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CHAPTER 1
ORGANIZATION OF ACCIDENT SERVICES

THe EDITORS

AN MPORTANT medical challenge of our time 1s the necessity to abolish architectur
ally archare casualty departments and associated old fashioned notions these
must be replaced by an efficient system of accident services based on modern 1deas
of need and design Too long has the treatment of accidents been the Cinderella
of our hospital system and atthough the last 50 years have secn remarkable
advances in medicine and surgery the treatment and study of accidents has lagged
behind An interest i1n wounds, haemorrhage and casualties has penodically
revived in time of war but has tended to flag when hostilities ceased  Yet gradually
the appreciation has grown that it 1s necessary to apply modern techniques and
advances to the treatment of civilian tnjuries. This 1s not easy to implement without
solving & number of problems of organization

An cfficrent organization must be based on two interrelated principles (1) the
formation of accident departments 1n hospltals through the segregation of aca
dent cases and (2) the availability of a whole range of medical surgical patho-
logical and radiologreal services aimost at a moment s notice.

The slowness 1 developing proper accident services was onginally due to a
resstance to the separation of injured patients from the stream of general surgical
wrvices later when the concept of fracture clinics was accepted, 1t resulted from
the notion that it was impossible to unite the treatment of fractures with the
treatment of injuries to the cranial thoracic or abdomunal contents Yet trauma
40c3 1ot recognize neat anatomical or regional divisions and injunies are often
multiple, requiring simultaneous treatment consider for example, the frequency of
Irmb fractures 1n patients with head chest, spmal or abdominal injurtes and the
frequent combinations of head and chest, chest and spine or chest and abdom:nal
njunes. The patient must be considered as 8 whole and, though often treated by a
team, must come under the over-all care of one surgeon. Delay in development

| 2o arose from difficulties financial and otherwise m planming for treatment
within & short yme of injury and, before 1948 from the lack of an organized and

I L}‘;‘lecd health service The present national system 1n Great Britmin of Regional
0sprial Boards provides the opportunity for full development of highly efficient

mit services worthy of the country s medical traditton provided that the will 1s

MAGNITUDE OF THE PROBLEM
The modern accident problem stems largely from social and industrial develop-
::nnu of the nineteenth and twenticth centunes A considerable number of acct
’ 8 arise from industrialization and the rapid increase 1 motor transport, whilst
longevity has added to the incidence of certan mjuries m the aged
| e 1



ORGANIZATION OF ACCIDENT SERVICES

Among a population of about 50 million people in Britain about 20 million 1n-
Junes are treated every year outside hospital by medical, nursing and first aid
services These are of course, mainly minor 1injuries In addition about 2 million
casualtics are treated 1n hospitals (Gissane 1955)

In 1958 road casualties totalled 293 797 persons injured and 5,970 persons
killed. Thus included 49 146 children (under 15 years) wnjured and 717 kilied and
31 631 elderly people (over 60 years) injured and 1 768 killed The total injured
was the highest on record and the total of deaths the largest since 1944 The
children s figures were higher than at any ume since 1949 when they first became
available.

In 1957 reportable factory accidents (excluding the docks and munes) numbered
174 713 with 651 deaths, even though there was a tendency for industrial injunes
to fell in the previous decade

Figures relating to domestic and other accidents are difficult to obtmn. The
Regustrar-General s Statistical Review for 1956 attributed 3 498 deaths to accidents
by falling at home of these 3 173 were 1n ¢lderly persons (over 65 years)

Children

The most serious myuries in the younger age groups result from road accidents
and falls from heights children also sustain a high proportion of the more
dangerous burns.

It 1s important to recognize that injury is the largest single cause of death in
every age group from 1 to 39 years For example the death rate from accidents 1n
boys 5-14 years of age is higher than the combined rates from tuberculoss
pneumonia, heart disease, rheumatic fever and other infectious diseases

Fatal Injuries

A survey of the deaths in the Birmungham Accident Hospital showed that most
of the injurtes dangerous to hife can be divided nto four mamn groups (Clarke
1959)

Head injurtes

Three-quarters of the deaths from head injuries occur among males. Many of
these have injuries elsewhere and sometimes the associated injury 1s sufficient tobe 2
potential cause of death. Many cases aro fatal within 2 day or two of accident but
many others succumb to complications which are potentially treatable or
preventable

Fractures of the ferur in the elderly

The second group comprises deaths following fractures of the femur in elderly
people, mostly females Most of these deaths are from supervening broncho-
pneumonia or pulmonary embolism The latter 13 largely preventable by prophy
lactic anticoagulant therapy (see Chapter 17)

Miscellaneous
A large muscellaneous group includes many younger people with abdommno-
thoracic injuries or severe internal bleeding. Many of these njuries are not

2



FRACTURE CLINICS OR ACCIDENT CENTRES

necessarily fatal provided that first-class medical and surgical attention 1s rapidly
avarlable.
Burns

Burns are a special problem (see Sevitt, 1957)

FRACTURE CLINICS OR ACCIDENT CENTRES

The recent hustory of thus controversy began in 1913 with & report on the treatment
of fractures by the Bnitish Medical Association Soon after this a number of
orthopacdic centres and a few fracture clinucs n general hospitals were developed,
partly stimulated by World War 1 and the efforts of Robert Jones and hys associates
The foundation of the Unfallkrankenhaus 1n Vienna in 1926 under the direction of
Dr L. BShler was a great stimulus because for the first ime a8 major cvilian
hospital 1n a large oty assumed responsibility for treatng inguries and only
njuries Its economic support was derrved from insurance compantes  this pattern
of finance never developed in Britein but took root sporadically clsewhere 1n Europe
and 1 Amenca. The need for orgamized fracture services was agan stressed by
another report from the British Medical Assoczation (Report, 1935) and 1n a report
by a government Interdepartmental Commuttee (Report, 1939) which stated
surgical opmion 15 agreed 1 recommending the institution of special fracturs
services  The system which was untversal to a recent date by which fractures
arc treated m general surgical wards under generel surgical routine 1s gravely
defective” Recogmition was pyven to the mmporiance of after-care and full rehabily
tation, to the need for a special organization within a general hospital to cover
treatment from the trme of injury to restoration of full working capacity and to
the necessity to continue i patient and out patient treatment mn a single depart
ment by the same team The 1dea that a full traumatic service was impossible with-
out a team of surgical “super specialists” was expressed to the comnuttee by the
fate Sir Cuthbert Wallace who said  “Traumatic surgery covers such a lot of
ground A man may have a crack on the head or a ruptured intestine You cannot
expect a man to specialize m all these things, They belong to different depart
ments By talkmg of traumatic surgery you are mixyng up a lot of things ™
Novertheless, the commuttee did not oppose the development of full sccdent
scrvices but stated that “the most important and most urgent need at present
13 the provision of services for the treatment of fractures and our recommendations
bear  on the steps necessary fo secure this  Advance towards the wider con
ception of a traumatic umt (if found desirable) is more Likely to take place
by & process of development than by pressing the conception at once
A Tuller accident service was recommended by the British Orthopaedic Associa
tion 1n 1943 1n 1ts Memorandum on Accident Services ! This emphaszed that
B;}g: t’:_tumnlty departments of general hospitals must be replanned reorganized
often rebult. There maust be a separate organization and even 2 separate door
of entry for accident cases on the one hand and acute medscal and general surgical
:T:\mmm:shg; thc"o\hcr In the accident department many cubicles should be
st be lmmedtal:a ents are prepared examined and treated for shock There
heatres fuu; ::ﬁ?psng ;:flt;grnp}uc dcplls_nrncnu leading directly to emer
mg°m°°\3'°r Injures.” ¢ excision of wonnds and the emergency treat

13
For its new memorandum, see Addendum on page 8



ORGANIZATION OF ACCIDENT SERVICES

With all this we agree and to 1t would add provision of a 24-hour Isboratory
service particularly for the technical aspects of blood transfusion The memo-
randum nghtly drew attention to the necessity of hospital beds for “minor”
njuries, the need for follow up chinics and continwity of treatment, and to other
matters of organuzation but it had certain shortcomings Trauma was considered
fundamentally a part of orthopaedic surgery the development of accident services
was seen as an extension of fracture departments although the treatment of
visceral injuries was not excluded Accident departments in general hospitals were
envisaged rather than independent accident units, The report in fact outlmed the
development which has slowly taken place since the inception of the National
Health Service in 1948

BIRMINGHAM ACCIDENT HOSPITAL

One important exception was the foundation n 1941 of the Birmingham Accident
Hosprtal under the directton of Mr W Gissane It took over an old hospital
building n the heart of the city and, starting with hmuted staff 1t treated 10 000
patients 1n its first year later 1t recetved wounded servicemen from the Second
Front of World War II It now receives 50,000 new patients every year about
7 000 are 1n patients and of these about 5000 are adrmutted to short-stay wards.
Part of the old intenor was redesigned and provided 2 new type of casualty and
admrssion department with a planned layout to facilitate the out patrent care of
wounds and fractures. The casualty department and the in patient work are
ntegrated and not separated by artifical barners of organuzation. A sumple but
new hind of dressing station for the out patient care of minor cuts and lacerations
was provided in order to eliminate or greatly reduce the incidence of added bac

teral infection this was based on & no-touch techruque and the physical separation
of *clean™ and “dirty™ wounds, staff instruments and dressings. The hospital
ncludes a self-contamned burns umt with its own staff closely associated with a
Medical Research Council unit, a radiological service and a large rehabilita

tion department providing physiotherapy remedial exercrses and occupational
thera,

Treiytmmt 1s comprehensive and continuous and 1s carried through to the fullest
functional recovery Surgery includes acute and reconstructive orthopacdc,
abdominal thoracte, mtracramal, plastic, peripheral nerve and vascular operations.
Pathological services have grown with the years and cover a comprehensive
range of the various disciphines now found so necessary in treatment, prophylaxs
and research. A day and night emergency laboratory service, particularly for blood
transfusion, 15, for example just as necessary as radiology and operating theatres
biochemistry 1s needed for the understanding and treatment of electrolyte metabolte,
renal hepatic and other disturbances bactertology s essential for the prevention and
intelligent treatment of wound and other infections laboratory control of therapy
ts needed for prophylaxis and treatment of thrombo-embolsm, whilst hrstology
sheds light on tnomited and pathological fractures, false neuromas, and disorders
of joints, bone muscle and other tissues It 1s also necessary to mention that
patients with diabetes mellitus, pernicious anaemia, carcrnoma and other drseases
for whom laboratory investigations are needed are just as likely to be myured a3
others.
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DESIGNATED HOSPITALS

Surgical orgamization 15 based on whole-time surgeans who form three parallel
teams and, in addition, a team staffing the burns unit Each team 1s responsible for
new patients attending hospstal wathun successive 24-hour periods Each team has its
own medical secretartes and an almoner who 1s responsible for orgamzing & wide
vanety of socisl help for the patients including resettlement, if necessary through
the Mimsstry of Labour the Disablement Resettlement Officers and Industrial
Rehabilitation Umits

The organtzation allows experienced surgeons to take personal responstbility
for treating major 1njurtes from the resuscitation phase onwards and gives all the
surmcal stafl a wide experience of different injumes

1n our expertence the carly treatment of many injunes particularly road acc
dents, mvolves much more than & knowledge of orthopaedic or plastic surgery
resuscitation requires surgical judgment which cannot be defegated to anaesthetists
or transfuson officers except as part of a team The surgeons must develop a general
knowledge of the effects of mjury m 2i} parts of the body and be able to assess
prionties, patients with multiple mjunies cannot be sorted early and handed over
to sppropriate specialists The iuual treatment requuces surgeons with a wide
knowledge of many fields and special experience in injures Each consultant
surgeon must be expenenced in the orthopacdic care of fractures, the treatment of
wounds and abdominal surgery and have a sound working knowledge of the
traumatic aspects of cranual, thoraac and plastic surgery It 1s mrelevant whether
he 1s called & traumatic surgeon, a general surgeon with traumatic experience or an
orthopaedic surgeon with wider interests 1t 1s the mas, his mnterests, training and
expentence and not the termnology that matters Thus does not mean that there 15
no place for the specialist thoracie or plastic surgeon or neurosurgeon 1 traumatic
work. On the contrary they often play 2 vital part their advice and skill must be
available readdly and fully used when required

The segregation of mecident cases has facilitated advances in treatment, and the
expenience of the Birmungham Accident Hosprtal has sharply focused attention on
many problems. It s now clear that the orgamzation needed for treating mnyunes
on & regronal or national basis requires more than the extension of fracture services.
Nevertheless the relative nolaton of the hospital from a medical centre has
brought certain disadventages Contact with other specalities and disciplines s
not always casy and certain problems of staffing would be solved more readily

n an autonomous or semt-antonomons unit that was part of a wider hospital
OIgASSZAtION.

DESIGNATED HOSPITALS

The multsphicity of hospitals 1n cities and the uncvenness of standards in the
treatment of mjunes has focused attention on the necesuty to designate a himited
number of them as specal accident units or centres these 2lone should recerve
czxuahlu brought in by ambulance In considering the London accident services
the Medical World (1956) wrote “Instead of an accident service we have a com
plicated ng-saw of more or less itegrated sections—hospitals of every nze, type
and quality doctors with cvery vatiety of specilized truming or lack of 1
mn‘:lhllry divided between hall a dozen public authontses The answer 15
lh’:wu{ 10 reduce the number of casualty-recerving hospitals and to concentrate
ty resources into these ™ Segregahion of accidents 1 one or more designated



ORGANIZATION OF ACCIDENT SERVICES

hospitals providing treatment as well as sorting, 15 essential for orgamnng
an efficient round theclock emergency service 1n an urban area Experienced
medical stafl must be available at short notice facilities for safe blood transfusion
and for rdiology must be on a 24-hour basis and operating theatres must be
available without delay Ambulances would be instructed to take accident cages,
not to the nearest hospital but to the nearest designated hospital that 15, one
provided with an sccident department This principle received wide support at the
combined meeting of the sections of Traumatic Surpery Orthopaedics and General
Surgery at the 1958 Annual Meeting of tho British Medical Assocation

NATIONAL AND REGIONAL ORGANIZATION
FOR ACCIDENTS

A nationwide accident service must have a regional basis We envisage (1) at the
centre of each region an accident hospatal or a large accident block of a big general
hospital (2) a peripheral service based on accident departments 1n designated
general hospitals and (3) further to the periphery the full up-graded services of
general practitioners The hospital services should work closely with the casualty
services 1n industry We consider 1t essential that treatment as it is under the
National Health Service in Britamn, should be “free” in the sense that it 13 provided
for by general taxation rather than payment at the time of need
Thus plan has repercussions on the structure of medical practree Full facilities
for treating minor injunes by general practiioners would not only relieve the
hospitals of a Jarge burden of work but would prevent many munor injuries from
developing major complications. Thus can be properly implemented only through
group practice, preferably in health centres which could provide facilities for muner
surgery and radiology In rural areas some kind of group practice would permit 2
practitioner to attend to acute emergencies reaching the cottage hospital without
detriment to his other work. At the factory level an extension of efficient casualty
departments 1n large and medium-sized factories 1s needed whilst the possibility of
sharing a casualty department amongst a group of small factorses should be
further explored This involves the problem of an industrial health service and its
Links with the National Health Service
General hospitals properly staffed and designated with accident departments
would treat most of the casualties needing hospital treatment
The central acoident service 1n an urban area could be provided erther as an
independent accident hosprtal on the lines of the Birmingham Accident Hospital
or alternatively as a semu autonomous large wing or block attached to a major
general hospital preferably an undergraduate teaching hospital Such a link with
the medical school woulg stmulate 2 more comprebensive teachng of under
gradustes in the treatment of accidents and so equip the general practitioners and
surgeons of the future The advantages of an accident block over an aceident
hospital are first, the ready availability of a vaniety of medical surgical and other
specialists m the other parts of the hospital secondly the possibility of rotating
nurses, radiographers, medical and other staff and so solve problems of staffing
thirdly the passibility of traiming larger numbers of personne) The accadent block
must, of course have the contmuous services of consultants, otherwise there is a
danger that 1t might become 2 backwater with junior stafl working in 1solation and
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ORGANIZATION OF ACCIDENT SERVICES

scene of the accident they should be immediately transported to an appropriate
hospital if this 1s situated within 30-40 minutes dnving distence provided treatment
15 begun immediately after arnval (Clarke 1955) Otherwise resuscitation before
and durning transport may be needed and group O blood should be transfused
(see Chapter 6)

Addendum

The new memorandum on accldent services by the British Orthopaedic Assoclation
(1959) appeared when this chapter was in the press. It advocates that the organiztion
of accxdent services must be undertaken by the state as a quasi-military operation and
that considerable expenditure is needed over many years A nation-wide, 24 hours &
day accident service 15 proposed 1n each area there would be a central accident unit
attached to a general hospital and this, topether with the upgraded services of peri-
pheral hospitals would provide the accrdent serviee for the area The actident unit woukd
be fully staffed and have facilities for the reception, resusatation and contmued treat
ment of all injurcd patients. It s estimated that the accldent units would need 150-250
beds for half a rmilion of population assuming that beds for convalescence, cxpechally
for the elderly are also available At the periphertl hospatals there must be a clinicran,
cither a resident surgeon in a small town or a generzl practitioner who can deal com-
petently with minor injuries and who can distingurth between these and injumes which
are actually oc potentially serious. In principle these proposals are sumilar to ours.
Hcrwcvu' accident surgery was agnmn envisaged as an extension of orthopaedic surpery

Ithough t vork was d, “the orth dic surpeon should confine his
mponsﬂﬂhly to injuries of the limb and spine the neurosurgeon will deal with infuries
to the head, the thormac surgeon with infuries to the chest, the abdominal surgeon with
visceral Injurtes and 5o on™ They still consider that it 13 not feasible and cven
undesirable to have surgeons who accept responsibility for 2l the injurses of the patient
even though this is a basis of the surgical success of the Brrmingham Accident Hospital
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CHAPTER 2
SYSTEMIC REACTIONS TO INJURY

S SeviiT

THE PURPOSE of this chapter 1s to put into perspective a number of 1mportant
general cffects of mjury some of which are discussed more fully in other
chapters. All severe mnjuries are followed by o series of complex and often nter
acting changes which affect tissues and organs remote from the site of nsult. The
problem of thresholds of severity below which such reactions do not occur 1s
vexed and difficult.

Many of the reactions are parts of an integrated serres affecting the nervous
cardiovascular endocrine and other body systems Sometimes the various causes
and effects are drfficult to unravel sinco one body system may be affected by or
produce changes in the others. The acute ohigaema following haemorrhage and
severe injury 18 not only responsible for post traumatic anacmia and much of the
crculatory syndrome known as shock, with 1ts dangers to the general renal and
cerebral airculations, but 1s, for example, a sustaining cause of the adrenocortical
secretion of aldosterone and probably other steroid bormones The body reactions
triggered off by injury are determined by the severity nature location and cireum
stances of the trauma and are influsnced by therapy Adequate replacement of
blood loss not only restores the general circulation and prevents anaemia but also
reduces the abnormality in the excretion of electrolytes and water (Flear and
Clarke 1955) and certain disturbances of iron and haemoglobin metabolsm (Baar
and Topley 1956)

Teleologically the reactions to injury may be considered either as homeostatic
or defence mechanisms or serving both purposes Regional, particularly renal and
splanchnic, vasoconstriction mamtans the systermic blood pressure and the
cerebral and coronary circulations for & time agamst a falling cardiac output
haemodilution and post hacmorrhagre sodium and water retention by the kidneys
combat the loss of blood volume the constriction of sk and muscle vessels
reduces bleeding and conserves body heat. Reactions such as these must have been
developed through the ages to mamtamn survival of the species but their benefit
13 imuted and beyond a certan point some give rise to pathologrcal disorder The
Imitation of the body s homeostatic and defence mechanisms 13 the price paid by
mdividuals for group survival

The vanous body reactions must be considered separately but integration of
function and terrelation of activity must always be borne in mind

NERVOUS ACTIVITY

Acute nervous imitation reflexly 1nduced from the jured arez was at one tume
mcnd the cause of traumatic shock but although there are still protagomists
this view it 13 now generally agreed that oligaemie 13 the most mmportant single
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factor This does not mean that nervous dysfunction 1s unimportant Emotions
Iike fear or excitement and pam may produce primary or neurogenic shock™
such as & collapse or famt which 1s normally rapid in onset and recovery
Nervous activity iitiates thus reaction during which pallor sweating, vomiting,
hypotension and bradycardia are common features  syncope 1s probably the
1]1;;141)! of a redistribution rather than a fall n the cardiac output (McMichael,

The relationship of primary neurogenic symptoms to those of oligacmia vares
in different patients Sometimes recovery from primary “shock 15 complete and
there is an nterval before the signs of oligeemua appear often primary neurogentc
effects are trfling and the first major symptoms are those of oligaemia whilst in
other patients neurogenic  shock™ may be superimposed on the effects of oligaemm
thereby confusing diagnosis When blood loss 1 rapid 1t may be impossible to
scparate primary neurogemic and oligaemic effects Much of the cardiovascular
response to oligaemia is mediated by nervous reflexes aristng within the vessels
and acting on the heart and vascular bed The resultant climeal picture may be
similar to that of a primary neurogenic reaction and no doubt this has been a
cause of confusion

Sympathettc overacuvity 1s generally a prominent feature of oligaemic shock
and 1s manifested by skin pallor tachycardia, regional vasoconstrictton and possibly
sweating and the absence of cutaneous vasomotor reflexes Sympathetic stmulation
perhaps with coincident parasympathetic depression accounts also for decreased
salivation fall in gastric acid peptic secretion and the decreased stomach motility
wiuch occur after major injury A reduction m the stomach-emptying rate after
a meal was found in rats subjected to muscle (tourniquet) ischacmia (Whteley and
Green  1952) lethal ischaemia suppressed stomach activity whiist sublethal
schacmia delayed the emptying for a few hours The reduced motility of the
stomach 18 important to apaesthetists who may have to deal with a full stomach
even as Iate as 24 hours afier a meal Autopsy of patients dymng after major mjury
may show gascous distension of the proximal colon and often the stomach,
corresponding anatomucdlly to the distribution of the sympathetic nerves and
consistent with sympathetic overactivity Sheehan (1948) reported symilar findings
1 obstetric shock There may be an increased excitability of cardiodepressive
reflexes which could account for the cases of cardiac depression durmng tracheal
intubation for anaesthesia. The bramn becomes more senwtive to anacsthetic
agents and much smaller doses will suffice in shocked patients when madequately
transfused (Wolfson 1957) The results of additional nervous activity may com
plicate or modify the common reactions to oligaerua. These include phases of
hypertension which are not uncommon an unsustained period of hypotension
the occastonal development of bradycardia and variations from case to case mn
sk pallor sweating and vomuting. Higher nervous activity from apprehension
pain or excitement are no doubt important but cannot be the whole explanation
since acute hypertension for example, may occur n sleeping or co-operative
patients. Such hypertension 1s often abolished by anaesthesia, probably through
vasodilatation in muscles and by ganglion blocking agents such as hexamethontum
compounds Reflex stimulation from the injured area probably occuns this 13
the basss of the treatment of war wounds with local anaesthetics sdvocated by
Vishnevsky (1941) he thought that shock was largely an acutc metabolic
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derangement set 1n motion by local nerve impulses and that the tissue  dystrophy”
could be corrected by regional nerve block with procaine

Central and reflexly 1nitiated nervous activity are also volved 1n the response
of certan endocrine glands, particularly both parts of the adrenal gland and
possibly of other organs, such as the kidney Raprd secretion of adrenaline and
sympathetic overactivity 15 the basis of the primiutive  emergency reaction des-
cnbed by Cannon (1915) and secretion of the various hormones of the adrenal
cortex plays an mmportant role n certamn homeostatic and defence mechanisms

(see page 18)

CARDIOVASCULAR FEATURES OF TRAUMATIC SHOCK
(See also Chapter 4)

The term traumatic shock still usefully describes the complex cardiovascular
changes which may follow injury and which are mainly related to an acute oligacmua
(beace the term “oligaemic shock ) from overt or latent haemorrhage Stmular
clinical syndromes may occur m other conditions such as coronary thrombosis
and pneumnomia.

The haemodynamic cffects of trauma were studied dunng World War I by
Baylss and his colleagues (1919) durmg World War 11 by Cournand and his
colleagues (1943) Grant and Reeve (1951) Lauson, Bradley and Cournand (1944)
Noble and Gregersen (1946) and by Richards (1943) The essential features are
oligaemua, a fali mn cardiac output and regional vasoconstriction. A certain degree
of oligaenua can be tolerated without reduction mn the cardiac output beyond this
the output falls and produces a dimmished flow of blood through the body and
consequently a reduction m the carnege of artenal oxygen with its attendant risks
of anoxia. The reduction m cardiac output 15 not necessanly proportional to the
degree of oligacmia and the cause of this requires further invesugation, for example
myocardial function, 1omc effects, or nervous activity may be mvolved. At first
the arteral pressure remams normal or may even be raised owing to regional
vasoconstricion this increases the overall peripheral resistance to the flow of
blood reduces the vascular bed and mamntamns the circulation through the un
constricted cerebral and coronary vesscls Vasoconstriction affects the very
vascular rensl and splanchmic liver beds as well as the skin and muscles if 1t did
not occur the circulation through all organs including the brain and myocardium,
woukld fall in proportion to the fall in cardiac output

Vasoconstriction can only compensate up to a pont for the fall in output
after thrs the arterial pressure falls and then the cerebral and coronary circulations
are reduced. Cerebral ischacmia and anoxia 1s the cause of the mental confusion
or semi-coma in many shocked patients. The beneficial response to transfusion 1s of
great help in distingushing these symptoms from those of head njury or the
fulminating form of cerebral fat embolism (see Chapter 14)

Significant hypotension (systolic pressure at 100 mm of mercury or less) within
an hoar or two of injury often means that a blood transfuston of 25-30 per cent
of the blood volume 1 required to correct oligaemia. The artenal pressure may fall
rapidly or after an interval the hypotension may stabilize at different Ievels but
the equilibrium 13 unsteady because a further reduction m blood volume may occur
or because the reduced cerebral and coronary circulation may impair cardiac

11
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efficiency A sustained fall of systolic pressure to 70 mm of merecury or less usually
indicates that a transfusion of 50 per cent or more of the blood volume is needed.
Sustained hypotension 1s a relatively late sign of shock and gencrally means that
the circulation 1s in danger Early and adequate transfusion 1s essential if the
dangers of prolonged 1schacmua of the kidneys and other organs are to be reduced

Vasomotor decompensation

VYasomotor adjustments 1n acutely oligacmic patients are strained and unstable
and are Jikely to be upset by an unfavourable environment or wrong treatment.
Sudden circulatory faillure may be precipitated by alcohol excesuive heating,
exposure 1o cold operation and aracsthesia without transfuston pain movement
and even changes in posture In patients with latent or threatened shock the blood
pressure may fall and the full chatcal signs and symptoms of shock develop
rapldly whilst patients already clinically shocked may seriously deterforate.

The mechanisms of decompensation are imperfectly known but in some cases
regional vasodilatation from the gving of alcohol warming of the skin or general
anacsthesia 1s probably important This draws blood awey from the heart and
brain lowers the peripheral resistance and reduces the arteral pressure

Irreversible shock

The majority of patients mmprove with blood transfusion but occasionally the
arculatory changes persist or worsen and are apparently irreversible by tram-
fuston or other means The conditton must be distinpuished from the inadequate
effects of under transfusion with which it was confused before the larpe volumes of
blood needed for badly injured paticnts was appreciated  lrreversibility cannot be
diagnosed until the patient fils to respond to truly adequate volumes of transfused
blood One or more of the following causes mw he raponsible

Prolonged shock —The duration of shock has been prolonged and irreversible
cerebral or myocardial changes, or both have waeutred Autopsy exammatian of
patients dymng alter severe injury often shows a steeak of subendocardial haemor
rhage on the left side of the interventricular septum and about an inch below the
aorta near the termnation of the left bundle of M {Ig 1) A similar chanpe
was reported by Shechan (1948) in obstetric shock Thr may have relevance to 2
complicating cardiac dysfunction

Complications —An unsuspected injury or complwation 15 present The lauer
include (1) air embolism 1n cases of chest mjury owing to penctration of the foog
by a fractured rib and the sucking of air into pulmonsn s (2) p thorat.
(3) bilateral adrenal apoplexy which may ooeur afir thoraco-abdominal com-
pression njurtes (Sewitt, 1955a) (4) fulminating ceiebral fat embolism (see also
Chapter 14) (5) sympathetic paralysis duc to spinal wjury and a Intle Jater
(6) fulminating infections such as anacroblc myoaitis and peritonitis ored

Citrate intoxlcation —The large amount of citrate in a transfusion Of;;_ﬂm‘t
blood given rapidly and 1n large volumes might precipitate acute cardmac o
by reducing the 10n1zed calcium concentration of the plasma (see also Chapter
The possibility 1s mereased 1n hepatic drscase because citrate 15 normally meit
bolized by the hver

Coronary occluston —Coronary occlusion through thrombosis or Spasm ;
occasionally assocrated with the injury but it 15 often uncertamn whether 1t preced
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Fro 1 —Left ventricle opened show
ing subendocardial hacmorrhage
(dark arca) on the left side of the
interventncular  septum,  the
“shock™ keslon. This patient died
2} hours after severe injuries to the
head and multiple fractures.

or follows trauma. The risk may be increased 1n injared patients with coronary
atheroma because there 18 expertmental evidence that the plasma develops vaso-
constrictor properties after an acute haemorrhage and coronary vasospasm might
be related to this.

Shock promoting substances —The release of shock promoting substances such
s adenosine tniphosphate (ATP) and a vasodepressive substance (VDM ferntin)
or bactenal toxins (see Fine 1952) from 1schaeruc liver may modify the crculatory
responses. ATP 1s the shock producing factor i muscle extracts (Green, 1943)
Significant sncrease 1n the blood of 1ts vanous components (adenosine phosphate
and pentose) occurs after major mjury which indrcates release from muscle or
other cellular stores (Green and Stoner 1950) Nevertheless ATP 1s unlikely to
exist as such in the blood becauss 1t 18 rapidly decomposed by dephosphorylase
and other enzymes. VDM 1s said to be released by 1schaemic hiver 1t acts on
arterioles and counteracts the excitatory effect of vaso-excifetory substance
(VEM) from the kidney (Shorr Zwetfach and Furchgott, 1948 1951) It has been
suggested that excess of VDM may precipiiate peripheral circulatory failure.
Assay of VDM and VEM in the plasma of battle casualties often revealed high
titres of VDM but no correlaion was found with refractory shock, clinical state

or prognosrs (Scott, Olney and Howard, 1955) Failure to respond to transfusion
was not related to the titre found

CHANGES IN THE BLOOD
Red cell Joss

Blood loss after injury has been studied by Crosby and Howard (1954) Dacie and

Homer (1946) Grant and Reeve (1951) Topley and Clarke (1956), Vaughan
(1948) the author and others. There 13 an acutc loss of red cell mass which

at first can only be detected erther by measurements mvolving the labelling of red
cells with 32 or SICr or indurectly from the blood haematocnt after measunng the
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plasma volume by the Evans blue techniqgue The haemoglobin value and red cell
count of the peripherat blood fall when the blood 1 diluted with interstitial body
flurd but haemod:ilution may not be recogmuzable for a period of hours 1t 1s
established by 24 hours after mjury but 1s not complete until 3-6 days later
Haemodilution restores the plasma volume and sometimes the total blood volume
through an absolute increase of the plasma volume Thus the acute anaemua
presents as oligaemia and the extent of the red cell loss does not become apparent
until subsequent dilution unmasks the earlier loss of red cell mass Continuing
haemorrhage or subsequent infection may contribute to the anacmia and there
may be a further disappearance of red cells after prnmary blood loss has ceased

This may explain the subsequent shight or moderate fall in haemoglobin value
after full restoration of the blood loss by blood transfusion Inndequate trans

fusion will not restore the red cell mass haemodilution will still occur and the
adequacy will become apparent by the fall in the peripheral haemoglobin value
after transfusion Reticulocytosis subsequently occurs when blood loss has not
been replaced but 1t 1s slight or absent after early and sufficient blood transfusion

Bone-marrow observations by the author have shown normoblastic hyperplasiz

often macronormoblastic in form, mdicating that the anaema 1s not associated
with a depression of crythropoiesis The erythrocyte sedimentation rate mses
partly because of the anaemia and partly because of an alteration in albumuin

globulin ratio and & raised level of plasma fibriogen.

Patlents with pernicious anaemia

In our experience transfusion of injured patients with pre-existing anacmue,
suspected by examunation of the peripheral blood before transfusion of being
pernicious angemia may make subsequent diagnosis difficult. Blood transfusion
reduces the reticulocyte response following subsequent admumistration of vitamin
B,; cither through restoration of the red cell mass or through the vitamun By,
content of the transfused blood the vitamin level of the patient s plasma 1s ramsed
and the cytology of the bone marrow 1s thereby altered

Iron and haemoglobin metabolism

Iron and haemoglobin metabolism s complicated by the breakdown of pigment
1 the mjured area and from the proportion of non vable red cells transfused with
stored blood. The serum bilirubin level transiently rises to perhaps 1-0 or 20 mg.
per 100 ml and gives an indirect Van den Bergh reaction The excretion of urinary
urobtlinogen (including urobihin) 13 increased and shows two peaks, one withia
the fist 24 hours and the second abomt a weck later These findings might be
explained by a combination of mcreased red cell breakdown and transtent liver
dysfunction but Baar and Topley (1956) reported that the increased faecal excre
tion of stercobilin after tnjury was related to madequate blood transfusion. The
concentration and total circulating serum 1ron remained low for a week or longer
after mjury returning to normoal durmg convalescence but the fall was less or
absent after replacement of blood loss

Plasma Joss
In patrents with uncomplicated hacmorrhage the volume of lost plasma is nrmited
and 1s unlikely to produce igmficant dehydration because even the entire plasma
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31) 13 only a fraction of the extracellular fluid volume (about 121)
;?I:z\;‘stnym n)par\ Dychydmlkm may occur tn hot climates because of loss of
water from the skin and after extensive burning because of the loss of large volumes
of o plasma hike exudate into the burned area (see Sevitt 1957) In crushing injury
1o limbs and after trauma to body cavities the overall loss of plasma may be
greater than that of red cells. The early extravasation 1s whole blood but the
continuing loss is mixed with or composed of inflammatory exudate & protein
ach flud due to ussue damage 1nto the mjured Limb intestines peritoneal or
thoracic cavity Haemodilution is disturbed by relative haemoconcentration from
excess loss of plasma but seral samples of penpheral blood may reveal retarded
haemodilution rather than absolute haemoconcentration Transfusion of whole
blood sufficient 1o correct the loss of red cells may be followed by a hacmatoenit
value above normal
Plasma protelns

The proten concentration 1s at first normal and then falls  little as the plasma
1 diluted with protein-poor mterstitial flid The fall concides with that of the
haemoglobm value but 1t 18 not proportional because of the Jabile reserves of body
protein Even 1n very severely injured persons the protemn level rarely falls below
5-6 g. per 100 ml Baar and Topley (1956) compared the protewn changes 1n ade
quately transfused and under transfused patients and found that the total circu
lating protein was not low apparently the low concentrations in the under
transfused patients could be explained by increased plasma volume The albumin
globulin ratio 18 reduced because of a greater loss of albumin than globulin or
bectuse of new formation of globulin, or for both reasons The nse 1n alpha-2
globulin 18 not related 10 adequacy of transfusion and 15 probably newly formed.
The plasma fibrinogen level increases and may reach 500-800 mg. per 100 ml
some days after ipury
Platelets and clotting factors

The post-operative and post traumauc nse in the blood platelet count 15 well
known it 15 maximal 4-8 days after injury and the count may even increase
5-fold or 10-fold. A transtent fall often precedes the rising count m patents
Teeciving very large transfusions of stored biood which contains no viable platelets.
The battle casualties studied by Scott and Crosby (1955) also showed 5 temporary
depression of plasma prothrombin activity to about 50 per cent of normal for a few
days, followed by a second temporary fall a temporary shorterung of the clotung
time, and an increased concentration of plasma fibrinogen. There was no incressed
tendency to haemorthage or clotting except for a Iittle carly capillary cozing after
massive transfusion with stored blood whilst post-operative ooung was not
¢xceasive Our own experience 1s 1 accord with these findings occasionally we
ulso find & rapid development of fibrinolytic activity 1n the plasma, which has drs-
appeared the day after ijury The increass of fibrinogen must be due to new
formation by the liver The fall i the clatttng time and the second fall i pro-
thrombin activity are obscure Scott and Crosby (1955) reported that the latter
wgs not due to a deficiency n labile factor stable factor or prothrombin but was
iﬂt:r C;I;t:(\;d llz ll}e nddmgn of heated serum which 15 free from these factors

nsfusion t
because of its deenency on :toc:d \l;l]asmdwme decrease of labile factor probably
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WHITE BLOOD CELLS
Neatrophil Jencocytosts
There 15 a raptd nise 1n the total white blood cell count after injury owing to a
neutrophil leucocytosis but its mechanism 1s obscure The response 13 maximal
within 12 or 24 hours and may last 14 days 1t may merge with or be followed by
leucocytosis from subsequent infection or other causes
Eoslnopenls and lymphopent

The lymphocytes and particularly the eosinophils of the blood fall quickly
after injury reaching mumimum values 3-6 hours Jater The lymphocyte depression,
which 18 particularly well marked 1n ctuldren lasts only a day or so and s part
of a generalized lymphonecrotic process affecting the lymphord tissue of the spleen,
lymph nodes, Peyer s patches tonsls and other organs.

Eosinopenia develops quickly after injury haemorrhage and burns (Hardy
1950 Laragh and Almy 1948 Sevitt 1951 1954) and within a few hours the
count 1s found 1o be falling or has already fallen to a low value generally less
than 20 cells per ¢ mm. and often zero The eosinopenia usually lasts between 1
and 4 days, depending on the severity of injury and subsequent operations. It
succeeded by a rise in the count to normal levels or occastonally to a temporary
eosmnophilic level This early cosinophilia is to be distinguished from the later
eonnophilia which 1s not uncommon weeks later durning convalescence. In very ill
patients a low cosimophil count, perhaps after a transient rise, may persist for
days recovery 1s accompanied or heralded by a rise in the count and death &
preceded by a fall to very low or zero levels. Thus the eosinophil count has &
prognostic value Both the lymphopenia and the eosinopenia are related to exces-
uive secretion of adrenal glucocorticords and the finding of coslnopenia 18 a useful
mdex of this The converse 15 not true excessive adrenocortical activity may persst
after the eosinophil count has nsen—an example of the so—called escape pheno-
menon There is suggestive evidence that the period of cosinopenia after 1njury
may be shortened by early correction of blood loss by transfuson but the
phenomenon 13 never abolished by restoration of the blood volume. The blood
cosinoperua 18 shortly followed by an eosinopenia 1n the spleen which may be nsed
as post mortem evidence of adrenocortical hyperactivity (Sewitt, 1955b)

ELECTROLYTE CHANGES

Severe injury is followed by & considerable fall in the concentration of sodmum
and chloride in the urine, an increase 1n the lovel and total excretion of potasino
and a reduction in the flow of urine The Na K ratio (in equivalent values) falls
to less than unity These cfiects may last a few days and arc succeeded by sodum
and chlonde release and a slower excretion of the excess water The plasmi
concentrations show little or no change except perhaps 2 shight fall in sodnmm and
chloride and a alight rise 1n potassium.

Changes in injared and uninjured tsues

The amount of potassium excreted is greater than can be accounted for by the
local mjury since the K N ratio in the unne 1s greater than the ratio in tissuc
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cells Moreover the decreased excretion of salt and increased excretion of potassium
15 the face of normal or near normal extraceliular (plasma) levels implies & cellular
1oss of potassium and gam of sodwm. Tourniquet trauma jn ammals has shown
that there 15 an cxchange of cellular potassium for sodum in injured muscle
(Fuhrman and Crismon, 1951 Macphes, 1955 Tabor and Rosenthal 1945) The
ncrease of sodium 1n the wmyured himb after release of the tourniquet was con

siderable and was associated with a comparable loss of potassium, & diminution
muscle glycogen, interstitial oedema and an uptake of cellular water The cation
exchange was reversible up to a pont but was wrevermble after prolonged
schacmsa. These changes appear to be independent of adrenal activity as similar
changes were found 1n 1ntact and adrenalectomized rats (Macphee, 1955) and are
probably a disturbance, anoxic or otherwise, of the wital activity of cell mem

branes After allowing for the amounts 1 the mterstitial fluld Macphee found 2
shight mcrease 1n cellular sodum and a shght decrease 1n cellular potassium
the undamaged limb This was not found n adrenalectomized ammals and he
concluded that cation exchange outside the injured area was a general response
to injury associated wath functioming edrenal tissue His results are in contrast
1o those of Fox and Baer (1947) who 1n the analogous field of burns found some
loss of sodrum and gain of potassium mn the unburned hmb which, they said

pointed to extrecelluler dehydration and intracellular swelling.

Meciantan

The body mechamsms goverming salt retention and potassium excretion are
partly related to adrenocortical hyperactivity particularly aldosterone secretion
This hormone promotes sodium retention and potassium excretion and some
workers have therefore concluded that its secretion determunes the changes 1
electrolyte excretion after injury Secretion of aldosterone 1s independent of
pitwitary actrvity but s related to changes 1n blood volame and to the salt levels
of the blood and tissues. Retention of sodium and excretion of potassium after
operation occurred 1n patients subjected to hypophysectomy or bilateral adrenal
cctomy when they were mauntamned on & constant dose of ACTH or cortisone
respectrvely (Graber and Beaconsfield 1955 Mason 1955) This and other evi
dence indicates that adrenal hormones play a permussive rather than a determiming
role (sre page 19) 1n regulating the renal excretion of electrolytes.,

Oligacmia 1s 1mportant 1n reduang the uninary output and salt excretion. Renal
vasoconstnction produces & fall in glomerular filtration rate which 18 mamly
responsible for the decreased flow of unne, but this effect 15 modified by a decrease
1n the tubular reabsorption of water (Graber and Sevitt, 1959) The latter suggests
that the secretion of antidiuretic hormone 13 decreased at Jeast penodically after
injury The imporiance of oligaemma and blood replacement therapy was demon
strated by Flear and Clarke (1955) who showed that post-traumatic retention of
sodium and water was considerably less in patients recerving early and adequate
transfuston of blood compared with those who were not transfused This supports
the contention of Borst (1948) and Cort (1955) who stressed the importance of
blood volume, baroreceptors and nervous stimulation on renal function
Stgnificance

u.mS.sh and water retention may be regarded as a defence mechanism to combat
foss of fluid and salt mn the mjured arex and, through haemodtlution, to reduce
2—axat, 17
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oligaemuia The free excretion of potassium may counteract the release of potassium
1 the body and prevent the accumulation of toxic levels n the extracellular fluid
Protection breaks down and hyperpotassacmua develops when potassium cannot
be excreted because of oliguric renal failure

ENDOCRINE RESPONSES

Trauma 1s followed by an Interplay of endocrine activity involving the anteror
pituntary gland both parts of the adrenal gland and possibly the thyroid and other
glands The known results include hypersecretion of adrenaline, noradrenaline
pituitary adrenocorticotrophic hormone (ACTH) adrenocortical glucocorticoids
and mincralocorticoids like hydrocortisone and aldosterone respectively Adrena

line relense from fright pain injury and other harmful and potentially harmful
stumuli was the basis of Cannon s (1915) “flight or fight reaction It potentates
sympathetic activity which 18 a promunent feature 1n the injured patient and takes
part in the activation of the adrenel cortex, which 18 essential for homeostasis and
survival Endocrme activity produces, permits or enhances changes i carbo-
hydrate and nitrogen metabolism the redistnbution and excretion of sodium

potassium and water lymphopenia and tissue lymphonecrosis blood and splenic
eosmopenia and other eflects

Anterlor pitaltary gland

Activation of the adrenocorticotrophic secretion of this gland is via the hypo-
thalamus probably through a hormone secreted by the hypothalamus into the
hypophyseal portal blood supply (de Groot and Harns 1950 Hume and Witten
stern 1950) The hypothalamus can be stimulated by nervous stimul: comung from
the mjured area and the afferent reflex path passes through the spinal cord The
adrenal cortex can also be stimulated by intravenous adrenaline mamly through
increasing the production of ACTH (Long and Fry 1945 Vogt 1944), but it 18
uncertan whether the chief site of action of adrenaline 18 on the adenohypophysis
or on the hypothalamus

Cytochemical changes 1 the pitwitary glands of patients dying after severe
stress have shown a degranulation of the periodic acid Schiff positive mucoid cells
(manty basiphils) (Currie and Symington, 19552 1955b) Since ACTH 13 localized
to the basiphi! cells 1t 13 likely that mucoid-cell degranulation 1s the morphological
expresston of ACTH secretion

Adrenal cortex

The normal restng adrenal cortex contains abundant sudanophil lipoid
cholesterol and vitamin C Experimentally the secretion of adrenal hormones after
stmulation by ACTH burmng or mjury 1s followed by a reduction 1n the choles
terol content of the gland (Long 1947 Sayers and his colleagues, 1943) a depletion
of stainable ipoid m the human adrenal gland has been found after severe hacmor
rhage and 1n patients dying after ijury and burning (Ellott 1914 Sevitt, 1955b
Symington and Davidson 1956) and the ascorbic acd content of the gland falls
after various stresses including burnmg and injury The earliest loss of lipoid
13 generally found in the zona reticularis and the inner part of the fasciculata but
sometumes a regular or focal depletion of the glomerulosa also occurs The wmner
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loss at first extends evenly but further loss 18 Irregular within the fasciculata
ll.i;; of lipord from the adrenal cortex follows the eosinopenia in the blood and
spleen (Sevitt, 1955b) which indicates that the lipoid material 15 not the eosino~
penie hormone 1t 15 probably a labile store used by cortical cells in synthesuang
(he active hormones and the ascorbic acd present 15 probably related to this This
does not mean that complete Joss of cortical lipoid can be equated with an exhausted
of nom-secreting state of the gland on the contrary, the svailable evidence indicates
that such a gland 15 hyperactive (see Sevitt, 1957) Post traumatic adrenocortical
hyperactvity 1s the rule there 18 no evidence that hypofuncuon or failure occurs
and there 1s no bagis for therapy with adrenal hormones except occasionally in the
special event of post traumatic adrenal apoplexy (Sevitt, 1955a) The old hypothesis
relating traumatic shock to adrenal fajlure must be abandoned

Permiissive role of adrenal hormenes

Thus concept arose out of the finding that adrenal hormones are necessary but
not responsible for the phenomena of sodium and chloride retention the protein
Latabolic 1mpulse and gluconeogeness after injury burming and other stresses
These reactions do not occur 1n adrenalectomuzed or hypophysectomized amimals
subjected to stress so that the hormones are essential but when the ammal or
patient 13 mantained on a constant dose of cortisone or ACTH respectively the
metabolic responses are simular to those which occur 1n smularly stressed ntact
amumals and men. Without the hormones the biochemical reactions to injury do
not occur but they can take place without an incresse in their availabibty Not
withstanding these Limutations the central role of the adrenal cortex n activating
certain homeostatic responses after injury 18 clear

Posterfor pitnitary gland

Aptidiuretic hormone 13 released after various sttmuli particularly pain (Theo-
bald and Verney 1935) and 1its release might be expected after mjury No duirect
evidence of this has been obtamed and 1n the analogous field of burns Baar (1956)
failed to show antidioretic activity 1o the unne Recent work suggests that there
may even be a temporary or periodic suppression of actvitv since the tubular
reabsorption of water by the kidneys 18 often decreased (Graber and Sevitt, 1959)

METABOLIC DISTURBANCES

Complex biochemical changes mvolving protein carbohydrates munerals, fats

ln‘::!1 wt;nmms oceur after injury and involve an interplay of nervous and endocrne
activy

Nitrogen metabolism

Loss of flesh after injury 1s part of folk lore and although Bauer (1872) noted
an increase of unnary nutrogen after haemorrhage 1t was the work of Cuthbertson
and hz colieagues that opened the field (Cuthbertson 1925 1930 1936 1942
Cathbertson, McGitr and Robertson 1939) After fractures and non bony injury
the unnary output of mitrogen, maimnly as urea, increases and 1 associated with a
lots of phosphorus, calcrum sulphur and potassium The losses can only be partly
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explained by muscle atrophy from disuse or lying 1 bed. The ratios of excess
sulphur to nitrogen and cxeess phosphorus to nitrogen are such that the catabolism
must involve general body trssues particularly muscle This s confirmed by the
amount of potassium excreted which 13 much greater than can be accounted for
by local issue mjury After the initial “shock  phase and duning the first week or
50 the urinary nitrogen rises to a peak and exceeds the mitrogen intake particularly
in well-nourished patients (Beattic 1947 Stevenson Schenhor and Browne, 1945)
Thus catabolic or ant-anabolic phase ts associated with an increased basal con-
sumptron of oxygen There is & rough correlation between the amount of mtrogen
lost and the seventy of mjury The high urinary mtrogen 1 mantamed for 2-6
weeks but gradually dechnes The increased excretion of nitrogen 15 greater than
the nitrogen intake and hence the patient 15 1n  negative nitrogen balance” This
may be diminished but 1s never abolished by a high-protemn, high-calone diet
duning the major part of the catabolic phase There 1s evidence that the magnitude
of the response can be reduced or postponed by early and adequate transfusion of
injured patients (Flear and Clarke 1955) which indicates a close relationship
between the maintenance of a normal blood volume and mitrogen metabolsm.
Thus 15 more important clinically than high nitrogen feeding 1n the early post
traumatic perzod but after this a high protein high-calorre diet 1s desirable

After the catabolic pertod the unnary nitrogen falls below normal and mitrogen
1s retained 1n the body for protein synthests The anabolsm 13 so imtense that
even the products of local proteolyss are used for rebwilding (Stnganova, 1940)
The cumulative effect of mitrogen loss can be considerable and in improperdy
treated severely myured persons, may account for losses of up to one third or more
of the muscle bulk.

Mechanism and significance

It 1s known that the uninary loss of mitrogen 18 accompanied by an increased
excretion of adrenocortical sterords, mainly glucocorticoids like hydrocortisone
These hormones can provoke an mcreased proteolysis and excretion of mitrogen
manty as urea. It was therefore suggested that adrenocortical hypersecretion was
the cause of the tissue catabolism (Albright, 1943 Sclye, 1946) This view was
supported by Campbell and his colleagues (1953) who found experimentally that
the increased unnary mitrogen after implanting a 25-mg. pellet of cortisone was
sumilar in value to the effect of a single fracture of the femur and that the effect of
implanting 2 pellets was stmilar to the effect of I fracture plus 1 peilet. Nevertheless
the present evidence indicates that the protein catabolic response 1s not determined
by an ncreased secretion of hormones although 1t does not occur 1n thewr absence
(Engel 1952 Ingle 1951) so that other factors must also take part or be respon-
sible The results of thyroidectomy tn experimental burns suggests that thyroid
activity may be involved (Gribble and Peters 1951 Sellers You and You,
1950

Cu)thbcruan (1942) suggested that the catabolsc impulse was a primitive response
essential to the survival of a wounded anrmal unable to hunt for food and that it
supplied energy and ammo acids for the healing process through metabolizing
Iahile stores of proten In support of thus s the observation that the urmary
mitrogen 13 hitle increased ofter imyury n undernourshed ammals presumably
the amino acds released after proteolysis are used economically and are not
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because there 1s no significant change n cnergy rich phosphate like phospho-
creatine outside the injured area (Bollman and Flock, 1944) Rosenthal (1943) and
others have shown that administration of glucoss 1s of no value to a shocked
ammal and the same scems to be true for pyruvate and other carbohydrate inter
mediates Brochemical studies in this field are far from complete but it 18 possible
that there 1s an interference with the tricarboxylic acid cycle 1n shock possibly
resulting 1n @ preponderance of glycolysis over acrobic oxidation with a consequent
decreased encrgy production (Engel 1945 Engel Winton and Long, 1943) If
this were 50 the depression of energy production would represent a very primitive
protective mechanism In this context the intimate relationship of oligaemia to the
carbohydrate responsc is uncertain and the effect of the early replacement of blood
on the hyperglycaemic impulse would be of great nterest.

Miperal and vitamin metabollsm

Little 15 known about calctum and phosphorus metabolism beyond the bare
facts that injurics, particularly fractures are followed by a considerable increase
1n urinary excretion and that the general mobilization results in some demuneraliza
tion of the skeleton The plasma calcium level may be normal or slightly raised
The increased urmary calcrum excretion has been said to be a potential danger
in that calcium might be precipitated and give rise to renal cakeulr but this seems
to be greatly exapgerated

Saturatton tests with ascorbie acid 1n 1njured patients have shown a considerable
retention of the vitamin (Beattie 1947) Daily supplements of 0 5 g. were not
excreted duning the first 5-10 days after injury This indicates a considerable
utilization of the vitamin  possibly for repair purposes at the site of injury smee
this vitamin 18 necessary m the healing of soft tissues and fractures The connexion
between ascorbic acid and the adrenal cortex suggests that part of 1t 18 also retained
and used for hormone synthesis Stmular changes n ascorbic acid metabolsm
occur after burming The healing of incised wounds 1n previously burned gumnea
pigs resembles that seen in scurvy and 1s corrected by admimstration of large doses
of vitamin C (Levenson and his colleagues 1957) If this 1s true for traumatic
njury it indicates that large doses of the vitamin are required to promote normal
healin,

Thcge 18 some evidence that the unnary excretion of thiumine and nicotinic
acid are also diminished by injury and 1f this 1s confirmed 1t may also indwate
increased utilization and need

HEPATIC FUNCTION

Some degres of hepatic dysfunction Is common after severe injury and 1 likely to
be ngpravated by subscquent anacsthesia and surgery but the reserves of liver
function appear to be 5o great that the changes are rarely of climical importance.
Circumstantial evidence indicates that the Liver blood flow after trauma 1s con
siderably reduced as part of the post-olignemio regional vasoconstriction The
splanchnic Iiver circulation is known to be reduced after burning (Dobson and
Warner 1954) dunng general anaesthesia (Shackman Graber and Melrose 1953)
and a further reduction occurs during operation The oxygen content of the hepatic
venous blood was found ta be normal which in the face of a reduced arculation

2






SYSTEMIC REACTIONS TO INJURY

is 1n conflict with the prevailing view that tubular necross iy the pathological
basis of acute renel falure  The condition 15 uncommon in pauents adequately
transfused shortly after injury so that correction of oligacmua protects agamst
renal failure after trauma. Most cases now seen in an efficient traumatic unit
follow either abdomunal injury where vomiting, paralytic ileus and other compl
cations play a part or head injury, or occur at a later stage after certain complica
tions, particularly pulmonary embolism

Traumatic uracmia 13 either non-oliguric or severely oliguric but the glomerular
flltration rate is reduced 1n both kinds and 1s responsible for the severe azotasmia
Severe oliguna 1s particularly dangerous because of water retention hyperpotas-
saemia and acidosts which are due to the inabulity to lose water potassium and
the acid end products of metabolsm The non-oliguric form 1s easily overlooked
unless the possibility 1s recognized and regular blood urea estimations or other
tests arc carnied out, The volumo of urine passed 1s determined by the balance
between the filtration and tubular reebsorption of water Oliguna 15 absent when
a decreaso in tubuler reabsorption balances the low filtration and 1s present when
1t fails to compensate

Glycosuna 15 absent sodium and chloride are retaired as in injured patients
without uraemia, whalst the excretion of potassium is free and limited only by the
volume of urine passed. Thus the composrtion of the urine indicates continued
tubular function The epparent paradox between tubular necrosts and tubular
activity indicates the presence both of damaged and functioning nephrons and Is an
1ndex of kidney tissue reserve
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PRIMARY ASSESSMENT OF THE INJURED PATIENT

in time to prevent serous effects The importance of anatomucal diagnoss must
never be overlooked.

The difficulties inherent i diagnosis are increased when facilities for examuna
tion, investigation and treatment are madequate, or when responsibility for
primary decisions devolves on mexperienced junior members of the hospital staff
The training of the young doctor 1n routine ward diagnosis and after-care 15 caser
than equipping him for a high standard 1n the care and management of the acutely
injured patient. The problem 1s particularly difficult when inadequate facilities
are combined with insufficient and inadequately trained staff and too many patients.

An important feature of the iutial handling of injured patients 1s that diagnosis
is a process and may not be completed n a single stage A prelimunary history may
lead to preliminary examination. A primary assessment must often be made before
either lustory or examination 1s completed Essential (first aid) treatment of
wounds bleeding, or other urgent matters may be needed before investigation 13
systematically begun Surgery itself 15 often part of the process of mvestigation,
and all treatment including transfusion 1s part of a clinreal tnal leading to more
detaled diagnosis Diagnosis ts not just a matter of labelling but of arnving at 2
mental prcture of the nature and extent of mjury the abnormal processes that
have been set tn motion as & result the present state of the local and general
reaction of the patient, and what 13 likely to happen next, with or without treatment
An carly prognosis often has to be made and some of this assessment may have to
be shared with the patient or hus relatives.

The common important sequelae are haemorrhage, infection and their effects-
Severe local injunes can produce major disturbances of the circulation and in older
patients coronary thrombosis 1s possible and Iater thrombo-embolism 13 common
Other patients suffer through the reaction of the nervous system to injury and to
circumatances assoclated with mjury so that there 13 a complex combination of
neurogenic effects and psychological overlay The primary impact of myury pro-
vokes a complex series of endocrine responses which may be influenced by
subsequent cvents

For purposes of description a regional classification of injuries 1s necessary
nyuries to the head, neck chest, abdomen, pelvis, shoulder arm forcarm, hand
thugh, leg foot, and 3o on. Regional classification may gwde the clinician on the
xind of disorder likely to result from Jlocal mjury The relattonship between
anatomical structure and physiologreal function means that the nature of the local
njury may deterrnine the nature of systemuc complcations. An 1njury to the gut
can produce systemic illness and a threat to life from leakage and peritomts A
tear of the gut sutured mcorrectly can produce a stenosing scar end mtestinal

obstruction. A wound of the neck can canse fatal haemorrhage from major
vessels, laryngesl obstruction from oedema, bromchopnecumona from nhaled
blood, or & dropped shoulder from a cut accessory nerve Immedrate and later
effects need to be considered in relationship to the anatomical ste of myury and
these can result as much from the process of repair as from the nature of the injury

TYPES OF INJURY

The anatomical questions—what structures have been injured, where how much,
and 1n what way—must be answered and the snswers may be wital for treatment
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TYPES OF INJURY

and prognosis With major open wounds It is sometimes possible to nspect the
extent of damage at a glance or with but little incision or retraction during surgical
exploration Other wounds combine a small breach of the surface with gross m-
ternal damage which 1s only disclosed by surgical incision

Munor wounds may be fully revealed at first inspection or subsequent operattve
cleaning, but the obvious wound may not be the main lesion and honest patients
can give very misleading histories

A 354ear-old worker caught her finger in a roller and fractured the lower end of her
radrus, Primary treatment of the presenting Injurles was carned out at hospital, Sub-
sequently she complained of pain in the shoulder and back and gave a history that when
ber finger was trapped in a moving belt she had been twisted right round and flung down
on ber back. On first attendance Interest was focused on her bleeding finger and painful
wrist,

Repeatedly 1t 1s found that the first story 1s coloured by the apparent extent of
mjury yet in many injuries the information derived from tnspection is himited and
much assistance can be gnined from a detaided history particularly when this s
related to clinical migns

Without attempting a comprehensive survey 1t is worth considering some
problems of anatomical diagnosis 1n relation to particular types of mnjury

Penetrating nomds
Penetrating wounds from weapons are uncommon 1n Britam, but they are

particularly important because of the extent of mjury that can be associated with
8 trivial external wound

AmsmwuumgcdluubmeHcdldnotlppartohavebecnhm-tum[lon
his way home he remarked that he mmust have scratched his side His friend persuaded
him to go to hospital where he was found to have & minute wound over the nght costal
margm such as muight have been inflicted by a thin dagger A junior medical officer put
& stitch in the wound, detained the patient and ordered a pulse chart to be kept There
Were no physical signs and no other symptoms. Next morning the patient collapsed
and was found to have a rapid pulss low blood pressure and a rigid abdomen. At
B"zﬂm%mmdwulhowntohavemwdth:pMmImvity diaphragm,

@l bladder ampulla of Vater anterior and posterior walls of the duodenum,
and finally the pancreas| The patient recovered.

A small ehild presented with 2 tiny wound of the abdomen from a penknife. Tus was
zphmdnudfou.ndmuukforzmchtmommgthochﬂdcolhps:dmddicd.

Autopsy there were six perfarations of the ammlil intestine. The hole 1n the posterioc
'Wlheuhnndpaiwmnnmhmhuﬁomtheddnwommdlucpamywm
“plained by the doubled-up positian of the body when the knife entered.

P Penetrating wounds from sharp and narrow objects can be relatively straight
OTwWard anatomically because damage 13 likely to be confined to a narrow treck
& on of which can be ascertaned. Penetrating wounds inflicted with knives,
munmmﬂﬁplku of reilings nails, sharp pieces of wood, darts, arrows and so forth
object nm)i'l be considered 1n terms of damage 1n the depths. Even with the sharp
0 place it 1s not always easy to determune the Likelihood of deep damage

hown :ns wounds of the intestine may produce no physical signs for many
stab wound of the femoral artery may be associated with no external
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PRIMARY ASSESSMENT OF THE INJURED PATIENT

bleeding and hittle swelling. A dart can penetrate the skull of a child and perforate
the dura without preducing any disturbance of consciousness or behavionr
(Fig 2) A H-inch nail can penetrate the tissues of the abdomen as far as the psoas
muscle without anything being clinically evident other than the wound of eatry
Yet such mjury can be fatal Sometimes the direction of the track 15 clear but it 13
often necessary to tmagine a variety of possible directions Ambroise Paré insisted
on the vatue of ascertamning the position of the patient at the time of mjury and an
appreciation of this can make sense of an otherwise bizarre combination of lesions.

Fic 2.—Penetrating wounds can  be
dangerous—even 2 dart can kead to fatal
haemorthage or meningis. The chikd
shown here recovered uncventfully after
exploration.

Once the general direction of a penetrating wound 1s clear it can often be known
that certam organs and structures have not been damaged A small fragment of
metal that has traversed the right chest wall and lodged in the night upper quadrant
of the abdomen can be shown radiologically to be in the liver Clearly it has not
traversed the general abdominal cavity and Iaparotomy may not be ndicated
The importance of reachmg such conclusions from clinical and radiological
evidence must be considered 1n relationship to the ease or difficulty of carrying
out adequate exploration of the wound track. A nail or screwdnver which has
pierced the hand may be treated conservatvely if detailed exploration would 1n
volve a complex dissection Exploration of a smaller track in the vicity of the
knee joint would be justfied because full exploration should do no harm

Penetrating wounds 1n crvihian practice are usually single or imited 1n number
except 1n the case of shotgum pellets and boiler explostons The former may be
widely scattered but are rarely dangerous, The latter may be associated with ex
tensive deep damage and resemble war wounds from mines and mortars When
such wounds are multiple there 15 always a danger that one or more may be mrssed,
and those the most dangerous. The risk of missing one of a number of multiple
wounds 15 particularly great when the patient 15 s¢riously injured and the known
wounds appear 1o explam the climcal picture. Whenever multiple lestons are

30






PRIMARY ASSESSMENT OF THE INJURED PATIENT

More frequently 1t 15 the lungs that are interfered with and thus can happen in a
number of different ways, from dramatic disturbances of respiratory function
with open wounds of the pleurn to the more nsidious effects of closed injuries.
The major wound of & imb or the trunk involving muscle and bone 1s dangerous
primanly from the extent of bleeding, less dramatrcally from the sk of severe
&f::um:’ particularly gas gangrene where major muscle masses are severely
Age!

Closed Injortes

Closed injurtes are Jess obviously dangerous than bleeding open or penetratmg
wounds, and the need to establish an early diagnosis and to proceed with treatment
15 1nsufficiently apprectated. The importance of carly diagnosis and treatment is
made clear by considering closed 1njurtes as wounds nvolving a variety of tissues
excluding only the skin Even the skm may be damaged although 1t appears
1;1](3&1., whilst 1ts blood supply may be threatened from the extent or sequelae of
the injury

Closed wounds result from vanous types of violence direct blows, acceleration
or more frequently deceleration bending, twisting, crushmg, tearnng, and various
combinations of these. The extent of 1njury 1s often more widespread than with
open penctrating wounds In falls from a height and particularly n 1njurses from
vehicles of all kinds (on roads, railways and 1n industry) multiplicaty 1s the common
feature The more violent the injury the more likely 1s the skin to be broken or
damaged somewhere so that some clement of the total injury 1s in fact an open
wound or fracture This feature, however does not necessanly affect the urgency
of diagnosis and treatment this depends on other features, particularly major
fractures, extensive tissue damage, or damage to the vital contents of the cranal
thoracic or abdomunal cavities.

The major nisk of the open wound 1s direct infection, but there are many closed
1njures where mnfection 15 likewise a major hazard.

Concealed open wounds

Apparently “closed” injunies may open nto internal body cavities so that they
include breaches of surfaces just as open to mfection as the more obvious skin
wound Injures of the mtestinal tract provide a dramatic example but any breach
of surface of the almmentary or respmatory tracts 15 an “open wound”

Every fractured skull with blood or cercbrospinal flmd comung from the cars,
nose, or throat must be considered as an open wound communcatng with the
mude of the cramal cavity Every fracture of the skull involving the middle ear
mastord air cells, frontal ethmoid, sphenowd, or maxillary sinuses 1s an open
fracture and carries the risk of meningrts (see Chapter 16) Every chest mjury
with surgical emphysema, pneunothorax, or hacmoptyss 1s an open wound of the
Tun,

goscd njuries of the bile passages, hiver pancreas or urinary tract are less
directly “open™ but allow keakage of irritating fluids which predispose to mfection
unless properly treated

Such injurres or the mere suspicton of such jures calls for alertness, careful
investigation and prophylactic treatment whrch may range from observation and
antibiotics to surgical exploration.
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Indirect wound Infection

The dagnosis of a closed injury 1s often regarded as removing the danger of
wound 1nfection except by the further and perhaps rare accident” of bacterial
contarmination via the blood stream It 15 often overlooked that even when skin
and mucous membrane are primarily intact, mjury may produce effects which
subsequently interfere with therr vitality

Damaged skin or mucous membrane may allow the direct passage of micro-
organisms Thus 13 particularly true of the alimentary tract and expenmental work
suggests that severe haemorrhage may interfere with the blood supply to the gut
sufficiently to allow mntestnal flora to reach the liver i greatly increased numbers
(Fine and his colleagues, 1952)

It s quite common for skin which has at first appeared mtact to die later This
can lead to a demarcated hard dry slough with a slowly developing plane of cleavage
and a punmal inflammatory response but the skin has been breached and an
underlying closed fracture may become evidently open. Sometimes the skin sloughs
moare rapidly with carly infection and a systemic response  Such morst sloughs
require urgent excision and again the wound 1s no longer closed The Iate appear
ance of skin death may be the direct result of the onginal mmury 1t may follow
spreading local thrombosis of arteries or verns or 1t may be due to increasing
tissue tensron leading to interference with the blood supply Sometumes the skin
damage may result from a secondary mjury from within 1n the case of an n
adequately splinted fracture exerting pressure on the overlying skin from without
m friction or pressure 15 present from an overlying plaster or sharp turn of

age

Smularly a damaged area of the intestinal or urinary passages may be the site
of a delayed rupture the origmal damage, possibly incomplete, having predisposed
to necrosis of the remaining wall with a final rupture probably due to increase in
pressure within the lumen

When large tissue masses are devitalized or a haematoma 15 allowed to accumu
late 1n the depths, mfection can reach the resulting culture medium via the blood
stream, the lymphatics or directly by wnvasion from nerghbouring parts Intact
skin does not exclude the risk of infectton On the other hand, when the skin 15
breached restoration of skin continmty by suture or grafting 1s the best defence
agamst added infection 10 long as the underlying tissues are viable and dead space
1s obliterated.

Finally open surgery for the repar of the closed wound 1tself carries a nsk of
added infection, which should normelly be small compared with the alternative
Tisks that operative mtervention 1s designed to avord

Other sequelae

Emphasis has been placed above on the risk of infectzon 1n closed 1njurses but the
more common result of severe closed njurtes 1s bleeding, which 15 discussed in
Chapter 5 Tn bref all uigmificant closed fractures and soft tissue njuries are
associated with vascular damage and bleeding imto the tissues the extent of which
may determme the sevenity of the general reaction of the patient This may be
Om\::glooked 11 patients with multiple njuries if the attention of both patient and

real staff 15 focused on particular local myuries. Progressive bleeding from a
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fractured pelvis or ruptured spleen may continue with mmumum symptoms or
signs right up to the ime of sudden and dangerous collapse

Two other conditrons namely fat embolism and pulmonary thrombo-embolism
require mention particularly as therr frequency and significance has not m the
past been adequately recognized. Pulmonary fat embolism almost mvanably
follows bony injury and results from the hiberation of marrow fat into the venous
arculation and thence to the lungs, but 1t 18 rarely if ever of clinical sigmificance.
Systemic fat emboltsm 1s less frequent but more important in practice and 1s
sometimes lethal through severe involvement of the brain (see Chapter 14)

Thrombosis of deep vens 1n the lower lunbs 1s very frequent in middle aged and
clderly patients at rest in bed from any cause including injury 1ts major complica
tion is pulmonary embolism which 18 often fatal (see Chapter 17)

Provisional diagnosis

In the carly assessment of the injured patient the nisk or the cause of systemic
reactions must often dictate primary diagnostic measures and treatment but when
the risks of infection or bleeding are slight and particularly in the younger age
groups the prunary concern must be the nature and extent of local demage and its
significance for the particular patient The first consideration in most relatively
minor inuries to the head and trurk 18 that of excluding serious complica
tions In hmb injunes careful cliucal examination may be needed 1o elxat the
presence of smali local lesions which can be decisive 1n their functional importance
Early radiological examnation is frequently essential to exclude bony damage
It will reveal the presence or absence of major bony damage or dislocation, and
their presence may indicate that certain ligaments periosteum muscles, or other
structures may or must have been damaged Taken in confunction with detailed
climical examination 1t can lead to a considerable amount of knowledge of the
anatomical lesion In moderntely severe injurres this may allow treatment to
proceed, although further information will result from exploration when surgery
13 indrcated In less serous mnjuries wrthout major fractures a detailed diagnosis
may be difficult although stil important, at the acute stage Once major bony
damage has been excluded the patient can usually be calmed sufficiently to allow
systematic and detailed clinical examination to establish the normality or otherwise
of all important structures. Such examination may be particularly valuable early
that 13, before swelling has developed At times the presence of swelling may make
1t difficult to obtain detailed mformation which only becomes available later as
swellmg subsides and movements become possible In patients with closed mjuries
to joints, muscles and tendons, repeated observations will frequently provide
information not forthcoming from a single investigation The clinical course wall
provide information of the presence or absence of certain types of important
ind]‘é‘:;eyn when the skin 1s intact and infection unlikely carly operation (within a
matter of hours rather than days) 1s often the optimal treatment. Early operation
facilitates the diagnosis of deep damage and often provdes the best opportunuty
for repair Late exploration may be made difficult by developing scar tissue while
the anatomy of injury may be concealed by the process of healing. Early surgery
depends on definite indications but 1s never posuble unless it 15 conudered when
the patient is first scen
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appear to be clinically well or to be suffering from some degree of so-called
traumatic shock. Two other types of chnical disturbance requinng a different
approach at primary examnation are first disturbance of consciousness, typically
from head mjurtes and second disturbance of respiratory function from njury to
the chest or respiratory passapes

The accident may be sometimes only inctdental Head injuries can result from
e fall due to some medical cause or to alcohol without the head njury bemg any
the less genuine or important

Assessment of the [T patient

The injured patient who seems to be systemically ill should be nursed flat except
when there 15 respiratory difficulty when It may be found that he 15 better
sitting up There 15 & widespread tendency to keep injured paticnts tn the post
tron m which they reach hospital  Thus may be wise n the case of chest injuries
and suspected spinal 1njuries, but 1t 1s important to find out from ambulance men,
fint-aid workers or others with the patient just why any particular position has
teen adopted There may be no reason at all An early medical decision must be
made on how much the patient can be moved for undressing and examination
and whether any particular position 1s essentral or desirable

The next deaston nvolves the degree of urgency of examination The majority
of patients can give routine deteils of age sex history and 3o on before medical
nvestigation begins and the taking of a medical history can precede exammation
In some patients the injuries are so obviously severe or are associated with a clinical
state that appears so desperate that a preliminary medical exarmination should
precede removal from the stretcher Much can be learnt 1n a few seconds from the
following observations (a) the degree of unconsciousness alcrtness or anxiety
(b) the response to a sumple inquiry (c) the colour and feel of the skin of the face
(d) the nature of respiration (e) the presence and quality of the pulse and (f) the
hrstory and diagnosis gaven by those bringing the patient to hospital

A numbser of injured patients reaching hospital in extremnis can be saved 1f blood
transfusion 1s started within 5-10 minutes The decision can ofien be taken within
2 mrute or two of the patient s amval provided that an expertenced doctor 1s
available The most dangerous delays commonly oceur first before any doctor
sees the patient, and secondly when the reception doctor 1s both mexperienced
and not supported by an organization which makes a more expenenced opimion
available in a few mmutes and blood rapidly available for transfusion

When there are no signs of continuing bleeding, the patrent who 1s conscious
breathmg regularly and has a palpable pulse can always wait & few munutes for
careful transfer to a couch the taking of a basic history and at least the first stage
of undressing before examination begins.

The next thing to be sought for 13 evidence of extenstve injuries or an important
single imyury The patient with & normal blood pressure may have had a severe
haemorrhage but if the accident has been very recent he can wait 20 minutes for
primary assessment provided that he 1s watched for deterioration Even before thus
1t may be clear that transfusion 15 required, so that blood can be taken for group-
ing and cross matching.

The better the clinucal state of the patient, the less severe the 1njunies detected
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and the less time that has elapsed since injury the more time thee 13 avalable for
systematic hutory taking followed by clintcal and other mnvestigations The more
severe the njuries and the patient s general condttion and the longer the nterval
from the accident the more 1t 18 essential for e prelimunary investigation to be
completed rapidly so that & plan for emergency treatment ¢zn be made The greater
the inyury the greater the need for quict calm deliberation and this 15 consistent
wath efficient speed The bigger and the more complex the myury the greater 1s the
need for & team upproach with delegated individual responsibilities It 18 often
necessary to have one person responsible for the mrway and another for the in-
troduction of 2 transfusion needle In severe multiple mmjuries a team of 2 or 3
doctors and half a-dozen nurses 15 often the bare mimmum required

Detmled indications for transfusion are discussed elsewhere 1n relation to the
treatment of shock and haemorrhage (see Chapter 5) Major emergencies may need
urgent surgery with no tume for radiology as part of the primary wnvestigation but
on the other hand radiological examinations are often urgently mdicated even
when surgery 1s to be undertaken forthwith In major multiple injucies 1t 1s often
necessary to examine the whole trunk radiologically for major bony damage In
sutpected renal mjuries intravenous pyelography 18 invaluable at least to demon
strate that the other kidney s not only present but functioning. Cystograms may
be indrcated when there 15 doubt about a rupture of the urethra or bladder The
extent to which radiology will be used at the acute stage will depend on 1ts being
avmlable without the patient having to be moved

Some 1njunies arouse susprcrons which should lead to further attempts to obtam
information that the patient 1s urnable to grive particularly when the patient has
been seen by another doctor or transferred from another hospital

A patient arrrved in a state of serious collapse on transfer from 2 neighbourmg
hospital for a primary wound repeur ‘The collapse had occurred in the ambulance and
was due to antitetanus serum recetved at the first hasprtal—fortunately noted in the

ng letter

The knowledge that a patient has been fully consclous after a head 1
ryury may
be vital when coma has supervened from extradural bleeding
In the more senously myured patient, when there 1s time to investigate wide
trunk radiographs may still be needed. Fractures of the pelvis and spine without
visceral or cord damage can easily be mussed at & primary examwnation Later
they may continive to bleed or provoke major discomfort. Radiological examina
ho;\hof the abdomen may show swallowed foreign bodies, gas under the diaphragm
‘1 the erect position or in the flank from an antero-posterior view ta
patient lying on the side P e taken wit the
Oceasionally there may be a need for stercoscopic films or tomographs and f
other special techniques The cl e must work
losely et q inician and radjologist or radiographer must work
One difficulty 1 that some
patients who appear too 1Ml for full investigation
2&:: lr}x;ost i need of accurate diagnosis Others escape mvestigation nmp?;' be
e cylsccm 0 well and injury has appeared tnivial The latter group 1s likely
1‘1:% ected once preluminary mvestigatian has revealed no obvious lesion
‘Ihﬁeﬂxu r‘y when patrents with more obviously serrous injunes are admutted at
$ame ume and from the same 1ncrdent. It 55 not always enough to admut for
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observatton with a half hourly pulse or blood pressure chart. Many patients with
apparently minor njuries need to be re-examined at intervals i the ward Some
will appear much better than when first secen but others will show signs of more
serious trouble The rest will remain in doubt some to recover others to produce
evidence later Observation must controue
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CHAPTER 4
CIRCULATORY RESPONSES TO INJURY
1 G GRABER

INTRODUCTION

Physiological adaptations to trauma
EvoLuTion has resulted 1n physiological adaptations to trauma which generally
favour survival The normal homeostatic mechamsms which govern curculatory
and related metabolic processes and maintain the wternal environment become
reonentated 1 & manner to mitigate the effects of trauma and blood loss and to
promote hegling.

The changes 1n cardiovascular endocrme and nervous systems are at present
wncompletely understood but the effects include the following.

(1) A fall 1n blood pressure Is prevented or delayed in the faco of blood loss and a
dimmished cardiac output by selectrve vasoconstriction. This redustributes the carduac
output s0 that the blood supply to the hramn and beart 15 nmmintained at the expenss of
the splanchnic bed, liver skn, muscles, end kidneys. The redistribution is mediated
through the central pervous systern (see Heymans, 1950 Henry 1955 Cort, 1955)
but only occurs m the presenca of the adrenal cortex (Remungton, 1951)

(2) A redustribution of the body water occurs so that cellular water 1s made available
for the vascular compartment. This 13 mediated through the endocrine system haemor
thage results in an increase in blood aldosterone and hydrocortisone (Farrell Rosnaghe
and Runkolb, 1956) and antldioretic hormone (ADH) (Gimsburg and Brown, 1956)
the action of which tends to reconstitute the blood volume. The alteration m the
bormonal balance varles with time (Wrong, 1956) so that for some hours water Is
retained by the kidney (dut to the action of ADH) later urtne has the electrolyte
compasition of intracellular flud (due to the action of aldosterone) (see Figs. 3 and 4)

(3) A loss of potassium 1n the urine and sweat Indoces hypotonia, & dismelination
to movement, loss of appetite and intestinal immoblity thus resting the mjured part
and furthering splanchnic vasoconstriction.

(4) A katabolic phase ensues (due to the action of hydrocortisono) which provides
essentfal amino acids for tissuc repair (Cuthbertson, 1954) and water for the replenish-
ment of depleted compartments

Deletertous effects

These adaptations include the following features wiuch militate against the
reconstitution of a normal internal environment.

(1) The selective arteriolar vasoconstriction, which maintains the blood pressure in
huamrla,dmnhllymdumxwmmdnowmﬂtaplrhda,thﬂcbymv—
ducing local hypoxia and Inhibiting the exchange of flrd and metabolic products
between the blood stream and the tissucs. Vasoconstniction converts the skin from an
organ of temperature regulation to a calorimeter cover skin temperatures fall while
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Fro 4 —Serial cardiovascular and membolic (endocrine) effects in a patent
with severe multlple injuries transfused with a large quantity of blood. T
wndicates induction of anacsthesda for surgery The patterms of change in
urine Na K ratlo and percentage tubular Joad of water and sodium excreted
differ only 1n amplitude from those in Fig. 3 MP=mean blood pressure
P=pulse rate Na K ratio 1n the unine 15 & function of sldostcrone excretion
and the percentage tubular joad of water cxcreted 15 a function of antidiuretic
hormone sctivity
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with severe multple injuries transfused with a large quantity of blood. The
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the percentage tubular Joad of water and sodlum excreted, although the blood
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and the percentage tubular load of water excreted Is a function of antidiuretic
hormone actimity
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CIRCULATORY RESPONSES TO INJURY

HAEMODYNAMICS OF BLOOD LOSS
Cardiac output and its distribution

The importance of a fall in cardiac output after 1njury and blood loss was estab-
hished by Richards and Cournand and their colleagues in their studies on some
110 cases of cvilian injurles Studies of blood volume and cardiac output were
made on admission and after therapy the results (Cournand and his colleagues
1943 1945 Lauwson Bradley and Cournand 1944 Noble and Gregerson 1946
Richards, 1943 1948) confirmed that the reduction of blood volume was due to
Tocal blood loss into damaged tissues (Blalock 1930) and showed that the blood
loss was accompanied by a decrease 1n cardiac output. Studies of renal blood flow
measured by the clearance of para ammo-hippuric acid showed that the reduction
was far greater than the fall in cardiac output this could only occur if there was
renal vasoconstriction simultancous vasoconstriction of the skin was noted
Since a marked increase in the total resistance occurred it can be deduced from the
data that active vasoconstriction occurred mn other vascular beds besides the skin
and kidneys Active vasoconstniction m the splanchnic bed following trauma can
be adduced from the data of others (Blalock and Levy 1937 Freeman, Frank and
Fine 1952 Lillcher 1957) and was shown to occur in muscle by Zwelfach (1951)

A graph constructed by Wiggers (1950) showed the relationship between reduc
tton of blood volume and cardiac output and indicated that a 33 per cent blood
Joss resulted in a halving of the cardiac output. Recent work ndicates that the
cardiac output may decrease further with time without further blood loss

The resting cardiac output averages 3-6 1 per nunute in man (Brotmacher 2nd
Deutcher 1956) and is distmbuted to five main vascular beds the bran kidney
liver and splanchnic area, skin and muscle Each of the first three receives a blood
flow of approximately 1 500 mlL per munute, while skin and muscle together recerve
about 800 ml per munute about 100 ml per mmute 15 supplied to the myocardium
The preferential distribution of blood to the brasn and heart in the face of a reduced
circulating blood volume was postulated by Starling (1909) and has been confirmed
by clinical expenence and expenmental evidence If the cardiac output is reduced
to say 28| per minute and the blood flow to brain and myocardium 1s maln
tamed then 1 31 at best are left for redistrnbution to the kidneys liver skin and
muscles which normally receive 3 8 1 per munute Ischaemuc anoxia is produced
and 15 aggravated by haemodilution and disturbances in cell metabolism {Strawitz
and Hift, 1956) Lauson, Bradley and Cournand (1944) found that renal ischaema
often persisted after transfusion to normal blood volume by plasma or blood even
though the cardiac output was restored.

Expenimental evidence in the past 10 years has shown that neither the kidney
Iiver nor the ntestine (Fine 1955 Lilleher 1957) can tolerate ischaemia for more
than a few hours without changes in their structure and function These contribute
to & disturbance of the internal environment and may facilitate death from renal
failure or possibly from circulatory collapse unresponsive to transfusion

The ability to reconstitute a normal blood volume following trauma is imited
an acute blood loss of 4 5 per cent of the body weight Is almost invariably fatal
(Wiggers 1950) In man this represents 4 per cent of the total body water 13 per
cent of the available sodium, 0 5 per cent of the available potassium and 50 per
cent of the circulating red blood cells The haemodilution following blood loss
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which perusts for weeks as the anaemia of trauma (Topley and Clarke 1956)
reveals man s lmutation in replacing erythrocytes Early haemodiution is not
accompanied by a significant fall in plasma protems (Gregerson and Root 1947

Beecher 1949) ndicating that the body has sigmficant reserves of protein. The
reserves of body water are also considerable and 4 2 L. of water (6 per cent of body
weight) must be lost before clmical mantfestations of dehydration occur Therefore
the major need for replacement therapy after trauma and blood loss 13 red blood
cells and these are best given in the form of whole blood

Quantitative assessment of blood loss and its replacement

Perhaps the most significant recent advances 1n treatment are first, the recogni
tion of the Jarge amounts of blood necessary to restore and mantain a normal
blood volume followmg severe multiple injunies and, secondly the elimination of
plasms and plasma substitutes as forms of therapy

Summanzing the work of his group 1 1948 Ruchards stated It needs no
emphasis at this time to record the extraordinary recovery that can take place
even m advanced shock by abundant replacement with plasma and whole blood
In others there will be temporary resuscitation followed by gradual failure and,
again death Shock 15 very much more than a disturbance 1 blood flow
Richards concept of abundant replacement was based on the work of Noble
and Gregerson (1946) who concluded that 1n severe trauma on the average
15 to 2-0 litres of blood are required for replacement This 1s often a gross
underesumation Volume measurements of injured hmbs supplemented by blood
volume studies have shown that 21 of blood or more can be lost nto injured
muscle after a nmple fracture of the femur or extravasated subcutaneously following
a fractured pelvis (Grant and Reeve, 1951 Clarke, 1952 Clarke, Topley end Flear
1955). Thus 13 1n accord wrth the findings of Duncan and Blalock (1942) who
estimated the extravasation of blood into traumatized Iimbs of amimals by
weighing,

The expertence of Clarke and us collesgues (1959) wn civilian trauma and Prentice
and his colleagues (1954) and Artz and hus colleagues (1955) in war njures, 1s that

transfusion of as much as 10-25 1 of whole blood may be necessary to maintamn
the blood volume near normal after severe injunies Much of this 1s needed to replace
bleeding mto the tissues dunng and following resuscitation as well as the blood lost
during surgery and in the post-operative period

Blood loss at any time duning treatment must be adequately replaced 50 as to
avord or reduce the deletenous effects of severe hepatic and particulacly renal
ischacmua. Amimal expeniments suggest that bactenal taxins from ischaemic

intestine may be important 1n prognoss since they may cause widespread vaso-
dil::lilnlon m::ld pmﬁi{md hypotenston not influenced by blood transfusion or vaso-
constnctor drugs. Artenal perfusion of the splenic vein (Delo 1951) and
splanchnic bed (Lilkeher 1957) and antibotics (Fine, IBgS) canlhubsm?nually
reduce the mortality of prolonged splanchnic 1schaemua. This work supports the
?y}]mlhuu of earlier workers that a toxic factor produces irreversible hypotension
l:clhz::jgn :zt}:x:n (tt:r further references see Wiggers 1950) but emphastzes that
pathogenetic mechanism Nevertheless there is no definite evidence
that toxic or bactenal factors play an maportant part in man except i the special
cases of fulminating gas gangrene or early peritonitis
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HAEMODYNAMIC EFFECTS OF THERAPY

The time taken for a normal cardiac output and blood distribution to occur once
a normal blood volume 15 established 15 determined by many factors These
imclude the time between fnjury and transfusion the rate of transfusion, the amount
of colloid given before blood transfusion begins the salt and water losses, whether
vasoconstrictor drugs have been used whether general anacsthesia and surgery
are employed as well as the nature and situation of the injuries

Collold therapy

The arterial oxygen content may fall considerably after trauma because of
haemodilution Thus Cournand and his colleagues (1943) found & reduction to as
low az 66 volumes from the normal value of 16 6 volumes of oxygen per 100 ml
Administration of colloids such as plasma or dextran further reduces the oxygen
carrying capacity of the blood (Beecher 19459) By increasing the plasma volume,
collowds reduce the space available for transfusion of whole blood and make rapid
recomstitution of the oxygen-carrying capacity of the blood impossible This may
cven declde a fatal issue (Parkins Permutt and Vars, 1953)

Citrate effect of blood transfusion

Stored blood is generally diluted about 1 in 4 5 with 3 8 per cent solution of
sodium citrate Heghal and Firt (1954) and Firt and Hejhal (1957) demonstrated
that intravenous 3 8 per cent solution of sodium citrate, in doses equivalent to
100 ml 1n man, causes a nise m pulmonary artery and nght atnal pressure in the
dog. After haemorrhage, the transfusion of aitrated blood, at rates equivalent to
420 ml per munute in man caused the central venous and pulmonary arterial
pressures to rise sharply and the systemic blood pressure to fall Signs of over
transfusion appeared before the blood volume had been replaced Hepannired
blood had no such deleterious effects These authors gave case details of similar
cffects in man during ultre rapid transfusion of atrated blood they suggested
that mtravenous calclum gluconate and I per cent procaine should be given.
Ludbrooke and Wynn (1958) pointed out that a straight line relationship exists
between the rate of blood transfusion and the plasma citrate concentration They
estimated that a rate of 180 ml per minute was the upper bt of safety in normal
mean and predicted that citrate intoxrcation could occur at much slower rates of
transfusion 1if iver impairment was present, since 1ts disappearance rate 1 man
is dependent on Itver function They also urged calcium therapy

Water and electrolytes
The necessity for adequate replacement of serious salt and water losses hardly
needs to be empt d, since pure sod depletion may produce a clinical pictare

and metabolic response very sumular to that of haemorrhage the cardiac output
falls rapidly perhaps to 40 per cent of normal, followed by a prolongation of aircu
1ation time and an increase in total resistance. These effects are intensified if water
losses occur (Elkington, Danhowski and Winkler 1946)

The basis of replacement must for the present rest upon clinical assessment
together with accurate measurement of losses from the gastro-intestinal tract and
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The mcrease 1n skin and muscle blood flow 15 a factor in the circulatory collapse
which may follow induction of anaesthesia in oligacmuc patients Transfusion
should begin before snaesthesia 1s induced and if possible the blood volume
should be restored to normal before surgery 1s begun. Sudden cessation of oozmg
durmng operation 1s an indication for further transfusion In these paticnts anaes
thesia should be terminated as soon as possible because prolonged splanchnic
1schaemua may be related to untreatable circulatory collapse

SPECIFIC INJURIES

At least three types of injuries prevent the reconstitution of a normal circulstory
pattern by blood transfusion alone.

Intestinal infurfes

Studies by various workers have shown that abdommal and particularly sntestinal
mjunes are associated with considerably higher haematocnt values than skeletal
injunes This indicates that body water normally available for reconstitution of the
blood volume 15 diverted tnto the intestine or the peritoneal cavity The coils of
oedematous intestine found at Japarotomy in intestinal tnjuries probably account
for most of thus fluid diversion intually hormone secretion 1s not responsihle since
ACTH adrenaline and ADH all decrease intestmal secretions. When the normal
turnover and exchange 1n the gastro-intestinal tract of 8-9 L. per day 1s considered,
the great flurd Josses which may occur from paralytic ileus, intestinal fistulae and
aspirations are easily understood. Added to these may be losses from pertomitis.
Sodium and potassium losses may also be considerable. Normally the secretions
mto the gastro-intestmal tract contamn 10 mEq per1 or less of potasstum but the
content may nise to 70 mEq per L when fluld loss 15 copious. The sodium content
of mtestinal losses vanies with the level from which the flind 1s Jost. Sodwm,
potassumm, and flurd losses can sentously reduce cardiac output so that replacement
therapy 15 urgent and must be based on analyses and records of the amounts Jost
on the case hustory and on the hormonal state of the patient (Graber Beaconsfield
and Danel, 1956)

Head Infuries

Severe head 1njuries are often associated with other mjurses demanding urgent
transfusion Hesitancy mn restoning the blood volume to normal owing to fear of
causing intracranial haemorrhage 1s unjustified, smee the brain receives its normal
blood flow 1n any case. There may be a greater nsk of increased cerebral bleeding
if transfuston 1s withheld because many patrents react to trauma and blood loss
by hypertension since cerebral vasoconstrictor fibres do not respond to blood
1oss (Heymans and Bouckaert, 1933 1935) the brain 1s then likely to recetve more
than 1ts normal blood supply Adequate transfusion returns the blood pressure to
normal Moreover delaying transfusion promotes hypoxia with adverse effects
on cerebral function.

Certain patients particularly those with bramn-stem Iesions, develop Ppersistent

hyperventilation which results mn excessive losses of carbon dioxide and water
prolonged acapnia causes a fall in cardiac output, cerebral vasoconstriction and
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vasoconstriction The risc 1n intrapulmonary pressure may #lso preciprate pen-
1;;:;71-;1 venous spasm and & fall of cardiac output (Braunwald and his colleagues,

Should 2 section of the chest wall lose 1ts ngidity owing to multiple fractures
of ribs, paradoxtcal breathing may occur This has special nisks (see Chapter 15).
On msprration the lung on the affected side collapses and pumps air nch m carbon
dioxide into the expanding opposite lung on expiration 1t expands and sucks 1n
expired air contaming additional carbon dioxide from the contracting healthy
lung. The partial pressure of carbon dioxide (Poo,) is thus raused, increasing the
blood Peo, The mtial effects of this are vasoconstnction in muscle, skm and the
splanchnic bed and an mcrease m cercbral blood flow further increases capse
vasomotor paralysts and heart block.

An attempt to reconstitute a normal cardac output and distrbution of blood
n patients with severe chest injuries may fail unless simultancous steps are faken
to return the intrathoracic pressure to normal to re-expand the lung fields and
combat paradoxical breathmg.

LIMITATIONS OF CLINICAL SIGNS AS A GUIDE TO
BLOOD LOSS AND TRANSFUSION

The timing of blood transfusion becomes an urgent clinical problem when trans-
fusions amounting to 4 or even 6 times the blood volume are involved, since
overtransfusion 1s a possible nsk. Although records from the Korean War contain
only 3 cases of possible overtransfusion and 1ts occurrence is rare at the Birmmg-
ham Accident Hospital, Downs (1958) expressed a common but erroneous view
when he stated “circulatory overloadmng 1s now probably the most common cause
of desth” in treatment of massive blood loss His data indicated that barely
adequate quantrties of blood were transfused too late and too fast. Downs paper
however 1s & pomnted reminder that the cltmcal problems raised by Paget (1862)
remarn unsolved. Paget recognized that clinical signs were not necessarily related
to the sevenity of the injury nor was prognosis dependent on ymtial symptoms.

In studies of civiban and battle trauma efforts have been made to correlate
chmeal symptoms and signs to the degree of blood loss but the findings are
contradictory Thus, Fisher (1958) agreed with Grant and Reeve (1951) that there
13 a possible correlation between pulse rate and blood loss, while Evans and his
colleagues (1944) and Beecher (1949) could find no such correlation. Keith (1919)
Evans Beecher and Grant and Reeve all found a correlation between a fall in
systolic blood pressure and oligaemm, although they disagreed widely a3 to the
extent of the fall Fisher however found the blood pressure of less value i diag-
nosts of blood loss. Furthermore, the graphs relating red-cell volume, plasma
volume or blood volume on the one hand, to blood pressure, pulse rate skin
temperature and venous tone on the other are scattergrams from which trends
may be deduced and statistical correlations assessed however they are of Imited
value m assessmg the blood lost m an individual patient.

The failure 1o obtan reasonable correlations indicates great complexity of
mechamsms and hmrtations of certain techniques In general three main groups of
factors are mnvolved (1) an alteration of the crculation and metabolism with
tune which has been referred to earlier (2) changes in the meaning of physical
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ugns and measurements after trauma and (3) the nature of the disturbance in self
regulating mechanisms—these require consideration

CHANGES IN THE MEANING OF MEASURES AND
PHYSICAL SIGNS

d peripheral
The changes 1n blood pressure, pulse rate, central venous pressure an

blood values have haemodynamic consequences not linearly related to changes 1n
blood volume

Blood pressure

The relationship between blood pressure and cardiac output may conventently
be considered to follow a simplified form of Poiseuilles law blood pressure=
cardiac output x total reustance The cverall or total resistance (R) s a complex
made up of several functions one of which 13 that flow in a tube 1s proportional
to the fourth power of 1ts dismeter Thus, small changes i the diameter of artenoles
can easily shunt blood from one vascular bed to another The man vascular beds of
the body—kidney splanchnic and Iiver skin and muscle, and brain—cxist 1
parallel Thus 1n the systemic airculahon—

1
Y (totaD) = 2 kidoey 42 splanchnic -& musele and skin-++ brain

The total resistance 1s thus less than the resistance 1 any single component, so that
8 large 1ncresse 1n a regional resistance (r) would not necessarily affect the total
resistarice indeed 1t may be associated with a fall in the total resistance if that 1n
other reglons is simultaneously reduced. This explains why a normal blood pressure
and cardiac output (CO) can occur 1n the face of marked renal or hepauc 1schaema

In considermg haernodynamic states three possible clinieal categories have to be
bornemmund (I)low blood pressure ==pormal or ugh CO x low R, low CO x lowR,
or very low COxhigh R (2) normal blood pressure=normal CO xnormal R,
high COxlow R, or low CO xhigh R (3) hugh blood pressurewhigh CO x normat
R, normal COxhigh R or low CO x very high R. Viewed m thus way it can casily
be 2een that blood pressure per se can be a source of false comfort or unnecessary
anxiety This does not of course underestimate the chimeal importance of sustained
hypotension as an adverse sign following severe 1njury or blood lass

Pulse ware and pulse rate

Pulse mate in equilibrium states is proportional to the cardiac output but this
relationthip does not hold after traums and blood loss. Alexander and Webb
(1947) found that the mean pressure 1n the dorsalis pedis artery was higher than that
in the femonl artery and aorta in haemorrhage-induced hypertension and this was
confirmed in enacsthetized normotensive dogs (Graber and Beaconsficld, 1955)
Studies of alteration In the pulse wave m the three artertes led Alexander and
Webb to conclude that the higher pressure i the smaller arteries was due to a
summation effect caunsed by the elastieaty of the artenal wall Garton (1958)
reexamuned this data and concluded that the higher pressure means that active
work 12 done by the walls of the smaller arterses. This would alter pressure flow
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relationships in the presence of vasoconstriction and thus also alter the meamng
of pulse rate and blood pressure

Blood-volume estimations

Although blood volume estimations have been of great help in demonstrating
the importance of oligaemia their value is hmited in the early phases of trauma
The validity of the estimation rests on three assumptions that the substance
injected remans 1n the vascular tree that it becomes uniformly mixed and that
it can be accurately estimated

The value of the vita! red and Evans blue (T 1824) techniques 15 Iimuted by loss
of dye from the blood stream and the difficulty in their estimation in the presence
of haemolysis and lipacmia The use of erythrocytes labelled with 5!Cr and 32P
overcomes these difficulties but not those of mixing In normal patients the mixing
time for erythrocytes and Evans blue 1s 3-5 minutes (Lauson and his colleagues
1947) After severe haemorrhage or retransfusion it may be delayed or unpredict
able Delorme Mukhergee and Rowlands (1952) found that in dogs the muing
was delayed for 3-5 hours after haemorrhage and after retransfusion This was
also the experience of Prentice and his colleagues (1954) Our own studies have
shown that mixing tirme may be disturbed for even 10 days after severe injury Fig 6
illustrates muxing 1rregulanties which occurred in a severely njured patient. The
basis of these irregularities lles in the complexity of the capillary circulation after
trauma (Zweifach and his colleagues 1944 Zweifach 1951) and regional altera
tions in vascular tone

A blood volume estimation on admussion can give no mdieation of how much
bleedmg will occur after transfusion this can only be assessed clinically Repeated
red cell volume estimations can be of value es a guide to the edequacy of trans-
fusion (Clarke and hus colleagues 1959)

Even 1If the blood volume estimate 1s accurate its interpretation as a guide to
transfusion may be difficult because of the vanation m normal volume among
different people errors in transfusion can be made The error can be reduced if
lean body mass mnstead of body weight 1s used as a enterion of normal blood
volume (Muldowney 1957) Other errors are due to ignoring the body venous
haematocnt (Stead and Ebert, 1941) and fallure to assess continuing bleeding.

Central venoirs pressure

The central venous pressure 13 a resultant of the blood volume, capacity of the
veins, venous return cardiac output and mtrathoracic pressure, the last named
depending upon the volume of the thoracic cage and intruthoracic blood volume
Changes in any one of these may be reflected in 2 change of pressure

Withdrawal of up to 15 per cent of the blood volume leads to a small temporary
fall 1n nght atnal pressure However after withdrawal of 20 per cent or more or
if there 18 pain or emotonal disturbance peripheral venospasm occurs and upsets
the pressure volume relationships (Pege and his colleagues, 1955) Venospasm
also develops when there 13 a fall of systemic blood pressure and rases the venous
pressure  Thus, Wiggers (1950) recorded animals dying of haemorrhage with
central venous pressures higher than normal
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TABLE

COMPARISON OF THE CATION AND ANION CONCENTRA
TIONS IN EXTRACELLULAR FLUID AND WITHIN CELLS

Extracellula Cell Extrocellufar
Shid Siad
cations Cations Anions anions
Nat 137 | K+ 150 | HPO. 100 | 106
K+ S| Mg+ 40 | Proteln 66 | HCO3 30
Cat+* 3| Na 5[ s0, 1B | Organkcacids 6
Mg+ 1 HCO;y 1 | HPO, 2
S04 1
Protein 1
Total 146 195 195 146

Namerila are in nglll-equivalests.
Now that the Na K rmuos s tbe exiraceiiwier and calfwbar fickds sre aimort
reciprocain,  Urioe after traems of ten bies Na 1 K ratios simider to thowe in colbatar fuld

These considerations are important in trauma since the vascular beds which
undergo vasoconstriction suffer a gross disturbance of fluid exchange with the
interstitial space The narrowing of the arterioles causes a steep fall of pressure
across their [ength wiulst the volume of flow falls proportional to the fourth power
of the diameter As the capillary pressure falls water tends to be retaned inside
the capillaries through the relatively unopposed osmotic pretsure of the plasma
proteins The slow flow permits an increased escape of protein and thereby 1mpairs
the flow of interstitial water into the blood stream Products of cellular metabolism
accumulate locally Changes in hormonal balance occur which alter the jomc
composition of intracellular and interstitial fluid In this way peripheral venous
samples become only obliquely representative of local metabolism while muxing
mn the general circulation is disturbed by altered regional flow rates. Thus the
mixing time for tritium 1s increased by several hours after trauma (Howard and
Scott, 1955)

The altered crrculation 1n the kidney skin and gastro-intestinal tract mterferes
with water and 1onic exchange and prevents adjustment to losses.

DISTURBANCE OF SELF REGULATING MECHANISMS

When the physiological changes which follow trauma with blood losy and the sub-
sequent clinical intervention are recorded at frequent intervals, they show features
of a kind to be expected 1n the operation of a complex system of automatic and
nteracting regulatory mechanisms (Figs. 3-5)

The composition of the blood 1ts circulation and its distribution are normally
meuntained withm close limuts by regulatmg mechanisms Each quantity regulated
involves an element which plays the part of a responsive measuring instrument
Through this detector and through mechanlsms that include nervous, humoral
and vascular elements, the tendencies to depart from normal values are corrected.
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CHAPTER 5

RESUSCITATION AND TRANSFUSION IN SEVERE INJURIES

Ruscoe CLARKE

HAEMORRHAGE Is the most important single factor in traumatic shock and whole
blood transfusion the most important recent advance in therapy The diagnosis and
treatment of the injured patient should be approached with the object of establish-
1ng not only the nature and extent of injury but also the amount of blood lost and
its relationshup to the chnical and circulatory state Transfusron and other
therapy can then be based on & dynamie picture of anatornxcal injury and physio-
logrcal changes with the aim of preventing pathological and undesirable sequelae.

Grant and Reeve (1951) discouraged the use of the word “shock™ because of its
clinical vagueness. Pickering (1958) used the word “shock to illustrate how a
pscudo-scientific label can hold up progress He suggested that Cannon and
Baylls went wrong in their support for the toxic theory of shock becauss they
assumed that the word represented a clinical entity—*that because the same word
was used, therefore the circumstances leading to the final picture were the same™
The point 15 well made bot his explanation 1s not quite accurate Cannon (1919) was
certunly familiar with climcal realities during World War 1 The one thing missmg
from hts experience was that he had never seen the effects of adequate transfuston.
Thrs only became possible with the advent of stored blood so that 1t was difficult at
one time to judge between the conflicting views of Cannon (1923) and Blalock
(1940) The test of practice was carned out duning the Spamish Civil War World
War 11, and later during the Korean War The relevance of war experience to
cvilian trauma has been demonstrated by workers at the Birmungham Accident
Hospital, The contribution of blood loss has been studied quantitatively as well as
qualitatrvely and as 2 result, we can begin to evaluate some of the other factors
that mfleence the chinical state and prognosis.

Signs of systemic opset

Grant and Reeve (1951) described patterns of early circulatory response to injury
and ther relation to blood loss and oligaem:a assessed from blood-volume studres.
The patterns have been re-asscssed for civilian mmjuries by Fisher (1958) who
simplified their number and related them to red-cell volume as well a3 total blood
volume measurements. Fisher considered the clinteal states at the actual time of
blood-volume measurement and thereby avoided the errors implraat 1n back extra
polation. Certain broad correlations cmerge between blood pressure and pulse
rate on the one hand and levels of blood volume and amounts of blood loss on the
other but the wide range of results showed that no particular combination of signs
or symptoms suffice to diagnose the extent of bleeding or even that bleeding has
occurred. Even less can single observations of the clinical state give any indication
of the extent and rate of further bleeding hikely to take place ether with spon
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important to recognize that the normal pmt (540 ml ) of banked blood contains
about 120 ml of preservative flurd and only just over 400 m! of whole blood
(Fig. 9) The difference can be important When the objective Is to restore red-cell
volume 1t 15 often wise to ignore the extra volume of flusd. When transfusion s
massive and rapid the volume of anticoagulant fluyd needs consideration particularly
m view of the possibility of citrate overloading (Firt and Hejhal 1957) In the
treatment of oligaermia it 1s therefore necessary to think in terms of percentage and
absolute bleod loss. It 1s further necessary to consider bleeding as a continumng
process, cxcept When 1t 13 known to have stopped, but continwng intermittently
rather than evenly

The process of diagnosis and treatment requires continuous revision of the
evidence and an attempt to mterpret findings 1n terms of physiological response,
Even for blood loss and blood volume our quantitative measurements are crude
but the knowledge so derived can sharpen our clinical wits and make judgment more
reliable

PLANNING TREATMENT

Priorittes

Sometimes transfusion though important, may have to be preceded by more urgent
measures such as tracheotomy and bronchual suction or immediate closure of 2 suck
Ing wound of the chest. Local severe bleeding from a wound requuires early atten-
tion, occasionally with a tourniquet, rarely by direct acuon. Some workers claim
that an occasional patient with obvious major bleeding, reachuing hospital in
extremis may require immediate artenal transfusion.

Routine planning

Usually there 13 time for a review of the situation before any emergency action 1s
taken. Thrs includes first an evaluation of the systemic and cerebral circulation. In
the presence of blood loss or interference with respiratory function 1t is often
difficult to deterrmune whether a disturbance of consciousness is due to & traumatic
or other cerebral lesion, or to the cerebral effects of isch anoxa from ol

A quick review of the patient s general condition is followed by & preliminary
estimate of the local injuries Within 2 few mmutes it should be possible to seo
the nature of the immediate problem and the degree of urgency with which the next
steps must follow

In severe injurtes it 13 often wise to look at the patient before taking a history
but a description of major bleeding at the smite of the accadent or of the state of the
patient immeduately afier injury can be most important A clear hustory of purely
local injury may help to distinguish between a vasovagal attack and established
oligacmua,

a"hen the patient 8 general condition is good and there 15 no evidence of major
blood loss, 1t 13 possible to proceed with detailed investigation without undue haste
Once & baseline 1s established the blood pressure and pulse rate should be recorded
at 15-minute or 30-minute mntervals along with any change in colour skin
temperature level of consciousness pain, anxiety or distress, respiratory difficulty
sweating, vormting, and other symptoms or signs. The emphasis may vary but it has

60







RESUSCITATION AND TRANSFUSION IN SEVERE INJURIES

history of visible bleeding (2) the nature and extent of injury (3) the measurement
of bleeding at operation including the volume of blood removed from an abdomen
or aspirated from a chest (4) 1n the case of the hmbs and to a lesser extent the
truok, from the volume of swelling (5) the general reaction of the patient and
(6) blood volume studies. To the knowledge so dertved from the individuzl patrent
must be added knowledge and experience denved from blood-volume studies 1n
others with similar types of injury

Subsequent assessments of blood loss can be based on (1) observation of further
bleeding from wounds or into dressings (2) increasing swelling  (3) increasmg
ngns of abdomimal or thoracic damage and (4) haemoglobin determinations. With
more detailed investigation the nature and extent of other lesions are unveiled,
sometimes only at operation and further clues are given by changes in pulse rate,
blood pressure, skin colour and temperature

Even m the absence of any evidence of further bleedmg, continumg bleedmng can
be expected from many kmds of mjury sometimes the amount 1s clinwcally pre-
dictable and can be covered by transfusion The contnbution of transfusion itself
to the extent and trmung of further bleeding is of great importance.

External bleeding

External bleeding from njuries can rarely be measured directly At operation it
can be measured 1n the suction bottle or by swab-weighing. However people can
be trained to meke approxumate esumations from the blood-staimng of dresungs
and clothes and from blood shed on the floor stretcher and so forth (Clarke and
Fisher 1956) Assessment of external blood loss from the appearance of 8 wound 1s
mherently difficult but a review of patients with open fractures on whom repeated
blood volume estimations have been carried out and limb swelling measured or
photographed, suggests that external blood loss within the first few hours 1s usually
of the same order as blood loss into the tssucs 1n the majonty of crvilian mjuries
with open fractures compound from wathin  External blood loss has often stopped
by the ume the patient has reached hospital even from major wounds with
moderate sized blood vessels divided. Qozing may continue slowly thereafler even
through dressmgs, or may start agam briskly following movement or transfusion, or
spontancously Bleedmg from wounds of the hand, face and scalp is frequeatly
much greater than 1s often thought. Such patients may collapse while awaing
operation, or under anaesthesia, becanse the extent of oligaemuz has not been
appreciated. This can usuzlly be prevented by transfusion and early operation to
arrest bleeding.

Bleeding from fractures of the face and base of skull 13 often concealed by
swallowing and considerable amounts of blood can be lost.

Closed bleeding

In attempting to correlate blood loss estimated from blood volume studies with
the nature and extent of jury Grant and Reeve (1951) used the hand as a measure
of the volume of injured tissue the closed fist for deep injurics and the open hand
for extensive surface injuries. Therr information was denved from autopsy as well
as clinical matenal They graded wounds mto small, moderate, large and very large
Smal) wounds of Jess than one hand were found to lose less than 20 per cent of total
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Fig 10 —Measured volume of surgical felt in
position on the forearm to simulate swelling
ductobloodlossof 1 pint (3 1) (By cowrtesy
of the Editor of the British Journal of Clinical
Practice )

RS

Fio 1] —Measured volume of
surgical felt in position on the
thigh to simulate swelling due
to blood loss of 4 pints (21)
(B courteny of the Editor of the
British Jowrnal of Clinical
Practice )

Fia 12—Measured volume of
surgical felt in position on
the beck to simulate swelling
due to blood loss of 4 pints
{2 1) (Bv courtesy of the
Ediror of rhe Brirish Jowrnal
of Clinical Practice)



et of he peleiy cse h very large blaog loss by,
the 8mount FIes wieh the exte f the b lesion and soft ty44

¢ o the ple frae, Ures o the ribs Using of the

— Withoyt ho, lcsmn.:, 2 Pints (1_5 1)
Withoyt ¢, Cvidencea of b), OF 8pecia) Yascular gq

‘pern —~Blood 95810 opap Woun, Varies With the ¢ njury and the

region 10VOlyeq Woundy o the g ace ang handyg €an Joge Mount of
bl quick]y, Wwhy hing Nuney the CXtrem ey ¢ h grogs Ussye
damage, Qn be 2580C7a ey With Litgge blood losgg When man Vessels of the Iimps
are damageg hlcmﬁrrhugc 13 cly Varmpj, and capp g, be

CXirem, from the
BAture of the njury Withoyt Vidence ora luxrory Of the qmoyn; Of 11410 blecdmg_

Conﬂnn,d bltedlng
Contu:umg blccd,ug Into dn::ms: can :omcﬂmn be Assenseq by direct
tion, ntmumg bl 8 into cloged Itmp Njurey 1 COmmoy bat 1g
0 the Nature of the 10 whyen t

1,
orn apg the Success o LY of Matural o Mostay g The
bigger *gment of the Iimyp, Affect, more tpe 301} tisgye 8c the
Breater ¢, ”b:bty of evere and nuing bleed,p, 15 mog; dangcrous
] Multypy, d Ures Of the r, mur ang pel With try n 1t
by no Mean, Usuay for pay, s 10} Mo, of b}, 10 theyy ]
bloog Yoy

lood Vohmme
Use of p; Ume S for ¢ I&uc;,mcnto ha ha at the
2cute 18 not only Imyteq by the Tange the Pected p, ™ v buy
alsp by Possip). m N stageg of ajy, reu] ry phynology he
lime 'Y for tpe, pletion and the fact that f, 1 fi nveyy,
tions 4, t Widely, Iable
Where d, 0815 1y d Pdrtfcularly wh Irect ey, Cnce of
Nterpy Xterp leedy, Yet *Vstem;e 8igng ¢ B8est it )y poxsible, 2 sing], bloogq
Yolume det 2tion Mmay pe cxrrcmcly Usefy] Provideq t Uracy
When lucemcnt thcrapy has out foy, Multipr,
Bfuryeg EMorrp, g g4 Limey Valugble 1, h K on the
Volume qrcul.aloty Stabylyy, has been ach;, ing 15 eontmumg
“lmi?rgob ood Yolum be helpfy Sting 1y, Ragemeny of
H-“nog;obh
Seriay hacrnoglobln Studiey Combinegq With p ume Munation, ha
shoyy thay gy, TR Of trp, L3 aled wyrp alow 1] Olime and thy
hacmodllunon Atinyeg ovcrapcnod Of dayy mogt , pory, ! factor lead;p,
Im'lhe reducyy,, cely Yolum, 2nd 4 Jop, haemq Obin J, ] h&tleThagc
"': he MYoryy o Uries thyg hacrnorrlu COntinyey to dl'uxmg: and g,
Suey Over Penog of houry and Metimey due Sive
S~axy 65



RESUSCITATION AND TRANSFUSION IN SEVERE INJURIES

haemodilution 15 rare and 1n the absence of sigmificant mfection the haemoglobin
level reached 5-7 days after injury provides a useful indication of the extent of blood
loss and 1ts replacement (Topley and Clarke 1956)

Haemoconcentration 1s rare, except in burns severe abdominal injuries with
pentonitis and the occasional genuine crushing 1njury to a hmb with the minimum
of ussue teanng. Changes 1n the haematocrit or hacmoglobin level during the first
few hours are of himited value except when uncxpectedly low values suggest a pre-
cxisting anaemia which may increase the need for transfusion but suggest caution
in 1ts rate of admimstration.

Occasionally a rapid fall in haemoglobin over a period of 2-3 hours may indicate
extensive internal haemorrhage with Dttle evidence to suggest its ongin for
example in a patient with a ruptured spleen and paraplegia or a head injury

Effect of transfuslon on bleeding

The bigger the injury and the greater the primary blood loss, the more the extent
of bleeding will depend on treatment as well as the imitial anatomy of the lesion
Comparison of blood volume results in 2 number of moderately injured untrans-
fused patients with the results obtained in comparable transfused patients suggests
that when bleeding 1s about 20-35 per cent of normal blood volume the total
haemorrhage 1s not significantly increased by transfusion It 1s admutted that a
patient with moderate mjuries may stop bleeding without transfusion and may
subsequently bleed less but to adopt this policy would mean an increased nsk of
death from continuing haemorrhage and of many of the effects of oligaemia dis-
cussed 1n other chapters. With major injurtes adequate transfusion will increase the
total bleeding but the alternative is often an early death.

With transfuston of about 4-7 | there has been neither & tendency towards &
bleeding diathesis nor special difficulty in controlling bleeding. The patient who has
lost 40 per cent of his blood volume and 1s rapidly transfused will bleed more but
if transfusion 1s continued fast enough to rause the blood volume surgreal control
of hacmorrhage 1s often possible and the chances of survival wall increase Deflmitive
treatment of the individual lestons then becomes possible

Clinical patterns

Fisher (1958) classified the patterns of circulatory response to trauma into
“normal “tachycardia “hypotensive and hypertensive There 15 2 general
tendency for a rapd pulse rate and low blood pressure to be associated with major
bleeding. Sustaned systolic pressure below 70 mm. Hg combined with a pulse rate
of over 120 per minute 1n a patient who is pale cold and sweating usually ind:cates
a haemorrhage of 40-50 per cent of the total blood volume Such patients nearly
always require a transfusion equal to therr total blood volume to restore the
crculation

On the other hand, slower bleeding amounting to 30-35 per cent of total blood
volume may not be associated with & clinkcal airculatory change the patient may
be pmk and warm with a normal pulse rate and a normal blood pressure

A raised blood pressure following mjury 1s often assoctated with munor bleeding
(10-20 per cent) but 1t may be scen 1n the absence of haemorrhage. The diagnoss
of oligaemia 15 made more difficult by the common supervention of a vasovagal
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are safer convalescence 15 more rapid and uniform and there 15 some evidence that
wounds heal better

‘When the pnmary transfusion has been inadequate, the need for late transfusion
1 indicated by a falling haecmoglobin value

Where full facilities for quick and safe transfusion are not available, the trans
fusion policy must be modified When haemorrhage 18 moderate and 1t 18 necessary
to wait several hours for blood plasma or dextran can be useful in counteracting
oligacmia Their value s limited by the fact that the blood Is diluted and because by
starting further haemorrhage they may further reduce the haemoglobin level and
oxygen-carrying power of the blood even while mamtaining the blood volume

Rate of transfusion

The worse the clinrcal state, the greater the evidence of blood loss and the shorter
the time since injury the more rapidiy can blood be transfused up to restoration
of a normal blood volume This, rather than the mere return to a gven level of
pulse or blood pressure, should be the objective Rapid transfusion means the in-
troduction of a bottle (0 5 1) of blood in about 4-5 minutes it is often possible
to transfuse 10 bottles of blood into one vein 1n less than an hour

Two or more drips may be necessary if transfusion is not producing an improve
ment or when further bleeding may be taking place at a rate equal to or greater
than that of transfusion. Transfusion should be given through the largest Guest
cannula that 1t is possible to 1nsert, preferably 13-gauge but in some scverely
mnjured patients 1t may be preferable to insert a polythene catheter into & main
vein or to cannulate a large vein at the root of a imb In severe hacmorrhage and
established oligaemic shock there should be no hemitation in starting & second
transfusion whenever there appears to be difficulty with the first,

Venous spasm may be a difficult problem Sometimes it may be overcome
by local heat or the injection of procaine into the dnp but the latter has jts own
dangers of convulsions and hypotension The rate of transfusion may be ac
celerated by raising the height of the drip-stand. Alternatively the pressure may be
creased by a bellows, and some advocate a rotary pump When the latter aro
used 1t 15 necessary to insert a filter to prevent contamnation from the bellows or
the outside air It 1s also necessary to remember the danger of alr embolsm.
When a pressure transfusion 1s indicated the severity of the patent s condition
warrants the continuous presence of a doctor but 1t 1s the responsibility of every
one present to watch the transfusion bottle so that there 13 no risk of air under
pressure enterning a vein

Occasionally with patients suffering from maejor haemorrhage and arrving at
hospital in extremis there may be a case for retrograde intra artenial transfusion In
general this method has little advantage over the mtravenous route Firt and
Heghal (1957) have suggested, agalnst a background of experimental evidence, that
massive ultra rapid transfusion with citrated blood can lead to spasm of the coronary
and pulmonary artenes 3o that the effect of citrate Joading mught be confused with
apparently 1reversible shock They claumed that the danger of citrate intoxcation
1s reduced by simultaneous injection of calcium gluconate and procaine into another
vein. It 13 probable that the rate of transfusion required to produce this effect is
rarely indicated even for scvere injuries
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1s an essential part of resuscitation either for the control of haemorrhage or for
the prevention of complications that can lead to rapid deteroration or early death.
The most mmportant indication for early surgery is continuing haemorrhage when
there 1s a possibility of bringing this under control

Early surgery 1s necessary to repair tissues in open wounds and 1n many closed
1njuries, but when njunes are extensive or muluple 1t 15 often wise to delay surgery
for an hour or iwo to allow a further period of observation or to await full re
suscitatron It 1 ikewrse necessary at times to limut the amount of primary surgery
or to reduce the anaesthetic ime by simultancous operations by severa] teams The
surgeon 1n charge must take & decision on the state of the patient as a whole
Decisions on prionities may te difficult Many procedures normally carried out
within a few hours of njury can be delayed for hours or days even occasionally
the surgical treatment of wounds unassociated with severc muscle damage Such
delays are made safer by the early use of antibiotics

Anaesthesia

The risks of general anacsthesia in patients with very severe injuries have been
greatly reduced by improvements in blood replacement and advances in anaes
thesia (Wolfson, 1959) Nevertheless, 1n patients with very severe mjuries the
risks of a general anaesthetic can be excessive 1t may be advisable to constder
the use of local or regional anaesthesia.

Post-operative observation

Grant and Reeve (1951) stressed the vital need to continue resuscitation and
observauon dunng operation and well mto the post-operative stage This 15 of
extreme smportance in major and multiple injurres Continuing or recurrmg bleedmg
may lead to sudden detenoration Important lesions are very easy to miss i the
presence of multiple injunes head injuries or collapse Ther significance may
only become manufest later Charted records should be kept, and repeated visits by
members of the medical stafl may be necessary to watch for new developments.

It 1s particularly important to record unne output and to keep speamens of
urine for analyss if required In most imjunies where whole blood loss has been
adequately replaced there 1s no need to continue an ntravenous drip once bleeding
has ceased and the circulatory state 13 stabilized, since patrents will soon be able
to drink and eat. They should be progressed as rapidly as possible on to a light
diet In the unconscrous patient with head injury tube fecding may be necessary
In a proportion of ebdominal njurses continuous gastric suction may need to be
associated with intravenous admumistration of fluid and electrolytes For the first
24 hours fluid and glucose are the chief needs When the patient s circulatory state
15 rapidly stabilized and the alimentary tract 1s functioning, the electrolytes will
usually Jook afier themselves and the patient can soon be given a high protein
high vitamin diet When normal feeding 13 not possible sodium and potassium loss
must be replaced

ANCILLARY METHODS OF RESUSCITATION

Oxygen 15 not indweated for haemorrhage unassociated with mierference wath
respiratory function. The hesd-down position may be advisable when hacmorrhage
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18 severe. Once the blood pressure 13 restored and the patient 1s conscious he should
be nursed flat or on his side unless 8 chest 1njury necessitates huis bemg sat up
Sittmg up is normally pot advisable until transfusion has restored the blood volume
to normal or near normal.

Major fractures of the long bones should be splinted during the resuscitation
phase and this 13 often best done by means of plaster slabs, except for the femur
where the Thomas splint 13 1nvaluable. Wounds should be covered and mmor or
moderate bleedmg controlled by bandaging over plenty of gauze and cottonwool

There 15 no logical case for heat in the treatment of shock™ Hot cradles
and hot water bottles are not only unnecessary but may be dangerous Heat
produces vasodilatation which drawns blood awny from essential organs and may
produce a state of collapse It may also increase flud loss by sweating. When the
skin 15 pale and cold 1t acts as a more cfficient msulator so that the body (rectal)
temperature may risc The shocked or unconscious patient 13 easily burned by
hot water bottles or cradles and the physical ngns of systemzc or local disturbances
of the circulation are masked by artificial warming The temperature of the shock
room and operating theatre should not exceed 68 F and may with advantage be
cooler provided that 1t 1s comfortable for the ataff Blankets are unnecessary and the
patient 1s best covered with only a sheet.

Flwds by mouth are contra indicated so long as there 1s any likelihood that
enaesthenia will be needed. In any case the severely injured patient 1s likely to
vomut and thrrst 18 best relieved by restoration of blood volume to normal by
transfusion.

Cooling and hibermatlon

The role of definitive cooling 1n severe mnjurres has not yet been cleatly defined.
In head inyores control of hyperthermia 1s certanly indreated and the temperature
13 best kept between 96 and 98 F Chlorpromazine m small doses may be beneficial
in patients with head injuries associated with excessive neurogenic reactions leading
to hypertension tachycardia, or an increased respiratory rate, provided that
transfusion 13 continued. All drugs, including chlorpromazne, should be used
cautiously as we are not yet fully aware of the extent to which they can obscure
the symptoms and signs of undiagnosed 1njuries Any more elaborate programme
of hibernation can only be legitimately considered if 1t 1s clear that there 13 no
elternative line of treatment In the presence of pawmn, morphine or pethidine some-
tumes potentiated by chlorpromazine are indrcated but should be given in relatively

small doses intravenously so that their effect can be observed and
. and dosage controlled

Noradrenaline

The use of noradrenaline or other vaso
pressive drugs is rarely if ever indicated 1n
the presence of oligaemua. These drugs do not increase cardiac output, but they
\mmsehu the work of the heart and, most important, they produce prolonged renal
1schaemia and greatly increase the danger of renal failure.

There 13 much room for farther scientific evaluation of the role of many methods

of treatment 1n addition t
lacgely coprrest n to transfusion but their use at the present tume remarns

n
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RESUSCITATION AND TRANSFUSION IN SEVERE INJURIES
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ORGANIZATION AND PROBLEMS OF EMERGENCY BLOOD TRANSFUSION

the latter to ensure that the cabinet doors are properly closed after removal of
blood at might.

Blood stocks

No rules can be laid down for the number of bottles of O Rh positive and
Rh-negative and A Rh positive and Rh negative blood which should be stored for
emergency usc as this depends on the turn-over from planned transfusion, the
frequency of emergency transfusion and on the speed and regulanty with which
stocks can be replaced by the donor service A quarter of the bottles used in the
Birmingham Accident Hospital are given to emergency cases normally our stock
consists of 6-10 bottles of O Rh positive blood a simular number of A Rh posttive
bottles 2-4 A Rh-negative bottles and a minmmum of 4 bottles of O Rh negative
blood but further supplies can be obtamed quickly from the regional service

ORGANIZATION AND TEAM WORK

Personnel

The transfusion laboratory should be under the direction of an experienced
pathologist or hacmatologist who should always be available for consultation on
technical and medical matters He should plan and orgamze the techmical pro-
cedures the keeping of records, the trmmng of technicians, investigate transfusion
reactions and keep the department up to date by periodic trials of new techniques
Only exceptionally should a chnican be charged with the running of a hosprtal
transfusion service and then he should receive special traimng. The routme
technical work should be carmed out either by trained technicians or junior
pathologsts or by & combination depending on local circumstances All results
must be checked by someone else and the work of junior technicians must always
be supervised by an experienced person. Technical and clertcal mistakes are not to
boe permutted and thus means inter alia that sufficient staff are necessary to prevent
hurrying and harassing through pressure of work 1n 2 busy department.

The time has passed when blood grouping and allted procedures were part tuno
occupations for remdent clinical staff They should not be expected to carry out
blood grouping or cross matching tests at any time least of all in emergencies at
nught or week-cnds when all their attention should be devoted to the patent
Under the former system the inevitable errors were responsible for most of the
blood transfusion reactions which then occurred end which are now known to be
avoidable. Blood grouping and cross-matching techniques are full of potential
difficulties no* apparent to the inexperienced climcian.

Team-work

The hospital transfusion laboratory 1s the key to and Imk between the service
supplying the blood and hospital staff who order it for a patient only a close
Liaison can achicve mtegration of the whole service and the smooth transfer of
safe blood along the line to the patient. Agreement must be reached on the manner
of transfer of information blood samples, donor bottles and other details and must
be understood and operated by the technicians, resident medical and nurang staff
Degrees of urgency must be defined When difficulty arises a word of explanation
may prevent a delay in transfusion and often saves tume and temper The non
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ORGANIZATION AND PROBLEMS OF EMERGENCY BLOOD TRANSFUSION

(2) Maximum delay 15 minutes —ABO grouping 15 always possible and Rh-
typing generally possible, but not cross-matching, 5o that transfusion can com
mence with homologous blood which has not been subjected to 2 compatibility
test. Subsequent bottles should be provistonally or fully cross-matched blood if
tume permits

(3) Maxtman delay 3045 minutes —Blood grouping, Rh typmg and pro-
visional cross-matching tests can be carried out so that transfosion can commence
with homologous blood subjected to provisional compatibility tests

Collection and dellrery of donor bottles

Only 1 or at most 2, bottles of blood should be released at a time for one
patrent, torrential haemorrhage or very severe blood loss excepted. Unofficial
sub-banks 1n other hospital refngerators should not be substituted for regular
collections of bottles from the officzal hospital bank. An important detail is the
collection of the correct bottle from the blood bank and its delrvery to the correct
patient. The donor bottles must, of course be labelled with the patient s name
hospital number and ward, but labelling may not prevent the wrong bottle being
1ssued or a bottle being delivered to the wrong patient, perhaps with the same
name These human errors are more possible 1 emergency work and can be only
avoided by constant vigilance and double checking at each transfer Our practice
1stouse a blood-bottle request form™ for each bottle 1ssued. The patient s name,
hosprtal number and ward (or department) are entered the form s signed by a
doctor or nurse and 1s grven to the messenger collecting the bottle At the blood
bank the patient s details on the labelled bottle and the request form are checked
by the techmicaan and the messenger At mght the technician may be absent then
the bottle should be collected only by a doctor or a nurse who should enter the
serial number of the bottle removed, sign the form and leave 1t 1n the laboratory
for information. At the bedside the labelled 1dentity of the bottle should be checked
against the identity of the recipient by two persons, generally a nurse and a doctor
Nurses are accustomed to a double check when drugs like morphme are to be
given. How much more important 1t 1s to double check the identity of a bottle of
blood

The 24-hoar emergency laboratory service for blood transfoston

Modern society and the tradition of medicine demand that & patient mjured at
mght should be as effectively treated as one mjured durmg day time so that the
transfusion service should operate efficzently day and night, seven days week.
The orgamzation pecessary will vary with local circumstances. Some laboratories
will prefer to man the “out-of-normal hows™ service through a roster of labora
tory technicians on duty or on call some will prefer to use resident pathologists
whilst others will combine the services of both. Ideally the technician should be
on duty within the hosprtal and reside there overnight. Alternatively he should be
on call at home with telephonic communication and rapidly available motor
transport provided. Tius generally delays our service for 20-40 minates and though
not 1deal 1t 13 found to be adequate for nearly all emergencies Transfusion of the
casualties who cannot afford the extra wart 13 begun with un-cross-matched O
Rh-negative blood.

The long term success of an emergency service manned by technicians depends
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cells to the three antisera. Agglutination is gross and unequivocal and Is read macro-
scopically The fourth and fifth tubes deterrrune the presence or absence of anti A and
antl B agglutinins in the serum and the reciprocal relationship of these to the B and A
cell groups is used to check the patient s group Any abnormality 1n the expected re
Iationship must be checked as a possible error and if necessary the test 13 repeated
but this is rarely necessary The cell suspension should then be washed once more in
saline and other batches of anti-A and antl B sera opened.

This method has been used for more than 20 000 routine and emergency groupings
at the Birmmgham Aceident Hospital and has given speedy and completely trustworthy
results,

Rhesus (D) typing

The conventional tube method of Rh typing generally takes 1-2 hours at 37 C,
to complete and 1s unsuitable for emergency work but 1t should always be per
formed as a check on the quick method. Most of the antt D sera available are
relatively weak and many agglutinate Rh positive cells only when suspended in e
colloid medium like albumin

Two of the vanous techmques devised to overcome these drawbacks are des
cribed below and can be recommended Agglutination 1s speeded by modifying the
environment of the cells since the antigen antibody reaction itself 1s quick Positive
reactions arc nearly always obtamnable within 10 minutes and resalts are quicker
with stronger sera. Posiuve and negative control tests with O Rh positive cells
and AB Rh negative cells respectively should be set up at the same time

Occasionally Rh typing 15 doubtful the patient must be regarded provisionally
as Rh negative and transfused with Rh negative blood. If the doubtful result
turns out to be Rh positive but due to the modified D-antigen known as De 1t 18
wiser to regard the recrpient as Rh negative because anti D antibody formation
has been reported after transfusion with Rh positive blood.

The slanted capillary tube method

Thrs method was described by Chown and Lewis (1946 1951) The patient s el
are allowed to fall through & narrow column of antiserum in a capillary tube of bare
0-4-1-0 mm. {nclined at about 45 degrees. In & positive test the red cell column breaks
up into multiple rmall segments. The test Is wholly reliable when saline-agglutinating
Rh anti-D sera are used and when the test cells are washed and suspended in saline,

The capillary tube (about 8 cm. long) is dipped into the scrum, allowing about 2 cm.
toﬁ.llbycapi]lnrytrncﬁon.’l‘hcsamemdaftbempll]arytubobthmdlppcdlntou
20-30 per cent suspenston of the patient s cells in taline and, avoiding an air lock, a
column of red cells about 2 cm. long is allowed to enter The serum end of the capiffary
mbchnud:intophmdmormhiwithvmlmmdmcmbeuh:dmednmun;b
of 45 degrees. It may be placed in the Incubator at 37°C, or more convenlently & mck
mkof&rwummhﬂdlledmdmrndbymemkbmbpmbchlnd
an opal Perspex pancl. Granular segmentation of the column of red cells is usually
deteetable in about 4-6 minutes and definite by 810 minutes. A thin unsegmented
column 13 & negative reaction False positives (sermation of edge without segmentation)
may occur if incomplete antt D sera (albumin-type) are used and this s not recom-
mended.

The slide “sandwich method
This method was described by Stratton (1955) The special advantage is that excellent
results are obtalned with albumn type antisera. A suspension of red cells is mixed
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Albumin test

The saline content rmust be low and a “split drop” (half volume) of an approximately
50 per cent donor-cell suspension in saline Is added to 2 volumes of patient s serum and
2 or 3 volumes of 30 per cent commercial bovine albumin

These tubes set up for each donor sample, are placed in the 37°C, waterbath. Un-
hurried incubation lasts 1-14 hours and In emergency it takes at least 15 mimutes. The
tubes are centrifuged for about 1 minute replaced in the waterbath for 2 minutes and
examined microscopically If no agglutination is seen the bottle of blood is released
but the tubes are replaced in the waterbath for the full incubation and then re-cxamined,

Indirect Coombs fest

If time perroits this test should be done before the bottle is released, It may be
carried out on the cells n the saline cross match test but it Is preferably set up as 2
separate test, If possible the test should not be performed before 30-minutes incubation
of the serum, red cell, saline mixture, Afterincubation the cells are washed thoronghly
3 times by centrifuging, packing and resispendimg in saline to remove every trace of
human serum. Two drops of anti-human globulin serum are added to one drop of washed
cells (approximately 20 per cent suspemsion) on a white tike or in a small test tube
which Is centnfuged after 5 minutes. This part {s done In duplicate using two different
dllutions of the antl human globulin serum to avoid a prozone inhibition phenomenon.
The absence of agglutination indicates a compatible cross-match Positive and negative
controls shoukd be set up with each batch of tests by adding the anti-human globulin
serum to washed-sensrtized cells (usually O Rh-positive cells sensitized m saline
suspension by an alburmuin-type of ant: D serum) and to washed AB, Rh-negative cells
respectively The control suspensions thould be prepared daily and kept ready for use
in the refrigemtor

TRANSFUSION PROBLEMS

Various problems occur but only the two most important can be considered here
(1) The Rh-negative recipient and (2) transfusion with large volumes of un-cross-
matched O blood. In addition & word 1s needed on the transfusion aspects of the
mass-casualty problem.

Rh-negative reciplent

For clinical purposes the Rhesus problem can be considered in terms of Rh
positive and Rh negatrve patients and donors because the Rh D antigen character
istic of Rh positive cells 13 the most likely of all the Rh antigens to stimulate the
production of antibody Ideally all Rh-negatve recipients should be transfused
only with Rh negative blood but in practice this 1s not always possible, particularly
with O reciplents Group O Rh negative blood 13 1n short supply because prionity
1 given to the emergenctes of women in labour who have the special risk of possible
immunization by pregnancy

The rsks to Rh negative recipients from Rh positive blood vary and three
degrees of importance have to be recognzed

Incompatibtlity due to Rk antibody in the reciplent

This 13 the most important risk because of the immediatc danger of a severe
and possibly fatal hacmolytic transfusion reaction from the destruction of the
transfused Rh-positive cells. The anttbody hes nearly always been produced
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ORGANIZATION AND PROBLEMS OF EMERGENCY BLOOD TRANSFUSION

anti-A can be detected in the recapient s plasma. Generally the ant A 15 weak and
persists for only a few hours but sometimes 1t 18 moderately strong or may be
detected for & few days or both. The anti A acts on the reciptent s cells, a pro-
portion of which are destroyed and removed from the crculation The total
hacmoglobin level falls and senal red cell counts after differential agglutination
reveal a relative increase 1n the proportion of O-donated cells 1n the blood.
Evidence of intravascular haemolysis 1s absent or slight haemoglobinuria Is rare
but may occur whilst an acute hacmolytic jaundice, usually subchmnical develops
The serum bilirubin level may nise repidly to about 3-5 mg. per 100 ml but
biliera 1s absent. The latter distinguishes the episode from that of hepatrc jaundce
which may occur 1n injured patients after blood transfusion (Sewitt, 1958) The
direct Coombs test (anti globulin test) on the post transfusion cells may be
slightly positive owing to fixation of the transfused anti A agglutinin on crreulating
recipient cells The reaction 1s generally subclinical or mild If it is relauvely serious
for example 1f haemoglobinuria 1s found 1t is likely that one or more of the O
donor bottles was from a  dangerous universal donor” (see below)

Two mterrelated problems may anise First, there 1s usually no pretransfusion
sample of the patient s blood and 1t may bo difficult to be sure of the patient s
ABO group from the post transfusion sample and 1mpossible to determine the
Rh type of the recipient when much Rh-positive blood has been given. Secondly if
further transfusion 1s necessary should 1t be O blood or blood of the homologous
group if that1s A B or AB? Transfusions of 10-30 bottles of O blood to an tjured
adult will replace most or virtually all the recipient cells by donor cells, and post
transfuston grouping may be very difficult For example, if the patent 1 group A
only a few small cell clumps may develop after adding potent anti A serum to a
blood sample Other evidence of the correct group should then be sought. Blood
from a hacmothorax or hacmaturia should be examined as this may contamn &
higher proportion of reciptent cells. Supplementary evidence may be obtamned
by the weak and transient nature of the ant-A agglutinin compared with the anti B
agglutinin 1n the post transfusion serum and by testing the patient s saliva for A
and B secretor activity The choice of blood for farther transfusion should depend
on laboratory findings If there 13 reasonable doubt of the patient s true group
O blood must be continued. If the patient 1s found to be group A the blood chosen
depends on the presence or absence of circulatmg anti-A antibody and on evidenco
of senmitization of recipient cells Group O blood should continue to be grven a3 long
as there 1s evidence of anti A n the plasma (the tests should be carried out 1n saline
and albumin suspensions both at room temperature and at 37°C. and the mdrrect
Coombs test performed) or as long as the doect Coombs test shows evidence of
fixation of antibody on some of the cells. When these tests (2nd the cross-matching
tests) are negative homologous A blood should be given Each case should be
studied carefully and treated on 1ts ments Our expenence 18 based on a clmico-
pathologcal study of over 20 casualties given O blood in arge or relatively large
volumes by a surgical emergency team sent to small peripheral hosprtals or to the
site of a serious accadent the patuents were then transferred to the Birminghem
Accadent Hospital The general advice of Crosby (1955) that O blood should
continoe to be given for 2 weeks after massive O transfusion 1s too sweepmg.
Homologous blood 18 preferable when 1t can be safely given because the continued
transfusion of O blood maintams a difficult situation and continues the extra
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TRAUMATIC URAEMIA

albeit a prominent part, of the picture of acute renal fallure Moreover there is
now evidence that tubular function continues to be active or hyperactive rather
than mmpaired (Graber and Sevitt 1959 Sevitt, 1956a) so that tubular damage
cannot determine the composition of the urine and the concept of tubular necrosis
as the basis of the uracmia cannot be accepted. A modified concept of pathogenests
1s presented here the central theme of which 1s a permistent fall in glomerular
filtration rate (Sewvitt 1959)

EARLY AND DELAYED URAEMIA

Acute renal faillure may develop at any time after injury but its onset 1s most
frequent dunng the early shock phase It 13 convenient to divide the cases
accordmg to the tume of onset imto early and delayed forms The former are
imtmately related to acute changes in circulatory haemodynamics preciprtated
by trauma and blood loss whilst the latter are associated with the circulatory
effects of certain complications especially paralytic tleus electrolyte disturbances
and pulmonary embolism Of course, early and delayed effects may merge and
supplement each other 1n some patients particularly those with abdominal injuries
In this way @ subclimcal renal state may be changed nto a progressive and severe
condition

Prophylaxis

An important by product of the policy of early transfusion and adequate
replacement of blood loss has been the welcome expenence of a reduced incidence
of early traumatic uracrmua. Thus has become an unusual, almost rare complication
in the Birmmgham Accident Hospital after limb and trunk injuries and this 1s
attributed to the early arrival of mjured patients m hospital and a policy of energetic
blood replacement. A large proportion of the small number of cases now seen
follow severe abdominal injury where complications hike vonuting, paralytic
1leus dehydration and electrolyte rmbalance play predisposing parts Other cases
follow head mjury Some are precipitated by a pulmonary embolus in these cases
the circulatory changes which produce a prolonged penod of hypotension are no
doubt of importance Cliucally 1t 18 important to recognize this type because
anticoagulants are an essenual part of therapy many instances can bo prevented
by prophylactic anticoagulant therapy (see Chapter 17) The delayed cases
recent years have become more apparent now that the shadow of uracrma in
cvilian traumatic practice is fading In burned patients on the other hand, there is
still & relatively high incidence of early uraemiz even though mntravenous and oral
fluids are energetically admimstered

OLIGURIC AND NON-OLIGURIC URAEMIA

Acute renal failure should now be classified broadly into oliguric and non-ohguric
forms The dvision 18 cliucally important because severe obguria produces the
danger of water retention hyperkalgemia, hypocalcaernia and acidoss but 1t is
a little arbitrary because there 15 considerable mnge of unne output 1n different
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high output 13 mamtained by continued over admmuistration m the beltef that the
kidney 1s unable to conserve salt. Excretion is mcreased 1if the large amount of
salt passed the previous day 15 given f this 1s repeated daily high salt excretion
1s mantamed and the kidney 13 frustrated 1n its attempt to attam a normal salt
and water balance (Merrill, 19558) If hypokalaemia occurs through cxcesstve
loss of potassium a potassium salt should be given

During the later phase of diuresis azotaemua disappears and the urme flow 1f
previously high 1s restored to normal levels The renal blood flow and glomerular
filtration continue to 1mprove but some renal rmpairment may persist for months

Noo-oltguric uraemta

Attention has recently been drawn to uraemia with little or no oliguna after

burming and injury (Sevitt, 19568) and teference has been made to the condrtion
1n battle casualties (Teschan and hus colleagues 1955) and following head myury
and major surgery (Taylor and Reid, 1956) more recent experience has shown that
1t may also follow other civilian injunes particularly abdominal trauma and also
mcompatible blood transfusion It 1s at least as common as and probably more
common than the ohiguric form, but 1t 1s likely to be overlooked

Azotaerma develops 1n spite of resuscitation but the urine flow 15 relathvely
normal There 1s a gross fall 1n glomerular filtration but little or no oligura
because the tubular reabsorption of water dimmushes suffictently to balance the
reduced amount filtered by the glomeruli (Graber and Sewvitt, 1959) The urme

flow may be disturbed by an early transient oligurta and by phases of polynna.
In many cases the azotacmua is epparently ireversible by transfusion or other
therapy and the blood urea rises to 200-800 mg per 100 ml before death or
recovery occurs In others the azotaerua 13 temporery and relatively moderate

the blood urea nses to 100-200 mg per 100 ml. and then falls to normal withm a
week or 50 In burned patients temporary azotaemia mainly occurs 1n children
and the progressively irreversible state i adults this may reflect a youthful
haemodynamuc renal resiliency which 1 deficient 1n adults The patterns of change
1n the concentrations of sodium, potassium and chlonde mn the unne are similar
in both azotzemx and non azotaemic njured patients Unlike the oligurtc form
the excretion of potassium phosphate hydrogen rons and water 1s not lmited by
a low urine flow the plasma potassium and phosphate concentration show hittle
or no increase neither hypocalcaemia nor acidoms are likely to develop and the
risk of water logging 15 slight. Non-ohiguric uraemua is not as dangerous as the
obguric form nevertheless mitrogenous and other end products of metabolism,
such as sulphates and phenols excreted by glomerular filtration are retaned
the blood and may have clinical effects The composition of the urme 1ncluding
the presence of granular and other casts 1s 1n most cases essentially smmilar to
that found m the oliguric form.

Differentiation from so-called extrarenal azotaemia may be important although
the border Iimc 13 often indefinite and at times may be artificial A urca-clearance
test 15 useful but if the volume of unne 1s difficult to measure because of incon
tinence or for other reasons the principle of the urea-concentration test may be
employed since the raised plasma urea level acts 1n Lieu of the oral test load of
urea. In non-oliguric uraemia the urtne plasma (U/P) ratio of urea is always below
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20 and 13 often only 10 5 or less In contrast, the U/P ratio of urea 1a extrarenal
azotaerma 1s more than 20

PRINCIPLES OF TREATMENT

It 11 now recognized that ofiguric renal failure 1s not necessarily fatal and that
recovery may occur after days or even weeks of oligura, but the mortality 1s hugh,
particularly after burnmg The object of treatment 15 to keep the patient alive by
reducing water loggng, hyperkalacmia, acidosis and azotaerma until the kadneys
recover The conservative regme advocated by Bull Jockes and Lowe (1949) has
been replaced m recent years by more active therapy especially to combat the
accumulation of excess water and potassium in the body The mdications for
haemodialysis in particuler are becoming more clearly defined Other therapy 1s
also often requured, such as blood transfusion to combat anaermua and antibiotics
against wound and other infections

Restriction of fiuld fntake

In ohiguric patients water retention must be avoided. The total volume of all
fluds given daily should be restncted to the amount lost the previous day by
sensible and wnsensible means minus an estimate of the cellular water released by
catabolism. Thus 1s equivalent to the previous day’s volumes of unne and vomit
plus 1n a temperate clmate 500-600 ml Daily weighing of the patient is » valuable
guide to the amount of water needed and, if therpy 1s well carned out, the body
weight should actuslly fall a little (about 4-1 pound) daily because of catabolism.,
Electrolytes should be restricted to replace those lost.

Azotaemia, diet and sterodd therapy

Low-protein feeding is necessary because the end products of mtrogen meta
bolism cannot be excreted The high-calone/nitrogen poor concentrate of a
glucose-fat emulsion given by intragastric drip (Bull-Borst regime) (Bull, Jockes
and Lowe, 1949) has played a useful role in drawing attention to the possibilities
of therspy, but mose recently a lngh-calonfic intake has been thought to be less
important and 200-400 g. of glucose daily 18 considered adequate Most of ths is
usually grven intravenously as a hypertonic (25 per cent) solution, if necessary
by a major vemn

Steroid therapy particularly with testosterone, has been advocated to reduce
protein catabolism and promote anebolism 1ts value has not been established
Nevertheless, this 1s a growing therapeutic possibility because some success has
recently been claimed for a synthetic 19 norsterord (norethandrolone, Nilevar) in
obstetric cases of acute renal failure, although 1n non-obstetric cases the results
were unsatisfactory (McCrachen and Parsons 1938) Encouraging results in
chronic renal failure were reported by Gjorup and Thaysen (1958)

Hyperhalaemia

Plasma potassium levels above 8-9 mEq perl are generall
y dangerous because
of a toxic myocardial effect although the correlation between plasma concentration
and degree of toxicity 13 not very close Ekectrocardiography may give useful
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information about the state of the myocardium Treatment of hyperkalaema 15 as
follows

(1) Potassium 13 removed from the extracellular flud by the alimentary use of
cation-exchange resins or more effectively by blood dialysis with an artificial kidney
apparatus (see below)

(2) Potassium 1s deposited 1n body cells by the administration of glucose and
msulin  glycogen 1s formed and potassium is fixed This 13 less effective and the
effect 1s short lived

(3) The myocardial effect of hyperkalacmia 15 reduced by calcium therapy
because hypocalcacmia enhances the toxic action. The effect 15 temporary and
therapy has to be repeated (see below)

Hypocaleaemin

Uraemic twitchings and tetany result from hypocalcaemia which in turn resalts
from hyperphosphatacmia. Therapy with calcium salts has to be repeated because
the rased plasma norganic phosphate antagonuzes and shortens its effect.

Acidosis

Retention of fixed organic acids produces acidosis which, if severe (plasma
bicarbonate below 12 mEq per L) must be treated by alkaline salts (sodium
bicarbonate or lactate) given mtravenously if necessary Lesser degrees of acidosis
should also be treated but not at the nsk of producing alkalosis

Blood dialysls

Blood dialysis through Cellophane tubing (art:ficial kidney) was first described
by Kolff and Berk (1944) who used a rotating drum tnstrument  Other mnstruments
1n which the blood 1s under positive pressure have since been developed such as
the Alwall Skeggs-Leonard and Kolff disposable-coil instruments these have
the added advantage that water can be removed from the blood. Dialysis 1s the
most useful measure 1n restoring blood chermistry the mam indications are
high serum potassium levels not responstve to other methods of treatment and
considerable overhydration Periodic dislyses temporarily relieve uraemic symp-
toms by cleanng the extracelluler flud of excess potassium phosphates fixed
acids urea, creatimine, water and other products of catabolism and by clevating
the lowered plasma sodim, chlonde, calcium and bicarbonate levels Dialysis
should not be delayed unduly and should be begun before the blood urea reaches
400 mg. per cent. Recent developments m mobule units may bnng therapy to the
patient. For technical and other detals see Alwall, 1947 Anthonisen and his
colleagues 1956 Hamburger and Ruchet, 1956 Joekes, Scott and Jackson, 1958
and Mernll 1955b

MORPHOLOGICAL CHANGES

The morphological findings 1 traumatic uraemia may be broadly dlassified nto
tubular necronis and glomerular changes
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Tubalar pecrosis

The term  lower nephron nephrosis  (Lucké, 1946) has been too oflen accepted
unenuically and applied to the clinical syndrome as if it were a discase Vanous
other names mncluding  haemoglobinunice nephrons  (Mallory, 1947) “glomerulo-
tubulo-nephrosis  {Zollmger 1952) and  tubulo-interstitial nephntis™ (Brun,
1934) have been used but necrosts of tubules 15 said to be charnctenstic (Bull and
Dibk, 1953 Ohwver 1953 Oliver MacDowell and Tracy 1951} and the picture
has been named acute tubular necrosts Thrs was subdivided into dustal tubular
and proximal tubuler necrons according to the main site of lestons (Sevitt, 1956b)
Distal tubular necrosis was further divided into daffuse and focal fesions according
1o the fustologacal density

F1o 33 ~Inffuse Gistal tubular necroms after buming. M
Henle tubules contan haemoglobin casts foct of epithetiam
are thinned and thaw pyknonecrosis. Haematoxylin and cosin

x 300
Distal tubular necrosiy
“lgiﬁeu.; ﬂ:lal ru{:téir; ::rrusLxL—Th: 'n:oluﬂon of changes pantly depends on the
o oy ¥ globin multiple pi d casts, d d

g, and producing foo of pykno-necrosss in distal tobu 3y
es {Fig. 13
racterstic and are seen in patients dying with meiprent uraemea i-ﬂhi:'l
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2-3 days of extensive burning or hacmolytic transfusion reaction (Sewitt, 1956b
1957) or after crush injunies with myohaemoglobinuria. Otherwise the early changes
are often shight or absent and this 1s important in view of the emphasis laid on
tubular change According to Dible (Bull and Dible 1953) the carliest change is
a selective necrosis of the descending part of the proximal tubule 30-40 hours
after the onset of ohiguna. Necrotic lesions then increase (Fig 14) and casts
appear 1n the lower nephron Pigmented casts are difficult to explain when there 1
no evidence of intravascular haemolysis or release of myohsemoglobin but close
examnation may show red cells apparently escaping 1nto tubules through small
communications between ruptured venules and tubular epithelium Focal tubular
ruptures involving the basement membrane result 1n tubulo-venous anastomoses
and mural thrombi, particularly m the boundary zone casts are dislocated,
tubular unne probably leaks out and interstitial oedema and inflammatory col

lections of lymphocytes and other cells develop around tubules and veins Some

Fro 14 —Tubular necro-
sis affecting the wide
loops of Henlo in &
pa!.lcutw'h.hmtr:ol!

after mmultiple
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Fia 15 —Extensive necro-

tmes the mterstitial changes are diffuse and well marked caming the name
tubulo-intersutial nephriis The disroptive lesion, onginally described by Dunn,
Gillespie and Niven (1941) was termed tubulorrhexis by Oliver MacDowell and
Tracy (1951} to distingsh 1t from so-called simple nephrototic necrons of the
proximal tubules within mtact basement membranes. Foo of tubulorrhens are
found m the proxumal and distal tubules whilst nephrotoxic necrons is found
only 1n the proximal tubules

Later changes include bizarre epithehal spreading, sbortive repair of the rup-
tured tubules and perhaps fibroblastic replacement of the interstitial inflammation.

Focal distal tubslar necrosis —Tubular lestons resemble those of the diffuse form
but are confined to scattered focr

Provimal tubuler necrasis

In many cases the brunt of damage falls on the proximal convoluted tubules
which become a sea of dead and dying epithelium within intact basement mem
brane (Fig. 15) The glomeruli are genernlly spared and the distal convoluted
wbules appear relatively intact. An irregular subcapsular steip of the cortex
frequently remains viable as if it were hept alive by the capsular vessels Sometsmes
1t 13 very congested and perhaps focally haemorrhage

Proximal tubular necrosts 15 usual m the middie-aged and elderly pauents
dymg with azotaemm after extensive burming (Sewitt, 1956b) or severe injury
Nephroscierosss may predrspose to this because the direct channel between the
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afferent and efferent arterioles which develops in many juxtamedullary glomeruli
during glomerulosclerosis (Trueta and hus colleagues 1947) could increase cortical
ischaemia if there was vasospasm of the interlobular arteries

There may be histological evidence of renal ischaemua after severe iyury In
some fatelly injured patients with fat emboli in the cercbral and other systemic
vessels there are few or no embolt in the glomerular capillaries this strange
absence from the heaviest sites of systemic embolism (see Chepter 14) indicates
ntense 1schaemta of the renal cortex Proximal tubular necrosis 15 often seen.

Frequency and significance of tubular necrosis

The common association of tubular necrosis with renal fallure does not establish
it as the morphological basis since association does not prove causality Not for
the first time 1n renal pathology has the accent on morphological changes led the
physiologists estray The association is often close but 1t 15 statistical and not
absolute and one can occur without the other Diffuse distal tubular necrosis and
proxmmal tubular necrosis after burning are usually associated with oligunc or
non-oliguric uraemia but ths is not invamable occasionally severe tubular necrosis
18 associated with moderate functional change or has no functional significance
(Sevitt, 1956b) No hustological differences are to be seen between the oliguric and
non-oligunc kinds Other studies have shown that oliguric and non-oligunc
uraemia after burnung and injury can occur without tubular necrosis (Graber and
Sewvitt, 1959 Sevitt unpublished observations) Brun and Munck (1957) were
impressed with the contrast between the moderate structural changes and the
severe functronal breakdown they found tubular necrosis 10 only 5 out of 33 cases
of acute renal failure

On the other hand cases of focal distal tubular necrosis generally have no
clinical importance although occasionally the histological pattern is associated
with acute renal failure (Sevitt, 1956b) Many battle casualties with histological
lesions have died without climical evidence or suspicion of renal damage Mallory
(1547) found haemoglobinunc nephrosis 1n 19 per cent of fatal battle casualties
whilst Anderson and Steer (1955) found renal lesions 1n as many as 36 per cent of
men dying from war wounds after reaching hospital This contrasts with 8 0 5 per
cent incidence of traumatic ureemia among wounded men reaching hospital and
1-6 per cent among mayor surgical cases in the same battle arca (Teschan and fus
colleagues 1955 Ladd, 1955)

Thus tubular necrosis can occur without renal falure and vice versa they are
commonly associated because they have common pathogenetic factors (see below)
(Fig 19) The important conclusion cannot be escaped that tubular necrosis is
not the morphological bass of renal failure Microdissection studies have shown
that even when many nephrons are damaged others are normal (Oliver MacDowell
and Tracy 1951 Darmady 1957) so that when tubuler necrosms 13 present there
are two populations of nephrons damaged and undamaged The kidney’s reserve
of nephrons 1s large and more than three-quarters of the renal tissue has to be
removed surgically before there 1s chirucal effect.

Otber tubular changes
A hydropic tubular change (so-called osmotic nephrosis) affecting proximal
convoluted tubules moy be a promunent feature and & hyaline droplet change may
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Fio 16 —Multipke fine
droplets of lipid (fine
black dots) in glomerular
cpithelum in & case of
renal failure after bum-
ing. Frozen section, ol
red ¢ %350

affect the neck like ongins and other parts of the proumal convoluted tubules.
Neither of these changes 1s related to tubular necrosis or degencration and they
are probably osmotic and metabolic e¢ffects respectively the former related to
therapy with crystalloids ltke glucose

Changes In glomeruli

The glomerular tufts are smid to be essentially normal although Bowmasan s
capsule often contains eosinophilic exudate and globules the panectal epithelial
layer 15 desquamated and later shows cubical hyperplasia,

Glomerular lipid droplets

Recently 1t has been shown that the kidneys from patients with uraemia after
burnimng often show multiple fine droplets of lipid in the epithelium of the glomeru-
lar tufts (Fig. 16), (Sevitt, 1957 Graber and Sewitt, 1959) Multiple droplets are
usual when tubular necrosis 1s present or when azotaemsia has been found but
thetr presence and density are not consistently related to tubular necrosis The
wngmficance of the fatty change has not been fully assessed but 1t 1s abnormal and
may be a hstological sign of a more serous lesion Electronmicroscopy of the
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normal glomerulus (Pease 1955) shows that the capillary endothelium is full of
fine pores about 014 1 dameter and that the epithelial cells have multiple
gaps or fenestmtions between fine foot like processes cemented to the basement
membranc The pores and gaps must mean that the only structure normally
capable of filtration 15 the mtervemng basement membrane It 1s conceivable that
subtle glomerular changes smpossible to define by light microscopy may develop
n patients with acute renal failure and contribute to the persistence 1n the fall of
glomerular filtration Changes like acute cellular swelling with obliteration of
pores or fenestrations for example mught oppose filtration whilst the appearance
of fatty droplets might be the histological sign of the more serious lesion not
wisible by light microscopy Electronmicroscopy of the glomerult from cases of
traumatic uraerua 1s awaited with nterest.

RENAL FUNCTION

The present evidence indicates that the basic defect 1n acute renal falure 1s a low
glomerular filtratton rate (G F R) precipitated by renal 1scheemm from vaso-
spasm and maintaned by ischaemia and possibly changes within the glomerult
The emphasis Jaid on tubular damage and dysfunction as the key disorder is
exaggerated.

Renal bchaemia after Injury

The work of Lzuson, Bradley and Cournand (1944) showed that a considerable
renal 1schaemia develops 1n recently injured patients and 1s due to a selective
renal vasoconstriction because the reduction m renal flow (often to 10-20 per cent
of normal or less) 15 greater than the fall 1n the cardiac output or arterial pressure
when these are reduced. Transfusion hardly affects the renal blood flow although
the artenal pressure and the cardiac output are restored. These results suggest
that renal vasoconstriction after imury begins before the cardiac output and
arterial pressure fall and persists for some tume after they are restored None of
the patients 1n this series apparently developed traumatic uraenua but the persist
ence of renal 1schacma may well be related to that found when renal failure occurs
Renal 1schaera was also found 1n wounded soldrers (Burnett and his colleagues
1947 Ladd 1955) and in anmmals subjected to hecmorrhage or trauma (Van
Slyke and his colleagues, 1944 Keele and Slome, 1945) Ladd (1955) found that
mild mjuries were followed by a slight reduction in flow severe injuries by a major
reduction and that operation and ansesthesia further mcreased the jschaemua.
Cniticism on technical grounds has been made because the renal blood flow was
generally measured by the clearance of para ammohippurc acld (PAH) A
relatively complete extraction of P A-H from the blood by the kxdneys mnto the
unine 15 assumed and this may not occur 1n myured patients. Ths criticism cannot
apply to Keele and Slome s (1945) experiments m which renal blood flow was
measured directly and by 2 plethysmographic method.

Rena! {schaemis in acute remal fallare
A low renal blood flow was found in 4 patients with oliguric renal failure
following carbon-tetrachloride pousonmg (Sirota, 1949) and 1n 7 patients with
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a low G FR Unselective reabsorption can hardly determme the composition of
the urine because little if any of the filtrate in the affected tubules would reach the
ureter It cannot be responsible for the low clearance values because the creatinme
and jnulin clearances 1n renal failure are equally reduced (Corcoran and Page,
1943 Brun, 1954 Graber and Sevitt, 1959) which would be expected if they both
measured the G F R Thus 15 1n contrast to the low and varying ratios of urea to
creatmne clearance (Graber and Sevitt, 1959) which indicates tubular diserimina
tion between urea and creatimine Morcover the very low sodium and chlonde
and high potassium concentrations m the urine must result from intense tubular
activity and not from unselective reabsorption from tubular damage.

It may be concluded that the endogenous creatinine and jnulin clearance values
are measures of the effective G F R. that is of that part of the glomerular fltrate
which produces the flow of urine

Temporary and persistent fall in filtration

Senal estimates of the endogenous creatinmne clearance after extensive burns
show a considerable fall in the GFR within a few hours of burning and the
beginning of therapy (Fig 17) (Graber and Sevitt, 1959) The fall is often inter
rupted by considerable fluctuations Azotaerma develops when the mean of the
fluctuating G F R 1s below 50 per cent of normel for 24 hours In some cases the
G FR returns to normal withm a few days but in others the low G F R. (1520
per cent of normal) persists or worsens and 15 unaffected by the transfusion
therapy 1n these cases azotacrma 1s severe and generally progressive (Fig. 17)
Some patients 1n this series had severe oliguna, others a normal urine flow (Flg. 17
nght) In the wounded soldiers studied by Ladd (1955) temporary reduction in
filtration was related to moderate 1njunes and a persistent lowering to severe
injunes often with abdominal trauma. Transfusion with large quantitres of blood
did not prevent or restore the severe persistent fall in filtration.

Tubular function

Continued tubular activity 1s indicated inter affa by the renal ability to reabsorb
sodium and chloride, and to excrete potassium, and by the absence of glycosuria,

Excretlon of electroly tes

The patterns of change after injury 1n the concentrations of sodium, potassium
and chlonde 1n the unne are similar both i those patients who develop severe
azotacria and in those who do not (Sewitt, 1956a and unpublished observations
Graber and Sevitt, 1959) There 1s usually a rapid onsct of low sodium and chlonde
concentrations (1-20 mEq per 1) or a low chlonde with intermuttent low sodium
phases and an acute risc m potassium concentration (up to 200 mEq per 1)
followed by a higher than normal potassiim level. Essentially sinular patterns
are ususlly found in oligunc and non-oliguric patients (Fig. 17 top and bottom
night) irrespective of the fall in G F R or the presence or absence of azotacnua.
Low sodium and chloride concentrations in the unine are, of course, duo to active
tubular reabsorption from the filtrate, and lugh potassium concentrations are duc
to active excretion by tubules so that these changes reflect tubular activity They
depend on the adrenocortical secretion of aldosterone and are part of the body
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the functional evidence of tubular activity is independent of the morphological
state Ladd (1955) also concluded that tubular reabsorption of sodium was normal
10 uraemic battle casualties whilst Taylor (1957) found high P/U ratios for sodum
and chlortde 1n acute renal failure following head injunes and surgical operations

These findmgs are 1n contrast to the relatively low P/U ratios of sodjum and
chlonde (generally 2-3 1) reported by Bull Jockes and Lowe (1950) they con
cluded that the urine approximated to a plasma filtrate and that impaired tubular
activity was responsible Their patients and those of Brun (1954) however did
show considereble P/U vanations from case to case, that for chlonds ranging
from 10 to 1 Few of their cases were post traumatic and tew if any were studred
from the time of the climcal ncident precipitating the oliguria when the renal
response of the adrenocortical reaction to stress might have been very apparent.
Their finding of a high potassium excretion during the early diuretic phase 15
indicative of tubular hyperactivity not an nability to conserve potassium since
potassium excretion 1s an active distal tubular process

In brief tubular ability to reabsorb sodium and chlonde to excrete potassinm
and to differentiate between these ions (and other substances) indicates a high
degree of persistent tubular power and may be 1n contrast to the degree of tubular
necrosis found

Excretion of water

There is a curious difference between the active tubular reabsorption of sodium
and chlonde and a reduced reabsorption of water Normally about 1 per cent of the
filtered water 1s passed as urine but i patients with renal failure following burmng
or jury the fraction excreted progressively nses and may reach 10-15 per cent
(Fig. 18) (Ladd, 1955 Graber and Sewitt, 1959) Overall the fraction is inversely
related to the G F R and parallels the nsing blood urea level A reduced tubular
reabsorption of water occurs in nor-oliguric uraemea (Fig. 18 top) and when there
15 severe oliguna (Fig. 18 bottom) whilst the volume of unne passed 1s dependent
on the balance between the low G F R and the reduced reabsorption of water
Oliguna 15 absent when the reduced reabsorption compensates for the reduced
filtration and 13 present when compensation 18 inadequate  Reduced reabsorption
of water has been mterpreted as an impaired tubular ability (Bull Jockes and Lowe
1950) but then 1t would be a selective impairment because other absorptive powers
seem adequate It might be an osmotic tubular diuresis related to the rising head
of urea 1n the plasma filtrate or 1t might be mediated by wnhibition or antsgomsm
of antidiuretic hormone

Urlne concentration and specific gravity

The specific gravity (1010-1016) and concentration (350-450 mulli-osmols per 1)
are low largely because the concentration of solutes, and particularly urea, 15
lowered by the dimmished reabsorption of water from the filtrate and not because
of tubular damage as alleged.

Reabsorption of glucose
Glycosuna related to the post traumatic hyperglycacmic responss may occur
after wnjury (s22 Chapter 2) but it generally disappears within 24 hours both 1n
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could be explamed either by equal impairment of all tubules or by the combmed
effect of two populations of nephrons one damaged and unable to excrete P.A.H
and the other capable of normal function

Relationship between glomerular and tubular fimetion

In clearance studies glomerular activity per umit of functioning tubular mass
13 expressed by the frachion which the G F R bears to the maximal clearance of
PAH this normally vanes between 1 and 2 5 Low values which indicate &
relative decrease of filtration among functioning nephrons were found by Ladd
(1955) High values were obtained by Brun (1954) during the early period of renal
recovery which suggested that glomerular filtration increased before there was an
fmprovement 1n tubular excretory power of P.A H

PATHOGENESIS

A full understanding of acute renal failure must explam the origin and persistence
of renal ischaemia the probable disproportionate fall in glomerular filtration
proximel and distal tubular necrosis glomerular lipid changes the relationship
of these to one another and to actiological factors like ohgacmua, fall m cardiac
output and release of haem pigments A schematic outlme of the aothor s concept
is shown 1n Fig. 19 The explanation must include the mechanisms of the oligunc
forms of uraemua, the origm of hyperkalaemia, hypocalcaemia and acidosis and
the various aspects of tubular function. A full explanation 1s not yet possible but
renal 1schacmia and low glomerular filtration have emerged as the central features.

Renal lschaemia and Iow glomerular filtration

Renal 1schaerma as we have seen is imtiated by renal vasoconstriction induced
by ohgaernia and a fall m cardiac output, but the manner by which 1t is maintained
15 uncertam. Among the possible causes are humoral vasoconstnchve agents,
such as noradrenaline rennm and 5-hydroxytryptamme and a nse of intrarenal
tension. The tense capsule and swollen appearance of the kidncy together with
the interstizal inflammatory exudate suggest that the intrarenal tenston 13 rased.
On the other hand, normal tension was found 1n dogs with tubular necrosis
produced by renal artery igation (dc Wardener 1955) and 1n pebents with acute
renal failure (Munck, 1958) The canse of the permstent ischacma warrants full
nvestigation.

Renal 1schaema presumably initiates the profound fall in glomerular filtration
and to some extent mamtans it, but changes withun the glomeruli may play a part
1n the latter process Thrs aspect of the problem also requires further mvestigation
and the finding of multiple liprd droplets 1n the glomerular epsthelium of burned
patients suggests that subtle changes opposing filtration may have occurred.

Role of haem compounds
Among the numerous endogenous nephrotoxic agents postulated only haemo-
globin and myohaemoglobin scem to be of pathogemc importance Although
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Sammary of evidence against the tubular hypothesis of traumatlc uraemia

The concept that the pathological basis of traumatic uraemia 1s tubular damage
or necrosis, that oliguria and uraemia are related to back-diffusion of the filtrate
through damaged tubules and that diuresis and recovery are related to regenerating
tubular cells 13 not acceptable for the following reasons

(1) Uraemia without ollguna cannot be explained by non-specific tubular
reabsorption or blockage by casts (2) Nerther severe oliguria nor the onset of
post-oliguric druresis are adequately accounted for by tubular damage end repair
(3) Tubular necrosis has been found to be more common than renal failure 1n a
series of patients at risk (4) Traumatic uraemia may be found without tubular
necrosis (5) The electrolyte composition of the unine end the absence of gly
cosuna ndicate continued activity of proxmal and distal tubules even though the
patient is found to have extensive tubular damage. (6) The pattern of electrolyte
excretion can be explaned by the hormonal reaction of the body but not by
mmpairment of tubular function (7) Hyperkalacnua, hypocalcaemia, hyperphos-
phatacmia and acidosis result from severe oliguria and do not occur 1 mon
oliguric renal failure even though tubular necrosis is found

Glomerular concept of traumstic araemia

The concept that renal failure is precipitated and maintained by a low glomerular
filtration rate 1 more fitng to the facts. A persistent reduction of filtration 15
the basle functional defect and adequately accounts for the azotaemua. The common
assocuation of renal faflure and tubular necrosss results from common patho-
genetic factors particularly renal ischaemua. The development of uraermma without
tubular necrosis and vice cersa reflects other influences at work these include
release of haemoglobin or myohaemoglobm which may enhancs the likelihood
of distal tubular necrosis possible differences i tubulo-epithelial sensitivity to
uschaemic hypoxia possible vasoconstrictive humoral agents and subtle changes
within glomeruli opposing filtration of which faity droplets may be & viuble sign.

Tubular necrosis never involves all the nephrons the proportion affected varies
considerably and affected kidneys have two populations of nephrons, damaged
and functioning units.

The damaged nephrons form little or no unne possibly because of back-diffusion
of the filtrate or blockage by casts, but they reduce the number of functioning
nephrons and add to the drmimshed rats of glomerular filtration. The filtration
rate 15, however lower than can be acoounted for in this way and indeed tubular
necrosis is sometimes absent Damage to & proportion of the tubules may well be
responsible for tho dimmished cxcretory and reabsorptive powers of the kidneys
revealed by maxmnal loading with para ammohippunc acd and glucoso respect
wely but these are summation cffects combimng the ineflectiveness of damaged
nephrons and the activity of the normal ones

The functiomng nephrons are responsible for the formation of the unne, its
electrolyte composition, and the reabsorption of the glucose thelr tubules are
capable of reabsorbing the filtration loads of glucose, sodium and chloride and
of g derable e rations of potassium, thereby responding to the
demands of increased aldosterone secretion but the filtration load of solutes and
water 13 reduced.
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PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

The primary objective of treatment 1s the prevention of clinical infection so that
healing can proceed uneventfully Even the control of haemorrhage 1s usually
ncidental, although occasionally over nding 1n importance The prevention of
fection removes the chief danger of secondary haemorrhage, which in civilian
surgery should be little more than a memory It paves the way for planned pnmary
repair of divided tissues and the replacement of mussing tissues by grafts or pros-
theses The elimination of infection reduces scar tissue accelerntes the speed of
union allows early rehabilitation and return to normal function

Lerche s (1939) aphonsm that the best antiseptic 1s the knife  stil holds good,
but terminological arguments sometimes obscure the role the knife must play
Wound surgery was once conceived as involving radical excision of the wound
cither en bloc wath the contaminating bactensa still adhering or {ayer by layer
(with a fresh knife for each) so that all tissue exposed to contamination was cut
away The first procedure is possible in some superfictal wounds whilst the second
has a partial velue in others, but the conception 15 wrong because 1t 1s ympossible
Or unnecessary m most serious wounds The concept of surgical removal of all
contarmunated tissues which the word excision implies should be abandoned
highly-contaminated battle mjunes are least suitable for its application whilst it
can do much harm 1 certmn civilian mjuries such as open fractures of the leg.
Even its protagonists make exceptions for the hands and face where unnecessary
removal of tissue 1s 50 obviously harmful.

The term  débndement  which never meant exciston  as some essayists once
mamntained, cannot be revived and 1t is too late to reintroduce its original meanmg
of wound enlargement. The term “wound toilet 1s descniptive although 1t does not
convey Leriche s honour to the scalpel. Tt does seem a pity that while we look for
substitutes for the umbrella word shock™ we are left without a term to convey
what surpeons should do for the wound

WOUND CONTAMINATION

The degree of primary contamination depends on the causative instrument, the
crcumstances of wounding, and other factors Perhaps as :mportant as the number
of pathogenic organisms 1s the manner mn which they are distnbuted and the
extent to which they are protected by foreign matter The nature of the dirt matters
at least as much as the number and nature of the germs. The wound made by »
fracture from withm outwards may have mmmal contamination whilst the wide
open wound sustained 1n a muddy road will be very dirty but relatively easy to
clean, The deep penetrating wound with dirty clothing driven shead of the entermg
object can be the most dangerous combination of contaminated dirt, damage to
the blood supply of muscle fn which protected germs may lodge and thnve, and
difficulty of access In contrast the majority of Light-engineering industnal wounds
are nearly sterile on nflichon whilst burns are sterilized by the act of burning
Much of the primary contamination of wounds 15 derived from the clothes and
skin of the patient. This became mportant during World War II when surgeons
transferred their attentions from the Libyan desert to the cultivated terram of
Italy (Cope 1953) In the desert the techmques of wound exploration based on
World War I experience appeared no longer necessary and this was unfortunately
attributed to the use of sulphonamides Expertence in Italy showed this to be an
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THE MINOR WOUND

The differ
Husion full wound exploration and decompression became cssential

)cncc depended not only on the relatively germ free desert but also on the fact that
the wounded men were often wearmg hittle more than a thin pair of shorts A
dangerous feature in Italy was often the germ-laden clothing m the depths of the
wound.

Forelgn bodies - e

Penetrating foreign bodies may require urgent removal but we must ear
about pnon%]u Tincu' removal should mean that the wound has been fully
explored and that orgamic matenal present has been removed Metallic foreign
bodies are the least harmful from the poimnt of view of infection. They are clearly
visible radiologically but least important as a focus of infection and their removal
may be a luxury in difficult cases Many a wound has been adequately explored and
treated without the foreign body bemng found

Secondary contamination

The value of first-ard treatment 1n the prevention of infectron depends on the
relative lack of primary contammation compared with the danger from organisms
subsequently introduced by the patient or others (De Waal, 1943) Correct first
aid treatment jnvolves covering the wound or burn with a switable dressmg and
leaving it covered until medical anthonty decides further A sterile gauze dressing
or Imt, a recently washed handkerchief towel or piece of linen, or failmg these
the cleanest picce of matenal available should be bandaged on and left. If there 1s
bleeding & pressure bandage should be added. When the patient reaches medical
care the doctor or nurse should wear a mask wash and then dry the hands, re
move the old dresung with forceps, examme the wound visually and decde on
further treatment This routine should be possible at every hospital, chinte, health
centre or surgery 1f treatment cannot be completed mmediately a stenle dressing 13
applied with forceps and the wound rebandaged. If this can be postponed until the
doctor who 15 gomg to operate 1s available 5o much the better 1if not, the wound
has to be exposed for another few seconds. The nisk of secondary contammation
from hands, clothing, noses and throats 1s thus kept to 2 mimmum If the above pro-
cedure 15 onutted nothing vital has been lost provided that nothing which may be
dirty touches the wound and that the latter 13 only exposed for 2 few seconds No

clesning 15 done at this stage uniess the wound 1s trivial and treatment 1s to be
completed forthwith

THE MINOR WOUND

Trivial and superficial wounds should be cleaned with soap and water preferably
under a tap with running warm water They may then be dressed with dry gauze
and a bandage, left open to the air or protected by a drying agent such as Nobecu

tane whuch acts as a minute dressing or artificial scab No wound is so small or so
clean that it 1s not best cleaned by soap and water or a mild detergent solution

To anuseptics are necessary and most of them are harmful to cells as well as
bactera. Even the antibiotics 1n excessive concentration can 1nhibit cell growth
(Crurckshank and Lowbury 1952 Funan Hu and his colleagues 1956)
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PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

THE MAJOR WOUND
The local treatment of major wounds can be summarnzed in the following stages.

(1) First-ald cover dresungs.

(2) Diagnosis.

(3) Theatre cleanmg exposure, exploration, and more cleaning removal of foreagn
matter essential removal of dead muscle removal of other non-viable tissue &s
ind{cated decompression suture or grafing dressing and bendaging plaster or
other splintage,

(4) Elevation.

(5) Planned review of the dressing alter a given tune or as indicated.

(6) Observation, local and general.

(7} Chemotherapy

A wound requinng exploration of repar necds treatment in an operating theatre
cleaning 1s then deferred.

The wound having been inspected further information may be necessary for
example about bones by radiological examination, about nerves and tendons by
climenl testing. Other injuries must be investigated and the patient s point of view
constdered. In wounds of the extremities where either amputation may be needed
or plastic procedures are possible the problem should be discussed with the patent
or relatives If haemorrhage has been appreciable or if surgery may lead to further
bleeding, transfusion should be orgamzed. Bleeding wounds may require early
surgery since B steady ooze through bandages can become senous.

Use of toarniqoet

Hacemostasis 1s desirable and the availability of bank blood must not ercourage
the attitude that bleeding does not metter Nevertheless its availability may help
to decide whether surgical treatment of an extremuty will be done under a tourni-
quet. The author s preference 1s to avoid the use of a tourniquet for the following
reasons bleeding vessels can be controlled immediately and the nature of any
vascular damage therefore becomes clear at an early stage the viability of skin or
muscle can be better judged from colour appearances and bleeding on ncsion
nothing further is done to reduce even tempormanly the blood supply to Injured
tissues and the risk of damaging bnittle artenoscierotic arteries is avorded.

A tourmquet applied pre-operatively may bo left on during cleaning. With
experience more blood 13 seldom lost without a tourmquet than with one Wide
exploration often requires no more than skin incsion m contrast to the dissection
of tissue planes needed for the deliberate procedures of cold surgery

Annesthesia

Few significant wounds can be treated properly without anaesthesfa. Many
surface abrasions with grit or gravel rubbed 1nto the wound give the best cosmetic
results when scrubbed under anacsthesia In Great Britain there 1s a hugh standard
of general annesthesia and a low mortality from anaesthetics for minor operations.
The biggest nisk 13 mhalation of vomit and the anaesthetist should be given every
chance to take full precautions There are however many minor wounds which
can be effectively treated under local or regionzl anaesthesa, particularly brachial
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THE MAJOR WOUND

plexus block although even this carmes the rish. of an occasional pneumotharax
Wound surgery 15 possible under local anaesthetia for wounds of any size involving
the trunk or lower hmbs but requires considerable experience so that the full
potential operation field 1 considered from the start. General anaesthesiz 15
preferred m Great Batam for major wounds and certanly simplifies the surgeon s
tosk.

Clesning

The wound should be cleaned by the surgeon first because this 1s often the most
important part of the operation and secondly because, during the cleaming further
information may be grined about the nature and extent of the damage Adequate
quantitses of soap and water or soap or detergent solution, remove microscopic
dirt and aim at socal cleamung rather than steribization This removes the dirt
which thelters bactena from attack by the body defences The water Is as im-
portant as the soap and the procedure 1s quite different from the ritual wiping that
1s often substituted for 1t The skin widely around the wound and near any part of
the possible operation site 13 cleaned in the same way as one would clean the
dirty knees of a child who had fallen 1n the mud. The author has found no harm
come from mncluding the wound m the skin-cleaning process. The same process
may be coatmued after the wound 1 opened, aithough many surgeons prefer to
wash inside the wound with water or saline. A thorough washing may take 15-20
minutes or longer The area 1s then dried, towelled off, and 15 ready for the knife

Exploration

The role of surgery 15 not excwion of the wound It involves first the wide opemng
up of the wound to expose the {ull extent of the damage secondly the excision of
certain damaged tssues, and thirdly wound repair  Surface wounds and clvilian
inpunes caused by industrial rollers or large "bus tyres may already be wide open
Most other major wounds require extension or an mdependent incision to
expose contamnation with dirt and foreign matenal, the extent of damaged tissue
and the nature of the internal repair required. Generally wound extension or
scparate exposure requires incision through skin and subcutancous tissue only

The extent of exposure depends on the nature of the wound, the likelihood of
deep spread of foresgn metenal, and the posmibility of damage to 1mportant deep
tructures it may be hmted by the possible harmful effects of extensive skin -
cuton The first twa considerattons depend on the mechamsm of myury the latter
two on its anatomecal site. Battle wounds, explosive wounds and injuries due to
hugh veloaty muniles often have deep damage out of proportion to the surface
wound Small penetrating bullet wourds may traverse important structures Jagged
n;cr:_n.l fragments large or small, may damage muscle out of proportion to the
surface wound. A feature of high-speed missies 1s that by striking bone they give
me to secondary musiles. In avilian treuma similar injuries may srise from
eaplosions, meludmg those from domestic boilers and home made bombs.

The deep damage in the crushi
differs from that o‘i;'cnur mussites 0. teanng aod twisting mjunes of cvilan Lfe

particularly when fractures are compounded from

::nim Thus 15 perhaps fortunate, for in those patlents with utmm'soundcrmtmng

shin and subcutaneous tssue wide extension or new cisions may interfere with
1



PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

skin blood supply The muscles arc spht rather than burst and unless th
concomitant damage to muscle blood supply the risk of gas gangrene 15 Imcm
with war wounds When gas gangrene has occurred nothing short of full exploration
will suffice Other exceptions to the need for wide exploration are certan pene
trating and perforating wounds 1n which full exploraton would risk damage or
spread of infection to deep structures without possible benefit. Thus refers particu
larly to wounds of the hands and feet from nails, and to through-and through
wounds of the imbs or chest then 1t 1s usually sufficient to deal with the wounds of
entry and exit without laying open the whole imb dividmg major muscles trans
versely or doing a thoracotomy By contrast similar wounds of the head or
abdomen should rarely escape exploration of the affected cavrties.

—

Fia 20 —A harmicss incsion for
explonng tho calf and poplitenl
fossa,

k
:

¥t bum,

Skin ineisions

Knowledge of the fate of incisions in particular sites and directions has led to
modification of those used for wound exploration. Straight incimions are best
replaced by winding incasions resembling an S or double S and must never run
vertically on the front or back of joints, for this can lead to crippling contracture
The vertical winding mcsions advisable for leg and thigh and arm and forearm
can be jomed by horizontal mcisions in the joint creases of the knee, elbow and
wnst (Fig. 20) Alternatively the jownt 13 crossed laterally or obliquely Existing
wounds can either be enlarged 30 as to convert them into a double flap or 1gnored
and left in the middle of a flap for independent repaur (Fig, 21) When skin and
subcutaneous tissue 13 missmg the planming of mcimons and the subsequent
closure of defects 13 aided by the principles of plastic surgery m relation to the
placing of measions. The enlargement for exploration must be designed to fecilitate
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Fig. 2.—An cxampie of healing
writhout contraction because no
skin was cxcised. (a) Tho
onginal wound. (b) Aflter suture
(c) After healing, showing the
popliteal fossz,




THE MAJOR WOUND

resected, because dead and damaged muscle predisposes to gas gangrenc even with
prophylactic antibiotic therapy  With better facilities and more time and expenence
m the different types of avilian jury even muscle can be exctsed with disenmina
won Small amounts have often been left without causing gas gangrene and the
full value of the antibsotics 1 prophylaxis 15 not known. Any sizeable mass of
dead muscle which does not contract when pinched or bleed when cut must be
removed, If this can be done to leave 8 saucerized™ wound or one that will fall
together with skm suture $0 much the better Scgments of transected and devatal
1zed muscle should be “scrapped” Bruised muscle may be discoloured but viable
sub-fascial ecchymosis can make a muscle look black although it 15 seen to be
normal when incised. After some hours the onset of gas gangrene may be indicated
by the peculiar brick red or salmon colour of the muscle turning to green grey
and dirty brown, whulst srmultaneously a characteristicodour often develops Inmost
crvilian injunes devasculanzed muscle 1s excised but when viability 13 doubtful
small musck masses may be left 1f they #re hikely to be useful eather as muscle or 1n
filling up & dead space which would otherwise permit the accumulation of bleod
For all other tissues the need to excise depends on specific circumstances Con
nective tssues do not readily predispose to infection even when left deprived of
their blood supply Free autografts of bone cartilage, tendon, fascia and dermus
are all 10 cornmon use and can be incorporated 1n the body separsted and
damaged fatty tissue 15 liable to undergo liquefactive necrosis and 1s best removed
Injured tendons left 10 a wound may slowly die and require subsequent resection or
they may slowly become revascularized Damaged tendons should be excised 1f
they are likely to be useless and particularly if by adhesion they may cripple the
action of attached and functioning neighbouring tendons. Occasionally non
functionmg tendons provide a useful tenodenis Fascia which 1s partially discon-
nected may be preserved for covering bone or an open jomt beneath a skin defect
Cartilage over bone and partly attached ligaments will survive 1if covered with
whole thickness skin and subcutaneous tissue
Bone 13 the most important connective tissue to preserve Before World War 1T
1t was taught that all bone deprived of its vascular attachments must be removed
beeause it predisposed to infection, but it 15 now known that this 13 not 5o even
when the bone 18 completely separated It will die but 1t 15 often subtequently
revasculanzed, incorporated and reconstituted by new living bone although this
process may take months or years to complete If infection does not start else
where the presence of dead bone will not make 1t more Iikely It was therefore pro-
posed to establish the principle of “grafting the bone defect with any avaslable loose
fragments (Cope, 1953) Such fragments are most useful for filling up defects 1n
long bones and when they are not available the gap may need to be brdged by a
m:};o;:n ir;ﬂ (I';‘ilg, B)boBonlg defects 1n severe open fractures have been
ul wit ne fragments which ha
been replaced after bodm;rgt gm hich have fallen on the floor and

Decompression
A major predisposing cause of severe infection
penctrating wounds, especrally war wounds

anterior compartment of the thigh, This can
with sepucaemua and systemic deterioration

1s deep tension complicating
of enclosed regions like the ealf or
fead rapadly to fulminating infection

cven without the development of
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PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

typical gas infection The wound and the deep fascia enclosing the compartment
should be opened widely For example 1n the thigh a longitudinal meision through
the fascia lata may allow divided tissue to fall together Subsequent tension
can only be prevented by the addition of transverse cuts. The fascia must be
incised one way or another untl there is no tendency for muscle to bulge and then
a little more to allow for further swelling. This decompression wll often expose
deep blood clots and allow access to damaged vessels It 1s most urgent 1o batthe
njunes but equally necessary 1n many deep civiian wounds especially severe
fractures of the leg with small skin openings In the past decompression was sorme-
times followed by drainege With early operation drainage 1s unnecessary and 1t

Fio 23 —Radlographs showmng &
gap in the tibla grafted originally
from the same leg. (o) The graft
united (b) After reinforcement
with a further graft from the other
lex.

leaves a pathway from the surface whereby secondary mfection may occur The
swellmg of deep muscles which made decompression necessary does not preclude

immediate skm suture or grafting.

Haematomsas and bandaging

Deep collection of blood 13 a mayor factor predisposing to wound infection as
1t 13 an excellent culture medium for sfhm;norgnmsmxbw Ccccumt ti‘hacmosmmt I;)]'

bleedin 1nts and ligation w1 ¢ non-absorbent sutures may contri

ghb‘l\aﬂp(:-‘l::f blccdmi It);out 1t will nz prevent further oozmg. Control of deep oozing
depends on cfiicient bandagmg which should be carmed out by the surgeon. In
addition to a capaaity to absorb blood and discharge the dressing materials used
must possess some elasticaty which allows even bandaging at the nght pressure to

116



THE MAJOR WOUND

control deep oomng without producing strangulation or venous obstruction
Dressings and cotton wool must extend well beyond the wound and up and down
the limb becanse tissue planes are opened up at a distance from the wound. The
bandage shown 1n Fig. 24 was adequate for the skin wound but gave ittle support
to the tissues into which extravasation could oceur

With small wounds suture of the skin often allows its fibro-¢lastic qualities to
provide the necessary pressure Pressure dressings are necessary for large wounds
particularly when skin 15 undermined, dissected or only loosely atiached, because
there may be much room for swelling to take place Before the wound 1s closed 1t 1
necessary to envisage 1ts state after the dressings have been applied, particularly
the postibility of spaces which may not be obliterated by suture When dead
spaces are mevitable they may be drmned and the dranage tubes nsed for Jocal
mstillations of antibiotics but this should rarely be necessary

Flohzl:h-—Anopmfmctumonhefcmur‘. g the inad band

W probably contributed to Infection It should have inel

whole thigh and knee. * uded the
Slin dosure

The wound has now been widely opened and explored dirt and forej,

gn bodies
::::‘ been removed  dead muscle and perhaps some other devatalized tissue have
nadmm Consideration has been given to repair of deep nssues of bone by
dog' screwng, winng or plating of main vessels by suture or grafting of

lendons  accasionally of mamn nerves. The wound has been decompressed O
Joints have been washed out and closed. The wound has been imrigated i all its

co]nm( ™ nmn’mm the problem of the skin

fo correct some misunderstandings Many patients have died
:::rlsitn;l:rgeom learnt the hard way certain “do s and don 1s g?lhc treatment of
nes. These myurkes must be widely opened up to expose the extent of
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myury and remove dead muscle but they must never be sutured 1f the patient i
gowng to be moved or if facilities for careful supervision are not available Thi
applies essentially to limb wounds and many trunk wounds where movement wil
nevitably provoke a haematoma which if tightly enclosed will go  septic 1t doey
not necessanily apply to wounds of the hands and face where other considerations
make early closure desirable Other factors determine why patients with abdomina
wmjurics do not travel well Drainage tubes need not be used because the skin 1s lef)
open and the opening of the wound must not be nulltfied by dressings which act as
aplug All that 1s necessary 1s a strip of gauze or Tulle Gras dressing in the wound
and bandaging as described above If all goes well the wound can be treated by
delayed suture that ss, suturing the wound as a second-stage procedure It will
ofien be sterile and can be sutured easily and relably provided that the dressings
have not been disturbed. If they have been removed for inspection more than once
surface mfection is Iikely and delayed suture less successful

®)
Fia 25 —A wound that was deaned and sutured. (@) The original wound. (5) After
healing. (A small superficial slough was excised and )

Delayed primary suture 18 rarely needed in cvilian surgery except in an occasion
al pravely injured patient with 2 imb needing amputation through skin of doubtful
viability It 15 important for the less experienced surgeon to know that & wound
can be left wide open m an ill patient 2: when the wound s complex it can be
dressed and suture postponed for 4-10 days

In most civihan patients carcful wound susgery will be followed by prmary
suture or grafung (Fig. 25) Primary suture should be the rule when there 15 no
loss of skin and it is often the treatment of choice even when the wound appears
tense and sutunng difficult The thing to do 15 to  start sewing and see what
happens  f the skin 1s stretched 1o the point of going white or looking shiny the
procedure must be abandoned. Suture at normal tension 1s beneficaal to the skin
and makes for a normal pattern of vasculanity Dunng direct sitchig the skin
should not tent” over dead space Jeft by excision of deeper structures or thelr
separution. Deep sutures are not required when the deep structures are approx-
mated by skin sutunng, Occasionally dead space can be avoided by strategically
placed deep sutches Sutuning 1s sometimes advisable to cover bones or open
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with possible contamunation 18 not dangerous—any discharge which forms wall
push the graft away and graft failure 15 all that will happen. These spht skin grafts
should be applied 1f possible 1n a single piece bigger than the area to be covered
even after tucking down to line the depression. The overlap allows for possible
skid during dressing. The graft can be anchored by Tulle Gras dressing and careful
bandaging. A few stitches may be necessary but detailed suturing should be omtted.
A bigger problem 1s presented by certain run-over injurtes in which much of the
leg 18 flayed but deeper structures are intact the skin 15 still available and some of
1t may live The simplest procedure 1 to clean and replace it all by suture It 13 then
treated like a grafted area skin sloughs are excised later and replaced with split
skin. When there is only partial cover with skin its replacement must be associated
with grafting and nothing will have been lost.

The electric dermatome facilitates the taking of skin especaally when multiple
Limb njuries make it difficult to obtain a graft by ordinary methods

Splintage

Major open fractures of long bones require splinting, sometimes from within.
All other major hmb wounds warrant early immobilizatron & full plaster cast
over dressings 15 often desirable, both for comfort and because 1t avords movement
which may disrupt early healing It also protects the part from being knocked and
duscourages frequent dressings Primary application of plaster must not be equated
with the closed plaster treatment of Ollier (1872) Orr (1942) and Trueta (1943)
Although many properly explored wounds heal under plaster without suture or
grafting the introduction of the closed plaster techmique for war wounds held up
the planning of the two-stage operation of delayed suture and the discussion of the
pnnaples of primary suture Trueta (1943) defined the principles of wound treat
ment carefully but arcumstances made him overplay the role of plaster Plaster
applied pnmarily can be removed for subsequent wound dressmgs  when applied
over the unsutured wound it must come off for early suture long before 1t begins to
smell. The great advance made with the closed plaster treatment was the rejection
of the previous practice of daily dressings Wounds are now dressed as infrequently
as possible and usually for definfte mdications rather than the satisfaction of
cunionity Careful pnmary treatment permts immediate wound closure or com-
pletion of closure at the next dressing. The Winnet Orr techuque has a useful but
limrted place for an occasional patient with a chronic wound infection resulting
from an mfection of the bone The modern am is to secure healing by skin
closure or grafting rather than by time and granulations.

Antibiotics

Penicillin transformed the prognosis of many war wounds. It 1s justifiable to
give it to every patient with a contaminated major wound begmning with a large
pre-operanive loading dose and then full dosage for 5-7 days The course can often
be stopped early as 1t 1s often possible to decide that primary mfection has been
avolded and 13 unlikely to develop later Some wounds can be presumed to be
contamunated with pemicillin-resistant organisms perticularly those involving the
bowel, near the buttock, or which have been widely exposed to the nsk of con
tammation m hospital Alternative or additional antibiotics may then be used.
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PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

with possible contamination 1s not dangerous—any discharge which forms will
push the graft away and graft failure 15 all that will happen. These split skin grafts
should be applied 1f possible 1n a single picce bigger than the area to be covered
even after tucking down to line the depression. The overlap allows for possible
skid duning dressing The graft can be anchored by Tulle Gras dressing and careful
bandaging. A few stitches may be necessary but detailed suturing should be omitted.
A bigger problem 1s presented by certain run-over injunes in which much of the
leg 1s flayed but deeper structures are intact the skin 1s still available and some of
it may live The simplest procedure 13 to clean and replace it all by suture It 1s then
treated like a grafted area skin sloughs are excised later and replaced with split
skin. When there 1s only partial cover with skin its replacement must be associated
with grafting and nothing will have been lost

The clectric dermatome facilitates the taking of skin especially when multiple
limb 1njunes make 1t difficult to obtain a graft by ordinary methods

Splintage

Major open fractures of long bones require splinting, sometmes from within
All other major limb wounds warrant early immobilization a full plaster cast
over dressings 15 often desirable, both for comfort and because 1t avoids movement
which may disrupt early healing It also protects the part from being knocked and
discourages frequent dressings Primary application of plaster must not be equated
wath the closed plaster treatment of Ollier (1872) Orr (1942) and Tructa (1943)
Although many properly explored wounds heal under plaster without suture or
grafting the introduction of the closed plaster techmque for war wounds held up
the planning of the two-stage operation of delayed suture and the discussion of the
prncples of primary suture Trueta (1943) defined the principles of wound treat
ment carefully but circumstances made him overplay the role of plaster Plaster
applied pnmarily can be removed for subsequent wound dressings when applied
over the unsutured wound 1t must come off for early suture long before 1t begims to
smell. The great advance made with the closed plaster treatment was the rejection
of the previous practice of daly dressings Wounds are now dressed as infrequently
as possible and usually for defimte indications rather than the satisfaction of
cunosity Careful primary treatment permuts immediate wound closure or com-
pletion of closure at the next dressing The Winnet Orr technique has 2 useful but
Immited place for an occasional patent with a chronic wound mfection resulting
from an infection of the bone The modern alm 18 to sccure healing by skm
closure or grafung rather than by time and granulations

Antiblotics

Pemiatllin transformed the prognosms of many war wounds It 1s justifiable to
give 1t to cvery patient with a contaminated major wound beginning with a Jarge
pre-operative loading dose and then full dosage for 5-7 days The course can often
be stopped early as 1t 15 often possible to decide that pnmary infection has been
avorded and 18 unlikely to develop Iater Some wounds can be presumed to be
contaminated with perucillin resistant orgamisms particulardy those involving the
bowel near the buttock, or which have been widely exposed to the nsk of con-
tammation mn hospital Alternative or additional antibiotics may then be used.
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PRINCIPLES AND TECHNIQUE OF WOUND SURGERY

The time factor

In conclusion a word is needed about the time factor It has not yet been proved
that delay demands any radical change in the principles of wound treatment so
long as nfection 1s not clmically manifest. Ideally a wound is better dealt wath
surgically within the first 6 hours but unless there 15 a mass of damaged muscle
predisposing to gas gangrene most wounds can be left if necessary for 24 hours or
perhaps longer and then treated in the same way We do not know how long the
delay can be extended by early chemotherapy probably every hour counts to
some extent and surgery should be performed as soon as the patient s general
condition allows usually within a few hours of injury

When infection 13 evident surgery must be either more radical or confined to
wide exposure and excision of damaged muscle. Appearances are often deceptive
and apart from gas gangrene it 13 better when 1n doubt to do little surgically and
to test the value of splintage rest and chemotherapy Attention to nutritional, fluid,
clectrolyte or red-cell needs are 1nvaluable.
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CHAPTER 9
PRINCIPLES OF THE TREATMENT OF FRACTURES

F G Baporr

EAcH Injury Is umque and should be treated on its ments Classification may be
conventent far teaching and assessing broad lines of treatment, but it usually
means that 2 vanety of injuries are grouped topether because they occur mn o
particular anatomical region

Trestment must depend on diagnosis which requires more than s radiological
examunation Because too many doctors think that radiologicnl examinauon is &
safe way of avoiding litigation, radiography 18 used indiscrimnately At times the
immediate taking of radiogrophs may even be detrimental and constitute neghgence
n atself 1t 18 only part of the tion and not nly the decisive part
Usually only the bone 11 shown ond there 15 often a tendency to treat the radio-
graph rather than the patient.

When o bone 13 fractured the surrounding soft tissues are damaged to 8 greater
or lesser extent When the fracture is minimal and the soft-tissue iyury shght the
1imb can be used and the lesion may be better reparded as 8 bruse™ Otherwise
the injury should be viewed as the broken limb rather than as a fractured bone

The mntact skin of the closed fracture conceals the extent of the trauma, whilst
even in the open fracture only part of the damage can be seen n the wound. At
autopsy or surgreal operation it 15 often possible to see just how widespread the
damage can be.

The word “fracture  has assumed undue importance and even emotional signi
ficance Emphasis on the injury to one tissue rmay overshadow the other tomn
lacerated of crushed tusues—muscle tendon fascia Ligaments nerves and blood
vessels. The bone 18 clearly shown by radiological examunation, but the extent
and snignificance of the soft ussue damage can only be appreciated from a radio-
graph taken wm deformty before reduction or durmg manipulation. Such films can
indicate that certan tiusues must have been wounded so that the pattern of
associated soft-tiasue damage can be deduced.

HISTORY

In addition to careful elimical exammation and radiography a detailed hustory 1s
Tequired from the patient or from someone who actually saw the accident. At times
both accounts may be valuable careful notes mads at the first examination can be
particularly useful 1f anv Litigation 1s mvolved.

The history however may be wacomplete or musleading, rarely wilfully so The
old ledy wath a fracture of the femoral neck usually clauns to have fallen op the
hup But her fracture was caused by torsional violence Once the bone had broken
sho fell and lying on the floor wath & panful hup sho assumed that she had fallen
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PRINCIPLES OF THE TREATMENT OF FRACTURES

on 1t. How long she had been Iying before help arrived may be valuable informa
tion several hours in the cold 1mmobile on the floor may well have caused the
“bedsores” discovered later n hosprtal

Abrasions or contustons over the greater trochanter are not seen 1n such patrents
When bruising on the outer aspect of the hup is associated with a fracture 1t 15
usually the greater trochanter acetabulum or pubrc ramus that 13 1nvolved,

The hustory of a fall on the outstretched hand 1s given 1n many fractures of the
upper extremity from scaphoid to scapula.

MECHANISM OF INJURY

Knowledge of the mechanism may be valuable the causative violence may have
caused bending, twising, “telescoping  shearing, crushing, rolling or pullmg.
Forces may be combined these may be applied i varying rotational positions
and may take cffect in different positions of jonts The nature of the violence may
be valuable m understanding combinations of mjurtes such as when an associated
nerve mjury 1s due to torsion and traction. A second violence may occur for
example by a drunk trying to walk on en already broken leg. Continuing
violence may alter 1ts nature or direction particularly when lines of force are
chaoged after an 1nitial fracture or dislocation so that distant structures are 1n
volved 1n a complex manner

Displacement may be due to one or more of the following factors the ongmnal
violence muscle action, the effects of gravity the misgwded efforts of a first-ud
worker or inappropniate medical care

CLINICAL EXAMINATION

A detailed clinical examunation 13 required so that the full extent of the injury can
be appreciated. It needs to be painstaking in the unconscious patient in whom an
1njury may be easily overiooked

Examination involves mspection and palpation, gentle passive and active
movements to test the mtegnty of specfic structures and tests of sensation and
vascular suffizency Every step must be designed to elucdate anatomreal and
functional features of the lesion.

RADIOGRAPHY

A solitary film may fal to show a fracture or a displacement, whulst an artefact may
be mustaken for & lesion. At least two views at right angles to each other must be
taken some injuries need more From the radiographs an attempt 13 made to create
a three-dimensional mental prcture of the broken bone

From the knowledge gamed at autopsy and operation, the fractured bone can
then be mvested with & picture of the myured soft tissues. Exammation under
anaesthesia may be required for a full appreciation of the extent of the trauma
the mobility of the bony fragments can be felt and further visualized by radio-
graphy with the imb 1n different posittons Thus can lead up to a dynamc picture
of the actual breaking of the bone and tearing of the soft fissues as it occurred at
the ume of myury
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TREATMENT OF CLOSED FRACTURES

GENERAL ASPECTS

In planning treatment consxderntion must be given to the type of patient injured
and not merely to the nature of the injury Age sex occupation generol physical
condition, temperament sports, pastimes and social background may all need to
be taken into account

Differcnt fractures occur at different ages, whilst rates of healing and capacity
for adaptation vary from young to old In the child with suffictient growing time
before epiphyses fuse, moderate deformuty and shortenng can be corrected by
subsequent growth ond remodelting. Prolonged treatment in bed while Irksome to
the young can be harmful 10 the elderly in whom the decision may have to be not
s0 much their fitness for operation but fitness to remain in bed with its attendant
dangers of bedsores thrombosis embolism incontincnce constipauion urinary
retention, loss of circulatory adaptability and pneumonia

Certain fractures have sex differences the severc fracture of the pelvis m a
woman may be a future cause of difficulty during partunition whereas in the male
tupture of the urethra is a hazard which is almost negligible in the female

The type of work undertaken will have influence on future employment 1n
certam jobs carly return to work 1s a probability while tn others duability may
necessitate change of employment Self-employed persons may be depressed by the
mability to earn while employers may feel compelied to make every effort to resume
work even while still unfit.

Patients with different temperaments react in different ways to their injurses
treatment, prospects of a long stay in hospital and rehabilitation, including retrain
mg for a change of employment, The probability of permanent disability may be
badly accepted by neurotic and depressive ¢

Athletes and professional sportsmen need Iimbs without shortening, deformity
or loss of joint mobility muscles need to be strong. Musicians need sensitive fingers
and free movement of the upper extremities Hobbics often demand the ability to
carty out fine prehensile movements,

The type of dwelling and number 1n the family may be important factors deter
mirung carly return home or alternatively the need for a change for instance to a
ground floor flat or & bungalow with no stairs to cimb  Elderly people living alone
may not be fit to return home for many months Famuly responsibilities and

WOrTics, or social comnutments may weigh heavily in the anxious over-conscientious
ot fastidious patient.

TREATMENT OF CLOSED FRACTURES
‘Wounds heal most eanly when divided tissues are accurately apposed and 3o held
1n position that disruptive movement cannot occur Impatience or over-enthusism

permitting teo much stress or mobility too early may delay healing and cause
excessrve fibrosis or callus formation. ¢

Dams (1949) expressed the opmion that the ideal nigid support for a mb 13 the

intact skeleton and that treatment should wim at its restoration as corapletely as
posuble.

The basic treatment of fractures may be stated as (1) reduction to a stable
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position (2) mamntenance of reduction and (3) restoration of function (rehabilita
tion) There are many exceptions not all fractures need reduction and i some this
may be impossible impracticable unnecessary undesirable, or contrz indicated.
Otherwise deformity or displacement will need correction alternatively measures
are required to prevent deformity developing later

Even when the fracture per se does not require fixation the patient has a right to
comfort relief of pai 15 often the patient s first need. Splintage or support may be
desirable or essential in the early stages for thus reason alone Some fractures require
support to mamtam reduction others are best held by some form of splmtage or
fixation to prevent movement of a harmful range at the fracture site  whulst others
need no immobilization at all

Reduction consists mitrally in making the dwsplaced piece of bone retrace 1ts
course to the original position with & minimum of added trauma. The way thrs 1
done may vary from the gentle strmghtening of a Iimb to reduction under vision
after full surgical exposure The positton achieved should be stable and with
good bony apposition

Principles of closed manipulation

Closed manipulation involves making the displaced prece of bone or part of the
limb return to 1ts onginal position by overcoming those factors which are mawmn-
talung the displacement. Muscle action 1s counteracted by anacsthesia and relax
ants and gravity by support or posiioning Then the replacement Is effected by
pulling to correct shortening or impaction, twisting to overcome rotation, pushmg
to rectify displacement 1n the long axis, angulation to remove angular deformity
and at times to achieve an end to-end position The vanous components of the
manoeuvre have to be used In sequence or combined on the basis of the mental
picture of the displacement gained from examination of radiographs Manipulation
may reveal the presence of a soft tissue hinge The procedure 18 controlled by sense
of touch, and the reduction or position of the bones at any time can be confirmed
radiographically Closed reduction needs to be achieved firmly but gently and
without jerking Preferably the reduction should be stable before application of
plaster or splints.

Plaster does not rmmobilize a fracture but it can reduce the mobility to within 2
safe range compatible with healing. The nearer the bone that the plaster can bo
placed, the better 1t holds the position. Padded plasters allow more movement at
the fracture As swelling duminishes the plaster becomes loose and reapplication
may be necessary with the attendant dangers of loss of pomtion Being ngid,
plaster can be a source of constriction to a swelling limb Bandages impregnated
with plastics have been used instead of plaster While these can withstand wetting,
they are not porous and the skin may become moist and excoriated

Following closed manpulatrve reduction, fractures of the femur are wsually
better held on a Thomas splint with some form of traction to hold length and

ition
pols_lnul recent years the closed treatment of fractures was standard practice de
formity being corrected by manpulation followed by splintage or plaster whilst
operation was manly reserved for compound fractures and certain special indica
tions. The introduction of the no-touch technique™ aided by modern anaesthesia
and blood transfusion has opened a new era of fracture treatment and made prac
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PRINCIPLES OF THE TREATMENT OF FRACTURES

by a plaster cast sometimes the end of one fragment can be jammed mto the other
Open reduction 1s however usually followed by internel fixation.

Circlage wiring combined with external splintage or a plaster cast 1s suitable for
some oblique or spiral fractures especially when the complexity of the fractures
makes the introduction of screws 1mpossible Such wiring can be modified to en
circle the bone more than once or pass through drll holes before 1t 1s directed
around the bone. Manoeuvring the wire into place by special forceps or a modified
ancurysm needle does not require extensive soft tusue stnpping. The hour-glass
constriction leading to weakness and fracture at the site of arclage wining results
from chafing when movement follows inadequate fixation It can also occur 1 the
absence of such movement when the wire tightly constricts the pertosteum from
without. Encireling metal 1s clearly unsnuitable for transverse fractures

While two or more screws can give a firm stable fixation after reduction  single
transfixion screw 18 rarely adequate to hold the oblique or sprral fracture Move
ment can occur by cutting out of the screw or bony rotation around the screw

Plating 1s the traditional and until recently perhaps the most used method of
internal fixation The plate should be as strong as possible and of adequate length.
The screws should, if practicable, avoid fracture lines for fear of causing displace-
ment and should penetrate both cortices to give the firmest fixation of plate to bone
Before main fragments are fixed together by the plate other sizeable preces of bone,
especially butterfly fragments should be screwed to either of or both the man
fragments

Intramedullary nails have & valuable place in treatment, particularly for the
femur but rotation can often occur about a longitudinal axs Like the Smuth-
Petersen nail, the Kintscher nail becomes loasened and after 3 weeks can be
removed without the aid of & mechanical extractor The ngidity of fixatton 15
increased by an accurate fit or cortical contact

Many other methods of bone fixation have been used 1ncluding nuts and bolts,
lag screws, staples and spikes On rare occasions primary bone grafting 1s adwisable
Bony fragments can be controlled by Kirschner wires or Steinmann pins meor
porated 1n plaster or held by retentrve apparatus consisting of metal bars and
clamps Pms may be single or double or of a special pattern such as those designed
by Anderson In general these methods have a limited application but can be of
particular value m treating the extraordmary injury In some arcumstances methods
of fixation may require to be modified or combined.

Treatment should be tailor made to swit the individual injury Surgery aims to
close the whole wonnd, 1ncluding the osscous tissue and to mamtam apposition of
the realigned fragments strongly enough to provide splmtage when necessary In
this sense bony fixation 1 a form of suture and healing takes place across the

smallest possible gap Stable reduction by internal fixation of the fracturo allows
torn soft tissues to Lie in appomtion Alternatively soft tissue repair can sometimes
result i stability of a fracture so that internal fixation becomes unnecessary

Technique

Open reduction converts & closed bony injury into an open fracture and infection
must be avoided. Operation under an umbrella of entibiottes  carnes the hazard
of tolerating relaxation of well-established aseptic methods

While the classical orthopaedio “no touch techmique 1s probably stll worth
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Wide stripping of bone and removal of callus 1s not good surgery Forung or
levering the bone ends 1nto apposition results in difficulty 1n closing the wound from
loss of elasticity 1n the soft tissues Suture of the skin under tension may lead to
sloughing of the skin Infection 1s then likely and the bone may be exposed for a
long time before healmg takes place by granulation end fibrosis If the bone becomes
infected final healing may take years and a severely disabled Imb will result unless
circumvented by amputation

When the radiograph before operation shows patchy decalafication the bone
may be soft and difficult to handle plating may not be possible At operation the
patchy decalaification 18 seen as a magenta motthng and appears to be granulation
tissue replacmg bone

When delayed plating 1s carred out without excessive strrpping of bone and
closure of the wound without tension 1t can result m quite rapid healing of the
fracture for example, sound clinical and radiological union of the tibia m 16
weeks

OPEN FRACTURES

Open fractures arc urgent surgical problems demanding treatment without delay
‘Whilst operation converts closed fractures into open injuries the aim of surgical
interference is to convert open fractures into closed injures.

The name “open or “compound fracture emphasizes the bony damage, yet it
may well be that the associated soft tissue injury will be the factor finally dectding
the fate of the limb

Today the increase 1n mechanization particularly the advent of the motorcyde,
has led to an increase 1n the number and severity of open fractures, especially of the
tibia and fibula 1n males between 16 and 40 years of age Many of the nnders of these
machines hide their heads in safety helmets and with a false sense of secunty forget
therr mbs have been left exposed.

The risk of infection from such open wounds 1s well recogmzed Equally impor
tant 18 the occurrence of damage to the blood supply distal to the fracture site
Attention must also be pard to mjury to joints nerves, muscles and tendons

Types of fracture

Fractures compound from within result m a puncture wound, a small wound
with projecting bone or in tearmg of skin and soft tissues over a sharp bony
prommence due to angulation or torsion of the Irmb When the fracture s
compound from without the wound may be small and incised but usually it 13
ragged. The skin damage vanes considerably with respect to undermining, flaying
(degloving) and skin loss As a general rule, tho greater the skin damage the more
the associated injury to other soft tissues and the more severe the fracture In
a crushed lmab all tissues may be severely damaged.

Some fractures are compound from without and from within the bone end being
protruded by a longrtudmal compression foree and afterwards retracted, In these,
soft tissue damage and soiling are usually greater than the size of the skin wound
would suggest.

Certan fractures appear to be closed but should be regarded as potentially open
Death of skin 1s produced by pressure agamst the underlying bone or by tension
over 8 bony ndge or prommence the cutis vera having split, the intact epidermis
may be the only barrier between the fracture and the outude
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Once a decision has been made the plan for dealing with the limb should be
explained to the patient (even a child, if old enough to understand) and to the
relatives so that it 1s clearly understood what 15 entailed 1n saving the Lmb
espeaially as regards rehabilitation Agreement to amputation should be obtained
beforehand 1n case such treatment should be indicated after further examunation
under anaesthenia. The necesuty for amputation should be made clear meluding
the probable level and a provisional date of fitting a prosthesls.

Pre-operative treatment

Dressing of the wound control of bleeding and splintage of the hmb are needed
Plaster slabs massaged 1nto place wath the imb lying on & mackintosh pillow
make admirable splints which can be bandaged in place as soon as sctting has
occurred. The application should be painless and 1s better carried out before the
patient 13 moved to the radiological department or elsewhere

Prevention and treatment of shock are discussed 1n Chapter 5 If needed a small
dose of morphine or pethudine can be given intravenously for relief of parn.

Operation

The operation should be carried out as soon as the patient s general condition
permuts A tourniquet should be used only when soft ussue damage 15 of a minor
character Without i, the vasculanty can be better seen 1n soft tissues, with the
exception of flayed skin 1n which the absence of cireulation 15 no gwde to survival
Further injury to major vessels becomes obvious sooner

The tourmiquet 13 better avoided 1n aged patients particularly if the artenies are
calaified or if there 15 a history of claudication If a tourniquet 13 needed, the
pncumatic typo 1s preferable When applied to the thigh 1t should be m the upper
third where the artery is protected by muscle and not m the muddle third where
the artery 15 probably more vulnerable to pressure Constriction at this level ties
down the rectus femons muscle which may be damaged by passive flexion of the
knee This movement 18 limited by the tourmquet and positionmg of the mb may
be difficult.

Bleeding may sometrmes be profuse at the site of the operation when a tourmt
quet 15 not used, and the transfusion rate will need to be increased. If much bleed
ing 1s expected transfuston should be started before the Immb 1s cleansed After
cleansing of the imb wound excision should be carried out as m any other type of
open wound

In view of the importance of skin closure minimal excision should be carrted out
at the start. Adequate excision of dead, devitalized and dirty muscle 15 the one
practicable defence agamnst gas gangrene Deep sutures are undesirable but severed
nerves or tendons can be hitched” with black suture materral for easicr identifica
tion at a later date Suture of muscle and fascia over bone can provide a vascular
bed for a split skan graft. Suture or grafting of man vesscls may sometimes help to
preserve a lmb which otherwise must be amputated  After excision, jomts need
closure by suture of capsule and Ligaments
The fracture

Soiled bone needs to be cleansed This should bo carned out with & mintmum of
damage to attached soft tissue Cleanmg may be completed by sparmgly removing
tiny flakes with mallet and chisel or nibbling away with foreeps.
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properly applied pressure dressings At the end of the operntion full details of the
damage sustained should be recorded, together with a full account of the repar
effected and proposals for future surgical procedures likely to be needed for
maximum restoration of function

Post-operative treatment

In favourable cases post-operative progress should be as uneventful as in closed
fractures subjected to open repair The injured lmb should be elevated, kept cool
and the arculation observed

Sphit skin grafts need early inspection if hacmatoma formation 1s anticapated, and
a flap graft needs to bo looked at even earlier to deal with any kinking that may have
occurred af the base Flayed skin does not all die the total loss may be less than
half Excision and split-skin grafting will be needed once the dead areas are clearly
demarcated. Separation of a flap graft should rarely be undertaken before 3 weeks.
The interval may be much longer when the oniginal attachment has been somewhat
hmited or when the graft has been sutured primanly to skin with an impaired cir
culation Plaster can be removed efter 3 weeks, sutures taken out and remedial
excrcises started to restore mobility to muscles and joints provided that the skm
has been sutured without tension and ngid internal fixation has been aclueved.

Removal of plaster and sutures tn other cases will depend on the ments of the
particular 1njury Full actimty must await sound healing of skin and bone and 2
successful outcome of any subsequent operation found to be necessary

Post-operative complications

Heacmatoma formation may occur following any operative treatment of & fracture,
but 18 more likely after an open injury especially with severe bony damage. A large
haematoma with only moderate oedema of the skin can result in cutting 1 of
sutures and localized aloughing. Progressive swelling of digits should snggest such
an occurrence and the wound will need inspection by removal of plaster or by
cutting & window 1f need be Post-operatively some sloughing may be encountered
even 1n closed fractures but 1t is more likely 1n more severely mjured hmbs After
open fractures sloughing of damaged skin ts not uncommon the area may be qute
smasll or may be large enough to demand flap grafung as a secondary procedure

Exposure of a plate may result from sloughing of skin If 1t 15 Irmited 1n extent
suitable dressings can prevent mfection and the exposed plato will be covered over
by granuletion tissue and the spread of epithelium Otherwise the appropriate
plastic procedure will be indicated.

Local infection must be watched for if suspected, the wound should be exposed
and a swab taken for culture While awaiting bacterial culture and sensitivity tests
& wide-spectrum antibiotic should be given Afterwards the appropriate antibiotic
should be given 1n adequate dosage. The mnfected haematoma or abscess will need
to bo opened. Deep infection around the fracture 15 to be foared and must be treated
wvigorously by surgery and antiblotres if osteomyelitis 18 to be prevented

COMPLICATIONS AND SEQUELAE OF FRACTURES

Joint stiffness
Normal joints do not become stuf 1n plaster but the age at which joints cease to bo
normal 15 variable Degencrative changes have been scen in the shoulder and
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PRINCIPLES OF THE TREATMENT OF FRACTURES

been established. Pathologically it consists of a loss of bone substence not merely of
lLime salts Some observers consider that 1t indicates liability to swelling and joint
stifiness although these may be due to comncidental factors It 1s not necessarily
associated with pain Often 1t clears up uneventfully but may appear to progress
after removal of plaster and union of the fracture

Other forms of decalafication are attributed to disuse, paralysss, senility and
inflammation and tend to be uniform The cause of this patchy type 1s not known
but disuse and inflammatory reaction to injury may be among the causative factors
Thanmay be vasomotor influences resulting from minor damage to nerves or
vesse

The condition clears up slowly Rest and physiotherapy may help but plaster
may be wnadvisable Weight bearing 15 contra indicated when the condition Is
marked 1n the lower imb

This type of bone atrophy probably does not progress to that deseribed by Sudek
with its dramatic chinieal and radiographic changes. When healed the bone shows a
coarser trabeculation than that in the uninjured himb

Delayed union

Today many fractures are caused by greater violence than in the past The result
1s greater 1njury to the tussues and considerable damage to blood vessels with 2
dimimshed blood supply to bone Further stripping of periosteum around the
fracture reduces the cortical blood supply especially when the injury has cut off the
supply from the nutrient artery The extent of death of bone at the fracture may be
considerable Callus may not form and delayed union may well result The delay
may be so prolonged as to constitute non union without callus. Open fractures
show & greater incidence of delayed union especially when complicated by infec
tion or breaking down of the wound

Movement at the fracture sito beyond a safe range may result from poor im-
mobilization due to inadequate splintage soft or loose plaster and ineffective
mternal fixation not supplemented by external support. The result is the breaking
down of forming callus through repeated small traumas, each incident being
folfowed by attempts at repair In an cffort to bridge the gap more and more
penipheral callus forms and may bring about immobtlization if formed in sufficient
quantity and strength over a sufficiently large area On the other hand, if the attempt
proves abortive non-union with much callus will result.

Union can be delayed by removal of plaster or sphnts for further mampulation
after the end of the second week even the mmor adjustment of alignment by
wedging the plaster after that time can have a similar undesirable effect Too early
removal of external fixation can result in the breaking down of a healing fracture
with delay m uniting.

True distraction as drstinct from the radiological appearance of a gap between the
bone ends n an oblique view can only happen when there 13 extensive soft tissue
damage It indicates the severity of the mjury and should suggest that healing will
be slow especually when the gap must be filled by callus.

Infection after operation causes delayed union only when it involves the fracture
ute Superfictal infection may cause hitle or no delay Corrosion of metal may
interfere with the progress of umon.

Delayed union 1s primanly treated by removing the cause Movement at the
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For non union with hittle or no callus bone grafting will need to be preced
freshening of bone ends or removal of scar tissue Occasionally hard +
obviously avascular bone 1s present and needs excision The resulting gap has
bndged by a cortical graft and the remainder of the gap filled by cancellous ¢
Plating will add ngidity to the repair Although union is raptd consolidat:
slow and the unton will be brittle for about 2 years Duning that time protc
apparatus 15 essential Intramedullary nailing 13 sometimes o better alternativ

Following grafting of any kind sphintage or plaster 15 necessary until umor
occurred  but it 1s not needed if ngid plating has been effected at the tin
operation

Post-traumatic arthritis

In some patients pain and increasing stiffnets develop in a joint near a frac
The interval may vary from 2 few months to several years The condition 1s
gressive and 1n time the radiographs will show typreal osteoarthntic changes.
15 1 contradistinction to the residual joint stiffness due to loss of elasticaty 1
soft tissues around the jomnt of an injured Iimb In this condition rehabilits
brings about :mproved joint function unt:l progress ceases and the range of m
ment remains unchanged

‘The causes of post-traumatic arthritls are as follows

(1) Direct injury to a joint with disruption of the artscular surfaco resulting i he
with a step After an interval typical osteoarthritis develops The condition is
illustrated In the fracture of the lateral femoral condyle allowed to unite in defor
and with a moderate genu valgum.

(2) Static causes resutting from unfon of a fracture with angular or rotational ¢
mity kading to changes m tho weight-beanng line of the limb and uneven stresse
the articular surfaces of ncighbourmg jolnts. Irregular wear of artreufar cartilage o
leading to osteoarthritis.

() Amgravation or exacerbation of a pre-existing osteoarthritls or degenen
arthntis. For example, the ekderly patient with a fracture of the femoral ghaft tre
by traction and sphntage will complam of pain on removal of tractian and active
TROVEIRT, The koet shows yvtiiing, tfiudon, wrepiins o Thovernent anyd tenden
cspecially over the medial ligament. Symptomiess crepitus may be present in the o
knee

(4) Cartilage atrophy a3 a csuse 15 controversial The bone of a broken limb
undergo patchy decalafication and disuse changes can occur in ajl tissues if ammo
zation 13 prolonged. Musck wasting can be seen, and faxity of lijaments can
demonstrated. Atrophy of articular cartilage with thinning out and posstbly fibrilla
cn be presumed. Resumption of active movements and especially weight bea
could kead to ulceration of the cartilage. If this interpretation of events is correct
mobilization of the lmnb should be cut short by using rigid internal fixation wi
would permit early active movernents

REHABILITATION

Rehabilitation usually means physiotherapy remedial exercises, occupatio
therapy and industnal retrmming, mimed at restoring the injured imb to funct
and the patient to health and vigour Although patrents should bo encouraged
contract muscles and move jornts this must not be done  at all costs™ 1n the ee
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CHAPTER 10
FRACTURES OF LONG BONES

F G Bapboee

INTRODUCTION

THE feature of long bones is their length and the surrounding soft tissues corres

pond 1n length to the skeletal parts they invest. Whilst these condrtions obtamn

]hh:;lb'ﬁundlon 15 hikely to be normal provided that &Il tissues includmg bone, are
y

The architecture of 2 long bone vanes over 1ts length. The ends are composed
of a thin layer of compact bone covered with articular cartilage and deep to this
cortex 1s spongy bone with an elaborate trabecular structure The shaft consists
mainly of compact cortical bone with a httle cancellous bone in the centre Be-
tween the articular arca and the shaft the cortical bone gradually thickens and the
spongiosuyn diminishes In weight beanng bones the cortex tends to be thicker and
1n the femur and ttbia it 15 denser and thicker than in any other bone i the body
Healing 15 influenced by the structure and vasculanty of bone the compactness
and relative avasculanty of corhcal bone leads 1o slow end to-end healing,
whilst the open structure and better blood supply of cancellous bone favours
union 1 shorter time.

In the nesghbourhood of joints, cancellous bone acquires & blood supply from the
arterial cirefe. Nutrient artenes enter the shafts of fong bones but the periosteum
which recerves most of 1ts vessels from neighbourmg muscles 15 the masn source of
the blood to at least the outer half of the cortex. Healing is slower when the soft
tissue mass around the bone 15 significantly damaged and particularly when the
periosteum ts stnpped. On the other hand, intramedullary naling must frequently
disrupt the nutnent artery but apparently does not mterfere with unon.

Compresslon

Charnley (1953) and Dans (1949) described healing of apposed bone surfaces
25 occurrmg more rapidly and completely under compression although Charnley
found thus true only for spongy bone He claimed that compression is the important
factor and that 1t facihitates the rapid fusion which follows his method of arthro-
desing joints He drd not believe that his apparatus primanly brings about firm
fixatron although the mcidental tmmobilization produced 15 excellent Others
believe that “complete  mmmaobjlization is essential for rapid complete bony nruon
or fusion Dams (1949) msisted that compression stinulates healing of all fractures
but he combined 1t with ngid fixation 1n such a way that the effects cannot be dis
tngmshed It can be argued that normal bone 1s subect o compression and that
this environment 1s necessary for normal membolism and reproduction of bone
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Rotational deformty efter fracture, unless of minor de cannot

sated for in walking by rotation at the up Accordmgiym;el:c mtcrl:m?z]}f#:
wetght 15 thrown on the outer or inner border of the foot with consequent dis-
comfort particularly if the foot itself 1s suff Abduction or adduction deformrty
below the knee or in the ankle can result n weight being unevenly distributed at
the ankie or foot. Angulation of the lower femur producing backward bowmg
can result 1 a genu recurvatum deforruty wath undue strain on the posterior
higaments of the knee joint giving rse to pain and disability

Fractaores of the tihia and fibolx

It was once generally accepted that a broken leg required sphintage for 8 weeks
but the average tume to umon 1n a large number of cases has increased until 1t
now exceeds 20 weeks 1 the adult, Mechanical reduction, advocated by Bahler
(1938) was in vogue at the time when the increased time to wmon was noticed.

Dustraction was blamed but many of the fractures were not subjected to skeletal
traction and more accurate obscrvation has shown that the increase was not
associated with the method of treatment. The explanation lies probably in greater
violence causing worse fractures much of 1t results from the increased speed and
number of road vehicles especially motorcycles, and the increased mechanization
mn industry

Fractures of the upper thurd of the tibia, where there 13 much cancellous bone,
are often said to umte quickly and non-union 1s said to be infrequent, but this 1s
more apparent than true because these fractures are relatively uncommon and in
fact non union occurs as often as m shaft fractures lower down

Some tibial fractures are still sustained as they were m the past and still heal
quickly when treated 1n the old fashioned way Others may require different
treatment nowadays more tibial fractures are being treated by open reduction and
nternal fixation By this means deformity and shortenung are prevented A plate,
forexample should hold the fragments in apposition and must be long enough and
strong enough to prevent movement from breaking down the zone of healing.
When movement 15 repeated it Ieads to an abundance of peripheral callus although
not necessanly to delayed union

Before unprotected weight bearing 1s permutted, radiographs should show
erther that the fracture Imes are obliterated or filled 1n by bone or that the whole
fracture s surrounded by dense callus Where only part of the fracture Line has
disappeared, unjon cannot be constdered sound unless the unhealed part 1s bridged
by a sufficiently strong buttress of callus The fracture area should not be
significantly swollen or tender pain should be absent when angulation is attempted
by the surgeon and weight bearing should not result m pain, warmth or tenderness
over the fracture site Not all patients have the same appreciation of pain and some
disregard the aching and contmue to bear werght. The fracture may then break
down mobiltty increases and a pseudo-arthrosis develops, apparently panless
except after unwonted exertion or in inclement weather This condition of ‘func
tional non-union” 1s 1 contrast to non vnion which prevents the limb from beng
used 2nd for which treatment 1s needed to correct the failure of bony healing
Occasionally functional non union in the neighbourhood of a joint rendered suff
by the 1njury may be an asset
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THE LOWILR LIMD

If the mum of sound union without shortening or deformity cannot be fulfilled
loss of length can be corrected by raising the boot of shoe However rotational
and angular deformities lead to awhward gaits and jomt changes Radiologrcal
deformity may be apparent while the functional line 13 normal the upper and lower
articular surfaces may be at right angles to the weight bearing axis of the tibia
although the mtervening bony fragments may be srregulacly disposed

Cross-union between the tibla and fibula rarcly causes symptoms but lack of
moblity of the tibiofibular joint may result in loss of part of the range of ankle
movement usually with impaired dorsiflexion If the fibula cannot rotate lack of
variation i the shape of the ankle mortice mkes it unable to accommodate the
wider diameter of the anterior part of the talus Rarely cross-union occurs with
the fibula so rotated that in plantar flexion of the ankle, the narrower posterior
part of the talus is a loose fit m the mortice and the ankle s unstable in that
position

Treatment in plaster

Fractures of the dense compact bone of the tibial shaft are charactenstically
slow to urute. Nevertheless there are still many fractures of the tibla and fibula
which can be treated in plaster These include the moderately undisplaced fractures
or those which can be manipulated to a stable reduction Other Jess stable fractures
need plaster when blistering skin trouble or severe general illness make open
operation impossible

Plaster does not immobihize a fracture but when applied to the surface of the
limb 1t can often reduce movement sufficiently to allow union sithough rotation
and angulation can occur The further the plaster 1s from the bone the poorer its
fixation, so that the unpadded plaster Is to be preferred Most hmbs waste in plaster
and the obese limb in particular needs constant observation progressive loosening
may demand repeated replastering.

1t 15 often believed that plaster extended above the partly flexed knee prevents
rotation but this 15 not so The tendency of the Jower part of the tibia to rotate is
reduced but with the knee partly flexed the upper tibia can rotate on the femur
10 that movement occurs at the fracture Fractures of the tibiz do better m Jong
plasters with the knee stmight and quadriceps exercises are more easily performed

When the tibia s fractured without injury to the fibula, there 15 usually good
bony contact and union progresses satsfactonly in plaster the intact fibula acting
es 8 splmt. If the ubial fracture 15 displaced manipulative reduction may be
difficult and open reduction necessary

Isolated fractures of the fibula rarely require immobilization and open reduction
13 almost unkndwn. The fibula is a hard bone with very little cancellous tissue,
umon 18 slow and the fracture may not show sound healing for well over 3 months.

Open reduction and internal fixation

Apart from open fractures operation 18 indicated (1) when the tibial fi
likely to be unstable (2) when there 13 evidence of(sc)vcrc :olf}!1 ussulg]d:nc;;:e::
\hatupmlongad 1mmobilzation 1n plaster would be detrimental to muscles and
jd(:ﬂ (3) when there are two or more fractures 1n the tibia or (4) when other
mage 1o the limb can be treated better with the tiblal mjury stabilized Abave all
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fractures which cannot be reduced by closed manipulation need open reduction
Once the fracture 1s reduced, advantage should be taken of the exposure to carry
out ngid fixation

Unstable fractures include transverse ones with a large or detached batterfly
fragment, most comminuted fractures, long oblique or long spiral fractures which
slide about during handhing of the hmb and most double or multiple fractures.
Some spiral fractures are srreducible by closed means owing to a spike of bone
being entangled 1n soft tissues Other irreducible fractures are the displaced tibal
fracture with an intact fibula the transverse frecture with an interposed fragment
of compact bone and the fracture with mterposed soft tissue indicated by one
fragment skiding about on the other dunng mampulation without bony crepitus.

The ubia lends itself readily to plating, but the plate must be of adequate length
and strong enough to resist angulation (see Chapter 13) Plate and screws muost be
of sunilar metal and unlikely to corrode The screws should be threaded firmly
into both cortices. In some spiral fractures two screws will give good fixation Jf
the fracture 1s accurately reduced. Butterfly fragments may require screwing to
main fragments before plaung other fractures may demand a transfixion serew or
circlage winng as well as plating. A few spiral fractures with longitudina] sphitting
may be satusfectorily fixed by wiring alone No fracture of the tibia 1s adequately
fixed by a solitary screw or single wire

The intramedullary nail bas & place a the treatment of fractures of the tiba.
Its inseruon requures a small exposure and 1t can be used with very little disturbance
of the soft tissues around the fracture site The disadvantages are that ngid fixation
15 more difficult to achieve and the fragments may be held apart by the nail
Bahler (1957) has forbidden its use for tibial fractures!

Fractures of the tibla and fibula in children

Greenstick fractures of the tibia and fibula are uncommon in children when they
do occur some require mampulation Open reduction of complete fractures with
displacement 15 rarely necessary but occasionally a fracture 18 not reducible by
mampulation and open operation 1s required

The common fracture in children 15 the spiral fracture in the lower half of the
ttbia with the fibula mtact The child lies with the lrmb in external rotation knee
flexed, foot 1n equinus Often there 1s no displacement requiring correction If the
knee 13 allowed to remam flexed, a below knee plaster can be applied with the foot
still i equinus When the cast has set, the knee can be gently extended and & full-
length cast completed. No atternpt should be made to correct the equinus position
oft.h:foot.u1hcrculstrongpossihﬂxtyﬂmltbefrucmrelhtewﬂlopcnupinm
postenior and superfor part. Owing to the spiral nature of the bony damage dis-
placement can then occur At the age at which thus injury occurs the tibia 13 straight
5o that naither inversion of the foot nor moulding of the plaster thould be attempted
in an effort to produce the bowing seen 1 the adult. Angulation of the fracture
¢an be produced by bringing the foot up to a nght angle, inverting the foot and
moulding the plaster Whist many surgeons obypect to the equinus posttion of the
foot, the normal joints of & child do not become st:ff as a result of immobilization
and the abnormal” position is soon corrected by active use once the plaster
13 removed The disadvantage of the equinus foot 1s that the child cannot bear
weight in plaster and has to use crutches.
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Fractures of the {emur

Even in adults most fractures of the shaft of the femur can still be satufactonly
treated by conservative means and the Thomas splint remains most uscful Manipu
lation may be required to correct displacement whilst tenction i necesaary to
mantain length and prevent redisplacement Traction can of itself correct displace
ment 1in oblique and spirat fractures and is then necessary to maintain length dunng
umon The Thomas sphint lends itself to the addition of shings pads and npd
fulera which can restore and retain the normal curvature of the femur and resist
any tendeney to onpulation A hinged knee piece mahes {t possible to correct
forward angulation of supracondylar fractures and can he valuable not only in
correcting rotational displacement but also 1n assisting in the clsmination of angula
tion 1n the transverse plane The Thomas splint can be suspended by weights and
pulieys so that the hmb floats as the patient moves about in bed thus preventing
pan and the tendency for angulation at the fracture to occur dunng movement

The closed fracture of the femornl shaft 13 associated wath free bleeding into the
soft tissues and one or two litres of blood may be lost 1T the dense inclastic faseral
sheath of the 1imb 1s Intact the inerease in volume is accommodated by the hmb
becoming more sphencal 1n shape so that shortening occurs with overlap of the
bone ends. Traction is voluable for as the blood Is absorbed the shorieming and
bony overlap may be pradually corrected (Fig. 27)

Open reduction and Internal fixation

Operation may be required for closed bony injunies (1) when it is desirable 10
restore full length and alig (2) in cc i d fractures and (3) in fractures
where manipulative reduction has failed or interposed sofY 1issue makes reduction
smposssble

Up to the present a plate sufficiently rigd to sccure internal fixation of the
femur without supplementary sphntage has not been devised

Intrameduliary nailing 1s probably more used in the treatment of femornl
fractures than i any others Although a httle rotational movement and angulation
can still occur the mobility rarely prevents union and splintage afler operation 1s
not often required Restoration of function is usually rapid. The use of the intra
medullary nait 15 most satisfactory for fractures above mid-shaft ncluding the
high spiral fracture with a sharp spike on the upper fragment buried in the anterior
thigh muscles (Fig. 28)

When the fracture 13 below nud-shaft the narrow part of the medullary cavity
below the fracture is usually insufficiently long to grip the nail The nail will then
lie 1n & trumpet-shaped cavity filled with spongy bone which collapses under
pressure and leaves the lower part of the femur free 1o hunge at the fracture unless
the nail can be made to penetrate the compact bone of the intercondylar notch or
\; impinge on compact bone elsewhere m the lower end of the femur However
w;x[lﬁ)r:a(lp;;h;gp is alo used the intramedullary nmi can maintain end to-end

Intramedullary nails are of great value in treating some bilaternl femoral-shaft

fractures and where multiple fracty:
oo ey e mul p res in 2 humb can be better handled with the

The supracondylar fracture is
of the lower fragment Somet
10—aaae,

usually associated with backwnrd displacement
imes this can be corrected by mampulation with the
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knee flexed After reduction position can be maintamed on a Thomas splint with
knee flexton attachment and skeletal traction via the tibal tuberosity When such
manipulation fails, crossed flexible mntramedullary nails can be mtroduced after
open reduction The same nails can be 1nserted via stab wounds, after successful
closed reduction they are mserted just above each of the condyles and drrven
upwards crosstng before entering the narrow medullary cavity Fixatton 15 usually
sufficrent for early active movements but sphntage may be required for a time
Comminuted spiral fractures between the mid shaft and the supracondyiar
region common 1n middle-aged and elderly females may be difficult to reduce and
slow to umite. When operative reduction 18 dicated fixation can be achieved by
plating or by a combination of transfixation screws and circlage wires. Splintage
1s required for at Jeast a month after operation but union 15 often nsufBcrentlv

S
/;\\ /%
= L
s s

e
semorrhe to the Fic 28 —Intramedullary nailin,
F%«ﬂrtﬂumﬁuﬂ thigh for a fracture above nud-shal
causes overlap of a shalt fmac of the femur gives a firm three
ture (afrer Charnley 1950) point fixatlon.

SOUD t bearing for at least 3 months After removal of the sphnt, move
mmldg;‘;‘gounpd the patient can sit out of bed and m many mstances can
be mobilized on crutches. A weight relieving ealiper can be provided when early
partscularly desired

amgoutl:sl?:ult‘:d and spiral fractures of the shaft are occasionally seen in heavy
elderly women with arthritic changes in the hip and sometsmes n the knee. These
patients tend to lie snert and bedsores are the inevitable result, Intramedullary
naibing combined at times with circlage wirmg can mve a satisfactory degree of
fixation combined with suspended splintage this will abolsh the pain and allow
the patient to move about so that pressure sores can be prevented.

Maost operations on the femur are followed by an eflusion jnto the knee this
subsides rapidly without special treatment and does not secm to contribute to
stfiness of the jomt

Plating, winng and screwmng of the femur require supplementary sphntage bot
traction 15 not required except to maimtan the posttion of the limb on a Thomas
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sphint Internal fixation usually means union in good position and s compatible
with active movements earler than when treatment is conscrvative

Fractures of the fenwr in children e sty in spbmt

ml fractures in children usually present lttle difliculty in splintage or
un‘l:;;nOShoncnmg of one half to onc inch is rapidly overcome by an increased
rate of growth while ongulation is corrected by growth and remodefling Onee a
child has walked bowing develops in two planes and it 18 debatable whether
galiows should be used The Thomas splint allows the use of pads and shings to
mantain the normal curvatures ond can be used for children of all ages For

Fia 19 —Intramedullary mailing of a fracture below mud-shaft
of the femur with evidence of movement and compression of
canceliows bone (Mr P § London s case).

example, a recently born child with @ birth fracture of the femoral shaft was
successfully treated at home on a specrally-ordered Thomas splint attending
hospital as an out patlent

Children settie down on Thomas splints more quickly than on gallows They arc
happier they can move about more freely in bed and can see more of their
surroundipgs Tn winter the infant on a gallows can be thoroughly mrserable with
cold, wet buttocks.

Occasionally in the child a spiral fracture of the middle third of the shaft comes
to ie fn good alighment, without shortening but with penosteal surface to periosteal
surface One such fracture may umte readily another may unite poorly with
srregular callus and will refracture easily a thurd may not unite at all Poor union
and failure to unite are mdications for open reduction and jnternal fixauon At
operation it can be seen that the apposing surfaces are covered by more or less
intact penosteum from which adequate callus has been unable to form (Fig 30)

The majority of femoral fractures in children are umted in 5-6 weeks. Within
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Fia 30 —(a) Fracture of the femoral
shaft in a child of 1l years (b)
unsound union with periosteum-to-
petiosteurn position after 10 weeks
() good union 9 wecks after open
reduction.




THE UPPER LINMD

days of removal of splintage mobility is returning and they are eager to walk
Weight beaning can then safely be permitted

THE UPPER LIMB

In the upper extrenity mobility is more important than length whilst stability is
less important than in the lower limb Length Is concerned with reach and some
\nches of shortening in the arm can be compensated for by movements of the
trunk by extending the legs, or by standing on the toes Mobility on the other
hand, 15 essentiaf for the patient s care of himsell' and for the wide range of skilis
developed by human beings in their occupations sports and pastimes and for
social actrvities. Full movements require mobility of all joints and between the
scapula and the chest wall Thus the treatment of tpper hmb fractures must aim
to mamtain this mobility Fortunately impaired movements at one joint can be
compensated for by movements at others

1n upper limb fractures a degree of consolidation which would be macceptable
in the weight beanng lower hmb is often consistent wath safe use

Union with deformity in the arm 1s less blely to result in adsverse jont changes
from static causes Only when deformuty or shorteming interferes with pronation
or supination of the forearm is disability likely to be significant

Nevertheless, 1n some heavy occupations strength and stability are all important
and sometimes may need 10 be secured at the expense of full movermnent

Fractures of the humeros

Most fractures of the humernl shaft can be treated conservatively The widely
adwised hanging cast is not easy to apply its application 1s uncomfortable and the
position achieved often disappointing. With the movement and leverape that the
hanging cast can exert on the fracture it may well be a potent source of non umon

Bandaging the arm to the side with domette with a pad of cotton wool between
he hmb and the chest wall, Is casily carried out and does not cause pan provided
that the elbow is flexed to 90 degrees or less. Three overlapping plaster slabs are
next applied from acromion process to elbow anteriorly laterally and posteniorly
outside the domette bandage, to which they adhere firmly (In thin patients o pad
of adhesive felt may be needed over the shoulder } As the plaster sets it is moulded
to fit snugly around the arm Finally the forearm 15 supported in a shog with the
¢lbow abave & nght-angle Once the patient has fearnt to relax he Is comfortable
and usually the fracture 15 1n good position. The radiograph may show a little
backward angulation which can be rectified by increasing the elbow flexion Patients
treated by this method cannot lie fiat but need to sleep in a sitting or sermt
recumbent position for the first fortmght (Fig. 31)

This plaster shield, which supports and protects the fracture, 1 required for
about & month, Should the plaster become loase, 1t can be supplemented by
further bandaging or the addition of an adhesive bandage. Once there 18 evidence
of healing the bandage and plaster can be removed to permit rehabibtation
Open reduction

When union of 2 humeral shaft n

ition Is particul
reduction cannot be achieved by cl §o0d pox P early desirable and

osed means open reduction is indicated and
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Fig 31 —(a) Fracture of the shaft of the humerus m a hanging cast, with
deformity () end to-end posiion of fracture with good alignment in plaster
shreld.
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Fig. 31 cont —{(c) The plaster thicld

plating 1s worth while a major indication 1s when one of the main fragments has
buttonholed adjotning muscles or when interposed sofl tissuc makes the reduction
unstable

Distraction following marked soft tissuc damage can result in delayed union or
non-unron and 1s an wdication for operative interference This may also be needed
for delayed union or pseudo-arthrosis from other causes

Internal fixation may be desired when other injunes to the limb can be better
handled with the fracture fixed Satisfactory fixation ean be achieved by intra
medullary nailing if end to-end reduction can be obtained Only a stab wound 1s
required for the introduction of the nall, the use of which is sometimes advisable
for cosmetic reasons Some clderly patients benefit by mternal fixation to allow
carlier active use Humeralshaft fractures 1o the chidd are usually complete
and can be treated similarly to those in the adult Non union does not occur
and apgulaton is corrected by growth

Fractares of the forearm

Many fractures of both bones of the forearm can be reduced by manpulation
under radiological control and immobilized n plaster Good reduction 1s sided
by attention to rotational deformity (Evans 1951) Union in the adult is often
slow and much supervision 13 required to detect and correct later displacement.
Plaster immobilization 1s only approximate Wasting of fat and muscle can result
10 the plaster becoming loose and allowing movement Stiffness develops during
prolonged enclosure 1n plaster with the elbow flexed especially when the forearm
18 supinated Restoration of function is slow but many make a good recovery
Open reduction and internal fixation

Operation with accurate reduction and ngid plating allows freedom from plaster
mmediately or soon afierwards Muscle mkxl:m nﬁd Joint stiffness are refluccd

The antirotational plate of Hicks Chapt 3
The clational ps (see pter 13) 12 particularly valuable for
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Both bones should be subjected to internal fixation. To plate the radius and to
leave the ulna may give a disappointing result. Even m plaster wath the forearm in
a theoretically correct rotational position depending on the level of the radial
fracture muscles act agninst new resistances and displace the ulna. Although
normally the ulna cannot rotate, in these circumstances rotation can occur
Movement can occur at the radial fracture even n plaster when both bones have
been plated if the plating has been insufficiently ngid or cannot resist rotation
non umion can then result. Replacement of the mefficient radial fixation by ngid
plating even wrthout removing the disc of fibrous tissue between the bone ends can
Iead to bony union (Fig. 32)

Intramedullary nailing cannot ususlly be recommended for forearm bones In
the radius such nailing cannot resist rotation, the force most likely to be disrup-
tive to the radial fracture

Smuth (1959) reviewed the results of plating fractures of the forearm bones 1z
the Birnungham Accident Hospital and found that & two weeks delay before
operating apparently gave better results than early fixation This unexpected findmg
can be partly explained by the fact that emergency operations were carried out on
the worst 1njuries In some cases the delay before surgery could have permitted
progressive improvement of a poor blood supply which mught have been com
pletely cut off by early operation

Provided that a large amount of callus has not formed fractures of the radius
and ulna 2-3 months old can be successfully treated by open reduction and internal
fixation. More care 18 necessary at operation for the bones are softer Shortening
of soft tissues may necessitate step-cutting to allow apposition of the bone ends
without force which could damage the softened bone Careful plating should
follow Late operation usually requires a plaster cast for a ime afierwards.

Apart from Galleazz fractures, which may show a separation of the ulnar
styloid, fractures of the radius with an Intact ulns arc uncommon Such injures
can be treated by closed mampulation and plaster but restoration of function 15
quicker and more complete 1f rigid plating is used.

Fractures of the ulnz alone treated 1n plaster usunily unite without difficulty
but with an excess of callus The excess of callus indicates mobility at the fracture
site probably of a rotatonal type Nevertheless, the panent s comfortable in
such a plaster union occurs in & reasonable tume, and the excess of callus does not
seem to be detnmental

Plating without plaster 1s needed for non union and may be dearnble when the
fracture 15 angulated and mampulation fails to reduce it.

Fractures of the forearm in children

There 1s a great vanety of greenstick fractures of the forearm If the shaft of
the radius is involved the ulnar styloid may be fractured or the lower ulnar epiphysis
displaced When the injury involves both shafts they are ususlly broken at different
levels with ssmilar angulation When the fractures are at the same levels the radius
18 more angulated than the ulpa.

Most greenstick fractures are described as having been caused by a fail on the
outstretched hand The causative violence is a combmation of longitudinal com-
pression and torsion except 1n rare mstances when both bones are broken at the
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Fio 32.~(a) Fracture of radius and ulna () position after plating on the day of
Injury (¢) union of the ulna and fibrous union of the mdius 33 weeks after
injury (d) radius ngidly plated fibrous unfon undsturbed (e) sound unlon of
radius 16 weeks afier rigid fixation,

samme level and equally angulated from a true angulating force In the fall the hand
in contact with the ground fixes the lower end of the radius and ulna with the
body weight swinging so as to tend to pronate the forearm the radius 1s twasted
beyond 1ts limit of elasticlty and breaks The upper part of the bone tends to
continue to pronate while the Jower part remains relatively supinated so that
backward angulation occurs Once the radius has broken, the diminished violence
fractures the ulnar styloid or produces a greenstick fracture of the ulna with less
angular deformity which may as & result of the tensile property of the immature
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bone, undergo almost complete spontaneous reduction In & few instances the
mferior radio-ulnar joint seems to absorb the remaining violence
The degree of angulation depends on the um miparted to the limb by
the swinging body weight The level of the fracture may depend on the degree of
dorsiflexton of the wrist as the hand strikes the ground probably the greater the
dorsiflexion the lower the level of the radal fracture Almost without exception
the ulnar fracture 1s lower than the radial
Not uncommonly the radius 1s the site of a complete fracture with the lower
fragment lying behind the upper and with overlap The fracture is always mn the
lower third of the bone
When the body weight swings in the opposite direction the upper part of the
radius tends to supinate while the lower fragment remains relatively pronated
resulting 1n a fracture with forward angulation
Lesser angulations need no correction as they will correct themselves 1n time
The injured limb is better protected by plaster to prevent further injury or increase
in deformity
In the correction of angulation methods of manipulation advocated have
included the completion of greenstick fractures and direct pressure over the
prominence or leverage over a padded wedge The first manocuvre cannot be
recommended because 1t produces fractures that are unstable and often defy mani
pulative reduction. The intact periosteum 1 torn across and further damage to the
blood supply shows itself 1n slower umion. The second and third methods produce
a temporary correction of deformity which recurs in plaster They are applicable
only to the rare greenstick fractures resulting from a pure bending force
Reduction of the majonity of greenstick fractures 1s eastly carried out by rotating
the lumb in the direction opposite to that which produced the deformity The imb
is grasped abave and below the injury and twisted 50 as to “unscrew” the deformuty
Backward angulation fractures (supination deformities) require plaster immobili
zation with the forearm n full pronation and with a little flexion of the wnist. The
manipulation aligns the relatively supinated lower fragment with the relatively
pronated upper past of the rads and renders taut the intact soft tissues—the
hmge—on the postertor aspect of the injury These soft tissues are not damaged
by this mamipulation. While the lunge remains tighteped it resists the tendency of
muscle pull to bring about redisplacement. When angulation 1s marked the plaster
will need extension gbove the flexed elbow this will mamtain full pronation for
the period required for adequate union ususlly 4-6 weeks Children so treated do
not develop stiff jonts 1mparred movement on removal of the plaster Is soon
overcome by active use There is no need to bring the forearm back to the mud
rotational position before application of the plaster otherwise the hunge 15 relaxed
and pactial or complete redisplacement is permitted Nor is there any need to
apply fresh plaster with less pronation after 2 weeks Removal of the above-elbow
part of the cast after 2-3 weeks 13 unnecessary Radiographically the fracture may
appear to be united after 3 weeks Removal of plaster at this time from limbs
not subjected to mampulation 1s desirable As regards the more severely injured
bones although the fracture may apparently be united, too carly removal of plaster
15 followed by a number of so-called refractures
Manipulation for correction of forward angulation, the pronation deformity
aligns the lower pronated part of the radius with the upper supinated fragment
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The hinge situated anterlorly becomes taut and plaster is required in full supina
tion with the wnst in partial dorsifiexion According to need the plaster may or
may not be extended above the clbow

When the fracture of the radius 1s complete and radiography shows overlap
traction is essential before the fragments can be placed end to-end Continuous
traction for some hours may be necessary to overcome the shortening if the injury
Is more than a few hours old and there 1s much swelling. As there 1s no soft tssue
hinge many of these fractures tend to angulate bachwards even in plaster

Redisplacement is favoured by buckling of the posterior cortical bone adjoining
the fracture surface on the lower frogment The deformity may require further
manpulation but an angulation of 20 degrees or less will be naturally corrected in
most of these fractures which are so commonly scen in children under 11 years of
age.
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CHAPTER 11

FRACTURES NEAR OR INVOLVING JOINTS
OF THE UPPER LIMB

INTRODUCTION

F G Bapaer

FRACTURES near to or involving a jount vary from trrvial fissure fractures with no
subsequent problems of umion ot jomt stffness to severe jomnt damage com-
plicated by major injury of adjacent long bone or soft tissue. Capsular and
ligamentous myury may be mumimal or the fracture mav be of minor character
the ligamentous ijury severc Damage to bone and cartilage may be of over
nding mmportance or the joint may be myvolved as only part of & grossly injured
Iimb In treatment, restoration of function 1s the chief objective but the correction
of elignment may be equally important

Sigmificant jornt trauma will produce a haemarthrosis to which mparred mobility
has often been attributed. The good results that follow arthrotomy for intra
artrcular lesions indicate that a small or moderate collection of blood in a joimnt
readily undergoes absorption and therefore that the hacmarthrosis cannot itself be
regarded as the cause of the stiffness which so ofien follows jomt injury Only after
repeated haemorrhages does the jont of a haemophiliac begin to show a dimimshed
range of movements Thus the routine removal of blood from the 1njured joint s
not indicated.

If an articular fracture 15 unstable i1t ss probable that movement provokes re-
current damage and repeated bleeding into the joint which can then become the
site of adhesions but the bone s not the only structure involved—jomt injuries
with any degiee of subluxation or dislocation are assocmted with far more damage
to capsule synovium and hgaments than is evident from the radiologreal appear
ance In the shoulder and clbow particolarly such damage often extends into
adracent muscles In addition a whole segment of the Irmb 1ncluding unmjured
Joint structures, ts iInvolved m an inflammatory reaction Unresolved 1ssue oedema
can lead to localzed or diffuse fibrosis. Irritation of the zone of nflammation by
1li-advised movement tay prolong the reaction and mcrease fibrosts n all or any
of the surrounding soft tessues. Elasticity becomes lost, muscles shortened, liga
ments thickened and adhesions develop

Perkins (1953) maintained that the inflammation due to mjury ceases quckly
He recommended rest during the penod of nflammation and actvity during
repare regardless of the fact that too early mobiluzation can break down granulation
tissue caosing bleeding and further reaction.

Speafic 1mjuries to 1 dons and g s can cause shortemng or
abnormal attachments thus limiting movement. Damage to cartilage and bone may
lead to the development of arthntis with pamn and stiffness. Finally new bone
formed duning healing may Iimt movement by producing a mechanical block
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PRINCIPLLS OF TRCATMENT

Teeatment is aimed at combining the optimal conditions for healing of tissues tn the
best possible position with reasonably rapid restoration of Tunction

When the bone lesion is minimal there is no danger of displacement and unton
will be certain The question of fixation or movement depends on the nature and
extent of the soft tissue inyury and the particular joint involved Rupture of major
ligaments 15 best treated by immediate repair followed by a suitable pertod of rest in

laster
! When the bone lesion 1s significant but the displacement slight a perrod of im
mobrlization may be necessary to allow the soft tissues to heal When the articular
surfaces are involved 1n & bony lesion wath displacement accurate reduction 1s
important If it cannot be casily secured by closed manipulation and sphintage
operative intervention is advisable provided that it is likely to succeed

Bony fixation usually demands the Introduction of metal with or without bone
grafung, although bone pegs have been used Metal fear a joint has been described
ns dangerous” and blamed for joint stiffness In fact metal 1s safe provided that
corrosion docs not oceur although the presence of even a safe metal may contnbute
to the production of joint stillness should infection supenvene.

Other causes of loss of movement after a Jomt fracture are (1) the severity of
the ongmal injury (2) operative trauma aggravated by rough handling, a wrongly
placed exposure, and failure to achieve a stable reduction (3) wrreparable
damage to extra articular structures (4) too carly mobihization or (5) unduly
prolonged fixation

When reduction 1s impossible or cannot be maintained early movement 1s
adwised 1n the hope of bringing about a smoothing off of the oppostng joint sur
faces, while maintaining the power of muscles and clastieity of liguments Opintons
differ more on the indications for such “active™ non-Intervention than on any other
aspect of the treatment of injuries

In afewinstances earlyarthroplasty sometimes using a metallic or plastic prosthe
15, may be considered rarely immediate arthrodesis 1s advisable and possible
Later arthrodesis or less commonly arthroplasty may be needed 1f arthritic

c}sangu supervene Occasionally some form of ligamentous replacement may be
advised.

DIGITS

Duslocation of iterphalangeal jomnts are common and frequently radiological
examunation after reduction shows a chip fracture which was not seen in the ongial
flm. Mostly these myurics mvolve the anterior margin of the buse of the middle
phalanx and the bony fragments are avulsed by one of the attachments of the
flexor digitorum sublimus tendon

When the displacement 1s slight healing occurs with splintage or plaster
Wide separation suggests a need for operation The bony fragments can be replaced

and beld b
wamay ?;f;tntnmuc suture or excised and the tendon reattached At operation

ge can be seen involving joint capsule and tendon sheath.
:’R\elmg rclpmr healing 15 usually rapid and restoration of function gratifying
oval of plaster in 3-4 weeks Without operation, swelling may persist for

many weeks and flexion 18 often permanently himited
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Other fracture-dislocations n the fingers may bo associated with splitting of the
base of a phalanx or separation of part of a phalangeal head Such fractures may
benefit from open reduction and pegging into place with Kirschner wire Replace
ment and fixation of the bony fragment sometimes seen i mallet fingers can be
worth while. Avulsion fractures also occur at the bases of the proxumal phalanges.
Operative reduction and fixation 1s particularly indicated 1n the thumb

Carpometacarpsl jolnts

Fracture-dislocation of the first carpometacarpal joint (Bennett & fracture) has
been treated 1n various ways A supporting bandage and early use has been recom
mended as an alternative to manupulation and plaster with or without traction.
Moulding of plaster to mamntain the reduction of the dislocation has often led to
sloughing of skin All the fractures treated by either of these methods umited
mostly with displacement Despite favourable accounts of the results of such treat
ment a critical survey of patients so treated will reveal some loss of movement at
the carpometacarpal joint, weakness of the thumb and often pain. Early operstion
for reduction and fixation by screwing will give bony stability Plaster 1s not
needed  panless movement 1s rapidly restored and the fracture umites wathoat
dufficulty (Badger 1956) Screwing 1s applicable only to the larger bony frag
ments The smaller ones still need to be handled conservatively Occasionally a
fracture-dislocation of the fifth carpometacarpal joint requires a simular operative
repair (Fig 33)

CARPUS

The scaphoid 15 the carpal bone most commonly fractured the majority of such
imjuries heal without dufficulty 1f the wrist 13 held 1n plaster for & suitable period
Delayed umon or non union may be an mndication for operative interference
Screwmg has been advocated and bone grafting successfuily carned out (Thomas

1949).

Patients with gld-established non-unuon of the scaphoid may be handicapped by
paun and increasing stifiness from osteoarthritic changes in the radiocarpal jont.
The pain can be relieved by arthrodesis but this does not help the patient who
needs a mobile wrist Exciston of the scaphoid may alleviate the pain but results
1 weakness of the pincer hold between the thumb and index finger Replacement
of the scaphoid by & plastic prosthesis has been advocated but a successful
series of cases has not been published.

Excision of the radial styloid with the degenerate part of the lower articular
surface and proumal part of the scaphod eradicates the osteoarthritic part of the
radiocarpal joint. The opposing surfaces of the drstal fragment of the scaphoid and
the capitate can be denuded of cartilage and the resulting space filled 1n with a bone
graft cut from the excised radual stylord and held in place by a wire loop Successful
fusion of the temains of the scaphoid to the capitate results 1n & painkess mobile
and moderately strong wrist The author has carmied out this operation success-
fully on 8 patients including & pipe fitter and a glass blower (Fig. 34)

WRIST

There are several types of fracture-dislocation of the wrist perrlunar  penfunar
teans-scaphord, and penlunar trans-scaphoid with fracture of radial stylod or
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WRIST

FiG 33 —(a) Typlcal Bennetis fracture
dislocation of the carpometacarpal joint of
the thumb (&) posstion afier open reduction
and screwing  (c) united fracture after
removal of the screw

postenior margm of radius Mampulative reduction can be successful but may
need to be supplemented by thumb tracion Except in perilunar dislocations plaster
1 requured for & long period and even then there may be non unuon of the scaphoid
These mjuries 1o the wnst are associated with widespread ligamentous injury
Conservative treatment 11 usually followed by stiffacss and sometimes pan even
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Fra 34 —(a) An ol fracture of sca
phold with established non-union
and osteoarthritls of the radio-
carpal joint () appearance after
excrsiont of proximal pole of sca
phoid, radal stylold and arthritic
part of artkular surface of the
radius bone graft inseried between
scaphoid and capltate position
held by wire suture (c) sound
fusion of the scaphold to capiate
wrist is mobile and palniess.

when the scaphoid has united. Operative repair of the ligaments makes reduction
stable and 1ts retention 1n plaster simpler The resulting function 1s better than with

conservative treatment.
Anterior marginal fractures of the radius with forward and upward subluxation

of the carpus can be treated by manipulation and plaster with thumb traction.
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FORCARM

Some of these injunies arc smenable to apen reduction und fixation by serewing
Plaster is required for a few weeks but the discomfort produced by traction on the
thumb s avorded

FORCARM

There are two {ractures of the forearm associated with distant joint injuries (1)
the Galeazn fracture with a fracture of the radial shaft and a distocation of the
mfenor radio-ulnas Jont and (2) the Monteggra fracture with distocation of the
superior radio-ulnar joint and a fracture of the ulna

Galearz! fractare

In the Galeszzi injury a somew hat oblique fracture 1s situated at the junction of
the middlc and lower thirds of the radiss The soft tissue injury extends from the
ulnar stylord which may be fractured through the dislocated infenior radro-ulnar
jomt and up the interosseous membrane to the fracture of the radws  the soft
tissues are stripped from the radius below the fracture on the medial aspect and
above the fracture on the lateral surface with an obhique tear at the fracture line
The injury 18 caused by a combination of longitudmal compression and forced
pronation It is often unstable, but may be reducible by traction and supination
Reduction can be held in plaster wath the limb in full supination but union s slow
with resulting stiffness and 1mpaired pronation Often internal fixation is needed
but non union has been relatively frequent with bony absorption and further
deformuty  sometimes leading to further opcrattons and some deplorable end
tesults. The cause 13 not completely known but the soft tissue injury combined
with an orthodox exposure of the radius may result in an impaired blood supply to
the bone with slow healing. When, In addiion the plating has permitted move
ment a bad result is inevitable Better results can be achieved by nigid plating, using
an mcusion which takes advantage of the bony stripping caused by the injury The
plate must resist rotation which intramedullary nailing cannot do effectively

Monteggia fracture

The Monteggia fracture, as Evans (1549) has shown can be duc to forced prona
tion but the imjury can also be caused by direct violence as in protecting the head
from a blow Such an injury may not be reducible by the manipulation described by
Evans Open reduction and plating of the ulna may be needed and 1n some instances
instability of the reduction of the radial head mjury may necessitate repair of the
torn orbicular ligament,

The so-called “fexion Monteggia fracture™ may be regarded s a vanant of the
duslocation of the elbow The injury is charactenzed by backward disiocation of the
radial head, which may be fractured and an unstable engulated fracture of the
ulna. It may be reduced by menipulation but needs prolonged immobshization m
plaster with the elbow extended Union 18 slow and followed by stiffness of elbow
and forearm Plating the ulna is often essential but open treatment of the rachal
head fracture should be avoided until the ulna 1s soundly united Early operation
on the radial head contributes littls or nothing to the restoration of fupction.
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ELBOW

Three bones articulate at the elbow which 1s the site of many fractures and fracture
dislocations

Radial head

A fracture of the radial head may present as a painful wrist and the mexperienced
surgeon may be at a loss to explan the absence of radiological bony 1njury mn spite
of a hustory of & fall on the outstretched hand The pawm 15 produced by rotational
movements of the forearm and 15 presumably referred along the sensory branch of
the radial nerve which gives a twig to the radiohumeral joint. Other mjuries to thus

Joint can be associated with sumilar referred pam When the radial head 1s fractured,
there may well be local tenderness Flexion and extension of the elbow may be
pawnful and thero may be a small effusion into the elbow jomt. The more com-
runuted the radial head the greater may be the pain in the wrist.

Except when associated with 2 dislocation of the elbow or other bony njurs,
fractures of the radial head are due to 8 combmation of longitudinal compression
and abduction violence applied to the extended elbow While the radiograph shows
the bony damage 1t docs not reveal the co-existing soft tissuc damage—a tear of the
medial bgament and often of the common flexor origin The phymical signs of this
awociated mjury are easily overlooked or therr significance musunderstood. Healing
of this part of the injury will be quicker and associated with less fibrosis if the torn
tissues are sllowed to Lie m apposinon and remam at rest Immobilization in plaster
15 to be preferred to early active movement.

The greater the violence the more the commmution of the radial head and the
more extensive the soft tissue 1njury Immediate or early excision of the radial head
15 often practised but operation damages the remarning intact soft tissues on the
outer side of the joint. If early actrve movements are prescribed, netther wound 1s at
rest, healing 1s slow and repair takes place with an excess of scar tissue Eventually
there 13 some movement at the elbow and the operator may believe 1t to be better
than if he had not intervened At operation 1t may be found that the widely drs-
placed fragments of the radial head had been projected through the capsule mto
muscles by almost explosive violence. Being extra articular they constituted no

source of obstruction to movement.

Replacement of the radial head by a plastic prosthests has been practised but the
results were disappomnting i both early and delayed operations Many fracturcs of
the radial head can be rested 1n plaster for 3 weeks to the beneflt of the patient.
Easy active movements and exercises alternated with a rest in 2 shing can follow
After a week the sling can be discarded No pain should bo caused by movement.
Complete radiological healmg of the fracture may take 3 months or longer

Once the elbow has settled down, excision of the radial head can be carrred out if
indicated and without aggravating the ongmnal injury Deformed radial heads,
however can give good and panless movement.

Rarely the radial head may be injured with displacement of almost a quadrant
but with minumal signs on the nner side of the jomnt. In 2 young patient the fracture
can be subjected to open reduction and the fragment held by a fine stitch of catgut
passed through the bone The fracture will heal to give a normal mdial head
(Fig 35)
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ELBOW

Fia 35 —(a b) Dlslocation of the elbow dnlocation of superior mdio~
ulnar point and fracture of the head of the radius (¢ d) dislocations
reduced, radial bead repaired by suture and soundly united.
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Fracture-dislocatlons

All dislocations of the elbow are associated with major ligamentous injuries and
sore are complicated by a fracture of one or more of the bones mcluding the radial
head, coronoid process, medial epicondyle capitellum and trochlea. Rarely 1f ever
does the fracture of the coronoid need excision but any of the other fractures may
require operation If open treatment 1s indicated, the operation should be early and
the exposure so placed that the joint 1s entered through the soft tissue tear arismg
from the injury After treatment of the bony damage the soft tissues can be sutured.
Rest 1n plaster will promote soft tissue healing

Medial epicondyle

The medial epicondyle may be avulsed as part of the injury in a dislocation of the
eibow espeaally 1n children and adolescents. The injury 15 &lso seen without appar
ent dislocation, although during operative treatment 1t can be shown that there must
have been a dislocation or subluxation of the elbow with spontancous reduction
The associated tearing of soft tissues 1s comparable with that found when disloca
tion has been reduced, but 1s usually less extensive

The separated epicondyle may be displaced to lie between the ulna and humerus
1n the dislocated elbow Manipulation can remove the epicondyle but even after
reduction of the dmlocation 1t may still lie between the olecranon and humerus
Further mampulation assisted by faradism may bring about jts replacement and it
will unite 1n plaster Very often the epicondyle lies below 1ts ongnal site and can
only heal by fibrosis

Operation 15 desirable for those patients with the more marked displacements,
whether or not dislocation 1s known to have been present, and in those in whom the
epicondyle has defied attempts to remove it from the joint by mampulation With
the patient lyng face down the injury 15 exposed by means of a medal excision.
Preferably the ulnar nerve should be displayed and protected. The displaced prece
of bone can be reduced and fixed in a variety of ways Excision has advantages in
that only a soft tissue repair 15 needed and the possibility of ulnar neuritss due to
irregulanty of the nerve bed 18 removed  transplantation of the nerve 1s unneces
1ary The epicondyle 15 avulsed from the humerus, leaving a crater to the Lip of
which the torn ligament and common flexor ongin can be attached by a sutare
passed through a dnll hole The capsule ligaments and muscles can be further
repaired Active use can be permutted 3 weeks after operation

Capltellum

In the adult and less commonly in the child, fractures of the capitellum mvolve
separation of the anterior hemupherical part of the articular surface Part of the
trochlen may be attached The injury may be found without dislocation, and usually
the fragment 1s displaced upwards Mampulation can be effective and stable, but
usually 15 unsuccessful Open reduction through a lateral incision can achiove
repositioning which can sometimes be retained by soft tissue suture and flexion of
the elbow A ware suture may hold the fragment or a screw can be used 1t 15 intro-
duced just behund the Jateral epicondyle and durected forwards and inwards to
hold the displaced fragment without penetrating the articular surface. Alternatively
the screw can be driven in from the antero-lateral part of the articular surface if
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Fra 36 —(a) Fracture of the anterlor part of the capitellum (b) position after
open reduction and 1nsertion of coumtersunk screw from antero-latern] part of
the artlcular surface

countersunk 5o that the head will lie deep to the surface In older patients excision

of the fragment and smoothing down of the raw edges of bone can give a good
functional result (Fig. 36)

Trochlea

Dusplacement fractures of the trochlea are uncommon They usually demand
open reduction and fixation by screwing, using a medial approach

Olecranon

Fractures of the olecranon are usually the result of a fall on the elbow or a blow
over the olecranon which fractures from impact against the lower end of the
humerus The injury varies from a fissure to gross comminution Occastonally a
transverse fracture can be reduced by extending the elbow Immobilization 1
extension 13 usually followed by union but generally with much stiffness, especially
in older patients Operation may mm at bony repair or excision with restoration of
the extensor mechamsm The olecranon 15 repaired by wining or screwing if the
fracture 13 not comminuted and the joint 13 not arthritic A solitary screw from the
tip of the olecranon to the dense cortical bone at the base of the coronoid gives
better fixation than the longer screw introduced along the medullary cavity of the
ulna, and allows early mobiization Wiring usually needs the support of plaster for
a few weeks (Fig. 37)

Excision 1s reserved for comminuted fractures especially when compound, or
transverie fractures with separation 1n aged patients always provided that the
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[©]
Fia 37 —(a) Fracture of the okcranon (6) position after reduction and screwmg.

¢clbow 15 stable and forward subluxation of the ulna on the humerus cannot occur
The operation converts the bony mjury to a soft tissue inyury with quicker healng.
Repaur of the extensor mechamism can be by soft tissue suture or apposition of the
triceps tendon to raw bone by suture through drill holes Early mobilization can be
permitted 1n the osteoarthritic joint. Oceasionally excision of the olecranon may
make combing the bair difficult Loss of bone causes relative shortening of the trt-
ceps tendon when the shoulder 1s elevated tension 1s produced on the long head of
the triceps and flexion of the elbow 13 thereby restricted.

FRACTURE OF THE LATERAL CONDYLE OF THE
HUMERUS IN CHILDREN
The description, fracture of the lateral condyle 13 not quite adequate as the fracture
also involves the trochlea. Two types of fracture occur one where the capitellar
centre of ossification 13 displaced together with what appears to be a thin flake of
Juxta-epiphyseal bone and a second where the associated bony fragment appears as
a triangle (Wilson, 1954 Badger 1954) The first typs may appear little displaced
and may remain so until healing Alternatively gross displacement may develop
within & week desprte plaster immobihization The mjury can be produced by ab-
duction The second type can also happen as the result of violence transmutted
up the radius, punching off a large picce of the humerus A fall on the olecranon
may cause either type the bony ndge of the greater sigmord notchacting as a wedge
to split off the lateral third of the trochlea, capitellum and a variable amount of
metaphysis The 1njury occurs at an age when the trochlea 1s entirely cartilagenous
so that radiographs reveal only & small part of the imjury
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When displacement can be scen manipulative reduction can be effected but
recurrence of deformity 1s usual Closed reduction 1s not casy as the displaced
osteo<nrlilapenous fragment may be rotated 1 two plancs and held by the pull of
the radial extensors of the wrist

Dusplacement which cannot be corrected recurs after manipulation or develops
in 8 previously undisplaced fracture requires operation

At operation the effect of the pull of the attached muscles can be seen also st will
be noticed that pressure on the olecranon can force the ridge on its articular sur
face into the trochlear fracture line, producing redispl t and explaining how
deformity occurs in the initially undisplaced mjury Retention of reduction can
usually be effected by suturing the periosteum which is thick and tough Rarely
winng or screwing is needed On occasions & similar injury s encountered in
adults

SUPRACONDYLAR FRACTURES OF THE HUMERUS

“Y and *T fraciores

“Y' and ‘T" supracondylar fractures of the humecrus occur in the adult as a
result of a fall on the flexed elbow the upper end of the ulna sphitting the condyles
asunder Many of the patients are young and active and fit for operation which 1s
the only means of obtaining full reduction Exposure by medial and laternl incisions
permuts reduction and fixation by screwing the condyles together Attaching the
reconstituted lower end of the humerus to the shaft s difficult without increasing
the detachment of soft tissues Until a plate suitable for the purpose has been per
fected there 13 much to be said for aligning the condylar part of the humerus with
the shaft by mampulation after closure and holding the position by plaster With
union in reasonable time the functional result 1s usually good the residual disability
beng a loss of 10-20 degrees of exiension This is better than that obtamned by
hanging the imb in 2 shng without any attempt to improve the position, although
such treatment 1s of value when active intervention 1s contra indicated All 13 not
lost when the general or local conditlon of the patient prevents reduction and a
useful range of mobihty may be obtained

Supracondylar fractares [n chlldren

The common supracondylar fracture seen 1n children varies from o fissure to a
complete fracture with gross displacement Intermediate 1s the greenstick fracture
with backward angulation In the complete fracture with separation the fracture
line passes from without inwards and above downwards and forwards, resulung in
# sharp antero-medial spike on the shaft fragment the condylar fragment may lie
almost at nght angles to the shaft postero-laternlly

1‘r‘he causative violence 13 & fall on the outstretched hand with the elbow meom
P hitﬂy extended and the body weight moving 50 as 1o twast the mb laterally whilst
the hand 1 fixed to the ground After disruption of the bone the humeral shaft
continues to move outwards and a little downwards 5o that the sharp spike on uts

ower end bures 1tself 1n the muscl
1#hc patch of bruising Just above the and decp Iayers of the skin causing a character

ve the elbow antenorly and a little med:al to the mid
line The Jower end of the humerus now Lies relatively medially rotated whule the
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Fio 38 —(a and 5) Typrcal supracondylar fracture of the humerus with severe
displacement 1n & child (c and d) poution after manupulation (e and f)
unton of the fracture in normal alignment

168
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Fia 38 cont —(g) First part of manipu
fatlon traction applied with elbow
flexed (h) iracton continued with
grrsp on epcondyles (/) manipula
tion completed

gl
® N,

shaft 15 externally rotated Rarely the mjury 1s open, when 1t can be scen that the
Yower end of the shaft fragment 18 sharp and chisel-liko and may have two important
structures stretched over it the brachial artery and the median nerve

Reduction by traction on the extended elbow has been advised but since the
artery and nerve are fixed by the fascia of the upper forearm and the lower humeral
fragment by reason of its position behind the shaft acts as a fulerum the artery and
nerve are stretched by attempted extension and further stretched by traction on the
hmb Such & manoeuvre can damage the artery causing spasm and a Volkmann s
contracture and injure the median nerve at the same time Disentangling the bony
spike from the soft tissues is difficult when this manoeuvre is attempted.

Manipulative reduction at the earliest possible moment 15 recommended but
traction should be carned out with the elbow flexed and the soft tissues relaxed
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Once the spike 1s freed from the hole 1n the muscle the shaft fragment lies n neutral
rotation the condylar fragment can be aligned by traction on the epicondyles with
one hand and forward pressure with the other during which tune the clbow flexes
to about 90 degrees If reduction feels stable a radiological check on position 1s
advisable (Fig. 38)

‘When the reduction 1s approved the imb requires a plaster back-slab held by a
crepe bandage over cotton wool Strapping the whole Iimb to the chest wall 15
desirable to prevent attempts to use the imb Such movement could exert a rota
tional force on the fracture, thus causing the redisplacement so often seen when the
Limb in plaster 1s merely allowed to hang 1n a sing Occasionally the manipula
tve reduction fails a stable position cannot be achieved as the lower fragment
shides about on the upper Immediate operation 1s then required exposure of the
fracture through an anternior incision shows that a semicircular flap of dense
penosteurn torn from the lower part of the shaft has travelled backwards with the
condylar fragment so as to lie between the fracture surfaces Removal of the
peniosteal flap leads to reduction under viston and the position can be held by
suture of the penosteum

Bohler (1937) described the use of an abduction splint to maintain reduction after
manipulative reduction of the supracondylar fracture of the humerus, and stressed
the Jmportance of pronating the forcarm This manceuvre may sometimes be
helpful 1n achieving a good position Madsen (1955) advocated immobilization m a
plaster shoulder spica so as to hold the shoulder in part:al abduction and the arm n
external rotation with the elbow partly flexed.

A type of supracondylar fracture in some ways resembling the mjury seen m
children s seen 1n the aged The causative injury ts similar and produces a postero~
lateral dislocation 1n the younger adult. In the child, with the thick articular
cartifage, the upper end of the ulna fits well into the coronoid and olecranon fossac,
50 gnpping the lower end of the humerus, and the violence transmmtted up the
forearm pushes and twists off the lower end of the humerus In the aged, wath loss
of depth of articular cartilage and a narrowed joint space, once agam the lower end
of the humerus 15 gnpped by the ulna and a similar injury can result. Treatment
may resemble that required for the injury in the cluld, but the dsplacement 15
usually less

A fall on the elbow may result 1n a transverse supracondylar fracture 1n the
child—a greenstick fracture with forward angulation. The deformity may be over
looked unless examination of a true lateral radiograph shows an sngle between
shaft and capitellum of 90-100 degrees instead of the normal 120-135 degrees. A
comparative film of the uninjured elbow confirms the difference 1n angle and the
diagnosis. Treatment 1s by manipulation and plaster in extension (Fig 39)

SHOULDER

Excluding the clavicle, the commonest fracture tn the shoulder region 1s that of the
surgical neck of the humerus most often seen m the muddle years of Iife and in the
aged In most patrents no correction of position 1s ndreated and the shoulder just
needs 1o be put at rest. A shing gives comfort while the patient 13 situng quictly but
twinges of pain are expenienced when moving about Attempting to he down at
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Fig 39 -—(a) Greenstick supmcondylar frac
ture of humerus with forward angulation
(5) film of wunjured efbow for comparison
() angulation corrected by mampulation

(e)

night can be painful for gravity causes the arm to fall backwards, angulating the
fracture If the arm 13 bandaged to the side with cotton wool between the imb and
the chest wall the patient will be more comfortable The bandage should be applied
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so that the hand can be removed from the sling for active elbow exercises which will
prevent cramp Rebandaging may be necessery but after a short period the bandage
can be dispensed with a sling will be required for another week or so during which
time active movements can be started

In some of the older patients the displacement may be of such & nature as to
make manipulation worth while Once 1t can be felt that the upper end of the shaft
previously in the axilla has been replaced below the humeral head reduction can be
held by abducting the arm across the body over a generous axillary pad. Elastic
strapping 1s used to hold the upper arm n position and the forearm 1s suspended 1n
a sling with the elbow well flexed Objection may be raised on the score of constric
tion of the chest, but the injury occurs in a subject who often already has a more or
less immobile chest wall and who breathes with the diaphragm. The strapping docs
not scem to cause any additional resprratory embarrassment.

Fractures assoclated with dislocations

Separation of the greater tuberosity of the humerus may occur as an 1solated
injury but 1t is usually associated with a fracture of the surgical neck or dislocation
of the shoulder

After reduction of a dislocation by the Kocher method it may be found that the
displacement of the tuberosity fragment has increased For this reason reduction
of what 1s regarded as a straightforward anterior dislocation of the shoulder by the
Kocher method without x ray examination and without anaesthesia 1s to be con
demned Some avow that the additional injury of a fractured tuberosity makes the
injury more painful but this 1s quite unreliable

Mantpulation by an up-to-date version of the method employed by Hugh Owen
Thomas achieves reduction of the dislocation and a good position of the fracture
Thomas knew that abducting the arm brought the displaced humera! head down to
the rent 1n the antero-inferior part of the capsule and that traction assisted by
pressure in the axlla replaced the humeral head in the glenoid fossa. This
manipulation caused the displaced bons to retrace its course without significantly
adding to the injury He used the method without anaesthesia but needed two or
more assistants to overcome the muscle spasm resisting the reduction

Kocher s method made use of leverage to overcome the muscle spasm which
rapldly yields nowadays to the use of relaxants Thus with the aird of an anacs
thetist the arm can be abducted traction applied and the humera! head lifted
over the lip of the glenoid by finger and thumb pinchmng through the enterfor
axillary fold The manmipulation can be carried out by the surgeon without the aid
of assistants

Fracture of the surgical neck of the humerus complicating dislocation of the
shoulder 15 a severe injury Although BShler (1937) claimed to have effected reduc
tion by mechanical traction combined with manipulation there 1s much to be said
for open reduction carried out as an emergency procedure In younger patients a
bone graft inserted into the humeral head and driven 1nto the medullary cavity of
the shaft holds the fracture in the reduced position once the dislocation has been
rectified. Anintramedullary nail through the greater tuberosity will serve the same

urpose
P The myury 1s also encountered 10 obese middle-aged, or elderly women when the

humeral head can be palpated in the axila Removal of the humeral head through
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Fra 40 —(a and b) Posterior fracture-dislocation of the shoulder (e and d) dulocation

reduced and fracture umited after th f
s e, (Cont oo repositioning of bone and insertion of wire
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w k)
Fra 40 cont —(e—h) Range of shoulder movement following healing of injary

an amllary incision gives the best function and greatest comfort m the shortest
time The least common but most troublesome fractare~dislocation 1s the postenor
vanety 1n this the head 13 completely detached from the shaft and lies in a pocket
on the dorsum of the scapula below the spme having been driven throogh a
posterior capsular tear close to the margin of the glenoid fossa Aftached only by
s0ft tissues to the shaft 13 a further bony fragment consisting of the tuberosities
held approximately 1n position by the long head of the breeps muscle Only with
difficulty can the head be recovered from ats displaced position on account of the
tightness of the rent 1n the capsule Humeral head and tuberotities can be fixed
together by a moderntely thick stainless-steel wire mattress-suture passed through
drill holes about three-quarters of an inch apart. An incision down to bone between
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the drl holes allows the wire to disappear below the surface of the articular carti
lage as 1t is twisted tight The injury 1s rarc but is sometimes seen 1n the younger
adult In me bony union occurs After operation the shoulder requires to be at rest
for at least a month, Restoration of movement 1s not rapid but in time is almost
complete (Fig 40)
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CHAPTER 12

FRACTURES NEAR OR INVOLVING JOINTS
OF THE LOWER LIMB

F G BaDGEx

JornTs of the lower extremity require stability and & reasonable range of movemer
Treatment of fractures involving jomts mims at securing good ligaments f
stability combined with the minimum of articular surfaco irregulanty since th
may predispose to arthnits

TARSUS

Most fractures of the tarsal bones mvolve damage to jomts and 1mportar
ligaments

Navicalar

The navicular can be fractured on its own the upper part of the bone bemn
broken ofT and displaced upwards to form a bony prominence on the dorsum of th
foot. Mampulation can replace the fragment but the reduction 1s usually unstab!
and open reduction with fixation by screwing or wiring gives certain union witl
carly restorstion of function

Calcanenm

Fractures of the calcaneum mostly involve the subtalord joint with an elemen
of subluxation of the mud tarsal joint Treatment was adequately described by
Essex Lopresti (1952) but some fractures with depression of the articular surfac
warrant more than the “proppmg up”™ with a spike that he described The depressec
fragment may compnise any part of the articular facet and requure pegging to the
undersurface of the talus by a metal pin driven m through the sole In rare mstances
the displaced fragment ¢an be screwed in place After reduction, the resulting cavity
In the body of the calcaneum can with advantage be filled with slac cancellous
clups Obliteration of the cavity 1s better than reliance on the ossification of blood
clot (Fig. 41)

The bad results of calcaneal fractures treated by any method are due to jomnt
and soft tissue 1nvolvement. Plaster fixation, except perhaps by Essex Lopresti’s
shipper leads to stffness whereas non weight beaning exeraises for a period of
3 months grve a mobule foot, flat 1n appearance but often patnless and servicesble
for many years The onset of progressive or contmued pain and stiffness referable
to the subtaloid jomt may cause the patient to seck relief Subtalord arthrodess can
give a painless foot. Sometimes, however pain recurs, but this time 1n the mud tarsal
region where the joint, injured at the time of the original fracture has broken down
under the strain of taking over the function of the subtaloid jomt. For this reason
1t may be destrable to combine mrd tarsal resection with subtalord arthrodesis It
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Fia 41 —(a) Fracture of the ealeancum
with depression of the anicular facet
(5) postion after reduction introduction
of spike and packing of bone chips
{c) fracture soundly united with good
space in subtalold joint

(c)

may be that reduction of a fracture can contribute to caster stabilization at a Jater
date by ymproving the anatomy of the calcancum Selection of cases for spike
reduction open reduction, bone grafting or conservative treatment should hmit
the number of secondary operations

Beak fractures of the calcaneum Involving the calcancocuboid joint, may not
wute if rested 1n plaster Operation may be necessary and two types of fractures are
found one where a small bony fragment needs excision and the other where the
fragment 18 Jarpe enough to be fixed back in place
Talms

The tafus, situated between the calcancum and the tibi, 15 subjected 10 com
pression between these bones and can be damaged by domsiflevon or plantar
flexon of the foot on the leg. Such injuries oceur 1n flying and motonng accidents
Ofen the 1njury takes the form of a fracture-distocation with a bony prominence
over which skin 13 stretched or compres.ed Despite early reduction or operation
the skin may be irretrievably damaged and sloughing will develop The dead skin
may need replacement by a full-thrckness pedicle flap

Forced dormflexion can produce a fracture of the neck of the telus with the head
of the bone displaced upwards Mantpulation may succeed in replacing thedisplaced
fragment which can then be held 1n position by plaster often replacement can only
be cffected by open operation Fixation by one screw 1 all that is Tequired, but
plaster for a few weeks 15 desimble When the dornfiexion violence 1s more sovere

pastor whole of the body of the talus 15 dusplaced backwards and upwards probably
12—asm. 77
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by coincdent forced eversion of the foot. Such inyuries require open reduction and
again 1t may be possible to hold the reduction with a single screw The drsplaced
plece 13 usually robbed of its blood supply and changes suggesting avascular
necrosis can be seen by radiography within a few weeks Revasculanzation may
occur and weight bearmg 1s contra indscated until radiology shows union without
bony sclerosis, or until the condition of the bone has become stationary

Forcible plantar flexion results 1n a fracture with displacement, rarely of the
head of the talus downwards, but usually of all or part of the talus forwards Re
placement requires open operation and such fixation as may be needed.

When longitudinal compression 1s applied to the foot in partial equinus as 1
alighting from a moving vehicle or falling off a step ladder the posterior process
of the talus may be broken off Pamn 1s complammed of behind the ankle, with
swelling and tenderness on each side of the Achilles tendon. The fracture 15 not
much displaced and union occurs with rest in plaster

Gross comminution of the talus from any cause will requure excision of the body
or whole bone with apposition of the tibia to the calcaneum or neck of talus and
calcaneum (if the head of the talus remains /n s/t and undamaged) so that bony
fusion can occur In open injuries and closed fractures with threatened penetration
of the skin the operation should be carried out as an emergency procedure (Fig 42)

ANKLE

Fractures of the malkols are often referred to by the gemeric term of Potts
fracture” The name may bo embellished by “degree or an indication of the
number of malleoh mvolved.

The majonty of such fractures result from the same type of causative violence
the extent of the damage depending on the severity and duration of the foree
responsible for the injury With the foot fixed to the ground and the body weight
swinging so as to rotate the leg mediatly the ankle 1s subjected to the same type
of violence that would occur if the foot were forcibly externally rotated on the keg.
1t 15 conventent to consmder the mjury as due to such & mechamsm. The talus moving
outward 1n the arc of & circle 1mpinges on the lateral malleolus, which may
fracture below the attachment of the antertor inferior ubiofibular ligament, or a
tear of the lgamentous attachment without separation of the uibia from the fibula
there 1s then no diastasis of the mnfertor tibiofibular joint, and no fracture-disloca
tion of the ankle jont. The fracture 1s oblique (not to be confused with the trans-
verse avulsion or spram fracture near the tip of the lateral malleolus) and usually
Iittle displaced.

If the anterior inferior higament ruptures on mmpact, then the interossecous liga
ment and the lower part of the interosseous membrane are torn At the same time
the lateral malleolus 1s fractured, the direction of the bony njury bemg a spiral
with or without commmution The site of the bony trauma 13 entirely above the
ligament. If the violence continues the talus can move outwards as the fibula
breaks and the deltoid higament 18 torn or separated from the medial mallcolus
Alternatively the medial malleolus may fracture transverscly at sts base and usually
will be pulled laterally Further external rotational violence causes the posterior
mferior tibtofibular ligament, a very dense structure, to pull off the postenor
infertor margm of the tibia (the third malleolus”) While the violence is pro-
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(&)

Fia 42.—(a and ) Dislocation of the ankie with comminution of the

mlus (¢ and o) fusion of the tibia to neck of talus and cakancum with
screw 1nserted through sole to mauntain position

duaing the bony damage the capsular ligament 1s tearing m front, so that in the
fully developed trimalleolar fracture-dislocation of the ankle, deep to the skin and
fascaa 13 2 concealed osteoligamentous wound nvolving some three-quarters of the
circumference of the anklc When the anterior inferor tibiofibular ligament has
ruptured, monomalleolar bimalleolar and trimalleolar fracture-dislocations of the
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ankle can occur from what may be considered ns external rotational violence When
the 1nterosseous extension of the deep wound 1s excessive and the talus comes to lie
1n the gap between lateral malleolus and tibia, the injury 1s of the type referred to as
2 Dupuytren fracture  If the fibular fracture 1s nearer mid-shaft of the bone, then
the name Maisonneuf fracture can legtimately be used

There are many vanations on the theme” end such interesting injuries as
fracture of the neck of the fibula with infersor tibiofibular diastasss or avulsion of a
flake from the posterior margin of the tibia may be seen occasionally Inferor
tibiofibular diastasis without fracture of the fibula 1s very rare and should only be
diagnosed when the whole fibula can be seen to be unfractured in the radiograph.
The injury may be associated with a dislocation of the talus and usually occurs 1n
an clderly patient

Abduction-external-rotational injaries

Many of these injuries have been described as abduction-external rotayonal
mnjuries, but true abduction injuries are uncommon and usually result from direct
violence The abduction element in external rotational injuries fs mcidental

Manipulation

Manipulation can bring about reduction of most fracture-dislocations of the
ankle and may result i healing of bone and ligament Too often widening of the
ankle mortice develops from recurrence of the diastasis This happens as the plaster
becomes loose with diminution of swelling, A bony redisplacement may oceur
necessitating one or more additional mampulations. Even when union n good
position 18 obtained by closed reduction and a plaster cast, swellimg can pernist for a
long time afterwards. After an interval instability may be complained of and
radiological exammation shows a wide mortice In other patients the ankle may
become stfl and parnful after a period varying from months to years Osteoarthritic
changes can be scen 1n the radiograph, especially if the third malleolus was frac
tured and has umted with a step 1n the articular surfoce and the mortice 13
widened

Open operation

n o) tion gives good prospects of higamentous and bony healing in satis-
facct)g:y pops::lon bft frcguentlp;' the operation performed fals to give the desired
results Replacement of the medial malleolus and screw fixahon can give an im
mediate reducuon of the lateral malleolus, which js pulled into position by the
collateral higaments with the talus between them 1t does not necessarily restore the
ntegnty of the ankle mortice and ligaments may heal by fibrous tissue with lunited
or excessive mobility A sound anterior inferior tibiofibular hgament 13 the source
of etability  the ankle mortice and the infenior tibiofibular yont.

The key to a stable sequel to repair 1s often the fibula, and the operation staris
with an antero-lateral incision exposing the fibular fracture and tibrofibular dia
stasis, Once exposed, 1t can be seen that the drsplacement can be caused by external
rotation not abduction and reduced by internal rotation. As the foot swings
outwards, fracture surfaces and much of the ankle can be seen Bony fragments,
Iarge enough to prevent complete reduction may be found between the surfaces of
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the fibular fracture or lying between the posterior mallcolus and the tibia when the
former 18 1nvolved It can also be observed that the posterior frugment of the tibia
moves with the lateral mallcolus and 1s part of a larger “fragment  consisting of the
two pieces of bone with the postenior nferior tiblofibular ligament between them
(This ligament may be seriously damaged when there 15 wide tibiofibular damage
without separation of the third maileolus ) Reduction of the fibular fracture can be
held by airclage wires 1n some instances a small plate tntramedullary nail bone
graft or vory peg may be needed The ruptured antersor snferror tibrofibular liga
ment usually consists of two tufts which cannot be sutured but the torn ends can
be made to lie in contact if a screw 1s inserted obliquely from fibula to tibia, trans-
fixing the infertor tibiofibular joint lying parallel to the injured hgament and
avoiding the articular surface of the tibia
Metal staples, wire sutures and other means have been used to secure igamentous
healing. When the Ligament does not rupture but avulses a piece of bone from the
lateral maileolus or occastonally from the tibia fixation by wire or other suture 15
urred
lmoi‘n:n the procedure described above results in replacing the medial malleolus
and posterior fragment of the tibin when these comeadent bony mjunes have
occurred. Soft ussue intervention will necessitate open reduction and screwing of
the medial malleolus when palpation shows it to be sliding about and not in o stable
posttion Direct serewing of the third malleolus 1s rarely required but care has to be
taken to ensure that o screw transfixing the inferior tibrofibular joint does not enter
the fracture line and cause displacement when the posterior tibial fragment 1s large
The posterior malleolus may carry as much as one third of the distal articular
surface of the tibla After operation plaster is required, particularly when the
fractured medial malleolus has not been screwed It should be retained for long
enough to allow of sound ligamentous healing—at least 6 weeks In a young
person and as long as 10 weeks 1n the aged Weight beaning in plaster can be per
mmitted 1 the former after a month but in the latter not sooner than the seventh
week
Swelling after the removal of the plaster lasts a vanable time Removal of the
transfixion screw 1s necessary 1f mobihity 15 to be permitted at the snferior ubio-
fibular joint. The fibula executes a rolling movement on the tibia and so varles the
shape and width of the ankle mortice to accommodate the wider dlameter of the
talus in dorsiflexion and the narrower diameter 1n plantar fliexion Although the
screw can be taken out efter an arbitrary period of 6 weeks removal can wait until
the swelling has submided and good mobility is restored. At that ime the minor
operation causes less of & setback than when performed earlier
1f plaster fixation 1s not used n a younger patient in whom the medial malleofus
has been screwed, the lunb tends to be swollen and painful for & ttme Qnee com
fortable, active movements can be started and 1t may be difficult to persuade the
paucn;rto use crutches for & sufficient length of time to ensure bony and ligamentous
Many tovere tnimalleolar fractures occur tn aged persons more often in women
g&mﬁd O‘Pﬂlf)’ varicose vemns or diabetes mellitus may raise doubts ag to
for mupes ty of Olﬂcmlcn. but there are added dangers in repeated anaesthena
ple manipulations when one ansesthetic for a first ime repar may be
sufficient These patients need open operation more than the younger fitter persons
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anfn}hc operation must be carried out before swelling and blistering make surgery
unsafe

Abduction fractares

The true abduction fracture is seen most often in the motorcychist, sometimes as
an open injury due to direct violence producing angulation at the ankle The lateral
malleolus 1s fractured at joint level with comminution, but with & generally trans
verse fracture line  the medial malleolus 1s avulsed and pulled downwards and out
wards Such fractures can be treated by closed and open means depending on
crcurnstances

Other fractares

Forced abduction causes the talus to break off the medial maileolus by a longt
tudinal fracture or vertical line combined with a fracture of the lateral malleolus at
ankle level Reduction 1s readily carried out by manipulation, but the medial mal-
leolus redisplaces eanily and apen reduction and screwing are frequently necessary

Violent internal rotation of the foot on the leg causes a fracture of the lower end
of the fibula oblique and with forward displacement and separation of a postero-
medial fragment ot the tibia carrying about two-thirds or more of the medial
malleolus The injury is rare and usually requires reduction under direct vision
with internal fixation

Non vnion of the medial malleolus can occur after a vanety of ankle injurtes.
Treatment 13 best carried out by drilling across the fracture hine from malleolus
to tibia and pegging the malleolus in place with two dowels of bone cut from the
neighbouring part of the tibia After operation the layer of fibrous tissue between
the parts of the tibia 13 soon replaced by bone

Falls from heights, 1n addition to causing fractures of the calcaneum or talus can
produce 1z some patients a fracture of the lower end of the tibla wath nvolvement
of the ankle joint, both talus and calcaneum escaping injury The fracture takes two
forms The first type splits off the anterior margin of the tibia with forward and
upward displacement of the talus suggesting 2 } 10n of p n and
forced equinus If there 15 no marked comminution the fracture can be treated by
open reduction and screwing. When comminution 15 marked the treatment 1s
simular to that of the second type of fracture in which there 15 a generelized com
minution of the lower end of the tibia with angulation and & fracture of the lower
end of the flbula. Thus injury requires skeletal traction by & wire or pin passed
through the calkaneum With contmuous traction on a Braun s frame or Thomas
splint a reasonable position can be achieved After a surtable period plaster can be
applied although » second pin may be required through the tibial tubcrosity

Progress 1t generally disappointing with poor mobility of the ankic pam and
swelling. Most patients need arthrodesis but the operation 13 easier If alignment
has been restored by early treatment (Fig 43)

In the child, an external rotation fracture may occur as a fracture-separation of
the lower fibular epiphyms with negligible displacement the Tillaux fracture
(corresponding to injurzes to the anterior infersor tibioftbular higament) or fracture-
separation of the lower tibial epiphysis with backward displacement and an assoct
ated greenstick fracture of the lower end of the fibula with backward angulation.
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Fi¢ 43 —(a end ) Comminuted fracture of the lower end of the tibia with dislocation
of the ankle {c and d) position aficr nailing of the fibula and manipulation of the
titnal fracture. (Con! ooerleqf)
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Fia 43 cont —(e and f) Arthrodesis of the ankle for post-traumatic osteoarthrits.

This last inyury can usually be reduced by manipulation under anaesthesia, the
displacement being corrected by internally rotating the foot on the leg. When the
mnjury occurs 1n later adolescence this manipulation may fail If so the postero-
lateral part of the heel 1s rested on a sandbag and a sharp push administered on the
lower one thurd of the leg in a directly backwards directton will overcome the
deformity Unuon 1n good position will result if the leg 1s rested 1n plaster

KNEE

Any of the four bones associated with the knee can be injured with joint mvolve

ment In the absence of myury of the head of the tibia, a fracture of the upper end of
the fibula 1s significant as regards the knec joint only when there 1s avulsion of the tip
of the stvloid head of the fibula Thisinjury revealed by radiography 1s an avulsion
of the external lateral igament and only occurs when there 13 a major rupture of the
soft tissucs on the latcral aspect of the knee The leg can be abducted on the femur
and the widening of the joint shown by radiography A flake avulsed from the
medhai aspect of the head of the tibia can mdicate & corresponding rupture of medral
structures confirmed radiologically when the leg 1s abducted on the thigh. Both
injunes are surgical emergencies, repamr being carried out whle fissues are elastic
and not discoloured Structures requming suture are cruciate ligaments, capsular
ligaments, collateral igaments and capsule torn menusci require excision. In rare
cases the peroneal nerve may be damaged, but 1t 1s usually shredded rather than
ruptured suture rs almost always impossible Exploration for medial and lateral
tears of the soft tissues of the kaee joint 1s carned out through appropriate bayonet
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laster for about 2 months 1s
ncisions After repair of such injuries, retention in p

icm:snthal A completely stable yoint with full or very good mobility can be cxpected
Permanent effects result from arreparable peroneal nerve njurics and may
necessitate later reconstructive operations or in older patients retentive apparatus

Head of tibia

When a force 1s apphed to o jont and the higament tears, the bonc may escape
severe injury This happens in young adults up to the age of 40 years After that
the ignments being stronger than the bones osscous damage results and the liga
ment may remain intact Thus when the leg 13 forcibly abducted on the thigh by a
blow on the outer side of the knee with the foot fixed or from falling so that the
foot strikes the floor while the body weight causes relative abduction of tibia on
femur the resulting Injury will depend on the greater strength of higament or bone
This will mamifest as rupture of the medial igament and other soft tissues orasa
fracture of the lateral plateay of the head of the tibia by impact against the harder
femoral condyle, producing a depression corresponding to the shape of the femoral
condyle with comminution of the tibial articular surface In addition there may be a
fracture of the neck or head of the fibula Usually the lateral meniscus 1s torn from
1ts penipheral attachments and driven into the depression in the head of the tibia.

Fractures of the Iateral plateau of the head of the tibia with depression in the
majonty of instances can be reduced only by open operation BBhler (1933)
recommended sheletal traction combined with compression by his redresseur
Manual traction together with a tightly applied Esmarch bandage followed by local
hammerning has been advised Parker (1939) emphasized the importance of the
laternl meniscus lying in the fracture line and showed that it could only be removed
by open operation after which the fracture could be reduced once the rubber
buffer” had been removed from between the two fragments He tried fixing the
drsplaced main fragment with bone pegs. Open reduction and screwing has been
used 10 some wnstances Danis (1949) has used nut and bolt fixation Palmer (1951)
advised a transverse incision allowing an entry below the memiscus. Watson-Jones
(1943) expressed the opinion that operation was not worth while More recently
skeletat traction combined with early active movement has been advised

Provided that the patient 15 1n good health for his age under 70 years and with
out any evidence of marked osteoarthritis, operation 1s worth while The fracture 15
exposed by o fong antero-lateral inclsion which opens the knce jomnt but the
extent of the fracture cannot be seen until the torn lateral memscus has been hifted
from the fracture line and excised The greater part of the lateral plateau can be
hinged outwards on intact soft trssues situated posteriorly but nn osteotome may be
needed to complete the antenor fracture ine Depressed pieces of articular surface
can be replaced and held in place by closing up the fracture. Fixation is best carned
out by means of a moderately thick wire mattress-suture introduced by means of
two cannulae Such a suture can be used when the bane 1s too soft or too thin for
screws or bolts The compact bone on the outer aspest of the tibisl head can be
reinforced by a cortical bone graft cut from the upper tibial shaft, The suture 15
nserted 1nto the cannulae through a medial stab wound Afterwards, by cutting &

small window cancellous bone chips from the 1hum can be packed i below the dis-
placed pieces of articular surface, filling up a cavity which may be as large os a
hen s egg (Fig. 44 and 45)
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1

] Frg 44 —Fracture of the
Iateral plateau of the head
of the tiba. (a) Exposure
of the tibis (5 tom
lateral  menlscus  lifted
from the fracture line
(c) fracture  line  with
depression of part of the
articutar surfece
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Fia 44 cont —(d) fracture hinged open
Tevealing fragment (e) frag
ment replaced, fracture closed and
canmulae inserted (f) wire passed into

cannulac through med;al stab wound
(Cont overieaf)
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Fra 44 cont —(g) wire
twisted  and  supple
mentary  wire  suture
inserted  bonc  grafts
being packed in through
2 “wmdow'  (A) grafts
being pushed m by mallet
and punch (4) tho com-
pleted repalr

0]
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O]

Fia 45 —Radiographic appearances of injury shown in Fig 44 (a and 4)
Before operstion (e and d) 2 weeks after repair
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Afler operation a pressure bandage and a back splhint are required for about
2 weeks Within a couple of days active quadriceps exeraises can be started and
flexion after a fortnight A back splint 15 advised at might for about s month.
Weight bearing can be permitted when healing 15 satisfactory usually 3 months
after operation Such treatment prevents the gross knock knee deforrmity and
osteoarthnitic changes which follow bony healing 1n deformity When operation 1s
contra indicated early active movements should be prescribed but crutches will be
necessary for about 12 weeks Such treatment gives a mobile but deformed knee
with reasonable stability

Reduction, fixation and grafting give a stable knee, little or no deformity and at
least 90 degrees of active flexion from full extension

When both plateaux of the tibial head are fractured, the mnjury usually takes the
form of a comminuted T” or Y fracture In a few younger patients internal
fixation can be achieved, but usually the bone 15 too communuted and skeletal
traction with or without early mobilization 13 the better line of treatment In the
old:lr patient realignment of the limb and plaster immobilization give the best
results

In children there 1s an injury to the knee which follows jumping or falling from a
height Janding on the feet and pitching forwards on to hands and knees The
afTected knee 15 swollen with a tense effusion and held partly flexed Movements are
restricted and painful and there 15 deep tenderness to either side of the patellar
ligament. Radiography shows an avulsion fracture of & small piece of the tibial spine
with 2 moderate gap If the knee can be hyperextended under anagsthesia and fixed
1n that position in plaster the radiograph will show reduction of the fracture in
most instances Before hyperextenston can be carmned out the tension in the knee
may require to be reduced by aspiration of the effusion with full aseptic precautions.
Union usually occurs within 6 weeks and movements soon return with active use
When this manocuvre 1s not successful open reduction and fixation of the bony
fragment is required.

At tumes various pieces of the tibial head are chipped off and if large enough are
amenable to open reduction and screwing. Provided that the knee 1s stable after
operation carly mobility 1s the best form of after treatment Stainless-ateel screws
can be introduced through articular cartilage cut away over a localized area with
countersinking into the underlying bone provided that the screw is not wtuated ata
site which is regularly subjected to weight bearing.

Femoral condyles

Simlarly 1solated fractures of the femoral condyles can be reduced and fixed, but
screws should be removed from “permanent weight bearing areas (see Fig. 52,
Chapter 13)

One or other femoral condyle may be broken off or the condyles may be spiit
apart with distortion of the articular surfeces 1n “T” or Y" fractures. Where
condyles are sphit apart, or displaced so as to cause & step open operation and
screwing 18 the 1deal treatment, even m the older patient with early osteoarthritiy
Ifina Y"or T fracture, after restoration of the anatomy of the lower end of the
femur the condyles can be firmly attached to the shaft so that early active knee
movements can be carried out, 50 much the better

190



KNEI

Alter operation on the lower cnd of the femur the Thomas splint with a hinged
knee prece s the most conenient fixation allowing rest with the knee partly
flexed but also permitting carly movement Straight leg ralsing has no virtues and
throws (o0 great a strain on a fracture of the femur Provided that the limb hangs
immobile without weight bearing crutches can be provided once union 1s pro-
gressing satisfactonily even if the patient spends the remainder of the day with
the leg suspended on the Thomas splint

Rarely gross communution of both femoral condyles, or even the whole of the
Jower end of the femur is cncountered usually as one of multipke injuries No
reduction 1s possible and arthrodesis of the knee by bone grafts from the femoral
shafl to the tibial head gives the best himb If the mmjury Is open closure of the
wound with local and systemic antibiotic therapy and sphintage is the bestemergency
treatment

Once healing is sound, arthrodesis of the knee by bone grafting can be
carried out  After such grafting splintage 1s necessary for some months and a
caliper 1s required for weight bearing unul fusion ss sufliciently sound (Fig. 46)

Patella

Fractures of the patella fnvolve the hnee joint and vary from a fissure to wide
separation of fragments The level of injury progresses upwards from an avulsion
of the lower pole to tearing away of the quadriceps tendon with a few attached
osteophytes The level of the fracture tends to nse wath age the avulsed osteophytes
occurning in the patient of mature years

Depending on the causative violence the fracture may be trmnsverse with or
without fragmentation of the upper or lower fragments stellate or grossly com
minuted The last two types oceur s a result of direct violence and the injury may
be open Direct wiolence in the aged especially when ostcoarthritic changes are
present in the patellofemoral joint, may produce a transverse or less commonly a
Jongrtudinal fracture without much separation or obvious comminution The
lonptudinal fracture may separate only the laternl or medial margn of the bone.

Treatment of patellar froctures aims at the restoration of the extensor mechan
1sm of the knee Transverse fractures in older pattents without wide displace-
ment, heal well in plaster Longitudimal fractures need a supporting bandage and
possibly 2 back splint for a few days. All of these patients can walk straight away
and, with advantage practise quadriceps exercises from the beginning of treatment
g‘:‘ﬂ'tfl‘ﬂ?um require surgery and many operations have been advised, varying
, (;n otal excrsion, purse-string sutures for stellate fractures and the use of bolts

nd screws for transverse fractures The patella is necessary for the full effictency of

:‘;;C:;ﬂu;: Eulclfﬁ_ofilhe knee—its removal alters the line of pull of the muscles
eir eflfective t I
the pateliar arbestar o power by at least 15 per cent. Degenerative changes in

of the femur may ensue upon total or partial excision,

2‘;?;‘;:;5: marked after total excision On the other hand, removal of all or part
healing, R:“cl‘waﬂV;m a fracture into a soft tissue injury with consequently quicker
Amdb‘m“otpn; ‘}11;”80 number of patellar fractures treated at the Birmingham
fragment of u ¢ showed that aseptic necrons of the pateila affected only the upper
findings '“Emtdm;:nm fracture treated by open reduction and suture The
that longtudinal deslling for suture cut off the blood supply from
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Fxs 46 —(a and 5) Gross comminution of femoral condyles and lower
part of the femoral shaft (open injury) (¢ and d) arthrodesis by
cortica! bone grafis following healing of onginal wound.
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medial and Iateral areries Healing of a patellar fracture tends to be slow in favour

able eircumstances and is much slower when aseptic necrosls has developed

Suture should be reserved for transverse fractures in younger athletic persons who
can be relied upon to co-operate fully in their rehabilitation Internal fixation should
only be carried out if an exact reduction can be obtained and held untif heating 1s
complete There s a place for screwang or fixation by nut and bolt with plaster for
a short ime or no plaster nt all If reduction cannot be obtained, the smaller frag

ment should be sacrificed the extensor mechamsm being restored by appesition of
soft tissue—patellar igament or quadrceps tendon—to raw surface of bone by
sutures passed through drill holes in the bonc If the fragments are of equal size
the Jower fragment should be retained Where onc fragment 15 comminuted the
remainung fragment 1s preserved Even half-an inch of patella can be used and na
female patient guves a better cosmetic result preventing the broad  knobbly™ knee
resulting from total patellecctomy Whatever else 15 done the tears of the vastus
medmlis and vastus lateralis require carcful repair

The author favours a transverse incision and «f part or all of the patella ts to be
excised the heel is rested on a sandbag. While soft tissue 1s being apposed to bone,
or patellar ligament to quadriceps tendon pressure on the head of the tibia by an
assistant hyperextends the knee a little thereby facalitating the tying of sutures
After operation the hmb in plaster is rested for 5 days after which crutches are
allowed no weight beaning ks permitted nor active attempts at muscle contraction
Quadriceps exercises are not started before the tenth day Following removal of
sutures and replaster on the twenty first day weight bearing 1s started. If plaster
is retmned for 6 weeks, cxtensor lag 1s never ed Good mo are
restored by active use and exercises  Avulsion of osteophytes from the upper border
of the bone 15 associated with a hard avascular condition of the upper part of the
patella. The bone of the upper pole requires to be cut awny untl vascular cancellous
tnsue ¢can be apposcd to the avulsed end of the quadniceps tendon This injury 15 not
associsted with tears of medial and lateral expansions but if not repaired there 1s
a peruistent weakness of extension the limb tending to give way

To prevent danger to blood supply sutures can be passed through dnll holes at
night angles to cach other in the patella the resulting bony corner being broken
down with 2 bonehook so that a curved needle can follow an angled track through
the bone (Fig. 47)

In sclected cases, suture of the patella—that 13 the preservation of the whole bone
and restoration of the extensor mechanism—can give a result that 15 wirtually
100 per cent satisfactory Suture in the unsuitable knee can give the worst result
maginable Partial excision usually gives a knee function of about 90 per cent as
m by power of extension and range of movements Where only the extreme
- Pol xitexased in & fracture not involving the articular surface, the result can
pmﬂmwb Tot:l 100 per cent satisfactory as the mjury tends to occur i younger

excision rarely gives a result botter than 85 per cent. In the series

surveyed at the Birmingham Accident Hosputal, one patient after total patellectomy
was rated 100 per cent The operation was in a youth of 16 years for gross com-
E“;"‘“"“ Being an ardent footballer he worked hard to regain 2 strong knes with
By m:;ldc r’ff’fﬁi“;"é‘u ;c:fus [ mx;mc tus football He achieved s ambition
2 inches greater than thet ofc:}elnm of the lower thugh m the affected limb was
e normal limb 50 much was the muscle power
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FRACTURES NEAR OR INVOLVING JOINTS OF THE LOWER LIMB

increased 1n order to overcome the mechanical loss of efficien

cy of the extensor
mechanism brought about by the removal of the patella. Total excision 13 some
tmes required 1n older persons who have transverse fractures with wide separation
and osteoarthritis of the patellofemoral joint

~_1
@) (b)
(3]
N N N
(d) {e) (f)

Fra 47 —(a and b) Method of drilimg patelia for use of a curved needle (¢) method of
drilling pateils and insertion of wire for repair of transverse fracture (d, e and f)
method of drillmg patella for use of a small round needke.,

HIP

Fracture-dislocations of the hup occur as  dashboard injuries  The femoral head 13
dnven backwards and 1n dislocating breaks off the posterior part of the acetabulum
the displaced fragment may carry as much as one fifth or more of the articular surface.
The dislocation can easily be reduced by manspulation but the fragment remains
drsplaced and may be so rotated as to have & sharp edge which damages the sciatic
nerve lying behind it. These drsplaced fragments are better replaced by open reduc
tion and screwing. The operation should be carned out before tissues become too
oedematous. If the scratic nerve 13 not damaged, reduction of the dislocation can be
undertaken as soon as convenient, open treatment of the fracture being carnied out
within the next 48 hours.

Scatic nerve damage 1s an indication for early manspulation followed im-
mediately by open reduction of the fracture and repair of the scuatic nerve if
practicable. After open reduction and screwing of the fracture traction on the imb
15 desirable for & mimmum of 6 weeks When the fracture-drslocation 1s panful and
the patient nervous, restless, or unable 1o co-operate owmg to other mjunes
examination for sciatic-nerve damage must be postponed, but manipulative reduc
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CHAPTER 13
INTERNAL FINATION OF FRACTURES

J H. Hicks

Trs chapter 1s mainly concerned with the prevention of joint stiffness through the
saternal fixation of fractures By fixation™ of a fracture ought to be meznt pre
vention of movement at the fmcture site (that 1s relative movement between one
frapment and the other) at all tmes In practice, to many surgeons 1t simply means
the prevention of a wisible defornuty when the fracture has wmrted. A clear
distincuon 1s necessary Movement at the fracture site may occur repeatedly wath-
out ever producing visible deformuty 1t may be of an amphtude too small to be
revealed by the comparatively crude techniques of climeal radiography or st
may be alternating i opposite directions and not detectable when the Imb s
exammned. Confusion between the two meanmgs has resulted m Watson Jones
(1952) advocating “complete continuous mmmobilzation by a method—the
plaster cast—that many surgeons regard as being mcapable of providmg it, while
Perkns (1953) attributed to “ngid smmobilization™ the bad result of what many
would regard as a manifestly imperfect fixation. The definrtion of fixation mnst be
made much more strict. Sphntage used merely to prevent visible deformuty should
be regarded as 2 very low standard of fixation This kund may ment much of the
cnitreasm levelled at the coneept of fixation m general.

For convemence, angulation will be the movement usually referred to but ths
may be taken to 1mply comparable degrees of rotation, shift and compression-
distraction. External splintage 1s moderately good at preventmg vasible deformuty
bat 1t cannot be guaranteed to reduce movemnent at the fracture site to less than 10
degrees of angulatnon. Conventional internal splntage cannot be goaranteed to
reduce movement at the fracture site to less than 5 degrees of angulation. The cases
cited 1 this chapter as having been “ngidly fixed” have probably never shown more
than 1 degree of angulation some of them considerably less. The results give some
impression of what ts bemg achieved. Theoretical reasons for good final function
are complex 1t 15 not due simply to freedom of gomts from the smmobilation of
supplementary splmtage. It seems to devolve from & basic principle that freedom
from stiffness comes from a complete absence of movement st & fracture site.

RIGIDITY

Despite the Iterature devoted to the subject of jomt stiffiness the secret of prevent

ing 1t still seems to evade the average surgeon as indeed, to judge from some of therr
publsshed results, 1t scems to evade the masters. The theme of this chapter 15 that
the hitherto unsuspected cause of stiffness 1s low-amplrtude movement at the fracture
site, 1ts presence or absence makmg the difference between the bad and the good
results. This harmful mosement may be of the order 1-5 degrees of angulation.
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RIGIDITY

Absolute fixation that is climination of all movement bctwgcn the fragments 1s
unattanable For purposes of treatment absolute fixation could uscfully be
defined as the absence of any more movement than normally occurs in an unfrac
tured bane as the result of its normal clasticity This can theoretically be achieved by
mimmel forees or by maximal rigidity The latter should produce this degree of
fixation even fa n completely unstable fracturc in the presence of such forces as are
unavordable. Even this may be unattarnable because bone ls 5o strong that splints
of comparable strength would be too bulky A considerable improvement on
present standards 13, however possible.

Measurement of the movements occurring in sphinted fractures (Hicks, un
published work) has shown that ordinaty plates and nails do not provide much
npdity unless they receive considerable assistance from the inherent stability of
the {racture. Thus the average Kuntscher nasled femur probably bends 2 degrees
every time a strmight leg ralsing exercisc 15 done and a plated nbia may bend §
degrees every ime weight 15 borne unless the line of weight falls within half-an-inch
of the plate External sphntage docs not help It offers almost no resistance to the
first 5 degrees of nnpulatory movement and only slight remstance over the range of
5-10 degrees It thus does not begin to act as a supplementation untl grosser ranges
are reached

Desirablity of righdity

At present there are two schools of thought as regards the destrabulity of ngidity
one somewhat fatalutic and the other cntical Watson Jones accepts that not much
ngidity is produced by conventlonal internal sphintage even though a certan
amount may be denrable and prefers to call it internal suture™ He teaches that
external supplementation is always necessary This s true for the majonty of present
day internal splints but considerable improvements could be made if the need were
aceepted Charnley (1953) on the other hand doubted the wisdom of even atternpt
ing “absolute immobilization because it mght be an artificeal state of affairs
contributing to delay 1n fracture union™ In support of this he drew attention to
the munimal callus that appears n these cases Unton with minimal callus, however
far from bemng undesirable 1s the most efficient form of union as regards final
function and fs certamnly no slower than unton with much peripheral callus That
this 45 not recognized 1s probably due to the ranty with which fixation 15 done
ngidly and the difficulty of differentiating the radiological eppearances of union
with mmumal callos from one particularly vicious form of nen union (details of
which eannot be entered into here) On the roore philosophical plane Charnley is on
questionable ground in implymg that ngidity 13 unnatural. Far from being un
natural, the normal state m an unfractured bone 1s a ngid continuty between
one portion and another and it is towards the re-establishment of thus state that ail
natural healing processes seem to be directed.

Inﬂnmmu{mudonnndedguofphm

Several workers have acknowledged that coaventanal methods of internal
splintage are not always rigid and have introduced improvements Slowness 1n
developing strong designs has probably been due to fear of metal and 1 closely
lmked with the history of corrosion. The original Lane plate was weak and subject
to breakage (Sherman, 1912) bug 1t was Iater modified and given a much stronger
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cross-section, being then one of the most ngid splints that has ever been in use It
was however made in corredible steel and 1t was probably the results of this
that eventually brought the whole method mnto disrepute. The carly starmnless steels
were little better and during the 1930s 1t became the fashion to use the smallest
possible appliance if {nternal fixation had to be done at all That this was a forlorn
hope 15 evident when 1t 15 realized that only a few milligrams of corrosion may be
sufficent to lead to wound breakdown All that was achieved was lughly mefficrent
splintage using mplants that presented a relatively larger surface area to the
surrounding corrosive fluid and nevertheless contamned enough metal to produce
@ corrosion reaction many trmes over The Sherman plate has a mimilar history
(Sherman, 1912 Commereial Standard 37-31 1931) but 1t survived through the
stainless-steel period and was further strengthened because of early breakages when
Vitallum was 1ntroduced. This alteration was recerved without comment by the
profession and the fact that the increase n the bulk of metal was not followed by
an 1ncrease in wound breakdown has probably been obscured by the continued use
of old and corrodible metal whilst stocks lasted—and stocks have lasted 1n some
cases until the present day Metallurgical requirernents have been fully discussed
elsewhere (Clarke and Hickman 1953) If proper precautions are taken to ensure
that modern metal 15 used almost complete freedom from corrosion can now be
ensured The need to mit the quantity of metal is therefore no longer an excuse for
disregarding good engincering practice.

Methods of increasing righdity

From the engincering point of view the possible methods of increasing ngidrty
are (1) the use of two plates one on each side of the bone (2) to revise the design
and increase the dimensions, particularly the thickness of the plate and (3) to use
£ more rig:d slloy

Tiwo plates

Wenger (1946) Harnison and his colleagues (1949) and Peterson and Reeder
(1950) were emongst those dissatished with the ngidity of conventional plabing and
they advocated two plates The present wnter s measurements show that this
coramon sense method 13 ndeed the most efficient—the rigidity produced by two
particular Sherman plates was 16 times as great as that produced by einher plate
elone—but 5t suffers from the disadvantage of an extensive surpical npproach

Increase in size of single plate

The usc of a single plate of increased size 18 Imited by considerations of bulk and
the necd to close the wound over the appliance T and H sections are therefore
excluded. Venable and Stuck (1947) Peterson (1947) and Burns have all produced
designs intended to be stronger than the corresponding Sherman plates but the
measured increases are not great and n some cases are more than swallowed up i
the vanations resulting from lack of standardization In thickness :n manufacture.
The only plates that possess any considerable degree of ngidity are seldom used
One 15 Stamm s digmond shaped plate which suffers from being rather short for
bridgng a comminuted segment. Its great width 18 also a possible disadvantage in
that it occludes a considerable area of bone from contact with surrounding tissue.
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INTERNAL FIXATION OF FRACTURES

ordinary plate will give only 2 non rigid  fixation and it 1s 1n these circumstances
that 2 really ngid one s required In our experience this occurs In about 1 1n §
cases but the proportion may be smaller in other clinics where smaller numbers of
severe fractures may be encountered

BIOLOGICAL SIDE EFFECTS

There are some reasons to suppose that death of bone 1s o harmful influence in the
healing of fractures and that stripping of periosteum may contribute towards death
of bone It could even be Inferred from a recent article (Cohen and Harris, 1958)
that the blood supply entering via the perfosteum might be essential to the ife of the
cortex, I this {s true, more emphasis ought to be placed on the periosteal source of
blood and less on the nutnient artery The original injury does a variable amount of
damage to the blood supply and this is outside the control of the surgeon but if be
then makes & longitudinal incision and reflects periosteirm 1n order to epply & plate
he will be adding a large trangular area of denudation which could have been
avoided Unst Mazet and McLean (1954) placed so much emphasis on this addi
tional operative damage that they condemned internal fixation for all badly
comminuted fractures Charnley (1957) condemned internal fixation of double
fractures of the tibia because of the danger of converting the whole of the central
fragment into a dead sequestrum Nesther seems to have considered that this
damage could possibly be avoided or at least minimized Our experience is happrer
than that of Urnst (see Fig. 50) or of Chamley and it may be that we are here
witnessing the better results of the non-stnppers  of periosteum compared with
the strippes”

Although the above considerations are mostly theoretical and are disregaeded by
many surgeons, the author belleves that they cannot be ignored and that the safer
policy until such time a3 1t {s proved unnecessary is to plate over the penosteum,
Ths is a counsel of perfection and makes the operation longer and more difficult,
Where a bone 1s giving direct ongin to muscle 1t 1s difficult even to find & layer of
perjosteum not to stnp In the tibia however it can always be achieved The
1ncision need not go right down to bone such dissection as is essential can be done
superficially to periosteum  the most accessible surface may be used, and the plote
can be laid on top of the periosteum. In the few instances where intact perosteumn
hides the fracture line from view and would prevent reduction, it can be cut
transversely (along the line of the fracture) instead of making a longrtudinal it
and peeling the bone like a banana. The larger the plate the more important
becomes this avoidance of periosteal stripping for its 1nsertion. If one thinks in
terms of demage to cortical blood supply the raising of penosteum followed by
stitching 1t back 1nto place is seen to be folly With practice 1t becomes posaible to
complete an mternal fixation with littlo or no addition to the existing periosteal
stnppmg but the operation requires time and dehiberation It might even be
undesirable to squash pentosteum as occurs when an ordmnary plate 1s screwed
down tightly A number of cases have been tried with washers between plate and
bone but the technique is too difficult to be recommended. In view of this the lug
plate for the tibla has the equivalent of “built in washers making the main shank
stand clear of the surface of the bone by a fraction of an inch,

This rusk of damage to the blood supply 13 also the main argument against double
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plating. The double approach or alternatively the wide retraction required to apply
plates to two different aspects of a bone must do considerable damage and has
probably provided the bad results that the conscrvative school loves to publicize
The one occasion when double plating Is justifiable 1s when the perosteum and soft
tssues arc found so widcly stnpped by the trauma that the plates can be applied
without any further dissection whatsoever Ordinanly a plate cannot be applicd to
the lateral surface of tibm for example, without dissecting away muscle. The
severe fracture which Is most in need of nigidity 1s most widely stripped of muscle
and can be double plated with least harm Most gratifying results can be obtained

With the periosteum thus cared for the only biological damage that remains
comes [rom the screws This is unavordable and alt that can be done 13 to heep 1t to
a rumum 1t 18 perhaps not reahized that the dimeter of the standard s1ze screw
is one-sixth of the drameter of the shaft of a female radius. In addition for one half
to one em. around each screw there may be a cylinder of dead bone illed pechaps
by the heat of drilling. Damage to blood vessels within the bone 1s thus a great nsk
and the author has seen two cases of fractured rndius fixed by stondard-size screws
in which a half inch length of shaft between the fracture end and the first screw
hole died Watson Jones advice agunst lugh-speed mechamenl dnlling 1s therefore
wise and in an additional attempt to minimize this hazard the radius Iug plates have
been arranged for use with smaller than normal screws

RESULTS OF RIGID FIXATION
Good fimal function

In the author s opinion the most important effect of rigd fixation 1s that it minimizes
Jomt stiffness. This 1s fllustrated 1n Fig. 48 which shows an example taken from the
group of fractures that can be ngidly fixed by ordinary plates The 76-per-cent range
of ankle moverent shown would probably have been greater had not the wound
of the navicular and ankle jomt become heavily septic. This case 15 not selected from
amongst the best results as 1t 15 intended to be representative Other cases are shown
in Figs. 49-52 and 56

Ankle mnge! (which 1s representative of function of the limb as & whole) has been
measured 1n nearly 100 cases with fractured tiblas Cases with over 80 p)er cent of
normal range were found to be almost indistinguishable, subgectively and obpectively
from normal The results from different methods of treatment are gven 1n the Table
and show that increasing ngdity produces increasing nombers of almost perfect
results The effect 13 even greater than would appear from these figures because of
the particular critena for asugnment into the groups These were 1n general, that
the milder fractures were grven conservative treatment and the more severe ones
%p:‘msvc m:;ﬁ'mtfc very vivom being selected for the specially ngid fixation

reveal n

successne groupn creasing proportion of compound fractures 1n the three

! Throughout this chapter where ankke

range i quoted it has been measured hicalty

&Mhmunmuorm%mmmwmmw:fmm
meﬁhthe dlnnmule i two lega. Inveralon¢version I3 amessed by clinical
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Fra 48 —A typleal casc treated by rigid fixation (a) and (4) Clinical and radio-
graphic appearances of & compound “motor-cycle tibie  Two inches of bone
protrude at the upper arrow and the lower arrow indrcates a compound fracture
of the mvicular and & penetrating wound of the ankle yoint (c) Radiograph at 1
year (d) Function at | year—knee range full ankle range 42 degrees (76 per cent
of normal) inversion-cversion full the patient could run and play football
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The author doces not subsenbe to the idea that this freedom from stiffness 1s
simply due to the joints being free from the encumbrance of external splintage He
believes that movement at a fracture site may have a direet effect In causing joint
stiffness and that prevention of such movement prevents the inflammation and the
stiffiess. The ripdity however must be successful in preventing even the last few
degrees of movement otherwise this effect 1s not seen The joint stiffness caused
by plaster the suthor believes Is because external splintage not only permuts but
actually causes movement at the fracture site

TABLE

TROPORTION OF CASES OF FRACTURED TIBIA WITH %0 PER CENT
ANKRLE RANGE OR OVER AT 1 YEAR

Percentape of
casey reanliing Percentage of
in 80 per crnt compound fractures
Treatmens groxp range or oter in coch growp
Conservatine treatment 3s 30
Ordinary fntenal fixation 60 40
Spechally rigid internal fixation s ™

F:0 49 —Union with mini
fhation with an ordina e
i\;\kh rnngc;«ml’; {77 per cent of normat), knee range mious
fndcgn-es of fiexion (thu limutation was partly or wholly due to
cture of the femnur sustnined " n

(a) Fracture capable of rij
ry plate (b) Radxomph}upparunceuly:rd

about 75 per cent of " at the same time) inversion-eversion

0



INTERNAL FIXATION OF FRACTURES

Pattern of unlon

The radiological pattern of healing seen when complete absence of movement at
the fracture site exists is something so unfamiliar that 1t may go unrecognized
Cailus 55 formed only in the minmmal quenuty required to fill the fracture hine
External callus is noticeably absent The fracture line simply fades away and the
normal bone structure 1s restored as shown m Fig. 49 To Danss (1949) of Brussels
must go the credit for the first clear description of this phenomenon. Freely
translated he stated  After a really ngid internal fixation (and provided 1t heals
aseptically) callus develops in such small amounts as to be invisible There Is no
periosteal callus no mtramedullary proliferation, and the fragments fuse together
without any ntervening tissue This work of repair takes piace without any
apparent participation of the surrounding tissues The perlosteum reacts only
occasionally and then only If 1t has been left stnpped It forms thin outlymng strands
only resembling cigarette smoke which take very Iittle if any part 1n the real
consolidation of the fracture

Another example is shown 1n Fig 50 The commmnution n this case made it one
of the fractures that require a specially strong plate before ngidity could be pro-
duced It 13 easy to understand how anyone who requires a Jarge external caflus
before he can pronounce a fracture united will be in a quandary and may thunk
thet such a case 15 taking a long time to unite As Dams said, standard teachings
an union of fractures are the outcome of experience by surgeons who have only
used conservative methods of treatment. It was thus that the idea arose that the
production of much callus was an essential process in the union of a fracture
The author would add that 1t s also often the experience of surgeons who usc
non nigid methods of internal fixation

Another feature 1n the pattern of uruon is the relative absence of  decalaafication™
A patchy decaleffication, most readily noticed 1n the cancellous bone areas, 1s a bad
sign, bemg mvariably associated with joint stiffness. It is usuaily a well marked
feature of conservative treatment and to a lesser extent of non ngid internal
fixation. It 1s less often present and is less severe with rigid fixation as can be seen
1n the examples cited

THE INTERNAL FIXATION OF COMPOUND FRACTURES

The unstable compound fracture 1s not dealt with satsfactorily m the standard
teachings, for while compounding is taken to necessitate a reversion to conservative
treatment, the accompanying severe instability 15 left inadequately dealt with. The
conventional argument 15 that although stebihzation may be desirable the danger of
foreign bodtes 1n contaminated wounds provides an overnding objection. The re
sult 1n many cases is a low level of fixation and 1n consequence a poor final function.
Venable and Stuck 1n 1941 claimed that internal fixation for compound fractures
was fairly safe 1f Vitalium was used, but even in 1953 Zadik s paper brought only
shight concesstons from leading authonties towards accepting such 2 line of treat
ment. If however only the mildest and least contaminated fractures are surtable
for internal fixation, as these authorrties Iay dowr, no advantage will be seen since
these are the cases that give satisfactory results by conservative methods The
fractures most 1n need of effective treatment—because most Iikely to show poor
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Fio 50 —Another example of union with mmimal eatlus. (a) Trebly comr
pound, comminuted, “motor-cycle tibla  requiring a specaal plate 1o pro-
doce rigid fixation. (5) Radiograph ot 1 year (¢ and d) Appearance at
yrar Ankie range was 49 degrees (100 per cent of normal) knee range full
mversion-cversion full, Note satisfy y healing of din

results-—aore the grossly compounded ones but the mternal fixation of these s still
generally condemned

That the situation has changed and “sepsis” is no longer likely to be caused by
surgreal implents has been explained elsewhere (Hicks, 1958) Analysis of real sepsis
m compound fractures has shown that the incidence 1s affected 8o hittle by internal
fixation that the hazard of infection 35 no fonger an overnding objection (Hicks,
1957) The teaching that a foreign body always promotes infection and that healing
15 impossible until it has been extruded must now be revised It remauns true of
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certain foreign bodies, namely organic materials subject to bactenal attack or
soluble or corrodible 1norganic matenals if toxic. It 15 not true of non irmtant
foreign bodies and this holds good for surgical implants now that they are all manu
factured of almost non-corrodible metal In spite of previous warnings (Cater and
Hicks 1956 Annotation 1956) some hospitals are still in possession of corrodible
metelware and some surgeons therefore wll still be experencing an unnecessary
amount of pseudosepsis and secondary real sepsis When non-corrodible metal 1s
used we would support McLoughlin (1956) who went so far as to say that internal
fixation can act as a protection agawmst infection by the prevention of small move

ments at the fracture line The author 1s not even convinced that antibiotics account
for present successes Their introduction happens to have coincided wath the gradual
transition from the older corrodible metal to new and elmost non-corrodible metal
and this may be the factor responsible for the improvement Soft tissue infection
can be present directly over a fracture yet will almost never spread into 1t and this
holds good as long as the fixation remains effective The surest way of cansing a
catastrophuc spread 15 to remove the implant and allow the fracture to collapse.
The non-rigid mternal fixation gets the worst of both worlds. Mechanical irritation
from a little Jooseness causes screws to work loose This appears to afford mgress
to infection that has hitherto been lying harmlessly on the surface of the plate

Then the screws work completely loose and the whole fracture breaks down.

The above refers.to pnmary wound nfection. Wound mfection secondary to
skin nectosis referred to In 2 previous publication cannot be so summarnly dis
posed of Tt s however more amenable to treatment (by skin grafting) when 1t
does arise

Statistics are to be found in the above mentioned publications In Fig. 51 13
tllustrated a severe case from our series of plated compound fractures. The lower
end of the upper fragment of this tibia was protruding through & wound on the
medial side of the ankle No photograph is available but the inutial radiograph
gives some mmpression of the bony damage The patient a woman aged 55 years
had crawled up her garden path to find help and in consequence mud and grass had
to be removed from the bone Internal splintage was nevertheless used The wound
wes nearly healed at 4 weeks and soundly healed wathin 6 weeks Penicillin had
been given for the first 4 days although 1t was probably not necessary

Other examples of the satisfactory use of internal fixation for a compound
fracture are seen 1n Figs 48 and 50 Healing was complete at 5 weeks in both these

cases

It must be emphasized that if the internal splintage 1 not rigid results ke this
may not be obtammed The compromise of using 2 minlmum quantity of metal
achieves the worst of both worlds.

It is evident (Hicks 1957) that all or nearly all, climical wound fection in
plated compound fractures 18 due to the compoundmg and not to the plating
One remaining question is still to be answered before a surgeon will feel frec
to plate compound fractures namely what to do when cases of sepsis do anse
The author s convinced that the wrong actton 15 to remove the metal To glve
reasons for this would mvolve too long 2 discussion but in practice umion can
and often does proceed and infection does not spread when the fixation is pre
served, whereas complete breakdown of the fracture and catastrophic spread of the
infection may occur if 1t 15 removed.
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Conservative (reatment could scarcely have given better wound healing In the
cases cited above and the functionat result might well have been poorer The
present situation 3 that intermal fixation is responsible for o severe comphication
in a very small proportion of cases but in exchange gives a much better function
{0 o substantial majerity The only quahfications are that rigdity and modern
metal must be used

e XN

(h)

Fio 31 —Internal fixation for a teverely contaminated
compound fractute, (a) Initiat radiograph. The soft
tissuc Jesion has been indicaied (b) Stats of healmg
and range of movement at 10 weeks. (c) Radlograph
at 5 months, Final function ankie mnge 53 degrees
(78 per cent of normal} inversion-cversion about
75 per cent

METAL NEAR JOINTS

;ll'l:cetoll:é ;e:cmhgg that metal near a joint causes sufiness may have been true when
ot e "thﬁ_cmuon owing to corrosion inflammation from any cause near &
A pd tmublcn?u With modern almost non-corrodible metal this 15 no longer
rccom o ﬂmpicdwxssibklma now opened up have nat yet been fully
m!:ﬂllcdmﬁg P t}uscas::hc ich metal tay wathin half an inch of & jomt 11 to be
T S e range of movement was not greatly limited. Further

remembered that the reason for metal near a jownt is o fracture near
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a joint and such stifiness as does exist might well be due to this An example of
metal actually 1n a jomnt 1s seen 1n Fig. 52. That metal driven through an artrcular
surface may be harmless can be mferred from Bates Retners and Horn (1948) who
described 1t as becoming covered with fibrocartilage Once again, however 1t must
be emphasized that when metal 15 used in treatment of a fracture e good result
probably only occurs when the fixation 18 ngid.

A particular difficulty with fractures near jomnts is that they are fractures of
cancellous bone It will be noted that whereas our technical resources for fiung
cortical bone can be made quite efficient those for cancellous bone are less good

Fig 52.—Showing that metal near & joint does not cause stiffness. (a) A screw
through tho artculer surface to fix a fractured fenaral condyle (knee
semm-flexed) (5) Final range of knee movement 135 degrees (56 per cent of
normal) (Mr F G Badger’s case.)

With cancellous bone screws do not hold tightly plates are often the wrong shape,

nails work loose, and mwisible cracks open up and render the fixation useless This
ted of any fund 1 biological difference between

13 not an acknow
cancellous and cortical bone but only of 2 mechanical one Thus although ngid
fixation could be particularly beneficial in these sites (mnce there is such a large
amount of stuffness to be prevented) 1t very often cannot be carned out, or worse,
is attempted and faus to achieve ngidity

These points apply particularly to the T or Y shaped condylar fracture of
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n Fips. $3-56 These cxamples demonstrate once
be achicved by fixation if it s rigid and the medlocre
npd fixation Theyalso demonstrate thatonly a

humerus ond are sllustrated i
apain the great benefit that can
results from no fixation or from non
small proportion of can
It 15 perhaps a little unfair
cause there is no doubt that t

cellous bone fractures are as yet capable of ngid fixation
10 compare the case jn Fig 53 wath that in Fig 56 be
he fracture shown in Fig 53 is the more severe fracture

GLy

© [C))

Fxcgﬂb?w—Condylar t;r;céu:e of the humerus. A case treated conscrvatively
egrees (approxdd ly 36 per cent) (A

mkhu (1933) by courtesy of the author mdjmmlafﬂwnza(zzi.‘;:[%cg o

TPerkins (1938) by courtesy of the author and publisher ) e

but s%?:.‘cg?;:g;n; 1s merited because of the complacency that was shown in
dcscnbm e al range of movement—36 per cent of normal—as not nearly full
ctegomeat Drd mofctdpurposcs It 15 ironical that the surgeon concerned
e ;’ con cJ;n internal fixation on the grounds that it will produce a stiff
N greed that nothmg better could bave been done for thus patient but

can be done ngidly fixation offers considerable ndvantages Cases to
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sclect are those 1n which ngidity can be guaranteed, Fig. 53 showing what can
then be achieved The penalty of misjudgment 1s shown in Fig. 55 and 1t is “failed
fixation such as thus that has brought open operation nto disrepute although, 1t
may be noted this result 15 no worse than those achieved by conservative treatment,

The lesson conveyed by the foregoing 1s that intemal splintage must provide
absolute fixatlon or it 13 nearly always uscless With the exception noted below no
compromise 1s any good half and half measures run the nisks without providing
the advantages. These advantages are (1) freedom from joint stiffness—which has
been made the theme of this chapter—and (2) certainty of union The latter has

Fio 4 —Condylar fracture of the humerus. A case treated conscrvatively
Elbow movcmymt 50 degrees (approximately 36 per cent). (Reproduced from
Charnley (1957) by courtesy of the author and publisher )

n resc for another occasion but 1t 1s perhaps opportune to mention that
:)ien:ultanc?:gy with the results quoted herein the incidence of bone grafung for
the fractured tibia has been reduced to 4 per cent. Rupidity can therefore help to
solve the problem of delayed union at the same time as 1t 1 reducing the seventy
of joint stiffness. It should be mentioned that these results are belleved to be ob-
tamed partly because of a deliberate policy of no physiotherapy and late return to
function both of which factors are conducive to the prevention of movement at
the fracture site Only n those few types of fractures where suffness and delayed
union are not serous hazards and where mal position 13, does non rigid internal
splintage ever have a place. When ngdity is not necessary (as in the mildest
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As regards choice of metal, if ngidity is conssdered of paramount importance 1t }s
doubtful whether any substantial improvement will be made on starnless steel and
Vitelium. The only reason for not being quite satisfied with these is the small
tnczdence of trouble with wound healing (about 10 per cent with stawmnless steel and
4 per cent with Vitallum) Further details properly belong to a discussion on
corrosion. To judge from the work of Clarke and Hickman (1953} titanium should
prove to be an rmprovement in this regard and 1t 1s already being used Tts physical

Fic 56.—Condylar fracture of the humerus. A case treated by rigid internal fixation.
Elbow movement 115 degrees (79 per cent)

however result in appliances being more springy’ Thus there 1s
form}al ngidity 1n a plate g{adc of titanjum than an identical one made 1n
stainless steel or Vitallium or put in another way to ensure the same ngidity &
ntarum plate must be made somewhat thicker than & stainless steel or Vitallum
one. A few surgically untned alloys at the top of Clarke and Hrckman s Table 111
rmght prove to have suitable cocfficients of elasticity and since their resistance to
corrosion would be satisfactory could possibly be exploited 1n the future As
regards the design of appliances, considerably more opportunities exist for improve-
ment
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CHAPTER 14
FAT EMBOLISM

S Sevitt

A SIGNTFICANT degree of histological fat embolism rarely occurs except as a com
plication of imury The munor degrees of pulmonary embolism which are not
infrequent 1n diabetics and after burns and absorption of certain potsons need not
be considered here

The first accounts of fat embolism are those of Zenker (1862) who discovered
fat globules m the lungs of a man with a thoraco-abdominal crush imjury and of
Wagner (1862) who reported 48 cases Many cases were described dunng the
following years but chnically the conditfon must often have been confused with
other effects of injury Various workers (Holm 1876 Scriba, 1880 Mech 1892
Warthin 1913) found pulmonary fat embolism very frequent after fractures, but
m many reports (among them those of Payr 1900 Grondih! 1911 Gauss, 1916
and 1924 Vance 1931 and 1934 and more recently Robb-South 1941 and
Warren  1946) tustologically gross pulmonary embolism was equated with
symptom producing process and it was postulated that emboli n the lung could
cause cardiorespiratory distress and even death. The importance of cerebral fat
embolism was raised by Scriba (1880) and stressed by Warthin (1913) who claimed
that & small amount of fat entering the brain might cause a severe or fatal distur
bance Many other reports, among them those of Godlee and Williams (19113,
Gauss (1916 1924) Vance (1931 1934) and Scudert (1934 1938) established
cerebral embolism as a clincally important entity

The relative significance of the pul ry and sy forms has not been the
only controversy other discussions have centred around the origin and nature of
the fat globules their mode of action the frequency of embolsm jts diagnosis
duning Iife, and attempts to develop specific treatment.

ORIGIN AND NATURE OF FAT EMBOLI

Most workers agree that the fat originates at the site of trauma, particularly the
snjured marrow of fractured bones Globules from wnjured fat cells gain entrance
to the venous stream and the process which is influenced by orthopaedic pro-
cedures may continue perhaps intermuttently for several days Gaoss (1924)
suggested thet embolsm was likely to occur after fractures because the venules
of injured marrow are held open by attachments to bone Subsequent observations
confirm that the emboli come from the sites of injury Histology shows that most
of the embol: lying globular and unditorted withun small pulmonary artertes are
20-40 p 1n diameter which corresponds to the size of fat cells and presumably
of the droplets when first liberated Fragments of bone marrow have been
seen within small artenes n the lungs of patients showing fat emboli (Lubarsh
1893 Armin and Grant, 1951 Scully 1956 Emson, 1958) and although the
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FAT EMBOLISM

n alveolar spaces but their distribution depends on the duration of survival or
seventy of embolism or on both factors (Grant and Reeve, 1951 Whiteley 1954).
Severe embolism 13 closcly related to severity of injury and the latter often deter
mumes the speed of dying so that it 1s difficult to dissociate short survival from
seventy of injury

Incidence and severity

Embolism commences soon after mjury because histology shows many globulkes
1n the lungs of patients dying within mnutes or hours of an accident Pulmonary
fat embolism can be of help medico-legally 1in helping to determune whether
fractures occurred before or after death a minor degree should be regarded how-
cver as potentially normal Its incidence cannot be assessed cimically but the Jungs
of those dying after injury nearly always contain fat embolt The frequency ranges
from 80 to 100 per cent 1n most of the serres reported and only two authors report
a lower incidence (Table 1) Differenices in frequency are probably related to e vary
1ag ncidence of multiple and severe fractures and to different periods of survival

TABLEI

FREQUENCY AND SEVERITY OF PULMOYNARY FAT EMBOLISM ASSESSED
HISTOLOGICALLY IN PATIENTS DYING AFTER YARIOQUS INJURIES

Amthor

Milotlavitch (1930)
Vance (1931)

Robb-Smuth (1941)
Grant and Reese (1951)

Sheynis (1951)

Mallory (1952
w‘hh.dcy((ws-;)

Scully (1956)

Honpatal (Sevitt, 1957
Enmmon, 1958)

Those surviving longer than & week have a lower rate and a lesser degree of fat
embohsm than those dying earlier presumably because embolt have disappeared
from the lungs

In the author s series 89 per cent of 100 patrents dying after various myures had
pulmonary fat emboli but the incidence of gross embolism was masnly related 10
the seventy of injury particularly the multiplictty of fractures of marrow nch
bones (Sevitt, 1957 Emson 1958) Gross pulmonary fat embolism was found 1
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18 per cent of 39 patients with mild bony {njurics (fractured skull fractured neck
of femur) tn 45 per cent of 29 cases with moderate bony Injuries (fracture of a long
bone or two or three fractures) but was present In 80 per cent of the 32 patients
wath severe bony injurres (four or more fractures) The nbsence of emboli in some
patients was related to a combination of mild bony njury and long survival time.

Evidence of the rate of disappearance of emboli from the lungs is obtained in
patients with pulmonary infarcts at nutopsy For example, an infarct related to an
episode of pulmonary thrombo-embolism on the scventh day was found in a
patient who died 23 days after injury Fat embolt were few 1 the nocmal lung
and were many 1n the infarcted area it was estimated that 90 per cent of the em
bolt present on the scventh day were removed during the subsequent 16 days

Significance
Clinical ehsertations

A shight or moderate degree of pulmonary fat embolism does not produce
clinscal effects but the significance of hustologically severe embolism is 1n dispute
It 1 possible that blockage of the pulmonary bed by multiple embolt impedes the
blood flow through the alveolar caplllarfes, produces tissue anoxta, interferes with
the exchange of oxygen and carbon dioxide leads to congestion of the pulmonary
veins perhaps to an increased pressure in the pulmonary artery and a fall n sys-
temrc artenal pressure but there 1s no evidence for all this Respiratory distress is
rare in previously healthy patients dying during the first two or three days after
injury provided that ecrebral and thoracic mjuries are absent, that blood loss has
been corrected by transfusion and that cerebral (at embolism 13 not present.
Respiratory symptoms and complications such as cough dyspnoea bronchites
pocumonia, atelectasis, and infarction are as frequent n injured patients (without
head or chest injury) subsequently found to have few or moderate pulmonary
emboli as they are in mjured patients with numerous pulmonary fat emboli
Records at the Birmingham Accident Hospital show that 25 per ceat of patients
dying with slight or moderate embolism and 15 per cent of those dying with severe
embolism had had respiratory symptoms There 15 no evidence of significant
blockege of the pulmonary artenal tree venous engorgement does not occur
during the rapid transfusion of patrents with multiple fractures or 1n those with
systemic embolism and, in them the blood pressure does not fall even though
there 13 respiratory dustress Other patients with systemsc embolism do not have
Tespiratory symptoms cven though heavy pulmonary embolism has probably
occurred (see below) Therefore pulmonary embolsm 15 rarely responsible for
cardiorespiratory embarrassment The absence of symptoms must be related to
the large functional reserves and enormous capiliary bed within the lungs and
perhaps to the flud nature of the embols which may permut incomplete or jater
mttent blockage of ndividual capillaries When the emboli in a frozen section of
Iung ere stained with & red d

ye and observed with a red light source, some
throcytes are often seen between them and the capillary wall i

Morbid anatomy

At autopsy fat embolism 1s often

associated wrth pul
small bacmorrhages aad foo of oo h pulmonary congestion oedema,

llapse said to result from capiilary and arterfolar
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blockage and endothelial anoxla This 1s 2 fallacy of association because similar
changes are not uncommon 1n alt ijured patients 1n those dying with few pul
monary embol and i those with many embol: Scully (1956) used the weight of
the lungs as an index of congestion and oedema and found no correlation with the
hustological degree of embolism The lung changes in fatally mjured patients must
bo due to causes other than embolism Thoracic and cerebral trauma are prone
to produce pulmonary congestion and oedema whilst the ever present fallacy of
termnal or agonal cffects may at times be responsible Similar changes in thoso
with cerebral fat embolism may be of neurogenic origin

Lung haemorrhage in certain patients dying after clinical embolism led Harrs,
Perrett and Maclachln (1939) to suppose that it resulted from an imtating sub-
stanco In the fat globules Haemorrhagic exudation in the lungs of expertmental
animals was produced by small amounts of hydrolysed human fat the miumum
Jethal dose of which was only & fraction of that of neutral fat Other workers con
firmed that the inteavenous mjection of fatty acids and soaps including ofetc acid
and hinolerc acid was toxic to dogs and rabbuts in relatively small doses and pro-
duced a considerable haemorrhagic pulmonary oedema (Jefferson and Necheles,
1948 Peltier 1956¢) but this does not mean that lipase hydrolysis of fat globules
occurs or Is responsible for the hacmorrhagic changes i the lungs sometimes
associated with fat emboli Fatty acids have not been demonstrated histochemucally
and fat emboli give the reaction of neutral fat when stained by Nile blue sulphate
and other dyes (Warren 1946 Denman and Gragg 1948 Sevitt 1956)

Experi, / pult -y fatr emboli:

Intravenous ingection of sufficient neutral fat or mineral oil into expenmental
anumals produces acute respiratory distress, venous congestion and even death,
but the maximum tolerable and mimimal lethal doses are relatively hugh and are
usuglly between 05 and 2 g. per kg body weight (Lehman and Moore 1927
Harris Perrett and Maclachlin 1939 Scudert 1941) The amount of intm
venous fat necessary to kil the average adult could be 70 g. or more assuming
that man 13 as susceptible as anumals, but Armm and Grant (1951) showed that
the extractable fat in the lungs of psticnts with gross embolism 1s only 2 fraction
of tlus Moreover the lungs of ammals given a lethal dose of fat show a much
greater degree of fat embaolism than 1s ever seen tn man (Scriba, 1880 Cohnheim
1889) and according to Armun and Grant (1951) the mtravenous injection of only
0 15m! of fat per kg. into rabbuts produced & hustological appearance equal to or
greater than that seen in gross pulmonary embolism in man but 1t did not produce
symptoms This dose 1s equivalent to only 10 m! for the average edult.

Thus the amount of fat reaching the lungs of patients with heavy embolism
seems unlikely to produce clinteal effects but agaimnst ths it has been clarmed that
serios effects mey be produced 1f the patient 13 also suffering from shock or blood
loss (Killizn 1931) Gold and Loefller (1923) showed that 1 cats inyection of ol
prolonged the shock produced by injuring the infestines or compressing the 1n
ferior vena cava, but the occurrence of asphyxia and dyspnoes in the non shocked
controls indicated that the dose of fat was about the maximum that could be
tolecated Roth Green and Stoner (1950) and Whiteley (1954) found that the mint-
mum lethal dose of fat for rats was reduced when adenosine triphosphate was
mven or when the enumals were subjected to sublethal periods of lmb ischaemia,
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patients dying of cerebral emboltsm Nevertheless cerebral embolism 1s potentially
grave 1n contrast to pulmonary and renal embolism which have little or no finc
tional signuficance

Relationship to pulmonary fat embollsm and severity of Infury

Histologically systemic fat embolism s less common than the pulmonary form
with which it 1s always associated In & series at the Birmingham Accident Hospltal
24 per cent of 100 patients had systemic embolism 89 per cent had pulmonary
embolism and all the patents with systemic emboll had pulmonary embolr. The
likelthood of systemic embolism i mamly determined by the degree of pulmonary
embolism and the severity of bony injury In the above series systemic embolsm
was found 1n 59 per cent of the 32 patients with numerous pulmonary emboli and
m only 9 per cent of the 57 patients with few or moderate numbers of embole
Systernic embolism occurred in 45 per cent of the patients with severe bony injurres
but oaly in 7 per cent of those with ruld or moderate bony wnjuries (Table 1)
Larger numbers of systemic embolt are likely tn patients with heavy pulmonary
embolism 1 one third of the cases systemic embolism was relatively heavy and
all of these had multiple fractures and gross pulmonary embolism,

TABLE Il
FREQUENCY OF SYSTEMIC FAT EMBOLISM AFTER INJURY

Frequemcy of sysiertic fat embollon
J WWEJ Maix caowse

Series Types of igwry Total cerebral fo of deatk
mmhﬁﬂ Mibscellaneows battle 0 8 percent| 06 percent
84 Batthe casualtics with S8percent| 42percent

fractures of long

Newman (1948) Fractures of long §Opercent| 30 percent
Musselmen, Glay Miscellancolns crvilian | 52 per cent! | 14 O percent | 5 5 pef cent
Sﬁf%'}zﬁ Lhnabmw‘hjh?:m 30percent| 21 pereemt
assn ’Abdankmllﬂflmﬂ 00percent| 00 percent

Fatal wartime limb | 52 percent |20 0 percent
uries

A mfurkes |27 percent | 00percent
Fatal battle casualties | 17 pef cent 10 per cent
Mild or moderatc | 7percent | 18percent| 18percent

Multipls fractures ASpercent |13 6percent |11 3 percent
rrom 24percent | TOpercent| 40 pescent

Scully (1956)
Accident

Hy
{Sevitt 1957
Emmon 1958)

Disermsed by presence of Mty the arsss.
220



e 4y
LA ey The ve,
Portey by Wy Sallxbufy (Isyq, Has g Per ceny ng
rnifcelbﬂmu, api buf?:&ag’:w;h 6 per cony Yhep Iy pa ‘;I"ﬂo fry
an 7 wne foupg N 8 Mticnry Wity
i’l/ur:":c' long bona, W Godlee Ang Mlliﬂnn (1911) beq 3 fa fes ()

ceny) f Use o e 19 Pa s injun.-d in 4 rnllny gy, G I
l:.:dlfri;qt?f’a 9 one or oy, Iimbs, The cl.’nl'mll in gr::nl ang Rﬂcvu
(195 ' wp, e Was 3 Cong Imane Mlienyy With limp Inpy, o t
mop,, L‘::Osc with abdwn]nallqmrn mfmq“l‘ng,ofl-ipcr%l m’L?,,Z“b,f? m?_
Man, g, rekin (1932) Wy on 4 d:’T'-‘renr form orulq,mcnt. %pbiﬂed
cnrbmlmnmonn Nl T ¥Ith fag I gy Uripe /Uhong the Muence
the o of an:rhcn r fengs ¢ [

Kot :h:::eda e o:zxn Wmber o Severey, mjufedpa feneg 4 he $Criey

Ypily
1 )
“hi b Pr::f,,z lnd.;’;n-f per %rmyg‘::f?;";?& S‘r:m o
u ng cr, I Cmpy), C tlg,
Y a2 %”m,p%% by %afm“?a‘ A



FAT EMBOLISM

m njured subjects ncluding perhaps clectroencephalography, mght reveal other
wise undiagnosable cases

CLINICAL CLASSIFICATION AND DIAGNOSIS

The classification into pulmonary cerebral and cardiac forms must be abandoned
because the symptoms of fat embolism are cerebral n ongin The fall 1 blood
pressure said to have been part of the cardiac syndrome 1s not seen 1n adequately
transfused cases developing systemic embolism and probably resulted from un
treated oligaemuc shock. Cerebral symptoms are dangerous and respiratory symp-
toms tachycardia, and pyrexia are probably neurogemic in origm. Failure to
recognize vanatons 1n the clinical picture has been partly responsible for diffi-
culties in clinwcal diagnosis and for the widely divergent views as fo prognosi.
Teking these mto account fat embolism may be classified clinreally 1nto (g) ful-
munating, rapidly fatal cases (6) the classical or complete syndrome and (c) m-
complete and partial syndromes including mud cases

Fulminating cases

As already noted, recognition of these cases has been brought about by cor
relating the appearance of unexpected and unexplained cerebral symptoms m
patients dying within a few days of injury with the presence of cerebral fat emboli
at autopsy The injurics are generally severe multiple fractures are usually present
and death occurs 1-3 days after imjury even though haemorrhage and oligacmia
have been adequately combated by early and efficrent blood transfusion. The
patient 1s mitially conscious but becomes stuporose and then comatoss sometines
within a few hours of injury and generally within 24-48 hours The onset of coma
may bo masked by general anaesthesia for emergency surgery but consciousness
does not return, Stapor or coma may be preceded or accompanied by epileptiform
or choreo-athetoid movements which may be focal unilateral or general
Sometimes collapse duning resuscitation or failure to mantan a beneficanl clinicsl
effect after blood transfusion mey domwnate the picture cerebral fat embolsm Is
one of the causes of irreversible shock™ Fulminating fat embolism 1s difficult to
diagnose Clinrcally the death may be mustaken for the delayed effects of a bead
injury (which may also be present), for an anaesthetic misadventure or for other
causes of coma The petechial eruption 15 absent presumably because death occurs
before 1t can develop

Classical syndrome

Tho complete syndrome is characterized by pyrexiz tachycardia, respiratory
symptoms, major cerebral and neurological features particularly delirrum and
come, and 2 charactenstic petechl eruption which s of considerable diagnostic
importance (Fig. 57) The first symptoms gencrally develop within 24 hours of the
accident and not about the third day as 15 commonly stated. In the records of 70
published reports and cases observed personally symptoms were present 1n 23 per
cent of cases within 12 hours of imjury in 66 per cent within 24 hours, 1n 80 per cent
within 36 hours and 1 over 90 per cent within 48 hours The development of
symptoms during the ‘shock peniod 1 important because therr sigmficance may
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CLINICAL CLASSIFICATION AND DIAGNOSIS

be overshadowed until the disorder of consciousness 1s serious or the appearance
of the rash focuses the attention of the clinician

The onset 1s often sudden the temperaturce riscs often to 102-103 F or even
higher and the heart quickens to 100-120 beats per minute Both cerebral and
respratory symptoms develop either simultancously or at different times and one
type may predominate Restlessness deltrium and insomnia (occasionally nustaken
for delirum tremens) often precedes or accompantes mental confusion or stupor
and the latter may deepen nto coma. Sometimes mental changes improve or drs-
appear and then recur suggesting intermittent embolism of the brain  Other
possible symptoms nclude incontinence convulsions disturbances of papillary
reflexes, spasticity 1nereased or loss of deep reflexes, and paralysis of a limb or of
muscle groups
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Fia 57 —The petechial eruption of systemic fat embolam

Respiratory distress 1 mamfest by dyspnoea polypnoez, possibly cyanosis, and
tightness in the chest. Morst sounds 1n the lungs cough and sputum, tho latter
possibly blood tinged may be present. The blood pressure does not fall unless
oligaemia was untreated or unul a terminal cardiac failure supervenes and the
Jugular veins are not distended Rarely a patient develops distension of the neck
veins during the course of blood transfusion for post traumatic oligaerma and this
m\%ﬂebe ::hﬁ““ of pulmonary fat embolism

petechual eruption develops on the second or third day after injury and 15
mﬁl{hprewdcd by other symptoms It first appears on the fronts of the ll?;u]dm
oy ¢ neck, and the upper part of the chest. The rash may be restricied to
— ‘hr:u or may extend over the arms upper abdomen and thighs In most

Qtl?e\tctlu are fine red spots but sometimes they are small macules or a
mmlxhﬂlmq flpo and macules They eppear in crops over ths courss of 1-2 days
op fading within & day or so The ummitiated may rustake the combination
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of pyrexia and petechual cruption for evidence of septicacmia. Petechiao have als
been reported 1n the mouth, palate, conjunctivae and retinae but thoy are nc
constant

Incomplete and partial syndromes

There are many proven cases 1n which characteristic features are absent. Th
author ¢ series 1acluded 12 cases of proven fat embolism as indicated by th
charactenstic rash and the finding of embolic fat globules In & biopsy of affects
skin Their symptomatology fell into four groups (a) fever tachycardra, som
mental confusion and a petechial rash but without other cerebral neurologres
or resprratory symptoms 1n 1 patient meatal symptoms were confined to retro
grade amnesia (b) pyreia tachycardia a vanable degree of dyspnoes and 1
petechial rash but without mental or neurological symptoms (c) pyrexta, tachy
cardia, and a rash without mental neurological or respuratory symptoms an
(d) shght fever and a defimte rash without tachycardia, respiratory or menta
symptoms. Nearly all ran a muld course and all survived. The rash drew attentior
to fat embolism which otherwrse would have remained undiagnosed 1n most cases

Meny cases of fat embolism without a rash occur 1n addition to the fulmmating
ones already described Some may run a severe course with major cerebral and
respiratory symptoms 1n others cercbral or respiratory symptoms or both may be
absent. It 1s particularly in the patients without & rash that leboratory aids to
diagnonis would be most useful

Possible alds to diagnosis
Unfortunately no reliable and simple test has yet been developed and diagnoss
remains lacgely 8 matter of clinical acurnen.

Fat in urine

Diagniosts of renal and henoe systemuic embolism might be made by this test but
most observers find it unreliable 1n the guthor ¢ exporience most specimens of
unae from patients d d a3 having sy embolism do not contan fat
Negative results may be due to mcomplete emptymng of the bladder mnce fat
floats in urine On the other hand Musselman, Glas and Grekmn (1952) found
urinary fat in 52 per cent of 109 ijured patrents and 1n 12 per cent of 50 unmjured
subjects but they examined 15 consecutive 24-hour specimens of urine in each
patient. If the test is used scrupulous caro must b taken to prevent oily confaming
ti0n of the specimen and to ensure completo evacuation of the biadder

Fat globwles in blood

Microscopy of the blood for globules of fat was suggested by Scuden (1941) and
Pelhier (1954) developed = test based on the staining of fat 1o plasma by the water
soluble fluorochrome dye phosphine 3R. By fluorescent microscopy ho found fat
globules 1n the plasmsa of 55 per cent of patients undergoing orthopaedic opera
tions and later (Peltier 1956a) reported positive results in 80 per cent of 44 patients
fallowing bone operations but 1 only one patient did tho classical signs of fat
embolism occur Further work 13 obviously required particularly on the concen
tration of fat globules and on the relationshup of posiuve tests to clinical signs and
pathological evidence of fat embolism
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FAT EMBOLISM

solution consisting of 3 parts of ethyl alcohol mixed with 7 parts of 25 per cent
glucose solution given intravenously in a dose of 5 m! per kg. Injection of the
mixture relieved dyspnoea and cyanosis and the lung vessels of ammals given
3 injections at 12 hourly intervals were found to be almost free of fat. The thern
peutic dose was about half the narcotic dose and a quarter of the lethal dose

The ability of hepann to clear lipaemic plasma (Hahn 1947%) suggests that it
might be of value in fat embolism However heparin treatment of rats given rat
fat {ntravenously was found to increase the mortality and accelerate death (Gardner
and Harrison 1957) It was concluded that a clinical trial would nat be warranted.
Nevertheless 3 patients suffering from systemic and cerebral fat embolism were
treated in this way by Sage and Tudor (1958) for 2-3 days without 1ll effect and
the patients recovered
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CHAPTER 15

ABDOMINAL AND CHEST INJURIES

RusCoE CLARKE AND A L D ABREU

ABDOMINAL INJURIES

IN Great Britmin the ratio of penetrating to closed abdominal injuries requinng
surgery 11 about 1 to 5 in contrast to many countries where knife and revolver
wounds are common and to war expertence where penctrating wounds predomt
nate The predominance of closed imjurtes 15 important because penetrating wounds
have received greater attention in the literature and there is 2 tendency to generalzo
from these to the rather different problems presented by civilian closed mjunes.

PENETRATING WOUNDS

Civilian wounds of abdorminal organs resulting from penetration of the abdommal
or thoractc parietes are usually straightforward but must be treated early Anmy
penctrating wound of the trunk which could possibly have reached the peritoneal
cavity must be explored If there remarmns the slightest doubt after exploration of
the wound track the abdominal cavity must be opened, and it should be remem-
bered that the direct courss of whatever pencirates may become tortuous when the
patient adopts a different position

More severe injuries 1n avilian hfe result from penctration of the perineum,
rectum or vaging from spikes, broom handles or other long objects. Agam, there
should be no hesitation n carrying out full exploration, ncluding laparotomy If
there 1s still any doubt about the integrity of the rectum or lower urinary passages,
a colostomy or suprapubic cystotomy is indicated Partial damage to the bladder
urethra or rectum or damage to their supporting tissues can lead to Iate sloughing
and the insidious or fulminating development of celiulitis. Colostomy cystotomy
or both can prevent distenston of the injured viscus, reduce the danger of delayed
rupture and mintmize the 1l effects should rupture occur

The greatest danger from penétrating wounds exists (1) when the wound 15 30
small that there 1s a temptation to neglect 1t and (2) when other injunes are so
severe that 1t Is overlooked The absence of symptoms or local signs never excludes
the possibility of a dangerous leston of the gut.

CLOSED INJURIES

The pattern of abdominal tmjuries 15 changing with the growing frequency of road
mjuries mnvalving hugh velocitres of impact. Sometimes the hustory is of 8 blow on
the abdominal region and the chimcal problem simply that of exciuding an intra
abdommal leston requinng surgery Occasionally such local injurtes are assocuated
with massive haemorrhage and present a major problem of resusatation and
surgical control of bleeding
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produce a state of shock with a low blood pressure pallor cold extremities, a
rapid or slow pulse sweating, vomuting and anxiety Improvement may take placs
without treatment in the absence of gross peritoneal soiling or excessive flud loss,
but even this does not provide a clear differentiation from haemorrhage The
dividual with a suspected abdominal leston who has collapsed or fainted at any
stage should be watched with particular care

Clinicsl examination

The patient with severe abdomrnal pain and guarding, thoracic resprration,
shoulder tip pmin and so forth, 13 clearly suspect. The chief consideration 1s often
not 5o much whether an abdomunal lesion 1s present but whether the signs and
symptoms can be sufficiently explamed by injury to the chest, spine or pelvis.
X ray exammation may give clues that visceral damage or abdominal bleeding
has occurred but cannot exclude them. A more difficult problem eusts where
symptoms are mild and physical signs indefimte In the early stages of acute
appendicitis the key physical sign 1s local tenderness over the appendix. In
abdomunal injuries of doubtful significance the key physical sign 1s reflex muscle
contraction provoked by gentle pressure rather than by deep palpation This 5
particularly valuable 1n detecting the spread of physweal signs from one region to
the whole abdomen With chest injunes or injuries confined to the renal or per
renal tissues, guarding 1n this sense and tenderness may be sharply confined to the
upper abdomen or the flank and one side of the rectus abdomints muscle. The
presence or development of mimumal guarding in tho rest of the abdorminal area
should rais¢ strong suspicions of an intrapenitoneal lesion. Hyperaesthesia is of
less value afier recent injury than when infection 1s suspected Auscultation of the
abdomen 1s useful but often musleading Absence of bowel sounds can be associated
with retroperitoneal haemorrhage or bruising of the mesentery whilst normal or
exaggerated bowel sounds may be present with a perforated gut Rectal examina
tion 1s usually mconclusive unless rectal bleeding is found

Damage to the abdominal wall rather than to 1ts contents may be suspected from
visible bruising and an increase 1n local pain when the muscles are contracted. The
disappearance of tenderness when the muscles are held contracted tends to favour
wjured abdominal contents rather than an abdomunal wall lesion, but an
abdominal wall lesion 1n no way precludes & lesion mside

Percussion 1 not of much value unless a considerable hacmatoma has developed
shifting dullness usually accompanues other signs that make its detection unneces
sary and the disturbance of demonstrating it may bo harmful.

Repeated examination is more valuable than a single test and 1s often most in-
formatve 1f the patient 1s left alone between examinations. Following a perniod of
rest, the first person to carry out an abdominal examination 1s likely to make the
most valuable observations. The more frequently palpation s carried out the more
likely are equivocal signs to be elicited

Observation ncludes regular charting of pulse rate, respiration rate and blood
pressure but mnstruction should be grven so that any change in symptoms or signs
leads to prompt reassessment. A rising pulse rate, 2 falling blood pressure, or
ncreasmg pallor may md progressive bleeding Increasing pain 1s important
and vomiting should arouse suspiczon The evaluation of general signs 13 partrcu-
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presence of haematuna, mtravenous pyelo hy 15 particularly necessary
exploration 1s indicated for some other m?ll;ar; %‘hc tq:ct that a);'xniujumd k;.i:
shows no sign of excretion does not neeessanly mean that it rs irreparably damage
At least as often 1t will excrete some of the radio-opaque maferal and show
normal renal pelvis extravasation or incomplete filling of the pelvis suggesting th
presence of blood clot or major damage (Fig 59)

(O] ®)

Fra 59 —Clmically thre patient had & major nupture of the right kidney Intm
venous pyelography shawed the outhine of the upper part of the kidney only
The dlagnosis of & separated lower pole was made pre-operatively (a) the
kidney (6) the intravenous pyelogram.

Asplration

Collier (1954) advocated aspimtion of the peritoneal cavity as an aid to diagnoss
A fine-gruge needle 15 nserted below the costal margin 1n cach flank or occasion
ally 1n the tliac fossa. The test was assessed as being 75 per cent accurate in the
diagnows of mntra abdomunal haemorrhage It 1s probably most valuable when the
general condition of the patient idicates the existence of severe bleeding in the
absence of abdomunal signs, particularly in patients with severe head injuries or
traumatic tetraplegia. In other conditions the test 1 not sufficiently accurate and 13
Iess useful Aspiration of blood does not necessanly mean that the nisk to Iife will
be increased if laparotomy 15 postponed, whilst a negative puncture does not
exclude a lesion requinng surgery Very much the same reasomng apphes to the
suggestion that the nsk of laparotomy can be minumzed by making 2 small hole
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and 1asetting o 4ponge on n sponge holder The results of fimited exploration may
be nconclusive and if it has been already considered that laparotomy carries a
deterrent risk, valuable time will have been wasted without a diagnosis being made

Pre-operative assessment of blood loss

Pre-operative assessment of blood loss can be extremely difficult unless the
patient 15 obviously suffering from massive haemorrhage. A patient with a normal
blood pressurs and a ngid abdomen may require a transfusion of 6-8 or more
pints of blood whilst the patsent who is apparently fit may have already lost 4 pnts
of blood or more On the other hand patients with similar clinical features may have
intestinal lesions with no sigruficant bleeding The amount of blood cross-matched
in advance will depend on the Judgment of the surgeon and on the laboratory
facilitres and quantity of blood available (see Chapter 6) It is wise to err in the
direction of over-estimation but if haemorrhage is doubtful pre-operative trans-
fusion should consist of S-per-cent glucose solution in one fifth normal saline
solution the blood being reserved unti! the abdomen is opened and the disgnosis
clarified If the patient s general condition 1s serious, transfusion of blood should
not be delayed

Operation
Inclsion

Even when the site of an abdominal 1njury Is suspected on clincal grounds,
complete exploration {8 necessary and must be done under vision A vertical 1n
cision is advisable, and should be long cnough to put both hands nside the
abdomen If the patrent is serously il and time is all important, & nud-lme or
pararectal inciston gives & quick opening and closing. When there 1s trme a para
mechan mesion will give a sounder wound Thorough exploration 1s assisted by the
relaxation obtamned with modern anaesthetic agents but the injured abdomen
cannot be properly explored with the small gut inside Particularly in the presence
of bleeding 1t is often wise to allow the whole of the small intestine to prolapse
Thus 13 not dangerous with a large inciston and does not cause shock with adequate
replacement therapy It allows the small intestine to be examined rapidly loop by
loop on each side, and the whole of each flank of the abdomunal cavity to be clearly
scen with the aid of a retractor under the corresponding half of the abdommnal wall.
The ruptured spleen is best removed under vision by lfting 1t forward into the
wound after tearing through the posterior peritoneal attachment (Clarke 1954)

Exploration

In the presence of massive bleeding, 1t can be vitally important to find the source
of bleeding with & mummum of delay This requires a standardized techmque of
laperotomy The hand u first placed down to the spleen most splenic ruptures
will bo recogruzed by feel If the spleen feels normal the hand should examne both
};:ﬁ_bcthcjf the iver front and back. Damage here can be felt and temporarily packed
o W] thh:hc rest of the abdomen 13 explored Tears in the digphragm can be felt

ring above manocuvres. The next step 15 to mspect the stomach, small

mtestine flanks and pelvis, in that order This will al
mesenieries or retropentoneal damage. = il olto reveal bleoding from the
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It 13 not proposed to give details of the reparr of individual injurtes but 1t should
be emphasized that when injunes are multiple or severe, control of blecding and
repair of viscera should be done by the simplest possible technique which will
ensure haemostasis and healing. The injured spleen 1s removed the torn hiver can
sometimes be sutured, occasionally a half-scparated segment can be resected.
Superficial clefts or raw areas of the liver are best left alone or covered with a
gelaun-foam pack. When bleeding cannot be otherwise controlled there 1s & place
for packing with a gauze roll

Lesions of the left colon often warrant exterionzation. Small lesions of the nght
colon are better repared and a caecostomy performed to prevent tension on the
suture line. Occasionally a severe closed mjury to the night side of the colon will
warrant primary night hemicolectomy with ileo-transverse colostomy and
extertorization of the nght end of the transverse colon. In any emergency this can
be done quickly Resection of the small intestine is rarely indicated but 1s safer
early after trauma than in the presence of strangulation or infection There is
rarcly any need to dram the peritoneal cavity but a dran should be put down
to the site of an extraperitoneal rupture of the duodenum or fixed portion of
the colon when the latter 18 not exteriorized Except after nephrectomy dramage
1s always necessary when the urinary tract has been damaged.

Post-operative care

Post-operative caro does not generally differ in pninaple from the post-operative
care of patients undergomg planned major abdominal surgery for disease. In our
experience  adequate transfosion makes for early recovery of normal bowel
function and early return to normal feeding. When normal feeding 1s likely to be
delayed the intravenous intake must take into account probable fluid and electro-
Iyte losses. Sodium and chlonide are generally retamned by the kidney so that a
reduced excretion of salt 1s not per se an indication for an increased intake.
Potassirm needs to be given when oral feeding 15 delayed or loss Iikely to be
great.

Gastrre suction 15 now Jess often employed after abdominal operations and
mjuries than 1t was n the recent past. It remains an invaluable method of pre
venting abdommal distension and treating eardy ileus, so allowing an mjared section
of the gut to heal without gaseous distension, which interferes with its blood supply
as well as putting a strain on the suture lme

THORACIC INJURIES

By the close of World War 1I a trend towards a rational and well-grounded
approach to the management of severe chest injurtes had been establrshed and two
mumn princples had emerged (1) prompt restoration of effectual pulmonary
ventilation and of the oxygen-carrying capacity of the blood 1s ife saving and (2)
the restoration and mamntenance of normal pulmonary function mimizes com-
plications and facilitates treatment of other injurres The urgent needs, therefore,
are the rapid replacement of mussing blood clearance of the airway if obstructed
by blood, mucus or pus, and re-expansion of the lungs if compressed by blood or
arr 10 the pleural cavity These measures often correct anoxia and prevent the
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ABDOMINAL AND CHEST INJURIES

G

Fio 60 —Adequate drainage of the pleural cavity with two tubes and water
scal drainage,

n patients with a spontaneous” pneumothorax) or injury to a bronchus of
moderate size In either case the tear opens dunng inspiration and air flows mto
the pleural cavity on expiration the tear tends to close and the trapped air cannot
escape

A patient wrth a tension pneumothorax 1s gravely ill The nsing pressure m the
pleural cavity not only compreases and defunctions the underlying lung, but pushes
the mediastinum over decreasing the efficacy of the oppoute Jung and hampenng
the venous return through the venae cavae The cyanotic pallor and feeble pulse
1ndicate the need for immediate rehef which dramatically follows the institution of
closed water-scal dranage In the first instance this 15 provided by mserting a
large bore needle connected to suitable tubing into the pleural cavity the tubing
13 connected to & water-sealed bottle through which the air rapidly bubbles out

If the air dramage so provided 18 nadequate a catheter 13 1ntroduced 1nto the
ploural space through a trocar and cannula. If large quantities of mr continue to
escape the surgeon should consmider the possibility of a major tear of & bronchus
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ABDOMINAL AND CHEST INJURIES

the stove-in segment 1s no longer under normal muscular control and respiratory
movements tend to affect the lungs in the same way as with an open pneumo-
thorax. The loose segment 1s sucked 1n with inspiration as the opposite lung
inflates It 13 pushed out when the opposite side deflates 1n expiration thus provid
ing oscillation of gases from one lung to the other with a steady increase in plasma
carbon dioxide The patient may tolerate this without obvious dyspnoea and
distress for the first few hourt but with the passage of time the rise i plasma
carbon dioxide 1s aggravated by the retention of bronchial secretions as coughing
becomes increasingly more panful and effective Inadeguate oxygenation 1s added
to carbon-dioxide poisoning The patient s condition detertorates.

Tracheotomy

In an attempt (usually successful) to prevent this tracheotomy s being used
increasingly for such injuries combined with measures to stabilize the broken
floating mibs In the first stage of treatment the chest wall should bo steadied by
the application of firm compression Tracheotomy should be done early if thero 1s
any evidence of increasing dyspnoea and coughing.

The benefits of tracheotomy are as follows (1) 1t reduces the dead-space air and
allows tidal air to be better utilized (2) 1t eliminates the resistance offered by the
larynx and upper air passages and the effort of the respiratory movements 1s
greatly lessened (3) 1t allows bronchial toulet by suction to be carried our more
effectively and more often

‘Wheon chest 1njuries are accompanied by head injuries with persisting uncon-
sciousness tracheotomy should be done es carly as possible In trunk injunes m
which the chest, and often the abdominal viscera, are seriously damaged, tracheo-
tomy should be done as & fimst-aid measure when the chest moves paradoxically
when there 1s dyspnoea or cyanosis or when the patient 1s unable to cough up
bronchual mucus

Tracheotomy should now be regarded as a deliberate method of mmntaining &
clear airway and not as & last desperate means of restoring it. This being so the
artificial arrway should be made under operating theatre conditions and only rarely
as & dramatio urgency Most tracheotomues for chest injuries can and should be
done deliborately under general anacsthesia. As soon as tho anacsthetist has pro-
duced light anaesthesa and relaxation (by & relaxant) he passes an intratracheal
tube end ventilates the lung fully by hand or machine The surgeon cen then
carry out the tracheotomy deltberntely using as large a bore tracheotomy tube as
possible to tacilitate bronchial toilet and suction (Fig 61) The addition of
tracheotomy to the care of severo crush injuries of the chest has been the out
standing edvance 1n treatment 1n the last few years The immediate change both
mental and physical 1n the anxious dyspnoerc patient, 18 moro than stnking and
no patient with a closed injury of the chest, however sovere should be allowed to dio
without this measure being carried out

Assisted pentilation with tracheotomy .

Usually tracheotomy alone suffices for(' jents in whom this measure 13
indicated 1 ¢} bilitated patie and 1n patients with assoct
ated cercbral{ | uries where 1 r mecharusm for normal

respiration defectivo r u by relioving the muscular






ABDOMINAL AND CHEST INJURIES

pam must be relieved. Pethidine should be tried before resorting to morphune ¢
Omnopon the sensible relief of pain often aids rather than depresses respirator
efforts The over-anxious patient 1s relieved by carefully given doses of chlorpre
mazine the dangers of this type of drug are well understood today but they can |
used 1f the medical and nursing staff have a sound knowledgo of ther disadvantag
as well a3 their advantages Procaine injected locally often relieves the severs pas
of nb fractures Intravenous procaine may severely lower blood pressure an
should be used with care, particularly when hypotension 1s present.

Stablllzation of the ““flall’’ chest

‘When several ribs have been fractured, there 1s an increasing tendency to rely o
festoring normal active movements rather than to rely on the passive stabilit
provided by strapping or plaster fixation Frequently in compression njuries th
ribs are broken at two sites leaving an area of the chest wall to move paradoxicall
(Fig. 62) This abnormal movement can be checked by direct operative repaur

o
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Fro 62—Types of segmental injury to the thoreacic cage The flosting
segments are m solid black (@) antertor (5) lateral () posterior
(From Proctor and London (1955) by courtesy of the anthors and
British Journal of Surgery )

sometimes re-aligned fragments can be fixed by stout silk or wire sufures passed
through holes dri‘;}Jed on :::Ih s1de of the fracture sites, by the use of mtramedullary
wires or nails, or by lashmg together oblique fractures More popular and perhaps
preferable, 15 the steadyng of the floating sogment by drrect traction (Fig. 63) In
severely 1ll patients this can be achicved sumply under local anacsthesia by enair
cling ong or more of the ribs 1n the unstable segment with towel clips, to each of
which 15 attached a cord and a light weight (3-5 pounds) hanging over a palley
Alternatively strong steel wire protected by polytheno tubing can be placed round
the ribs exposed through a small meiwon Where possible the periosteum s clevated
and the wire placed extrapleurally Traction 1s usually requred for 7-10 days.

These direct methods are frequently associated with the use of tracheotomy and
can be apphed fo patients with bilateral injurses.
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Oxygen at 81 a minute will provide 60 per cent oxygen 1n the alveo;
this is adequate for most patients Oxygen given for any period ow
should be properly moistened this is not a simple problem as bubbli
a bottle of water 1s quite inadequate Efficent humidifiers are nov
and should be used

Carbon-dloxide retentlon

Excess of carbon dioxide in the circulation does not cause cyanosis
due to inadequate oxygenation of the hasmoglobin Recently the seriou
excess carbon dioxide have become widely recognized particularly
bronchitic and emphysematous patients whose pulmonary ventilation
in whom a chest injury or operation carries high risks In the earfy stapes
dioxide retention the sumulation of the respiratory centre and rise
pressure may be deceptive Carbon dioxide continues to accumulate
depresses the respimatory centre Shallow breathing and failing conscio
occur 1n an oxygen tent without the gravity of the situation being apprec:
the colour and pulse may remain good [t 1s the steady lapse mnto coma t
be recognuzed for the need 1s then urgent to make sure that the lungs
properly ventilated. If active measures such as encouraging breal
coughing fail the patient should be intubated oxygen admimistered and 1
dioxide removed by the use of & Water s canuster 1n the arreurt. Trach
often the most efficient method of improving pulmonary ventilation Such
may likewrse save elderly patients with injuries elsewhere than i the chi

Thoracotomy In clviltan chest Injuries

Thoracotomy after injury is most likely to be required to stop bleed
continues to be rarely employed. The low pressure in the pulmonary
system allows collapse of the lung to be effectual in checking bleeding. M
bleeding 1n the pleural cavity comes from the chest wall and 1s treate
asprration of the haemothorax, major surgery being invoked only for thn
caze of clotted or riafected ftermotvorax fin stal wounds or other pe
njurtes the heart and certain vessels may be injured Climcal evidence of ¢
bleeding warraats thoracotomy 1n suspected wounds of the heart and gr
such as the supenior vena cave, mnominate and subclavian vein which h
successfully reptired  Even m the case of stab wounds of the heart itself .
conservative management has an important place. Probably less than 30
of sach wounds require exploration and in some of these the bleeding will
to have stopped spontancously If cardiac tamponade (pallor cyanosis
systemnc blood pressure with poor peripheral pulses and cold fimbs) con
spite of effectual pertcardial aspiration, the heart should be explored D
Cooley and Creech (1955) treated 57 patients with cardiac wounds, 28 ¢
tively and 14 by open surgery The death rate was far higher m thox
surgically but this group included a higher proportion of gravely il paue
the conservatively treated group

If thoracotomy discioses bleeding from a large vessel 1t 1s well to re
that ligation of a pulmonary artery {even the main vessel} will not be foll
gangrene of the lung because the bronchinl artertes provide an adequate
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ABDOMINAL AND CHEST INJURIES

duaphragm has been traversed by the wounding agent. The decision whether to
operate through a thoracic or an abdomunal approach remains a matter of dspute
Laparotomy is usually wiser for penetrating wounds (that 1s, those with a retained
foreign body) which have passed from the chest into the abdomen If however
the surgeon has sufficiently exact evidence of the path of the wound to exclude
injury to abdomunal viscera other than the spleen, liver kidney upper half of
stomach or splenic flexure of the colon & thoracic approach 1s wiser it can be
extended if necessary to open the abdomen. The diaphragm 13 certamnly more
casily repaired from above, and damage to the above mentioned organs can often
be dealt with through the chest the diaphregm being split and subsequently
sutured. If laparotomy only 1s done, great attention must be paid In the post

operative period to thoracic complications such as atelectasis and pleural infection.
Ifanytlung chest complications are fewer after a thoracic incision possibly because
they are anticipated and prevented or treated earlier perhaps because the patent
has been operated on by a chest surgeon who would choose this route for prefer

ence The ciearing of bronchial passages and aspiration of pleural effusions remain
vitally important manoeuvres.

CLOSED THORACO-ABDOMINAL INJURIES

Anatomucal diagnosis is often extremely difficult, but It 15 possible to divide such
inyuries into three main categories from the point of view of their handling

Moderate chest Infuries with a suspicion of an important abdominal leston —1f m it
young patients, a short period of observation has not resolved the diagnostc
doubt, 1t is probably wiser to make an early decision to explore the abdomen. The
chest condition 13 likely to become worse for a time, while the development of any
degres of fleus following a lesion such as retropentonesl haematoma will em-
barrass the chest and increase the risk of surgery should laparotomy be required
after all In clderly patients it 1s sometimes wise to gamble on the abdominal lesion
being one that may not need surgery although with our growing understandmg of
the treatment of the thoracic component, especially by early tracheotomy 1t may
well bo that laparatomy is after all less nsky than hopeful expectancy

Moderately severe chest and abdominal infuries —These requure early and adequate
transfusion, immediate attention to the chest lesion tracheotomy, chest aspiration
and abdomunal exploration as soon as the circulation and Jungs appear to be
functiomng adequately

Severe chest and abdominal infurfes —In the most severe njuries of this type &
further weighty factor emerges All the clements of a thoracic and juxta thorcic
injury which can interfere with the function of the lungs a3 organs for gascous
exchangs can also interfere with the pulmonary circulation (Fig. 64) The left
heart cannot put out what the right heart does not deliver Serious blood loss will
often require replacement but transfusion may produce only temporary improve
ment, followed by venous congestion and pulmonary oedema. The exsanguinated
patient 13 being transfused too fast in relation to the state of the pulmonary
circulation  The only hope lies 1n doing everything possible to improve pulmonsry
function and at the same time carrymg out transfusion Both needs are equally
urgent and one cannot wait on the other

244






ABDOMINAL AND CHEST INJURIES

Adrenal apoplexy

Adrenal apoplexy 1s a relatively common complicatton of severe closed irjuries
to the chest or abdomen and when bilateral 1t 18 2 potential source of ecute
adrenal failure (Sevitt, 1955) A blood clot occupies part or the whole of the
medulla and the cortex 18 stretched around 1t the gland 13 enlarged and distorted
1n 1ts transverse axes and may be 2 cm. or more thick

After chest and abdomunal injuries the condition probably results from crushing
of the gland against the ngid vertebral column. Sevitt (1955) found apoplexy m one
or both glands 1n 25 per cent of 60 patients dying after closed thoracic, ebdomrmal
or pelvic injunes or multiple injuries mvolving the trunk. In most cases the injunes
were 30 sovere that death was not surprising 1n spite of prompt and determuned
treatment but 1n a small minonty the chinico-pathologreal findings suggested that
adrenal failure contributed to or accelerated death. This condition 15 another
possible cause of irreversible shock (see Chapter 2) but only when both glands are
affected so that adrenal failure occurs Even though the cortex may be intact and
secretmg, 1ts hormones cannot pass out through the compressed or disrupted
central vei. Climcally adrenal apoplexy 1s very difficult to diagnose Tests
for adrenocortical hyperactivity such as blood cosinopenia and sodium retention
by the kidney are probably the simplest to carry out. Cortisone therapy may be
worthwhile in patients with thoraco-abdominal trauma who collapse unexpectedly
but causes other than possible adrenal failure from apoplexy should be excluded
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CHAPTER 16
VENOUS THROMBOSIS AND PULMONARY EMBOLISM

S. Swviir

ThE DrAMA of sudden death from pulmonary embolism after injury, operatson or
childbirth s well known and pulmonary embolism has become increasingly re
cognszed as o cormmon cause of iness and death cven s vanous medical conditions
particularly after coronary thrombosis and in other heart diseasc In accident
surgery pulmonary embolsm s quite common especially In middle aged and
clderly people it was found in 20 per cent of sutopsies on injured patients in the
Birmingham Accident Hosputal (see Table) This 1s 2 much higher incidence than
15 generally thought and since 1t 15 a major problem it requires major con
aideration and action in any centre concerned wath the treatment of acoidents
partreulasly as effictent anticoagulant drugs are now available for prophy laxis.

TABLE

FREQUENCY OF PULMONARY EMBOLISA AT AUTOPSY IN INJURED AND BURNED
PATIENTS AT THE BIRMINGHAM ACCIDENT HOSPITAL

Embolism wer the case of death in 85 of the 103 patients affected

Number witk | Percentage »ith
Moin injary Total cases P:nMLm ’::bdivn
Fractimed neck of fermur 110
Other fractores of femur 17 53 g
Fractured tibla and fibuta 5 55
Frl%urfd v;sa(g abso with frectured
il injury] 40 11
Abdomins} 72 4 T5’5
Head and tharscic Lnjuries (3 abko with
H;tadomlm}mds pelvic injuries) !;;S 1 22
lnjury 3 46
Fractured spine 21 3 14
Moceflancous travma 1 3 b4
Totad infured patients 457 b 205
Burm 158 ] 56

. DEEP VEIN THROMBOSIS
Embolism follows the 1 \} dent of detach of thrombi s

n the lower
vestous tree recent thrombi are attached to the walls of veins only at ifurcations

and valve cusps and float almont fi
P i mrff‘,y}." the blood stream The thrombotic process

(5 tory so that the distinction between
so-called thrombophlebitis and phlebothrombosus made on clinkal grounds 1s not
Justfied. Antibiotics have no effect on thrombophichitie  symptoms and histology
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YENOUS THROMBOSIS AND PULMONARY EMBOLISM

shows that fresh thrombi are lard down on normal endothelium Thrombosis 15
usually a silent process and only a minonty of cases show clinical effects

Sites of thrombosis

There have been two conflicting views as to the sites of ongm of thromby. The
conclusion that thrombi always ongnate 1n the calf vems 1s based on the clinical
finding that symptoms of venous thrombosts, particularly limb swelling and pain,
commence m the calf On the other hand the iliofemoral concept of primary throm
bosis (Aschoff 1924) 11 based on vem dissections at autopsy on patients with
clinical thrombosis. These conclusions have now been resolved by analysis of the
results of vern dissections 1n cases reaching autopsy with or without clinical evidence
of thrombosis (see Frykholm 1940 Gibbs 1957 also Sewitt, unpublished
observations)

! Evterreal deau 4 Popicteat
2 Comamen forersl § Asstvrrer biweis
3 Frefunde femersl § Loirwt
1 '
.
2 é‘\ G, Fic 65 —Duagrammatic outline of the

4 * lower venous tree showing the main
primary sites of deep vein thrombosis.
Theso are independent of each other
although freqoently thrombr are pres
- ent m a number of them.

Our own autopsy studies of the sites and distribution of venous thrombosis have
shown that there are six common but independent sites of promary thromboss,
four in the iliofemoral popliteal channel and mam femoral tributanies and two 1n
the leg vems (Fig. 65) These are (1) the thac vemn generally the external ihac just
above the mgmnal higament, (2) the common femoral vem, including the mouths
of the medial and lateral crreumflex veins, (3) the termmmation of the deep
femornl ven, (4) the popliteal vem, (5) the postenior tibial veins, and (6) the mtra
muscular vems of the calf particularly the soleal veins This conclusion is derrved
from the various patterns of thrombosss which may be found (Fig. 66) Thromb:
are often present mn veins of the calf and absent m thigh vems and cice cersa
thigh vetn thromboss can be restricted to the commeon femoral vein 1n some Iimbs
and to the deep femoral or popliteal veins in others thrombosis in the external iliac
vein may or may not be assocrated with thrombosis 1n the common femoral vemn
whilst thrombosis 1n the soleal and posterior tibial veins can be associated or inde
pendent Thromb: are most frequent 1n the deep calf veins (75 per cent of cascs
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Fia 66 —Dragrams of the sites of deep veln thrombosis found at autopsy
in the lower Limbs of Injured patients Cases 1-4 are selected to demon-
strate the independence of thromboss In the six main primary sites
(xee Fig. 65) Note particulardy that thrombi in vanous thigh velns form
independently of thrombl In leg veins and ciee rersa Cascs 5 and 6 show
unilateral and bilateral contimuous thrombosis from the illofemoral to
the postenior tiblal veims Thrombosts of the superficial femoral vein
ocours after venous blockage at a higher level and rarely from upward
Propigation from thrombosls In the popliteal or posterior tiblal velns.
The patterns of thrombosis vary contiderably 1n different patients.
&m the pattern found in one Umb 1s often different from that in
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with thrombosis) are common but not quite so frequent in the ihofemor
and mam tnbutarses and are less common 1 the pophteal vein. Althou
dual thrombi separate from those in other veins can be found in the fliac
femoral deep femoral medial and lateral aircumflex pophiteal posterior
soleal veins, they are rare in the superficial femoral vein When the Iatter
bosed the thrombosis 1s continuous from the common femoral to the
vewn and often to the postenior tiblal veins This occurs in a minority of ct
usually the result of obstructive thrombosis 1n the common femoral ve
higher level and rarely of upward propagation of thrombus from the p
calf veins Similarly 2 long contmuous thrombus in the deep femoral ve
obstruction at 1ts mouth

Propagation of thrombi m the direction of the venous flow does occu
generally limited in extent and its role has been exaggerated Occasion
ever it 15 extensive and thrombus may extend for example, from the
femoral or ihac vein 1nto the infertor vena cava.

Thrombosts is bilateral in about two-thirds of the cases with thrombi a
but the pattern 1n one Limb 13 often different from that in the other (Fig

Frequency

Estimates of the mcidence of venous thrombosis among medical anc
autopsies range from 44 to 60 per cent (Gibbs, 1957 Hunter and his «
1945 Neumann, 1938) In our own series of autopsies on injured patients
were found 1n 60 per cent of cases without evidence of pulmonary embo
total frequency would be even higher 3f cases with pulmonary embol
ncluded

The clinical evidence depends on watchfulness and critera of diagnosu
cidence of chimucal thrombosis s higher than s generally believed bat 1t
fraction of that seen at autopsy Clintcal thrombosts was reported n 12-1¢
of patients with iurses to the legs (Bauer 1946 Aunn and Herrmann IS
own observations have shown clmical thrombosis 1n ebout 1 m 4 eldedy
with a fracture of the hip whilst autopsy dissections revealed thrombosts
than 75 per cent of the cases. This evidence indcates that only about one
those patients with thrombosis who survived developed clinscal signs of thr
because a similar chinical 1ncidence was found in survivors and in those w
Thus, thromboss 15 a silent process in the majonty of cases and this exp:
numerous cases of pulmonary embolism unheralded by leg swelling or ¢
below)

Age survical period and bed rest

The frequency of thromboszs as found at autopsy increases with duruo
rest and advancing age. The great majonty (75 per cent) of injured patier
60 years of age die with thrombo#is 1n the Jower venous tree the frequenc:
gressively less in younger age groups but even mn those under 15 years of
ot unimportant (30 per cent of cases) The frequency increases rapidly du
first week nfter myury and thrombosts 1s found 1n 70-50 per cent of jnjured
dying after thus. The risk of thrombosis 15 particularly high 1o elderly patic
survive a week or Jonger end 1s less frequent 1n those under 50 years of age
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rtant in choosing the groups of patlents for routine prophylaxts with anti
lct‘ap:ulun:l drugs (sce t%cla“) Nevertheless the risk of thrombosis within 7 days or
ven within 3 days of injury is not neglipible particularly in the clderly

Aature of Infury

Although 1t {2 often supposed that injury to a lower limb predisposcs to throm
bonis, nnatyats of the frequency in injured cases reaching autapey does not support
this The nature of the injury does not directly alfect the frequency of thrombosis
but s Influence 13 ndirest Tor example patients with injury to the head or head
and chest are leas likely (23 per cent of cases) to have venous thrombous discovered
by autopsy because many are young and moat of those who dic succumb within a
few days of myury On the other hand venous thrombosis is usually found at
nutopsy in 80-90 per cent of cases with o fractured neck of femur because most of
them are elderly and survive more than a week Studies in clderly medieal patients
who had been 1 bed a week or longer before death have also shown a high Inci
dence of venous thrombosis at autopsy and this supports the conclusion that the
location of injury or operation plays hittle direct role in thrombosis

Side of injury and thrombosls

When ¢linical thrombosis occurs tn a patient with an injury to one lower limb it
18 usually on the same side because of this injury is said to increase the bkelihood
of thrombosis in the affected limb Our autopsy studies of a series of patients with
a fractured femur or tibia showing venous thrombosis at autopsy do not support
this contention Thrombosis was generally bilateral (72 per cent of cases) and in the
umlateral cases thrombosis was as common in the uninjured as in the tnjured hmb
The undoubted clinical assocuation of side of injury and thrombosis requires an
explanation Two otber influences are at work Sometimes the thrombosis 13 more
extensive on the injured side but 1n other cases this explanation witl not suffice and
immobilization of the limb may be responsible This, when combined with bed
rest, probably reduces venous drainage and predisposes to swelling when venous
thrombowis is present It may be that the prolonged swelling of a fractured leg
which is not infrequent s often the result of deep vein thrombosis This may be at

first confused with the residuc of swelling from the acute injury or later hidden ina
plaster cast

Actlology

Advuncing age, lack of movement and duration of bed rest ace above ol the most
important predisposing factors, each increasing the hikelihood of venous stasis The
veins of the lower limbs depend for their emptying on muscle contraction those of
the eldesly confined 1o bed will fitl and the blood will tend to become stagnant Thus
1 facilitated by the increase with age In tortuosity diameter and number of the
intramuscular veins, particularly those of the soleus muscle The common denomi
nator of venous thrombosis in obstetrical surgical traumatic and medical cases is
venous stavis and bed rest plays the major role the reason for the confinement to
bed 1s less important

The hacmatology of thromboss cannot be considered here except to sa
fibrin thrombi extend from minute platelet foct deposited at vnfcvcr; and j{xr::fi:):xllc
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the extension depends on an interplay of thrombogenic, antithrombogenic and
fibrmolytic activity Fibrinolysis 1s important 10 removing thrombi but its effect 1
lumited by extensive thrombosis and venous obstruction organization from the
wall of the vein may then occur There 1s evidence that many thromb: disappear
spontancously and that this 15 accelerated 1 patients undergoing anticoagulant
therapy The latter antagonizes thrombogenes:s but not fibrinolyss.

Anatomleal factors

Anatomical factors decide where platelet foct are inmally deposited, where the
thromb: begin to form and the sites from which they extend.

The soleal veins are commonly 1nvolved because they become distended i the
honizontal position in bed  stagnant thrombosts s facilitated by their shape, course
and size—they form a number of intramuscular arcades which ncrease 1n width
and number with advancing age (Gibbs, 1957) Posterior tibial vein thrombosis 1s
possibly encouraged by the relationship of the vein to the upper edge of the soleus
muscle deep to which 1t crosses Thrombosrs n the popliteal ven is related to the
adductor opening by which the vein may be compressed from the bulk of overlying
muscle Profunda femoral vein thrombosis commences at the termination of the
vem or at the valve guarding the ostrum because of the eddying of a stagnant flow
Thrombosis in the common femoral vein 1s facilitated by the ingumnal higament
which may compress the vewn and produce a pool of stagnant blood particulary
when the thighs are flexed on the trunk as in Fowler’s posion. Eddymg of the
slowed flow at the valves and junctions of the medial and lateral arcumflex vemns
and other tributaries mmitiates local thrombi Eddymg probably initiates thrombosis
1n the external 1hac veins just above the inguinal igament when the body 1s hor-
zontal there 1s an acute weir Iike change in direchion of the slowed column of blood
Thrombosis 13 somewhat more common 1n the left ihac vein because the left com
mon 1liac vem 1s crossed and probably compressed by the ongin of the right com-
mon 1hac artery (Aschofl 1924)

Clinical diagnosis

The diagnosis of decp vein thrombosis need not be elaborated here except to say
that pam or tightness are carly symptoms but are often absent that unilateral
swelling of the imb particularly the calf 13 the most reliable sign and that pam on
pressure m the calf or along the course of the vein or on dorsiflexion of the foot 13
commonly absent. Swelling 13 a sign of venous obstruction often of the femoral
or popliteal veins, but 1s relatively uncommon because of the extensive venous
anastomoses. Correlation of climical with autopsy findings indteates that 1n about
two-thirds of patients and about threc-quarters of the imbs venous thrombosis 15
symptom-free even to the most careful observer Bauer (1946) reported that phle-
bography was of great help i early diagnosis and suggested that 1t should be
carned out whenever thrombosis or embolism 1s suspected It too has its lumitations
because failure to demonstrate & ven may be due to technical reasons as well as
thrombosis. Most 1mportant perhaps 13 the relative nability to demonstrate the
ilnc and common-femornl channels after the usual ijection of contrast medium
mnto & foot vem
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PULMONARY EMBOLISM

Detachment of thrombus Is often associated with sudden movement effort or
stress of which straining at stool 1s the classic example Surgeons are not unfamiliar
with collapse and death from embolism during manipulative reduction of a fractured
femur or tibia Fatal embolism sometimes follows active or passive movement of the
Jower limbs 1n bed transfer from bed to chair or rice rersa turning of the patient
from one side to another and ordinary ambulation Detachment of thrombus and
a sudden increase in venous flow both appear to be necessary for embolism to

occur

Analysis of the embolic cpisodes 1n 103 of our paticnts has shown that the fre-
quency rises steeply duning the first week, reaches its maximum dunng the second
week and thereafter declines, slowly at first and then more quickly A few episodes
occur in the first 4 days whilst about half of them take place between 5 and 14 days
after wnjury 20 per cent oceur In the third week and 10 per cent in the fourth week
After o month embolism 18 less frequent because the thrombi have lysed or are
becoming organized to the venous walls Fresh thrombi often a result of conse
quential bed rest arc responsible for the 20 per cent of embolic attacks which oceur
durmng the second third and oceasionally the fourth months after trauma.

Morbld anatomy

Anatomical classification of emboli is of some importance because the outcome
depends to a large extent on the length, diameter and number of thrombi which
become detached and carried to the heart and lungs. Thrs 1s not to underestimate
the reaction of the pulmonary arterial tree or of the heart to sudden blockage
of a pulmonary vessel but this cannot be contidered here.

Fatal emboli

Fatal embol: fall into two main groups, large wide-calibre embol and mutuple
fine narrow emboll

Large wide-calibre embolus —This is about 1-1 5 em 1n diameter and penerally
10-30 cm [ong, but the length varies considerably Sometimes 1t 15 as short as
Sem or even ay long as 40 cm The long thromb: are often bent or coiled or broken
up 1nto a number of shorter embol: duning their passage through the heart They
are often found straddlmg the bifurcation of the pulmonary artery or blocking one
or both main arteries at the hila of the lungs Sometimes the hilar vessels are empty
and one, two or more pnmary intrapulmonary branches are blocked. In some cases
& ungle shorter embolus 1t found blocking a main branch in one lung. About
70 per cent of fatal embol fall into this group Death 15 usually sudden but some
patients dic after gradual detenoration or scute congestive cardiac falure {(see
below) Infarction 18 unusual even 1n patlents who survive hours or days Some
patients survive the massive embolism only to succumb later to cor pulmonale

Multiple fine narrow thrombi —These are 2-4 mm 1n duameter and generally
each 1-3 cm. long they are found within small branches of the pulmonary arteries
1n both lungs towards the periphery and in central branches This shower of em
bol is responsible for about 20 per cent of cases of fatal embolism. Sudden collapse

2nd death may occur but usuall
tion over dayx y death 1s preceded by sudden or gradual deteriora
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Non-fatal emboli

Non-fatal embol: are also of two kinds and evidence of previous episodes 1 not
uncommonly found at autopsy (1) & short piece of a large-bore thrombus blocks a
large wntrapulmonary artery hacmorrhagic wfarction may or may not be found
(2) a few finecalibre thrombi are lodged centrally or penipherally wathin the lungs.
Infarction 1s absent and the embolism 1s apparently silent and wathout clinreal
significance  however the possibility of a relationship to subsequent pneumonsc
foct has been raised.

Secondary thrombosis

Secondary thrombosts 1s not uncommon particularly with large-calibre embolt
The thrombosis may extend distally from the embolus i the blocked artery like
branches of a tree occasionally growth by central propagation of the embolus 1
seen Thrombosis usually occurs when death 1s delayed then the volume of the
pulmonary artenial tree cut off from the heart 13 increased and, 1 those patients
balancing between life and death the likelihood of a fatal outcome 1s augmented
Prevention of secondary thrombosis 15 the basis of urgent intravenous heparin
therapy Thus should be grven without hesitatron even though it antagomzes or
mhibits the action of plasma fbrinolysin (plasmin)

Origin of the embol

Post mortern dissection indicates that the majonty of fatal emboli come from
thrombi 1n an iliac or femoral ven (Aschofl 1924 Gibbs, 1957 Leniche, 1546
Vance, 1934 and the author s unpublished observations) and not from the calf
veins as 1t believed by many clmicians. This 13 notwithstanding the fact that
thromboss of the calf veins 1s more frequent Large calibre and long total length
indicate a large-vein origm whalst the appearance of an empty iliofemorsl vemn 1
one lunb with thofemoral thrombosie in the other argues i favour of the former
as the ongin. The tliofernoral thrombus may be separate, and unrelated to calf
vein thrombs  sometimes the latter are absent Multiple small embol often come
from the calf vems but sometimes when the popliteal or femoral veins are found
thrombosed, small thigh vewn thrombi must have been responsible Rarely the
embolus comes from a thrombosed infenior vena cava.

Contrary to the general belief that the embol: always onginate from limbs
showing clintcal thrombosis and from njured himbs our data show that the tho-
femoral veins of the ijured and urunjured limbs are equally likely to be the source
of fatal embolism whether or not there is chnreal thrombosrs in the iyured mb

Clinlical syndromes

A chinreal diagnous of embolism has not been made m many nstances where
embolism 13 discovered at autopsy and therefore the clinical incadence underestt
mates the real frequency Embolum 13 often unsuspected because the varfety of
clmnreal pictures s not generally appreciated  Chintcopathological correlation has

evaluated a number of syndromes a3 follows
Sudden collapse and death

Sudden collapse and death within minutes or one or two hours 13 the best known
picture Someumes death 1s delayed for 24-48 hours after collapse and it 15 1n these
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cases that the diagnosts is often missed, this fs parucularly regrettable becnuse
death might be avoided by urgent heparin therapy to prevent secondary throm

bosis. Sudden collnpse occurs in the majority (about 70 per cent) of cascs of fatal
embohsm The chneal state compnises features of acute asphyxsa or acute * shock™
or a vanable mixture of thesr symptoms and signs. Acute paln in the chest is some

times present and may lead to an erroncous dingnoss of coronary occlusion In
most cases (80 per cent) the syndrome results from large-calibre bifurcation or
hilar emboli but i a minonity (about 10 per cent) multiple thin emboli tn major or
peripheral branches of the pulmonary artenes are responsible

Infarction

The ciasscal symptoms of infarcion sudden onsct of pain in the chest with
dyspnoea, cough and hacmoptysts followed by signs of consolidation and a pleural
rub are relatively uncommon and arc rarely fatal A partial syndrome of chest
pain, dyspnoen and cyanoss lasting 1-3 days is more usual

Preumonic symdrome

A prcture ike pneumonia is more usual than the farction syndrome Dyspnoca,
tachyeardia, pyrexia and vanable signs in the chest often suggest bronchopneu

moma but the patient fmks to respond to antibiotics and improves with antricoagu-
lant therapy

Abscess formation

Sometimes pneumonia develops around an ifarcted arca of lung and the atter
may break down to form an abscess Pyrenia resprratory symptoms and penerat
Miness may be prolonged and the patent succumbs tor pulmonary mlection

septicacmua or a second embolic attack. Both antibiotic and anticoagulant therapy
are required

Grodual deterioration and death

The patient gruduslly detenorates and death finally occurs from broncho-
pneumoruz or cardiac falure Embolism s rarely dingnosed Thus prcture 15 not
uncommon in elderly patients and had occurred in 20-25 per cent of our cases m
whom a fatal embolism was found at autopsy large-calibre emboli 1n Jarpe or main

pulmonary arterres were found in about one half and multple tmall embols 1n the
remamder

Aciae congestice cardine faflure

Acute congestive cardiac failure occasionatly dommates the tcture and death
ocCunt & week or twqxl‘u:r Blockage of oncyor more large blr)-nnchcs 1] usdunny
:n D m;‘;chhcl P y of pul ry embolism should always be connidered
\wgarcduq:ot;\m 7.;\“\3 congestive farlure while confined to bed or after manipoia
e tl:n(; fractured femur or tibm or other suspicious clrcumstances
bveat gen Dr;t;:loréguidtlnt;lcongulam therapy (heparin followed by phenin
ey th:n‘bemwmdcd, 0 thrombotic extensson of the arterial obstruction
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Chronic pulmonary hypertension and cor bovinum have recently become re
cogruzed as sequelae of pulmonary embolism The pulmonary arteries become
thickened and narrowed through fibrous inclusion of the embols

Acute hypotension possibly with renal failure

In some cases an cpisode of hypotension lasting 12-24 hours or longer occurs
for no apparent reason and coronary thrombosis may be diagnosed. Rena! function
may be affected and the blood urea may rise rapidly to 200 mg per 100 ml or more
this may or may not be assoctated with oliguna (see Chapter 7) Autopsy reveals
one or more major emboli within major branches of the pulmonary artenes often
with large areas of infarction sometimes this has become infected and broken
down to abscesses. The possibility of pulmonary embolism 1n cases of un
explamned hypotension or renal farlure developing days or weeks after confinement
to bed should be considered because anticoagulant therapy s urgently needed.

Frequency of embolism

Pulmonary embolism ts important tn the deaths of many injured patients as well
as many medical and surgical subjects It was found 1n 20 per cent of autopstes on
1njured paticnts in the Birmingham Accident Hospital and 1n 15 per cent 1t was the
cause of death (see Table) This corresponds to 0-7 per cent of patients admutted
for more than 24-48 hours. The true frequency 15 higher because the figures exclnde
cases not reaching autopsy and clmical cases among survivors The total inaadence
1s certarnly more than 2 per cent and the fatal incidence about 1 per cent of the
patients adm:tted

The literature concerned with the frequency of pulmonary embolism after wjury
11 [rmted but also indicates that the risk 1s high It must be noted that the autopsy
frequency depends on the vigilance and technique of the observer McCartney
(1934) found embolism 1n 3 8 per cent of 1 647 autopsies performed on patients
with muscellancous trauma whilst Hamilton and Angevine (1946) found 1t 1n 6 per
cent of 1 065 rutopsies on battle casualties, many with mjuries m the lower Limbs.

The frequency among medical and surgical autopajes 1s also lugh  the figures range
from 2 6 per cent (McCartney 1934) 6 per cent (Cohn and Walsh, 1946) 9-14 per cent
(Belt, 1934 Gibbs, 1957 Hampton and Castleroan 1940), 17 per cent (Hunter and his
colleagues. 1945) to 23 per cemt in a chronjc sickness institution (Moran, 1947)

bolism 1s a common ph and cause of death

It 15 clear that pulmonary
1n all kmds of patients, medical surgical and traumatic.

The frequencies based on clmical errtena are underestumates and are not com-
parable to those based on autopsy figures In non-traumatic—that 15 medcal
surgical and obstetric—paticnts, the published figures vary considerably ranging
from 1 1n 150 to 1 m 3 000 cases of fatal embolism among the patients at risk

Bauver s (1946) summary of recorded fatal embolism was 0-26 per cont after surgical
operations, 04 per cent in medical cates and 0033 per cent after parturition Other
figures, mamly from large serics of surgrcal cases are 0-085-0 14 per cent (Kastoer and
Struth, 1954) 0-19 per cent (Jorpes, 1947) 0-24 per cent (Wise, Loker and Brambel 1949)
and 0-7 per cent (Barker and his colleagues, 1945), (see also Zilliscus, 1946 Gjores, 1956)
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cent of cases following partuntion The true meidence 1s higher because embolism
18 often diagnosed oaly at autopsy Pulmonary embolsm occurred 1n 30 per cent
of our patients with untreated clinical thrombosts following a fractured hip The
nisk was about 3 times greater than 1n similar cases wathont clinical thrombosts, the
great majonty of whom probably had silent thrombosis about 10 per cent of them
developed embolism. Most emboli nevertheless come from clinreally silent limbs
and about half the cases are not preceded by any clinical evidence of thrombosss.

TREATMENT
Venous thrombosls
Anticoagulant therapy 1 aimed at the prevention of further thromboss and em-
bolism When carned out effictently it reduces the high risk of pulmonary embolism
by 80-95 per cent 1t also reduces the morbidity of persistent leg swelling and pain
although this depends on how carly treatment 18 begun (Ball and Hughes, 1946
Bauer 1946 Marks, Truscott and Withycombe 1954) Therapy by antiprothrom
bin drugs like ethyl biscoumacetate and phenindione is now well established. These
drugs are eflective and switable and have replaced dicoumarol trentment, which was
difficult to control By 24-36 hours the prothrombin activity of the plasma 13 re-
duced to a level at which further thrombosis 15 unhkely Dosage is affected by
salicylates and by tetracycline and other antibiotres the use of which should be
avolded if possible Elderly patients need only one-quarter to one half the mam-
tenance dose for younger adults. Therapy 13 controlled by estiumations of the
‘prothrombin actrvity’ of the plasma, dmly for the first 3 days and then 2 or 3
tumes a week to steer a course between ineflfective and hazardous (risk of bleeding)
dosage Dosage s aimed at prolonging the prothrombin time to between 24 and
3 times normal this 13 equivalent to maintaing a prothrombimn actvity” level
between 10 and 30 per cent of normal Some workers (Marks, Truscott and Withy
combe, 1954) advocate heparn for 24 hours as well as the antiprothrombin drug
because it seems to reduce the duration of Jeg pan and the average stay in bed.
1t 13 now customary to encourdge active excrcises 1n bed as soon as pain 13 re-

lieved and to allow the patient up usually withut 8 week of commencing therapy
when the leg 1s no longer tender provided other conditions permut. Anticoagulont
therapy 18 continued while the patient 1s 1n bed and for a week or longer after that.
There 15 no doubt that the binatron of anticoagulant therapy and early ambula
tion has been followed by a great improvement tn mortality and morbidity although
theoretically the Limbs should be kept sl for at least 2-3 weeks until the rendual
thrombi are becoming fibrosed to the vens The ability to permui early movement
and ambulation without appreciable danger 1s difficult to explain 1t may be related
to the unopposed and possibly mcreased fibnnolytc activity of the plasma of
patients undergomg anticoagulant therapy Thrombogenesis 11 the blood 15 1
hibited but not fibrinolysts so that thrombi wiich are non-obstroctrve mught
disappear therr surface 18 continuously exposed fo a column of flowing blood with
fibrtnotytic activity Thus possibility requires investigation.

Polmonary embolism
Intravenous heparin therapy 1s urgently indicated as soon as the diagnos:s 13
suspected and should be grven aither internmttently or preferably by continuous
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dnp for 2448 hours Dosage should be sufficient to double or treble the whole
blood clotting time Phenendione or other sutable antiprothrombin drug should be
simultancously given  hepanin may be discontinued when the plasma prothromin
Ferel has been adequately reduced

The herose Trendelenburg operation is rarcly performed and very few successful
cases have been reported  With sdequate blood transfusion subsequent antibiotic
therapy and modern techmques it shoutd probably be carried out more frequently
n suitable cases The surpeon is often reluctant to open the chest and pulmonary
artery because he cannot foresce whether sudden collapse from embolism will result
in death or spontancous recovery Speed 1s cssential and perhaps the most suitable
opportunnty is when collapse during an operation or mampulanon 1s suspecied 1o
be due to pulmonary embolism In these circumstances the personnct and mstru
ments required are tikely to be immedtately avatlable
Veln Tigtion

The enthussasm of a few years ago far femoral vern higation in cettam centres in
the United States of Amenica has abated and now that the dust has settled thisas
not difficult 10 understand Superficial femorl vein ligation has a protective value
sgunst pulmonary embolism winlst the price pagd, o relatively tugh incadence of
undesirable local sequelae, particularly chronic limb swelling, is high (Lillie Buxton
and Dufl, 1949 Sulagys and Alsop, 1949) Protection 1s incomplete because une
{ateral hgation cannot prevent detachment of a sslent thrombus from the other imb
whilst bilateral hgation below the deep femorad veins cannot protect against de-
tachment of a thrombus from the 1hiac or common femoral vewns Even if all chinicat
cases of thrombosis were fully protected, many instances of pulmonary embolisa
unheralded by chinical thrombosss would still occur  Although anticoagulnnt
thernpy 15 the treatment of choice ven ligation may be necessary in certamn cir
curnstances Birlateral kigation should be considered when drug therapy 1s contea
mdicated for example, in patrents with peptic ulcer or 1n the rare event of farlure to

prevent pulmonary embolism  particulardy when the attacks are repeated. Cavat
hgation might then be necessary

Prophylactic tein ligation

Prophylactre vein Iigation has been advocated in paticnts susceptible to venous
thrombosis because of age, mjury or disease (Allen Linton and Donaldson 1947)
These avthors higated both superfical femaral veins of elderly pauents wath
fractured hips and 1o case of fatal embalism ocourred The advent of safe, omlly

administered antcoagulant drugs has mad
ool gx has e prophylactic vein ligation almost

PROPHYLACTIC TREATMENT

Measures mtended to prevent venous thrombosis and hence puimonary embolism

Are cherawe movements and easly ambulation to reduce venous staus and the
ation of anticoagul drugs

Exercise, movement aod early ambalation

Exercises and movement in bed are necessary  especially 1o muddie-aged and
29
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clderly people, to prevent inertia and immobility after 1njury or operation  Foot
movements should be encouraged to exercise the mportant soleus muscle not
merely wiggling of the toes, which has Iittle effect Certain practices Iike taut sheets
and mnstructions to the patient to be still should be forbidden Fowler s position
should be prohibited at least for prolonged periods becguse 1t aggravates venous
stasis below the inguinal ligament and 1n the dependent soleus muscle Pillows uader
the knees are said to be harmful because pressure and knee flexion can reduce the
flow through the popliteal veins. There is no easy rule to the prevention of venous
stasis by exercises and movement mobility 1n bed frequent (half hourly at least)
changes i position, passive and active exercises all play a part.

The problems are accentuated 1n the field of trauma, particularly in pattents
necessanly confined to bed, and are further aggravated through restnctions 1m
posed by immobilization of a Jower himb 1n a splint or plaster cast and 1n patients
of advancing age perhaps with chronic diseases Itke congestive heart failure
hypertension emphysema or senility Early operation and early mobulity are par
ticularly indicated in elderly injured patients but unfortunately are often difficult
or impossible to carry out. Nevertheless certan operations like pinning or natling
of fractured hips should be done almost as emergency procedures and within
24 hours of the injury so that the patients may quickly begin active and passive
exercises and ambulation. Ambulation, of course, means walking and not merely
early Iifing out of bed on to a chair with the patient s legs hanging down but
1mmobile

Early post-operative ambulation has had some success but its advantages are
Itmited by the not infrequent onset of venous thrombosis within & few days of
confinement to bed Thrombosis may also have already developed through bed
rest before admrssion to hospitel If thrombosis has not occurred, ambulation may
prevent 1t but if thrombosis 1s present sudden activity may produce embolism The
clirucian 15 1n a dilernma because most cases of thrombosis are silent, particularly
at this stage and those patients at risk of embolism cannot be distinguished. Hunter
and hus colleagues (1945) found thrombosis at autopsy i 18 per cent of patrents
gIven cxercises Aganst venous stesis compared with 53 per cent among concurrent
cases not exercrsed and non-ambulatory Nevertheless many surgeons have been
disappointed 1n early post-operative nsing and prophylactic exercises (Blodgett and
Beattie 1946 Powers, 1949 McCann, 1950) which did not appear to influence the
annual rate of clinical thrombosis or embolism

Anticoagulant dnigs ¢ ol

Altho anticoagulant therapy greatly reduces the incrdence of pulmonary
cmbohs;ggmong pattents with clinical thrombosis the large number of embeolic
attacks 1 patients with silent thrombosts will still occur Marks Truseott and
Withycombe (1954) treated over 1 000 cases of venous thrombosis with 2 mortality
from embolism of only 0-2-0-5 per cent but found that the annual madence of fatal
embolwm m the hospital was unafiected. Therr expenence may be unusual but
probably more than 50 per cent of cases of fatal embolism are unheralded by leg

n or swelling

memphyluu: with gnticoagulant drugs offers the best chance of greatly reducing
the incidence of venous thrombosis and pulmonary embolism Prophylaxis means
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prothrombin tests daily for the first 3 days and then 2-3 times a week and, in these
clderly patients a relatively low dosage of 25-75 mg daily was usually sufficient to
maintam an cffectively low prothrombin actmvity of the plasma Pherundione was
contmued during the pertod of bed rest and afterwards until the patient was makmg
satisfactory progress on crutches the perniod varied in different patients but was
often 4-6 weeks occasionally 8-12 weeks When necessary drug therapy was
continued after discharge under domuciliary control of plasma prothrombm
acuvity The patents were followed up for a period of 3—4 months Most of those
who died 1n hospital or at home were submutted to necropsy and the pulmonary
arteries and the major veins of the thighs and legs were fully dissected. Thus part of
the investsgation 1s novel and 15 considered particularly important
The results are very encouraging. No case of embolism occurred among
150 patients under the nfluence of phemndione compared with an incidence of
97 per cent of fatal embolism and 13 6 per cent of total embolism among the
154 patients m the control senes. There were 45 deaths (29 per cent) in the control
senes and 25 (16+6 per cent) 1n the tnal senes The two cases of fatal embolism and
the one of incidental embolism 1n the phemndione group occurred afier therapy was
stopped  this raised the difficult problem of when to stop prophylaxis n elderly
1nactrve patients Clinical venous thrombosts occurred 1n 27 per eent of the control
senes and 1n 2 7 per cent of the trin! series Sigmficant thrombosis at autopsy was
found n 30 out of 38 control cases studied but only in 3 of the 21 m the phemindione
senies examined—the ones with pulmonary embolism found at autopsy who had
died after the cessation of prophylaxis In most cases the whole lower venous tree
was completely free of thrombi Our evidence indicates that phenindione effectively
prevents thrombosis 1n verns and elmunates the nisk of pulmonary embolism in
patients under its influence. Further work 13 necessary to define the indreations and
contra indications to prophylaxis and to stnke the balance between the indus-
crimunate admimstration of phenmdione to every patient admutted with an mjury
and its restriction to narrow selected groups Prophylactic protection should be
given to those particularly at risk thatis those over 50 years of age about to under
go a pertod of bed rest for longer than 2-3 days and 1n whom anticoagulant therapy
1s not otherwise contra indicated This would include all mxddle-aged and ciderly
patients with a fractured femur or tibia and posstbly most of those with 2 fractured
pelvis This policy should reduce the incidence of fatal embolism wn the Birmingham
Accident Hospital by 80-90 per cent The drug should be continued until at least
1 week efter the patient 1s reasonably mobile and ambulant Therapy should be
controlled centrally by the hospital laboratory by repeated prothrombm estima
tions usimg Quick’s or another suitable method This means the settmg up of an
orgamzed and properly staffed antrcoagulant umt within the laboratory Major
contra indications are a history of recent hacmatemesis or peptic ulceration and the
presence of a hacmorrhagic diathesis. Chronic renal or hepatic disease arc not
considered contra-indications but less drug, more care and more frequent pro-
thrombin estimations are needed Cercbral contusion or recent injury to the spine
are probably contra indications because of the spectal dangers of a small amount
of hacmorrhage These and other problems such as the risk of or freedom from
excesstve haemorrhage dunng and after different kinds of operations have to be

worked out through further expenience
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CHAPTER 17
MENINGITIS AFTER HEAD INJURY

S Sevirt

Tis chapter 15 concerned with menngitis after en a ntly closed head
m the absence of an obvious compound {rncturep}:mpcr{ctmting wow::iuuz
fracture 13 compound however when 1t mvolves one or more of the paranasal
sinuses the enbnform plate of the ethmoid bone or less commonly the petrous
temporal bone and the middle car and permits penetration of the nasopharynges!
bactenal flora. Most eases are pneumococeal and are amenable to chemotherapy
s0 that it 1s important to recognize the complication early and treat jt vigorously
the price of fadure is usually death. Before the antibiotic era few patients survived
and those who did generally had serous sequelae like blindness deafness or mental
retardation Now with early disgnosis and energetic therapy the majonty survive
and few have residual symptoms

The condition is not common but tius only partly explains the curfous defect in
medical teaching which allows many experienced practitioners as well a3 newly
qualified doctors to be unaware of the hazard Meningitis should be considered as
a potsible cause for unusual symptoms or unexpected fliness in a patient with
a recent fiead injury especlally to the frontal area or the face otherwise the
diagnosis will be made late or at autopsy This 1s particularly unfortunate as the
vast majority of cases follow munor concussion 1n which the cerebral prognosis is
otherwise most favourable

AETIOLOGY AND BACTERIOLOGY

The essentinl feature ellowing menmgitis to develop is a direct or indirect com
munjcation between the subarachnofd space and the nasopharynx Most patents
wustain a blow to the forehead or face and the antertor cranial fossa 18 fractured
(Fig. 67a) part of the fracture extends snto the cribnform plate of the cthmowd into
the ethmoidal air sinuses or into a frontal sinus. In other Instances there is &
fracture of the middie cransal fossa mnvolving the petrous temporal bone 8nd the
middle ear The mucous membrane s torn and the wound permits intracramal
invasion by the normel nasopharyngea! bacterial florn. Involvement of sinuses and
risk of mentngitis may also occur afler injuries to the face (see Chapter 19) not
nvolving the brain and cramum proper

Escape of cerebrospinal fluid from the nose or ears indicates that the dura mater
{s torn but a tear may be present without escape of fluid Autopsy often reveals &
macroscopic dural tear over the fracture which sllows the nasopharynx to com-
municate with the subarachnoid space via the laccrated arachnoid mater on the
overlying injured surface of the frontal or temporal fobe A torn dura offers @
ready explanztion for bactenal jnvasion but sometimes no rupture can bo seen ot
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AETIOLOGY AND BACTLRIOLOGY

Fro 67 —Fatal case of
preumococcal menin
gltis after 2 head
mjury (a) Fracture of
the right anterior
cranial fossa involving
the cribrform plate of
the cthmold and the
crista galll. This was
assocuated with e dural
tear and  allowed
pneumococcal in
vasion from the naso-
pharynx. (b) A small
area of subarachnold
beulsmg oa the orbital
turface of the nght
frontal lobe reiated to
the skull fracture here

inflamma
tory exudate is thin
and docs not photo-
graph  well but is
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FiG 68 —(a) Convexaty and (&) undersurface of the left cerebral hemisphere of a
patient with pneumococcal meningitia. Meningltls developed 14 days after a fracture
of thc cthmold (with no concussion) and a course of mtrathecal therapy

d by sulphadiazine and parenteral penicillm was instrtuted. The lumba.r
cerebrospmal fluid became sterile and its cell count and protein concentration fell
quickly bt the patient remsained unconsclous Three days later nght-aided twitching
commeniced and he died 5 days after the beginning of treatment,

Note that there s no evidence of menngitis on the undersurface of the hems-

sphere but the upper two-thirds of the convexity is covered writh a thickened greylsh

¢ date1n which | xeel were demonstrated. There was no evidence

of active meningitts over the other | c. Death was pr bly duc to &

persistent unilateral menmgitis and diffuse subarachnoid blockage the latter pre-

venting crculation of penicillin-containmg cerebrospinal fluid. Hydrocephalus was
absent in this case because the blockage affected only onc hemisphere.
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MENINGITIS AFTER HEAD INJURY

24-48 hours of admission Too wide a net would detain far too many patients too
long in hospital whilst too small a net might allow cases to slip through and
develop meningitis The major ndication for chemoprophylaxis 15 a fracture of
the anterior cranial fossa and fracture should be presumed when thero 1s a large
orbitel haematoma indicated by an extravasation of blood 1nto the eyelids or &
diffuse subconjunctival haecmorrhage after a face or forehead injury whether or
not the patient has been concussed. Some worken restrict chemoprophylaxs to
those cases with rhunorrhoea, otorrhoea and open depressed fractures (Gurdpian
and Webster 1958) but this 15 insufficient because most patients who develop
meningitis never had a discharge from the nose or ear

A sulphonarmmude should always be given because it readily passes the blood-
bran barner and enters the cerebrospmal flurd Sulphadiazine is probably the
drug of choice the dosage in adults 15 4-6 g per day for 7-10 days or longer if
rhmorrhoea or otorrhoea persist Penicilin ntramuscularly or chloromycetn
orally (not both, because of possible mutual antagonism) are often advised but
they should be given 1n addition to and not as a substitute for sulphadiazine.
Penicillin and the tetracychne drugs also should not be adminustered con
currently

The results of prophylaxis are dufficult to evaluate because of the relative 1n
frequency of memngrtis after head Injury but our impression, like that of Gurdjian
and Webster (1958) 13 that the incidence has been reduced. Most cases of menmgltis
after head 1njury now seen by us are in patients transferred from peripheral hos
pitals whilst a few years ago before routine chemoprophylaxis was instituted,
most cases occurred 1n patients brought directly to our hospital with a head
injury

Chemoprophylaxis has its hmitations and failures Meningitis occasionally
develops after therapy has ceased or during its administration One of our cases
of pneumococcal memngitis was diagnosed the day after a 5-day course of aureo-
mycm had been completed and two others after a course of intramuscular penucillin.
Memningitis developing during chemoprophylaus 13 usually associated with pent
cillin therapy without a sulphonamide For example, e patient with a fracture of the
frontal regron extending into frontal and ethmoid sinuses was given 100 000 units
of pencillin 6-hourly after admission but within 2 days he developed memngtis
due to pemcillin sensitive pneumococer  Pneumococeal meningitis might even
occur during combined penicillin—sulphonanude therapy or chloromyeetin therapy
one of our patients with transient cerebrospinal rhinorrhoea who was given 3 g.
sulphamezathine and 0 5-2-0 million units of pencillin daily developed menigitis
and two cases of pneumococcal memngitis during chloromycetin prophylaxis
were reported by Collins (1956) In all these cases the pneumococd 1solated were
sensitive to the drugs admumstered prophylactically menmgtis developed pre
sumably because the antibiotic concentration m the cerebrospinal fluid was in
sufficient to 1nhitat the growth of nvading pneumococer In other patients given
chloromyeetin or a sulphonamude the drug may modify but not prevent the
disease

Symptoms may be masked and diagnosms prove difficult The spinal fluld
contains many polymorphs but microscopy and bacteriological examination may
fail to demonstrate any organssms This is one of the possible causes of abactenal
pyogenic memngtis (see below)
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Lumbar puncture

Thus must be carned out whenever meningitis 15 suspected. Diagnosis will be
obvious if 2 mitky or white turbrd flid 15 obtamed but often the fluid js less
charactenstic Blood 1n the cerebrospinal fluld may make a macroscopic disgnosis
difficult or impossible Laboratory examnation 1s necessary and should mchude
mueroscopic exarmnation of a film of the flurd or its centrifuged deposit stained by
Gram s method, culture for bactenia, e total white-cell count and protein con-
centration estumation A tentatrve diagnosis of pneumococcal meningitis should be
made when Gram-positive diplococet are seen and the patient must be put under
treatment immediately If numerous pus cells are present but no bactena are seen
1t 1s wise to treat the casc as one of pneumococcal meningitis at least untd the
results of bactenal culture (and 1f necessary mouse moculation test) are available,
‘When laboratory factlities sre not immediately available the case should also be
treated as pneumococcal memngitis without delay

TREATMENT

The mortality of pneumococcal meningitis was Little short of 100 per cent before
chemotherapy was ntroduced and although the prognosis was mmproved by the
use of sulphonamides it was not until penrcillm was used that & considerable change
took place Now the survival rate of treated patients 15 generally about 70-80 per
cent or lugher if fulminating cases dymg withm 24 hours of instituting therapy are
excluded Early institution of treatment 1s of great importance and this depends on
early diagnosis Three hines of therapy have been used giving apparently equally
favoureble results and although most series reported are mainly of patients with
pneumococcal menmgitis unrelated to head mjury the basis of treatment in
cases following trouma should be the same. The alternative methods are as
follows

(1) Intmthecal inpections of penrdllin daily for 7-10 days supplemented by oral or
int Istration of di and perhaps by parenteral penicilim
(Smuth, Duthie and Cairns, 1946 Jepson and Whitty 1946 Appefbaum, Nelsan and
Albin, 1949 Jackson, 1950 Gibson and James, 1952 Weinstein, Goldfield and Adams,
1953 McKendrick, 1954 P'an Ting and Chang, 1959) - oy

(2) Masstve doses of penicllin ghven intramuscularly at 2-hourly int s or by a
continuous mtravenous dnp, preferably with sulphadiazine asa t (Lowry and
Quilligan, 1948 Dowling and his colleagues, 1949 Lepper #nd Dowling, 1951 Bum
and Peabody 1952 Alexander Flippin and Eisenberg, 1553 Gurdjun and Webater
1958 Pan, Ting and Chang, 1959)

(3) Chloromycetin therapy (Parker and his colleagues, 1955).

M ts from strepi ci sensitive to pemicilm and chloromycetin should
respond a5 well as the pneumococcal form. If the organism is insensitive ot refatively
insensitive to penrcillin and sensmitive to chloromyeetin (as many nornthaemolytic
and vindans streptococa are) therapy with chloromycetin will be necessary Ttis
therefore essential to culture the offending bactenum from the spinal fuid and to
test 1ts sensttivity to pemcllln chloromycetin and other antibiotics. This should not
delay early commencement of therapy
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may also show a temporary nse with treatment before it falls Glucose 1s generally
reduced or virtually absent at first but not in all cases

Disadvantages

The major drawbacks of multiple spinal punctures are the discomfort to the
patent, the possible danger of secondary infection, and the amount of medrcal
and nuraing attention required Cases of arachnoditis, spinal block and pernistence
of aseptic meningitis in earlier series have become rare now that pure preparations
of perucillin are used

Massive penfcillin therapy

Massive pemicillin therapy 1s preferably combined with sulphadiazine in full
dosage because of the synergistic eflect The basis of treatment 15 that very large
doses of penicillin promote some diffuston across the blood brain barrer when the
mennges are mflamed so that inhibitory levels in the cerebrospinal flurd against
pneumococet can be produced this 1s not so with ordinary dosage One million
units intramuscularly every 2 hours has produced excellent results (Dowhing and
his colleagues 1949 Lepper and Dowhing, 1951 Burn and Peabody 1952)

Concentrations of pemcillin between 0-05 and 1 25 units per rol. 1n the cerebro-
spinel fluid were achieved whilst the blood levels were 20-100 times higher Wide
vanation 10 dosage by different authors end differences m supplementary therapy
were generally followed by similarly effective results thus making recommendation
of muinimal or optimum dosage difficult but less important The mummal amount
of penicillin necessary for clinical cure 1s probably lower when sulphadiazine 1s also
glven Thus daily dosages ranging between 400 000 and 24 million umts combined
with sulphadianine or other sulphonamide were hughly effective (Lowry and
Quilligan 1948 Alexander Flippin and Fisenberg, 1953) P an Ting and Chang
(1959} used 4 or 5 mullion umits intravenously for the first 3 days followed by
2 5 million units daily of intramuscular procame pemicillin until the cerebrospinal
fluid returned to normal which was usually about 10 days 8 of their 9 patients
survived.

Contmuous intravenous therapy using 25-34 million umts every day in 31 of
5 per cent glucose yolution as an alternative to 10-15 million units intramuscularly
was advocated by Gurdjian and Webster (1958) for meningius following head
inqury and they also used sulphadiamne The survival rates in different serics
range between 70 and 80 per cent and the results are at Jeast as good as those
found with intrathecal pemcalln,

It scems wise to giye ap:lcut 10 million units of penscilin and 6-10 g. of sulpha
dinzine daily Treatment should be continued for [0-14 days, or untl 4-3 days
after the infection has clhinically abated. Some workers advocate a single intra
thecal {njection of 20 000 units of penicillin at the beginrung to hasten an effective
antibactenal level 1n the cerebrospinal flurd. Occasionally a course of daily intra
thecal therapy may be necessary to cure relapses Lumbar puncture should bo
carried out 24 and 48 hours after beginning therapy to ensure that the cerebro-
spmnal flnd is sterile and, 1f all it well st need not be repeated unul 7 and 14 days
later An eady rise in the white~cell count of the spinal flind 18 frequent and not
necessarily a cause for anxiety
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MENINGITIS AFTER HEAD [NJURY

about half the reported deaths occurred withm 24 hours of beginning therapy and
most of them were fulmmating cases It js probably impossible to save the majonity
of these by chemotherapy and thus the survival rate 1s unlikely to exceed 85 or 90
per cent even when vigorous therapy 1s instituted at an carly stage Others dre from
a vanety of causes some related to the memngitis, such as cerebral subarachnoid
blockage with or without hydrocephalus (Fig. 68) and others from complications
of other injunes Iike fat embolsm or particularly in elderly patients from
bronchopneumonia, cercbral softerung and pulmonary thrombo-embolism. In
these patients autopsy shows no evidence of active meningeal infection.

ABACTERIAL PYOGENIC MENINGITIS

Occasionally no bacteria can be demonstrated 1n the cerebrospinal fluid of patrents
wath acute chinical memngitis after a head mnjury and fractured skull although the
cerebrospinal fluid Is tarbid and contams hundreds or thousands of polymorphs
per conm. Some casss can be explained by partial suppression of meningius through
prophylactic chemotherapy with sulphonamides or other drugs In othery this
explanation does not suffice and 4 of our cases were of this kind The cerebrospinal
flmd Jeucocyte count was inttially between 2 and 10 thousand per ccmm (50 per
cent polymorphs) organisms were not seen mucroscopically culture was stenle and
negative results were obtamned when mice were moculated mtraperitoneally in an
attempt to 1solate pneumococer. Three patsents had cerebrospinal rhinorrhoea one
of them asprrated air into the cranial cavity and the air encephalogram revealed
evidence of considerable damage to the frontal Iobes. The patients were treated
with penicillin intrathecally and with sulphadiazme they recovered farrly quickly
but this may have had no relationship to therapy

The actiology 15 obscure In one case the cerebrospmal fluid glucose level was
reduced but m the others 1t was relatively normal suggesting absence of bactenal
metabolism. In 3 cases the possibility of certain viral infechions was investigated
serologucally but complement fixation and other tests were negative for mumps
lymphocytc choriomenmgitis, mfluenza A and B Q fever psittacosis-lympho-
granulomatosns group and for leptospiral infections The dommance of polymorphs
m the cerebrospinal flwd also made wviral infection unlikely The aseptic but
pyogenic nature of the condrtion 1s with a I reaction from
sterile necrotic bran substance or breakdown products of brain liberated sftec
traumatic pulpmg. The evidence of considerable frontal-lobe damage m one
patient 1s m accord with this The meningstis may thus have been chemical and
aptogenous. A sumilar view was expressed by Cauns and his colleagues (1947) to
explain the occasional cases of aseptic menimgitis after open war wounds to the
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CHAPTER 18
HAND INJURIES

P S Lonpon

INTRODUCTION

THE TWO main trends 1n the treatment of njured hands are first, the development
of & new specialty concerned with the materals 1nstruments and techniques of
repair and reconstruction (Mason 1955) and secondly an increasing realization
that 1t 15 more inportant to restore function than to conserve structure Though
injured structures can be saved by claborate specialized measures thess will have
been musapplied 1if the result, however elegant proves to be of httle or no use to
the patient.

Hand, brain and mind

It 13 & trosm that the efficiency of the hand depends not only on its strocture
but also on the brain and the mund that control 1t consequently the outcome of
an mjury depends upon the extent to which the hand brain mind uwmit 18

nized. For many purposes return of function to a level of feeling and move
ment below normal 18 compatible wrth full effictency provided there s determmna
tion to succeed The surgeon, therefore, must foster thrs determmation as well as
try to mect the mdividual patient s functtonal requrements Sound judgment and
stmple measures may be better than techrical virtuosity

Elnborate programmes of reconstruction are necessary in some cases but carry
the dangers that arise from prolonged incapacity and disgblement Morale and
enthusiasm are Irable to wane and & mental 1mage of & more or less defective
member may become established Trick movements and new habits may be
developed 1n place of the mussing functions and the patient may find them easter
than learning to use the reconstructed extremuty Theso influences rarely exist
alone and are often abetted by enxicty and discomfort, someumes by resentment
and desire for gain. It 13 depressing to observe how a patient s inittal confidence
and resolution fade once he has left hospital and becomes exposed to the advice
and opintons of people who may regard an early return to work as weakening a
claim for compensation, The relationship and confldence between the patient and
the surgeon should be developed as a shield against such mfluences

Qute apart from their tenderness or awkward situation some patients are very
anxious about scars especially skin grafls, to which may be attributed astomshing
degrees of permesbility to heat, cold dust, durt, grease moisture and other sup-
posedly noxious agents. Unnecessary bandages or finger stalls combine with
timorous disuse to allow horny skin to accumulate and restrict movement by its
nigidity and alter sensation by ity thickness, In the face of such acquired disability

small wonder that many patients persist in the belief that such fingers are not
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HAND INJURIES

Fta 69 —{(a) Diagram illustrating an injury mflicted by machinery Assessment —
Index finger tnmrmung of exasting stump Middke finger  skin and bone too
badly damaged for any to be worth saving. Disarticulated at metacarpophalan-
geal jomt Ring finger finger as such undamaged but fracture of metacarpal
bone and loss of skin and tendon will make it functionless even after elaborate
repair Skm better employed closing large gap on dorsum of hand. Little finger
main need 18 for restoration of tendon, reduction of fracture and closure of gap
1n skin. Skin supplied by the ring finger tendon by the ouddle finger and
fixation of fracture by wire suture All this was carnied out at the first operation
and the paticnt began to use the hand after 2 weeks. (5) (¢) and (d) Result
3 months later M at metacar h 1 joint of little finger
i d after y
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HAND INJURIES

13 torn (Trykman and Johansson 1957) Lauty here cannot be overcom
muscular control and it causes persistent weakness and discomfort {n the a
gripping between finger and thumb The key lesion 1s & tear 1n the sheet of caf
between the collateral ligament and the extensor hood Chronic laxty of
jomt can also occur after repeated lateral stresses and has been describe
gamekeeper s thumb (Campbell 1955)

Another dragnostic trap s the dislocation or fracture-dislocation that has
reduced, perhaps spontaneously before the patient reaches hospital (see bel
It 1s advisable to diagnose a spramed digit only after clinical and radiogra
exanination has rufed out more serious damage

Dislocations

Many dislocations can be reduced casily without anaesthesta and requre
more support than spramns but two groups require operation In one group s
part of the capsule prevents closed reduction Either the fibrocartiaginous pal
ligament 1s displaced behind the head of the proxmal hone or the head of
proximal bone erupts through tts surroundmg structures, which then gnp
neck of the bone ( buttonholing™) This usuaily occurs at the first metaca
phalangeal joint where the buttonhole 1s bounded by the interosseous tendon:
one side and the tendons of the long flexor and the thenar muscles on the othe

The other group is less well known and includes some dislocations with ass
ated chip fractures The dislocation 1s reducible by mamipulation but should aiw
be radiographed agun as the fracture may be recognizable only after this In
fingers the proximal tnterphelangeal joint 15 most often affected and the piex
bone 1s torn from the flexor lip of the middle phalanx (Fig. 70) Provided this ¢
returns to 1ts rightful position the joint requires protection only, but shoul
reman well away from its source the chip which has the palmar igament attac.
to tt, needs open reduction and fixation by fine stitches that may be tied locally
may be of the pull-out variety (Moberg and Stener 1954) Otherwse the jount !
tendons become matted by scar that resists physiotherapy and remains undisturl
by capsulectomy

In other cases the chip comes from one side of the base of the phalanx and sho
be replaced if 1t remains much displaced or rotated.

Fractores

Fractures may be divided into three groups those that require neither manipu
tion nor fixation, those that can be treated by closed reduction and those tl
require operation.

Manipulation not required

The fractures themselves may need no treatment but this does not apply to |
patrents who often fequire cxplanation reassurance demonstration and p
suasion before they leave the hospital sometimes without even a bandage,
alone plaster-of Pars Spiral fractures of metacarpal bones, most fractares of t
neck of the fifth and shaft of the first metacarpal bones and simple fissures1n t
phalanges, are t no danger of being displaced by use that the patent will tolern
The {mtral d fort caused by mo may make rest scem advisable but oft
swelling and painful stiffness are reduced by gentls activity
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HAND INJURIES

Displaced transverse fractures of phalanges or metacarpal bones, espectally
when multiple are perhaps most effectively dealt with by 1ntramedullary pegs of
bone though these are less casily inserted than wire sutures or Kirschner s wire
It 13 not always necessary to fix esch of several fractures Transfixion 18 convemient
and cflective with unstable oblique fractures The wire must fit tightly and if cut
part way through at the right place before 1nsertion 1t need not project beyond the
bone

Bennett s fracture-dislocation gives very good results when the small fragment
1s large enough to take a fine (3% 1nch) screw In other cases active supervised
exercise from the beginning restores & good rangs of movement but the patient
must be prepared to accept some weakness Various methods of transfixion and
manpulation followed by a carefully moulded and padded plaster case have therr
advocates (see Chapter 10)

®)

fractures,
Fra 71 Basis of type of plaster commonly used for phalangeal
—@ (5) Angulation caused by plaster of thls kind.

Infuries of tendons

The commonest closed 1njunies affect the extensor tendons at one or otfier mter
phalangeal joint and there may be an avulsion fracture as well ndecd withont
this the torn muddle slip often passes unrecognized until the lateral slips have
separated enough to produce the characteristic defornuty The torn muddle ship
needs surgical repair mallet finger i3 usually better without it. The traditional
method of immobilizing a mallet finger n the corrective position may fail because
the plaster breaks goftens or is applied too loosely or because it 1s too tght and
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HAND INJURIES

Though the rules governing surgical incisions may be violated by the wound
the surgeon must respect them and his extensions of the wound must make for
and continue along the accepted lines When eircumstances permut the scar of an
awkwardly placed wound should be moved to & better position by means of a
Z plasty or sumuar proceduce again with due respect for the local blood supply

Because udy wounds can usuelly be relied on to heal well and thus to permit
more or less complete repair 1t 1s reasonable to consider the management of the
injured structures one by one

MANAGEMENT OF INJURED STRUCTURES
Skin

No cffort should be spared 1o secure rehable closure of healthy skin for thrs n
the best barmer (o bactenal invasion Often no more than simple suture 1 nesded
and unless the edges of the wound are ragged or bruised they need not be trrmmed.
When damaged skin has to be cut away ths should be done as sparingly as possible
unless there 1s already a defect that can be closed only by grafling. It may then be
adwvisable to sacrifice normal skin for the sake of moving awkwardly situated scars
to places where they will not give trouble

There 13 20 little spare skin on the hands that even on the dorsum there 1s little
scope for closure of gaps by simple advancement. Suture under tension 1s 1nad
mussible and the pontion of rest  should not be hghtly abandoned for the sake
of enabling & wound s edges to be brought together There need be no hesitation
over the use of free skin grafts to avoid these difficulties but flaps are more fickle

and should not be used without good reason

Severed finger-tips

Small pieces are often worth replacing and, particularly 1n cluldren much
larger parts of the tip and pulp may be sewn back f they are still attached Other
wise the choice lies between amputation with closure by free grafls, local flaps,
and flaps from elsewhere

Amputation mught seem to offer a serviceable hand n the shoriest tme but
this {s by no means always so Much of the trouble 13 due fo tenderness of the
stump and 1t must be admitted that the surgeon 13 often to blame The long
standing surgical tradtion that every scrap of viable tissuc i the hand should be
retaned has unfortunately not yet been entirely discarded. Many a stump that
has been closed with the least possible sacnfice of tissue has thin shmy skin,
bereft of fatty padding and sensation and stuck to awkwardly shaped projections
of bone The entire remnant 15 a burden 1t is far wiser to shorten the digit enough
to allow normal skin to close eamly over the bone and provide a comfortable

um,
* Frei grafis of whole or thick sphit skin are suitable if bone 13 not exposed or 5
1t can be nibbled away a hittle to allow the subcutaneous tissues to cover jt, but
the terrnal phalanx is shoriened by more than a very few milhmetres the nail
curves downwards and its appearance may distress the sensiive This cen be
avoided by the use of a thenar flap properlv used in carefully selected cases this
gives good results, Patients should be young enough to have supple jownts and the
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HAND INJURIES

regeneration 13 often poor partly because of the technical dufficulties of handiing
such small structures and partly because of uncritical selection of recves for
pnmary suture Fortunately 1if repeneration does not occur after one nerve has
been injured sensory overlap usually makes the eventual loss of sensation negligible,
but when an otherwise valuable digit has been rendered useless by division of both
palmar nerves suture or grafung offers the only chance of improvement There
may be a place for plasma clot union m the repair of these small nerves (see
Chapter 20)

Treatment of bones and foints

An open jomt with loss of skin may be one of the reasons for using a flap,
but if the damage has been so severe that there 1s no chance of restoring move
ment, excision and fusion of the joint 1s a useful procedure and by shortetung the
length of bone 1t may enable a gaping wound to be closed without resort to a flap

The case for internal fixation of fractures in reparable tidy wounds 1s based on
the need to safeguard other structures, the desirability of early movement, and the
advantage of facilitating necessary secondary repairs The management of & wound
that severs skin tendon and bone for example, 15 rendered much easter if the
bone can be fixed this eliminates the risk that it will become displaced and disrupt
an adjacent suture line it also safeguards contours over which & tendon will have
to move In other cases, amputation 1s the only practicable course

Amputation

Mouch of the argument that has raged around tius subject seems to have been
due to a failure to appreciate clearly the purpose of amputation It 1s to retain the
most useful remnant in the face of ureparable damage. Usefulness of & stump
depends first and foremost upon its being comfortable to use but length strength
mobility and sensibility the presence and condition of other digits, and the

ar patient 8 needs must all be taken nto consideration.

It cannot be stressed too ofien that the closure of amputation wounds is no
different from that of others the tissues must be healthy and there must be no
tenston These desiderata are sct aside most often after traumatic amputahon
for the temptation to make do and conserve is then espeaally strong.

The following rules are widely applicable to single iyured digits but have to be
modified when several have been damaged

Thumb —Preserve as much as will be useful

Index and little fingers —Anything less than onc and a quarter phalanges 13
usually & lundrance and should be discarded For a strong hand, retain the head
of the metacarpal bone for elegance (according to 12ste) remove 1t

Middle and ring fingers —Even short stumps are uscul as stopgaps and the meta
carpal bones should be retained when strength and $pan are partreularly required.

In all fingers, amputation through the terminal phalanx s followed by more or
Jess troublesome deformuty of the nal that remams.

UNTIDY AND DESTRUCTIVE WOUNDS

The festure common to most untidy wounds is more or less widespread damage 10
the tissues apart from this they vary so much that they do not lend themselves to

286






HAND INJURIES

or all the fingers have been badly damaged as much as possible of each should be
saved at first two or three weeks later it will have become clear what is amenable
to reconstruction and what must be discarded Traumatic amputation of several
fingers can be treated by multiple flaps but the patient s needs may be met equally
well by say a thenar flap for one or at most, two fingers and free grafts or tnm
mung for the other stumps If more than two flaps are required they must be
rased from the chest or other arm. Provided the thumb is essentially intact even
complete loss of all the fingers gives a result upon which the surgeon 1s unlikely to
improve but phalangeal remnants should be retamned The length of the meta
carpus must be preserved and if there 13 not enough local skin for closure a flap
will have to be brought 1 from elsewhere

The practice of constructing digits from skun tubes and bone grafts has so many
shortcomings as to be rarely worth while The new digit1s merely a nigid projection
with no sensation apnd a poor airculation it 15 easily injured and ulcerates more
reacdily than 1t heals A mussing thumb can be replaced 1a this way but provided
there are at least three normal fingers & much better result 1s achieved by trans-
planting one of them (Littler 1953) or by rotation osteotomy to restore a pinciung
action The hallux has been transplanted but not all patents have regarded the
new and unganly thumb with as much satisfaction as has the surgeon. Loss of
the entire thumb 1s generally regarded as 2 cipphing disaster but this is not always
=0 and reconstruction 1s not obligatory

More extensive injuries that affect the metacarpal bones as well as the phalanges
are treated along Iines sumilar to the above and there should be no hesitation in
the use of free or flap grafts to ensure prompt healing and the preservation of
wmportant structures

MANAGEMENT OF INJURED STRUCTURES

Badly injored skio

The skin of a hand caught 1 & power press or between rollers suffers severe
damage though the two types of machmery 1aflict fairly distinct types of injury
The power press crushes, sphits and mangles to produce injuries that may scem at
first to offer no alternative to further sacnfice of tissue for the sake of tidy amputa

tion. It fs usually necessary to remove some tissues but it 15 sometimes surpnsng
how much can be saved by pamstaking suture of fattered but viable remans

ig. 72,

(Ff%ochu cause injunies which may look much fess severe but the flaps of skin that
they tear from the hand have been stretched and crushed n the process They are
usually based distally and therr venous and Jymphatic drainage 1s serrously em

barrassed as a result Such flaps are unlikely to survive to any useful extent and 1f
scwn back may predispose to mfection. In most cases, therefore flaps of this kind
are better cut awny at the outset. When there has been no loss of skin however

there 1s something to be said for sewmg flaps back if the survival of the undertymng
tissues 15 in doubt the flap may dfe but mfection is by no means mewitable and
dead skin 1s & useful dressing if 1t can be kept dry If skin has been lost, grafung
1s wnevitable and whatever type may be best in the long run, sphit-skin grafts are
preferable to start with especially if the viahility of the bed 1s suspect. In a number
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CARl A)TLR OPERATION

Fio 72—The result of careful tiimmung and suture (o) At first sight there
seemed 10 be no attermative to amputatian at all four metacarpo-phalangeal
oints The skin edges were hargely viable though mggeed and carcful tnm
ming followed by pamstaking suture with fine materinls enabled useful
stumps (b and ¢) 1o be refalned

CARE AFTER OPERATION
Dresslags

The surgeon s attention should not be withdmwn when the last stitch has been
mserted the dressing can make or mar a successful operation and requires special
care when applied before & tourmquet has been removed Firm even pressure
combined with & good functional posstion s effectually achteved by the use of a
sphnt dressing of wet or greased wool A large block placed 1n the palm s liable to
keep the metacarpophaiangeal jomts extended A determuned effort should be
made to fix them flexed to a night angle Padding should bo placed between digits
The hand should be elevated. In some cases of sumple closure of skin and securely
fixed fractures the dressing can be removed aller & day or two and movements
staried, Grafts are better rested for a few weeks 1 1s often wise for the surgeon
To carry out subsequent dressings lumsell for then fie can see whether things are

going according to plan and take prompt advantage of favourable developments
or prompt steps to mutigate unfavournble ones.

Physiothernpy and reablement

The surgeon should be at least as much concerned to prevent swelling and
suffncss a5 the physiotheraput fo treat these conditions bt it takes almost super
human efforts to prevent them when a wounnd extends most or all of the way round
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HAND INJURIES

a part. Whether the skin be sewn back or replaced by any sort of graft at any
;tagc ’lhe dusruption of lymphatic and venous pathways causes swelling beyond the
reacl

Instruction and supervision of movement 1s the main need Passive and assisted
movements massage lively and other splintage electrical treatment, and the
various means of heating the tissues are also valuable but tend to confirm the
patient s tacat belief that after his hand has been mjured 1t must be treated (by
other people) before 1t can be used (by lum) (Ling and O Malley 1958) The less
time & man spends away from work the more likely he will be to regard the injured
hand &s something to be trained and used and not merely something to be treated.
When treatment 13 necessanly prolonged every opportunity should be taken to
keep the patient occupied between periods in hospital His usual work or something
like 1t may be within his powers but failing this a period at an Industrial Rehabilita
tion Umit should be considered Light work 1s often a euphemusm for idleness and
should be regarded with suspicton. It may be difficult to persuade a person that
work 1s treatment but the co-operation of emplovers can be of decistve importance
There should be no hesitancy about approaching them and the results are at tumes
gratifying.
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FACIOMAXILLARY INJURIES

hitle. The displacement s therefore generally disregarded and treatment based
on the mamtenance of normal occlusion, voluntanly in simple cases or by mter
maxillary fixatton for 2-3 wecks 1n others Thereafter active movements are
encouraged provided that normal relationship of the teeth can be achreved and
mamtained.

Bllateral condylar fractures —Bilateral condylar fractures present specal com-
plicauons The distracting effect of the condylar heads 1s lost as a result of ther
displacement and the clevator muscles actng on the ascending ramus tend to
produce bilateral gagging of the occlusion on the molar tecth with an antenor

open bite™ This 1s aggravated by the action of the depressor mascles of the
mandible attached to the symphysis menty

This deformity can only be reduced with difficulty by the patient and 1if mter
maxillary fixation 15 tndicated 1t 15 usual to attempt to overcorrect the antefror
open bite A resultant small open bite between the molar tecth tends to be self
correcing with wse but to ignore the anterior opent bite may lead to permancnt
disability

Complications from derang of the tempore dibular jomnt are rare
and usually follow overimmobilization and restriction of movement.

Fracrures in the region of the angle of the mandible

With fractures in the region of the angle of the mandible the main problem 1
the tendency for the postertor fragment to nise forwards and lngually so that if
the fracture line 1s unfavourable, considerable displacement may occur (Fig. 73¢
and d) In the majonty of cases immobilization of the mamn fragment and the
sphinting mfluence of the masseter and internal pterygord muscles will provide
control but on occasion direct control of the posterior fragment 1s necessary

Fractures of the body of the mandible
When the fracture lies in the body of the mandible tn advance of the attachments
of the internal pterygord and muscles, biization can be difficult of

no teeth remam on the short posteror fragment. The wifluence of the masscter
and wternal pterygord muscles now aggravates any tendency to upward and for
ward displacement of the postenor fragment caused by the temporalis and external
pterygoid muscles.

Bilateral fractures —When the fracture lines aro unfavourable, bilateral fracturcs
present speaial features and constitate one of the most difficult problems i treat
ment ed m the dible (Fig. 73e and f) The central fragment falls
inwards acute embarrassment to the mrway may result from the loss of tongue
contro} Early treatment becomes a matter of urgency and any means of upward
and forward redoction of the central fragment may be life-saving. Permanent
fixation roust be ngid and retamned for longer than usual because of the unfavour
able strans from muscles attached to the fractured comporents.

The middie third of the face

Fractures to the bones of the muddle third of the face are less frequent than
fractures of the mandible They present & very different problem since they arc
associated, as a rule with the more severe forms of crushing injury The complex
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FACIOMAXILLARY INJURIES

infra-orbital margin without as a rule involving the main orbital floor The line o{
scparation runs through the laternl wall of the antrum below the zygomatic process

uhlzhu'kvdthmlncuumltymorﬁudmﬂntypimldlsphmtubmkwmd:
and downwards with tilting of the wholo complex and gagging on the posteriar tecth.

Le Fort Il fracture

Here the Line of fracture starts at the fronto-nasal suture, frequently involving the
cribriform plate It pesses laterally through the ethmoid and lacrymal bones across the
orbital floor and to the infra-orbital fissure The zygomas are detached from the frontal
and temporal bones at the respective sutures and the whole complex 1s displaced along
the linc of the force applied, downwards and backwards as in the Le Fort IT group

In the Le Fort IT and [T groups the risks of involvement of other important structures
make these injuries major problems in treatment and management. When the Initial
ocdema has subsided the elongation and flattening of the face gives riso to the descrip-
tlon “dlsh faco™

©®)

Le Fort | (Guerins)
Le Fort Il
X x x X X LaFortll

Fia 74 —Fractures of the middle third of the face () skull showing lines of Le
Fort1 Le Fort 1 and Le Fort ITI fractures and (b) reconstituted middie

third showing open sutures.
COMPLICATIONS
Certan 1mmediate complications may demand urgent treatment.
Obstruction of the airway

Bleeding may obatruct the nasal passages whulst the oral arway may be reduced
by posterior displ of the mandsble or maxilla, with the attached tongue of
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FACIOMAXILLARY INJURIES

The reduction and fixation of fractures of the jaws 1s greatly facilitated by the
rresence of teeth In the great majority of cases the aim will be stmply to restore
he relationship between the teeth natural or artifictal of the two jaws If this can
> done the bony fragments will be correctly aligned.

Intermaxillary fixation 13 the basis of most treatment. On occasions 1t 1s supple
nented by fixation to a plaster head cap Occasionally direct fixation of the frag
nents across the fracture line 1s advisable

The majonty of fractures 1n civilian practice are of the simple type but where
-omminution exists fragments attached to periosteum, even if small shounld be
ctained When there 1s any considerable loss of bone every endeavour should be
nade io retan the mam fragments 1n their correct relationship to the opposing
aw and associated soft tissues Sometimes 1t may be necessary to obtain temporary
:overage of the bony skeleton by suturing skin to oral mucosa pending further
slastic surgery rather than to arm at a premature reconstruction which might
esult in permanent deformity

It 15 important to reilerate the need for care in diagnosing underlying injuries
o the facal skeleton before soft tissue reparr 1s carried out. Consideration may
hen be given n consultation with others n the team to the posstbilities of stmul
iancous reparr of the hard and soft tissues

Fragments of teeth, filings and dentures, mn addition to the more usual foreign
>odies may be found in the soft tissues and 1t should be remembered that modern
lenture mater:als are not radio-opaque

If the fracture line 15 compound into the mouth some degree of infection 1s
nevitable but, 1n most cases 1t can be controlled by immobilization, attention to
>ral hygiene and the use of a suitable antibiotic. Foreign bodies constitute &
sotential focus of infection and specizl consideration must be given to tecth
nvolved in the lime of fracture The drictum that “all tecth in the fracturs line
thould be removed 1s generally sound but antibiotic prophylaxts aganst infection
has made it possible to save a number of these teeth erther temporarily to assist in
the tmmobilization of a fragment or even permanently if acsthetics or function make
it desirable. Further supervision and treatment of the teeth will then bo necessary

A few fractures with mummal displacement may be treated without fixation 2
sem: solid or fluid diet 1s then prescribed This may be especially important in the
1l patrent the elderly patient, or the edentulous patient, 1n whom the inconvent
ence of treatment with complicated appliznces may outweigh the advantages Minor
discrepances 1n the edentulous patient can be accepted and adjusted 1n dentures

Fractured portions of alveolus or unilateral fractures of the maxillary complex
may be mmmobilized to the remaming sound portion, thus dispensing with the
need for intermaxiliary fixation, except possibly 1n the early stages

Some delay 1n reduction and fixation may be justified when the general con
dition of the patient 15 poor or when gross ocdema 15 present Disimpaction of
middle third fractures however becomes extremely dufficalt after a few days and
may be impossible without direct surgical intervention after two or three weeks

Impacted fractares of the middie third of the face

To reduce 1mpacted fractures of the middle third two paurs of Walsham s nasal
forceps or other sumilar foreeps specially designed for the purpose are commonly
298



wsed The fat blades are inserted along the nasal floor one on cach side and the
other blades protected by rubber are inserted Into the mouth taking care to
avoid direct contact with teeth or splints The surpeon stands behind the patient
The maulla 1s grasped with the forceps and 1s rocked from back to front and
from sde to side 1n an endeavour to disimpact it In fractures of the Le Fort 11
type dsimpaction and reduction of displacentent may be difficult until the inwardly
collapsed 7 gomatie arches have been elevated

Lion forceps onc blade in the labial sulcus and onc protected in the palate
may also be used Considerable force may be required and care and experience
are necessary to avoid adding to existing damage | or this reason more gradual
traction by intermavillary clasties or in difficult cases by the use of weights on a
Balkan beam is worth consideration

Open reduction may be done through the buccal suler when comminution of
the antral walls or infra-orbital floors has taken place The reduced fragments are
retained in position by packing the reconstituted antrum with gauze impregnated
with Whitehead s varnish for about 10 days Fragments of comminuted bone
should be retained If the main fragment of the maxilla Is loose packing of the
antral cavity may displace 1t downwards and prevent its reduction so that pre
lmunary fixation of this component may be necessary

METHODS OF FINATION

Much of the planning of treatment depends on a hnowledge of techmical con
siderations and on co-operation between the surgeon dental surgeon and tech
nians Only the common methods of fixation can be outhned here and much
must be left 1o the expenrence and dexterity of the individual operator

Jams containing nataral teeth
Interdental veiring
l:&%‘?um of soft stainless steel wire or brass wire (0-75 and 0 55 mm ) should be

Direct wiring —A Jength of wire is passed round individual teeth or groups of tecth
and twisted to fit closely around their nechs. Immobilization is obtained by twisting
together the ends of the various loops in the upper and tower Jaws. A clove hiteh may
be used for single teeth to give improved fixation (Fig. 75a)

Eyelet wiring —The two cnds of eyclets previously prepared are passed between two
teeth one end is brought back through the space distal and the other through the space
a‘:’;ml to the space used for insertion. After passing one free end through the cyelet

Tee ends are twisted together s0 drawing the ware tightly around the necks of the
teeth, and the eyeket into the interproximal space

Two or more pairs of these wires placed opposite cach other in the upper and lower
Jw1 and wired together afier reduction is complete, provide very satisfactory fixation
(Fig. 75b and ¢)

WTH! method the one in most common use has the great advantage over direct
pmﬁ ‘hd:ul“mmte wires are used for the intermaxillary fixatlon. Theso are easily re
tion ang d they break and the intermaxillary flxation can be released for examina

i replaced if necessary without damage to the eyelet wires,
permit u:ﬂW—Thh method can be used when there are insufficient sound teeth to

smpler wiring methods and no facilities for the construction of splints
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A flattened prece of soft German silver wire Is bent as accurately as possible to fit
the buccal aspect of the arch of teeth to be immobilized, It is wired in postion wih
0-35-mm  gauge stainless steel ware, one turn being passed round the tooth and the
second turn around the arch wire It provides dgid Immobiliztion and has some ad-
vantages over other metbods but Is tedious to fit Intermaxillary fixation Is provided
by wires or elastics threaded over the arch wire and attached to the appropnate arch or
eyelet wire in the opposite Jaw (Fig. 754)
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Fio 785 —Mecthods of winng (g) direct wiring () and (c) stages of eyelet wiring
and () arch winng.

Silcer cap splints

Silver cap splints are used when the number and distribution of tceth 18 such that th
use of Interdental wires 13 not feasihle or when treatment is likely to be prolonged and
the reduction and fixation difficutt

The technicalities of the construction of these splints are not described except to
mention that scparate tmpressions of all groups of testh in the vartous fragments of the
fractured jaws arc taken. Scparatc sphats are then cast in silver alloy covering all
tecth up to the gingival marging. To thesc splints may be added vanous attachments to
facilitate intra-oral and extre-oral fixatton. The possibilities of this method are only
Iimuted by the number condition and position of teeth The e
quires the assistance of & trained dental techniczan and a properly equipped laboratory
Such splints can usually be constructed 1n Jess than 12 hours,

When completed, the splints are fixed to the teeth with dental cerent. After 2 of
3 bourx the cement becomes hard énough for the splmts to be subpected to considerable
strain withowt becoming distodged.
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FACIOMAXILLARY INJURIES

Skeletal fixation

During and since World War II greater use has been made of the surgical as agamst
the purely dental approach to the immobilization of jaw fractures and two methods
are now Jn common use (a) open reduction and direct wiring of fractured fragments
and (b) external pin fiation.

Open reduction and direct wiring —The {racture is exposed intra-orally along the
zlveolar border extra-orally along the lower border of the mandible, or for the maxiliary
compkex along the infra-orbital margin or the zypomatic arch. The dental drill i con-
ventent for drilling holes through which wires are threaded,

It is frequently desirable to combine thus method with some form of intra-onal
support, at keast in the early stages unul some consolidatfon has taken place.

Fia 77 —Model showing Gunnmg spluits
wired to the maxilla and the mandible
and articulated with black gutta percha,

Fra 78 —Model to demonstrate \(
external pin method of fixation >
[

External pin fixation —This method, originally described by Roper Anderson for the
fixatron of bones of the Jeg, was applied to the treatment of jaw murres during World
War 1T with considernble success It still has an application in civilian practice when
other methods of fixation are impracticable Orignally pairy of lmoo(h stamniess steel
pmns 2 mm. thick were inserted Into each fi and hersal jolnts
and bars, each pair of pims In turn being joined by a connecting bar (Fig. 78) The ten-
dency today is to use thicker threaded pins (3 mm. in dameter).

This method of fixation has certain disedvantages it is cimmbersome from the patient $
point of view it is prone to infection and loosening of the pins, and usually requires

support from other more ional intru-oral 1k It 13 used when other
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paticnts possess a full complement of teeth and there is always space for 2 semi-
solid diet which can be taken through a feeding cup or straw or with the aid of 2
small pointed spoon It Is never necessary to extract teeth to provide an entry for
food Feeds should be frequent and as varied as possible Milk products and eggs
form the basis of the diet but imagmnation on the part of the nursing staff and
dietician may do much to relicve the boredom of such a regime  Vitamin intake
may be augmented and concentrated high protein milk extracts and alcohol to
stimulate the appetite are useful additions Body weight checked twice weekly
gves some guidance as to the suitabihity of the diet. There may be some loss of
weight 1n the first few days until the patient becomes accustomed to the new
routine

BIBLIOGRAPHY
Fry W K., and Ward, T (1956) The Dental Treatment of Maxillo-Fockil Infurfes 2ud ed. Onford.
Rowe, N L., and Killey H C. (1955) Froctures of the Facal Skefeton Edinburgh Livingstone.






PERIPHERAL NERVE INJURIES

The solution 1s to hold the part in a firm circumferential grip which avoids all
extrancous movement and which allows the pin to test only what it 1s supposed to
test. Even then 1t requires 2 conscious effort on the part of the surgeon to avord
tighteung his grip synchronously with application of the pin

With small chidren 1t is easier One dispenses with explanations and rebes
nstead on subterfuge and an absence of adult face freezing storcism. The concealed
pin pricks cautiously outwards from the anhydrotic area while the face 1s watched
for an unequivocal answer

In testing muscles the golden rule 1s to sec or feel the muscle belly contract
rather than to observe the movement st 18 supposed to have produced, for trck
and supplementary movements are common Trick movements are all passive and
are produced cither by unparalysed entagonists stretchung paralysed muscles, by
gravity or by rebound owing to normal elasticaity The last naned can be partt
cularly deceptive Even though the extensor pollicis longus muscle 1s completely
paralysed, exteasion at the nterphalangeal joints of the thumb can be simulated
by a momentary and mmperceptible flexton movement of the jomnt, stretchmg the
dorsal structures and producing &n elastic rebound Supplementary movements
are produced actively by innervated muscles taking over the function of paraltysed
ones Thus the brachioradiahis muscle can flex the elbow in the presence of paralysis
of the elbow flexors and the supraspinatus muscle alone may be able to abduct the
shoulder Supplementary movements, however always lack power and they can
usually be eliminated by suitable posturing.

Paralysis of deeply placed muscles must perforce be detected by their effect on
function and anomalhies of innervation are sufficently common to make diagnosts
difficult and uncertain It 13 therefore useful to remember that the ability to flex
the termunal jownts of the index and little fingers nearly always depends on ntact
median and ulnar nerves ly

Of all the tests of movement in the hand, that of Froment 1s most useful With
both hands the patient pinches a shm book between thumb and index finger If
the short thumb flexor muscle 13 paralysed or weak, the interphalangeal joint of
the thumb will surely flex, for there 1s no muscle capable of preventing the proxmal
phalanx from being pushed backwards into extension at the metacarpophalangeal
joint by the forco of the pinch.

To unravel the complexities resultmg from anomalous and dusl rnervation and
from partial denervation selective procaine blocks of the nerve trunks (Highet,

1942) are sometrmes indispensable Five per cent procane solutton should be
used the mjection must be accurately placed and a full 10 ymnutes must elapse
between mpection and testing.

NERVE REGENERATION

The process of regeneration 1s a two-fold one of re-establishing perpheral con
nexions and functronal maturation of the conducting apparatus.

Within 2-3 days of a nerve crush the zone of destruction 15 crossed by very fine

1 reads of axoplasm which anse by the splitting of a single axon into numerous

1sh ltke processes In the mitial phases this axoplasmuc outflow 1s at the expense

1 iepletion of the proximal exon, but later 1t 13 continued by synthesis of new

er al Schwann cells 1n both proxymsl and distal stumps proliferate very rapidly
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PERIPHERAL NERVE INJURIES

The nature of the regenerating fibre—its diameter and whether or not it 1s mye
linated—depends on 1ts central connexions and not on the charactenstics of the
Schwann tube Conversely its peripheral connexions and the charecter of new
end-organs formed 1n response to the arrival of regenerating fibres depend on the
type of tissue being re-innervated and not on the central connexions of the axon
It 15 likely that there 13 selective resorption of fibres establishing useless penpheral
connexions

It 1s widely assumed that a divided nerve cannot regenerate unless 1t 1s sutured.
Nevertheless an injury which divides both deep and superficial flexor tendons in &
finger frequently also divides one or both digital nerves and onc has been re
peatedly struck by the fact that the patients when seen at a later date rarely have
anaesthesia of the finger In one case in which an operation note made at the time
of injury stated that all six digital nerves in three fingers had been divided, very
full spontancous recovery of sensation occurred. Young (1942) has shown 1 the
dog that proliferation of Schwann cells from the distal stump of a nerve can create
new scgments of nerve up to 3 cm 1n length, the direction of outgrowth of Schwann
cells betng largely deterrmined by pre-existent tissue planes

Spontancous restoratton of continuity of divided digital nerves in the fingers 18
doubtless facilitated by the well defined tissue planes 1n which these nerves e,
but there 13 no reason to doubt that the same thing does not ooccur elsewhere
Indeed it would be surpnising if 1t were not so for even the most meticulous
nerve suture produces only a relatively close approximation of nerve buadles, and
1t has been claimed that a gap of up to 3 mm between the nerve ends after nerve
suture has no adverse cffect on the result (Chfton 1949)

Sunderland (1947) has pointed out that & large proportion of nerves found 10
continuity at operation show some spontancous recovery even though the appear
ances strongly suggest that the nerve had been completely or partly divided at the
time of injury

It is reasonable to assume therefore, that under surtable conditions divided
nerves can regenerate without suture although the quality of recovery 1s hikely to
bo defective

OPERATIVE TREATMENT

Controversy centres chiefly around tho questions of immediate or delayed suture
after traumatic nerve section the place of neurolyss, and the problem of the
non~conducting nerve in continuity

Primary versis secondary nerve sutare

Seddon (1949) basing his opinion on the difficulty of predicting the extent of the
intrancural scar which inevitably develops on the danger of sepsis following suture
of lacerations, and on the contradiction between the need for mobilization of the
nerve on the one hand and the non-desirability of exposing uninjured tissue plancs
to the risk of infection on the other strongly advocated delayed suture His views
were - tmally influenced by the fact that he was largely concemned with war
injun nere the risk of sepsis was high and intraneural damage extensive
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PERIPHERAL NERVE INJURIES

suture as 1t 18 by conventional suturing and this theoretically increases the nisk of
regenerating nerve fibres finding their way out of the nerve sheath

Fine stainless stecl wire tantalum and the newer synthetic fibres combine
considerable tensile strength with a high degree of mertness and therefore con
ventional suturing with these materals 1s preferable whenever there 1s more than
mimmal tension on the nerve ends—and thus is the case with the majonty of delayed
nerve sutures.

Plasma clot 1s of great value for the repair of small nerves Like digital nerves,
whers 1t 15 technucally very difficult to insert a sufficzient number of conventional
sutures without 1njuning the nerve ends It may also facilitate cable and inlay

grafting procedures

Neurolysis

Although the therapeutic value of neurolysis has been questioned and even
categorically dented 1t can on occasion produce a complete reversal of the clinical
condition This happy result does not depend on hiberating the nerve from strangu
lation by scar tissue or callus, for when such gross pathology 1 found the outcome
of the operation 1s usuglly disappointing. It must have a subtler baws, for the
operation 15 most successful when the naked eye pathology is minimal

Exploration for persistent ulnar nerve paralysis following trauma behind the
clbow may show no pathological changes in the nerve, but it 1s frequently followed
by an immed:ate return of sensation to the ring and little fingers and by & somewhat
slower return of mator function o the hand

Similarly re-exploration of a sutured median nerve which has failed to recover
within the expected time has been followed by immediate recovery even though
no abnormality was seen at operation On one occasion the same effect was pro-
duced by percutaneous procaino infiltration around the suture hne

Such cases are difficult to explam but they have occurred too frequently to be
dismussed as coincidences It may be that freeing the nerve relieves spasm m the
vasa nervorum and so improves the blood supply tn the viamty of the ijury 1t
has been shown that moderate 1schaermua of a nerve can block conduction without
causing Wallerian degeneration and that the vasa nervorum aro under vasomotor
control (Adams 1942)

The non-conducting nerve In contlouity
There 15 a growing tendency with which the author 18 1n agreement, to explore
the majorty of closed nerve inyuries which fail to manifest signs of recovery within
3-4 months 1rrespective of their level and of thewr expected date of recovery
The rationele for such a policy is the relative ranty of true axonotmess and the
adverse effects of delaying nerve suture particularly for high lesions beyond 6-9
months In consequence one increasingly sees Iesions 1 continuity which necesst
tate an 1mmediate decision as to whether they should be excised and sutured or
whether spontancous recovery €an occur if they are left. Among the factors on
which such a deciston can be made the consistency of the lesion ts the most defimte
A bard leston mmplies mmpenctrable intraneura) scar tissue wiuch will prevent
recovery unless excised

Tral inciston of the lesion to arrive at an estimate of the number of bundles



NLRVE GRAITING

traversing 1t 1s a useful and surprisingly safe method of properly performed If the
leston 18 stretched over a finger and Incised transsersely with feather strokes of a
razor the natural plane of cleavage between intact bundle and enveloping scar
tissue opens up when it1s reached and is cawly visible In general if 50 per cent of
bundlcs are intact resection should not be performed

Direet clectrical stumulation above the lesion may result in a flicker of contraction
1n distally mnervated museles, in which case spontancous recovery 1s prohable

If joint stiffness and contractures hase already occurred excision and suture of
a high lesion of a predominantly motor nerve is probably contra indicated what
ever the local pathology for by the time axons grow down the condition is likely
to be trreversible In such a case one should consider whether a muscle transfer
might not restore better function than nerve suture On the other hand restoration
of continuity of the median nerve ts nearly always worth attempting, for there Is
no other way to return sensation to the hand and even very imperfect sensibility
1s better than nonc at all

A point worth bearing an mund 15 that the result depends to a considerable
extent on the technical excellence of the suture However this crucial step in the
operation coming at a time when the surgeon has been strained and fatigued by
a long and difficult dissection 1s something of an anticlimax and s apt to be
dilferently performed It 15, therefore ofien better to hand over this part of the
operation to an assistant—a course of action which may also pay dividends in the
final steps of a finger flexor lendon grafuing operation

NERVE GRAFITING
Autogenous nerve grafting

Autogenous nerve grafiing has now been establrshed as a reliable procedure which

when competently carmed out for correct indications can give results comparable
to nerve suture under the same conditions The most frequently available type of
graltis the cable graft made up of strands of cutancous nerves It 1s better not to
use cutaneous nerves innervating skin bordering on the denervated area, even
though this may be technically more convenient for the added disability of extend

ing the anaesthetic area may be sigmificant Most of the available cutaneous nerves
are 2-3 mm. in diameter and since they have a tendency to shrink they should be
cut 15 per cent longer than the gap to be bridged

Inlay grafting

Inlay grafung with strands of cutancous nerves is particularly useful for partial
lestons of nerves where, after excision of a lateral neuroma a useful proportion
of bundkes s found 1n continuity even though there may be a complete physio-
logrcal block A plane of clenvage 15 established between interrupted and intact
bundles and the former are resected until both cut surfaces are free from fibrous
ussue Undegenerated bundles will then pout from the proximal end while the
degenerated bundles 1n the distal segment will appear as semi translucent pinkish
;ilou 1t 13 particularly important to resect the distal segment down to unequivocally

ealthy tissue Inlay grafung is a far more satisfactory procedure than folding the

;ﬂutg?}gomon of the nerve 1nto a loop so as to make possible suture of the divided
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PERIPHERAL NERVE INJURIES

licle grafting
sedicle grafting (Strange 1947) 13 a most useful advance It was onginally
to make good defects 1n the median nerve when both median and ulnar
d sustamed appreciable loss of tissue, by utilizmg the proximal portion
12r nerve as a graft m a two-stage operation. The author has used it for
clectncal burns of the forearm, for industnal imjunes, and for the
nerve lesions of Volkmann s contracture The longest graft mensured
1 cvery case which has been followed up has had a reasonably good return
n (Fig. 79)

1 of Volkmann s contracture

t operation for correction of Yolkmann s contracture 1s often a radscal
f necrotic muscle and scar tissue with the pnmary object of correcting
(Seddon 1956) Durnng this operation, the median and ulnar nerves are
and 1f 1t 1s clear that irreversible changes have occurred 1n both, the final
|d be the establishment of & median-ulnar anastomosis above the level
hological changes and division of the ulnar nerve huigh enough in the
1 to ensure that the length of ulnar nerve graft available is amply sufficient
the gap in the median nerve. Subsequent operations may include a full-
flap skin-graft to provide ghidmg tissue and tendon transfers grafts or
to restore finger flexion. Dunng all these procedures the ulnar nerve
st left undisturbed in sire Median nerve axons are continually penctrating
length and the less the nerve 1s subjected to operatrve traums and the
emarns 1n a more or less normal environment, the faster this penetration
ilace Provided the skin and tendon operations are completed reasonably
16 operation of bringing down the ulnar nerve graft and anastomosing
istal segment of the median nerve should be performed as the final step
anstructive procedure A biopsy speczmen from the terminal end of the
re graft taken dunng this last operation may show that the vanguard
have already penetrated its full length, 1n which case the time when the
of sensory recovery in the hand may be expected to appear can con
: predicted. Success 1n the operative treatment of Volkmann s contrac
res radical surgery as early as possible without wasting time on such
procedures as elastic stretching, tendon lengthening, muscle slides, and

'RACTION INJURIES OF THE PERONEAL NERVE

10n peroneal nerve has the nque anatomical charactenstic of pursuing
course between two bony points the 1schium and the head of the fibule-
sason 1t 15 particularly susceptible to traction injuries. Moreover in view
mght course, it is very difficult to gmn length for nerve suture and this 1
the main reason why the results of suture of ths nerve are notoriously
ngston (1947) reported that among more than 300 major nerve lesions
resection and suture, only 10 cases fafled because of disruption at the
* but that 9 of these 10 cases involved the peroneal nerve Whitcomb
orted that 70 per cent of all suture line disruptions 1nvolve the peronea]
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PERIPHERAL NERVE INJURIES

1t 13 therefore advisable to gain length for suture of the peroneal nerve by re
section of the head and neck of the fibula rather than by flexing the knee otherwse
the tension thrown on the nerve during the period of knee straightening wall erther
dsrupt the suture Ime or cause a diffuse traction lesion in the nerve

Two kinds of closed traction lesions of the peroneal nerve are well known and
have been reported mn the literature They are due to fracture of the pelvis with
displacement and to adduction type dislocation of the knee with rupture of the
fibular collateral ligament.

The author has encountered two additional mechansms, one proven and the
other not yet proven which have not previously been reported

Retrograde pull o the nerve by muscle action
Case report

A middlc-aged woman slipped in the street and sustained an adduction sprain of the
ankle. On examination, she stated that the entire lower hmb below the knee was numb
and parzlysed. Pereeption of pin prick was lost in the distribution of the peroneal
nerve and reduced ehewhere. She could not voluntanly contract any muscles below
the knee. There was swelling below the lateral malleolus and radiological examination
showed that the talus could be tilted 1n the ankle mortise, There was tenderness over the
head of the fibula.

Six hours later there was full recovery of function in the posterior tibial nerve but
the peroneal nerve remained paralysed

Two days later peroneal nerve paralyss ined lete and ecch Is had
appeared over the upper part of the peroneal muscles. The nerve was explored and it
was found that the peroneal muscles had been partly avulsed from their fibular origin
and had dragged the peroneal nerve distally Some muscular branches of the nerve
had been torn and there was extravasation of blood beneath the nerve sheath extending
as far proximally as the bifurcation of the sciatic nerve into its two main branches.

In the course of a 2 year follow-up the patient made only a partial recovery of
function

This then was a case of traction injury of the peroneal nerve owing to retrograde
pull on 1t by the peroneal muscles during foreed inversion of the foot The mitial
total paralysis of the leg was probably due to a transicnt transmutted lesion of the
posterior tibal nerve

Sumular but shighter cases have also been seen most of them resulung in de
generative paralysis of the extensor hallucis longus muscle only

Prolonged non-violent stretching of the nerve

The second as yet unproven, mechansm of traction mjury of the peroneal
nerve 1s prolonged non-violent stretching of the nerve by flexion of the hip with the
knee extended

It has been known for many years that patients confined to bed for long penods
were Liable 1o develop paralytic foot drop This was regarded as a reflection on the
quahty of nursing care and the solution was thought to be the provision of foot
cradles to keep the weight of bedclothes off the feet and blocks to prevent plantar
flexion of the ankles However even the most assiduous nursing was not always
successful 1n preventing this complication
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PERIPHERAL NERVE INJURIES

Preventlon of deformity

The matn role of splints 1 the treatment of peripheral nerve injuries 1s to prevent
deformity Fixed deformity following peripheral nerve injury anses from one of
two sources, or 2 combation of both If the paralysed muscle 1s opposed by a
bulky and powerful antagonist the Iatter 1s very likely to become progressively
shortened and to produce fixed deformity

If the unparalysed antagonusts are relatively less bulky if they normally come
into action only wntermuttently for the performance of spectfic movernents and
particularly 1f the limb 15 persistently used by the patient as normally as possible,
the tendency to muscle shortening 15 much less Radial nerve paralysis resulting
1n wrist drop 1s alleged to result in fixed shortenmpg of the wrist flexors Such shorten-
ing develops early and to 2 marked degree iof the wrst 13 neither sphinted nor used
If 1t 35 splinted and exercised for purely prophylactic purposes, muscle shortening
15 retarded and reduced 1n sevenity but if the hand 15 used for hard manual work
from soon after the onset of paralysis then irrespective of whether or not a splint
1s used shorterung is unlikely to develop The author recently saw a Chinese
peasant with & complete radial nerve paralysis of 9-years duration. Throughout
this time he had continued to till the Jand and to reap 1ts produce There was not
the shghtest trace of shortenung of the wnist fiexors Every ime he had thrust his
spade into the earth or steadied his carrying pole on hus shoulder hs wrist had
been carned mnto full passive extension His complaint was of weakness of the grasp
for when he clenched the fist the wnst went into flexion and the efficiency of the
finger flexors was markedly imparred

Joint contracture

The other and probably more frequent, cause of fixed deformity after peripheral
nerve 1njury 1 jomt contracture Brachial plexus Iesions may be rapidly followed
by stuffness of the fingers owing to perr-articular thickening consequent upon 1m-
mobility combined with oedema. Joint contractures 1n 1solated median or ulnar
nerve 1njurtes develop as a result both of postural deformity and vasomotor ab-
normality in the denervated area, for they appear much more rapidly than can be
explauned by postural deformity alone

Ulnar nerve paralysis

In the claw hand of ulnar nerve paralysis the metacarpophalangeal jomnts
especaally of the fourth and fifth fingers arc pulled into hyperextension by the long
extensor muscles unopposed by the paralysed interosscus muscles With the
metacarpophalangeal jounts extended, the fong flexor tendons are passuvely
stretched and pull the interphalangeal jomnts into flexion & process which 13 factli
tated by loss of the extending action of the interosseus muscles on the interphal
angeal jornts After a yme which may be as short as 2-3 months, the volar capsule
of the interphalangeal joints shortens and produces fixed mitation of extension
at the mterphalangeal joints

It 15 frequently recommended that to prevent this a sphint should be worn to
eep the metacarpophalangeal jomts flexed. However such splints are cumber
some and may prevent resumption of work. Moreover since the recovery of in
trinsic muscke function following ulnar nerve injury 1s notoriously defective in
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quality it is not possible to assure the patient that he will be able to dispense
with the sphnt within a reasonable ime An additional reason for avoiding the
routine use of ulnar nerve splints 1s that fn the author s expericnce functionally
significant deformity by no means regularly develops without thair use Bowden
(1954) reported that 75 per cent of patients with ulnar nerve injuries who did not
use splints developed contractures of the fourth and fifth fingers but she does not
indicate the severity of the contracture or the effect it had on function Usually
there 15 only a tnfling flexion contracture in the proximal interphalangeal joint of
the lutle finger Passive flevion at the metacarpophalangeal joints 1s not usually
himited for the extensor tendons can be relaxed by the merest dorsiflexion of the
wrist Even though the loss of dextenty resulting from paralysis may be very great

Joint contractures may not add sigmificantly to it The reason why fixed deformity
1s often so slight tn ulnar nerve lesions s doubtless that in a large proportion of
cases the mnterosceus muscles recene a dual innervation from both median and
ulnar nenes.

However 1in a rminonty of cases presumably those in which the interosscus
muscles arc exclusnely vlnar innervated severe deformty and disability develop
catly Actne flexion at the metacarpophatangeal joints 1s impossible and the
grasp function of the hand 15 practically lost Correction of the hyperestension
deformity at the metacarpophalangeal joints 1s urgently required in such cascs
A knuckle-duster sphint can achicve this as a temporary measure but since the
functional recovery following nerve suture 1s not likely to be satisfactory early
operative intenvention to restore muscle balance may be indwcated The simple
procedure deseribed by Zancolli (1957) of shortenung the volar capsule of the
metacarpophalangeal joints may prowvide a solution for these difficult cases Should
this operation fail it 1s still possible to undertake the more complex procedure
devised by Bunnell (1944) in which the termnal bifurcations of the sublimis tendons
are inserted into the dorsal expansions

To summanze it may be stated that the only fixed deformuty in most cases of
ulnar nerve paralysis 15 flexion contracture of the proximal iaterphalangeal joint
that most cases of ulnar nerve parafysis do not need sphintage that the minority
of cases who do require splintage require 1t for gross impatrment of the grasp
function of the hand and that 1n these cases early operation to prevent hyper
extension deformity of the metacarpophalangea) joints is probably indicated

Median nerve paralvsis

The motor consequences of median nerve injury on the function of the hand
are very variable but if the power of opposition 13 lost the effect on function 1s
serous and a splint should be worn pending erther muscle recovery or a tendon
transfer operation If a splint is not used fixed deformity nearly always develops
and negatives the benefits either of eventual re mnnervation or of a tendon transfer
Again, the cause of fixed deformity lies both in joint changes and 1n muscle con
tractures The thumb metacarpal bone 1s drawn 1nto an adducted externally
rotated, and extended position and shorteming of the capsule of the carpometa
carpal joint and of the adductor pollicis muscle prevent passive opposition When
this has happened tendon transfers to restore opposition are doomed to failure
unless they are preceded by restoration of free mobility to the thumb metacarpal
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bone, and this necessitates capsulectomy of the carpometacarpal joint 1n addiuon
to tenotomy of the adductor pollicis muscle

Probably a higher proportion of opponens muscle paralyses than of interosseus
muscle paralyses require sphnting. Unfortunately a really satisfactory opponens
muscle sphint has not yet been designed for 1t 15 very difficult to maintam oppost
tion without stramming the metacarpophalangeal jomnt of the thumnb

RESULTS OF NERVE SUTURE

The results of nerve suture 1n 1,441 carefully documented and followed up patients
treated at five Medical Research Courcil nerve injunes centres dunng World
War II have been analysed by Zachary (1954) These were mostly war injuries and
therefore sepsis, delay m treatment loss of nerve tissue, and extensive muscle
damage were common A sumiar series of civilian nerve wnjuries treated with
equal skill would certainly give better results Nevertheless, the overall preture
that emerges 1s very encouragmg and should do much to stumulate a more active
and hopeful attitude to the treatment of perpheral nerve mjures.
Some of the salient points 1n this analyss are as follows.

Ulnar nerve

Following low suture under favourable conditions 78 5 per cent made a useful
degree of recovery in the intrinsic muscles of the hand and 16 per cent recovered
mdependent Iateral movements of the fingers The overall figure for high and low
sutures performed both early and late was that nearly 50 per cent had a useful
degree both of motor and sensory recovery

Medlan nenve

Of low early sutures 68 per cent made useful sensory recovery and 53 per cent
of all cases did so Of high sutures 90 per cent recovered useful finger flexion but
only 32 per cent of all cases recovered useful opposition of the thumb

Radial nene

Of radual nerve cases 89 per cent recovered useful power in the wrist extensors
and 61 per cent also recovered power m the finger and thumb extensors Fine
control with complete co-ordination of extension of fingers and thumb was
achteved m 36 per cent of cases.

DMedial popliteal (posterfor tiblal) nerve

OF medial poplitcal nerve cases 56 per cent recovered powerful action of the calf
musscles agamst resstance Toe flexion rarely returned and only 27 per cent of
patients had a return of tactile sensibility 1n the sole of the foot although 80 5 per
cent were able to perceive pin prick

Lateral popliteal (peroneal) nenve
Of lateral popliteal nerve cases 36 per cent recovered the power to dorsiflex the
ankle against gravity but only 13 per cent could do so against moderute resistance
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Sciatle nerve

The interesting and mportant fact emerged that out of 107 cases of sciatic
nerve suture 45 per cent recovered pood function Good function was defined as
no foot ulcert no more than minimal pain and abMity to walk more than 1 mite
and to do work involving a farr amount of standing and walking

Twenty mine patients made no neurological recovery at all but of these 27 5 per
cent had good function asdefined above Convenscly o high degree of neurological
recorery did not necessanly imply a return of good function The conclusion can
therefore be drawn that although in peneral the hetter the neurolopical recovery
the better the functional recovery this 1s not always so and an irrecoverable lesion
of the saatic nenve should never be regarded by nself as an indication for am
putation The main safeguards against amputatton are meticulous foot eare and
splintape to prevent defornuty
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CHAPTER 21
REHABILITATION OF THE INJURED
R. BARRIE BROOKES

INTRODUCTION

MucH has been written about rehabilitation many definitions have been suggested
and lengthy explanations given of its many implications It is 2 word which has
been so continuously before the public that ts practical aims are sometunes n
danger of being taken for granted In 1ts broadest sense 1t summons up a picture
of the work associated with world wide problems of social upheaval following
World War 1I In its narrower meamng 1t provides the bndge on which the mured
worker must pass from hospital bed to factory bench. It 1s 1n this latter sense that
the part played by the rehabilitation “get fit team 1s now considered

With an increase in responsibility and equipment and the expansion of her
tralng curriculum the masseuse graduated to the status of physiotheraprst and
the massage department became & new-styled phystotherapy department. By the
same token there might be & case now for thunking of physiotherapy departments
as rehabilitation units There 1s a growmg tendency towards the revaluation of
many forms of treatment taught under the genenic heading of physiotherapy
Dead wood 1s bemg rejected and indications more accurately defined.

At the same trme 1t 13 recognized that occupational therapy which was oncoe
mainly concerned with mental 1llness, can play a decistve part mn assisting the
recovery of physical function Certamn handicrafts were introduced and mod:fied
for this purpose, but after early enthusiasm this has been much cnticized. It was
often associated with an unrealistic attitude which 1nvolved treating the condition
rather than the patient.

The active procedures of physiotherapy and occupational therapy have been
mcreasingly geared to the working, domestic and social requirements of the
individual There s no longer & stercotyped method of handling, for example a
unuted fracture of the tibia. The object of therapy 13 in fact to rehabilitate  John
Smith to return to his work as 2 maintenance engineer after he has broken his
leg The possiblo tasks of treatment are illustrated by a fireman with many years
of service to hus credit. While at work he fell from a herght and sustained severe
bilateral caleancal fractures. Within twelve months he was back at full work after
a rehabilitation programme which started a few days after injury with non weight
bearing exercises 1n bed and concluded with running, skipping, jumping and climb-
ing with and without weights,

For a man working at a sedentary job reasongble ambulation 15 all that may be
necessary to get hum back to work, but if & fireman car ot 1 turn to full duty 1t
means the loss of pension and other nghts to wheh . catitled by s Jong
service. For the same degree of recovery rehabilitation 1 be conmdered success-
ful in the clerk but a failure in the fireman.
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The end result must be one that is acceptable to the patient. A restricted range
of movement in which he has confidence and which wili allow him to earn his
Irving 15 better than a wider ranpe without confidence n its use

Therapists must never allow a state of incrtia to develop whilst awaiting Instruc
tions They should be encouraped to use ingenurty and shilt to plan a progresuve
programme of graduated actuity within a broad prescription which might simply
be progressive weight beanng™

Teamwork

Successful rehablitation can only come from the closest integration between
physiotherapist occupational therapist and remedial gymnast as part of a medical
team With a braader conception of the contribution each can make to the indivt
duals needs, each of the therapres become less cxclusive mn its contnbution
resulttng tn a certain amount of overlap The distinctive skills and specialized
methods all aim to develop the paticnt s personal independence by retraining that
may first imvolve the activaties of daily living and self care but which leads eventu
ally to a final resettlement in o constructive hife even though this may fall short of
the pre acoident state

1t 18 an advantage 1n interpreting the vocational needs of the injured worker in
any industrial area to have a working knowledge of the vanous trades, and
partrcularly of the tradesmen A therapist who 1s able to show that he knows
something of the working conditions to which the patient will return has the
advantage of getting on inumate terms with huim so that his resources can more
exsily be developed The patient will gan confidence when he knows where he 1s
gong.

Most patients associate severe injury with the possibility of being unable to
return to their former work The fear is that alternative work will mean reduced
earnings. Even if he can return to his old job the patient may be anxjous about his
ability to hold it down A therapist who has had a Iook at local industries can go
a long way to dispe] much of the psychological overlay and thereby remove one
of the barmers to progress There 13 no single factor more important than this
ability of the theraprst to get close to the patient Academic qualification 18 of no
avail without it and is the reason why rehabilitation can succeed in little more
than four walls, yet fail In the best equipped department if the nght attitudes are
musing.

Perhaps in the past some players on the rehabilitation team have been inclined
to keep to their set positions too ngidly and to nsist that the other players do the
same Teamwork never will reach its full (arget even when the speeial needs of
the patient have been established, unless each member 13 prepared to do that httle
brt extra to bring 1t about.

Now that the modern trend of treatment 1s to make the patient ambulant as
carly as possible 1t 15 never easy to get the more helpless ones sitting out of bed,
particularly when they are overweight This calls for teamwork The problem
should never be left entirely to the nurse to solve as part of her nurmng duties any
more than 1t is regnrded as the exclusive province of the physiotherapist or remedial
Eymnast. Anything other than a combined effort from all who are working on the
ward will militate agamst the progress of the patient.
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Co-operatlon with industry
An important aspect of teamwork 15 1ts extension into mdustry and its acceptance
there by every working man end woman,

A machune operator sustaed a fracture of the wrist which was treated fn plaster
He was advised to return to work In order to make full use of his fingers and shoulder
On his rcturn to hospital scvernl weeks later for the removal of plaster hm fingers
were swollken, stiff and painful and he could not raise his arm without pain in the
shoulder The foreman had taken the trouble to put the man on & machine the controks
of whuch had been altered so that it could be worked with one hand, to enablke him to
rest the injured one 1n a sling all day!

This musdirected sympathy added several maonths disabilrty to 2 man who should
‘t_uve resumed his normal productive capacity wrthin a short time of union of the
racture.

Attitade of relatives

The public at large have also & part to play and can make or mar attempts at
rehabilitation  Killing with kindness can be a reality when those who have the
care of a relative with a disabihity following injury stifle attempts at independence
with the mustaken 1dea that they are being helpful The man who has lost an arm
will never feel that he has made the grade untd he 13 allowed to put on his own
coat without someone continually rushing to help him

A youth was discharged from hospital several months after a severe head Infury
After prolonged unconsclousness and confusion he was eventually able to walk unaided,
cltmb stairs and care for himself gencrully He also undertook the normal hospital
schooling. On discharge ho was keft with some spasticity of the feft arm and feg and
showness of mental response When his mother arnved to take him home she dressed
him completely She had arranged a bed for him downstairs and was obyiously aiming

to do everything for him

The mother had not realized her key position in her cluld s rehabilitation His
complete independence was to depend upon her encouragement and patience
together with the right amount of parental discipline

PHYSIOTHERAPIST AND OCCUPATIONAL THERAPIST

In any formulation of general principles it would be mvidious to distinguish too
closely betwesn the roles of the physiotheraput, occupational therapmt and
remedial gymnast. Esch aums at encouragmg the gctivity of the patient and
directing 1t into useful channels

The inco-ordinated patrent will still be taught to carry out Frenkel s exercises
by the physiotherapist and a suitable craft by the occupational therapist but at
this point each worker will lose her 1dentity as she becomes concerned in ensurimg
that the patent can also carry out the every-day activitics of carng for himself
It has been the failure to carry treatment to this stage which has provoked cnticism
1n the past Functional activities must be fully understood by all therapists and the
basic principles ment incluson o the training curriculum at the expense of some
of the never used Swedish remedial exercises
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Phystotherapy

Few observers would deny that there are many patients suffering from the
after<flects of injury who do not need physiotherapy In these days of over
cronded departments the carcful assessment of cach injury is an essential part of
thete admunistration so that the available time will be wsed to do z good and
complete job with the more severely disabled patents Time mught othcrwise be
spent to less cffect on a doren  quick turnosers”™ One of the most important
contra indications for physiotherapy still remams the absence of any need for it

Group treatment

Physiotherapy for trauma 1s essenlially 2 matter of correct timing and no
department should ever be adding names to waiting Jists Ax the basis for treat
ment however s actine exercise the development of group and class work has
become an integral part of the rehabilitation programme and should make warting
unnecessary  Careful planning must go into the preparation of exercise schemes
and once a patrent has been individually instructed and understands what s
required of him he can usually continue excrerses in a class with other patients
having similar aims A traumatre efTusson of the knee joint is commonly seen
Once the patient has learned quadniceps muscle contractions his exercises can
be supervised 1n an early class. As the effusion subsides progression will be made
10 a class which combines the former exercises with knee flexion and then accord
ing to individual requirements, will progress to resisted and aplity exercises com
bired with climbing as indicated A ladder 1s an essential item of equipment for
lower imb rehabihtation.

With up to four or five classes for cach anatomzcal regron it is possible to have
a smooth progression from an actte condition to final recovery for many patients
at any one ttme provided that the therapist 1n charge of each class 1s aware of the
Imited obgectives of that class

Exercise at home

For many patients one or perhaps two attendances suffice for exercise instruction
a patient 1s working and it would be economically difficult for him to attend
A few and only n few spectfic exercises are taught for him to practise regularly
throughout the day When possible 1t 1s advisable to have clear instructions
pinted and handed out to the patient and explained to him individually
Tt 15 essential that the patent 1s not told simply to usc the part but shown the
tctual range through which the imb should be moved Every patient with 2 wrist
In plaster for example, is not just told to move his fingers but is also shown how
t0 put s hand behind his neck and in the hollow of his back to prevent the
shoulder becormung suff and pasnful
Experience has shown that when a nuddle aged or elderly person sustans njury
1o the shoulder the degenerative changes of the rotator cuff consistent with thus
8¢ group take unkindly to 1nsult, and rupture of the musculotendinous structure
5 frequent. It 15 important for exercise 10 begin within a few days of injury in order
10 recover function but 1t 1s wrong to tell the patient vaguely to keep hus shoulder
on the move If the patient 13 not shown exactly how to carry out the exercises and
particularly what movements to avoid his shoulder will more than Iikely become
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stiffer and more painful in the succeeding weeks He must be weaned from the
over use of a shing and the use of heat and other passive therapies when the acute
stage has passed. Unless active exercase forms the keystone of treatment, it will be
doomed to failure

Occopational therapy

In recent years occupational therapy has largely left behind 1ts array of weaving
and rug-making machines which were adapted to produce any movement specific
for a particular injury but took little account of the job to which the patient was
returmng The occupational theraprst has progressively modified the work to a
modern functional approach with the growing provision of more vaned occupa
tional aids 1ncluding the facilities for helping the disabled housewife Nor are the
methods confined to the department but reach out also to the home and business
premises of the patient.

It 1s true that for a Jarge proportion of patients recovery can be harnessed to
function at the earliest possible tume by return to work, modified 1f necessary or
possible. This will complete the cure as quickly as any formal rehabilitation
programme There Is however & hard core of patients recovering from injury for
whom occupational therapy 1s desireble

There 13 the patient who cannot yet do his own work and for whom suitable
work is not available yet progressive activity is lus man need for recovery There
18 the reluctant patient whose apprehension amounts to mhibition, and there 18
the one who requires retraning to become independent again before industrial
resettlement can be considered.

‘There 1s no doubt that to prepare a man for his earliest return to work the most
satisfactory method is for hum to handle tools comparable with those of his own
work and 1n an atmosphere of normality He is more likely to respond to the
stimulus of work he understands and finds satisfactory than to usmg apparatus
which 15 obviously 1ntended to recover lost range 1n a jomnt or to strengthen a
musele group but which he finds frustrating on eccount of its unfamilianty More
satisfactory results come from using the affected jomt or musclo group as & co-
ordinating part of the limb as a whole. It 13 1n an attempt to fulfil this requirement
that occupational therapy departments now devote much space to the use of what
ever engmeering tools and practices are possible working with both wood and
metal materals

Alds to dally living

For the patient who has lost some of the skill needed for mdependent exsstence,
therapists concentrate on the early attmnment of complete self care Facilities are
provided to take these patients through the motions of toilet activities, eating and
drinking, dressing and undressing. Such patients are put through such day to-day
hand activities as striking a match handling door knobs, window fasteners,
electric switches, telephone dials taps and everything elso which 15 commonly
found 1n the house and may be appropriate.

Just as the industrial patients are rehabilitated with the tools of their trade so
also 18 the housewife. Many departments have now established a kitchen as part
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d b) The clamp (¢) The vice. (d) The pincer
Fro 80 —(a) A hand wjury (()')mhwh
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regardless of the degree ol injury few obstacles will remain to present the worker
returning to his onpinal work

The question of right or left handedness 15 an important one The dominant
hand should be retained as the master whencver the main functions can he re
covered with intenstve retrmning The patient wall usually find thrs an casier task
than to change the respectine roles of the dominant and subsenient mbs A
nght handed person will find 1t simpler to write apain cven with a mid forcarm
prosthesis than to start from the beginnng with the left hand With a penal
fixed to a leather cuff fastened around the stump in such a case writing practice
can start even before the removal of sutures cffective movement coming entircly
from the shoulder jornt

The foor

Subtaloid joint mobilinn —The foot has heen developed by the body as a means of
propulsion and balance Imjumes impainng ats function will in consequence
deprive the indivadual to a varying extent of the abilnty to walk run jump climb
and balance Disability anses in the main from restriction of movement in the
subtaloid joint which is the joint of balance and weakness of the posterior tibial
group of muscles Many patients with this disabality have had = fracture-dislocation
of the ankle or a fracture of the calcaneus When patients with either of these
injunics reach the weight beaning phase they are often unable to balance on the
injured foot or nise on the toes From this clear aims of treatment have emerged
Exercises must emphasize the development of balance standing and raising the
body weight on the toes Dunng the peniod before weaight beanng is allowed
but when the joints are no longer immobilized in plaster the essential cxercises
concentrate on mobilty of the subtaloid joint and strengthening the postenior
tibial muscles While adequate mosement in the ankle joint is equally important
for good walking, this usually recovers rapidly once weight bearing begins

An ankle which has been injured and immobilized is usually suff and may
require mtensive assistance to mobilize the subtaloid joint. On the other hand
when active movements are permitted immediately for a calcaneal fracture the
marntenance of joint range 1s at this stage the most important aim of the therapist.
Ultimate function depends to a large extent on the mobility of this joint

Plantar flexion —It 1s equally important that resisted plantar flexion exercises
are begun as soon as possible All injuries are associated with some reflex inhibition
of muscle tone and 1n this neighbourhood this may lead to atrophy of the posterior
libal muscles Exercises must be carried out to the point of maximum load con
sistent with the injury and the comfort of the patient Muscle will hypertrophy only
1n direct proportion to the amount of resistance 1t works agminst and free exercises
are useless for this end when the muscle group concerned 1s capable of harder work

Attempts have been made 1n calcaneal fractures to relieve the lesion from the
adverse effects of weight bearing but to preserve a degree of function by getting
the patient to walk on the toes of the affected foot It is quite impossible 1n most
Cases, however for this to succeed owing to the immediate tonal loss of the
muscles of plantar flemon

In the final phase of rehabilitation all the exercises are concerned with balance
:nd toe-standing, and nclude climbing exercises There seems little purpose in

eaching a patient to use his foot like a hand picking up obpects with the toes,

7



REHABILITATION OF THE INJURED

as 15 done to strengthen the intrinsc muscles 1 cases of flat feet, when these
Important muscles are necessarily used powerfully m the foregoing exercises.

Swelling —Swelling 13 2 common sequel to injuries of the lower leg. Massage,
clevation, pressure bandaging, faradsm under pressure, sinusoidal baths and
exerases can all be used to advantage in certain aircumstances  but when swelling
13 more than transent there 18 nothing as effective as the circumferential pressure
exerted by an efficient elastic stocking which should extend from the web of the
toes to above the upper margin of the oedema. It is advisable to wear the stocking
until 1t has worn out, by which time 1t will probably be no longer required.

AMBULATION

The teachung of a palient to walk agamn followmng a lower leg injury has many
aspects, some of which have not received the attention they warrant. The complete
scheme involves early ambulation out of bed, perhaps within a day of operation,

Fic 81 —Modifled wheel
chair and bedside ramp

. . e W
followed shortly by wmnstructton in the use of crutches Thereafter the usual pattern
of progress follows with partial weight beanng between crutches, then on two
sticks graduating to one stick, and finally to full weight bearing wathout support.
It 15 often stated that tho patent should have two sticks or none but in actual
practice the giving up of one stick forms 8 mark of progress to the patient Held
1n the opposite hand the remaumng stick forms 2 satisfactory support without
imbalance and 1t does mean that more weight s put on the leg than might other
wise be the case with two sticks So many patients walk badly with no sucks and
well with one stick, that the procedure 1s amply Justified.

Even when a formal rehabilitation programme 13 not requied, the usuc of
crutches, stcks and plaster overboots should be done from the rehabilitation
department. The patient who requures support should be shown how 10 use :l&
Often n the trantition to weight beanng close supervision 1s necessary untowa
reactions must be looked for and the degree of weight bearing controlled accord
mngly

s



AMNULATION

Getting the patlent up

More remains 1o be done to facilitate getting heavy and awhward patients out
of bed Thase who do the liling often theme«<lves develop backsirain Tlossts are
now avarlable and when much heavy hifting 15 required they should be part of the
ward cqupment It is posuble o impravise from stecl tubing and clamps a frame
which will wheel over the bed and from which a winding mechamsm can be
suspended for such hifting

An alternatne and efficrent method has been developed with o modified wheel
chais and ramp (£ 1g 81) The ramp at the side of the bed enables the char to be
brought up to bed hetght The back support folds flat and the leg support is raised
With the arm rest removed it 15 a relatinely simple matter to move the patient
onto this chair 1t 1s then recondttuted und wheeled down the ramp wih the
patient upright

Fsa 82—Adpusiable walking apparatus adapted to prevent full weight beanng
during walking.

Wialking apparatuy

) S;vcml weehs of ambulation tsime can often be usefully saved 1n bitateral Jower
bm juries by the use of a walking apparatus 1o which the patient 1 supported
'y 8 shing around the pelvis and between the legs When the full body weight
Gt;nnot be taken by the leg and four pont walking with crutches 1s not practical
e sling ropes can be adjusted to allow no more body weight on either leg than s
flecessary for the foot to make contact with the ground for propulsion The ropes
cun be adyusted to allow iocreased weight beaning as indrcated

apparatus can #also be constructed from t
pictely adissrable (e o) ubing and clamps and is com
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REHABILITATION OF THE INJURED

Special problems

There are two particular hazards which the more seriously injured individual
encounters after discharge from hospital but which can be largely overcome by
instruction Many patients lack the mmtial confidence to step on and off # bus
and so hesitate to use public transport. The provision in the department of a
bus entrance on which a patent can practise Jargely overcomes this.

Difficulty which may be experienced i mounting a pavement can also be
overcome by using a platform at the correct height in the department This hande-
cap may be found when both knees are stiff from injuries involving both legs.

REFERENCE
Lane, R. W (1950) Physiotherapy 36, 11
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Guerln s fracture, 295
Gunning ;Ezﬂnu, mandibular fractures, in, 301

Gunshot woutids, metacarpal bones, of 289

H

Heematoma,
closed abdominal injuries, in, 231
ennh infuries of the hand in, 279
infection of 33
subdara! differential dlagnosis from menin-
otls, 269
wound surgery and, 116-117
Hacmaturia, closed abdominal inprres, in 231
Haemoconcentrat 65
Hacmodilutlon, 14 65-66
lows, after 4445
Haemoglobin levels,
blood lou, and 6566
loss, and, 14
Hacmoglobmmic nephrosh, 91

b}ood and ar ln. 235
Huemorrhnp {see alro Blood loss)
closed abdomimal injury in, 228 229 230
extradural, differential dlagnoals from menin-

gitls, 269

intra-abdominal aspiration of peritoneal
cayity in, 232

mandlbular feacture, in, 297

pulmonary fat embolism and, 218

retroperitoncal absenco of bowel sounds In

of

in 255

230
technique of control in closed abdomimal
1n; 234

tfurses,
thoracse njuriey, 10 235
Hacmothorex, clotted infected  thoracotomy
for 243
Hand injuries,
amputations m, 286, 287 288
Bennett s fracture-dulocatioo, 158, 282
clhinxcal ssscysment, 277 278

181

mampulation unnccessary 280 281
open reduction, 281 282

internal fixation of fractures In 286
mallet finger 283

management,
badly injured lk.h:\, 288 289
flap grafts, 288

open joint with skin loss, 286

muscle damege ssoclated with fractures,
289

open,
anaesthesta in examination, 277
exploration, 283 784
Ppost-operative care,
dressings, 291
physiotherapy 291 292

resctthapent, 292
principles of Initial operation, 287
psychological factors, 276, 277
nadiologacal assessment, 277
retubilitatfon programme, 325-327

tendon infuries, 282,
“tidy and untidy” wmmds, 283
treatment,

anscsthesa for 277

preparation of llmb 277

use of tourniquet, 277 279
value of restored functlon 276, 287

Head Injuries,

blood transfution after 4849
mandibular fractures (see Fractures, and
FactomaxiTlary injuries)

actiology 264
nntﬂ:r{odclln 167 2‘70—273

cmhmp-mlﬂu.dchnmln.ﬂl m,
74

267 268
crunial block complicating, 273

differential dlagnoais, 269

fracture of anterioc cranial fossa, 263

Laboratory imestigations, 269 270 271
274

Tumbar puncture in, 269 270 271

major causes of death 273 774

neurological sequelae, 273

onwct, 269



Head infucics —cont
meningith due to—conr
of management 271

refapes 273
spinal block complicating. m
Streptococens presmroniae and 26

subdural abscess complxating, “7)
nmivat mte 774

rating wounds 31-32
gt 'n'nbolkm following. 247
Heat, shock. and, T
Hellcopers, usc of 7
Hepann,
experimental dipensing of fat emboli in 226
intravenous,
pulmonaty embotrsm, in, 258 259
sccondary thrombasia, In 284
Hitermation trauma after 71
Hip, frecture-distocations of 194 198
History-taking, diagneaks, and 29
Hormones,
adrenal, injury following, 19
antidsuretic, release afier injury 19
puuhary injury following, 18 19

INDLX

Infection
closed wounds, of 33
following open reduction, 130
open fractures, of 134
shin damaged theough, 31
wounds of 107
1
njlh;Z‘wrnl, primary 27-38 (see alio Avsctse
ment)

cireulatory response to 39-72
classification reglonal 2%
presenting. mitdeading aspects of 29
sequelae common,
syMemie reactions to 9 26 {see aho Sytemle

rexﬂom)
types of
closed infunce, 32 33
cnrshing infuries, 35
penctrating wounds, 29-32

Intermal fixation,
ankle fracture, of 180
Bennett s fracture of 133
capitelium, of 164
closed fractures, of 128
femoral condy bes, of 190
femur of 145
forearm, of 151
Galleazzi fructure, of 161
humenus, of 149

lateral condy be of 167

personnel for 74 lar of 167
request form, 75 Montegga fractare of 161
team work In, 74-75 olccranon, of 163
24hour emerpency sendce 76-77 open fractures, of 133
degrees of 15-76 ratetla, of 193
Humenss, fractore of (see Fractures, humerus) 1ibla of 143
Hyperkalaem a, in, 87 tibal head of 185
89-90 trochkez of 168
Hypertension, types of 128
chronxe pull Yy sequel of pul ¥y  Internal splin
embolism, 256 absolute fixation and, 196
npury after 66-67 sdvantages, 210
Hypcnmlﬂalion, hcad anury due to 48 biological side-effects, 200, 201
in 87 90 bone necrosts and
Hy'pohhcmh. 47 cotresion of plates, 197 198
Hypotension o, decalkeification and, 204
acute, embo in, 256 fractured humerus 211 21
following Injury 11 2 2

Immunimyon 121

Incidence of accidents, 2

Incinions, woand surgery for 112-113

Industrial Rebabilltation Unit, injured hand
cascs and, 292

functional results, 201-204
internal suture 197

Lanc plate in, 197 198
low-amplitude movement in, 196
methods of increasing rigidity 198
“motor-cycle tibla™ in, 202, 205
phite design 199

plate stress and |

radiological pall:rn o“\cnling. 204
sepals and, 204 205

Sherman plates in, 198

skin pecroabs compliating, 213

(91



INDEX

Internal splintags—coas
Stamm s plate m, 198

Vepable plate in, 199
Viallium in, 198 204
testines,
inyuries,
blood trantfmion, and, 48
fhiid loss after 48

Inj

nchaemia, 44
penctration in closed abdomimal Injurres, 229
230
Iron metsbollsm, red-cell loss, and, 14
Ischaermis renal, injury following, 40 96, 102
J

Jaundice, blood tramsfinion, after 23
Jawa, fractures of (ser Fractures, and Paclo-
roaxillary injurles)

Jolnts,
ankke frectures of 178-184
pal, digrtal fra involving,
158
corrosion of metal implants affecting, 207
functiomal results of Internal fixation of
fractures, 201-204

knee, fractures of 134-19%4
hip, fractures of 194-195

157 158
lower imb fractures pear 176-195
prevention of

196
pomary 89

ting
tarsal fractures involving, 176-178
upper Umb fractures pear 156-175
wrist, fractures of 158-161

X
Katabolism, adaptation to trauma, and, 39
deep clefi in, normal renal function follow-
iog. 231

wchaemia, 44
mayor rupture of intravenous pyclography

Kaolves, b
Kramer wire splint, fractures of the hand, in,
81

L

Laboratories, transfusbon, 74-77
Lane plate internal fixation of fractures, in,
197 198
Laparotomy
closed abdominal injuries, in, 229 233
penctrating wounds of the abdomen, in, 228
thoraco-abdominal wounds,

puncture, meningitis
infury n, 269 270, 271
5,
fat embolism duc to tranme,
hsemorrhage due to fl! embolnm. 218
Lymphopenia, 16

M

Magill's tube, facomaxdllary injurles, in, 297
Mallet finger tendon injuries in, 283
Mandible,
displacement of, obstruction of airway duo
to 296, 297
fractures of, 294 (see also Fractures)
Mans canmlties, 7-8
Medial popliteal nerve, results of sutore, 318
Medan perve,
panalysis of, splintage, 317 318
primary sutore of 309
results of suture, 318
Medical epkcondyle, avalsed, clbow dislocation,
ml“ By id  hec

crhage, from, diff i
from meningitls, 269
Menlngitls,
bead injury predisposing to,
abacterial pyogenic, 27:

chemoprophylaxis, 267 268

{10}



INDEXN

Meningitls—cont
head injury predisposing to—ennf
cranial block complicating, 273
duagnoshs, 269
differential dlagnosis, 269
Inchdence, 264

Iabor:lury‘ln\tulg:llom. 29 270 27
n4

lumbar puncture in, 269 270 271
major causcs of death, 273 274
ncurological sequelae, 273

onwet 269

principies of management 271
relapse, 273

spinal block complkating, 273
Streptococeis pacumonkee in, 267
subdural abscess supenening, 273
survival rate, 274

symptoms, 269

treatment, 270-273

poeumococeal, frecture of the anterior
cranial fossa due to 268
Metabolam,

te, Injury following, 21-22
inpry after 4 19-22, 42, 43
mineral, Injury afier 22
nitrogen, Infury following, 19-21
vitamin, injury afier 22
Metacarpahs, fractures of open reduction, 282
Mualmc;g-g:mal fixation of fractures, and

Minerals, metaboliam, injury after 22
Montcggia fracture 161

damage 10 fracturey and 289
Inhibition following injury 139

testing, peripheral nerve injuries, in, 306
wasting following infury 19-20

o

Obstruction of afrway faclomaxillary Mjurfes,
in 296, 297
Occupational therapy
fractures, following, 138 139
rehabilitatbon of the Injured in 312, 324
Oligacmia
znacmia presenting as, 14
ekectrolyte changes, and 17
neutogenic symploms, and 9
sympathetic overacthity in 10
Oliguria World War I in 85
Oliguric :rnd‘rcorm 85 (sce alse Uraemia, trau-
matkc)
Omnopon, chest infuries, In, 240
Open wounds,
blood ks In, 62, 65
fractures (see Fractozes, open)
Oral hygiene, post-operative care of mandibu-
Lar fractures, in, 303
Onher transfusion, $0
Oxygen,

prevention and rehief of anoda in chest

injurfes, 241 242
trauma after 70-71

P

ic effects,
30
P;m}y:h.detpmn;&c.pafphcﬂlncnﬂln—

in,
Patella, fractures of knesoint invohvement,
191 193 194
Pathology succestion of events following
injury 9 27-28
Patfent, asseswment of infured, 27-38 (see also
Assezsment)

Pelviy, fractures of
blood loss in, 65
peroneal oenve [nvolvement, 314
puimonary emboltam following, 247 257
Penetra

N bdouw:l. f 29 30 31
al [4)
Necroshy, body of 29-31
bone, internal fixatbon of in 200 inatlon of 108
skin, internal fixation of fractures, in, 213 dt s, 29-32
Nerve injurkes (se¢ specific merres ond sites) head of 31-32
Nerves, digital, closed injury of the hand, In,  limbs, 31
3 multlple, 30
Nervous scthvity infury dueto §

Penicillin, meningitis due to head Injory in,
267 270-273

Periosteum, Internal fixation of fractures, and
200

Penipheral blood values, 53-54

cirenlatson, blood transfision, as
guide to, 69

[11]
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Peripheral perve infunes,
nutuwwmncrwmfdnlln.lill
children in 306
closed exploratron of 310
cotted plasma “xutores” 309 310
correction of Volkmann ¢ contracture 312
digital 309 310
clectrical stimulation tests in, 311
Froment s test of hand movement, 306
Infection and, 308
intay grafting fn, 311
Jjount contracture following, 316
Jomnt stiffness in, 311
median and ulnar 309
muscle testing, 306

nerve pedicle grafting, 312, 313
ncum}yd:l in, 310
3 noo-conducting nerve In contlnuity 310,
11
pin-prick tests 305
prevention of ddormhy in, 316
prumary suture 308 309
recovery following complete severance, 303
regeneration in, 306-308
results of perve sutore, 318 319

staintess steel wire sutures in, 310
tantalum wire gitures 1z, 310
Peroncal nerve,
results of suture, 318
traction in|
difficulty of suture 312
prolonged non-vicknt stretching of the
nerve, 314 315
retrograde pull on nerve by munscle action,
314
Petechual eruption systemic fat embolism, due
to 222, 223
Prthidme, cheut fnjuries, in, 240
Phalanges,

amputation of, 286, 287 288
fractures of open reduction, 282
reconstruction procedures, 258
severed management of 284 285

Phenindione,

putmonary embolnm, m, 258 259

venom m:ombonx, m, 261 262

b in, 252

P‘hcmphonn, mcubolmn. injury after 22
Physiologxcal adaptation to trauma, 39-43
Physiotherapy

age considerations, 323

fracturey, following, 138 139

rebabilitation of the injured, In, 322-324
Pltntary gland, anterior response to fnfury 18

Plawmz
haernodynamie effects of, 46
loss folkﬂvtn; Ll:umy 14-15
Plasma

of major
bronchial teany, 237
traumatic, 235
Potymul; oxygen administrator In thorscc
241

Polypnoca, fat embollsm, due to, 223
Posterlor tibmal nerve, resutts of puture 318
Potamsium, cxcretion, Injury following, 16-18
Potaggium loss,
adaptation to trauma, in, 39 40
replacement, effects of 47
Pott 3 fracture, 178
Pulmodary emboliun (see also Fat emboli)

255
acute congesthve cardiac failure and, 255 256
age comideratlons, 257
anticongohint drug Lhanpy 258 260-262
battle casualties, in, 25
burns, following, 247
frectures, following, 247
frequency 247 253 256
gradeal deterioration and death, 255
beparin therapy In, 258 259
infarction in 255
morbid anatomy 253 254
pature of injury camsing, 257
obstetric casew, 1n, 256
ongin, 254

sudden collapse and death in, 254 255
detachment rate, 257
Trendelenburg operatlon in, 259
vem ligation in, 259
Pualse rate,
blood loss, and, 50 51-52
inyary after 40 41 42, 43
Pubse wave, pulse rate, and, $1-52
Pyrexla fat embolism, due 1o, 222

R

Radial perve,
panalysis of splintage, 315
resulis of suture, 318
Rudsology infurics, after tmmediate, 37
Reactions {0 injury systemic, 9-26 (sew also
Systemic reactrons)
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2ed celts, Foss following Injury 13 14
eflex munche mmr-akm cloacd abdominat
mputics, In
efriperatons, blood h.-mh for 73-74
chatlitation,
akls 10 compkete self care 14 323
family attitude 322
following fracturey, 138
indwntrial relations and 322
maodemn concept of V0 3
specaal problems on dicharpe 330
taarmmorh of theraphis, 321 322
walling apparatus, 329
Remedial gymnavs, rehabiltation of the
infured in V.3
Renal faiture
acute hypoterbon and putmonary embolrum,
in, 286

injury following, 85 106 (rer alio Uraemla)
Reml function, uraemia, in, 96 102
Rcv:nlcrmm, h.-md ln_hma and, 292

1l

frac

tures, in 301
Reninscltation
ancillary methods, 70 71
severe inpuries, after 53 72
Rh:un (D) yping, 78-79
Rhinorthoea meningitis follow ing head infury
doe to 273
Ribs,

fractured
relief of main in, 240
iubﬂb:lkm of “MaiT™ chest resulting from,

mdupk fractures, hlood km in 65
stove-in chest in, 237
Road accidents, lnddcm: "

S

Salt retention, injury following, 17-18
cclls, peripheral nenve infunes in
307-309
Sciatic nene,
wnpay of splintage 315
Tesatts of sunture, 319
Sepsls, |mcrm1m6rmum of fractures following,

Severe injuries, resncitation and transfusion
in, 58-72
S!’:rmn[;ph;;. internal fixation of fractures,

sdremal fallure, and, 19
confuston over 58

12-13
wdrenal apoplexy causing, 246

cerebral fat embotium and 222
shack promoting substances duc 1o 13
mandibular fractures in 297
oligacmic 10 {1
primary or natopenke, 10
profonged 12
pulmonaty fat embolivm and 217 218
traumatie 11-13
Shoubder
clowed injunes blood Toss in 63
drlacated paralysis of deltoid muwcke com-
picating, 315
(racture of 170
fracture-dnlocation of 172 178
Siher cap sphinty, mandibular fractures in
300 301

Skin
closure of hand injurics, in 284
denenaled chanpes in, 308
prafiing of hand injurrey, in, 284
infection via damagped, 33
inhay to 33
necronds of internal fixation of fractures, in
213

Skult
anterror fossa of faclal fractures and, 29§
296

fracturey, 32
bacterial pyogenic

ing, 274
Smith-Clark breathing machine stone-in chest
tn 239

Sodium carbonate cxperimental dispersing of
fat embol in 225

Sodium citrate (see alo Clu:uc)

effects in tramfused blood 46

Sodivm dehydrocholate npcrimcnul dispers-
ing of fat embodl, in, 225

Sodium lauryl alcohol sulphonate  experi-
mental dispensing of fat emboli in
225

Sodium loss,
head injury after 49
replacement cffects of 46-47
Spinal block complication of meningith fol-
lowing head injury 273
Spinal puncture, menuwngitls due to head injury
in, 271 2712
Smine fractures,
blood loss in, 65
pulmonary embolism following, 247
Splinage
angulation at fracture site due to 281 282
Bennctt s fracture-dislocation, in, 283
claw hand in 316 317
closed reduction of hand fractures, In, 281
Gunning splints in mandibular fractures, 301
302

mandibular fracturey, 300 301

[13]



Peripheral nerve injuries, Plagm,
autogenous nerve grafting in 311 cffects of, 46
chiidren in 306 loss following injury 14-15
closed, explomation of 310 Plagma clot “suture™ peripheral nerve Injaries,
clotted plasma “wutures”™ 309 310 in, 309 310
correction of Volkmann s contracture, 312 Plasma proteins, injury after 15
digital 309 310 Phatelet counts, injury after 15
electrical stimulation tests in 311 Po 1 ingrtt feningitt
Froment s test of hand t, Po Late of major
infection and 308 bronchlal tears, 237
Inlay grafting in, 311 Pncumothorax, traurnatic, 235

Joint contracture following, 316

Jolnt stiffness in, 311

median and ulnar 309

muscle testing, 306

nerve pedicle grafting, 312, 313

oeurolysls in 310

non-conducting nerve In continuity 310
an

ploeprick tests, 305

prevention of deformity in, 316

regeneration in, 306-
results of nerve sutare, 318 319
sccondary suture, 308, 309
1kin changes in, 305
stainlers steel wire sutures in 310
tantntum wire sutures in, 310
Peroneal nerve,
results of msture, 318
traction injurres,
difficulty of muture, 312
! d non-vioknt
nerve, 314 315
Tetrograds pull on nerve by muscle sction,
314

of the

Petechlal eruption, systemic fat embolism, due
10 222,
Pethidine, chest injurkes, in, 240
Phalanges,
amputation of 286, 287 288
fractures of open reduction, 282
truction

metabollsm, after 22
Phiyxiological sdaptation to traume, 39-43
Phymotherapy

a0 comideratlons, 323
fractures, following, 138 139
group treatment 323
h::nd injuriey, tn, 291 292
home exererses, 323 324
rehabilits = of the Injured, in 322-324
Pitultary £ 1= anterfor respomse to infury 18

injuries, 241
Polypnoca, fat embollsm due to, 223
Posterior tibfal nerve results of srture, 318
Potassum, excretion njury following, 16-18
Potasnum loss,
adaptation to traumma, in, 39 40
replacement effects of 47
Pott s frecture, 178
Pulmonary embalism (see also Fat emboll)
sbdonuno-thoracic ln_nn-lu. In, 247
atacess formation and, 25
&cute congestive cardiac fnﬂu‘m and, 255 256
age comssderations, 257
anticoagulant dru‘ therapy 258 260-262
battho 256

casualties, in
burm, following, 247
fractures following, 247
frequency 247 253 256
gradial detenoration and death 255
beparin therapy in 258 259

obatetric cases, in, 256

sudden collapss and death In, 254 253
thrombus detachment rate, 257
Trendelenburg operatton in, 259

vein ligation in, 259

Radiofogy injuries, after immediate, 3
Reactions to mjury systemsc, 9-26 ("" ol
Systemic reactsons)
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Splintrge—cons
meduan nerve paralysis, 317 318
peripbenal nerve Injurkes, in, 315-318
preventlon ;Jf drop foot in fractured fenmur
in 315
radial perve paralysis, in, 315
sciatic nerve inpuries, tn, 315
ulnar nerve parslysis, in, 316, 317
wound surgery and, 120
wrist drop In, 315
Sprains,
ankle, peroneal nerve {nvolvement, 314
hand of 279 280
differentiation from fracture-dislocation,
280

severe, blood loss in, 63
Spatum tests, fat embolism, in, 25
32

in 310
Stamm s plate, internal foation of fractures,
in, 198

Steroh, uraemha, traumatic, in, 89
Stove In chest, rib fractures in, 237 238
tracheotomy in, 238 239
Streptococens preamonise  meningiths followe-
ingbadin}ury iu 267

b P

uraemta, 23-24
vasomotor decompensation, 12

T

Tachycardix, fat embalism, dve to 222
Tahu, fracture of redoction, 177 178
Tantalum wire, peripheral perve njurks, in,

310
Tarsus, fractures of Joint involvement in, 176~
178

Tendon injuries,
closed injury of the hand {n 282, 283
repair mnlrdw hand, in, 289

Tenslon poeumothocax,
air embolmm associated with, 243
236

Therapy haemodynamic effects, 4648

Thmnsrpﬂnt, long bone fractures, in, 145 147

Thorack: Infurres (see also Chest injurks)
cardmac oatput in, 49

abscens, of
following bead infury 273
Sulphsdiarine, head inpury in, 268 170
Sulphonamides, meningitis due to head Injury
in, 268 270
Surgery

team-work In, 37

transfuslon and &-70

wound 107-122 (see also Wound surgery)
Swelling, blood lors estimated from, 63 64
Syncope, 10
Systemic reactions to Infury 9-26

blood changes, 13-16

cardiac output, 11

cardiovasculsr changes, 11-13

diagnosks, in, 34

clectrolyte changes, 16-18

mechanim, 17

endocine responsey, 18-19
hypotension, 11-12
integration of

diagnosis, 244

pulmonary embolism following, 247 257
cruthing, fat emboliem following, 214

lxparotomy in 244

perforatmyg and penctrating, 243
Thoracotomy

chest inj‘m-la. in, 242, 243

major bronchial tears, in, 237
Thrombo-embolism, M

deep
-cdvehcdmdﬂh.ls&ﬂ%m
age factor, 250 25,
mtanhl{ncton.zﬂ
anbcoagulant therapy 258, 260-262
bed rest and, 250
dhmmh

1in, 26
dicouraro
aﬂy.mmmmmm 259380
fatal patmonary embolism due to 257

252

frequency 250
hacmatology 231 252
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