphadiazine was being used intravenously for anaerobic
infection, and also used intra-abdominally. The usual dose given for gas gangrene
was 60 grammes in forty-eight hours, or 15 grammes intravenously daily.

At the surgical conference held in Cairo in July 1943 an evaluation of
sulphonamides as used locally in the wound showed that:

1 There was undue absorption from large wounds.

2 Clumps of powder acting as a foreign body were often seen.
3. There was a lack of continuous application.

4 Toxic skin and other reactions were often seen.

The toxic skin reactions were stressed by Lieutenant-Colonel R. Park, NZMC, skin
specialist at 1 NZ General Hospital, who read a special paper on the subject at the
conference. As a result, the continued local treatment by sulphonamides was largely
given up in ordinary wound treatment.

It was considered that local sulphonamide treatment was of little use in septic
cases, and that the sensitisation produced by its continued use would be a serious
matter for any patient developing such infections as pneumonia and, because of the
sensitisation, debarred from treatment by sulphonamides. Some serious cases of
renal disturbance with anuria also occurred, and at post-mortem sulphonamide
crystals were found blocking the urinary tubules.

This led to the discontinuance of prolonged sulphonamide therapy for septic
wounds. Administration, except as a primary preventative measure, was thereafter
restricted to cases of acute types of infection such as that due to the streptococcus.
The dosage and period were also strictly limited and blood tests made in any
doubtful cases.

The amount of sulphanilamide used locally was also strictly limited to 5
grammes, and this prevented any undue absorption.

Thereafter sulphonamide treatment was continued as a preventative locally and
systemically till it was gradually displaced by penicillin, but it retained its place in the
treatment of head wounds, where sulphadiazine was given in conjunction with
penicillin, of eye wounds, and of penicillin-resistant infections.
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WAR SURGERY AND MEDICINE

PENICILLIN
PENICILLIN

The discovery of penicillin and its use in the treatment of war wounds produced
a revolutionary change and stimulated the surgeons to carry out the early suture of
wounds, which, with the control of infection by penicillin, led to a marked
improvement in wound healing and a marked diminution in hospitalisation. The first
experience of 2 NZEF with the new antibiotic was in Cairo, where Pulvertaft of 15
Scottish Hospital produced some penicillin and made a small supply available to our
hospitals for the treatment of special cases.

Tripoli Conference

Then in August 1943 there was held at Tripoli an epoch-making conference,
when Professor Florey and Brigadier Cairns came out from England to superintend
experiments and evaluate the results of penicillin treatment of wounded from the
Sicilian campaign.

Professor Florey described the following results of his experiments at Oxford:

Penicillin had been introduced through small tubes in the wound every 8 hours
for 4-5 days. It had been found that there was consistent eradication of the
streptococcus and staphylococcus, but no effect on the gram negative bacilli, such as
the pyocyaneus and B. Coli. The wounds had healed well in spite of continuing gram-
negative infection. Osteomyelitis had been cured by large doses of intravenous
penicillin.

Professor Florey drew attention to the presence of resistant strains of
staphylococci, and also to the fact that bacteria can become artificially resistant
following administration of penicillin, so that adequate dosage should be given at
once as was done in the case of the sulphonamides. He stated that fractures with
longstanding infection had not been improved by penicillin.

The experimental treatment of the wounded from Sicily was carried out in two
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British hospitals and 3 NZ General Hospital in the Tripoli area. For the experiments
penicillin was available as a calcium salt for local application, and as a sodium salt
for parenteral use. The calcium salt was mixed with sulphanilamide to secure a
penicillin content of three strengths—5000 units, 2000 units, and 500 units per
gramme. The 5000-unit strength was used in a small humber of cases when a single
application was given prior to suture without tubes, while the 2000-unit strength was
used as the routine wound application, and the 500 strength was prepared for use as
a daily surface application for burns. It was also prepared in a solution of 250 units
per cubic centimetre which was instilled into the wound through tubes, at first eight-
hourly and later twice daily, the standard total dosage advised being 50,000 units.

The sodium salt was made into a solution containing 5000 units per cubic
centimetre, and 500,000 units was given in doses of 15,000 units, intramuscularly or
intravenously every three hours, for wounds with associated fracture of the long
bones.

Results in Soft-tissue Wounds

In a series of 171 soft-tissue wounds from Sicily most cases healed well with
early closure and the use of penicillin, in spite of the presence of gram-negative pus.
Some cases had wound toilet in Sicily; others arrived in North Africa without
treatment and then the wounds were excised. At Sousse and Tripoli most wounds
were sutured after the application of penicillin powder and then irrigated with
penicillin solution introduced through small tubes into the wounds for some days
afterwards.

Results in Fracture Cases

Fracture cases were dealt with in several different ways. The majority were
given primary surgical treatment in Sicily; in a few cases penicillin was applied
locally to the wound, but most had no penicillin. The cases were all sutured after
arrival at Tripoli when the condition of the wound permitted mechanical closure,
penicillin being applied locally. Parenteral penicillin was then given either
intramuscularly or intravenously in dosages of 400,000 to 500,000 units over five
days.
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In the early cases some of the wounds were closed under considerable tension
and the wounds broke down. Later the centre of the wound was left open whenever
tension was great or a dead space was unavoidable. Constant inspection of the
wounds was found to lead to fresh infection. Of the main group of twenty-three
cases, twelve were wholly successful, five partially so, and six were failures, with
one amputation. The humerus cases were more successful than the femurs.

Altogether the results were not such as to warrant the adoption of primary
suture of fractures, or immediate suture on arrival at Base Hospital without previous
penicillin treatment. Some very septic cases were observed, and drainage was
necessary in the majority of cases. The results showed, however, that in the
majority of cases infection had been satisfactorily controlled, and that with a larger
amount of penicillin administered parenterally over a longer period better results
could be hoped for.

Bacteriological Investigations

Cultures taken from the wounds in Sicily showed infection by staphylococci in 23
per cent, haemolytic streptococci in 47 per cent, and claustridia in 30 per cent.
Welchii was the predominant anaerobic organism.

Cultures taken at different periods from the wounds investigated in Tripoli
showed that staphylococcus aureus was present in 53 per cent of the wounds, and
streptococcus haemolyticus in 12 per cent. The streptococci were nearly always
associated with staphylo-cocci. It was the exception for the wound to be free of
cocci, though it might not be clinically septic. After wound treatment with penicillin
the gram-positive organisms were got rid of in seven days, sometimes in two to
three days. Pyocyaneus was very common, and its lack of pathogenity was doubted
by the bacteriologist. Resistant strains of staphylococci, but not of streptococci, were
encountered. In the cases of chronic infection seen at Algiers the organisms were
nearly all streptococci.

Discussion on Results

In subsequent discussion Professor Florey summed up the opinion of the
conference by stating that whereas the results in the treatment of simple flesh
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wounds had been satisfactory on the whole a larger dosage of penicillin
intramuscularly over a longer period was necessary in the treatment of fractures, for
which he suggested partial suture of the wound with drainage. The Consultant
Surgeon MEF, Major-General Ogilvie, counselled concentration on the fracture cases
as long as penicillin was in short supply. It was noted generally that gram-negative
infections, especially of the pyocyaneus, were commonly present when the gram-
positive organisms had been largely eliminated by penicillin. Profuse discharge was
often noted, but there were no general ill-effects and no marked interference with
the healing of the wound. Penicillin, besides preventing and dampening down acute
infection, had produced a feeling of better health.

For the treatment of fractures it was recommended that sodium penicillin should
be given continuously for a minimum of five days, either by three-hourly
intramuscular injections or in continuous glucose saline drip infusion. The five-day
course, totalling 500,000 units, was considered sufficient for fractures of the upper
extremity, but for fractures of the femur and tibia a course lasting seven to ten days
(700,000 to 1,000,000 units) was advised. These figures referred to severe
comminuted fractures. An incomplete facture, or a fracture in other than the long
bones, did not usually require more than 300,000 units, and calcium penicillin
applied locally sometimes sufficed. Looking back it was clear that the length of the
course (five days) for the experiments had been too arbitrarily fixed and was not
related closely enough to the severity of the fracture. (Later in the war it became the
custom to give much longer courses for the severe cases.)

The Consultant Surgeon 2 NZEF suggested at the conference that the better
technique might be the delayed suture of wounds, following wound and
intramuscular injection with penicillin, the wounds having previously been excised.
Certain wounds, such as the large buttock wound, where severe infection from
contamination would almost certainly follow if the wound were left open, might be
primarily sutured and tubes for instillation of penicillin inserted. When tension was
great, suturing was not advisable, especially in the lower third of the leg. Deep
retained stitches could be obviated by employing a figure-of-eight stitch, and fairly
thick silk drawn through sulphonamide paste might be used instead of silkworm gut;
and stitches were better if not close together. The sooner a wound was closed the
better, as infection was inevitable in every open wound. Fracture cases did not seem
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to be suitable for primary suture, but penicillin powder and penicillin fluid could be
used to clean the wound for possible early secondary suture. In penicillin there was a
powerful method of eradicating gram-positive organisms. With an adequate supply
and improved technique a marked advance in the treatment of war wounds was
likely to eventuate.

The New Zealand Medical Corps had been privileged to take part in these
important and historical investigations and in the conference itself, and this,
fortunately, made our Corps penicillin-minded and eager to adopt the new line of
treatment. A complete resume was written by the Consultant Surgeon and sent to all
our units, with full details of suggested forms of treatment.

Experiences in Italy

Further trials with penicillin were carried out in Italy. Lieutenant-Colonel J. S.
Jeffrey, who was Surgical Divisional Officer in the main British hospital in Tripoli, had
been appointed to superintend the supply and application of penicillin, and, as both
our CCS and 3 NZ General Hospital had first-hand knowledge of the experiments in
Tripoli, our hospitals were utilised in the further experiments.

From December 1943 the method employed in the wound treatment by
penicillin was:

1. Spraying penicillin sulphathiazole powder in the primarily trimmed wounds.

2. Evacuating the patient to the Base, in a plaster splint if deemed necessary,
without disturbance of dressing.

3. Carrying out a delayed primary suture on arrival at a base hospital, and

4. ( Spraying penicillin sulphathiazole powder on the wound with or without
a) small stab drains, or
( Putting in small rubber tubes through stab holes at the side of the wound,

b) and instilling penicillin solution twice daily for five days.

With regard to fractures, the same primary treatment was given, and again
suture performed at the Base, but

( The wound was not entirely sutured, a gap being left in the centre for
a) drainage and relief of tension.

( Sodium penicillin was injected intramuscularly three-hourly in doses of
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b) 15,000 units for five or more days.

( The limb was- put in plaster or other splints and left untouched for three
c) weeks unless there was some indication of complication.

At first in the Italian campaign penicillin was available in such small quantities
that its use was restricted to wounds in the early stages, but the supplies increased
steadily. By May 1944 full courses of parenteral penicillin were being given to severe
burns, and in July most of the seriously infected wounds had at least one course of
intramuscular penicillin, which led to a marked improvement in the general condition
of the patient even if the infection did not clear up. By August sufficient penicillin
was available for all purposes, and all serious cases were being given parenteral
injections for the first forty-eight hours right from the time of wounding, and the
sulphonamides had been displaced. Later came the administration of penicillin by
continuous drip into the vastus externus from a glass container marked with bands
showing the dosage for six-hour periods.

Established infection remained a difficult condition to deal with, and
bacteriological investigation demonstrated the common presence of penicillin-
resistant strains, especially of the staphylococcus, but penicillin was of great value in
the treatment of streptococcal and anaerobic infections. Obviously penicillin was not
as efficient bacteriologically as it was clinically, or else the suture of wounds could be
successfully carried out in spite of the presence of pathogenic bacteria. Secondary
suture was done more frequently following preparation by spraying with penicillin for
several days.

In chest cases sodium penicillin, at first used intramuscularly with temporary
success, was introduced into the pleural cavity, after the tapping of haemothoraces,
with marked success. Penicillin was given by lumbar or cisternal puncture, 10 c.c.
every four hours, to septic complications of cerebral wounds, and was also effective
in meningeal infection. In head wounds sepsis was definitely reduced—in Italy it was
responsible for only 34 per cent mortality as against 65 per cent at the beginning of
the war. Abdominal cases were given parenteral penicillin during the final campaign
in Italy with very definite reduction of intra-peritoneal infection and improved wound
healing. In fracture cases parenteral penicillin was given just before, and for several
days after, suture, and in much larger doses in the serious cases.

In general, very little infection was noted at the base hospitals at the close of
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the Italian campaign. The introduction of penicillin was largely responsible for the
saving of many lives and for the adoption of the delayed primary suture of wounds,
with resultant marked reduction of hospitalisation and disability.
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Blood Transfusion

The story of the development of the Blood Transfusion Service is given
elsewhere, but it is necessary to stress the great importance of blood, plasma, and
serum in the resuscitation of the wounded man and in wound repair.

There was a very severe loss of blood in many large wounds, especially of the
limb. Lieutenant-Colonel Grant, RAMC, estimated that a loss of 50 per cent of the
total blood volume was common in such injuries, so that up to five pints of blood
was required to make up the loss.

At first the use of blood was confined to the primary treatment of the severely
wounded man, in order to replace blood loss and so sustain the general circulation
and combat shock. This led to the direct saving of many lives and enabled operative
treatment to be safely undertaken. Later, blood was used at the base hospitals to
combat the Secondary anaemia which was almost invariably present, often to a
marked degree, in patients with severely infected wounds. Often haemoglobin was
down to 50 per cent or less, and the red cells to 3,000,000 or under in these cases.
As much as three pints of blood was often required to bring the haemoglobin and red
cells up to a satisfactory level. Fresh blood carefully cross-typed had to be used and
given slowly, as severe reactions were common, especially in those cases who had
already been transfused in the forward areas.

As the war progressed it was realised that a marked protein deficiency was
present in all severe casualties, and that blood plasma or serum transfusions were of
great value in counteracting it. It was realised that biochemical changes had a very
great effect on wound infection and healing. During the latter half of the war, not
only protein deficiency but deficiency of chemicals and vitamins were recognised as
being of the utmost importance. It was recognised that the wound healing depended
on the general metabolism of the body and that adequate food, particularly those



foods of high protein content, and adequate fluid were necessary, especially in the
presence of infection.

Plasma and serum were of particular value in all cases of protein deficiency and
were generally given as a daily routine in the early stages of the most serious cases.

Effect of Transportation on Wound Healing

The evacuation of wounded men from the forward areas shortly after or without
operation was found to interfere seriously with wound healing. This was especially
marked following transport over the roadless desert, but even on good road surfaces
ambulance transport was harmful, and swelling of the limb often occurred. If primary
suture had been undertaken, this swelling led to tension and tearing of the stitches.
Plaster splints caused dangerous constriction of the swollen limb, and this led to the
padding and splitting up of the splints in the forward areas.

Treatment of the Wound after Primary Operation

At the beginning of the war, when the closed plaster treatment was carried out
for all the large wounds, the original plaster with its underlying vaseline gauze
dressing remained untouched for a period generally of two to three weeks. The
plaster was then removed and the dressing and plaster changed, still using vaseline
gauze unless frank sepsis called for different treatment. When sulphanilamide was
adopted as an application to the surface of the wound it was reapplied when the
original plaster dressing was removed. Later it was ascertained that the local
application of sulphonamides to the wound often led to the patient becoming
sensitised to sulphonamide, and also that the sulphonamide locally had little effect
on ingrained infection. In consequence, the local application of the sulphonamides
was discontinued, reliance being placed on the administration of sulphonamides by
mouth for the first five to seven days after wounding, and later for the treatment of
sulphonamide-sensitive infections such as that due to the streptococcus, with strictly
regulated dosage for a limited period.

During this period, if definite sepsis arose it was countered by methods of
treatment for infection as ordinarily applied in the pre-sulphonamide period.
Drainage has been mentioned, and associated with that was the free opening up of



the infected area by incision and the removal of any slough or gangrenous or
avascular muscle, as well as the evacuation of any collection of pus. Treatment was
instituted by antiseptic lotions such as the electrolytic hypochlorites, which were
often instilled into the wound following the methods of the First World War.
Acriflavine was also used, as was dichloramine T. Saline baths were sometimes
used.

When penicillin was available it was applied locally in a sulphanilamide base at
the original treatment of the wound, and thereafter was applied locally by instillation
into the wound, and in addition it was given parenterally. For infection which was
resistant to penicillin the older methods of treatment were again resorted to. The
treatment of established sepsis depended on the type of infection and on the
organisms responsible.
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Types of Infection

The most common organisms found in the septic wounds were the gram-
positive streptococci and staphylococci. The gram-negative organisms were less
common, though they tended to occur as secondary infections, but they interfered
less with wound healing. Anaerobic infection was serious but less common.
Diphtheritic infection occurred intermittently.

( Streptococcal: The streptococcus was commonly present in gunshot wounds,

a) giving rise to inflammatory changes in the tissues with marked general symptoms
of pyrexia and toxaemia, and destroying the growing edge of the skin, thus
delaying healing. Fortunately the streptococcus was susceptible to the
sulphonamides, and still more so to penicillin. The local application of the
sulphonamides had satisfactory results, as was demonstrated by Major Rank,
AAMC, in Palestine, in his preparation of large raw burnt areas for skin grafting by
saline baths and local sulphonamide. Local rest as obtained by splints was still of
great value. Anaerobic Streptococcal infections were met with and produced
extensive inflammation of muscle associated with gas formation, but without
gangrene or the profound toxaemia associated with the gram-negative
anaerobes. Free incision of the tissues without excision was indicated.

( Staphylococcal: The sulphonamides did not have as much effect on the

b) Staphylococcal infections, but did have a beneficial preventive action. In
established infection they were not so effective. Penicillin was a more powerful
agent, though some resistant strains of staphylococci were recognised early in
the experiments with penicillin. The evacuation of pus, the removal of sloughs,
and the provision of drainage were called for in established infection.

( Anaerobic: This infection was of considerable importance, and many cases of gas
C) gangrene were seen and many deaths occurred from it in all theatres of war. It

was mainly in association with damage to the main vessels of the limbs that

actual gangrene of a limb occurred, the other cases generally being localised to

individual muscles or groups of muscles. The basis of primary wound treatment

was the prevention of anaerobic infection by the removal of the devitalised

tissue, without which the anaerobes could not establish themselves. If

established, the infection was dealt with by the ruthless removal of dead muscle



—either a portion of muscle or a whole muscle or a muscle group, and, when
massive gangrene occurred, by amputation. Apart from surgery, which was
established as the most important preventive and curative treatment of
anaerobic infection, the only treatment which was held to have a marked effect
on the infection was the parenteral administration of penicillin. Sulphonamides
were given until penicillin was available, but they seemed to have very little
definite effect on the course of the infection. Anti-bacterial serum was given, both
as a preventative and curative agent, but it did not seem to have any definite
effect, though it was still persisted with. Alteration of the composition of the
serum by the inclusion of more of the serum of malignant oedema was thought to
have brought about better results, but finally reliance was placed first on surgery
and then on penicillin given early and in large doses. Fulminating cases did not
seem to derive much benefit from treatment.

Blood transfusion, usually of two pints, was given, but in some cases of haemo-
concentration serum was given instead. The general effect of the transfusion was
held to be of definite value as very anaemic patients were thought to be very prone
to develop the infection.

A report on three hundred cases of gas gangrene was submitted to the Rome
conference in February 1945. It showed a mortality of 43 per cent. Gas was noted to
be present in 93 per cent, and pain in 17 per cent of the cases. The organisms
present were B. Welchii 66 per cent, Vibrio Septique 14 per cent, Malignant Oedema
9 per cent. B. Oedematiens was the most toxic organism and the least susceptible to
penicillin. The report confirmed the opinion that surgery and penicillin were the only
measures that were definitely of great benefit in treatment, but that blood
transfusion was also valuable.

An opinion was expressed that the incidence of gas gangrene was similar to that
experienced in the First World War, an opinion quite contrary to that held by our
officers who had served in both wars. In our experience of the Second World War gas
gangrene had been uncommon and very few cases of serious infection had been met
with, apart from those associated with damage to the main arteries of the limb. And
our deaths had been very few. Our opinion was very definitely that the problem had
been a relatively unimportant one, quite different from the ever-present anxiety
experienced in the First World War. Contrary opinion could only be held by one
without personal experience of large numbers of wounded men in both wars.

Other Infections



Infection by the Pyocyaneus was often seen at a later stage in wound healing,
and often following the clearing up of the gram-positive infection. This caused little
or no general reaction or symptoms, but interfered with the proper healing of the
wound. Five per cent acetic acid solution proved the most satisfactory method of
eradication. Coli infections were sometimes seen, often associated with other
organisms.

Diphtheria

This produced very serious wound infection as well as generalised effects such
as severe toxaemia or paralysis in some cases. Locally the wound showed a very
unhealthy condition, with indolent, thick, grey sloughs, and there was serious delay
in healing. Anti-diphtheritic serum in large doses was indicated and brought relief,
but the wounds took a long time to heal. Cases were noted in Egypt at different
times, but the most marked epidemic was in Italy at 1 NZ General Hospital in the
winter of 1944, when several wounds were seriously affected. The outbreak
coincided with an epidemic of faucial diphtheria in the civilian population.

Cross Infection

It was realised in the early part of the war in North Africa that the frequent
dressing of wounds, especially during the period of evacuation to the Base, led to an
increase in wound infection, though the use of the closed plaster treatment for the
major wounds, including the fractures, acted as a safeguard, as no dressings were
changed in these cases for at least ten days.

At the first Surgical Congress in Cairo in February 1942 the danger of cross
infection occurring during wound dressing was recognised, and recommendation was
made to leave all wounds alone during transit, except when some definite
indications for inspection, such as bleeding or infection, were present.

At the base hospitals the problem was recognised at the pre- Alamein period,
and it was found that cross infection was very common in the wards, and that
infection was spread both from other wounded cases and by the staff of the hospitals
acting as carriers, especially from infective foci in the naso-pharynx. It was also
demonstrated that infection could be easily spread by dust from the floors, and also
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from bedclothes, especially blankets.

This was countered at first by increased ward cleanliness, especially by the
control of dust by doing ward dressing at times when there was least movement in
the wards, and by insistence on all members of the staff wearing face masks during
the dressing periods. Instruments were sterilised before each dressing, strict aseptic
technique instituted, and extra staff employed. Gloves were provided for use when
dressing the wounds. Later special dressing rooms were utilised, where as many as
possible of the patients were taken from the wards to have their dressings
performed; and the rooms were well equipped to ensure asepsis. It was realised that
infection was inevitable in every open wound, and that each dressing constituted a
serious danger. ' Every open wound sooner or later is an infected wound.' The only
safeguard was the closure of the wound.

The type of fresh infection varied as one would expect, but streptococcal
infection was common.

Injection at Different Periods

There were marked differences in the incidence of infection in wounds at
different periods of the war, and in the different terrains in which the battles were
fought.

In the desert campaigns in general infection was not severe and the smaller
wounds generally healed without becoming infected, even when no operation of
wound cleansing had been undertaken. This was particularly noticeable in the first
Libyan campaign, when the facilities for forward surgery had not been developed.

In Greece and Crete infection was marked, especially in Crete, where wound
treatment suffered from the disorganisation brought about by the retreat and the
capture of most of the seriously wounded. Tetanus was noted for the first time, and
a Maori died from it after evacuation to Greece. Gas gangrene was also seen.

During the second Libyan campaign there was more sepsis, though again it was
remarked by Major Furkert of the Mobile Surgical Unit that ' the absence of highly
pathogenic bacteria minimised the seriousness of delay in admitting the cases for
operations, and few fulminating infections were seen '.
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Infection, however, was much more marked in cases seen at the Base, due
undoubtedly to the delay in primary operation, the lack of water and adequate diet,
and the prolonged and rough evacuation.

There was less sepsis noted in the pre- Alamein and Alamein periods. The
facilities for forward surgery had improved considerably, the surgeons were more
experienced, the lines of evacuation much shortened, and patients could be sent
back to the base hospitals by train, road, and air. Sulphonamides were being given
regularly following wounding. The Tunisian campaign was fought under very
satisfactory conditions, and little sepsis was seen except in cases where operations
had been seriously delayed. At the Base, however, serious sepsis was still seen in
fracture cases, and it was realised that sulphonamides at that stage were not of any
avail and resort was made to older methods of treatment.

During the Italian campaign the incidence and severity of infection was more
marked, and this added interest to the penicillin experiments in wound treatment
carried out at Tripoli, which led to the introduction of penicillin as a substitute for the
sulphonamides in the prevention of wound infection. The increased infection also led
to the more thorough cleansing of the wound.

This increase in infection was, however, successfully countered by the steadily
increased use of penicillin, and the introduction of the technique of delayed primary
suture of wounds when the cases arrived at the base hospital at about the fourth
day led to the marked diminution of infection and the satisfactory healing of the
wound in about 90 per cent of the cases. The penicillin had prevented the
development of infection by the common gram-positive organisms, especially the
streptococcus, and the closure of the wound had prevented subsequent infection of
the wound.

The only dressing in the ordinary wound after the primary operation took place
in the operating theatre of the base hospital, where the dressings were removed
prior to the suture of the wound and under full aseptic techniques.
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Primary Suture of Wounds

This was attempted during the First World War and met with some success in
the latter part of the war under certain ideal conditions. Under ordinary conditions of
warfare in France, however, it was not successful, and the routine treatment was to
leave the wound open, counteracting infection by the Carrel-Dakin method until the
wound was fit for secondary suture at the Base.

During the Second World War, in the early period in North Africa, primary suture
was carried out on abdominal and head wounds, usually with the introduction of
temporary drains. Face wounds were at first sutured in the forward areas, but later
any large wound was left to be sutured at a facio-maxillary centre at Base, as
primary suture had often produced unsatisfactory cosmetic results. During the
second Libyan campaign amputations carried out at the sites of election were
primarily sutured by some of the forward surgeons, especially in Tobruk, but the
results at Base were found to be unsatisfactory and the practice was discontinued.
Suture of sucking chest wounds was also performed as a primary operation, but gave
place to delayed primary suture for skin, although muscle suture was carried out at
the primary operation. Primary suture of wounds of the scrotum was often
undertaken to protect the testes and to prevent contamination.

Generally, however, primary suture was discouraged, as under war conditions it
proved unsatisfactory. Late in the war in northern Italy success attended an
experiment in which lesser wounds were referred to a CCS for primary suture during
a quiet period when the patients could be held until the wounds were healed, with a
resultant saving of much time in convalescence. In the future it should be possible to
undertake primary suture in a large proportion of uncomplicated wounds when
casualties can be rapidly evacuated to hospitals, where the patients can be held, and
where there are sufficient surgeons to attend to the minor, as well as the serious,
wounds. Careful wound cleansing, together with administration of antibiotics from
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the earliest opportunity after wounding, and the provision of rest to the injured area
should ensure that primary suture will be successful.

Delayed Primary Suture

During the First World War the French reported successful suture on the fourth
day after wounding. The use of the closed plaster technique precluded early suture
at the beginning of the Second World War. The penicillin trials in Tripoli proved that
in many cases wound suture could be successfully carried out within a few days of
wounding with the help of penicillin.

In Italy careful wound toilet in the forward areas, and the application of
penicillin powder in a base of sulphanilamide to the wound surface, enabled the
wound to be successfully sutured on the fourth or fifth day at the base hospital when
the original splint and dressing were removed. Later when penicillin became
available in ample quantity it was administered parenterally from the earliest
opportunity after wounding until delayed primary suture was undertaken, and
generally for several days afterwards. This ensured success in the great majority of
cases and greatly improved the results in fracture cases. The early healing of the
wound prevented secondary infection with its associated serious illness, and greatly
shortened the period of hospitalisation and convalescence. It was proved
conclusively that with adequate primary surgery, under suitable conditions, and with
the use of penicillin, early wound suture was not only practicable but also highly
successful.

The technique of suture consisted in freshening the skin edges, applying
penicillin powder, and the simple drawing together of the wound surfaces by deeply
placed skin sutures of either salmon gut or silk at about half-inch intervals.

Secondary Suture

Suture of a wound after the first week or ten days has been described as
secondary suture. This was the routine procedure at the end of the First World War,
when the Carrel-Dakin treatment was used to render the large wounds fit for suture.
The operative technique often entailed the removal of the granulating area of the
wound, the freshening of the skin edges, and the freeing of tissue layers, which
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could then be brought together separately by figure-of-eight silk skin sutures.

A relatively small number of cases were dealt with by secondary suture in the
Second World War. This was due to the use of the closed plaster technique under
which the wound was allowed to heal slowly without suture, and also to the early
evacuation of the heavy cases to New Zealand. In the latter part of the war the
success of delayed primary suture rendered secondary suture unnecessary in most
cases, but it was performed on a few cases after their treatment in saline baths or
by the hypochlorites or other antiseptics.

Plastic Repair

This was carried out by the plastic surgeons in certain large wounds which could
not be sutured, and in which it was important to obtain a covering of solid skin. This
particularly concerned fracture cases with bare bone exposed in the wound, injured
areas on the flexor aspects of the elbow and knee where tissue contraction was to
be feared, and areas on which pressure was exerted such as knee, elbow, and heel.
Sliding and pedicle grafts were used.

Skin Grafting

This was more commonly adopted as the war progressed. The techniques were
developed especially to deal with the raw areas so common in burns cases, but were
frequently used for the healing of gunshot wounds. Early grafting was done in special
areas such as the face and fingers, but on the large wounds grafting was at first
performed at a comparatively late stage to bring about skin cover when suturing was
impossible. When delayed primary suture became established as the routine method
of treatment for wounds, skin grafting was carried out at the same time (on the
fourth day) to cover any raw areas which could not be dealt with by suture.

Skin grafting was often employed as a temporary dressing to prevent infection
and contraction or to facilitate a final repair of the wound by suture or more
permanent grafting later. The dermatome proved invaluable when any large area of
skin was required for grafting.
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First Libyan Campaign

Our Division was not involved in this campaign, but our Medical Corps had the
privilege of treating a considerable number of Australian and other casualties in the
Helwan hospital. The wound treatment carried out was the surgical ébridement of
the wound, followed by the closed plaster treatment. It was noted that there was
little serious infection and that the smaller perforating and penetrating wounds
generally healed satisfactorily.

The majority of the larger wounds also showed little serious infection, though
the treatment was prolonged and necessitated much changing of plaster splints.
Pyocyaneus infection was common and many of the wounds sluggish in healing in
consequence. The smell of the stained plasters was objectionable and was
aggravated by the heat of Egypt.

Greece and Crete

Comparatively little wound treatment was carried out by our units in Greece,
except simple primary treatment in the forward areas by the RMOs and the Field
Ambulances. Some surgical treatment was possible, however, at the Thermopylae
line, where the closed plaster technique was used and sulphonamides given orally to
serious cases.

In Crete more surgical work was done by our Field Ambulances and by our
surgical team attached to British units, though the conditions and some lack of
supplies made adequate treatment extremely difficult. Infection was marked in many
cases and drainage was much utilised. Nearly all seriously wounded men became
prisoners of war and were later evacuated to Greece by the Germans. One case of
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tetanus occurred in our force and the patient died at Athens, and gas gangrene was
also seen.

Second Libyan Campaign

In this campaign our Division experienced serious casualties. The majority of the
wounded were captured by the enemy while they were in the main dressing stations
and were not relieved for ten days. During this time they suffered from serious lack
of water and also from restricted rations.

Wound treatment had to be undertaken often at the ADS when out of contact
with the MDS. Excision of wounds, drainage of infected wounds, and removal of
obvious foreign bodies was carried out at one ADS in addition to the control of
bleeding, the amputation of shattered limbs, and the suture of sucking chests.
Acriflavine was used for the primary dressing. It was noted that the majority of
deaths were associated with severe loss of blood. The main wound treatment was
undertaken by our Field Ambulance MDSs, and also by the very well equipped and
staffed Sims Mobile Surgical Unit. All types of cases were operated on by this unit,
including abdomens, chests, and heads, but lack of water during the period of
captivity rendered sterilisation difficult and the provision of sterile gowns and towels
wellnigh impossible. Still more serious was the severe lack of drinking water and
fluid for transfusion, which made it impossible to counteract the marked dehydration
present in all cases, and particularly in the abdominal cases. Major Furkert, OC
Mobile Surgical Unit, reported that ' By this time the water and food situation was
desperate and patients began to die rapidly from dehydration.'

Furkert wrote a very clear account of the conditions of the wounded in this
campaign and their treatment. He stated that hardly any of the casualties reached
the unit within twenty-four hours of injury and many wounds were over three days
old. The absence of highly pathogenic bacteria minimised the seriousness of this
delay and few fulminating infections were seen, though severe infection was noted
in many cases. There were serious deficiencies in supplies of all kinds—particularly
ether, morphia, and plaster-of-paris. The shortage of water was desperate, and no
patient was washed in any way for eleven days. Wound treatment consisted of
excision with gauze lightly packed in the wound and plaster splints.
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Observation of cases at the Base in Egypt showed that sulphanilamide powder
was almost a universal wound treatment and that gauze dressings were used.
Plaster was extensively used in the treatment of severe wounds, and fractures of the
leg and forearm were universally treated in enclosed plasters. The fractured femurs
were treated in Thomas splints, and cases from Tobruk were in the Tobruk splint, a
combination of plaster and Thomas splint. Fractured humerus cases were mostly
treated by posterior slab splints and simple slings, sometimes by Kramer wire splints
and at times in abduction plasters. Severe sepsis was present in many wounds, and
secondary haemorrhage and amputations were relatively common in the base
hospitals. Gas gangrene, however, was infrequent. The conditions of the campaign
had prevented adequate wound treatment and especially early and rapid evacuation.
Sepsis had in consequence been marked in contrast to that seen in the first Libyan
campaign, and this stressed the importance of early and adequate forward surgery.
No gas gangrene was seen in our New Zealand base hospitals. The gangrene seen
was in every case due to damage of the main vessels of the limb.

The saline bath treatment, as introduced for burns, was adopted for the
treatment of chronic infections in limb wounds, in conjunction with both local and
general sulphonamides. An elaborate bath unit, the only one in the Middle East, had
been installed at our Helwan hospital, where there was a plastic surgeon.

At a conference held in Cairo in February 1942 in the quiet period following the
second Libyan campaign, there was agreement on the value of the surgical cleansing
of the wound of all devitalised tissue and on the importance of the removal of
devitalised muscle.

The necessity of adequate incision to permit both proper inspection of the
wound and subsequent drainage was recognised. Small perforating wounds had in
the great majority of cases healed satisfactorily without any surgical treatment.

Dressings had consisted of vaselined gauze laid loosely in the wound. The poor
results of plugging wounds with gauze were commented upon. The immobilisation of
limb wounds in plaster without further dressing of the wound for ten days was the
normal line of treatment, but later dressings of hypochlorite and other antiseptics
were being utilised in conjunction with the plaster splinting. The Pyocyaneus
infection, so often an aftermath of the closed plaster treatment, proved difficult to
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eradicate, and acetic acid was being used in its treatment.
Pre-Alamein Battles, June-October 1942

The lessons learned from the second Libyan campaign had borne fruit. There
were better facilities for surgery, and more experienced surgeons were available.
The lines of evacuation for the casualties were considerably shorter. Much less sepsis
was seen in the wounds, this being due, it was stated, to earlier operative treatment
and more efficient local sulphonamide therapy, especially to the wound. The
sulphanilamide sprinklers had been issued to all field units, and sulphonamide
tablets were given regularly. Closed plaster technique was still utilised and the
splinting of fractures had improved, especially with regard to fracture of the femur.
Our New Zealand technique of a combination of Thomas splint and plaster
bandaging, a modification of the Tobruk method, had been introduced with great
success. The utilisation of a plaster table for the application of spicas and shoulder
casts was discussed, as difficulty in applying such casts was being met with,
especially as plaster spicas were being utilised for large buttock wounds.

The plaster spica proved unsatisfactory when long evacuation was necessary,
especially over the rough surface of the desert. Pressure sores were almost
inevitable under those conditions unless very careful padding was carried out. No
other splintage, however, was available for the hip and buttock cases.

Alamein Battle, October-November 1942

The surgical set-up for the Alamein battle had been arranged carefully
beforehand, with the result that there was a satisfactory distribution of the operative
work and more efficient evacuation, which was, of course, facilitated by the close
proximity of the front line to Alexandria.

The normal wound treatment had become stabilised at this time. Surgical
cleansing of the wound was understood by all the operating surgeons.
Sulphanilamide powder was sprinkled on the wound as a fine dust. Vaseline gauze or
tulle gras dressings were applied without plugging, and the limb put up in an
enclosed plaster. Sulphonamide tablets were given regularly, and dosage cards
affixed to the field medical cards. Blood was available in ample quantity, even up to
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the RAP, and was liberally given. Field transfusion units were attached to the
operating units.

An order had been issued some time prior to the battle that all plasters must be
split, but the order was not always carried out, and extra work was given to our CCS
in splitting the overtight plaster splints and some limbs saved by the relief of
tension. Fracture cases were efficiently splinted, mostly in plaster, the femur being
splinted in the standardised New Zealand method.

Tunisian Campaign, Early 1943

During this period our New Zealand medical services had exceptional facilities
both to observe and perform forward surgery. Our CCS was privileged to be the most
forward CCS during the whole campaign, and had attached to it British specialist
personnel of excellent ability as special neurosurgical, ophthalmic, field surgical and
transfusion units. Probably 50 per cent of all casualties passed through our CCS
during the campaign. Our Field Ambulances were also very active, well equipped,
and very well staffed, and they carried out a great deal of major forward surgery. At
one stage in the campaign some casualties were first seen a considerable time after
being wounded. The wounds were generally very septic, even small penetrating
wounds without any serious muscle damage. This tended to show that our lack of
sepsis was definitely due to the surgical treatment, and not, as happened in the first
Libyan campaign, due to a real absence of primary infection. Blood-transfusion
arrangements were now functioning perfectly, and two to three pints were given to
the individual case when required. Wet serum was also available and was often
given to supplement the whole blood.

Review at End of North African Campaign

It was noted at this period that there was very little sepsis in our New Zealand
cases at the base hospitals, and only a very few septic fracture cases, and little or no
sepsis in the knee-joint cases. The head, chest, and abdominal cases had done very
well, and secondary haemorrhage and late amputation had been very uncommon, a
sure sign of absence of infection. Skin grafting was being commonly carried out, and
very large flesh wounds complicating infected compound fractures were successfully
grafted, with great improvement in the general condition of the patient, as well as



more rapid return of local function.

The wound treatment at that time consisted of cleansing the skin of the limb
with plain soap and water, and with shaving, not only for cleanliness, but
preparatory to the application of elastoplast for extension. Iodine was then applied
to the skin. The removal of skin had been restricted to the minimum, only definitely
damaged devascularised edges being excised. The same applied to all the wounded
area. Muscular excision was carefully carried out so that all avascular and badly
traumatised muscle was removed. Only definitely loose fragments of bone were ever
removed. Free, and if possible dependent, drainage was provided in all large wounds
associated with much muscle or bone damage.

Generally the nerves were not dealt with, but were closely inspected to
ascertain whether they were damaged or not, and clear notes written for the
information of surgeons at the Base. Sometimes divided ends were sutured to
facilitate operative repair later.

The treatment of wounds of the joints was conservative, it having been found
that small perforating and penetrating wounds of the joints did not cause trouble if
adequate splintage was applied. For large wounds the practice was adequate
excision and, if possible, removal of large foreign bodies, and again adequate
splinting by means of plaster.

Wounds of the head were treated by careful excision and primary suture with
stab drainage. Foreign bodies and bone fragments were carefully removed by suction
and sulphonamide drugs administered locally and parenterally. Plaster caps were
applied to ensure that the dressings remained in place, and diagrams of the wound
and essential particulars were written on the plaster. Small chest wounds were left
alone. Large ones were surgically cleaned and, if sucking was present, a vaseline
gauze pack was sutured in position as a tamponage. Abdominal wounds were
carefully cleansed and sutured and sulphadiazine was introduced into the abdomen
at the end of the operation.

At our base hospitals very little infection was seen, and secondary haemorrhage
rarely met with. The wound healing was improving steadily, though no routine
secondary suture was being undertaken. The fractures were doing well, and large



numbers of abdominal cases survived. There was distinct advance in every way, and
war surgery had reached a uniformly high standard.

Chronically infected fracture cases were, however, still to be seen in the larger
British hospitals where the serious cases were congregated. A ward full of infected
fractures of the femur seen on one occasion showed that the problem of the control
of infection had been in no way solved.

Advances in Treatment in Italy

Delayed primary suture became the routine treatment of all cases deemed
suitable for suturing, whether simple wounds or those complicated by fracture-not
always with perfect success, but never with any disastrous infection supervening. At
times penicillin was not available at the base hospital, and in its absence suture was
still carried out with success.

The wounds were arriving at 2 NZ General Hospital at Caserta early in 1944 in
such excellent condition that suture was done in practically all cases on arrival, and
there were very few patients with unhealed wounds sent on to 3 NZ General Hospital
at Bari, except the fractured femurs purposely sent there without treatment at
Caserta.

Fractures of the upper extremity were also routinely sutured at our hospital at
Caserta; the leg fractures, causing difficulty because of the tension of the wound,
were only occasionally sutured.

The most difficult wounds were those involving the hip joint, where sepsis was
difficult to combat without the ability to give large doses of intramuscular penicillin.

In May 1944 a clinical meeting was held behind the Cassino front at 1 British
CCS and forward surgery discussed. The progress in wound treatment was illustrated
by the treatment of a case of severe trauma of the scapula, and scapular muscles,
with anaerobic infection, which cleared up well after the primary operation, with the
aid of parenteral penicillin, and delayed primary suture was carried out with success.
The necessity to perform early amputation in the case of shattered limbs was being
appreciated more and more, and recommendations were made for this to be done as
a first priority, along with the control of severe bleeding. In mangled limbs, if
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amputation could not be immediately carried out, the application of a tourniquet just
above the damaged area prevented further bleeding and the often serious
deterioration seen in these cases, possibly due to toxic absorption. The dramatic
improvement often produced in a patient's condition immediately a mangled limb
was removed was vouched for by many experienced surgeons. This was in some
ways comparable to the improvement in gas gangrene cases brought about by the
efficient removal of the affected muscle groups. The amputation in these cases had
to be done through healthy tissue above the devitalised area, as it was in the
amputations through the injured area that our worst septic cases had arisen.

Flap amputation was the rule, and delayed primary suture was generally quite
satisfactory. At the primary amputation only sufficient stitches to prevent retraction
were allowable, and any packing had not to be tight. Badly injured feet generally
required amputation, but with early penicillin treatment, and the prevention of
sepsis, more were now saved. It was then noted that the results of wound treatment
were so much better that the level of amputation could be reconsidered.
Amputation, especially in the lower leg, could with benefit be performed at a level
which would render re-amputation unnecessary.

Knee joints even with retained foreign bodies were doing well with intrasynovial
penicillin and adequate splintage. Infected cases still required drainage occasionally
and, unfortunately, amputations were still at times necessary.

During the advance to Florence an adjustment of the treatment of the wounded
was made by the alteration of priorities. Ordinary wounds, either with or without
fracture, were dealt with at the MDS, and the heavier cases, including the abdominal
and chest cases, if fit to travel, were sent back to the CCS. (The head, jaw, and eye
cases were sent still further back to a British CCS, to which special centres were
attached.) The alteration in attitude was brought about by the realisation that, in
the case of the abdominals, recovery from shock was essential before operation was
carried out, and that urgent operation was unnecessary, and indeed undesirable.
The concentration on the flesh wounds at the MDS at an early stage ensured the
wounds being in a satisfactory condition for the performance of delayed primary
suture when the cases reached the General Hospital.
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As reported at the Rome conference, the majority of the fracture cases had been
sutured with success, but about 20 per cent were thought to be unsuitable for
suture. The plating of compound fractures had not, on the whole, been satisfactory,
and a more conservative view was being adopted in this regard by the surgeons who
had carried out experiments in this form of treatment.

The Consultant Surgeon 2 NZEF had for some time counselled against the
removal of bone in fracture cases, especially large pieces, and in the humerus where
non-union was so prone to occur. This view was supported at the conference by one
of the younger surgeons, and this support established this line of treatment in our
units. The utilisation of bone chips in the repair of bony defects of the jaw, and of
the skull, seemed to make the removal of clean bone from a clean wound an
absurdity, and as the very large majority of our fracture cases were progressing well
on a straightforward course of primary wound treatment, followed by delayed
primary suture, we considered no bone, loose or not, should be removed, and we
had no cause to regret our changed procedure.

At the time of the Po battle the working MDS carried out some of the minor
surgery, while the CCS did the abdomens and chests and the major urgent surgery.
No. 1 NZ General Hospital in Northern Italy did some primary surgery and the bulk of
the delayed primary suture of the wounds. No. 3 NZ General Hospital in Southern
Italy dealt with some primary surgery and some delayed primary suture of wounds,
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and a large proportion of the heavier cases had been sent direct by air from the CCS
for base hospital treatment. The marked improvement in the surgical technique in
the treatment of war wounds had enabled this to be done.

In April 1945 the Consultant Surgeon 2 NZEF wrote:

We can comment that the treatment of war casualties at the end of the
European war has reached a very high level of efficiency, both in the saving of life,
and particularly in the freedom from sepsis, and in the rapid repair of wounds. To
this progress, the NZ Medical Corps has contributed its share and has rapidly
adopted any progressive developments in treatment. Our young medical officers in
the forward areas have especially distinguished themselves by their painstaking and
skilled work.

A table reproduced at the end of this chapter shows the types of wounds which
led to invaliding from base hospitals to New Zealand, and compares the figures for 1
NZEF in France with those for 2 NZEF.

Pacific Experience

The forward surgery for 3 NZ Division in the Pacific was carried out by field
surgical units attached to Field Ambulances and by the Field Ambulances
themselves, but it was limited as there were few casualties in the division in the
island assaults from October 1943 to February 1944. Lieutenant-Colonel S. L. Wilson,
a forward surgeon with 2 NZ Division, was transferred to the Pacific, and wrote a
short directive on war surgery which was circulated to all medical officers.

The wound treatment consisted of surgical cleansing, light packing and dressing
with vaseline gauze or tulle gras, while plaster splints were used for fractures and
large wounds following the Trueta technique. Primary operation was often much
delayed by the difficulties of evacuation from the jungle. Sulphonamides were used
both locally and by mouth. Penicillin was only available in small quantity at the end
of the campaign. Infection was not marked, but some anaerobic infection with gas
gangrene was seen. Secondary suture was carried out at the CCS in some cases.
There were no special difficulties encountered in wound healing.
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WAR SURGERY AND MEDICINE

REVIEW OF POSITION AT END OF WAR
REVIEW OF POSITION AT END OF WAR

The position as regards the treatment of war wounds at the end of the war may
be summarised as follows:

The technique of surgical cleansing ! was by no means an excision of the
wound. Little or no skin was removed, and then only if ingrained with dirt and
devitalised. The same held true with regard to the subcutaneous tissue and fascial
layers, but fatty tissue was more freely excised. The nerves and vessels were left
intact except when smaller vessels were implicated in the removal of muscle. All
dirty and devitalised muscle was removed, leaving only bleeding and fresh coloured
muscle. If muscle groups were seriously devitalised and any evidence of anaerobic
infection existed, then whole muscle groups were removed. Bone was not removed
unless it was dirty and lying quite separate, and not of sufficient size to render non-
union or marked weakness of the bone structure probable. The wound was freely
enlarged longitudinally to the limb and the fascia opened up to expose the whole
depth of the wound, and divided transversely if any tension was present. If
necessary counter incisions were made. The wound now being wide open and
cleansed of all foreign and devitalised tissue, penicillin powder was dusted over the
whole inner surface of the

! The words ‘surgical cleansing’ have been deliberately chosen because
of the obscurity of meaning attached to the name excision, and, to a lesser
extent, to the French word ébridement.

wound and gauze placed over it and used also to keep the surfaces lightly apart.
The gauze was either plain or vaselined, or tulle gras could be utilised. The limb,
unless the wound was of minor degree, was then encased in a padded plaster which
was split after application so as to ensure no interference with the vascularity of the
limb during evacuation. Parenteral penicillin was then given four-hourly for a
minimum of forty-eight hours, and in all large wounds and fractures for a longer



period. Blood transfusion was given to all seriously wounded men according to blood
loss and shock. Serum was generally given as well in the proportion of one pint of
serum to two of blood. In cases of burns blood serum alone was given, and
frequently several pints were necessary to combat the haemo-concentration present.

Appropriate splinting was applied to all fracture cases, plaster being used in all
fractures except those of the femur, when a Thomas splint with plaster
strengthening was utilised. The casualty was then evacuated to a General Hospital
either by ambulance train, hospital ship, or by air, and given a short period of rest.
On about the fourth day, and frequently earlier, the patient was taken to the
operating theatre, no dressing having been attemDted since the original operation in
the forward areas, the plaster and dressing removed, and, unless definite infection
had occurred, the wound was again dusted with penicillin powder and sutured, either
by simple salmon gut stitches, taking a deep bite of the tissues, or by figure-of-eight
silk stitches. Parenteral intramuscular penicillin was then given for a few days after
suture in all severe wounds. No dressings were carried out for from a week to ten
days, when at dressing the stitches were removed. Splints were applied to all severe
wounds as at the original operation. By this technique about 80—90 per cent of all
wounds healed satisfactorily.

If infection of any severity occurred the wound was opened, penicillin tubes
inserted, penicillin instilled twice daily, and parenteral penicillin continued. In the
rare septic case further blood transfusions were given to combat the associated
secondary anaemia which usually developed in these cases. When fractures were
present the same routine was carried out, but the penicillin was continued longer, for
at least a week after suture of the wound. If sepsis arose, drainage of the wound
was often carried out. For those cases in which sepsis contra-indicated delayed
primary suture, parenteral and local penicillin was continued till the wound became
healthy and allowed of secondary suture, and at times other measures such as the
instillation of the hypochlorites were utilised in the penicillin-resistant infections. In
the forward areas primary suture of the wound was not attempted, except in certain
parts such as the scalp and face. The performance of delayed primary suture was
simple and efficient, and, besides being safer, it brought about a satisfactory
distribution of the operative work between the forward and base units. The ideal of
primary suture seemed hardly justifiable under the conditions of active warfare,



partly because the transportation of the patient would naturally militate against the
healing of the wound.

If any loss of tissue had occurred, and especially in burns on the hands, skin
grafting was carried out at the very earliest period, and that meant at the time when
delayed primary suture was done. If gas gangrene eventuated, radical removal of
muscle was called for and a full course of penicillin parenterally. Amputation was
necessary only if actual gangrene of the limb itself set in. Diphtheritic infection of
wounds, by no means uncommon, was combated by the institution of serum. As a
wound application the sulphonamides, except as a medium for the administration of
penicillin, had faded from the picture though sulphonamides given by the mouth
were still utilised in head cases and in penicillin-resistant infection.

The story of the treatment of war wounds during the 1939-45 War is one of
great interest, showing as it does the gradual development of ideas and knowledge
till a selected and trained medical personnel was able to devise a technique, with
the aid of new antiseptics and antibiotics, that was both simple and very efficient.

The development from the closed plaster technique to the use of the
sulphonamides, and finally to the employment of penicillin, and the very early
complete closure of the wound, was a triumph for British surgery in which our New
Zealand Medical Corps was honoured to be able to participate. The great lesson that
was learnt was that no stereotyped method, however hailed as a panacea, should
blind one to the truth that there is no finality in medicine, and that we cannot be
content till we reach as near perfection as possible.

The closed plaster technique was accepted too readily by out younger surgeons
at the beginning of the war, when it really was producing poorer results in many
ways than were being obtained at the end of the First World War. Sulphonamides
again were expected to do too much to assist the surgeon, and it was not till the
dramatic discovery of the remarkable bacteriostatic effects of penicillin on wound
organisms that surgeons would turn their attention to the early closure of wounds,
and thus approach, and finally improve on, the results actually attained in the First
World War. The principles of the removal of soiled and devitalised tissue from the
wound, the relief of tension, the provision of rest to the tissues and the individual,
the replacement of lost fluid and blood, the protection of the wound from



contamination and finally its complete closure to prevent that contamination and
allow of early restoration of function, were not new or strange. They were relearnt
slowly, and sometimes laboriously, by a new generation of surgeons. They will have
to be learnt again possibly by another generation of surgeons who may have more
powerful bacteriostatics and possibly improved techniques in other ways, but the
cardinal principles will remain. We can but hope that eventually it will be possible to
close wounds completely and safely at the original operation shortly after the wound
has been sustained, and thus save subsequent dressing and subsequent infection
with so much relief to the patient, and with much lower mortality and morbidity. The
severity of the injury may at any time cause death, but if we can ensure the rapid
and aseptic healing of the wounds themselves we will save some lives. Undoubtedly
many lives were saved in the 1939-45 War by the determined and persistent
progress of wound treatment in the British Army, of which we were proud to be an
intimate part.

Invalids Evacuated to New Zealand or Discharged in United Kingdom

Wounds in Action
2 NZEF 1940—45 1 1 NZEF May 1916— Dec 1918

Head 276 440
Eye 216 172
Chest 297 616
Abdomen 202 268
Amputations, leg 307 195
Amputations, arm 80 159
Spine 53 91
Nerve lesions 622

Knee joint 85

Shoulder joint 45

Burns 24

Vascular 55

Fractured feet 245

Fractured jaw 86

Fractured femur 346

Fractured tibia and fibula 481
Fractured humerus 350
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Fractured forearm 360

Ear 120
Pelvis and hip 100
Other 259
Other wounds of back
Perineum

Other wounds of arm

Other wounds of leg

Multiple wounds

TOTAL 4609
Total wounded for period 16,456
Also wounded taken PW 1,326

364
174
50
2300
2683
79

7591
36,516

1.2 NZEF (IP) not included.
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WAR SURGERY AND MEDICINE

[SECTION]

IN war the severe injuries sustained as the result of wounding by shell, mortar,
bombs, and bullets demand surgical treatment, and the mortality rate, as well as the
degree of individual disability, depends to a great extent on the efficiency of that

treatment.



WAR SURGERY AND MEDICINE

FIRST WORLD WAR

First World War

During the 1914-18 War there was a very marked development in war surgery,
particularly in surgery in the battle areas. In France war became static trench
warfare, and medical units remained at the one site for considerable periods and
were stabilised in well-planned hutments. Only the minimum of surgery was carried
out in the Field Ambulances, which acted as evacuating units, arranging only for the
first-aid dressing of wounds and preliminary splintage, with active bleeding as the
only indication for surgical treatment.

The forward surgical work was concentrated in the CCSs though the New
Zealand Stationary Hospital at times acted in the same capacity. A grouping of CCSs
often took place behind an active battlefront such as the Somme. The normal
establishment of the CCS was found to be insufficient to cope with periods of activity
and extra surgeons and surgical teams were attached when necessary. These teams
were generally supplied by the base hospitals sited in France and once constituted
they as a rule continued till the end of the war. A surgical team consisted of a
surgeon, an anaesthetist, a sister, and an orderly, an ambulance being generally
utilised for transport. The team was dependent on its host unit for all equipment and
supplies.

Nursing sisters were regularly attached to the CCS, both in the operating
theatres and in the wards. Evacuation to the Base was generally by ambulance train.

Within the CCS there was often a segregation of cases, such as abdominal
injuries, under certain surgeons. There was also segregation of cases to certain
CCSs. The New Zealand Stationary Hospital took over from two British CCSs at
Hazebrouck for the Messines battle. One of the two CCSs was functioning as the
Head Centre for the 2nd Army and our New Zealand hospital continued as the Head
Centre. Gask developed chest surgery at a CCS behind the Somme, and chest cases
were steered to his unit. The presence of gas casualties seriously complicated the
administration of the operating centre as these cases had to be decontaminated and
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the chest symptoms relieved. The frequency of anaerobic infection also tended to
disrupt ordinary routine as even small wounds would thereby be converted into
major problems. At first the wound treatment consisted mainly of incision, removal
of foreign bodies, and drainage. The need became apparent for the removal of
traumatised tissue, especially muscle, as this acted as a nidus for anaerobic
infection. Then followed the ruthless removal of damaged and soiled tissue,
especially of muscle, which was cut back till fresh bleeding took place irrespective of
destruction of function. The wound was left wide open and drained. Loose bone was
removed. Various antiseptic dressings were applied, and salt packs to produce
osmosis were used. The hypochlorites were eventually most popular, and the Carrel-
Dakin treatment of constant or regular wound irrigation was well established during
the latter part of the war. BIPP as a wound treatment was also much utilised for its
bacteriostatic effect. In wounds of the head primary suture of the wound was the
routine, following careful wound excision, removal of bone fragments, and irrigation
of the brain track.

Chest wounds were at first treated conservatively till Gask developed a radical
operative approach, including treatment of the lung itself.

Following South African War experience, abdominal surgery was at first not
considered advisable, but the younger surgeons quickly demonstrated the
possibilities of forward surgery in these cases and they became first priority cases.

Amputations were very frequent, due to the gas infection; and the guillotine
type of operation was usually carried out. Extension was applied to the skin to
prevent retraction, and short Thomas-type splints were utilised for this. Joint sepsis
was severe and drainage was frequently instituted. Transfusions of salines and
glucose salines, and at times gum arabic, were used freely for the treatment of
shock. Blood was used to some extent towards the end of the war, but only in small
quantities, rarely more than a pint.

Anaesthesia was generally in the form of chloroform and ether mixtures, open
ether, and gas and oxygen. Shipway's apparatus in some form was popular, as was
Boyle's apparatus.

X-ray was not generally available at the CCS level. It will thus be seen that fairly



adequate provision had been made for forward surgery in the CCS, and that good
accommodation and nursing were available, as well as surgeons. The mobile surgical
team acted as a satisfactory reinforcement to the regular staff of the unit. Casualties
were very heavy at times and the battles at periods were almost continuous, giving
little rest to the staffs.
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The units responsible for the surgical treatment of the battle casualties in the
forward areas at the beginning of the war were the Field Ambulance and the CCS.
First-aid treatment was given by the stretcher-bearers and the RMO in the RAP, and
this was continued in the ADS. Evacuation then took place to the MDS, which acted
as a staging post, and then to the CCS, where the main surgical treatment was to be
carried out.

In the Greek campaign this plan was carried out and the major forward surgical
treatment was performed at the CCS level, though some operations were done in
the Field Ambulances.

In Crete some surgery was carried out at the Field Ambulances, but most was
done at 7 British General Hospital and at other improvised hospitals to which cases
from the Field Ambulances were evacuated.

In the early desert campaigns, however, the remarkable mobility of the battle
actions, with the alternating success of the opposing armies, impeded the
functioning of forward medical units and made the performance of forward surgery
difficult.

It was impossible to get the wounded back to the CCS within the optimum
period for operation, and the immobilised CCS lost contact with the advanced
formations. The CCS as a stable stationary unit was found quite unsuitable. It was
too cumbersome and had no transport, so could not keep up with the constantly
moving army. This led first to the utilisation of the Field Ambulances as forward
operating units, and then to the conversion of some of the CCSs into mobile units
equipped with their own transport. The MDSs of the Field Ambulances of 2 NZ
Division were provided with extra equipment to enable them to carry out efficient
surgery, and with extra personnel to strengthen them from the surgical aspect. At
least one surgeon capable of performing major surgery was posted to each Field
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Ambulance.

To strengthen the Field Ambulances, surgical teams, as supplied to the CCS
during the First World War, were chosen from the medical officers of the base
hospitals best qualified by surgical experience and age to perform forward surgery.
The relative lack of surgical equipment in the Field Ambulance rendered it necessary
for these teams to take such equipment with them. The teams also took their own
tentage for personnel and operating theatre, but otherwise lived as saphrophytes on
the Field Ambulance. The usual arrangement was for one team to be attached to an
Ambulance. A surgical team of a surgeon and an anaesthetist, with some surgical
instruments, was seconded from 1 NZ General Hospital for duty with the Field
Ambulances in Greece and Crete.

In 2 NZEF no provision had been made for a CCS, and this naturally led still
more to the use of our MDS to take its place. The provision of a mobile surgical unit
for our force, a generous gift of Mr (later Sir) Arthur Sims, filled the gap to some
extent, and proved invaluable during the second Libyan campaign. This unit was
organised and elaborately equipped in England and Egypt and had a special
establishment approved in the Middle East Force. It was completely self-contained
and mobile, and was equipped to deal with all types of forward surgery, including
heads and chests, and it could hold and nurse its patients. It was a pity that it had to
be broken up in 1942 on the formation of 1 NZ CCS, though it largely persisted as
the Light Section of the CCS.

The British surgical teams from base units, having proved their great worth in
the second Libyan campaign, were continued as definite army units, the FSUs, with
an army establishment of personnel, equipment, and transport, though there was no
rigidity as far as equipment was concerned. They were freely transferred so as
always to be attached to the active MDS of a Field Ambulance or to an active CCS.

This simple unit of few personnel, minimal surgical equipment, tentage, and
transport, was able to join an MDS and thereby form an efficient field operation
centre for small numbers of casualties. Two or three FSUs could be joined to one
MDS, and thus be able to cope satisfactorily with a rush of casualties. This
arrangement enabled forward surgery to be carried out successfully under the
peculiar conditions of desert warfare.
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British units were attached to our Field Ambulances in the Alamein line in 1942,
but New Zealand teams were sent forward later from the NZ CCS and from one of
our base hospitals in September 1942. (This latter team was officially constituted 1
NZ FSU in June 1944.)

The CCSs, some of which, including the NZ CCS, had been provided with
transport and so converted into mobile units, then began to assume more their
original role as far as the British Army was concerned, although our Field
Ambulances still continued to carry out much major surgery. In the period just before
Alamein Field Surgical Units and Field Transfusion Units were functioning both with
the Field Ambulances and the CCSs. A Blood Transfusion Service with its base in
Cairo had been well organised to supply whole blood, plasma, serum, and
transfusion fluids to the FTUs in the battle areas.

At the battle of Alamein the organisation of forward surgery was very efficient.
Units were well staffed and casualties were smoothly evacuated to the forward
surgical centres at the Field Ambulances, and then to grouped CCSs. Air evacuation
to the Base was used to some extent, but there were few ambulance planes and
unprotected transport planes were subject to enemy attack. Nursing sisters had been
attached to the CCSs, and beds had been made available to the Field Ambulances
and FSUs to enable abdominal cases to be held and nursed after operation, as early
evacuation of these cases by air had proved calamitous.

During the long advance to Tunis there were relatively few casualties till the
battle of Mareth, and air evacuation was used freely on the ‘left hooks’ as we held
complete dominance in the air at that period. The Field Ambulances continued to be
strengthened by extra surgical staff, and CCSs were still grouped at times and
forward surgery was well stabilised.

In Italy forward surgical units were housed at times in buildings because of
weather conditions, but tents were still frequently used. The destruction of the
railways and the deterioration of the roads sometimes made evacuation very
difficult, especially from the Sangro. Under the better evacuation conditions at
Cassino an important change in priorities was made. Abdominal cases had been
proved to do better after a longer period of resuscitation and were referred to the
CCS, while early operation had proved best for traumatic amputation cases and large


http://www.nzetc.org/tm/scholarly/name-010927.html
http://www.nzetc.org/tm/scholarly/name-029472.html
http://www.nzetc.org/tm/scholarly/name-003601.html
http://www.nzetc.org/tm/scholarly/name-010927.html
http://www.nzetc.org/tm/scholarly/name-004869.html
http://www.nzetc.org/tm/scholarly/name-004219.html
http://www.nzetc.org/tm/scholarly/name-029288.html
http://www.nzetc.org/tm/scholarly/name-001638.html

muscle wounds so these were operated on in the Field Ambulances. More of the
lesser wounds were also dealt with at the Field Ambulances so that delayed primary
suture could be carried out at the base hospitals with a better chance of success.

Specialist units—neurosurgical, ophthalmological, and facio-maxillary—then had
forward sections sited close to the CCSs, and patients could be sent direct to them
from the Field Ambulances.

In the final period in Italy evacuation by air was a special feature, and some
casualties even had their primary operative treatment carried out at the base
hospitals. The war ended in Italy with the organisation of forward surgery in a high
state of efficiency. Our only difficulty was the supply of young surgeons with
adequate training, owing to the depletion caused by the return of experienced
surgeons to New Zealand.
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It has already been stated that during the First World War surgical teams,
consisting of a surgeon, an anaesthetist, an-orderly, and sometimes a sister, were
constantly used at the CCS to supplement the surgical staff of those units. There was
no regular army establishment for these teams, so that at the beginning of the
Second World War they were not provided. Early in the desert campaigns, however,
the need for such reinforcement was realised. A surgical team was sent up from the
Base to 4 NZ Field Ambulance in September 1940.

The Consultant Surgeon Middle East Force, Major-General Monro, RAMC, quickly
realised the importance of surgical reinforcement in the forward areas, especially
under desert warfare conditions. During the first Libyan campaign in 1940 great
difficulties arose owing to the rapidity of movement and the impossibility of moving
the CCS, itself devoid of transport. Surgical teams similar to those employed in the
First World War were sent from the base hospitals, but lack of transport and
equipment limited their usefulness. The Field Ambulances to which they were at first
attached had no surplus of transport, and certainly no surplus of surgical equipment
as they were not normally equipped to perform major surgery, which was the
function of the CCS. It was found necessary for the teams to take their own minimal
surgical equipment, such as surgical instruments and appliances and theatre
requisites, and sufficient transport for their own conveyance. Each team collected
what it could and what it thought necessary from its own base hospital, and
gradually satisfactory equipment of all kinds was provided. The Field Ambulances did
not have any spare tentage available, either for operating theatres or personnel, so
that had to be obtained in various ways by the teams. Healthy rivalry and initiative
were shown by the different teams in getting their supplies, and this demonstrated
to the authorities what was essential and minimal in the equipment of these teams.

On 28 February 1941 a conference with New Zealand representation was held at
General Headquarters, Cairo, to discuss the problem of forward surgery, and it was
agreed that a mobile surgical service was necessary in the desert, and that a series
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of surgical teams should be established, based on a CCS. They should be available to
move forward to suitable locations, but should be independent of Field Ambulances
so as to prevent these becoming immobilised.

Following this conference arrangements were made to set up equipped surgical
teams, and two were attached to Field Ambulances in Greece, one of them being a
New Zealand team. During the second Libyan campaign a team was attached to a
South African Field Ambulance near Maddalena, and our Mobile Surgical Unit acted
as part of the New Zealand Division's medical services.

After the campaign the teams were further developed and increased in number,
and their equipment added to. The teams then became stabilised as Field Surgical
Units, with an official establishment of personnel, transport, tentage, and equipment,
but no rigid uniformity was insisted on. For instance, there was considerable diversity
in the operating theatres of the different units. Some operated in special theatres
built on lorries, some in tarpaulin shelters, the majority in EPIP tents. All units
accumulated equipment in excess of the minimal establishment to suit the individual
surgeon. Beds were later provided for all units to enable abdominal and chest cases
to be more satisfactorily nursed, and also to be held in the units for a period,
generally of ten days. The staff consisted of one surgeon, one anaesthetist, two
ORAs (Operating Room Assistants), one clerk, and two drivers (ASC).

The equipment included operating-room furniture and equipment, including
surgical instruments, theatre linen and dressings, and emergency lighting. Tentage
for personnel was also carried, and sufficient transport for the equipment and
personnel was provided. There was no provision for cooking, and none for the
housing and nursing of patients, and lighting was generally provided by the mother
unit.

The unit was essentially set up to provide extra operating facilities for the host
unit, be that a Field Ambulance or a CCS. This constituted a distinct weakness in
comparison with the Mobile Surgical Unit as set up in 2 NZEF. The units were formed
essentially to deal with the more serious types of casualties such as the abdomens,
and skilled surgeons were provided, but after operation there was no skilled nursing
available. This was of particular importance when the FSUs were attached to a MDS
of a Field Ambulance, where no nursing sisters were available. The nursing orderlies
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of our Field Ambulances did become very proficient and were given preliminary
training in the base hospitals, but they could not be expected to give the same
service as a trained nurse. The CCS with its staff of six sisters had naturally great
advantages in this respect. The increasing emphasis placed on post-operative
nursing and the longer retention of patients at the Forward Operating Centre made
the question of nursing of much more importance.

As reinforcements of operating potential, however, the units were eminently
successful, and the staffs were very carefully, selected. The posts were looked upon
as prizes of great honour by the staffs of the base hospitals.

Their simplicity with the minimal equipment not only made their formation easy,
but allowed their rapid transfer from one host unit to another, as circumstances
demanded. This applied particularly when a unit was attached to a Field Ambulance,
which did not as a rule act for long as a forward surgical unit, the MDSs of our three
ambulances generally taking it in turns to deal with the major casualties. With
regard to the CCS, however, a unit remaining active for a considerable period and
generally throughout a campaign, an FSU was often attached for a long time, so that
it became a smooth-working part of the machine.

The New Zealand Field Ambulances had surgical teams attached during the pre-
Alamein period, first British teams and then teams from our CCS and our own Base
Hospital at Helwan. From then to the end of the war our own FSU was regularly
attached, generally to the Field Ambulance, and sometimes to the CCS. We also had
RAMC FSUs, often with FTUs as well, attached to us for considerable periods, both
with the Field Ambulances and the CCS. The CCS in particular was seldom without an
attached British FSU of excellent quality. The personnel of these units worked in the
utmost harmony with us, and brought with them a freshness and breadth of outlook
in itself of great value to our own units. Our New Zealand force during the period of
the war in the Middle East and in Italy relied a great deal on the RAMC for FSUs and
FTUs in our forward units. This was partly due to the prominent position given to our
units, which were servicing other than our own troops. It was also due to shortage of
young surgeons in the NZMC suited to the work, as well as to the somewhat rigid
retention of personnel in our base units. There was no reason why each of our three
base hospitals should not have formed a surgical team and sent it forward to help in
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the rush periods, withdrawing it to the base unit as soon as the rush was over. We
were very well served by the attached British units and could hardly have done
without them, but we should have been able to pull our weight better, especially as
we contributed practically nothing to the common pool of administrative medical
personnel.

Reserve Unequipped Surgical Teams

These were utilised occasionally to supplement the equipped teams, the FSUSs.
In times of stress these teams were able to spell the overworked surgeons. With no
equipment they could be rapidly transported, often by air, and could walk straight
into a working operating theatre. Our CCS was thus reinforced during the battle of
Mareth by teams supplied by 3 NZ General Hospital, then located at Tripoli. The
benefit was considerable both to the CCS and the personnel from the hospital.
Unfortunately, with the dwindling staffs of the hospitals this was not repeated, but 2
NZ General Hospital sent up a medical detachment from Caserta to the forward
areas during the final Po battles.

Method of Employment of Surgical Teams and FSUs

The employment of FSUs was the logical method of supplying extra and well-
trained surgeons for forward surgery, but the method of their employment was at
times open to criticism. The fluid battle conditions in the early desert campaigns led
to the surgical teams being attached to the Field Ambulances. It was normal at first
for only one team to be attached to a Field Ambulance, and there were not many
teams available. As casualties often occurred in one particular area it thus led to a
concentration of work on one team. This team worked till it was exhausted as there
was no possible relief, and serious cases naturally banked up awaiting operation.
The surgeon could not give of his best, and treatment for the control of bleeding and
the prevention of infection was delayed. The lone team could only handle efficiently
relatively few casualties, and could be fully justified only in positions separated a
considerable distance from the main battle area. The desire of senior combatant
officers of brigades to have a competent surgeon available for their men irrespective
of the likely number of casualties, though displaying a keen appreciation of medical
needs, proved often an embarrassment to the medical administration. It was found
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necessary to concentrate the medical units responsible for forward surgery in one
centre, so as to have available for the care of the wounded the maximum number of
surgeons, thus enabling distribution of work and spelling of personnel. The operating
theatre assistants needed rest just as much as, and even more than, the surgeons.
There were many methods of arranging the reliefs of surgical teams, but it was
recognised that no surgeon should operate normally for more than sixteen hours in
any twenty-four, and that no more than 12—-16 operations of magnitude per team in
any day was desirable. There were other duties of importance besides operating,
and the surgeon had to keep a watch on the post-operative treatment of his
patients, while a pre-operative knowledge of them was also helpful.

The realisation of the evils of the deficiencies of the lone team led to the
attachment of two or more teams to the active MDS and, with an FTU also added as
a normal part of the operating centre, large numbers of casualties could be
adequately dealt with by operation. The evils of the lone operator were seen more in
the RAMC Field Ambulances than in our own. Provision had been made in our units
for surgical work, both by the provision of extra equipment and, especially, by the
appointment of at least one medical officer in each ambulance capable of performing
major surgery. This ensured one surgical team from the Field Ambulance's own staff,
so that any attached team was not working on its own. In addition, the surgeons of
the inactive Field Ambulances were frequently utilised in the active MDS to form
extra surgical teams. The surgical work was apportioned so that the surgeons of the
attached FSU, or at times of the Light Section of the CCS, dealt with the major cases
such as the abdomens, whilst the Field Ambulance teams operated on the less
serious cases.
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It has been pointed out that in the 1914—-18 War the Field Ambulance was solely
concerned with first aid and the evacuation of the wounded to the Casualty Clearing
Station. This position held at the beginning of the Second World War, and it had
been decided by the DGMS in New Zealand that a separate CCS was not required for
2 NZEF. This must have influenced the Field Ambulances considerably in their
outlook on forward surgery. They accumulated extra equipment and were enabled to
do some surgical work in Greece and Crete. In the desert campaigns the immobility
of the CCS forced the Field Ambulances to undertake forward surgery, though this
did interfere to some extent with their primary functions. However, the position was
met by the appointment of surgeons to the Field Ambulance staff and then by the
attachment of surgical teams and Field Surgical Units from base hospitals.

As already stated, it was at first only possible to attach single teams to a Field
Ambulance, but later two or more were attached providing adequate surgical
personnel. Later Field Transfusion Units were set up and these added tremendously
to the efficiency of the treatment. Hospital beds were also added to Field
Ambulances during the pre- Alamein period, so that abdominal cases in particular
could be held and nursed after operation.

Our New Zealand MDS was, from late 1942, when fully staffed with extra
personnel, an efficient surgical unit. There was commonly attached:

( The light section of 1 NZ CCS with two MOs, ORAs (operating room assistants),
a) and nursing orderlies, with full equipment for operating and nursing facilities,
including hospital beds.

( NZ FSU with surgeon and anaesthetist, ORAs, and operating tent, but no nursing
b) orderlies or nursing facilities.

( NZ Field Transfusion Unit with full equipment and personnel.

C)
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The attachment of the light section of the CCS was invaluable as this contained
well-trained nursing orderlies, as well as tentage and hospital beds, and other
equipment for the nursing of the seriously wounded men. The equipment, a heritage
from the MSU, was exceptionally good, and the surgical van supplied lighting and
suction and autoclaves, as well as elaborate theatre furniture. Still missing, however,
were nursing sisters and an X-ray unit. The 2nd NZEF retained the MDS as a unit for
forward surgery throughout the war, and did not establish an FDS to take its place,
as a mother unit for FSUs and FTUs, as did some British formations.



WAR SURGERY AND MEDICINE

THE DEVELOPMENT OF THE CCS

THE DEVELOPMENT OF THE CCS

As already stated, the CCS was originally too cumbersome and without
transport. It was then altered by providing transport for a certain number of the
units, which were then attached to corps. These were called Mobile CCSs, and
followed closely behind the Army during the advance from Alamein to Tunis. Our 1
NZ CCS functioned from Alamein onwards and was one of the first to be made
mobile, and it rapidly developed the facility to change camp. The individual wards
were made independent units by basing them on a 3—ton truck, in which all tentage
and equipment and staff were transported from one site to another. With a stabilised
plan of layout of the camp, the ward lorry was able to be driven to its exact location
in any new camp. If the CCS was holding patients unsuited for evacuation, a
detachment was left behind when it went forward, and if large numbers were being
held arrangements were made for another CCS to leapfrog ahead and leave the full
CCS stationary till it had dealt with its serious cases. The equipment of the CCS was
altered to suit the new function. The newly formed FSUs were attached to an active
CCS to strengthen its surgical potential and FTUs were also attached. Nursing sisters
were also added to the establishment, six being attached to our CCS at Alamein, and
they remained attached throughout the war. They were even attached to the active
MDS when conditions warranted this on the Sangro front.

The CCS was the unit best equipped to carry out the major forward surgery,
and, if it was mobile, was able to be placed so that casualties could reach it in
adequate time. If that was impossible, then the light section could be pushed
forward either to join an MDS or an FDS. The most important aspect was the holding
of the serious cases—any unit operating on this type of case must be so constituted
and located that it could hold them. The name of the unit and its exact
establishment was immaterial.

In Italy there was not quite the same necessity for the CCS to be mobile as
generally it was not shifted so often or so far, but it still generally remained a tented
unit. The attachment of one or more FSUs and an FTU became the routine whenever
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the CCS was actively employed to deal with casualties. A dentist was also attached
to take charge of fractured jaws. A physician was also added to the unit for general
purposes and also to look after chest cases. Thus the CCS became a mobile unit,
very well staffed to deal with serious casualties.
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Apart from the Field Surgical Units, which were normally attached to Field
Ambulances and Casualty Clearing Stations, provision was made for the performance
of specialist surgery in the forward areas by sections of neurosurgical,
ophthalmological, and facio-maxillary units.

During the advance from Alamein part of 4 British Neurosurgical Unit under
Captain K. Eden, and also an Ophthalmological Unit, were attached to our CCS.

In Italy at first the specialist work was centred at the CCS, but during the latter
part of the war hospitals of 200—400 beds were set up, just behind the CCS area, to
deal with specialist types of casualties. Here were grouped the neuro-surgeon,
maxillo-facial surgeon, and ophthalmologist,' the Trinity,' and to here were diverted
from the normal channel of evacuation all the neuro-surgical, plastic, and eye cases.
A dentist well qualified in fracture work was also attached, as was a fully qualified
general surgical team so that cases of severe multiple injuries could be adequately
dealt with. This type of hospital, placed at the foremost convergence of evacuation
lines, made it possible to supply specialist treatment in these cases at the earliest
moment. Special equipment and extra nursing facilities were provided. The specialist
units could not cope with all the cases, partly because of the rush during periods of
great activity, partly because of the multiplicity of wounds, and partly because of
local conditions rendering it impossible to send all the special cases to the centre. It
was therefore held desirable to train a small number of general surgeons in the
technique recommended by the special units by attaching them for short periods to
these units before appointing them as forward surgeons.

With any future New Zealand force this specialised training will be essential as
there will always be a shortage of specialists in these fields, where the civilian needs
are insufficient to employ more than a minimum of personnel. New Zealand has only
two neurosurgical centres and very few plastic surgery centres. If there was another
war and an expeditionary force was sent overseas, there would be insufficient
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specialised personnel to supply the needs of the overseas force as well as the civilian
needs. Arrangements should be made for the training of reserves in these special
branches for emergencies of this kind. It should be part of the general defence

policy.
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Time Factor

At first it was advised as an ideal that excision should be carried out within eight
hours of wounding. It was held that if infection had spread beyond the surface of the
wound excision of the infected tissue was impracticable and likely to be injurious by
spreading the infection still further by breaking down any resistance already set up
by the tissues. The time limit, however, was never rigidly fixed by the Army, but a
twelve-hour period was deemed satisfactory by many surgeons. Later it was held
that wound toilet could be carried out with benefit up to twenty-four hours, and even
much later in the ordinary case.

The whole question is vitiated by the use of the term ‘wound excision’, and the
original idea that prompted the technique during the First World War. It was
believed then that a complete excision of the wound, removing a continuous layer
involving all structures, would remove all infected tissue and all organisms. This
radical procedure proved impracticable and was obviously a danger to important
structures, and the technique was modified to the removal of devitalised tissues,
particularly of muscle. It was realised that if all infection could not be eradicated by
surgery devitalised tissue which encouraged infection, especially anaerobic infection,
could still be removed with benefit. This removal of devitalised tissue could be
carried out at any time, and in the case of anaerobic infection its removal was the
only satisfactory method of treatment.

In grossly infected wounds the main objective is generally drainage, but even in
those cases any dead tissue such as sloughing fascia should be removed. It was
reported at the Rome conference in 1945 that very infected wounds seen at a late
stage in Yugoslav patients had been much benefited by removal of devitalised
tissue, and that no harm had arisen by spread of infection.

Our outlook on the problem must therefore be revised. The time factor must



now be held still to be of considerable importance, because the sooner the
devitalised tissue is removed from a wound the less chance there is for infection to
arise. There can, however, be no time limit for wound toilet as the removal of dead
tissue from the wound is always desirable, though the extent of removal will
naturally depend on the condition of the wound. In a patently septic wound little can
be done except removal of muscle for anaerobic infection. In the recent wound the
operative treatment is a preventive measure, so careful wound toilet is of prime
importance, and on this depends the success of wound suture later. This success will
to a large extent depend on the period which has elapsed between the infliction of
the wound and the toilet, and also on the thoroughness of the operation.

It has been proved beyond doubt that the success of wound treatment depends
essentially on the original wound toilet, and that air other measures such as the
application of sulphonamides or penicillin are subsidiary.

The time factor in operation was modified by the condition of the patient and
also by the nature of the injury. It was found that in patients suffering from shock
resuscitation generally had to take precedence, and that time must be allowed for
the treatment of shock before operation was carried out. This particularly referred to
the abdominal cases. In some cases, however, shock could not be relieved except by
operation. This was well marked in cases of traumatic amputation and massive
muscle injury, as well as in open chest wounds and the bleeding abdomen. In these
cases it was of the utmost importance to transport the patient with the minimum of
delay to a Forward Operating Centre, be it MDS, FDS, or CCS, and not to waste time
by stopping at staging posts on the way.

Evacuation in the Forward Areas to the Forward Operating Centre

It was well realised that time was an important factor in the evacuation of
wounded men from the field of battle and that every effort had to be made to get
them quickly to a Forward Operating Centre. At times great difficulties arose and
long and arduous stretcher carrying had to be carried out, sometimes in hilly country,
as in Greece, Crete, and parts of Italy. Whenever possible motor transport was
utilised, and in the desert campaigns motor ambulances and Bren carriers were
used, being driven with great courage on the battlefield; and this hastened the
arrival of casualties at an operating centre. Special arrangements had to be made for
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the clearance of casualties through minefields.

In Italy both the jeep and the Bren carrier were used, both being fitted to carry
two stretchers. The jeep proved particularly valuable under very adverse conditions,
its power and four-wheel drive enabling it to go practically anywhere. Ambulance
cars with four-wheel drive were much more useful than those with two-wheel drive.
There were occasional delays at bridges and rivers, as at the Sangro.

Between the RAP and the ADS motor ambulances were generally used, and from
the ADS to the MDS and back to the CCS motor ambulance convoys were always
available. In the desert the rough and uneven surface made evacuation by
ambulance a trying ordeal for the patient, especially if the journey was a long one,
and this also applied in Italy where the roads in the forward areas were sometimes
very rough, especially in the winter.

Classification of Cases for Forivard Surgery

This consisted first of the sorting out of cases into those (i) definitely requiring
surgery or resuscitation, (ii) possibly requiring surgery and further investigation, (iii)
not requiring surgery.

This was best carried out at the ADS so as to obviate any further disturbance of
the wounded man till he was admitted to the Field Ambulance or the CCS where the
operative procedures were to be carried out. The casualty should not have to pass
through any intermediate medical unit. The position was aptly illustrated by a
Norwegian surgeon in Italy who said that in New Zealand a patient being sent by
ambulance from the country to hospital would not stop at every doctor's surgery on
the way.

The second sorting was done according to the priority of operation in those
cases requiring surgical treatment. This was carried out at the operating centre to
which the casualty was first admitted, which was in our force generally the MDS of a
Field Ambulance.

At the beginning of the war the operative priorities were:

1. Bleeders.
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2. Sucking chests.

3. Abdomens.

4. Serious wounds and traumatic amputations.
5. Heads.

6. Light wounds.

This degree of urgency in the performance of operative treatment decided to a
great extent where the operation should be carried out. The lack of mobility of the
CCS in the desert campaigns rendered it necessary to deal with the first three
priorities at the MDS. The priorities were recorded on the Field Medical Card,
generally by writing the essential diagnosis in large letters and by underlining.

Special centres were later established by the RAMC, and arrangements were
made to classify the cases in the forward areas and arrange evacuation to the
special centres as soon as possible. The special centres formed were Head, Facio-
maxillary, Ophthalmic, Orthopaedic, and Chest. Special coloured stickers were
produced to designate each of these, and these were affixed to the envelope of the
Field Medical Card.

Operation at MDS or CCS?

The distribution of the surgical work between the MDS and the CCS was always
a difficult problem, and one on which there was at times considerable difference of
opinion. As has been stated, at the beginning in 2 NZ Division the greater part of the
work was carried out in the MDS. This established a precedent in the NZMC, and for
the whole period of the war it was the custom to carry out a part, and often the
greater part, of the major forward surgery in the MDS. There was a differentiation
between the work of the MDS and the CCS according to the terrain and the type of
warfare. At times the MDS did the major part of the work; at other times the work
was concentrated in the CCS, and again there was often a very satisfactory division
of the work between the two units. The priorities of the different types of casualties
with regard to operation altered during the war, and this led to an adjustment of the
work of the units, Initially the abdominals were first priority, but later, at Cassino.
this was changed and severe limb wounds and traumatic amputations became first
priority, and abdominals were placed lower in the list and considered more suitable
for operative treatment at the CCS. In Italy, except at the Sangro, less surgery of a
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major type was carried out at the MDS. The Field Dressing Station as instituted in
the British Army to take the place of the MDS was never utilised by 2 NZEF, our well-
equipped and buttressed MDSs and our mobile CCS supplying all our needs.

The RAMC did not utilise the MDS to the same extent, and the consultant
surgeons to the British Army generally did not approve of the MDSs functioning in
this manner.

Although a great deal depended on the local and military position, and also on
the quality of the staff available, points in favour of operation at the MDS were:

1. The cases could be operated on earlier and after less exhausting travel.

2. The earlier operation led to less infection and also the saving of some lives
among the seriously shocked casualties.

3. With FSUs available and also FTUs, the conditions could at times be made very
suitable. Beds were available both in the FSU and the light section of the CCS.

As the great aim in forward surgery is to operate and excise the wound before
infection has become ingrained, it would seem that operation at the MDS would save
much sepsis and some lives.

The points against operation at the MDS and in favour of the CCS level were:

1. If no undue delay occurred at the dressing posts it was possible in ordinary
circumstances to evacuate the casualties speedily to the CCS to ensure timely
excision of the wounds there.

2. The patients were removed from the danger and noise of the battle area and the
staff had more rest.

3. The conditions at the CCS were normally superior so that operation could be
carried out more satisfactorily, and more relieving staff was available.

4. The facilities for, and standards of, nursing were definitely superior. Nursing
sisters were available and their presence alone made a vast difference.

5. The patients could generally be held as long as necessary. This was of great
importance to many cases, especially abdomens. If the CCS had to move up it
could do so in sections.

6. Sterilising was better. X-ray was available.

It was the opinion of every unbiased surgeon of experience that the CCS was
normally the best place to carry out the major forward surgery. In such
circumstances as the Mareth battle, however, when 2 NZ Division was out of contact
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with the CCS and casualties could not be evacuated readily, then the surgery rightly
was carried out in the MDS, the cases being held there and evacuated later. At other
times the work was split up between the two units, partly according to priority and
partly according to the severity of the necessary operative procedures. Finally, during
the Po battles the forward surgery was performed by the MDS, by the CCS, and also
by the base hospitals, a condition of affairs rendered possible by excellent
arrangements for evacuation. With air evacuation some of the work could be left to
the base hospital, where no further shifting of the patient was required.

From the experience gained during the war it can be concluded that the decision
as to the units in which forward surgery of different types should be performed must
be made according to the circumstances at the time. The advice of the consultant
surgeon of the area would be invaluable in this regard.

Staffing was, of course, the most important aspect of the forward surgical
problem.

The Field Surgeon

The ideal forward surgeon was a young man in his early thirties who had had a
sound training in surgery under capable seniors in a first-grade hospital. He had to
be physically very fit and able to undergo severe strain and work long hours.
(Forward surgeons often needed spelling at the Base after a period of six to twelve
months in the forward area.) He had to be temperamentally stable and optimistic.
He had to have initiative and the ability to improvise. He gained experience and
training invaluable for the future. A sense of true values was obtained with
judgment, decision, and courage, and a knowledge of serious illness, shock, and
sepsis which was of great value in later life. Many men of this type were always
available in the profession, and New Zealand had many of them.

Surgeons in the Field Ambulance

Arrangements were made to have at least one medical officer in each
ambulance capable of performing major surgery. When the MDS of the Field
Ambulance was utilised to carry out the major part of the work, the light section of
the CCS (with its excellent equipment and experienced surgeon) was attached to it,



and, at times, also another field surgical team sent forward from a base hospital.
With one or two teams made up from the Field Ambulance staff to do the less
serious cases, a considerable amount of work could be accomplished.

Surgeons in ihe CCS

Young surgeons were selected for the CCS, at least two being normally
available, so that the CCS itself could provide two surgical teams. In times of
activity, however, extra surgical personnel were essential, and FSUs, often British,
were attached.

Transfusion Officers

The pre-operative resuscitation was generally carried out by an attached FTU,
and the selection of cases for operation was done by co-operation between the FTU
and the surgeons concerned. Post-operative care as required was also given by the
FTU. The Field Transfusion Officers in the Middle East were carefully selected young
medical officers, trained by Lieutenant-Colonel Buttle at the Base Transfusion Unit
attached to 15 Scottish Hospital in Cairo. They were a new development of the war
and gave the greatest service, displaying initiative, energy, and judgment of a high
degree. One unit was normally attached to each active forward surgical unit. In our
own New Zealand force the officers were first chosen from pathologists and
bacteriologists, and these proved eminently suitable. It would have been profitable
to have increased the number of transfusion units and especially transfusion officers.
An active CCS could have usefully employed two transfusion officers.

Anaesthetists

The anaesthetists attached to the FSUs were called upon to assume heavy
responsibilities as so many of the wounded were suffering from profound shock. In
the British units specialist or graded specialist anaesthetists were utilised, and these
proved of great value. In 2 NZEF we were deficient in specialists and none were
available for this purpose, though some training was given to young officers
undertaking this work. The value of a highly experienced anaesthetist was seen by
us when we had attached to our CCS Major Cope, a British specialist of high
standing. He proved invaluable not only as an anaesthetist, but in consultation on
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post-operative complications and in the training of our own officers.
Orderlies

The orderlies had to be carefully chosen as they had, in the Field Ambulances,
to do all the work in the operating theatre and also to nurse the patients, as no
nursing sisters were available. Even in the CCS they carried out very responsible
work.

Senior Surgeon

At the CCS a senior surgeon was especially valuable in deciding on the necessity
and urgency of operation and resuscitation. In our CCS during the war the COs were
all senior men with surgical experience, well capable of fulfilling this function. Our
consulting surgeon who was attached to the CCS during a major part of its rush
periods always worked in the pre-operative ward helping in the diagnosis and the
decision as to operation, and being available for advice and help to the FTU and the
surgeons. It was felt that units which did not have a senior surgeon available for this
work were severely handicapped, and an unfair burden was placed on a transfusion
officer when he was called upon to do the work himself. A senior surgeon—in our
relatively small force the consulting surgeon was the obvious choice—should be
utilised in the CCS not only in the pre-operative ward, but as adviser in the theatre
and in the wards. There was no work more important in the whole of war surgery
measured in the opportunity of saving life and disability.

General Control of Surgical Staffing in 2 NZEF

The reinforcement of the surgical potential of the Field Ambulances and the CCS
depended largely on the field surgical units and teams which were attached when
the forward units were active. Unequipped surgical teams from the base hospitals
were occasionally used.

There was a definite lack of fluidity in the utilisation of surgical personnel during
the war, due to many reasons. The main reason was the rigidity of the unit
establishments, which caused many difficulties. This prevented the recognition of
any specialist, officer or man, not included in the list. It tended to fix the staffs of the
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medical units according to the establishment and not according to the work to be
performed. It at first led to the waste of skilled medical officers' time in the
performance of routine military duties. The officer commanding a medical unit
tended to demand his full establishment, even if at the time this was not essential.
He also held on to personnel lest, when the unit became busy, he should find himself
shorthanded. He also naturally did not like to have the best of his staff transferred to
other units when he was doubtful of their return. The forward areas were often a
long way from the Base. The OC was responsible for the efficiency of his unit and
especially for the quality of the medical work done in his unit, so he could not but be
anxious to have a full and well-qualified staff.

British FSUs and FTUs were commonly utilised by our forward units. It would
have been possible for surgical teams to have been shifted from our base hospitals
to the forward surgical centres for short spells during periods of high activity, and
then shifted back again to the base hospitals when the acute phase was over. This
would have enabled our men to get valuable training in forward surgery and also
would have given relief to the overworked forward surgeons. The war was fought in
short spells, and a concentration of all available surgical talent should have been
brought about first at the front and later at the Base. This would have saved medical
personnel and given everybody fuller employment. The medical personnel should
never again be kept in watertight compartments. They should be used as fluid
reserves to shift as the senior officers consider advisable.

Role of a Consultant

The responsibility for surgery should be given to the consultant surgeon as it
was in other forces. Even in our small force this was the best arrangement. The
consultant himself should be in the thick of the surgical fray, where his services
would be of most value and where he could observe every activity and all surgical
staff. He must be ever active and know his staff intimately and be ever ready to give
counsel and advice and practical help. There was a tendency to retain him at the
Base for administrative matters such as boarding and approving of medical boards.
At times there was a feeling of jealousy by senior officers at the Base when the
consulting surgeon attached himself to the forward units during periods of activity.
This could only have arisen through ignorance of the true function of a consultant



and the necessity to have him in the position where he could be of the maximum use
to the wounded men. He should have been expected to be in the forward operating
units as his first duty and expected to take his part in the work of the unit in
whatever position he thought best. This would undoubtedly be in the pre-operation
ward assisting in the diagnosis and sorting of cases, and at times assisting in the
theatre or spelling the surgeons. The RAMC appointed consultant surgeons to the
forward areas as well as to the Base, and they proved invaluable. They were a great
help to all forward surgeons, including our own. For our small New Zealand force
naturally one surgical consultant was sufficient, and he was able to alternate
between the forward areas and the Base acting as a useful liaison officer.



WAR SURGERY AND MEDICINE

THE EQUIPMENT OF A FIELD OPERATING UNIT
THE EQUIPMENT OF A FIELD OPERATING UNIT
Field Surgical Unit

The equipment accumulated by the different units was generally quite ample
and surgical instruments were simple in type. A pedicle clamp suitable for use in
clamping the renal or splenic vessels, skull forceps such as a De Vilbis, malleable
abdominal retractors and a strong rib spreader were found to be useful additions.

A suction apparatus of simple form, often made from a tyre pump, was found
essential, and many different types were constructed. A lighting set proved of the
greatest value, and several of the units utilised a very compact and efficient Italian
lighting set. Although the unit was normally supplied with electric lighting from its
mother unit, independent lighting was much to be preferred. Lighting by petrol or
kerosene lamps was undesirable in the operating theatre when ether was being
administered.

Main Dressing Station

This unit had an electric unit sufficient to provide light for all the main activities.
A suction apparatus and the surgical instruments mentioned with regard to the FSU
were also required by the MDS.

Our New Zealand Field Ambulances were equipped with extra surgical
instruments and appliances both from Army and Red Cross sources to enable them
to carry out forward surgery.

Casualty Clearing Station

This unit also had extra equipment supplied and had benefited greatly from the
handing on of part of the elaborate equipment of the MSU. The light section in
particular inherited a great part of the special equipment, including the special van
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and its fittings, a lighting set and powerful suction plant. It had sets of head and
chest instruments as well as an extra supply for routine surgery.

Operating Theatres used for Forward Surgery

Tents were usually provided for this purpose. The most satisfactory tent utilised
in the desert campaigns was the EPIP, and the combination of two of these tents,
one to act as the actual theatre and the other to act as a shelter for patients
awaiting operation and for storing the theatre supplies, was quite sufficient.
Originally an RD tent was combined with an EPIP, but this was hardly large enough.
As the fear of bombing receded, the operating tent was often joined on to the pre-
operation or resuscitation tent.

Each FSU had its own operating theatre acting independently of the theatre of
the mother unit, so that if two FSUs were attached to an MDS there would be
normally three theatre units, one being provided for the operating teams of the MDS.
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PLAN OF OPERATING THEATRE, 5 NZ FIELD AMBULANCE, ITALY

For the operating theatre in Italy in a modified form either two IPP tents or two
rooms were used. The staff consisted of:

1 Sergeant alternated as assistant to surgeon and in supervising the sterilisation
and preparation of trays.

1 Corporal alternated as assistant to surgeon and in supervising the sterilisation
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and preparation of trays.
2 Orderlies who alternated as theatre assistant and steriliser orderly.

The CCS frequently had two theatres for its own personnel apart from those set
up by the attached FS units. This independent working of the theatres made the
spelling of personnel easily carried out. There were many other types of operating
theatre utilised in the desert campaigns. There were elaborately equipped mobile
van theatres presented by the Americans, and other less elaborate van theatres built
by the Army in Egypt. Though mobile, most of these were somewhat cramped and
proved unpopular. Tarpaulin penthouses attached to trucks were constructed, but
they proved hot and more difficult to protect from sand. The ordinary hospital
marquee was found to be less suitable. The hospital extending tent was excellent for
large theatres, but was heavy and difficult to erect. For desert conditions, and
generally when buildings were not available, the double EPIP tent proved the most
satisfactory. The Germans provided a very satisfactory operating tent. Some were
captured by us and at times used by our units. It should be possible for us to provide
a special operating tent especially designed for forward operating work.

Autoclaves: A small autoclave was useful for the sterilisation of guards and
dressings.

Sphygmomanometer: This was an essential apparatus for the estimation of
shock.

Anaesthetics: Macintosh's apparatus proved excellent in forward surgery.
Specialist anaesthetists often utilised modifications of Boyle's apparatus.

Extras: Electric lighting was normally provided, and standard lights were
sometimes available. Arm boards, as extra attachments for the table, were excellent
and simple, both for the giving of pentothal and also for blood transfusion. A kidney
pillow was sometimes useful. Drums for sterile guards, and overalls, were much to
be preferred to simple bags, though bags would do for sterile dressings and spare
guards. An HP steriliser was essential in a busy CCS. There was great wear and tear
on surgical instruments, especially Spencer Wells forceps, due to constant boiling.
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FORWARD SURGERY: CLINICAL FEATURES
Treatment of Wounded in the Field

The Unit Stretcher-bearers

These were normally the first to contact the wounded man in the field. Although
not members of the Medical Corps, they were trained by the RMO to render first aid
before carrying the casualty to the RAP. They applied field shell dressings and
attended to bleeding by applying firm pads and tight bandaging. Fractures were
rendered more comfortable by bandaging the lower limbs together, or, in the case of
the upper arm, by bandaging to the body. Morphia by mouth was sometimes
administered generally in doses of 4 grain. No attempt was made to provide any
elaborate treatment, and the casualty was transported to the RMO at the RAP as
rapidly as possible. This was carried out by the best available and practicable
method. Jeeps and Bren carriers, and at times ambulance cars, were used, but
sometimes hand carrying was necessary.

Tributes were paid to the unit stretcher-bearers by all who saw them at work in
the care of the wounded. They were subjected to many dangers, but these were
disregarded as they saw to the safety and treatment of the casualties. There were
many casualties among the stretcher-bearers themselves, and at times their work
was arduous in the extreme. Jeep drivers, continually going to forward companies
over roads subject to heavy fire, were also unflinching in their duty, and were the
direct means of saving many lives.

Regimental Aid Post

The treatment given varied considerably according to the campaign and the
conditions. Frequently in the desert little could be done beyond rearranging and
applying dressings, splinting fractures, and giving cigarettes and chocolates. At times



hot drinks were not available for all the casualties. Rapid evacuation was the main
consideration.

In Italy much more could be done and the patients made more comfortable,
their wet clothes removed, more elaborate wound treatment given, and splints
applied. The type of treatment given for the different conditions was as follows:

( @) Control of Haemorrhage: This was usually controlled by direct pressure by
pad and firm bandage, the shell dressings being very suitable for this purpose. The
tourniquet was very rarely required and was strongly deprecated except in the case
of traumatic and inevitable amputation, when it was applied as close to the wound
as possible. One RMO of long experience never used a tourniquet except to place it
ready for use in case of emergency during transport. He stated that there was never
any need to tighten the tourniquet. Another RMO felt that the tourniquet should only
be used if all else failed. Opinions were sometimes strongly expressed that the
tourniquet should be discarded as it undoubtedly did much more harm than good. It
was also pointed out by experienced RMOs that the most serious bleeding had been
from axillary and femoral vessels for the control of which the tourniquet was useless.
Artery forceps were rarely required.

It was not uncommon to meet with profuse venous oozing, or frank flow, and
sometimes spurting from small arteries—these were the most frequent cause of
severe blood loss. Cases presenting haemorrhage from a partially severed large or
medium-sized artery were rare. In the infrequent case of complete traumatic
amputation of a limb the severed arteries had contracted and sealed the end. In
partial traumatic amputations the bleeding was from veins or small arteries in most
cases.

When the bleeding was profuse control was obtained by the application of artery
forceps to the main bleeding vessels and these incorporated in the pad and bandage
pressure dressing, and here the use of crepe bandages was a boon in obtaining
better pressure.

In those cases where the bleeding had been profuse the limb was immobilised
in splints before evacuation and morphine was given. For internal haemorrhage that
was clinically suspected or certain, reliance was placed on morphine and rapid



evacuation to the ADS for further disposal.

( b) Splinting of Fractures: This was carried out in the simplest method that
would give adequate immobility of the limb. Conditions varied so much that at times
little could be done, while at others much more elaborate measures were possible. A
great deal depended on the proximity of the ADS, and the ease of transport and
speed of evacuation, as to whether much time should be spent in handling and
applying very elaborate splinting. If casualties were numerous time could not be
devoted to elaborate splinting, and the simple measures of binding the arm to the
chest and the legs together were utilised.

Even in battle adequate splinting, without recourse to extempore measures,
was, however, always possible. The adequacy depended only on time—whether or
not it was wiser to retain the patient in an area of danger while time was spent on
splinting, or whether to evacuate him at once if transport was available. Time spent
on adequate splintage was indeed well spent, the patient being able to be sent
through to the operating centre without further interference to the wound before
coming to operation, and travelling more comfortably, with relief of pain and in a
much better frame of mind.

In the infantry, with the necessity of planning for the minimum of gear owing to
the frequency of establishing the RAP on foot without transport being immediately
available, it was usual to use the Thomas splint for the lower limb, and Kramer wire
for the upper limb with bandage fixation of the limb to the body.

These splints proved very satisfactory in every respect, quick and easy to apply,
giving complete immobility, and the comfort in handling and in transport, sometimes
over very rough country, was marked, and the patients arrived in good shape.

It was felt, however, that the success of the splinting depended to a large
extent on the fact that RMOs were able to use POP ! bandages around the splints
rather than the ordinary bandages. It was easier to apply these—the finished result
was better for the preservation of immobility and relief of pain, the splints were no
more difficult to remove than those using soft bandages, and the patients benefited
from this method. Except for very occasional periods it was always possible to do
any splinting necessary, and the type of splint seldom varied, the Thomas splint



being equal to any lower limb indication, and the Kramer wire, reinforced with POP
bandages, for the upper limb; and on those occasions when the supply of Thomas

splints was exhausted it was possible to use the wire, with POP, for the lower limb
as well, with good results.

It was a routine to splint all large soft-tissue wounds in the limbs as well as
those involving bone; much benefit came from this decision and practice.

In those cases where plaster was used round the splint it was very important to
have marked in large letters on the exposed part of the splint that it was a
temporary travelling splint only and had to be removed as soon as the patient
reached the operating centre, even though there was no constriction.

Pentothal was sometimes used for the application of splints in difficult cases.

( ) Relief of Pain: Morphine was the routine treatment. It was first administered
by hypodermic injection, apart from the oral doses given by stretcher-bearers. The
dosage varied, the ordinary dose being 4 grain, and sometimes 2 gr. doses were
given. There was a tendency at times to repeat morphia dosage too frequently, and
this led to dangerous complications, as in shocked cases with sluggish circulation
morphia was slowly absorbed and action was much delayed. When resuscitation was
carried out there was a sudden increase in absorption and strong morphia action
resulted. Warnings were given concerning over-dosage, and the dosage given was
recorded clearly on the Field Medical Card, and also often on the patient's forehead
in grease pencil, the exact dose and time of administration being given. Intravenous
administration was found to be much more efficient, and smaller doses were given,
Y8 gr. generally, and repeated if necessary. The danger of accumulated dosage was
much less than when given subcutaneously.

Syrettes were available for personnel in tanks and armoured vehicles, but not
for the infantry. The dosage was V2 gr., which was considered too large, and one
RMO instructed his stretcher-bearers to give only half the dose. He made a strong
plea for the supply of syrettes to all ranks and for V4 gr. dosage. Bottles of morphia
solution were very useful to the RMO, especially if away from his RAP.

Morphia was only required for the more serious casualties associated with
severe pain and restlessness, and for bleeding that was profuse or suspected



internally. It was contra-indicated in head cases so as not to mask the signs of
cerebral injury.

( d) Relief of dehydration: There was always lack of fluid, and dehydration was
sometimes very marked, especially in those cases associated with considerable loss
of blood. This was met by the regular provision of hot drinks, generally sweetened
tea, which was liberally provided for all cases fit to take it, with the exception of the
abdominals. In the desert campaigns scarcity of drinking water at times prevented
the giving of adequate quantities of fluid.

( e) Resuscitation: In both Italy and in the Western Desert evacuation was
generally so well arranged and the distances to cover, both in miles and in time,
were so short that there was no great necessity for routine urgent resuscitation in
the RAP. The patient was better served by rapid dressing of wounds and control of
blood loss and rapid evacuation to the ADS, where facilities for resuscitation were so
much better and the patient freed from the atmosphere of being still in the line.
Rapid evacuation to the ADS, with the patient warmly wrapped in blankets, of which
there was always an abundance, and hot-water bottles, was generally greatly to be
preferred to resuscitation in the RAP.

However, in those cases where it was not wise or expedient to evacuate at
once, as when the patient had been a long time wounded before it had been
possible to bring him back to the RAP, and was in poor condition—or when the line of
evacuation was too dangerous at the time—resuscitation could always be carried
out, much the more easily in Italy than in the desert, as in Italy the RAP was
generally established in a building of sorts, so that warmed blankets and hot-water
bottles and hot drinks were available and ready for any casualty.

Plasma or blood could readily be given, at the risk of inadequate asepsis at the
site of transfusion, but one was never informed of any sepsis having occurred at the
site of needling. A good supply of plasma, both wet and dry (this latter more
commonly in the later stages of the war), was always carried, and blood was
sometimes available through the excellent offices of the Transfusion Service, and
was given on rare occasions. In the main the standby at the RAP was plasma, and
for ease of transport and convenience, as well as for the prevention of waste, the dry
plasma was preferred. The distilled water was changed frequently if not used.
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The issue transfusion apparatus was admirable, being simple to work and very
efficient in action, and the RAP sergeant was trained in the setting up of the
apparatus, so that all was ready for the insertion of the needle in the minimum time.

...... L

Sites of 1 NZ CCS and Ni General Hospitals during Campaign in Italy

Resuscitation was far better carried out at the ADS, but in those cases where
evacuation was for some reason or other delayed, then the RMO could do a great
deal. If decision was taken to resuscitate at the RAP, then it was important not to
evacuate the patient too soon after the resuscitation had been begun, but to wait
until he had recovered as far as seemed possible before evacuation was undertaken,
even if the circumstances that had delayed evacuation had passed.

( f) Primary Dressings: The routine consisted in wide exposure of the area,
cleansing by soap and water of the surrounding areas of skin, and the application of
an antiseptic such as iodine. Rough toilet by removal of gross contaminants and
foreign bodies from the exposed wound was carried out and then a powder
insufflation of sulphanilamide powder by means of an insufflator made in the
Engineers' workshops. An average of 5 grammes of sulphanilamide powder was used
in a large wound and lesser amounts in smaller wounds. Then a vaseline gauze, or
tulle gras dressing, and pad and bandage was applied.

For small wounds the field dressing on issue to all ranks proved ideal, and for
larger wounds one or more shell dressings as were required. These supplied pads,
but much more bandage was necessary in cases of bleeding in order to obtain
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sufficient pressure, and crepe bandages were very useful for this purpose.

( g) Injection of Anti-tetanus Serum: This was given in doses of 3000 units to all
wounded men. All members of the force had been originally given doses of tetanus
toxoid.

( h) Records: The AF 3118 (the Field Medical Card) was carefully filled in with all
essential details of the wound and the treatment, and the envelope containing the
card was tied to the patient's clothing. Details of morphia dosage given were

especially noted and warnings given of any threatened complications such as
haemorrhage.

The Advanced Dressing Station

This was still essentially a first-aid treatment centre and evacuation post. No
operative treatment was carried out except as an absolute emergency.

( Dressing of Wounds: If this had been adequately carried out at the RAP nothing
a) more was required unless there had been some fresh bleeding or the dressings
needed adjusting. The same dressing routine was used as in the RAP.

( Haemorrhage: Control by pad and bandage was again relied on as the routine.
b) The remarks concerning the tourniquet still applied and operative exposure and
ligature was undertaken only in very exceptional circumstances.

( Splintage: This was normally applied to all fractures and also often to severely

c) wounded limbs without fracture. For the arm Kramer splinting or plaster was
generally used. For the lower limb the Thomas splint was applied for fractures of
the thigh and knee, elastoplast extension to the leg being often used if time
permitted, and was much to be preferred. Otherwise the boot was used for
fixation, either utilising bandage or preferably special heel clamps. As long as
extension was not aimed at little disturbance to the foot was caused, provided
skin traction was substituted at the MDS or CCS. If extension was attempted,
however, sores were caused on the dorsum of the foot and at the ankle. For the
leg Kramer splints and plaster were used.
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Amputation: Traumatic amputation was at times completed at the ADS, but

d) operative treatment was left till the patient reached the forward operating unit.

(

Resuscitation: Measures used were similar to, but more elaborate than, those

e) described under treatment at the RAP. Warmth was provided by means of

O 0O

blankets, and warm fluids were given by the mouth. Wet and soiled clothing was
changed. Plasma and serum were generally available and were given to serious
cases. Blood was at times available in small quantities and was given to cases
with marked bleeding. An in-ambulance drip transfusion was utilised during
evacuation to the MDS, special supports being made to clamp on to the
stretchers. Plaster bandages were used to keep the needle in place and the arm
steady. Morphia was given as required.

Records: There was usually time to write full details on the Field Medical Card,
and special types of cases were sorted out. It was generally possible to do a
primary sorting of cases—a great help to the next units on the line of evacuation.
Cases were sorted into:

. Abdomens, bleeders, and sucking chests.
. Amputations, fractures with swelling and bleeding, joint injuries, large flesh

wounds, especially with swollen limbs and situated in the buttock, thigh, or calf.

. Heads, eyes, jaws, and spines.
. Lightly wounded.

An indication was generally given that further inspection and dressing was

unnecessary, or that complications were feared and inspection required.

1 plaster-of-paris.
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WAR SURGERY AND MEDICINE

THE WORKING OF A FORWARD SURGICAL UNIT SITED AT AN MDS OR
CCS

THE WORKING OF A FORWARD SURGICAL UNIT SITED AT AN MDS OR
CCS

The Pre-operative Ward

Trestles for a total of thirty stretchers were required for a CCS in the pre-
operation ward, with overflow capacity of about the same number for exceptional
rushes. The original number was practically always sufficient if two tables were
working continuously and if cases were kept on the move and shifted to the wards,
either when operation was not deemed advisable or to await operation after all
resuscitatory and other preliminary treatment had been carried out. One special
ward handy to the theatre was selected, where cases awaiting operation could be
housed, the names remaining on the pre-operation list and the cases sent for from
the theatre as required.

It was here that the major cases were sorted and thoroughly examined, under
conditions of adequate lighting and facilities for the dressing of wounds and thorough
cleansing of the patients. Wounds were inspected, and those details necessary for
the guidance of the operating surgeon were noted. If no surgery was to be
performed, an adequate description of the wounds was given for the information of
subsequent units. Abdomens and chests were examined carefully, and head and
spinal wounds investigated.

Transfusion and X-ray

A transfusion team was absolutely essential for resuscitatory measures and for
advice concerning the suitability of the patient for operation. An X-ray plant, when
available, was set up, usually in, or alongside, the pre-operation tent or hut, so as to
be readily available for investigating the doubtful cases. The types normally
requiring X-rays were:



(1) Abdominal injuries, especially those of a doubtful nature.
(2) Head and spinal cases.

(3) Injuries in relation to joints, especially the knee joint.
(4) Doubtful fracture cases.

Some difference of opinion arose during the war as to the value of X-ray
examination, but experienced surgeons found it invaluable in doubtful cases,
especially in injuries about the diaphragm and loin. Many abdominal operations were
saved because of the information obtained.

Orderlies: These were trained in the careful handling, in the removal of clothing
from, and the washing of the wounded. They became adept in the rapid and gentle
handling of serious cases and in the application of splints and the preparation of
cases for operation.

Lists of Cases for Operation: This was kept in order of urgency. It needed
constant readjustment as more serious cases were admitted or as cases recovered,
following transfusion, sufficiently to withstand operation.

Resuscitatory Measures: These have already been discussed elsewhere, but
consisted essentially in rest, moderate warmth, warm drinks, and the essential
measure of blood and plasma tranfusion.

Types of Cases for Early Operation: The priority of operation did not remain
stable during the war. At first the order of priority was:

(1) Bleeders.

(2) Sucking chests.

(3) Abdominals.

(4) Large flesh wounds.
(5) Heads.

The abdominals did badly in the early campaigns owing to the mobile warfare
and the difficulty of getting them back to the relatively immobile CCS. This led to the
employment of the MDS as an operating centre for these cases, and it was proved
that cases could be saved in this way, but early evacuation proved disastrous.

At first head cases were dealt with early, but then they were sent back to the
base unit in Cairo as non-priority cases.
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The sucking chest was always a first priority case, whether it was dealt with by
pad and strapping or by operation. Large flesh wounds were at first dealt with after
the abdomens, and were often sent back to the CCS while the abdomens were dealt
with at the MDS. Then it was realised that severe muscle wounds, and especially the
traumatic amputation cases, steadily deteriorated and could not be resuscitated, in
spite of transfusion, till operative removal of the traumatised tissue had been
undertaken. These cases then became first priority. The abdominal cases, on the
other hand, were found to do better if a longer period was given for them to recover
from their original shock, and a short period of rest quite apart from the transfusion
was of great benefit to them. It was also realised that the abdominal cases did not
die of infection but of shock, and that most of the mortality occurred in the first
twenty-four to forty-eight hours.

There was a difference of opinion as regards the amount of bleeding in these
cases, and many held the view that as a rule little bleeding took place. However, our
experience was definite that in about half the cases there was a considerable
quantity of blood in the peritoneal cavity, and that in a few cases bleeding from
mesenteric vessels was severe. However, the majority of the abdomens could be left
several hours to recover before operation, provided a close watch was kept and no
suspicion of continued bleeding was present. The change of priority made it
desirable for the abdominals to be dealt with at the CCS level, and the serious tissue
wounds and the traumatic amputations took their place at the MDS level.

All wounds except small perforating wounds unassociated with any swelling, or
small spattered wounds, needed surgical treatment for the removal of the
traumatised tissue. The wounds of the different areas and structures are dealt with
under other articles.

Technique in the Operating Theatre

This was generally of the simplest kind. The patient was lifted on his stretcher
on to the operation table or on to trestles and the operation performed without
shifting him from the stretcher. Generally another table or trestle was used for
preliminary treatment before operation, or more commonly for the preparation of
another patient who could be got ready for the surgeon pending completion of



operation at the first table.

It was usual for the surgeon to don a mackintosh overall, a cap, and a face
mask—the mask being considered the most important part of the technique. Plain
soap and water was used for skin cleansing, and shaving was freely utilised, both as
a preparation for adhesive strapping extension and for cleanliness. Iodine was the
usual antiseptic skin application.

Gloves were worn by some surgeons as a routine, sometimes being changed for
every operation, and sometimes the gloved hand was cleansed between operations.
Other surgeons used gloves only in septic cases. For abdominal operations the full
surgical technique, with donning of sterile gowns and gloves, was carried out.

As regards guards, the custom varied. Some surgeons used the ordinary sterile
linen guards sparingly. Others used mackintosh and rubber guards, boiled or
otherwise sterilised between operations. The washing of guards and gowns was, of
course, a difficult procedure in forward units, and at times the supply of water
rendered washing impossible.

Note Recording at Operation

At the conclusion of the operation the surgeon himself immediately filled in the
details in the operation book and also on the Field Medical Card AF 3118, and, if he
so desired, also filled in a follow-up card by means of which he could ascertain the
later progress of the case at the Base. Clear directions had to be given so that
nothing was overlooked later during evacuation. If any dangerous complication
might arise, such as bleeding, warning had to be given. The time of wounding and of
the operation had to be noted.

Morphia, ATS, and sulphonamide and penicillin dosage were also noted.
Specialist cases to be referred to special centres were clearly marked with special
tabs. Dangerously and seriously ill cases were marked DI or SI. Illegible and
incomplete notes were liable to add serious risks to the patient's life or satisfactory
progress. A sketch of the wound and fracture, if any, was made with indelible pencil
on the plaster splint, and other details were also added. This recording was rightly
considered of the greatest importance, and the essential details were printed in bold



letters, as was the name of the surgeon.
Resuscitation in the Forward Areas

Rest was a prime necessity, as was also the maximum comfort that could be
given. Warmth was only desirable in as far as it gave comfort. Any excessive heating
had been proved deleterious, especially before full replacement of blood volume had
been carried out.

The restitution of blood volume by blood, plasma, and serum was the most
important factor in resuscitation. Blood had been proved to be essential when blood
loss had been severe and the haemoglobin content had been markedly lowered.
Plasma and serum were of value as supplements to blood and in cases not
associated with actual blood loss, but with loss of serum, as in burns and blast.
Fluids by the mouth, especially warm fluids, were of great value in all except
abdominal cases. The gentlest method of handling in transportation had to be
utilised.

Continuing shock from active bleeding, and absorption from mangled tissues and
infected, especially anaerobic, tissues had to be noted, and time had not to be lost
in resuscitation when operation alone could relieve the condition. Post-operative
resuscitation was often neglected and was often as important as treatment before
operation. Plasma or serum could be given in the RAP and ADS with great benefit in
serious cases, and the continuance of this transfusion in the ambulance during
transportation to the operating centre proved of very great value.

Post-operative Care

The general comfort of the patient was very important, and the provision of
hospital beds instead of stretchers made considerable difference to the comfort of
patients in front-line units. It was impossible to nurse chests and abdomens well on
a stretcher.

Fluid was of first importance, as the wounded were always dehydrated, and
copious fluid, if possible by mouth, saved much more elaborate medication. The
warmth of drinks was also of value in itself. Chest cases were sat up as soon as



possible.

Skin attention was necessary, especially in spinal cases and for those in plasters
or splints. Plaster splints had to be constantly watched to prevent constriction of the
limb and pressure sores. Gangrene easily ensued, and ischaemic paralysis
developed, if tight plasters were not cut up and adjusted.

The ring of Thomas splints had to be watched to see that undue pressure was
not being exerted on the crutch or on the tuber ischii. The external aspect of the ring
of the splint had frequently to be padded to make it fit the limb more accurately.
Pressure on the back of the heel and cutting-in of strapping just above the ankle
were common troubles.

Fractured jaw cases and severe facial and neck injuries demanded constant
attention.

Heads: Head cases, so frequently semi-delirious, took up much of the time of
the harassed sister in the ward. Immediate postoperative treatment generaly
consisted of sedatives, such as paraldehyde.

Chests: If respiratory distress was marked, early tapping of the haemothorax or
haemo-pneumo-thorax was indicated. At first air replacement was used during the
first twenty-four hours as a preventative of fresh bleeding, but this was later given
up as unnecessary and undesirable. Later, early tapping became a routine in all
cases whether distressed or not, and this was repeated frequently till the chest
became clear.

Abdomens: These were at first nursed in the Fowler's position, but towards the
latter part of the war this was given up and the cases nursed flat. This gave more
comfort and also fewer chest complications. Gastric suction and intravenous fluid
remained the routine throughout the war, but fluid by the mouth was introduced,
first of all simple fluids, and then definite nourishment was given in the majority of
the cases, even when the gastric suction was still being utilised.

General Cases: Further resuscitation with blood or serum was commonly
required, and was given more frequently in the latter part of the war.



Essentials of Treatment of Special Types of Cases

1. Ordinary Limb Wounds: Adequate exposure of the wounded surface, especially in
the depth of the wound. Removal of all devitalised tissue which does not
necessitate damage to vital tissues. Preservation of bone fragments. Removal
especially of damaged and avascular muscle. Relief of tension and provision of
drainage. Application of bacteriostatics and antibiotics, such as sulphanila-mide
and penicillin, to the wound. Dressing to ensure the wound being left open.
Provision of rest by splintage, generally plaster, more elaborate if a fracture be
present. The plaster splints padded, and split before evacuation.

2. Head Cases: Referred to forward neurosurgical centre for operation. Details given
under head surgery.

3. Chest Cases: Wounds, except simple penetrating or perforating wounds, excised
with removal of rib fragments. Sucking wounds closed by pad stitched in place,
after the muscular layer had been sutured to close the chest. Early tapping of the
chest carried out with introduction of intra-pleural penicillin. Details given under
chest surgery.

4. Abdomens: Careful resuscitation before operation with urgent operation only in
those cases not responding and deemed to have continued bleeding. Routine
catheterisation before operation. Suture of small intestine and stomach wounds.
Exteri-orisation of large intestine except healthy wounds of the right colon.
Drainage for bile and rectal injuries, and when in doubt and always in retro-
peritoneal areas. Infrequent operation in liver and kidney injuries. Routine post-
operative gastric suction and intravenous salines and glucose, with fluids by the
mouth. Nursing flat on back for first forty-eight hours.

5. Spines: Suprapubic drainage for paraplegic cases.

6. Burns: No operative measures. Treatment of shock by plasma and simple
dressings. Parenteral penicillin.

7. Traumatic Amputations and Gross Muscle Injuries: Early and radical operation
with free excision of damaged muscle and other tissue, not waiting for full
resuscitation.

8. Amputations: Should preserve as much limb as possible, except that in the lower
limb the amputation should be at least three inches above the ankle to prevent a
possible unnecessary re-amputation later. The same applies in lesser degree to
thigh and arm amputations. Flaps should be fashioned if at all possible so as to
enable delayed primary suture to be done four days later.

Factors Governing Time of Evacuation

Patients from the forward areas were normally evacuated at the earliest
possible moment. As soon as a patient had recovered from his anaesthetic he could



be transferred by ambulance. There were certain types of cases that had to be
retained. There were never enough of these cases to embarrass the forward
operation centre. There were:

1. Cases Unfit to Travel, whatever the lesion. Resuscitation by blood and fluids
could, within a relatively short time, render most cases fit to travel. Naturally the
distance, and the type of transport, influenced the decision as to fitness.

2. Abdominals: Were held at the site of operation for from ten to fourteen days.
Experience conclusively proved the life-saving value of this procedure. No
abdominal case was evacuated till it was definitely stabilised and free from either
wound or peritoneal infection.

3. Chests: Severe chest cases associated with dyspnoea and cyanosis were often
quite unfit for travel, and often had to be held for several days. Aspiration, blood
transfusions, and rest enabled them to travel later.

4, Burns: Severe burns cases were often too shocked or too toxaemic to travel, and
had to be held for some days.
5. Anaerobic Infection: Gas gangrene and severe anaerobic infection of wounds

necessitated holding till the condition stabilised, so as to avoid change of surgeon
and ensure careful watching.

6. Haemorrhage: Serious danger of haemorrhage necessitated retaining the patient
for observation.
7. Gangrene: Impending gangrene, following vascular injury, required the retention

of the patient till the position was clarified. ‘Half alive on the field is better than
dead at the Base’ (Donald).

On the other hand:

1. Head Cases travelled very well, the only bar being extreme restlessness, making
handling during transit impossible.

2. Chest Cases, if they had no distress in breathing, travelled comfortably.

3. Spine Cases travelled satisfactorily.

4. All Fractures travelled well if splinting was well done.

Evacuation of Cases from the Forward Operating Centres

In the earlier campaigns in the Middle East, with the rapid movement, the
evacuation of casualties was very difficult and entailed often long and rough desert
and road transportation. The lack of mobility of the CCS also threw the forward
operating work on to the Field Ambulances, and this necessitated rapid evacuation
so as not to hamstring the field medical units, which perforce had to keep up with
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the Army. This early and prolonged evacuation of the serious cases had serious
effects as regards the survival of abdominal and other casualties.

In Greece train evacuation to Athens was available in the early stages, but
during the retreat long ambulance carry was necessary; fortunately the casualties
were light. In Crete sea evacuation was available, but only in the early stages of the
campaign.

During the second Libyan campaign the difficulties were extreme and the New
Zealand casualties were captured during the critical stage. Even when relieved the
convoys had to traverse long distances of rough desert before reaching the railhead
behind the frontier, where adequate resuscitation was first available. The condition
of many of the casualties when they reached 2 NZ General Hospital at Gerawla was
that of extreme exhaustion, and often dehydration following the long period of
marked restriction of water supply. Few abdominal cases were seen at the Base—a
silent commentary on events.

From the railhead area some cases were evacuated by air, and some also by the
coastal road with staging posts set up on the way to the Delta. The difficulties of
looking after casualties with the many changes of medical units on the long route of
evacuation were realised. It was appreciated that constant changing of dressings
was undesirable, as was the constant shifting of seriously wounded men.

During the pre- Alamein and Alamein periods the evacuation route was short,
and means of transport by road, rail, and air were all available. Air transport was
very gradually introduced in the desert. At first use was made of the return journey
of supply planes, and ihese were used in the second Libyan campaign. These planes
were subject to enemy attack, and several were shot down. Strong efforts were
made to obtain ambulance planes, but aircraft-were in short supply and could not be
spared for this purpose. The South Africans and the Australians supplied the first
ambulance planes in the desert, and these were available at the Alamein period, but
the ordinary supply planes still carried the majority of the patients. Air transport was
utilised both to take head cases to base hospitals for their primary surgical
treatment, and also to evacuate serious cases, including abdominals, shortly after
operation. This proved quite unsuitable for the abdominal cases, and many of these
patients died shortly after arrival at Cairo. Major-General Monro, Consultant Surgeon
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MEF, drew attention to this, and a conference held in our divisional area
recommended that in future all abdominals should be held in the forward areas for
ten days before evacuation to the Base, and that other seriously ill cases, such as
chests, should also be held till deemed fit to travel. The recommendation was
immediatefy adopted and beds were supplied for abdominal and other serious cases
to the forward units, both the Field Ambulances and also later the FSUs. Head cases
were not affected adversely by air transport.

During the advance from Alamein to Tunis at first road and rail transport was
utilised, but later, as the distances increased, air was used increasingly, transport
planes being employed on their return trip to the advanced bases, such as Tobruk, to
which the railhead had been extended. Medical units were commonly sited near the
airfields. Fortunately casualties were light, so that the majority of the serious cases
were able to be carried quickly back by air.

Air transport was particularly useful during the left hook at Mareth when our
own ambulance personnel constructed a landing ground alongside our Field
Ambulance centre, thus enabling the evacuation of serious cases when the road
access was in the hands of the enemy. Sea transport was utilised from Tobruk,
Tripoli, and Sfax.

In Italy motor ambulances were largely used, rail services being seriously
dislocated by the German demolitions. The railways were rapidly repaired, however,
and gradually came into use, and they carried out the greater part of the long
evacuations. Air also came more into the picture, and, with complete dominance in
the air, safety was ensured; as the length of evacuation steadily increased, more
and more casualties were evacuated by air. Finally, hospital ships were utilised both
from Anzio, and later from Ancona on the Adriatic coast.

In general, for short distances ambulance transport remained the routine
method. For intermediate distances the ambulance train was used, whilst for long
distances air transport was supreme. The hospital ship was again the most useful
method of transporting large numbers over long distances, such as from the Middle
East to New Zealand. It was also useful for intermediate distances in the
Mediterranean, but was at times subjected to danger from bombing and mines, even
though the Geneva Convention was adhered to by the enemy.
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DIAGRAM OF CHAIN AMD METHODS OF EVACUATION, ITALY, ]f?"'i,*‘l

DIAGRAM OF CHAIN AND METHODS OF EVACUATION, ITALY, 1944

Analysis of Methods of Transportation

The Effect of Transportation by Road: This was never comfortable, and on rough
roads could be very uncomfortable and distressing. The movement had a deleterious
effect on all wounds, and it was for this reason that wounds could not be sutured in
the forward areas, and why splinting was so necessary even when there was no
fracture.

Air: The only difficulties with air transport were: ( a) the road to the aerodrome
was often very rough; ( b) some uncertainty as to the exact time of the evacuation;
( ¢) in some planes ordinary stretchers could not be used, and the patients had to be
shifted on to the stretchers and back again at the end of the flight; ( d) if the plane
had to fly high, some extra distress was caused to chest cases.

Apart from these relatively minor difficulties, air transport, especially for long
distances, was ideal, and was responsible for great improvement in the comfort of
patients, and also must have contributed to a decrease in mortality amongst the
very severely wounded cases.

Train: Patients could be transported long distances by train very comfortably,
and this was the best practical method for large numbers.

Ship: Travel by sea had the advantage that operative measures could be carried
out during transit.
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WAR SURGERY AND MEDICINE

FORWARD SURGERY IN 2 NZEF: BY CAMPAIGNS

FORWARD SURGERY IN 2 NZEF: BY CAMPAIGNS

Greece: In Greece comparatively little forward surgery was carried out by our
medical units. During the early stages of the fighting our casualties were dealt with
by % Australian CCS and 24 British CCS, and then sent on either to 1 NZ General
Hospital at Farsala or to 26 British General Hospital at Athens. At the Thermopylae
line 5 MDS did some operating at the Greek Hospital.

Crete: Forward surgery was carried out to some extent by 5 MDS in Crete and
also by 7 British General Hospital, and by our surgical team attached to 7 General
Hospital and later to 189 British Field Ambulance, cases being referred back from the
Field Ambulances.

Second Libyan Campaign: The Mobile Surgical Unit did a considerable amount of
surgery, including abdomens and heads. A certain amount was also done by the MDS
of the Field Ambulances. The L of C ! units were a considerable distance back and
evacuation was always difficult, and was impossible for ten days after the MDS area
had been captured by the enemy. The shortage of water created serious difficulties
and hardships, as did shortage of plasma and crystalloids. Evacuation of cases after
operation over long stretches of rough desert militated against the recovery of
serious cases, and few abdominal cases survived the ordeal.

Pre- Alamein: The organisation of forward surgery had been developed and
FSUs and FTUs were available for attachment to both Field Ambulances and CCSs.
The 2nd NZEF now had a well-equipped CCS, buttressed by the excellent equipment
of the MSU. The first New Zealand surgical team was attached to the active MDS,
and British FSUs were also attached to our forward medical units. The Blood
Transfusion Service was operating well with blood freely available. The FSUs were
well equipped, some even with specially constructed mobile operating vans. The
lines of evacuation were short and both road and rail, as well as some air, transport
were available.
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Alamein: For this battle there was a well-planned organisation. A cluster of Field
Ambulances was operating around Alamein itself, two being placed underground and
others on the sea coast and alongside the rail and road. With these were FSUs and
FTUs. Our own active MDS was alongside the railway and had attached to it our own
FSU and FTU and received cases from active ADSs. First priority cases were dealt
with, including abdominals. Further back at Gharbaniyat were a group of CCSs,
including our own CCS as well as a British and Australian and Indian CCS. These
were sited on a road inland to the main coastal road, with a British Field Ambulance
stationed in front of them to sort out the cases, treat and evacuate to the Base the
lighter cases, and distribute the heavier cases and those requiring surgical treatment
in an ordered plan to the different CCSs. Our CCS did not restrict its work to our own
personnel, but took its turn in the more or less even distribution of the casualties as
they came along the medical route of evacuation. With the MDS it was different as
our ADSs evacuated our own cases directly to our MDS.
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LAYOUT OF MDS OF 5 NZ FIELD AMBULANCE, BATTLE OF ALAMEIN, 24 OCTOBER 1942, when unit
admitted 839 casualties in 24 hours
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Field Ambulances were protected in some cases by underground dressing
stations and the CCSs by the digging in and dispersal of tents. The tents were
officially supposed to be 100 yards apart, and the distance was such that
ambulances were used at times to carry patients in the hospital area.

From the CCS evacuation was arranged by motor ambulance to Alexandria,
where many cases were referred for primary surgery in rush periods; by train to the
Delta and Canal for cases not requiring any urgent treatment and those already
operated on; and by plane for special cases, such as head cases, to special centres
in Cairo. By that time it had been learnt that air transport was unsuitable for all
seriously ill cases except heads, and especially unsuitable for abdomens for at least
a week following operation.

A list of operations undertaken by a single operating team during the first
fortnight of this period was:

Nature of Injury Total Percentage
Cases
Compound Fractures of Limbs 61 37.5
Amputations 8 5.0
Wounds of joints 12 7.5
Shell wounds of soft parts 19 12.0
Abdominal (including three abdominothoracic and 15 non- 40 24.5

penetrating)
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Chest 3 1.85
Heads 3 1.85
Burns 4 2.4
Clinical gas gangrene 4 2.4
Sick 8 5.0
162 100.0

Our own CCS dealt with 2203 battle casualties and 2928 other cases, a total of 5131
cases, with 41 deaths, in the period 1 October to 31 December 1942.

The Advance to Mareth: Casualties were slight during this period, largely
consisting of mine wounds from the minefields and the scattered mines placed all
along the route by the Germans. The forward operating units leapfrogged each other
during the rapid advance, and a team from the NZ CCS was attached to one of these
units, 151 British Light Field Ambulance. As our advance continued our Air Force got
much the upper hand and wide dispersal of the medical units became unnecessary.
Air transport was developed markedly at this period, and forward landing grounds
were set up close behind the advancing troops. A section of a field ambulance was
detached for duty at each landing strip. Air evacuation became the most efficient
and the regular method, though the train was pushed through to Tobruk and was
used for evacuation of casualties.

Mareth: Special arrangements were made to cope with the peculiar position of
the left-hook force which was built round 2 NZ Division. This force was out of contact
with the rest of the force as its line of evacuation was in the hands of the enemy for
some time. Special arrangements were therefore made to provide an adequate
surgical set-up in the Field Ambulances. The NZ FSU and the light section of the CCS
and the NZ FTU were attached to the active MDS. Evacuation by air was arranged,
the airstrip being constructed by our ambulance personnel. When the road became
available an evacuation ambulance convoy, previously got together by Brigadier
Ardagh, was rushed up to bring back the less serious casualties.

The CCSs were grouped at Medenine behind the coastal front, the NZ CCS being
one of the two active units there, and one CCS was placed inland behind the
outflanking force. From Medenine evacuation was by road to Tripoli with a staging
area in between.
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Mareth to Tunis: At Wadi Akarit grouping of CCSs was arranged as at Medenine.
The grouping of CCSs was not carried out so well during the Eighth Army's later
progress to Enfidaville. The CCSs moved separately, and behind Enfidaville the NZ
MDS took over the great bulk of the forward surgery for some time as the CCS was
too far behind at El Djem. Evacuation still took place by air, but at Sfax sea
evacuation became possible. The layout of the medical units was stabilised,
protection being effected largely by dispersal, though the gradual decrease of enemy
air activity led to more efficient concentration of tentage.

The Sangro: During the early period of this long-drawn-out battle the greater
part of the surgery was carried out in the MDS, and at one time nursing sisters were
utilised by one of the MDSs which had established their unit in a building in a small
village from which evacuation was difficult. Our CCS, with two others, was
established in Vasto within reasonable distance of the line, but the bulk of the
surgery was still carried out at the MDS. A special neurosurgical unit was available in
a British CCS at Vasto. Evacuation from Vasto was by a rather bad road to railhead
at Termoli, where two British CCSs were stationed.

Cassino: The NZ CCS was well placed at Presenzano on a good road and near
enough to the line to make it the natural forward operating centre, only urgent cases
being dealt with by our MDSs? Neurosurgery could be undertaken at an American
Evacuation Hospital quite close to our CCS, and we availed ourselves of its excellent
service. Road evacuation to our hospital at Caserta and British hospitals at Naples
was satisfactory, and an ambulance sorting post was instituted at Capua to
distribute the casualties to the different hospitals and special centres.

Florence: Our CCS was stationed at Siena well forward, but nevertheless our
active MDS, with our New Zealand surgical unit attached, carried out a considerable
amount of forward surgery, and the CCS suffered depletion of its surgical staff.

Evacuation was difficult as there was a long ambulance route to Lake Trasimene
where air evacuation was carried out. British CCSs acted as staging posts half-way to
Trasimene and also on the northern shore of the lake. Special centres of
neurosurgery and facio-maxillary and opthalmology were arranged at one of the
British units at Trasimene. An ambulance centre was arranged at the aerodrome to
muster and tend the casualties.
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Rimini Battles: Here, for the only time in Italy when the Division was in action,
our CCS was not functioning, and we supplied a surgical team to a Canadian CCS
which was carrying out the forward surgery for our troops. A certain amount of this
work was carried out in our MDSs. Evacuation was by road and also by air, as
airstrips were constructed steadily as the line moved forward. Sea evacuation was
also arranged from Ancona to Bari.

are w
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LAYOUT OF 1 NZ MOBILE CASUALTY CLEARING STATION, PRESENZANO, ITALY, 1944

River Battles: Our CCS was now functioning satisfactorily in a large building at
Forli, and the greater part of the major surgery was carried out there. The MDS
carried out surgery on first-priority cases such as traumatic amputations and severe
muscle wounds, and also in minor wounds. The abdominals were dealt with at the
CCS. The trinity of neuro, ophthalmic, and facio-maxillary surgeons was functioning
very satisfactorily in a small 400-bed British hospital at Riccione, and all special
cases were sent there. Evacuation was by road and rail to Senigallia, where our 1 NZ
General Hospital was established, British units acting as staging posts on the way.
Air and sea evacuation was also available to our 3 NZ General Hospital at Bari. The
arrangements were almost ideal.

The Advance to Trieste: Very little surgery was necessary during the rapid
advance. A detachment of 2 NZ General Hospital was utilised at this period to
reinforce the CCS. The CCS was first moved to north of Bologna, then to Mestre, near
Venice, and finally to Udine. Evacuation was carried out by road to the railhead at
Forli and later by air to our hospitals at Senigallia and Bari.
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WAR SURGERY AND MEDICINE

STATISTICS

STATISTICS

The casualties sustained in the different campaigns are shown in the following
tables. These show very clearly the severe effect on our Force of the early battles,
associated with the loss of many men as prisoners of war. There was a relatively
large number of men who died of wounds in these battles, where forward surgery
had to be undertaken under difficult conditions. From Alamein onwards there was a
steady improvement in the ratio of ‘died of wounds’ to ‘wounded who recovered’,
until the ratio was 1 to 20 in the final battles in Italy, when forward surgery was
carried out under the best conditions.

It is difficult to correlate the improvement with any one cause, but the better
facilities for the performance of good surgery must have had a marked effect on the
results, quite apart from any improved technique and the use of penicillin. It has to
be noted that there is a marked difference in the chances of recovery of the
wounded man according to whether the army is advancing victoriously or suffering a
heavy defeat.

The table of the regional classification of wounds in 2 NZEF covering the greater
part of the war shows clearly the relative numbers of the different types of wounds
that required treatment. It provides a guide for administrative planning and the
provision of specialist surgical teams and equipment and medical supplies, as well as
accommodation for the wounded. It shows clearly that the great bulk of the
wounded who survive suffer from limb injuries. If a classification could be made of all
the wounded (including those killed in action and dying of wounds) it would be found
that the proportion of limb injuries would be appreciably lowered, as a much larger
proportion of those wounded in the trunk and head die from their wounds, either on
the battlefield or later in medical units.

Examination of detailed reports of the deaths in action of 82 New Zealanders in
Tunisia reveals that the main injury in each case affected the following regions of
the body: head 26, chest 32, abdomen 12, other areas 5, and multiple injuries 7.
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The series is small, but it can be regarded as fairly typical of the injuries that cause
almost immediate death on the battlefield.



WAR SURGERY AND MEDICINE

2 NZ DIVISION

2 NZ Division

Killed and Wounded by Campaigns !

Campaign Killed in Died of Wounded PW Died of Wounded Total

Action Wounds Wounds
Greece 180 50 371 25 225 851
Crete 507 136 1039 31 496 2209
Libya, 1941 671 208 1699 5 201 2784
Battle for 587 313 2414 36 247 3597
Egypt
Alamein- 335 123 1527 1 5 1991
Tripoli
Tunisia 316 71 1297 2 9 1695
Sangro 298 101 1116 4 16 1535
Cassino 340 114 1823 2 7 2286
Florence 227 71 896 4 1198
Rimini 180 44 878 8 1110
Faenza 141 52 847 1 1041
Senio- 183 59 1145 1387
Trieste

3965 1342 15,052 107 1218 21,684
Ratios
(approximate)
Killed and Died of Wounds to Died of Wounds to

Wounded (incl PW) Wounded (not incl PW)
Greece 2:5 1:8
Crete 2:5 1:8
Libya, 1:2 1:8
1941
Battle for 1:3 1:8
Egypt

Alamein- 1:3 1:12
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Tripoli

Tunisia 1:3 1:12
Sangro 1:3 1:12
Cassino 1:4 1:12
Florence 1:3 1:12
Rimini 1:4 1:20
Faenza 1:4 1:20
Senio- 1:5 1:20
Trieste

The second column (died of wounds to wounded) indicates an improved
recovery rate for wounded as war medical science progressed and as lines of
evacuation became more favourable. (If prisoners of war are included the only
changes are that Crete and Libya become 1:9 instead of 1:8.)

Analysis of the first column must take account of other complications, but
severity of injury resulting in death (immediate or postponed) seems to have
decreased as balance of power in armour, air force, and artillery swung from the
enemy to us.

Survey of Causes of Wounds and Types of Wounds in Casualties of 2
NZ Division, 20 June to 31 July 1942

(Deaths not included)

Cause of Wound

GSW 450
SW 477
Air bomb 277
Mortar 4
Crushing 3
Bomb and shell blast 37
Mines, etc. 64

1312

Site of Wound
head—
Concussion 39
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Contusions and simple wounds, scalp 37

Fractur cranium
Penetrating cranium
Penetrating eyeball
Contusion, eyeball
Enucleation, eye
Ear

4

8
2
3
5
1

Ear, with rupture tympanic membrane 12

face—

Simple flesh contusions and wounds
Fracture mandible

Fracture maxilla

neck—

Simple flesh contusions and wounds
chest—

Simple flesh contusions and wounds
Penetrating chest

Haemothorax

Pneumothorax

abdomen—

Simple flesh contusions and wounds

Penetrating and perforating abdomen

back and spine

genital organs

upper extremities—

Simple flesh contusions and wounds
Joint involvement

Compound fractures

Compound fractures, hand

Nerve injury

lower extremities—

Simple flesh contusions and wounds
Joint involvement—

Hip

Knee

Foot

Compound fractures—

26
2
1
15

53
37

7

69
13

280
28

50
33

440

27



Pelvis 1

Femur 29
Patella 2
Tibia and fibula 35
Os calcis, tarsus 13
Phalanges 8
Nerve injury 7/
1329
burns—
First degree 5
First and second 5
Second 11
Second and third 1

effects bomb blast (no traumatic injury) 15

Regional Classification of 5111 Wounds
Percentage of Total Wounds

head—

Fracture cranium 30 303 5.93
Penetrating cranium 43

Concussion and contusions 165

Eye 65

ear—

Rupture membrana tympani 152 205 4.01
Other 53

face—

Fractures 39 210 4.11
Flesh wounds 171

neck—

Flesh wounds 93 93 1.82
chest—

Perforating 186 344 6.73
Non-perforating 158

a bdomen—

Penetrating and perforating 531 106 2.07

Fracture pelvis and lesions abdomen 18



Bigh yveLssRe—

Fractures with lesions cord
Fractures without lesions cord
Ilium

Flesh wounds

upper extremities—
Simple fractures
Compound fractures
Nerve injuries

Flesh wounds

lower extremities—
Simple fractures
Compound fractures
Nerve injuries

Flesh wounds

burns

Killed in action and deaths in medical units NOT included.

Note: A survey of 4991 wounds in 2 AIF in Middle East in 1941 produced similar
figures regarding the parts of the body wounded: head, 5.09 per cent; face, 4.69 per
cent; neck, 0.90 per cent; chest, 5.27 per cent; abdomen, 1.84 per cent; back and
spine, 4.09 per cent; upper extremities, 26.43 per cent; lower extremities, 40.93 per

35

5 250 4.89
7

13

225

26 1477 28.90
418

75

958

58 208440.78
483

35

1508

39 39 0.76

51115111 100.00

cent; old wounds, 9.50 per cent; others, 1.26 per cent.

1 Compiled from Statement of Strengths and Losses in the Armed
Services and Mercantile Marine in the 1939-45 War, Parliamentary paper H-

19B, 1948.
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2 NZEF MEF AND CMF

2 NZEF MEF and CMF

Battle Casualties, July 1941—May 1945

Regional Classification of Wounds

head—

Fracture cranium
Penetrating cranium
Concussion and contusions
eye—

Enucleation

Other

ear—

Rupture membrana tympani
Other

face—

Fractures

Flesh wounds

neck—

Flesh wounds

chest—

Perforating
Non-perforating
abdomen—

Penetrating and perforating (of these, 313 had
intra-abdominal lesions)

Flesh wounds

back and spine—

Fractures with lesions cord
Fractures without lesions cord
Ilium

192
513
923

83
278

386
278

149
764

407

839
694

355

174

19
34
108

1628

361

664

913

407

1523

529

769

Percentage of
Total Wounds

8.13

1.80

3.32

4.56

2.03

7.60

2.64

3.84



Flesh wounds 608
upper extremities—

Simple fractures 95 5811 28.09

Compound fractures 1172

Nerve injuries 421

Joint involvement 637

Flesh wounds 3486

lower extremities—

Simple fractures 125 6843 34.13

Compound fractures 1248

Nerve injuries 250

Joint involvement 876

Flesh wounds 4344

burns 150 150 0.75

other 442 442 2.21
19,750 19,750 100.00

Note: The number of wounds exceeds the number of wounded, as a casualty
with more than one wound has been classified more than once.

Regional Classification of Wounds causing Deaths in Action

Survey made of New Zealand casualties in Tunisia 21 March—15 May 1943 (
Tebaga Gap- Enfidaville). Detailed reports received of 693 casualties (nearly half of
total casualties for period), including 82 killed in action.

Classification of wounds of these 82 was:

Head 26
Chest 32
Abdomen 12

Blown to pieces
Multiple, including head
Multiple, including trunk
Femur

Amputation both legs
Back

H = NN = B


http://www.nzetc.org/tm/scholarly/name-004870.html
http://www.nzetc.org/tm/scholarly/name-004812.html
http://www.nzetc.org/tm/scholarly/name-003553.html

Blast

missiles causing

death
Shell 40
Mortar 11
Machine-gun 13
Gunshot 11
Bomb 3
Mine 2

Miscellaneous 2

82

82
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2 NZEF(IP) — ANALYSIS OF WOUNDS 3 NZ DIVISION IN SOLOMON
ISLANDS

2 NZEF(IP)

Analysis of Wounds 3 NZ Division in Solomon Islands

N

Abdomen

Chest

Head

Face

Neck

Eye

Ear-Blast

Ear-Other

Shoulder and upper arm
Elbow and forearm

Arm (undefined)

Wrist

Hand

Thigh

Knee

Legs

Foot

Back

Sacral region

Buttock

General

Unknown 21
Unknown (remained with unit) 14

[
O

—

—

—

-
N W WOWOODN OO PRANNOONNEFENOL UV

205

missile causing wound
GSW (? mostly rifle) 68
Grenade 32
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Shrapnel (? mortar) 20

Mortar 22
Shell 12
Bomb blast 8
Bomb 7/
Aerial bomb 1
Machine-gun 2
Unknown 10

Unknown (remained with unit) 23

205
Killed in action not included.
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WAR SURGERY AND MEDICINE

FIRST WORLD WAR
FIRST WORLD WAR

THIS condition had been studied extensively prior to the First World War, and much
research had been undertaken in an endeavour to find explanations of the cause and
nature of the phenomenon and the best methods for its relief.

It was realised that there were many diverse causative factors and that these
were both psychic and traumatic. At one time a differentiation was made between
shock which was unassociated with loss of blood or fluid and collapse which was held
to be due primarily to loss of body fluids. This distinction proved unsatisfactory as
there was so much overlap, and the final pathological condition seen in the two
states proved to be more or less the same. However, stress was laid on the serious
effects produced by loss of blood or body fluids, and in the wounded this was
naturally of the greatest importance.

The utilisation of intravenous fluids was common prior to the war, saline and
glucose solutions being especially employed. Blood transfusion had also been used in
the treatment of blood diseases, as well as for the restoration of blood loss. It had
been shown that stimulants of all kinds had but a temporary beneficial action, and
later a definitely deleterious one. The main factors helping recovery were rest and
the restoration of fluid loss.

It was known that there were fairly constant changes in certain body tissues,
especially the brain, the liver, and the adrenals, and also in the acid content of the
blood giving rise to a condition of acidosis.

During the war there was ample scope for observation of, and the development
of treatment for, shock encountered in the exhausting and prolonged battles in
France, and following the severe wounds sustained in such very large numbers.
Rapid evacuation to the operating centres in the CCSs, where early operation could
be undertaken and comfort and nursing provided, was arranged. Warmth was
supplied by stoves, hot-water bottles and, when possible, by electric cradles, and
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was of special use during the cold and wet weather on the Continent. Fluids were
provided by the mouth and in serious cases were given intravenously as isotonic
saline, glucose solution, and sodium bicarbonate solution, the latter in order to
combat the acidosis-known to be present.

In the latter part of the war some blood transfusions were also given, but the
supply was limited, both by the absence of any blood bank and also by the lack of a
simple and uniform method of transfusion. Many methods were employed at that
time, and even anastomosis, by small cannulae, of the artery of the donor and vein
of the recipient was practised. Waxed glass tubes and oiled syringes enabled
unaltered blood to be given. The citrate method was also used and gradually ousted
the more complicated methods. Volunteer donors were obtained, and rewards, such
as extra leave, were granted to them. Naturally under such conditions the amount of
blood given was strictly limited, but it was recognised that this treatment was of the
utmost value. Seldom was more than a pint given to any wounded man.

The deleterious effects of the ordinary inhalation anaesthetics, especially
chloroform, were recognised, and gas and oxygen was often utilised.

The frequency of gas gangrene infections complicated the picture, and
intravenous alkalies were frequently used in these cases to combat the associated
acidosis, but with little effect. The great benefit of early excision of wounds, and
efficient splinting of fractures, was recognised. It was also known that in the serious
cases transportation had a deleterious effect, especially in certain types of cases
such as chests and abdomens.

Between the wars research continued and further knowledge was gained.
Blalock drew attention to the marked loss of serum into the body tissues following
burns, with the development of haemoconcentration, a discovery that revolutionised
our treatment of this condition.

The citrate method became the universal method of blood transfusion for
ordinary conditions, though unaltered blood was still used for the treatment of some
blood diseases. Transfusion services had been widely established in many countries,
and blood banks had been set up in many large centres. The giving of bloed had
become a regular part of medical practice. Blood grouping had been stabilised, as



had the techniques used in the determination of the individual group.



WAR SURGERY AND MEDICINE

SECOND WORLD WAR
SECOND WORLD WAR

Administration of Transfusion Service

Preparations were made six months before the onset of war to set up a Blood
Transfusion Service in Britain under the aegis of the Medical Research Committee,
and a memorandum on the subject of shock was drawn up by the committee for
general circulation both to the services and to the civilian medical authorities. The
memorandum stressed the importance of the restitution of the blood volume as the
primary need in shock.

The Transfusion Service was based on a main unit in Britain at Bristol, where
blood was collected and stored and where experiments were sponsored which
resulted in the production of blood plasma, both dry and wet, in large quantities.
Here also crystalloid solutions such as glucose saline were prepared, and the unit
became a huge factory for supplies of blood, plasma, and crystalloids, as well as
apparatus. Simple and very efficient blood taking and giving sets were designed and
sent to every theatre of war. Plasma and crystalloids were also sent abroad in large
quantities and also made available in Britain for the heavy air-raid casualties. Blood
transfusion units were organised and trained and then sent abroad.

Middle East

In the Middle East Force a base unit was set up in Cairo at 15 Scottish Hospital,
and here Lieutenant-Colonel G. A. H. Buttle, RAMC, organised the service for the
African and Syrian campaigns, and supplied blood and crystalloids and sulphonamide
drugs to both the base and the forward areas in the desert. Buttle's organisation
developed the highest efficiency and can be said to have been the most successful
part of the whole medical service in the MEF. Plasma was not available in any
quantity for some time, and blood was relied upon almost entirely. The development
of the transfusion service in the MEF was partly due to the difficulty of obtaining
supplies of plasma from England, much of which was lost in transit. This forced
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Buttle to supply whole blood, and, as this proved eminently suitable, it became the
normal transfusion.

The Australians under Lieutenant-Colonel Wood, as Transfusion Officer, had
organised blood transfusion during the first Libyan campaign, and they utilised their
own Soluvac apparatus, and also wet serum which had been produced in Australia
and sent overseas. Some valuable reports of their experiences are available. They
had to depend on drawing off the blood from donors on the spot. They pointed out
the value of adding glucose to the blood, and demonstrated that this rendered the
blood quite fit for use for fourteen days, and also much delayed haemolysis. The
necessity for thorough cleansing of the apparatus and rigid aseptic techniques in the
preparation of blood was stressed.

2 NZEF Experience

In the early campaigns of Greece and Crete stored blood was not available, and
very little was given to the wounded men. In the second Libyan campaign blood was
available at the CCS level, but in the divisional area very little blood was given and
little plasma was available. Blood, however, was given when the casualties got to
the CCS level, and later more was given at hospitals on the L of C and at the Base.

In this very difficult campaign with disrupted communications proper blood
service in any case was impossible in the forward areas, and the conditions, which
included long rough transport over the desert, militated against the proper treatment
of shock. The transfusion service, however, had developed during this period and
was fully active at the Base. The great benefit of blood transfusion was recognised,
as was the necessity to give large amounts in the serious cases associated with
marked haemorrhage. The other methods of resuscitation were being utilised,
including adequate dosage of morphia, warmth, and hot drinks such as tea or cocoa.

Provision of NZ Field Transfusion Unit

Up to this stage the 2 NZEF had made no special provision for transfusion
officers or units, nor were there any transfusion officers appointed till the Division
returned to the desert to help to stem the victorious march of Rommel before
Alamein. A transfusion unit was then formed from 1 NZ General Hospital under Major
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Stewart, who was pathologist to the hospital. The unit had the standard equipment
and staffing of the RAMC unit and was attached to a forward operating unit,
generally the active MDS. Our CCS was at that period supplied generally with an
RAMC tranfusion unit.

The transfusion unit consisted of one medical officer, two transfusion orderlies,
and two drivers, with one refrigerating truck and one stores truck. One of the drivers
was a refrigeration mechanic. There was an insulated box, surrounded by a water
jacket, capable of holding 110 bottles of blood. The temperature was controlled by a
refrigerating pump using methyl chloride as a cooling fluid, and driven by a small
petrol motor. This was all placed in the tray of the truck and fitted in any 3-ton truck.

Built-in shelves and drawers were also used to keep the equipment handy and
tidy, with specially made boxes to contain sets for typing transfusions and for
bleeding. Transfusion stands were found essential. The transfusion unit obtained
supplies of whole blood, plasma and saline, and glucose and saline, from the British
Base Transfusion Unit, which organised the distribution by means of an executive
forward transfusion officer. The personnel of the New Zealand transfusion unit was
changed from time to time, but its establishment remained constant. Two New
Zealand units were set up at one period in Italy. Units without attached FTUs carried
out resuscitatory measures utilising their own personnel.

Treatment at Medical Units

This varied according to the medical unit and the circumstances at the time, the
following procedures being normal:

At the RAP: The main factor here was rest, both general and also local at the
site of the injury. Morphia and the recumbent position supplied the first want and
dressing and splinting the other. Morphia was more efficient and safer if given
intravenously. If given subcutaneously to a serious shocked case there was often
lack of absorption till the circulation improved following transfusion, when a
dangerous dosage from the repeated injection might arise. The adequate foolproof
recording of morphia administration proved essential to prevent overdosage. Marks
were made on the Field Medical Card and often on the patient's forehead. Plasma or
serum was given when available, and at times even whole blood was possible. Fluid
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by mouth was of great value. This was generally given as large cups of hot
sweetened tea, and the medical comforts supplied by the Red Cross enabled cocoa
and other warm drinks to be given. The application of a tourniquet as close to the
wound as possible in cases of traumatic amputation both stopped bleeding and also
the toxic effects produced by the wounds. (The tourniquet otherwise was used

sparingly.)

At the ADS: The treatment given at the RAP was again carried out, but more
elaborately and with more efficient splintage. Efficient splinting was of particular
importance throughout the course of treatment, but especially so during the course
of evacuation, which was often carried out over rough desert or bad roads. Blood
was often given if available, but plasma and serum were the more usual
transfusions. Warmth and copious drinks were routine treatments.

At the AIDS: The treatment at this level depended on whether the MDS was
being utilised as a forward operating centre -or not. In 2 NZEF the MDS almost
always did act as an operating centre, and our NZ FTU was attached to it and
supplied full facilities for resuscitation and transfusions. Adequate blood, plasma,
serum, and crystalloids were available, as was a trained staff to administer them. At
the Alamein period and afterwards beds were made available for the nursing of
abdominals and other serious cases. As it became realised that wound shock in the
cases with large flesh wounds and in traumatic amputation persisted till adequate
excision of the damaged tissues had taken place, provision was made for these
cases to be treated in the MDS as first priority.

At the CCS: Here all facilities were available including an FTU, operating team,
nurses, and hospital beds.

The transfusion service of the Eighth Army units provided dry plasma for the
RMO, dry and wet plasma or serum for the ADS, and plasma and blood for the MDS.
Blood was sent out in ice-packed boxes holding up to twenty bottles each, and it
kept well for twenty-four hours. Over 1000 bottles of both blood and plasma were
issued each month to the Eighth Army, and over half was used in the Field
Ambulances. In spite of transfusions at the Field Ambulances, it was found at the
CCS level before Alamein that the case might be severely distressed on reaching the
CCS and then was very difficult to resuscitate again. A month later arrangements
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were made to keep the transfusions going during the journey from the Field
Ambulance, and this kept the patients' condition satisfactory. This enabled RMOs and
Field Ambulances to transfer bad cases even when otherwise not quite fit for a
journey. In abdominal cases it was found particularly that patients stood travel badly
for the first six or seven days following operation. After the Mareth battle our CCS
was detailed to go forward and very carefully shifted seven abdominal cases to
another CCS alongside only half a mile away. Four of the cases died in the next
twenty-four hours. Ever afterwards when the CCS shifted, the abdominal cases were
left in their own tent with the same personnel to attend to them and to carry on the
continuous gastric suction and intravenous glucose saline treatment. On an average,
each abdominal case had 18 pints of intravenous fluid after operation.

Cases of burns, penetrating chest wounds, and maxillo-facial injuries travelled
badly, and plasma or serum was administered during transport with great benefit.

Desert Campaign, Alamein to Tunis

The organisation of the transfusion service of the MEF during the desert
campaign from Alamein to Tunis proved very efficient. Adequate supplies of blood,
serum, plasma, and crystalloids were sent up from the base unit in Cairo to blood
depots under the charge of special transfusion units, whose officers functioned as
distributing agents to all the forward medical units. At the same time they gave
advice and valuable information on military matters to the scattered units. The blood
depots were generally placed at the headquarters of an MAC or on an aerodrome, so
that refrigeration was available at the places where blood arrived from the Base and
where it could most easily be distributed. The transfusion officer paid daily visits to
all units, not only supplying the blood, but also removing any surplus supplies and
used apparatus needing servicing at the Base.

Experience of NZ FTU, Alame’'m to Tunis

This has been well summarised by Major D. T. Stewart and Captain C. P.
Powles, both of whom were in charge of our FTU at different periods. They gave the
results of their experience in the operations from Alamein to Tunis. They utilised the
standard transfusion apparatus and were supplied from the Base Transfusion Unit at
Cairo, under Lieutenant-Colonel Buttle.


http://www.nzetc.org/tm/scholarly/name-004219.html
http://www.nzetc.org/tm/scholarly/name-010927.html
http://www.nzetc.org/tm/scholarly/name-004869.html
http://www.nzetc.org/tm/scholarly/name-010927.html
http://www.nzetc.org/tm/scholarly/name-004869.html
http://www.nzetc.org/tm/scholarly/name-003601.html
http://www.nzetc.org/tm/scholarly/name-004869.html
http://www.nzetc.org/tm/scholarly/name-027676.html
http://www.nzetc.org/tm/scholarly/name-027638.html
http://www.nzetc.org/tm/scholarly/name-010927.html
http://www.nzetc.org/tm/scholarly/name-004869.html
http://www.nzetc.org/tm/scholarly/name-003601.html

The percentage of casualties transfused varied from 3 to 16 per cent, 6 to 9 per
cent being the average figures.

An analysis taken from records of 246 cases shows that:

21 per cent had had prior transfusion in ADS or RAP.

11 per cent had had prior whole blood transfusions in ADS or RAP.
One third had subsequently died.

Stewart and Powles came to the conclusion that blood transfusion was definitely
of great value and saved many lives. Nevertheless the mortality in transfused cases
was high. The most important lesson was the value of large transfusions both in the
forward areas and at the Base. Those at the Base had to be given slowly.

During the Alamein battle from 24 to 31 October 1942, 2 NZ Division had 1428
casualties. Two to six per cent of these were transfused at the MDS with an average
of 2°6 pints of blood and 2-1 pints of plasma. On 1 November there were 573
casualties, of which 85 per cent were transfused at the MDS. There were sixteen
beds available in the resuscitation tent and two each in the three theatres. During
the Mareth battle there were 1004 casualties handled by the Field Ambulances, and
nearly 8 per cent of these were transfused with 305 bottles of blood and 174 of
plasma. Twenty donors were bled locally.

At that time the supplies normally available from the transfusion service were
whole blood, dry plasma and distilled water, wet serum or plasma, glucose (5 per
cent) and saline (0-3 per cent), sodium citrate (4 per cent), sodium bicarbonate (4
per cent) in 100 c.c. bottles for intensive alkali administration, and sulphonamides.

There were many problems encountered during this campaign. There was a loss
of plasma into the damaged tissues produced by movement during evacuation,
which could be overcome by setting up travelling transfusions in ambulance cars.
The absence of roads in the desert, and the long distances the wounded had to be
transported over rough desert, led to great difficulties. The short water supplies also
led to dehydration, especially shown after wounding. Mine and booby-trap injuries
were very severe, producing much tissue destruction. Wounds in the desert were
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especially severe, and as a result larger quantities of blood were required than in the
fighting near Enfidaville.

Total Amount of Blood Required

It was generally estimated that 10 per cent of casualties required transfusion
and that 2 to 3 pints was the average amount given. That would mean 20-30 pints
per 100 casualties. The Americans stated in North-West Europe that they needed 1
pint for every two wounded men. In Italy it was finally estimated that 9—12 per cent
of wounded required transfusion and that every 100 wounded required 40 bottles of
blood, 50 of plasma, and 100 of glucose saline.

Taking of Blood for Transfusion

The need for the provision of blood transfusion for the wounded was recognised
at the beginning of the war and all New Zealand servicemen were blood-typed when
called up. The particulars of their blood group were stamped on their identity discs.
Only members of the O/4 group were used as universal donors, rechecking of the
group being carried out for safety. Prospective donors who had had malaria, infective
hepatitis, or syphilis were eliminated. Blood from other groups was only very
occasionally used to supply fresh blood for patients of the same group. Normally a
bottle of blood was taken from each donor. The blood was drawn off by means of a
needle from an arm vein. Veins along the radial aspect of the forearm were utilised
whenever possible, and the needle was introduced up to the hilt.

Preservation of Blood

Refrigerators were used by the base units where the blood was withdrawn and
by all the FTUs. A box holding 110 bottles was fitted into the refrigerator. Kerosene
refrigerators were used by the FTUs. Ahead of the FTUs blood was packed in boxes
with straw and ice, only small quantities (four bottles) being sent up at a time. Blood
was found to keep satisfactorily for up to two weeks in spite of the long transport. It
was thought that old blood given did not give good results and in some cases might
have caused death, but although a maximum of twelve out of the forty-seven deaths
reported by Stewart might have been related to the transfusion, only two showed
jaundice or anuria; the others simply did not respond.
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After a week a filmy clot sometimes arose at the junction of the plasma and cell
layers. A wastage of 20 per cent of blood took place at one period, but later was
reduced to 10 per cent. This depended naturally on the number of casualties
requiring transfusion at the time.

Little blood was used from donors on the spot. Wet plasma was found to be
satisfactory, but occasionally became turbid and had to be discarded.

Technique in Giving Blood

Positive pressure was used and care was taken to prevent air embolism,
especially as the bottle was getting empty. Small quantities of air, however, seemed
to cause no trouble.

Reactions in the field were very uncommon, well under 1 per cent, and were of
minor nature. Orderlies readily acquired the skill to give and look after transfusions.

It was pointed out that the use of whole blood was both more satisfactory and
more economical than the use of serum or plasma. A case was recorded of a
traumatic amputation just below the hip where operation was carried out with
transfusion taking place in both arms, and eight pints were given before the finish of
the operation. The patient recovered. Another case was recorded with an abdominal
wound associated with vasoconstriction, where marked collapse had taken place
after warming the patient. This was relieved by three pints of plasma.

Position at End of North African Campaign

At the close of the North African campaign the treatment of shock had been
developed considerably, and blood, plasma, and serum were freely available. The
researches of Lieutenant-Colonel Wilson at Alamein had made a valuable
contribution to our knowledge, and Lieutenant-Colonel Buttle had developed a highly
efficient organisation for the supply and distribution of blood and all other supplies,
even up to the RAP, The treatment appropriate to the different types of wounds had
been determined, and FT units were available to shoulder the greater part of the
work in the field units undertaking forward surgery.

Whole blood had been proved essential when there had been much bleeding,
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and serum had been of value when blood loss was not so great, and in burns and
blast injuries, as well as a supplement to blood. Movement had proved deleterious,
especially following operation in abdominal cases. The FTU had become a normal
part of the forward field units, and the close co-operation between the Field
Transfusion Officer and the Field Surgical Officer had become well established and
remained so throughout the war.

Relative Worth of Blood and Plasma

Differences of opinion arose, especially at the beginning of the war, as to the
value of blood and plasma in restoring the blood volume. Many held that the
restoration of the volume and not the haemoglobin content of the blood was the
cardinal factor. This led Brigadier Whitby, head of the British Transfusion Service, to
concentrate on the provision of plasma and serum, which had the advantages of
simplicity in handling and stability for long periods. Supplies of plasma were not
available, however, in the MEF, largely because of enemy action against shipping,
and this led to the use of whole blood in this theatre of war. This was carried out so
efficiently by Lieutenant-Colonel Buttle and his unit that sufficient blood was
available for all purposes, and the plasma available was utilised for the treatment of
burns and as a supplement to whole blood. The great value of blood in wound shock
was appreciated so much by the forward medical units that it led to modification of
the original view in England that it was volume alone which was required. There
were at first two schools, one favouring blood and the other plasma, and these met
at Tunis when the Eighth and the First Armies joined forces. The First Army had
ample supplies of plasma and appreciated its value, whereas the Eighth Army had
quite fixed ideas that blood was definitely to be preferred to plasma, and their
efficient base transfusion unit at Cairo had always furnished adequate supplies.

When the two armies amalgamated to form the Central Mediterranean Force,
the value of both blood and plasma was appreciated, but the pre-eminence of blood
was established for all cases with serious bleeding and a low haemoglobin content.

Italy

In Italy a British base transfusion unit was set up at Bari, and this supplied the
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British armies during the campaign. It worked under considerable difficulties, but
carried out the work efficiently and never failed in the supply of blood. Field
transfusion units carried on in the same manner as they had done in North Africa,
and more units were available. The personnel kept up the high standard and were
helped and stimulated by the constant research work undertaken by British and
Canadian research units.

The importance of early surgery in large muscle wounds was clearly recognised.
In abdominal injuries more time was given to pre-operative treatment so as to
ensure full resuscitation. The danger of overdose of morphia was countered partly by
intravenous injection. The evacuation of the serious casualties was postponed till
serious danger of increasing shock by movement was past. This especially applied to
abdominal, chest, and burns cases. There had been no marked change in the
ordinary routine developed in North Africa. Blood was still pre-eminent in the
treatment of wound shock.

NZ FTU in Italy

In Italy the function of the NZ FTU, the type of cases treated, and the blood
used were as follows:

Functions: (1) To act as a divisional blood and plasma bank. Transfusion stores
were drawn from the Corps' blood bank located at a CCS—from there they were
distributed to ADSs which, in turn, supplied to RAPs in the usual manner. Small
insulated boxes holding four bottles were supplied to ADSs for storing blood and
sending it forward to RAPs. (2) To take over at the MDS the resuscitation of those
casualties who were not fit to be evacuated further, or not fit to undergo the
necessary surgery; also to maintain the general condition during surgery, and to
carry out such intravenous therapy as might be indicated in the post-operative
period.

The NZ FTU was generally attached to the active MDS, the NZ CCS having a
British FTU attached. A considerable amount of work was done during the active
periods of the Division at the Sangro, Cassino, Florence, Rimini, and in the Po
Battles. Blood and other supplies came from the British base unit at Bari, and, apart
from some trouble with infection, mainly of glucose solution, no difficulties arose.
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The average dosage of blood remained at about 3 pints, and plasma and serum
were freely used. There was some trouble with the vis-caps of the giving sets. The
need for the relief of the transfusion officer and the training of the orderlies was
recognised.

For the Sangro battle a blood bank was available at Vasto. On only one occasion
was it necessary to bleed donors, when 23 pints were taken. The average
transfusion given at the MDS varied from 33 pints for limb injuries to 2 for
abdomens and heads and 1+4 for chests. Some blood was used up to twenty-one
days old.

In March 1944 it was observed that ‘the casualty, arriving at the MDS, being
considered not fit to travel further, was brought in for resuscitation before resuming
the journey to the CCS, a distance of 102 miles over a road with a deteriorating
surface. Following up the resuscitated wounded showed that, in spite of a travelling
transfusion, the journey reduced or removed the benefit that had accrued from
treatment on the standard lines at the MDS, unless the required surgery had been
available before evacuation to the CCS, abdominal and head cases excepted. Men
with large limb wounds, chest injuries which produced sufficient shock to prevent
evacuation without resuscitation, did better if they had the necessary surgery and
eight to twelve hours’ rest than if they were temporarily resuscitated and speedily
evacuated.’

Quantity of Blood Used: Over the period 20 November 1943 to 31 March 1944,
being the period from the Division's first campaign on the Sangro River to the relief
of the Division in Cassino, 1245 bottles of blood were handled by 2 NZ FTU.

The use of penicillin increased the scope of the FTUs, but the giving of blood
and plasma still remained their main function.

There was some difficulty with the apparatus at times, but the base unit at Bari,
in spite of difficulties, continued the excellent service we had become accustomed to
in North Africa.

Transfusion Service at Base Hospitals

The problems and requirements of the base hospitals differed from those in the
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forward areas. The base hospitals made their own arrangements for blood
transfusion and generally appointed a member of the staff as transfusion officer. In
our own hospitals the pathologist was so appointed. Each hospital arranged its own
supply of blood, but serum and plasma were supplied from the base transfusion unit.
Severe reactions following blood transfusions were not uncommon, especially in
patients who had had prior transfusions. This necessitated the use of fresh blood and
careful retyping and cross-typing. The previous transfusion had brought about an
alteration in the blood characteristics.

The work carried out is shown by the following account of the experience of the
New Zealand base hospital at Helwan during the period of the desert campaigns.

Transfusion at a New Zealand Base Hospital

This was organised and carried out by the pathologist, who set up a blood bank
and arranged for the collection of blood from donors, mainly from the base camp,
and also serviced the apparatus. Although all 2 NZEF personnel had been blood-
grouped on enlistment, check grouping was carried out before utilisation of blood
from the donors. An error of only 2 per cent was found in 1000 2 NZEF donors.

For planned transfusions in hospital, especially for late cases which had already
had previous transfusions, blood of the same group was used as often as possible,
and both check-grouping and cross-matching was done. A form was filled in by the
donors, giving full particulars for identification as well as the history of malaria,
infective hepatitis, and venereal disease. Kahn's test was carried out in any case
with a VD history, and syphilis meant exclusion, as did a history of any allergic
disease. Bristol-type needles were used, being introduced up to the hilt, and veins
along the radial aspect of the forearm utilised, splints being used as required. A
record form was used giving full details of the transfusion. Plasma and serum were
also always available.

During a period of twelve months the total admissions to the New Zealand
hospital at Helwan were 11,500. Five thousand of these were surgical cases and
1350 were battle casualties. A total of 221 transfusions were given to 150 patients,
103 of these being battle casualties. Four hundred and fifty pints of blood and 50
pints of plasma were used. The majority of the battle casualties transfused were
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septic cases, mainly compound fractures and septic joints. No abdominal wounds
were treated. The secondary anaemia present was associated with sepsis and
secondary haemorrhage, mostly small and repeated. The clearing up of sepsis and
the healing of the wounds were both helped greatly by blood transfusion. In the
septic cases care was taken to use fresh blood under twenty-four hours old. Blood
was kept in store for the treatment of secondary haemorrhage, for which full
restoration by giving up to 3—4 pints of blood was carried out. In septic cases the
blood was given slowly, not more quickly than a pint in three hours. In some cases
very large quantities of blood were given, the maximum being 27 pints in thirty-one
days to a case of repeated serious secondary haemorrhage from the axilla. The case
recovered. Reactions were common in the first eight months, but less common later.
They were largely of little severity and, unless severe, did not necessitate stopping
the transfusion. Cases with septic wounds and prior transfusions were more liable to
severe reactions. There was one fatal case and another with anuria recovered. The
plasma available was reserved for burn cases. Crystalloid transfusions were given,
often in large quantities, the moistness of the tongue being used to determine the
amount of fluid required.

In Italy the base hospitals continued the work in the same way, utilising fresh
blood for the late cases.

Experience of 2 NZEF (IP)

The blood transfusion service in the Pacific offered a problem in that hot, humid
atmosphere, where the keeping properties of stored whole blood and wet plasma
were limited. High humidity, more obvious on refrigeration, softened the vis-caps
and permitted contamination along the moist thread of the screw-capped bottles.
For large-scale operations it was quite feasible to transport supplies by air to the
forward areas from non-malarious areas, but when the operations were limited there
was a considerable loss by wastage, as it was very difficult to estimate beforehand
possible demands in jungle warfare. It was agreed that stored blood should be used
within a week. Reliance was placed mainly on dried blood plasma, and when whole
blood was indicated donors on the spot were used, due precautions being taken to
exclude possible malaria. Apart from the malaria risk it was, of course, not good
practice to take blood from forward troops, and more so in the islands because there
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was a tendency for nutritional anaemia to occur amongst the troops.

Recommendations for the Future

1. An organisation similar to the British one in the Second World War.

10.

( Large mother unit to train personnel, to collect blood, to manufacture

a) plasma and serum, etc., to furnish equipment of all kinds.

( Base units in every theatre of war to draw and furnish blood, service

b) equipment, and act as mother unit for field units.

( Field Transfusion Units. Some to organise and carry out distribution, the

c) others to act as resuscitation teams to forward units, such as CCSs and
MDSs.

( Transfusion units to be formed in each base hospital.

d)

Increase of field transfusion units, and especially of personnel. Two officers to be

attached to each unit for relief purposes.

Research units to be formed in each theatre of war to investigate specific

problems and stimulate scientific thought throughout the Corps. Pathologists,

biochemists, as well as research personnel, to be available for these units.

Investigation to be carried out in first twenty-four to forty-eight hours after

wounding, when the majority of the deaths occur.

Provision of larger bottles to hold two pints of blood or plasma. Provision of

standard bottle holders for ambulances.

Large transfusions of blood and serum to be given to injuries associated with

severe bleeding, and given quickly.

Post-operative transfusion to be given much more frequently and transfusion

personnel to be set aside especially for that purpose.

Glucose salines to be given early in all severely wounded cases, especially

abdominals, to prevent anuria.

In wounds involving much muscle and in traumatic amputations early operation

is imperative in spite of, and largely because of, lack of response to

resuscitation. The same sometimes applies to abdomens.

In heads, chests, and blast injuries only tranfuse to replace blood definitely lost,

and replace slowly.



WAR SURGERY AND MEDICINE

PROBLEMS OF SHOCK FROM THE CLINICAL ASPECT
PROBLEMS OF SHOCK FROM THE CLINICAL ASPECT
Causation of Shock

Formerly shock was classified as ( @) primary shock, and ( b) secondary shock.

( Primary shock was held to be due to several factors, including psychogenic and
a) neurogenic.

(  Secondary shock was due to more prolonged actions, including blood loss,
b) fatigue, dehydration, cold, and wet.

The differentiation was unsatisfactory, and shock began to be qualified by the
circumstances under which it had arisen, and wound shock was the term applied to
shock arising as the result of wound trauma. The causation of wound shock was then
held to be largely due to loss of blood volume, by loss of blood from the wound. (A
survey had shown that 80 per cent of deaths on the battlefield were due to bleeding
from a main vessel.) Later, attention was drawn to the marked loss of blood serum
into the damaged tissues and also the loss of serum from the surface of extensive
burns as a cause of loss of blood volume. All agreed that loss of blood volume
constituted the most important cause of wound shock.

Lieutenant-Colonel W. C. Wilson, RAMC, Medical Research Section, MEF, in his
investigation at Alamein could find no evidence that injuries of any special nature or
part caused any extra degree of shock. The effect of histamine in the production of
shock had been known for a long time and it was thought that some such substance
might be responsible for the occurrence of severe shock in wounds complicated by
gross injury to muscle. Research, however, had shown no histamine in these cases,
but something of that nature probably accounted for the failure of resuscitation
noted.

Chloroform and spinal anaesthesia were both deleterious.

Signs of Shock
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Lieutenant-Colonel Wilson described the typical case as' a talkative, even
garrulous, man with ashen grey face, beads of sweat on the brow, and tiny pupils
narrowed by morphia, making restless fidgety movements, keeping an apprehensive
eye on the bearers lest his wound be jarred, asking constantly for drinks, and
vomiting without warning a few minutes after each drink.' There was a serious loss
of vitality, with weakness, pallor, low body temperature, sweating, low blood
pressure, rapid thready pulse, vomiting and intense thirst.

1. Colour: Paleness denoted a moderate degree of shock. Cyanosis of lips, lobes of
ears, and finger tips might be present in the severely wounded. In the worst
cases the skin might be a blotchy purple.

2. Temperature: The extremities and nose were cold in severe cases. The forehead
was cold in the gravest cases.

3. Constriction of peripheral veins was present in the moderately severe cases, and
was marked in the severest cases.

4. Respiratory Rate: Air hunger was seen in severely exsanguinated cases and in
chest cases.

5. Dehydration: Dryness of the tongue was common, as was thirst.

6. Pulse: The pulse was rapid and of low tension: ( a) the volume was of much
greater importance than the rate; ( b) rates over 140 were serious.

7. Blood Pressure: This was normally lowered to a degree corresponding to the
blood loss. Reactionary vasoconstriction was able to compensate for moderate
loss of blood and occasionally even brought about temporary hypertension which
disappeared after transfusion. The pressure might vary with respiration.

8. Urine: Little or no urine was passed for many hours after wounding.

Lieutenant-Colonel Grant, in charge of the Research Shock Unit of the Medical
Research Council, described different syndromes recognisable as: ( a) vasovagal
collapse, with bradycardia, hypotension, and vasoconstriction; ( b) post-traumatic
hypotension with normal or slow pulse, hypotension, and vasoconstriction; and ( ¢)
oligaemic hypotension with tachycardia, hypotension, and either vasoconstriction or
vasodilatation.

He explained that superficial vasoconstriction was shown by a thin pulse, small
veins, cold extremities, pale face. These signs were present in cold hypotension, and
the patient looked ill. Cold hypotension was common before operation, and
presented the ordinary picture of shock and low blood pressure. There was an
associated low blood volume, for which plasma was indicated. After operation the
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condition probably indicated low blood volume, and if recovery did not take place in
three or four hours transfusion was indicated. Blood loss was often greater than was
realised, and even if adequate fluid had been given before operation a good deal
soon left the circulation. Also, before operation the circulation might be restored, but
not the blood volume.

Warm hypotension was common before operation and very common afterwards.
In warm hypotension there was a wide pulse and warm extremities. The face might
even be flushed and the patient look well, and the condition was often not
recognised. It was associated with warm surroundings and after-effects of ether
anaesthesia, but these after-effects generally cleared up quickly. It was frequently
associated with large muscle injuries. Treatment of this condition was not stabilised.
Transfusion gave some relief.

In both conditions there was a reduction of urine which was rectified by raising
the blood pressure.

Grant also observed that:

( Pallor, cold extremities, low blood pressure, and a rapid pulse, associated
a) with a large wound, indicated haemorrhage.
( The same signs associated with small wounds, from which loss of blood was

b) unlikely, usually indicated blast.
Reactions to Blood Loss

Vasoconstriction was the normal reaction to blood loss and was effective for
moderate bleeding in which it could often sustain the blood pressure. When the
bleeding was more marked and the blood pressure fell, diminished tissue circulation
with anoxaemia occurred, leading to irreversible changes including increased
capillary permeability. This caused plasma loss in the tissues and pulmonary
oedema.

Estimation of Severity

Although some observers relied more on one particular sign than another, it was
generally agreed that no one sign was sufficient in itself and that a general



evaluation was essential, taking into account the extent of the damage and the
general vitality of the patient. The pulse and blood pressure were relied on to supply
most of the information. A rapid pulse of poor tension was a serious sign, the volume
being of more importance than the rate. A rate over 140 was serious.

Lieutenant-Colonel Wilson stated that the pulse rate was found to show
enormous variation. A rapid weak pulse was invariable in a desperately ill man. A
rapid pulse, and especially a rapid pulse of low volume, was a more constant
indication of danger than a fall in blood pressure, but examination of the pulse alone
was not sufficient for a proper assessment of the general condition.

The blood pressure could be readily assessed and changes noted, and thus its
observance was particularly valuable. Any pressure under 100 was generally a
cardinal sign of wound shock with blood loss, and a blood pressure of 80 was held by
Wilson to be the crucial level, anything under that being extremely serious and
demanding urgent treatment by replacement of blood loss. Cyanosis was a very
serious sign. A rapid pulse and cold, pale extremities were sometimes seen when the
blood pressure was satisfactory, indicating vasoconstriction. Low blood pressure,
pallor, and a rapid pulse were the usual signs that demanded blood transfusion.

Warmth

In the First World War the warming of the patient was considered to be of
considerable importance in combating shock. In the Second World War, however, it
was soon realised that it was dangerous to warm the patient unduly, especially in
the early period before full resuscitation. The body's first reaction to the loss of body
fluid brought about by the blood loss from wounds was vasoconstriction of the
superficial blood vessels. This enabled the lowered quantity of blood to suffice
temporarily for the preservation of the vital centres. If warmth were applied to the
body vasodilatation of the superficial vessels would ensue, with corresponding loss
to the vital centres and increase of shock. This was clearly pointed out by
Lieutenant-Colonels Wilson and Grant. The latter carried out experiments in the
chilling of patients to prevent and combat shock, but this was never adopted in the
treatment of casualties. Care was taken, however, only to use simple measures such
as covering with blankets till adequate restoration of blood volume by blood
transfusion had been brought about. The use of oil stoves and primuses under the



stretcher had been responsible for overheating with increase in shock. It had also led
at times to serious burns. Major Staveley, NZMC, in 1944 stated that he had seen no
deterioration of the circulation which he could attribute to warming, but at that time
care was taken to transfuse early and the danger of warming had been brought
home to all. The use of stoves under the stretcher was discontinued in the latter
period of the war.

Variations according to Wound Conditions

1. Loss of Blood: Shock in general corresponded directly to the degree of blood loss.

2. In serious muscle injuries, and especially in traumatic amputations, in addition to
the serious blood loss generally experienced there was another factor associated
with the damaged tissues themselves which accentuated the shock and which
persisted till the surgical removal of the tissue. Resuscitation by blood proved
unsatisfactory and impossible without operation. Cases were seen that had been
in quite good condition at the ADS and even at the MDS, but on arrival some
hours later at the CCS the condition was one of profound shock and many of
these cases died. The opinion in favour of early operation in cases of massive
limb wounds was forcibly stated by Major Staveley, OC NZ FTU in Italy, when he
said that time and again it had been found that, where haemorrhage had not
produced an acute exsanguination, transfusion of blood resulted in a negligible
improvement. On the other hand déAbridement or amputation, if necessary,
produced a very satisfying improved circulatory position which was then
satisfactorily stabilised by blood transfusion—slowly. The unit had been forced to
the conclusion that in the treatment of massive limb wounds, regardless of the
presence of fracture or not, the pre-operative exhibition of blood to restore the
general condition was disappointing. The transfusion of blood, concurrently with
surgery designed to procure a rapid removal of damaged tissue and fixation of a
fracture if present, had given the most satisfactory results. This early surgery,
made available to men in an almost moribund condition, had resulted on
occasions in dramatic recovery. Transfusion had clinched the complete recovery
and the casualty was evacuated to face the risks of convalescence. The evidence
that haemorrhage had proceeded to the point of exsanguination required to be
strong to centra-indicate surgery in favour of blood transfusion.

3. Burns: In these cases loss of serum either into the wound or, more importantly,
into the damaged tissues was the cardinal feature.

4. Blast: Here again loss of serum, especially in the abdomen, was of great
importance.

Variation according to the Site of the Wound
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1. Heads: Here blood loss was generally slight and shock was not marked.

2. Chests: In the absence of bleeding from the intercostal arteries blood loss was
not severe, shock being more dependent on interference with respiration and
severe internal injuries. Open chest wounds accentuated shock.

3. Abdomens: Bleeding varied considerably, in some cases being very severe and
associated with marked degree of shock. In other cases very little blood was lost.

4. Limbs: Blood loss was often very severe and was always considerable in any large
wound. Lieutenant-Colonel Grant estimated that a loss of half the blood volume
was common in these injuries. These wounds formed the bulk of the casualties
arriving at the MDS in a shocked condition: 56 per cent of all cases admitted to
the resuscitation ward on the Sangro and Orsogna fronts, and 50 per cent on the
Cassino front were in this group. The shock was related to the amount of the
blood loss and the extent of the tissue damage.

Quantity of Blood to be Given

There was much difference of opinion over this. Lieutenant-Colonel Wilson, as a
result of his researches at Alamein, considered that early rapid adequate blood
transfusion was the prime necessity in the treatment of wound shock, and that a
volume at least equal to the loss should be given and any extra loss at operation
made good.

Major Stewart, NZMC, and Captain Powles, NZMC, gave as much as seven to
eight pints in a couple of hours when bleeding had been very severe. They gave
blood till the colour appeared normal, and found that three to four pints of blood
were generally required.

Lieutenant-Colonel Grant considered the average transfusion should be about
three pints, but that in severe bleeding much larger quantities should be given. The
Canadian research unit stressed the need for rapid transfusion in severe cases and
also the necessity for blood post-operatively. Captain Milne, an FTU officer in the
North-West European front, strongly urged the giving of much larger quantities of
blood and considered that insufficient blood had been given during the war. He
normally gave 5 pints before operation and in severe cases up to double that
amount.

Great variation was needed according to the type of injury.
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1. In Large Flesh Wounds: There was general agreement that large quantities were
necessary as there was normally serious blood loss. Up to five pints was
frequently given in these cases, and at times, following severe and repeated
haemorrhage, double that quantity had been given. (The normal blood volume is
about 9 pints.)

2. Head Cases: Transfusion was only required to replace any actual bleeding which
had occurred. Normally very little was needed.

3. Chest Cases: The quantity needed again depended on the blood loss, which was
as a rule not great unless there was bleeding from the intercostals. Blood given
when there had not been much loss could be harmful and was apt to cause
pulmonary congestion.

4. Abdomens: Our experience had been that in half the abdominal cases there was
considerable peritoneal bleeding and that in some there was very extensive
bleeding from mesenteric vessels. In these cases fairly large quantities of blood
were given, up to 68 pints. In cases without much bleeding little pre-operative
blood was required, though plasma and blood were generally given. Captain Milne
considered that most abdominal deaths were due to haemorrhage. He gave up to
6 pints before and more during operation and had only six deaths in over forty
cases. Lieutenant-Colonel Grant considered that there was normally little bleeding
in abdominal injuries and that little blood was required. He thought that plasma
before operation was sufficient.

5. Blast Injuries: Blood was not required and was held to be harmful.
Results of Treatment by Blood

These, in the presence of real blood loss, were generally excellent. There was
not a discordant voice throughout the war on this point.

Temperature of Blood when Given

Some difference of opinion was expressed on this point. It was asserted that
cold blood was deleterious. A War Office memorandum of July 1941 recommended
warming to 40 degrees C, and not allowing it to go below 4 degrees C., and the
Canadian research unit recommended heating to room temperature. Milne, on the
other hand, thought warming of the blood unnecessary. It would seem there was no
definite data to support either point of view.

Rate of Administration



At the beginning of the war it was held advisable to give blood slowly because
of the danger of incompatability. This soon proved to be wrong because of the
consequent inability to relieve the shock in cases of severe bleeding. It was then
considered that the first blood should be given as rapidly as possible and positive
pressure utilised; up to 3 pints could be given rapidly without trouble (2 pints in half
an hour), and some field transfusion officers gave more. After the first 4 pints blood
was given more slowly unless serious bleeding was still taking place. In secondary
anaemia blood was always given slowly and in much smaller quantities at a time.

Conditions causing Failure of Resuscitation by Blood Transfusion

If the giving of 3—4 pints of blood failed to restore the circulation and so combat
shock, other factors were present such as excessive haemorrhage requiring a larger
transfusion; continued haemorrhage; transfusion given too slowly; massive muscle
injury; cerebral shock; blast injuries; fat embolism; unsuspected abdominal or chest
injury; toxaemia from sepsis, abdominal injury, or gas gangrene.

Estimation of Condition of Patients Fit for Operation

The patient was considered ready for operation when his general condition and
also his pulse and blood pressure were considered satisfactory. The estimation of the
general condition depended on the knowledge and judgment of the transfusion
officer and the surgeon. It depended on many things, the colour and warmth of the
patient and his alertness. The estimation of the pulse depended on both the volume
and the rate, the volume being especially important. A blood pressure of 110-120
systolic was generally aimed at before operation, but a level of 100 systolic was
considered quite satisfactory, and patients were operated on frequently with still
lower blood pressures when operation was essential to their chance of recovery.
Wilson gave 80 mm. as the danger level below which operation was extremely
hazardous. Accurate and repeated observations of the blood pressure, pulse rate and
volume, skin circulation and colour were necessary. Once the patient's condition was
deemed satisfactory and the optimum level had been reached, operation was
undertaken at once. Any delay led to a deterioration of the patient's condition and
further resuscitation to the same level was generally impossible.



Post-operative Resuscitation

It was realised more and more as the war progressed that severe cases,
especially abdominals, needed the same attention after operation as before
operation and generally needed further blood replacement as well as glucose
salines. Experienced workers urged the provision of a field transfusion officer
especially for post-operative resuscitation. Grant drew attention at the Rome
conference to the importance of post-operation care and urged careful supervision
and further transfusion.

Transportation

The effect of shifting the patient was found to be of marked influence on shock.
This referred to all cases, but particularly to those with abdominal wounds after
operation when any movement in the first week was fraught with danger. It also
affected the more serious chest cases and patients with burns. The excellent
splinting of fractures as a rule prevented serious disturbance in these cases.

Resuscitation during Travel

The giving of transfusions of serum or blood during evacuation by ambulance
was developed in the Western Desert and was continued in Italy. Special clamps
were invented to fix on to the stretchers, and the needles were held more securely
in the arm by means of plaster bandages. The results of this treatment were
considered very valuable.

Particular Values of Blood and Plasma

Blood was considered preferable for:

( Any severe bleeding.

a)

( Secondary anaemia whether due to blood loss or infection. Whitby stated that

b) blood was essential to raise the haemoglobin to at least 55 per cent so as to
render the man fit for operation and survival afterwards.

Plasma was considered preferable for ( @) burns, ( b) blast, ( ¢) sometimes in
abdomens in the absence of any serious blood loss, and ( d) protein deficiencies
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during convalescence.

It was considered advisable to combine blood and plasma so as to minimise any
dangers from large dosage of whole blood. Plasma was also of great value in the
forward areas where refrigeration was impracticable.

Blood that otherwise would have been wasted could be converted into serum or
plasma and stocks could also be laid down in the intervals between the active
periods of warfare.

Value of Crystalloids

In the 1914-18 War intravenous salines and gum arabic were used as a
preventive of shock. It was appreciated, however, that salines did not have any
lasting effect on blood volume, and in the latter part of the war some blood was
given. Crystalloids, however, were valuable in combating dehydration and in
stimulating renal action, as well as in supplying any deficiency in chlorides. They
were especially valuable in the post-operative treatment of abdominal cases when
fluid could not be given by the mouth, particularly when gastric suction was still
further depleting the body fluids. Isotonic saline was the ideal fluid when chlorides
were required, and isotonic glucose solutions made an ideal non-toxic and useful
metabolic base.

The use of glucose salines as a preventive of anuria was stressed in the latter
part of the Second World War. It was held by most observers that anuria was
associated with profound and prolonged shock, especially in abdominal cases. Many
considered that anoxaemia of the kidney resulted because of diminished renal
circulation during the profound shock, possibly increased by the shunting of the renal
circulation to buttress up the general circulation. Whitby considered renal ischaemia
associated with exsanguination was one important factor in causation and therefore
counselled early and adequate restoration of the circulation. Air Commodore Keynes
stated that the RAF considered renal ischaemia was the most important factor in
anuria. It seemed rational to try and increase the fluid content of the blood by
salines as soon as possible, as well as to give the requisite blood and plasma, so
that kidney functions might early be stimulated. Certain it was that when anuria
developed, treatment was unavailing, so any possible preventive measure was
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called for. In the treatment of anuria fluid had to be restricted as the kidneys were
unable to excrete, and the fluid administered merely embarrassed the circulation
and led to oedema.

The quantity of crystalloid required in abdominal cases having gastric suction
was evaluated, and special attention was given to the amount of chloride that was
required in these cases. Lieutenant-Colonel Grant advised a routine of 2 pints of
plasma or normal saline daily, plus 1 pint for every pint of gastric contents
withdrawn by suction. More saline (up to 4 pints) might be needed in tropical
climates or if the urine did not contain chlorides. The remainder of the fluids given
should be 5 per cent glucose or other non-saline fluids. A total of 8 pints of glucose
and saline fluids was generally given daily to these cases.

The urine output was a valuable indication of dehydration and an output of
between 2 and 3 pints was aimed at. Normal fluid loss from the body from the lungs,
skin, and urine was about 3 pints. With lack of fluid the urine output became
insufficient for adequate excretion, and uraemia resulted. A normal man deprived of
all water would die within nine days. Dehydration was a major factor in rendering a
casualty seriously ill, giving a clinical picture similar to that of secondary shock. Dry
mouth and scanty urine, low blood pressure, feeble pulse, and cyanosis occurred.
The chloride content of the urine was also an indication of value.

Oxygen was of value in cyanosed cases, especially in chest injuries. The BLB
mask was utilised.

Reactions after Blood Transfusion

1. Mismatched Transfusion: This was extremely uncommon. Whitby stated at the
end of the war that disasters from incompata-bility had been almost unknown.
Symptoms usually occurred after only a few cubic centimetres had been
transfused. These were: respiratory distress, rigors, pain in the back and vomiting
which might be followed by unconsciousness, sudden collapse, and death if
transfusion was continued. In lesser cases not immediately fatal there arose later
signs of haemolysis such as jaundice, haemoglobi-nuria, embolic phenomena, and
urticaria. Death might occur later from cerebral embolus, or anuria and uraemia
from blocking of the urinary tubules. Treatment consisted in immediate cessation
of the transfusion on the first sign of trouble, and then alkalinisation of the urine
and the giving of copious fluids. Sodium citrate in 3 per cent solution was given



intravenously. The most serious disturbances arose at base hospitals where
transfusions were given, some time after wounding, for anaemia and infection,
and when previous transfusion which had altered the patient's blood grouping had
been given in the forward areas. This necessitated fresh blood grouping and
cross-matching.

2. Pvrogenic Reactions: Minor reactions were not uncommon and varied with
different consignments of blood. These might occur within a few hours. Symptoms
included fever, rigors, jaundice, urticaria, haemoglobinuria. Treatment was similar
to that for the more severe reactions. The lack of adequate cleansing of the
apparatus was held to be largely responsible for these reactions, and the better
arrangements for cleansing minimised the attacks. Particles of blood clot were
often retained in the apparatus and gave rise to trouble.

3. Use of Haemolysed Blood: The reaction was characterised by chills, fever, brief
haemoglobinuria, slight increase of serum bilirubin, and usually rapid
disappearance of the injected cells. No serious results ensued. It was thought that
the stroma and not the haemoglobin was the noxious factor.

4. Use of Blood with a High Titre of Agglutmms against the recipient's Red Cells:
Great destruction of red cells, in some cases of practically all of them, took place.
This occurred only when using group O blood for other groups.

5. Anaphylactic Allergic Reactions: Altogether in the forward areas these reactions,
were not of any great moment. The transfusion was slowed up, and if the
reaction was severe the transfusion was stopped and the blood was changed.

At the Base severe reactions did arise and called for careful matching and the
use of fresh blood. Renal changes from incompatability proved to be rare, as was
also the finding of haemoglobin in the tubules.

Changes in Stored Blood

The necessity to draw off blood before an offensive rendered it inevitable that
some blood waste should take place. With refrigeration and careful handling it was
proved that blood would normally last for fourteen days. Haemolysis gradually took
place, but was little marked before that time. The changes could be seen in the
blood. They consisted in the loss of the clear-cut margin between the corpuscles and
the plasma layer, with the gradual discoloration of the plasma and the change of
colour from orange to purple red. Infection was very uncommon in stored blood. It
did, however, sometimes occur with marked alteration in the blood colour. Blood not
showing any marked changes was often used when occasion demanded at a later
period than fourteen days, but, despite no serious reaction, the blood had much less



effect in relieving the shock.
Plasma and Serum

1. Preparation: The main basic British unit at Bristol sponsored research into the
preparation of the plasma and serum components of blood. The result was the
preparation of dried serum and plasma and wet serum and plasma. Fluid Plasma:
This was obtained by removing the plasma from citrated blood (440 cons, blood
plus 100 ccms. 3 per cent sodium citrate). Over-age blood was utilised for this
purpose; 200 ccms. of plasma was obtained from the 540 ccms. bottle of citrated
blood. The blood of all groups was pooled for two hours to render it agglutinin-
free and so avoid haemolytic reactions. The plasma was clarified of fat and
passed through a bacterial filter and then bottled. The plasma was a clear golden
or slightly orange fluid. When infected and so unfit for use it became diffusely
turbid. Fluid Serum: Was used similarly to plasma. It contained no citrate and no
fibrinogen so did not clot. The serum was pooled to prevent reactions and could
be stored if desired in a refrigerator, but was normally kept in a cool dark place.
Dried Serum and Plasma: The serum was easier to prepare and more
concentrated than plasma. Pyrogen-free distilled water was used to prepare
serum for use.

2. Preservation: Plasma was stored at room temperatures in the dark, as cold
storage encouraged clotting and sunshine denatured the protein. Properly stored
it kept for at least twelve months. Fluid serum was normally kept in a cool dark
place. Dried serum and plasma kept indefinitely and needed no refrigeration.

3. Method of Administration:Wet serum and plasma were given from the containers
and dry plasma was dissolved in pyrogen-free distilled water before transfusion.

4. Quantities Given: It was in burns cases that serum or plasma was specially
indicated and where large quantities had to be administered, 6 pints being
frequently given early to bad cases. In ordinary wound shock cases 1 pint of
serum was generally given to every 2 pints of blood, and 2 pints of serum was
given often in the forward areas. In chronic infection serum was also given in
combination with whole blood if anaemia was marked.

In serious abdominal cases 1 pint of serum was given daily along with glucose
salines.

Salines and Glucose Salines

These solutions had long been of common use in surgical and medical conditions
and were freely availed of during the First World War. They were prepared at the
Base Transfusion Units and transported to the forward areas. They were used mostly
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for abdominal cases during the first week whilst gastric suction was being employed.
They acted by relieving dehydration and supplying chlorides. Eight pints a day was
normally required when no fluid was being taken by the mouth.

The Problem of Shock as seen at the End of the War

Even at the end of the war the problem of shock and its treatment remained to
a large extent unsolved. The most important factor was the early death of the badly
shocked patients, the large majority dying in the first twenty-four to forty-eight
hours. The transfusion of blood had proved our most effective treatment. When
much blood had been lost large transfusions had been essential to success.

In some of our cases very large amounts were given. If many more of the cases
dying in the first twenty-four hours were to be saved, then Milne might be right and
more blood should have been given, but one cannot but feel that the severity of the
injury alone, quite apart from blood loss, would still make the majority of these
deaths inevitable under war conditions. There was need for more research and for
controlled survey of clinical treatment, and especially for correlation between the
two. Concentration of study must be made on the first twenty-four hours following

injury.
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CHAPTER 4
Anaesthetics

ANAESTHESIA has transformed war surgery from the primitive operations formerly
performed by military surgeons to the ordered and deliberate techniques of today.
Anaesthesia had developed considerably before the First World War, and ether had
become established as a much safer and more satisfactory anaesthetic than
chloroform. Special apparatus had been evolved to render its administration more
satisfactory. Clover's apparatus had given way to the open administration on a mask,
which was safer but wasteful and difficult to administer in warm countries.
Chloroform was still used, especially in Edinburgh, and chloroform and ether
mixtures were commonly utilised.

Shipway had introduced a simple apparatus to enable warm ether vapour to be
given by passing air or oxygen through the ether bottle which stood in a warm water
container. Gas (nitrous oxide) and oxygen had also been introduced and Boyle had
invented an apparatus for its administration, ether being also given in conjunction if
required. Spinal anaesthesia was commonly used in some hospitals.

First World War

At the commencement of the 1914-18 War provision was first made only for
chloroform, in ampoule form, in the field units; but the other anaesthetics used in
civil practice were soon available, and ether became the anaesthetic of choice,
either alone or in conjunction with chloroform. Shipway's apparatus was popular and
diminished the number of chest complications. Gas and oxygen became very much
used for seriously shocked cases, but its administration was difficult. Spinal
anaesthesia proved to be dangerous when administered to shocked cases, and in
consequence was not utilised to any extent. Intratracheal anaesthesia was well
established and was utilised in special cases. Local anaesthesia was utilised
extensively in head injuries and very occasionally for other injuries. Pre-medication
of morphia and atropine was a routine.

Between the Wars

Between the wars anaesthesia developed markedly and became more and more



recognised as a specialty. Elaborate machines were developed for the administration
of a variety of anaesthetics, though ether still remained the most common type.
Cyclopropane was introduced and proved very safe and satisfactory. Intravenous
administration of new drugs proved satisfactory for the induction of anaesthesia and
for short operations. Rectal administration was also utilised. Pentothal sodium was
used before the beginning of the 1939-45 War and rapidly came into favour.

SECOND WORLD WAR

Types of Anaesthetic

It was well recognised before the war that chloroform was a dangerous drug,
especially in shocked and septic cases, and was quite unsuited to war conditions.
Spinal anaesthesia was also banned in similar cases and was restricted to cases of
civilian surgery.

Ether remained the basic general anaesthetic for ordinary purposes, but its
grave disadvantage was rapid evaporation in tropical countries. (Lieutenant-Colonel
Anson, senior anaesthetist, however, stated that there was no real difficulty found in
its use in conditions of extreme heat.) It also produced vasodilatation which was
deleterious in shock, though this condition could be counteracted by efficient
treatment by transfusion.

The regular administration of intravenous fluids (blood, plasma, glucose-salines)
rendered intravenous anaesthesia a very simple procedure.

Pentothal began to be used early in the war, and became the routine method of
induction and the only anaesthetic for the majority of the cases. Care was necessary
to prevent overdosage, and caution required in cases with any possible liver damage
such as extensive burns. The average wounded man reacted well to pentothal, and
there were few complications. The drug was usually given by intravenous dosage of
fixed amounts, repeated as required up to a predetermined maximum. It was also
administered by continuous intravenous injection, the total dose being controlled. In
shocked cases care was necessary, and small doses sufficient. Pentothal was without
question the most satisfactory anaesthetic used during the war for all ordinary
wounded or civilian cases.



Ether was given in addition to the more severe cases, such as the abdominals.
The introduction of the Macintosh ether apparatus, the Oxford inhaler, proved a very
valuable method of administering ether, especially for the ordinary anaesthetist as
distinct from the specialist. It was especially useful in the tropical areas.

Gas and oxygen was not often available in North Africa, but was utilised more in
Italy. The supply of cylinders proved a difficulty. Cyclopropane was used wherever
available and was the common anaesthetic in the chest centres, and was also
utilised in the neurosurgical and faciomaxillary units. Trilene was also used in the
latter part of the war.

Boyle's apparatus was part of the ordinary army equipment for hospitals and
was freely utilised, but our New Zealand hospitals acquired the more elaborate and
efficient American models such as the Heidbrinck, which no doubt should be a
regular army supply.

Endotracheal administration was very commonly used by specialist anaesthetists
in the chest, head, and facio-maxillary units.

The war conclusively proved the great value of trained anaesthetists in every
surgical centre, and especially in the forward areas. Unfortunately the New Zealand
force contained few specialists of this type, but it was fortunate in having British
specialist anaesthetists attached to its forward medical units for long periods. The
choice of anaesthetic varied according to the type of case and the medical unit.

Anaesthesia in Forward Areas in 2 NZEF

In the Field Ambulance: Pentothal was used for almost all the cases,
supplemented at times with ether at first by open method and, after its introduction,
by Macintosh's apparatus. On a few occasions induction was brought about by C E ,
mixture and the anaesthetic continued by open or closed ether. Local anaesthetic
proved unsatisfactory. No special apparatus except that later introduced by
Macintosh was available in the Field Ambulances except as part of the equipment of
an attached FSU.

In the CCS: Boyle's apparatus was available, and gas and oxygen also in the
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latter part of the war, as was Macintosh's apparatus.

Types of Anaesthesia in CCS

Pentothal: This was the most frequently used anaesthetic and was given
intravenously in small divided doses or added to the drip as required. It was well
tolerated by the wounded and a relatively small dosage was required.

Gas and Oxygen: Given by Boyle's apparatus, was used in addition in prolonged
cases, the oxygen percentage being kept high.

Ether: Was not usually given in an open mask because of quick evaporation, but
was given by means of Boyle's or Macintosh's apparatus.

Anaesthesia in Relation to Type of Case

1. For Light Cases:
( Pentothal was the common and most useful anaesthetic.
a)

(  Ethyl chloride or GE2 induction, followed by ether either by open method or by
b) Macintosh's apparatus.

2. Prolonged Cases:
( @) Pentothal supplemented by gas and oxygen.
( b) Pentothal supplemented by gas and oxygen and ether.
( ¢) Pentothal supplemented by gas, oxygen, and trilene.
( d) Ether by Oxford vaporiser.
3. Severely Shocked Cases: Pentothal was given in minimal dosage supplemented
by gas and oxygen and, if relaxation was required, minimal dosage of ether.

4. Severe Burns: Intravenous morphia. Any anaesthetic was poorly borne, and if any

was required minimal doses of pentothal with oxygen or gas and oxygen were
given.

Regional Types of Cases

1. Heads: A combination of local anaesthesia and pentothal was used by our
forward surgeons. In special centres local anaesthesia was superseded by general
anaesthesia, generally pentothal in small dosage, supplemented by gas and oxygen.
Cyclopropane was also used when available in special units. Endotracheal



anaesthesia was used when necessary in cases involving the sinuses and when
operation had to be performed in the prone position. Pentothal was used for
induction and then followed by gas and oxygen, supplemented if necessary by
minimal dosage of trilene or chloroform.

2. Facio-maxillary: In minor cases pentothal was used when there was no
interference with the airway. In severe cases an endotracheal tube was passed, the
throat packed-off with gauze soaked in saline or paraffin, and the anaesthetic
continued with gas and oxygen and minimal quantity of ether. An efficient airway
was necessary at all times, both during the operation and afterwards, and a naso-
pharyngeal tube was generally used in severe cases following operation. In cases
with serious bleeding or when intubation was impossible, tracheotomy was
performed.

3. Chests: In minor cases, such as for closing the wound or arresting
haemorrhage, pentothal was used. In more serious cases after pentothal induction
gas and oxygen with trilene was given using Boyle's apparatus. Cyclopropane was
utilised in special units for these cases. Diathermy and naked lights were centra-
indications to its use.

4. Abdomens: Pentothal was used for induction followed by gas and oxygen and
ether, or by ether alone using Macintosh's apparatus. Relaxation necessitated the
use of ether in these cases. Local anaesthesia was used by some surgeons either in
the area of the incision or as an intercostal block below the ribs. Splanchnic block
was also sometimes utilised. Intratracheal anaesthesia was employed at times.

Anaesthesia in the Ease Hospitals in 2 NZEF

Operations on patients were generally performed under pentothal,
supplemented by ether or gas and oxygen, utilising anaesthetic machines, either the
army Boyle's apparatus or more commonly the more elaborate American types.
Macintosh's Oxford vaporiser was very efficient for the administration of ether,
though specialist anaesthetists preferred the more elaborate machines. Continuous
pentothal was used considerably at one period in our base hospitals. Cyclopropane
became available in the latter part of the war and was used for special cases. For
the routine civilian type of operation pentothal was also generally used.
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Spinal anaesthesia was used by some surgeons for operations such as those for
inguinal hernia and haemorrhoids. A heavy stovaine solution, the most readily
available, was used in Egypt, but limited use was made of light nupercaine, chiefly
for lower abdominal and kidney operations. Defective ampoules were detected when
they were placed in coloured antiseptic. Severe post-operative headaches resulted
from solutions prepared at the hospital. Pentothal, however, remained the routine
anaesthetic not only for induction, but for the completion of the operation, and
proved a reliable and safe drug.

An interesting step was taken at 2 General Hospital in the resurrection of the
use of intravenous ether. This was found most useful for operations requiring
comparatively light anaesthesia without profound relaxation—for instance, in
operations on the limbs. The solution used was at first made up accurately as 6 per
cent in normal saline or glucose saline. As the solubility of ether in these solutions is
round about this mark, it was found unnecessary to do more than make a saturated
solution by shaking up the ether with the saline and assuming a saturated solution if
a small quantity of undissolved ether could be seen floating on the surface of the
fluid. A simple infusion set was used and was mounted on a board attached to the
anaesthetic table. The tube from the set terminated in a male fitting to connect with
a record needle. This tube rested in a sterile dish when not in use. A 19 or 20 gauge
needle was used for venipuncture, and when blood flowed the fitting on the end of
the infusion set was pushed into the hub. A fast drip rate was immediately started,
and it was found that even a continuous flow was often required. To expedite
unconsciousness and minimise any undesirable manifestations of the second stage of
anaesthesia a small dose up to 0-5 grammes of thiopentone was injected through
the infusion tube. As the anaesthesia proceeded the rate of infusion of the ether
solution could be greatly reduced and stabilisation in a light plane of anaesthesia
was easily accomplished. At least eight hundred of these administrations were
performed without any untoward reactions. In one hundred or more 5 per cent
alcohol was used with the ether with some benefit in depth of anaesthesia, but a
few cases of post-operative thrombosis of veins ensued. It was realised that very
large quantities of fluid were being infused into each patient if the operation was in
any way protracted, but it was found that no apparent harm resulted. Of course, this
work was done in conditions of great heat and minimum humidity, and the patients
were losing large quantities of water by evaporation from the skin, and it may well



be that there would be some risk of ‘water-logging’ if the method was used in cool
and humid climates.

Post-anaesthetic Complications

Chest complications were common, often being associated with collapse of the
lung and sometimes with infection. Collapse of the lung was considered by all to be
due to bronchial obstruction from mucous plugs. Infection was most commonly
associated with pre-operation infection such as common colds and bronchitis.
Preventive measures were adopted, firstly, by the institution of regular breathing
exercises before operation, and, secondly, by the exclusion of patients with infection
from operation. Treatment in the cases with collapse of the lung consisted in
continuing breathing exercises and encouraging movement and coughing. In cases
with infection, sulphonamides and penicillin were given when the type of infection
was suitable to their use.

Organisation of Anaesthetic Services in 2 NZEF

There was provision for an anaesthetist on the staff of our general hospitals,
and Captain Slater was appointed to 1 NZ GH, Major Anson to 2 NZ GH, and Captain
Taylor to 3 NZ GH. Captain Slater was captured in Greece and remained a prisoner of
war for the greater part of the war. Major Anson, after service for some time at the
Helwan hospital, was transferred to administrative work.

The anaesthetic work was of necessity carried out by medical officers largely
without much previous experience in anaesthesia, though many later proved very
capable anaesthetists. There was no special anaesthetic organisation, medical
officers being delegated to anaesthetic duty by the OCs of the units or attached to a
surgical team or FSU as anaesthetist. The unit anaesthetist was generally utilised in
quiet periods for other medical work such as the control of the blood bank.

New Zealand had very few whole-time anaesthetists in civil practice available as
anaesthetic specialists. The 2nd NZEF was thus at a great disadvantage compared
with the British and American forces, where specialist anaesthetists were readily
available, many of them very highly qualified for the work. The 2nd NZ Division was
fortunate in having attached to its forward units British FSUs containing very capable
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specialist anaesthetists, who not only provided excellent service in our units, but
helped in training many of our young medical officers. The British anaesthetists were
given definite status as specialist anaesthetists or graded specialists, but this did not
apply to 2 NZEF.

Recommendations for the Future

It is beyond our scope to go into the question of the value of newer methods of
anaesthesia, such as the use of curare, in a future war. Perhaps newer methods will
supersede those used in the Second World War. We can only give an impression of
what seemed most practicable at the end of the war. Elaborate machines were
utilised freely at the end of the war, and if these and supplies of gas and oxygen
were readily available it would seem that they should be utilised at the CCSs and the
General Hospitals.

In the field units intravenous anaesthesia by pentothal or similar drug, and ether
by Macintosh's apparatus, would appear to be the most satisfactory methods to
adopt.

If circumstances rendered elaborate methods impossible, then pentothal and
ether by Macintosh's apparatus for the wounded man, and spinal and local with
whatever other methods of anaesthesia were available for the civilian surgery type
of cases, would provide efficient anaesthesia.

Staffing: With the utilisation of more elaborate methods of anaesthesia it will be
necessary to have specialist anaesthetists. Specialist or graded anaesthetists should
be appointed to the base hospitals, to the CCS, and to the FSUs. They would not
only give the anaesthetics, but would be available for training MOs for work both in
the forward and base units, and, if required, to train nursing sisters or orderlies to
give simple anaesthetics under supervision.

There should be a senior anaesthetist available in an advisory capacity as
regards the appointment of specialist and graded anaesthetists and the anaesthetic
service in general.

If highly trained anaesthetists are available and are suitably employed, and
their advice sought and taken, then a satisfactory service would be ensured, as the
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provision of apparatus and supplies is, in comparison, a secondary consideration.

Lieutenant-Colonel Anson has stressed the necessity for having trained
anaesthetists in the New Zealand Medical Corps. He has also urged the
standardisation of relatively simple, foolproof, ruggedly-constructed anaesthetic
apparatus, easily serviced and maintained; an agreement on such apparatus within
the British Commonwealth, or even farther afield, would be of great benefit not only
in war but in civilian practice also.



WAR SURGERY AND MEDICINE
[SECTION]

ANAESTHESIA has transformed war surgery from the primitive operations formerly
performed by military surgeons to the ordered and deliberate techniques of today.
Anaesthesia had developed considerably before the First World War, and ether had
become established as a much safer and more satisfactory anaesthetic than
chloroform. Special apparatus had been evolved to render its administration more
satisfactory. Clover's apparatus had given way to the open administration on a mask,
which was safer but wasteful and difficult to administer in warm countries.
Chloroform was still used, especially in Edinburgh, and chloroform and ether
mixtures were commonly utilised.

Shipway had introduced a simple apparatus to enable warm ether vapour to be
given by passing air or oxygen through the ether bottle which stood in a warm water
container. Gas (nitrous oxide) and oxygen had also been introduced and Boyle had
invented an apparatus for its administration, ether being also given in conjunction if
required. Spinal anaesthesia was commonly used in some hospitals.



WAR SURGERY AND MEDICINE

FIRST WORLD WAR
First World War

At the commencement of the 1914-18 War provision was first made only for
chloroform, in ampoule form, in the field units; but the other anaesthetics used in
civil practice were soon available, and ether became the anaesthetic of choice,
either alone or in conjunction with chloroform. Shipway's apparatus was popular and
diminished the number of chest complications. Gas and oxygen became very much
used for seriously shocked cases, but its administration was difficult. Spinal
anaesthesia proved to be dangerous when administered to shocked cases, and in
consequence was not utilised to any extent. Intratracheal anaesthesia was well
established and was utilised in special cases. Local anaesthesia was utilised
extensively in head injuries and very occasionally for other injuries. Pre-medication
of morphia and atropine was a routine.



WAR SURGERY AND MEDICINE

BETWEEN THE WARS

Between the Wars

Between the wars anaesthesia developed markedly and became more and more
recognised as a specialty. Elaborate machines were developed for the administration
of a variety of anaesthetics, though ether still remained the most common type.
Cyclopropane was introduced and proved very safe and satisfactory. Intravenous
administration of new drugs proved satisfactory for the induction of anaesthesia and
for short operations. Rectal administration was also utilised. Pentothal sodium was
used before the beginning of the 1939—45 War and rapidly came into favour.



WAR SURGERY AND MEDICINE

SECOND WORLD WAR
SECOND WORLD WAR

Types of Anaesthetic

It was well recognised before the war that chloroform was a dangerous drug,
especially in shocked and septic cases, and was quite unsuited to war conditions.
Spinal anaesthesia was also banned in similar cases and was restricted to cases of
civilian surgery.

Ether remained the basic general anaesthetic for ordinary purposes, but its
grave disadvantage was rapid evaporation in tropical countries. (Lieutenant-Colonel
Anson, senior anaesthetist, however, stated that there was no real difficulty found in
its use in conditions of extreme heat.) It also produced vasodilatation which was
deleterious in shock, though this condition could be counteracted by efficient
treatment by transfusion.

The regular administration of intravenous fluids (blood, plasma, glucose-salines)
rendered intravenous anaesthesia a very simple procedure.

Pentothal began to be used early in the war, and became the routine method of
induction and the only anaesthetic for the majority of the cases. Care was necessary
to prevent overdosage, and caution required in cases with any possible liver damage
such as extensive burns. The average wounded man reacted well to pentothal, and
there were few complications. The drug was usually given by intravenous dosage of
fixed amounts, repeated as required up to a predetermined maximum. It was also
administered by continuous intravenous injection, the total dose being controlled. In
shocked cases care was necessary, and small doses sufficient. Pentothal was without
question the most satisfactory anaesthetic used during the war for all ordinary
wounded or civilian cases.

Ether was given in addition to the more severe cases, such as the abdominals.
The introduction of the Macintosh ether apparatus, the Oxford inhaler, proved a very



valuable method of administering ether, especially for the ordinary anaesthetist as
distinct from the specialist. It was especially useful in the tropical areas.

Gas and oxygen was not often available in North Africa, but was utilised more in
Italy. The supply of cylinders proved a difficulty. Cyclopropane was used wherever
available and was the common anaesthetic in the chest centres, and was also
utilised in the neurosurgical and faciomaxillary units. Trilene was also used in the
latter part of the war.

Boyle's apparatus was part of the ordinary army equipment for hospitals and
was freely utilised, but our New Zealand hospitals acquired the more elaborate and
efficient American models such as the Heidbrinck, which no doubt should be a
regular army supply.

Endotracheal administration was very commonly used by specialist anaesthetists
in the chest, head, and facio-maxillary units.

The war conclusively proved the great value of trained anaesthetists in every
surgical centre, and especially in the forward areas. Unfortunately the New Zealand
force contained few specialists of this type, but it was fortunate in having British
specialist anaesthetists attached to its forward medical units for long periods. The
choice of anaesthetic varied according to the type of case and the medical unit.

Anaesthesia in Forward Areas in 2 NZEF

In the Field Ambulance: Pentothal was used for almost all the cases,
supplemented at times with ether at first by open method and, after its introduction,
by Macintosh's apparatus. On a few occasions induction was brought about by C E ,
mixture and the anaesthetic continued by open or closed ether. Local anaesthetic
proved unsatisfactory. No special apparatus except that later introduced by
Macintosh was available in the Field Ambulances except as part of the equipment of
an attached FSU.

In the CCS: Boyle's apparatus was available, and gas and oxygen also in the
latter part of the war, as was Macintosh's apparatus.

Types of Anaesthesia in CCS
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Pentothal: This was the most frequently used anaesthetic and was given
intravenously in small divided doses or added to the drip as required. It was well
tolerated by the wounded and a relatively small dosage was required.

Gas and Oxygen: Given by Boyle's apparatus, was used in addition in prolonged
cases, the oxygen percentage being kept high.

Ether: Was not usually given in an open mask because of quick evaporation, but
was given by means of Boyle's or Macintosh's apparatus.

Anaesthesia in Relation to Type of Case

1. For Light Cases:
( Pentothal was the common and most useful anaesthetic.
a)

(  Ethyl chloride or GE2 induction, followed by ether either by open method or by
b) Macintosh's apparatus.

2. Prolonged Cases:
( @) Pentothal supplemented by gas and oxygen.
( b) Pentothal supplemented by gas and oxygen and ether.
( ¢) Pentothal supplemented by gas, oxygen, and trilene.
( d) Ether by Oxford vaporiser.

3. Severely Shocked Cases: Pentothal was given in minimal dosage supplemented
by gas and oxygen and, if relaxation was required, minimal dosage of ether.

4. Severe Burns: Intravenous morphia. Any anaesthetic was poorly borne, and if any

was required minimal doses of pentothal with oxygen or gas and oxygen were
given.

Regional Types of Cases

1. Heads: A combination of local anaesthesia and pentothal was used by our
forward surgeons. In special centres local anaesthesia was superseded by general
anaesthesia, generally pentothal in small dosage, supplemented by gas and oxygen.
Cyclopropane was also used when available in special units. Endotracheal
anaesthesia was used when necessary in cases involving the sinuses and when
operation had to be performed in the prone position. Pentothal was used for
induction and then followed by gas and oxygen, supplemented if necessary by



minimal dosage of trilene or chloroform.

2. Facio-maxillary: In minor cases pentothal was used when there was no
interference with the airway. In severe cases an endotracheal tube was passed, the
throat packed-off with gauze soaked in saline or paraffin, and the anaesthetic
continued with gas and oxygen and minimal quantity of ether. An efficient airway
was necessary at all times, both during the operation and afterwards, and a naso-
pharyngeal tube was generally used in severe cases following operation. In cases
with serious bleeding or when intubation was impossible, tracheotomy was
performed.

3. Chests: In minor cases, such as for closing the wound or arresting
haemorrhage, pentothal was used. In more serious cases after pentothal induction
gas and oxygen with trilene was given using Boyle's apparatus. Cyclopropane was
utilised in special units for these cases. Diathermy and naked lights were centra-
indications to its use.

4. Abdomens: Pentothal was used for induction followed by gas and oxygen and
ether, or by ether alone using Macintosh's apparatus. Relaxation necessitated the
use of ether in these cases. Local anaesthesia was used by some surgeons either in
the area of the incision or as an intercostal block below the ribs. Splanchnic block
was also sometimes utilised. Intratracheal anaesthesia was employed at times.

Anaesthesia in the Ease Hospitals in 2 NZEF

Operations on patients were generally performed under pentothal,
supplemented by ether or gas and oxygen, utilising anaesthetic machines, either the
army Boyle's apparatus or more commonly the more elaborate American types.
Macintosh's Oxford vaporiser was very efficient for the administration of ether,
though specialist anaesthetists preferred the more elaborate machines. Continuous
pentothal was used considerably at one period in our base hospitals. Cyclopropane
became available in the latter part of the war and was used for special cases. For
the routine civilian type of operation pentothal was also generally used.

Spinal anaesthesia was used by some surgeons for operations such as those for
inguinal hernia and haemorrhoids. A heavy stovaine solution, the most readily
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available, was used in Egypt, but limited use was made of light nupercaine, chiefly
for lower abdominal and kidney operations. Defective ampoules were detected when
they were placed in coloured antiseptic. Severe post-operative headaches resulted
from solutions prepared at the hospital. Pentothal, however, remained the routine
anaesthetic not only for induction, but for the completion of the operation, and
proved a reliable and safe drug.

An interesting step was taken at 2 General Hospital in the resurrection of the
use of intravenous ether. This was found most useful for operations requiring
comparatively light anaesthesia without profound relaxation—for instance, in
operations on the limbs. The solution used was at first made up accurately as 6 per
cent in normal saline or glucose saline. As the solubility of ether in these solutions is
round about this mark, it was found unnecessary to do more than make a saturated
solution by shaking up the ether with the saline and assuming a saturated solution if
a small quantity of undissolved ether could be seen floating on the surface of the
fluid. A simple infusion set was used and was mounted on a board attached to the
anaesthetic table. The tube from the set terminated in a male fitting to connect with
a record needle. This tube rested in a sterile dish when not in use. A 19 or 20 gauge
needle was used for venipuncture, and when blood flowed the fitting on the end of
the infusion set was pushed into the hub. A fast drip rate was immediately started,
and it was found that even a continuous flow was often required. To expedite
unconsciousness and minimise any undesirable manifestations of the second stage of
anaesthesia a small dose up to 0-5 grammes of thiopentone was injected through
the infusion tube. As the anaesthesia proceeded the rate of infusion of the ether
solution could be greatly reduced and stabilisation in a light plane of anaesthesia
was easily accomplished. At least eight hundred of these administrations were
performed without any untoward reactions. In one hundred or more 5 per cent
alcohol was used with the ether with some benefit in depth of anaesthesia, but a
few cases of post-operative thrombosis of veins ensued. It was realised that very
large quantities of fluid were being infused into each patient if the operation was in
any way protracted, but it was found that no apparent harm resulted. Of course, this
work was done in conditions of great heat and minimum humidity, and the patients
were losing large quantities of water by evaporation from the skin, and it may well
be that there would be some risk of ‘water-logging’ if the method was used in cool
and humid climates.



Post-anaesthetic Complications

Chest complications were common, often being associated with collapse of the
lung and sometimes with infection. Collapse of the lung was considered by all to be
due to bronchial obstruction from mucous plugs. Infection was most commonly
associated with pre-operation infection such as common colds and bronchitis.
Preventive measures were adopted, firstly, by the institution of regular breathing
exercises before operation, and, secondly, by the exclusion of patients with infection
from operation. Treatment in the cases with collapse of the lung consisted in
continuing breathing exercises and encouraging movement and coughing. In cases
with infection, sulphonamides and penicillin were given when the type of infection
was suitable to their use.

Organisation of Anaesthetic Services in 2 NZEF

There was provision for an anaesthetist on the staff of our general hospitals,
and Captain Slater was appointed to 1 NZ GH, Major Anson to 2 NZ GH, and Captain
Taylor to 3 NZ GH. Captain Slater was captured in Greece and remained a prisoner of
war for the greater part of the war. Major Anson, after service for some time at the
Helwan hospital, was transferred to administrative work.

The anaesthetic work was of necessity carried out by medical officers largely
without much previous experience in anaesthesia, though many later proved very
capable anaesthetists. There was no special anaesthetic organisation, medical
officers being delegated to anaesthetic duty by the OCs of the units or attached to a
surgical team or FSU as anaesthetist. The unit anaesthetist was generally utilised in
quiet periods for other medical work such as the control of the blood bank.

New Zealand had very few whole-time anaesthetists in civil practice available as
anaesthetic specialists. The 2nd NZEF was thus at a great disadvantage compared
with the British and American forces, where specialist anaesthetists were readily
available, many of them very highly qualified for the work. The 2nd NZ Division was
fortunate in having attached to its forward units British FSUs containing very capable
specialist anaesthetists, who not only provided excellent service in our units, but
helped in training many of our young medical officers. The British anaesthetists were
given definite status as specialist anaesthetists or graded specialists, but this did not
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apply to 2 NZEF.
Recommendations for the Future

It is beyond our scope to go into the question of the value of newer methods of
anaesthesia, such as the use of curare, in a future war. Perhaps newer methods will
supersede those used in the Second World War. We can only give an impression of
what seemed most practicable at the end of the war. Elaborate machines were
utilised freely at the end of the war, and if these and supplies of gas and oxygen
were readily available it would seem that they should be utilised at the CCSs and the
General Hospitals.

In the field units intravenous anaesthesia by pentothal or similar drug, and ether
by Macintosh's apparatus, would appear to be the most satisfactory methods to
adopt.

If circumstances rendered elaborate methods impossible, then pentothal and
ether by Macintosh's apparatus for the wounded man, and spinal and local with
whatever other methods of anaesthesia were available for the civilian surgery type
of cases, would provide efficient anaesthesia.

Staffing: With the utilisation of more elaborate methods of anaesthesia it will be
necessary to have specialist anaesthetists. Specialist or graded anaesthetists should
be appointed to the base hospitals, to the CCS, and to the FSUs. They would not
only give the anaesthetics, but would be available for training MOs for work both in
the forward and base units, and, if required, to train nursing sisters or orderlies to
give simple anaesthetics under supervision.

There should be a senior anaesthetist available in an advisory capacity as
regards the appointment of specialist and graded anaesthetists and the anaesthetic
service in general.

If highly trained anaesthetists are available and are suitably employed, and
their advice sought and taken, then a satisfactory service would be ensured, as the
provision of apparatus and supplies is, in comparison, a secondary consideration.

Lieutenant-Colonel Anson has stressed the necessity for having trained
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anaesthetists in the New Zealand Medical Corps. He has also urged the
standardisation of relatively simple, foolproof, ruggedly-constructed anaesthetic
apparatus, easily serviced and maintained; an agreement on such apparatus within
the British Commonwealth, or even farther afield, would be of great benefit not only
in war but in civilian practice also.
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CHAPTER 5
Gas Gangrene

T he anaerobic infection of war wounds presented problems in both World Wars.
First World War

In the 1914-18 War, during the fighting in Europe, anaerobic infection was very
common and was responsible for many amputations and deaths. The technique of
the primary excision of the wound was developed largely to combat this infection.
The radical removal of damaged and avascular muscle was determined because of
the ready growth of the anaerobic organisms in this tissue. The priority as regards
operation was commonly arranged not by the extent of the wound, but by the
presence of anaerobic infection, which was generally rapidly detected by the
characteristic smell and often by the discoloration of the skin. General signs of
toxaemia with rapid, thready pulse and anaemia were present, and locally the limb
was swollen and gas was present in the tissues, giving a feeling of crepitation on
examination and showing up in X-ray examination.

The anaerobic infection was accentuated by the wet and dirty condition of the
clothing brought about by the nature of trench warfare at that time in Flanders and
Northern France. Treatment consisted in the radical excision of all traumatised
tissue, especially avascular muscle, and the removal of any retained pieces of
clothing or foreign bodies. The wound was freely enlarged and left wide open and
treated by antiseptics. The continuous irrigation with the hypochlorites by the Carrel-
Dakin method was of great value. Intravenous injection of sodium bicarbonate
solution was utilised as well as saline and glucose. Some blood transfusion was also
given. X-ray was used as treatment, and some success claimed.

The results of treatment were good as regards prevention and in localised
infection. Removal of whole muscle and muscle groups often proved entirely
successful in preventing the spread of the infection and amputation of the limb often
saved life.

In the fulminating cases associated with generalised infection death normally
occurred. Gas infection can be said to have been the main anxiety of the forward
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surgeon in France in the First World War.
Second World War

During the 1939-45 War the problem was much less serious and the cases much
less numerous, and forward surgeons only rarely came across marked cases. There
was no question of sorting out cases for operation because of the presence of signs
of anaerobic infection. It has been stated that anaerobic infection was just as
common during the last war as it was in 1914-18. No surgeon with experience of the
conditions in the forward areas in both wars could possibly hold such an opinion. Our
observation showed that anaerobic infection was uncommon during the desert
campaigns, and that gangrene seldom developed apart from the destruction of the
main blood supply of the limb. In Italy, in spite of the conditions being more suited
to the development of the infection, there was no marked increase noted. This was
probably due to the satisfactory wound treatment and partly to the action of
penicillin in the prevention of infection. The treatment of anaerobic infection during
the war was, as in the First World War, largely preventative.

The surgical cleansing of the wound and, as has been pointed out, the removal
of devitalised muscle remained the essential part of the treatment. When infection
was actually present surgery again was all important, and consisted in the free
exposure of the wound and the removal of all infected muscle. When serious
infection of a single muscle or muscle group was present, radical removal of the
muscle or group was undertaken.

Amputation was only carried out when these measures were insufficient and
when the main blood supply of the limb was interfered with. When complete removal
of infected tissues was impossible because of the widespread nature of the infection
or the condition of the patient, very free incisions were made into the infected
tissues. All other forms of treatment were of secondary importance.

Serum was given in large doses throughout the war and was at one time
thought to be of benefit, but finally was considered to have no definite effect on the
progress of the infection. It was given also as a prophylactic in cases of serious
muscle injury and in buttock wounds, and may have been of some benefit in that
way. At first it was thought that the serum was ineffective because there was
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insufficient of the malignant oedema component, and the proportion of this was
increased. It was estimated that malignant oedema organisms were present in 9 per
cent of the cases, as against Welchii organisms in 66 per cent and Vibrio Septique in
14 per cent. The malignant oedema cases, however, were much more serious and
carried a high mortality.

The dose of serum administered as a minimum was 49,500 units (in three
ampoules), and this was repeated six-hourly if hecessary. When there was no
reaction much larger doses were given, especially if B. Oedematiens infection was
suspected. There were only 15,000 B. Oedematiens serum in 82,500 units of the
composite serum.

The sulphonamides were given regularly during the greater part of the war, both
as a preventative and as a curative agent, but were considered finally to be of little
use. Penicillin superseded the sulphonamides and proved of definite value in all
cases surviving for more than twenty-four hours after infection had been observed.

In the fulminating cases little effect was seen. Large doses were given
parenterally in all cases of established infection, and there was general agreement
that this was of definite value. Blood transfusion was given both as a means of
raising the resistance of the patient to infection and also of combating the anaemia
always associated with it. It was also of value in the prevention of secondary
infection to which very anaemic patients were specially liable.

In October 1944 it was noted that gas gangrene had been a little more common
and that one death had occurred. All the other cases had cleared up rapidly after the
excision of the affected muscles, and early secondary suture of the wounds had been
successfully carried out. With adequate and prompt surgery, except for the
occasional fulminating case, the cases had presented no great difficulty.

At the end of the war anaerobic infection was combated by the preventative
measures of surgery, the administration of blood, parenteral penicillin, and serum.
Treatment of established infection consisted of the radical surgical removal of
muscle, at times of amputation (amputation was unnecessary if the limb was
viable), and the administration of large doses of penicillin and moderate quantities
of blood.



The sighs commonly present in anaerobic infection were:

( @) Swelling and oedema of the limb.

( b) The presence of gas in the tissues.

( ¢) Discoloration of the skin, a brownish-yellow colour.
( d) The characteristic odour.

( e) Profuse brown watery discharge.

The symptoms shown were those of:

(1) Pain which was noted in about a fifth of the cases.
(2) Rapid thin pulse.
(3) Mental disturbance, generally tending to coma.

The symptoms shown by B. Welchii infection were marked toxaemia, anxiety,
brown watery discharge, sometimes jaundice. The muscles were a slate grey colour
and there was gas formation.

Infection by B. Oedematiens showed very severe toxaemia, marked swelling,
diffuse gelatinous oedema, profuse discharge and a feeling of weight. There was no
gas formation. The symptoms developed later than those due to B. Welchii. The
majority of the cases recovered or died within twelve hours of the onset of the
symptoms.

There were two distinct types of anaerobic infection, gas gangrene proper and
claustridial myositis. The latter was associated with the presence of gas in the
muscles and also in the subcutaneous tissues, but gangrene did not occur nor was
there the profound toxaemia associated with the gangrene cases. Whereas there
was a mortality of about 50 per cent in gas gangrene, myositis in itself did not cause
death.

Anaerobic streptococcal myositis gave rise to a swollen limb with bright-red
muscles which were not gangrenous. The muscle smear showed small chained
streptococci. Deep incisions were made into the muscles, and large doses of
sulphathiazole, 60 grammes in forty-eight hours, were given till penicillin became
available and was administered in full parenteral doses.

In Italy there were 72,000 battle casualties in the Allied armies between



September 1943 and October 1944, and among them 236 cases of gas gangrene
were reported with a mortality of 46 per cent. Of a total of 312 cases (including
accidental injuries), there were 17 New Zealanders. About half the total cases had
damage to the main vessels. A few were caused by tight plasters. Some of the
deaths were due to other causes, including severe sepsis and anuria. Just over half
died in the General Hospitals, and most of the others at the CCSs. The heaviest rate
of mortality was seen in wounds of the abdomen, head, and neck (100 per cent),
and in buttock and thigh wounds it was about 60 per cent.
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T he anaerobic infection of war wounds presented problems in both World Wars.



WAR SURGERY AND MEDICINE

FIRST WORLD WAR
First World War

In the 1914-18 War, during the fighting in Europe, anaerobic infection was very
common and was responsible for many amputations and deaths. The technique of
the primary excision of the wound was developed largely to combat this infection.
The radical removal of damaged and avascular muscle was determined because of
the ready growth of the anaerobic organisms in this tissue. The priority as regards
operation was commonly arranged not by the extent of the wound, but by the
presence of anaerobic infection, which was generally rapidly detected by the
characteristic smell and often by the discoloration of the skin. General signs of
toxaemia with rapid, thready pulse and anaemia were present, and locally the limb
was swollen and gas was present in the tissues, giving a feeling of crepitation on
examination and showing up in X-ray examination.

The anaerobic infection was accentuated by the wet and dirty condition of the
clothing brought about by the nature of trench warfare at that time in Flanders and
Northern France. Treatment consisted in the radical excision of all traumatised
tissue, especially avascular muscle, and the removal of any retained pieces of
clothing or foreign bodies. The wound was freely enlarged and left wide open and
treated by antiseptics. The continuous irrigation with the hypochlorites by the Carrel-
Dakin method was of great value. Intravenous injection of sodium bicarbonate
solution was utilised as well as saline and glucose. Some blood transfusion was also
given. X-ray was used as treatment, and some success claimed.

The results of treatment were good as regards prevention and in localised
infection. Removal of whole muscle and muscle groups often proved entirely
successful in preventing the spread of the infection and amputation of the limb often
saved life.

In the fulminating cases associated with generalised infection death normally
occurred. Gas infection can be said to have been the main anxiety of the forward
surgeon in France in the First World War.
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WAR SURGERY AND MEDICINE

SECOND WORLD WAR
Second World War

During the 1939-45 War the problem was much less serious and the cases much
less numerous, and forward surgeons only rarely came across marked cases. There
was no question of sorting out cases for operation because of the presence of signs
of anaerobic infection. It has been stated that anaerobic infection was just as
common during the last war as it was in 1914-18. No surgeon with experience of the
conditions in the forward areas in both wars could possibly hold such an opinion. Our
observation showed that anaerobic infection was uncommon during the desert
campaigns, and that gangrene seldom developed apart from the destruction of the
main blood supply of the limb. In Italy, in spite of the conditions being more suited
to the development of the infection, there was no marked increase noted. This was
probably due to the satisfactory wound treatment and partly to the action of
penicillin in the prevention of infection. The treatment of anaerobic infection during
the war was, as in the First World War, largely preventative.

The surgical cleansing of the wound and, as has been pointed out, the removal
of devitalised muscle remained the essential part of the treatment. When infection
was actually present surgery again was all important, and consisted in the free
exposure of the wound and the removal of all infected muscle. When serious
infection of a single muscle or muscle group was present, radical removal of the
muscle or group was undertaken.

Amputation was only carried out when these measures were insufficient and
when the main blood supply of the limb was interfered with. When complete removal
of infected tissues was impossible because of the widespread nature of the infection
or the condition of the patient, very free incisions were made into the infected
tissues. All other forms of treatment were of secondary importance.

Serum was given in large doses throughout the war and was at one time
thought to be of benefit, but finally was considered to have no definite effect on the
progress of the infection. It was given also as a prophylactic in cases of serious
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muscle injury and in buttock wounds, and may have been of some benefit in that
way. At first it was thought that the serum was ineffective because there was
insufficient of the malignant oedema component, and the proportion of this was
increased. It was estimated that malignant oedema organisms were present in 9 per
cent of the cases, as against Welchii organisms in 66 per cent and Vibrio Septique in
14 per cent. The malignant oedema cases, however, were much more serious and
carried a high mortality.

The dose of serum administered as a minimum was 49,500 units (in three
ampoules), and this was repeated six-hourly if necessary. When there was no
reaction much larger doses were given, especially if B. Oedematiens infection was
suspected. There were only 15,000 B. Oedematiens serum in 82,500 units of the
composite serum.

The sulphonamides were given regularly during the greater part of the war, both
as a preventative and as a curative agent, but were considered finally to be of little
use. Penicillin superseded the sulphonamides and proved of definite value in all
cases surviving for more than twenty-four hours after infection had been observed.

In the fulminating cases little effect was seen. Large doses were given
parenterally in all cases of established infection, and there was general agreement
that this was of definite value. Blood transfusion was given both as a means of
raising the resistance of the patient to infection and also of combating the anaemia
always associated with it. It was also of value in the prevention of secondary
infection to which very anaemic patients were specially liable.

In October 1944 it was noted that gas gangrene had been a little more common
and that one death had occurred. All the other cases had cleared up rapidly after the
excision of the affected muscles, and early secondary suture of the wounds had been
successfully carried out. With adequate and prompt surgery, except for the
occasional fulminating case, the cases had presented no great difficulty.

At the end of the war anaerobic infection was combated by the preventative
measures of surgery, the administration of blood, parenteral penicillin, and serum.
Treatment of established infection consisted of the radical surgical removal of
muscle, at times of amputation (amputation was unnecessary if the limb was



viable), and the administration of large doses of penicillin and moderate quantities
of blood.

The signs commonly present in anaerobic infection were:

( @) Swelling and oedema of the limb.

( b) The presence of gas in the tissues.

( ¢) Discoloration of the skin, a brownish-yellow colour.
( d) The characteristic odour.

( e) Profuse brown watery discharge.

The symptoms shown were those of:

(1) Pain which was noted in about a fifth of the cases.
(2) Rapid thin pulse.
(3) Mental disturbance, generally tending to coma.

The symptoms shown by B. Welchii infection were marked toxaemia, anxiety,
brown watery discharge, sometimes jaundice. The muscles were a slate grey colour
and there was gas formation.

Infection by B. Oedematiens showed very severe toxaemia, marked swelling,
diffuse gelatinous oedema, profuse discharge and a feeling of weight. There was no
gas formation. The symptoms developed later than those due to B. Welchii. The
majority of the cases recovered or died within twelve hours of the onset of the
symptoms.

There were two distinct types of anaerobic infection, gas gangrene proper and
claustridial myositis. The latter was associated with the presence of gas in the
muscles and also in the subcutaneous tissues, but gangrene did not occur nor was
there the profound toxaemia associated with the gangrene cases. Whereas there
was a mortality of about 50 per cent in gas gangrene, myositis in itself did not cause
death.

Anaerobic streptococcal myositis gave rise to a swollen limb with bright-red
muscles which were not gangrenous. The muscle smear showed small chained
streptococci. Deep incisions were made into the muscles, and large doses of
sulphathiazole, 60 grammes in forty-eight hours, were given till penicillin became



available and was administered in full parenteral doses.

In Italy there were 72,000 battle casualties in the Allied armies between
September 1943 and October 1944, and among them 236 cases of gas gangrene
were reported with a mortality of 46 per cent. Of a total of 312 cases (including
accidental injuries), there were 17 New Zealanders. About half the total cases had
damage to the main vessels. A few were caused by tight plasters. Some of the
deaths were due to other causes, including severe sepsis and anuria. Just over half
died in the General Hospitals, and most of the others at the CCSs. The heaviest rate
of mortality was seen in wounds of the abdomen, head, and neck (100 per cent),
and in buttock and thigh wounds it was about 60 per cent.
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CHAPTER 6
Tetanus

FIRST WORLD WAR

THE distribution of tetanus spores in the soil varies to a marked degree over the
world. In the First World War most cases were infected in France and Belgium. Few
cases were reported in British armies in other areas—seven in Mesopotamia, six
from Gallipoli (all in cases of trench foot), four in Salonika, and three in Italy. Lack of
recorded cases suggested there were few cases in Egypt. In 1 NZEF the number of
cases is not known, but there were three deaths. Among the British troops in France
the rate of infection at the beginning of the war was over eight per 1000 wounded,
but this was reduced by the giving of injections of anti-tetanic serum after wounding
from the end of 1914, so that the over-all rate for the period of the war was 1:47 per
1000 wounded. The total number of British cases was 2529. Mortality was 50 per
cent in these cases, but death was not necessarily due to tetanus alone.

SECOND WORLD WAR

In the Second World War active immunisation of all troops sent overseas was
practised, and the results proved the value of inoculation. There were few cases of
tetanus recorded among New Zealanders, although it is not known that any of the
soil over which they fought was highly infected.

The procedure for prophylaxis was for each man, shortly after mobilisation, to
be inoculated with two doses of 1 ccm. of tetanus toxoid at an interval of six weeks.
After a further interval of at least six months a third dose of 1 ccm. was given, with
further doses at intervals of a year or less.

As soon as possible after an injury was inflicted each wounded man was given a
dose of 3000 international units of anti-tetanus serum (ATS). This was intended to
cover any gaps in the protection offered by active immunisation.

There are three reports of cases in 2 NZEF during the war. Captain Borrie
recorded two deaths from tetanus at Kokkinia prisoner-of-war hospital in Athens.
One was a Maori, but the force to which the other belonged was not stated. ! Both
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had severe wounds, no adequate surgery, and had had no ATS after wounding. Both
had had tetanus toxoid a year previously. Boyd and Maclennan, RAMC pathologists,
in 1942 recorded two cases, both Maoris, one of whom died. The Consultant Surgeon
CMF recorded two New Zealand cases in a total of 42 Allied cases in Italy. Both
survived. There are no other reports of cases in the 2 NZEF.

This gives a total of a certain five (and possibly six), with two (or three) deaths
during the whole period of the war. Two, or possibly three, were wounded in Crete
and had no ATS and inadequate surgery. Three were Maoris, two of whom were
wounded in Crete, and two died. The report of 2 General Hospital on the Maori who
developed tetanus in the hospital eight days after being wounded in Crete stated
that a complete recovery followed massive injections of ATS intramuscularly and
intravenously.

It would appear that the lack of prophylactic ATS, associated with lack of
adequate surgical treatment, together produced a dosage of toxin in the body
sufficient to overwhelm the protective barrier produced by the tetanus toxoid
injections.

There may also be a relative lack of immunity in the Maori race, but as there
appear to have been no further cases after July 1942 this can hardly be a matter of
much importance.

Boyd and Maclennan emphasized that early diagnosis must be based on clinical
signs and symptoms as bacteriological examination gives no timely positive
assistance. They consider that immunisation by tetanus toxoid in three doses has
proved eminently satisfactory, but that prophylaxis by ATS and particularly adequate
surgical treatment are both still necessary and that massive production of tetanus
toxin in the body can still be fatal in spite of immunisation and prophylaxis.

A ppendix
Case Report of Maori Death

CASE 18: New Zealander, Maori. Tetanus toxoid 12 January and 26 February
1941 and 13 April 1942. 14 July 1942 reported sick, with temperature. Later
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wounded by shrapnel in left arm. No ATS given. Evacuated via Casualty Clearing
Station to General Hospital. Temperature at one stage 103° F. 18 July, operated on.
Large foreign body removed from arm. Wound dressed with sulphonamide vaseline.
19 July, given 8 grammes sulphonamide. 20 July, transferred to another hospital.
Wounds looked clean, arm in sling; noisy and excited. 21 July, again noisy and
irritable. Left arm swollen and painful, condition suggestive of cellulitis. Wounds
explored with sinus forceps, no frank pus. 22 July, attempted to hit anyone who
came near him. Foments applied to left arm. 23 July, more excited, got out of bed
and tried to hit another patient. Complained of pain in chest. Slight twitching of the
arm noticed. Temperature 102° F. 24 July, mild toxic spasms began which increased
during the day. At 7 p.m. temperature had risen to 107°. Died at 7.45 p.m.

Casualies in recepison temt of AMDS near Sidi Rezegh, November 1941

Casualties in reception tent of MDS near Sidi Rezegh, November 1941

G ADS in action at.El Mreir, July 1942
6 ADS in action at El Mreir, July 1942
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Wounded ar 5 MDS, Alamein, 24 October 1942

Wounded at 5 MDS, Alamein, 24 October 1942

5 MD5S near Cassino, March 1944

5MDS near Cassino, March 1944

1 NZ CCS at Presenzano, March 1944
1 NZ CCS at Presenzano, March 1944
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Wounded in the iung'.c. Missan Tsland, JIII:I'.L'.I.F:' 1044

Wounded in the jungle, Nissan Island, January 1944

Bren carrier with wounded at RAP, Senio, April 1945

Bren carrier with wounded at RAP, Senio, APRIL 1945

Patients en stretcher-jecp near Cassino, April 144

Patients on stretcher-jeep near Cassino, April 1944
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Abdominal case transported with intravencous saline and  gastric
suction, Sedada, Tripolitania, January 1943

Abdominal case transported with intravenous saline and gastric suction, sedada, Tripolitania, January
1943

Air evacuation, Tundsia, Apal 1943

Air evacuation, Tunisia, April 1943
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Mohile 5urgic—.1.| Unit u|.|u:ij1|:|:|.|.::|1! van, Maadi

Mobile Surgical Unit equipment van, Maadi

\ surgeon of the British Field Surgical Unit operaring
ar 1 WZ CCS, Gabes

A surgeon of the British Field Surgical Unit operating at 1 NZ CCS, Gabes

1 M Field Sergica Unir team ampomtieg o masgled leg in Inth

1 NZ Field Surgical Unit team amputating a mangled leg in Italy
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2 % Faeld Transfusion Ulnit cn-lh.'n.'nl_; hland from donors oz Tobmuk,
Nowomber 12

2 NZ Field Transfusion Unit collecting blood from donors at Tobruk, November 1942

Resuscitation room ar 4 MDS, Faenea, January 1945

Resuscitation room at 4 MDS, Faenza, January 1945

1 NZ CCS Operating Theatre at MDS, Alamein Line, Auguse 1942

1 NZ CCS Operating Theatre at MDS, Alamein Line, August 1942
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Application of a Thomas splint and use of Macintosh anacstheric
apparatus, & MDS, Casstog, Apreil 1944

Application of a Thomas splint and use of Macintosh anaesthetic apparatus, 6 MDS, Cassino, April
1944
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Bomb casualty, Alamein, showing traumatic amputation

Bomb casualty, Alamein, showing traumatic amputation

Mlebomingd epemtion,
Alarpain, 34
Chetober 1942

showing suctinn

apuralis

Abdominal operation, Alamein, 24 October 1942 showing suction apparatus

Ulpemtion on scvere

e imjury, 1 NZ (5

b
-

Operation on severe leg injury, 1 NZ CCS
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Mret-npermarive intraversus saline and gastric sucticon for nhdomiral
rv, | CICE, Furl, 1944

Post-operative intravenous saline and gastric suction for abdominal injury, 1 NZ CCS, Forli, 1944

Ward of ahdominal cases, 1 Mo OS5, Galwes, 1943, :h.:'.\l,-in:g' @astric
suction and intravenous saline apparatus,

Ward of abodominal cases, 1 NZ CCS, Gabes, 1943, showilng gastric suction and intravenous saline
apparatus
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Plursing piscer e wartd in 1 ME CO5 ar Trores in Janpary 1983

Nursing sister in tented ward in 1 NZ CCS af Tarnet in January 1943

Tobruk splint applied for fracture of femur, 6 MDS, April 1944
Note the drawing on the plaster

Tobruk splint applied for fracture of femur, 6 MDS, April 1944

Saline bath unit, 1 NZ General Hospital, Helwan. Note precautions
against secondary infection

Saline bath unit, 1 NZ General hospital, Helwan, Note precautions against secondary infection
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K-m!.' ]'.N.-Iﬂrrmrﬂr_ 3 NE General H{'ﬁl‘lili‘lr Beirae

X-ray Department, 3 NZ General Hospital, Beirut

Kramer wire ab<duction frume, prisoner-of-war hospital, Kokkinis,

Athens, 1541
Kramer wire abduction frame, prisoner-of-war hospital, Kokkinia, Athens, 1941

Examples of calipers and splints made by prisoners of war at Lamsdor,
Cermany, 1944

Examples of calipers and splints made by prisoners of war at Lamsdorf
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Fighting the I"I:r menace, Alamein Line, Supu;mbcr 1042

Fighting the fly menace, Alamein Line, September 1942

28 N Batalion making showers, Cassino, March 1944

28 NZ Battalion taking showers, Cassino, March 1944

Tectuge v amti-malaria s;luan:l. feogn Mew Zealand umits i Tealv,
May 1944

Lecture to anti-malaria squads from New Zealand units in Italy, May 1944
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Malaria Control Unit spraying pools, Guadalcanal, 1944

Malaria Control Unit spraying pools, Guadalcanal, 1944

Treatment: ATS on 24 July at 4.30 p.m., 60,000 units partly intravenously partly
intramuscularly; at 6 p.m. 90,000 units intramuscularly.

Autopsy: Left forearm and arm greatly swollen; two large wounds on
posterolateral aspect of left arm with superficial healing; spiral fracture of middle
third of humerus, and all deep muscles showed extensive necrosis, almost
colliquative; no actual pus or gas present; liver and kidneys showed toxic changes.
Portions of muscle from the upper and lower thirds of triceps, and the deep surface
of the trapezius, and a portion of bone-marrow from the humerus all yielded a
growth of Cl. tetani, type III. Other anaerobes were present, but have not yet been
identified.

Reference

J. S. K. Boyd and J. D. M acL ennan Lancet, 26 December 1942.

1 Believed to have been an Australian.
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WAR SURGERY AND MEDICINE

FIRST WORLD WAR

FIRST WORLD WAR

THE distribution of tetanus spores in the soil varies to a marked degree over the
world. In the First World War most cases were infected in France and Belgium. Few
cases were reported in British armies in other areas—seven in Mesopotamia, six
from Gallipoli (all in cases of trench foot), four in Salonika, and three in Italy. Lack of
recorded cases suggested there were few cases in Egypt. In 1 NZEF the number of
cases is not known, but there were three deaths. Among the British troops in France
the rate of infection at the beginning of the war was over eight per 1000 wounded,
but this was reduced by the giving of injections of anti-tetanic serum after wounding
from the end of 1914, so that the over-all rate for the period of the war was 1:47 per
1000 wounded. The total number of British cases was 2529. Mortality was 50 per
cent in these cases, but death was not necessarily due to tetanus alone.


http://www.nzetc.org/tm/scholarly/name-008009.html
http://www.nzetc.org/tm/scholarly/name-006905.html
http://www.nzetc.org/tm/scholarly/name-026177.html
http://www.nzetc.org/tm/scholarly/name-009685.html
http://www.nzetc.org/tm/scholarly/name-001383.html
http://www.nzetc.org/tm/scholarly/name-004367.html
http://www.nzetc.org/tm/scholarly/name-008009.html

WAR SURGERY AND MEDICINE

SECOND WORLD WAR

SECOND WORLD WAR

In the Second World War active immunisation of all troops sent overseas was
practised, and the results proved the value of inoculation. There were few cases of
tetanus recorded among New Zealanders, although it is not known that any of the
soil over which they fought was highly infected.

The procedure for prophylaxis was for each man, shortly after mobilisation, to
be inoculated with two doses of 1 ccm. of tetanus toxoid at an interval of six weeks.
After a further interval of at least six months a third dose of 1 ccm. was given, with
further doses at intervals of a year or less.

As soon as possible after an injury was inflicted each wounded man was given a
dose of 3000 international units of anti-tetanus serum (ATS). This was intended to
cover any gaps in the protection offered by active immunisation.

There are three reports of cases in 2 NZEF during the war. Captain Borrie
recorded two deaths from tetanus at Kokkinia prisoner-of-war hospital in Athens.
One was a Maori, but the force to which the other belonged was not stated. ! Both
had severe wounds, no adequate surgery, and had had no ATS after wounding. Both
had ha