


SURGICAL TECHNIQUE






SURGICAL TECHNIQUE

By
STEPHEN POWER, M.S, FRCS

£ mis Surgeen te ths Dreadscught Hespital Grremwich;
Surgesn te the Royel London Tlommpathic Hoapisls
Surgesn to Eltham Hespital.

= T e
SECDND, EDTEION

@

LONDON

WILLIAM HEINEMANN

MEDICAL BOOKS LTD
1959



Fust Published 1951
Second Edilion 1959

© b STEPHEN POWLER
AU n1ghts reserved



Therefore since custom 15 the prinapal mapstrate of
man s hife let men by all means endeavour to obtamn
good customs

Of Customs and Education Francis Bacon






PREFACE TO THE FIRST EDITION

It 15 1nevitable that a young surgeon s traiming must be
largely academic with the result that though a Fellow
of the Royal College of Surgeons he very often finds mm
self hnowing a great deal more about operitions than
about operating I realised this as soon as I became a
resident surgical officer but when I looked round for
help in my difficulties I completely failed to find 1t The
standard text books that I had studied took the mmor
techmicalities for granted the vade mecums stopped
short of them  So far as I know the gap still exists and
1t was 1n the hope of bridging 1t that I set about wnting
the present volume having m mind the 1dea that I was
to concern myself with the brichs and mortar of the
surgeon ¢ business and not the architecture

I am much indebted to Mr Dawid Le Vay for wrnting
the chapter on Orthopsedic Surgery and to Mr C F
Critchley for that on the Surgery of Chuldren My father
Dr J D Power made the oniginal sketches and Mr E J
Chandler and Dr T S MacDonald converted them to the
more formal style required for reproduction Dr W H
Myers spared no time or trouble in captunng the operative
details that I wished to illustrate Dr S Goldman read
through and corrected the proofs of the chapters on Shock
Local Anasthesia and Anzsthetic Emergencies  To all of
these I tender my sincerest thanks

Of the case notes some are my own others I have
borrowed  to anyone who recogmises hus property I make
due acknowledgment  Miss Elizabeth Jenking marshatled
and typed the manuscript and I am greatly 1n her debt
for her pamstaking labours Fmally I would say how
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i PRETACL

much I have appreciated the patient helpfulness of my
publishers, and 1n particular Mr J Johnston Abraham
and Mr Owen R Evans

STEPHEN POWER

I ospoN, fugust, 1051

PREFACE TO THE SECOND EDITION

Rivision of this book has necessitated considerable
alteration and addition  For obvious reasons the accident
rish 1n theatre work has received fresh attention and the
need for bringing asepsis into line with modern require-
ments has been correspondingly stressed A section on
cathcter dramage  the commonest and most abused of
Al forms of dramayge  has been added to the chapter on
Druns  Tor permission to reproducce this T am indebted
to the T ditor of the Post (oaduate Vedical foruynal — The
clipteron Wound Surgeory has boen amended—the subject
mw b ocome topreal The chapter on Shock has been
renaneed Trnsfuaon and Infuston and  1ts contents
e b weandhindde There as in wdditional chapter on
Iy trareent e v chach T hood the invaluable
vt racof TLOH YWa s thdbof My osr Allen & Himbury



CHAPTER I
GENERAL CONSIDERATIONS

How Long Should it Take } Barcron Larey Napoleon's
surgeon general amputated at the hip with two strokes of
the kmfe m as many minutes  But his operation fell into
distepute because hus less skilled though equally enthu
sastic colleagues sometimes sliced off the testicles as well
as the hmb  With these men whether they were ampu
tating or cutting for stone speed was a prime consideration
because they worked without anesthesin. Even when
anzsthetics were introduced the abihty to do the job in the
mummum tune was stil highly prized chloroform and
ether both having toxic effects when given 1n large doses
and dhock bemng an mvanable accompamiment of long
operations

Circumstances have changed and there 15 not now the
pressing need for hurry  The main essential 1s to do the
work well not to get 1t finished as soon as possible  Very
often 1n surgery 1t 15 a case of the more hurry the less speed
Fig 1 shows the chart of a case in which a hematoma
formed in the wound picking up an additional bleeding
pownt mught have delayed the patient s return to the ward
by a manute or two but 1t would have saved um an extra
weel 1n hospital

The tyro particularly should resist the temptation to
try to do things as quickly as his semors He will do
much better 1f he slows down and his semjors will often
nd themselves of an unnecessary tremor by sacnficing a
little speed  One sometimes wonders whether the urge
to conclude an operation as quickly as possible 1s not a
symptom of an anxiety state In any case no surgeon
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CHAPTER I
GENERAL CONSIDERATIONS

How Long Should it Take } Bareron Larey Napoleon s
surgeon genernl amputated at the hip with two strokes of
the knife 1n as many minutes  But his operation fell into
distepute because hus less shilled though equally enthu
siastic colleagues sometimes shiced off the testicles as well
as the imb  With these men whether they were ampu
tating or cutting for stonc speed was a pnme consideration
because they worked without anmsthesia Even when
anasthetics were introduced the ability to do the job in the
mummum time w8 still hghly pnzed chloroform and
ether both having towsc effects when given 1n large doses
and shock being an invanable accompamment of long
operations

Circumstances have changed and there 18 not now the
pressing nced for hurry  The main essential 1s to do the
work well not to get it fimshed as soon as possible  Very
often 1n surgery 1t 18 a case of the more hurry the less speed
Fig 1 shows the chart of a case in which a hematoma
formed 1n the wound piching up an additional bleeding
point might have delayed the patient s return to the ward
by a munute or two but 1t would have saved him an extra
weeh 1n hospital

The tyro particularly should resist the temptation to
try to do things as quickly as his seniors  He will do
much better 1f he slows down and s seniors will often
nd themselves of an unnecessary tremor by sacnificing a
Iittle speed  One sometimes wonders whether the urge
to conclude 1n opertion as quickly as possible 1s not a
symptom of an tnwety state In any case no surgeon
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Tic 1 This herniorraphy case developed a haamatoma, and showed signs
of infection on the tenth day A few more minutes spent on
hemostatis 1n the theatre might have saved the patient an cxtra
week 1n hospital

can work quicker than his team  If he attempts to do so
trouble 1s certain to result

It 15 not casy to describe how skill may be acquired
except by silnile and 1illustration  Certainly timing seems
to play a very important part The man who wants to
improve his handwrniting 1s advised to forget the words and
concentrate on the letters  So the surgeon should forget
the anastomosis and concentrate on the individual stitch
A homdly anecdotc from the back blocks teaches the same
lesson .\ lumberjach watching the holiday visitors trying
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to do us job remarhed that they were so heen to cut the
logs that they forgot to saw them

Here 15 a relevant quotttion ' There 1s one chme
tenstic which crops up over and over a1gun 1n descriptions
of expert skilled performance The opertor 1s sd to
have all the time 1n the world to do what he wants  This
has nothung to do with the absolute speed of the move-
ments bodily or mental  These mny be Almost incredibly
quick or they may be leisurely and slow  What 1s
impressive 15 the absence of ny appeirince of hurry 1n
the whole operation  There 1s no jerhiness or snatching
no obvious huarry to catch up in one part and forced
sauntenng to make up in another The time that 18
spoken of 1s really tining and if we could understand the
simple timing mechamsms which the human boedy and
mimd must obviously be able to use and how they work
we should have got some w1y at least townrds a measure
of degree or level of skill

The longer we practise any activity the more inessentials
we learn to elimmate This 15 one of the best ways of
saving tume and perhaps one of the surest methods of
achieving skill  Lord Moymhan used to say that he never
made an unnecessary mo\ement when he was operating

System  All this does not mean that time should be
wasted. On the contrary by proceeding 1n a deliberate
and orderly fashion 1t 15 always saved \When operating
(or describing an operation 1n an examination paper) one
stage should invanably be completed before beginning the
next  This may sound lihe a platitude but 1t 15 one which
13 often 1gnored. A surgeon who has made himself master
of a particular opcration 15 an object lesson 1n this matter
He forges steadily ahead and never wastes a minute by
going on to something else before he has finished what he

! The Measurement of Human Skill ritish My
Juno 14th and 21st 194, Bt sdicad Journal

=



4 SURGICAL TECHNIQUL

M1e 2 Tuncos<aved by agrermng on v svstam of sypnals - Tor example (1) * Sister,
vant tpurof spencer Wells 25 Sister Iy ant A pur of scissors
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1sabout Orderis in fact the secret by which he excels
Watch the same man on unfimihar ground and he m1y
vacillate as much asanyone  And yet1t1s when exploring
unfarmilir ground that time 1s most precious

In most cases the stages can be divided up as follows

1 Exposure 4 The actual procedure
2 Exploration 5 Toilet including swab count
3 Mobihisation 6 Closure with or without dramnage

There 15 a part of almost every operation where judg
ment initiative and even enterpnse are required but this
does not usually apply to the opemung and closing stages
which should be made as much a matter of routine as
possible

It 15 good policy at least for the beginner to make
a big exposurc The next step exploration should be
cammied out as methedically as any of the others Hap-
hazard search 18 bound to lenad to oversight perhaps grave
oversight such as the finding of a secondary in the liver
halfway through a radical operation for cancer

Mobiisation should be adequate The mustake of
trying to remove an organ or tumour before 1t 15 properly
freed from 1ts attachments and adhesions 1s only too
common and inevitably causes delay The process of
mobilising often involves the division of vessels and when
1t does 1t serves another very useful purpose—the control
of hamorrhage which 18 an essential prehminary to an
excision

Dunng the procedure 1itself a great deal of time can be
saved If the surgeon has already in hus mind exactly what
he 1s gong to do 1n any given combination of circum
stances If the gut 15 viable I shall put 1t back  If it
1s gangrenous I shall resect 1t 1f 1t 18 jejunum or do an
ileostomy 1f 1t 18 leum If an obstructed coil of gut 18
glued down 1n the depths of the pelvis I shall do a short
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has not really becn accomplished until the last stitch has
been mserted  \When the actual procedure 1s complete 1t
15 always worth having a leok round to sce that the field 1s
clean and tidy especially mside the abdomen

Case Note Laparotomy was performed for a gunshot
wound The bullet had paswed dnngcrouslg‘ near the second
part of the duodenum and the hilum of the kidney but no
damage wasdone  Later the patient developed what :gpcurcd
tobe anleus Lventually the abdomen was reopened and a
coil of gt discovered bound down 1n the Pouch of Douglas by
some organised blood clot  If this favounte sump had been
cleaned out at the time of the first operation a lot of heart
burning might have been saved

In this case cause and effect followed close upon each
other so that the relationship could not be missed Some
times there 15 a longer interval and the connection between
the oversight and the complication may be overlooked

Case Note A Hartmans operation was performed m an
elderly woman for a carcinoma of recto-sigmoid involving the
small mtestine a lcn]f;t_h of which was mcluded 1n the resection
The pattent did well for five years Then she developed an
acute obstruction. A loop of gut had slipped through a gap
n the mesentery

The medical protection societies cannot say how many
swabs are left in the "bdomen dunng an average year
Many cases are never suspected much less reported but
the total must be large

Case Nofe A patient with stones 1n the common bile duct
had been Oﬁemtcd on twice before for the same condition
Last time healing of the wound took mne months On
this occasion a hard mass as big as an orange was dissected
awey from the abdorunal wall before the duct could be
exposed. The mass contaned a swab

In recent years the judicial opmmon that a surgeon can
rely on the swab count made by a sister or nurse has
altered  Certainly the routine queston  Are the swabs
correct 7 should be asked at the end of every operation
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circuit rather than risk an extravasation of the infected
contents by trymg to frec 1t ** [he plan 15 made before-
hand and not while the gut 1s lying exposed ~ Very often
needless eaxploration can be avoided by a clear appreciation
of the clinical situation It may happen, for instance,
that a diaphragmatic pleurisy 1s mistaken for perforation
of a duodenal ulcer At the onset the two sometimes give
symptoms and signs which are not unlike and the surgeon
may be trapped into opening the abdomen Ifinding the
duodenum and gall bladder healthy and knowing that the
signs were confined to the upper right quadrant, he can
close the incision without further delay, to search for
other pathological conditions 1n such a case would be to
expose the patient to a quite unnecessary risk The
surgeon who has not made a careful clinical examination
would be considerably handicapped under such circum-
stances and even after an exhaustive search might com-
plete the operation feeling that he had missed something

The abdomen 1s full of surprises and sometimes the pre-
operative diagnosis proves to be entirely wrong When
this happens 1t 1s important to recogmise things as they
are, and not as 1t was thought they would be, even 1f a
complete reversal of opinion 1s involved  This may not
always be as easy as 1t sounds, but it 1s one of the dis-
ciplines which the surgeon must acquire

Case Note A boy was brought to the theatre with a
dragnosis of acute retro-cecal appendicitis  As he was being
anasthetised he passed a quantity of port wine coloured urine
A specimen had been clear beforechand Now h@ematuna is
not unknown 1n appendicitis, but this was hezmatuna of a
different order, so the patient was sent back to bed without
more ado, although no diagnosis could be made to explain the
new circumstance He subsequently proved to have a rup-
tured kidney, caused by jolting his loin on the bamsters

There 1s sometimes a temptation to lose interest once
the object of an operation 1s accomplished, but 1n fact 1t
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An 0ld Surgeon's Comment One man s experience of
any particular operation 13 bound to be limited Esen
when his senies of cnses 1s bigger than any other 1t must
still fall far short of all the others put together So he
should never evcuse limself by saymng T have always
done so and so nothing has ever gone wrong It will
do if he takes the nsh often enough  Perhaps 1t alreadsy
has done without his being aware of 1t A mnor compli
cation 1s not always traced to its source  The symptoms
subside of their own nccord and no more 1s thought of the
matter It 1s only the mnjor comphication that creates 1
real impression and cven then its fons ef origo may never
be suspected

For my own part when a case goes wrong after operation
I have seldom to look far beyond myself for the cause of
failure—something done something not done  This 13 a lesson
hard to learn we blame persons things accidents and
circumstances rather than ourselses
Thomas heith 1873
In the practice of surgery where such cases occurred in

which the operation proved inadequate he always mvestigated
with uncommon attention the causes of that want of success,

Everard Home on John Hunter

When something goes wrong 1t 135 well worth while
exarmnung all the circumstances 1n the hope of unearthing
the cause  For oddly enough there 15 a reason for things
gomg wrong as well as for things going night and if this
reason does not become known 1t 15 quite hikely that the
same sequences of events will result in the same thung going
wrong next time I have been unlucky enough to see two
patients suffer the consequences of an 1dentical anasthetic
error on two successive davs solely because the cause of
the first error was not enquired into

A carefully Lept record of personal mistahes makes more
profitable private reading than the most up-to-date text
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but 1t seems at the moment that even when the answer 1s
“Yes,” the law may still consider that the responsibility
has not shifted

Every precaution agamnst oversight must therefore be
taken from start to fimish of the procedure A loose swab
should never be left in wound or abdomen 1f this can
possibly be avoided  With the attention concentrated on
other and more absorbing matters 1t can easily be for-
gotten, and when the time comes to survey the field it
may be so soaked in blood as to be indistinguishable from
1ts surroundings, certainly to the eye and perhaps also to
the touch  Packs, of course, must be left to look after
themselves, but they should always have a tape attached
and a forceps clipped to the end of it immediately they
are put mside Some packs are already provided with
large metal rings at the end of the tape

If a swab 1s reported missing no effort should be spared
to find 1t , when the surgeon has completed a systematic
search, his assistant should repeat 1t with equal delibera-
tion , meanwhile the theatre staff will check and recheck
their count, and, nine times out of ten, 1t 1s they who will
prove at fault If, after all this, 1t 1s still missing an
X-ray of the part must be taken at the earliest opportunity
—all swabs and packs should have a radio opaque inlay
When the worst happens and no trace of it can be found
by any means full notes should be made of all the circum-
stances They may prove invaluable in the after treat-
ment Andif there 1s any litigation later on the judge will
want to know all the details He 1s hkely to take a
much more serious view of a complete oversight than
of a loss accepted only after a thorough search continued
until the patient’s condition made 1t imperative to close
the wound without further delay Also he will regard

good notes as prima facie evidence of work carefully
carried out



CHAPTEFR II
POSITION ON THE TABLE

Most people are willing to put up with the hkely and
probable consequences of an opertion or what they take
to be the likely and probable conscquences—discomfort
pain chest complications and so on—but when a patient
goes to the theatre to have hus prostate tahen out and
comes back with a paralysed arm he 1s 1lmost certan to
suspect that someonc has blundered

And yet in these cases 1t 15 not always casy to say who
15 at fault Whats everybodys business 1s nobody s
business and no one has bothered about the dangling arm
or the twisted leg But mn a well-orgamsed operating
team someone should always hold himself responsible for
these matters and since the anesthetist 15 most concerned
with the position of the paticnt s trunk on the table 1t 18
nght that he should also be the one to look after the hmbs

It 1s not invanably an oversight that 18 the cause of the
trouble  The stercotyped operating positions—Trendelen
burg, hthotomy lateri—are sometimes to blame In
their more exaggerated forms some of these positions throw
such a stramn on the joints and hgaments that a conscious
pitient would not tolerate them for two minutes The
surgeon who has all the mechamcal advantages of a
modern opcrating table to mumster to his conyenience
mght ash lumself  What would the patient thank of all
this 1f he were awake ?

To Prevent Paralysis A good general rule 1s to avoid
as far as possible placing an unconscious patient mn a
position that a conscious patient could not endure  If 1t
must be done then the 1bnormal position should only be
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book of sutgery  \nd this for more rcasons than one, but
perhaps the most mmportant 1s that the same mdnadual
tends to make the same nnstakes, or, at least, the same
tvpe of mistakes over and over agamn As soon as he
becomes aware of this he can tramn himself not only to
avoid the nustakes, but to recogmse the occastons which
produce them, and avoid them too  T'hese occasions of
error are many and various, but most surgcons will confess
to one that has to do with mood Now mood 1s a thing
that rests between a man and his conscience, but one facet
of 1t may be touched on here  During the course of an
operation 1t 1s fatally casy to allow small delays and
difficulties to build up into something much more serious
This should never be permitted  Whether by an exercise
of will power, or the simpler means of calling a halt 1n the
proceedings for a minute or two, the surgeon must at all
costs preserve the equanmmties of himself and his team
Osler regarded this state of mind as a first essential for
every doctor  Certainly 1t is a sine gua non 1n an operating
theatre

Meanwhile we need not be discouraged by the number
of things that may go wrong It 1s true that there are a
great many pitfalls 1n surgeiy, but so there are in any
other skilled occupation  Yet the craftsman, as he gains
experience, begmns to find that he can afford to forget
more and more of them, until in the end he 1gnores them
altogether, and remembers only what he 1s about  This1s
self confidence which takes most of the difficulty and all
the hardship out of operating



CHAPTER II
PDSITION ON THE TABLE

\osT people are willing to put up with the likely and
probable consequences of an operation or what they tahe
to be the likely and probable consequences-—discomfort
pain chest complications 1nd so on—but when a patient
goes to the theatre to have his prostate tahen out and
comes bach with a paralysed 1rm he 13 almost certain to
suspect that someone has blundered

And vet 1n these cases 1t 15 not always easy to say who
1s at fault Whats everybodys business 1s nobodys
business and no one has bothered about the danghng arm
or the twisted leg But 1n a well-orgamsed operating
team someone should 1lways hold himself responsible for
these matters and since the anasthetist 1s most concerned
with the position of the patient s trunk on the table 1t 1s
right that he should also be the one to look after the imbs

It 1s not mnvanably an oversight that 1s the cause of the
trouble  The stereotvped operating positions—Trendelen
burg Lthotomy lateral—are sometimes to blame In
their more exaggerated forms some of these positions throw
such a strain on the joints and hgaments that a conscious
patient would not tolerate them for two minutes The
surgeon who has all the mechamical advantages of a
modern operating table to mumister to his convemence
might ask humself \hat would the patient think of all
this 1f he were awake ?

To Prevent Paralysis A good general rule 13 to avord
as far as possible placing an unconscious patient 1 a
position that a conscious patient could not endure  If 1t
must be done then the abnormal posrtion should only be

1
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mamtameced for the absolute mimmum of time Jut cven
with every care and foresight nishaps will occur 1t must
be admitted that some of the mechamsms involvad in the
production of stram and paralvsis arc but poorly under-
stood, so that 1t 15 diflicult to takc precautions that will
cover every rish

Tic 3 (1) The arm hcld safchy 1n position under 2 roller towel  (2) This
15 12 dangerous position when the gall bladdcr rest 1s raised

The dorsal decubitus 1s the easiest and most natural
postition of all and it should be used as much as possible
No nisks attach to it so long as the arms are properly cared
for They should be placed alongside the body with the
hands lying flat and prone under the buttocks or held by
a roller bandage which 1s placed on the table under the
patient and folded back under itself after including the
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forearms  Sometimes tlus Armangement will not answer
¢ g when the gall bladder rest 15 1n use  The arms my
then be laid along the sides of the chest with the elbows

Fic 5 1f tho clenched hand is placed un the
blond supply to the Anger tips may be cut o  the danger
1 greater with & beavy patwent

resting on the table and the hands held by the up-turned
mghtdress

On no account should an arm be allowed to hang  If
1t 1s almost any of its nerves may be paralysed by direct
pressure or prolonged strain

The mystenes of the tnangular outlet from neck to
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maintamed for the absolute minimum of time  But even
with every care and foresight mishaps will occur It must
be admitied that some of the mechanisms involved in the
production of strain and paralysis are but poorly under-
stood, so that 1t 1s difficult to take precautions that will
cover cvery rish

S

Fic 3 (1) The arm held safely in position under a roller towel (2) This
1s a dangerous position when the gall bladder rest 1s raised

The dorsal decubitus is the easiest and most natural
posttion of all and 1t should be used as much as possible
No risks attach to 1t so long as the arms are properly cared
for They should be placed alongside the body with the
hands lying flat and prone under the buttocks or held by
a roller bandage which 1s placed on the table under the
patient and folded back under itself after including the
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e 7 (1)Abducw\athcnmhormdad(htm(b!hrmnn
fox the u—m dunnz a ndm breast plcxﬂ-:.mfx) \crv.lluc
positsm of the tumour 1 marked €0 that the
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asilla bounded 1n front by the clavicle, behind by the
scapula, and medially by the first nb, have greatly
engaged the attentions of the orthopmdic surgeons 1n
recent years The frequency of the
costo-clavicular syndrome 1n peo-
ple who are up and about their
affairs shows how casily injurious
stresses and strains can fall on the
116 6 Inthcabductedpow- Nerves as they issue from the

é‘{"t‘hgfbtrlfdflﬂ’{lpﬁgfucso‘;‘gg neck  How much more likely 1s

stretched over the head of  this to happen mn a patlent ]ylng

the humerus

on an operating table with his arm

fixed 1n some quite unnatural position for an hour or
more while all protective spasm 1n the muscles 1s relaxed
by a general anasthetic or perhaps by curare

When brachial palsy followed a radical amputation of
the breast 1t used to be thought that the weight of the
arm dragging on the cords had done the damage Now 1t
seems as likely that the trouble 1s due to over abduction
of the arm which stretches the cords over the head of the
humerus as they emerge from the trnangular outlet
(Fig 6) Abduction appears to play a big part in the
palsies of this level, and it can do the same mischief
whether the arm 1s abducted for dissecting the axilla or
for some other purpose (Fig #7) Body shide due to
Trendelenburg tilt aggravates the stretching in these cases,
and many paralyses have followed major pelvic operations
during which an arm was used for transfusion

The Trendelenburg position offers another threat to the
brachial plexus if the whole body weight 1s thrown upon
the shoulder rests and these are placed too near the neck
So situated, they may press on the nerve of Bell, and the
patient will be left with a Porter’s paralysis This can be
prevented by adjusting the rests over the acromion pro-
cesses At the same time the tendency of the trunk to
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pulmonary embolism amongst folk hnving mn therr own
homes was traced to the use of dech chawrs in air raid
shelters the rails of which were mnstrumental in producing
a thrombosis in the deep vems of the leg  This suggests
that 1ll-distnibuted pressure on the imbs during the course
of an operation may harm other structures besides the
nerves Perhaps the most dramatic comphcation of all
assoctated with the Trendelenburg position 15 fracture of
the femur caused by dropping the table end with the legs
strapped to 1t when the patient 1s wrongly placed  There
can be no doubt that many of these accidents are due to
the fact that the need for a Trendelenburg position 1s not

T10 10 A pad to peotect the ulnar nerve from proseure.

foreseen and when the surgeon asks for 1t unexpectedly
during an operation both the patient s legs and the table
are concealed by the towels so that no one can see exactly
what 13 happemng undemeath

No matter what care 1s taken over the arrangement of
the dropped legs part of the body weight should always
be taken by the shoulder rests To rely on one without
the other 15 ashing for trouble.

Almost any departure from the honzontal dorsal
decubitus introduces nsk of injury to nerves In the
lateral position the ulnar nerse at the elbow and the
external pophteal at the knee (both easly compressed
against bone) may suffer 1f the underarm and leg are not
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Fic 8 With the Trendelenburg tilt when the legs are flexed the sciatic nerve
may be pressed on if the patient 1s too far down the table, ind the calf
vems may suffer if he 1s too far up The break in the table should
correspond exactly to the flexure of the knees

slip down on to the rests can be discouraged by strapping
the legs to the lower part of the table, which 1s then
dropped to the vertical But this manceuvre carries its
own drawbacks If the angle 1n the table does not corres-
pond exactly to the flexure of the knees, or 1f the corres-
pondence 1s exact but the padding is inadequate, the
popliteal nerve may be exposed to pressure A similar
form of paralysis 1s not unknown amongst people who have
the habit of falling asleep 1n deck chairs  One remembers
also at the beginning of the last war that an epidemic of

F16 9 Ankles supported to relicve the pressure on the vemns of
the calf and lessen the risk of thrombosis
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An Unusual Complication of the Trendelenburg Position
When the closing of a lower abdommal incision 15 com
pleted while 1 patient 1 still in the Trendelenburg position
air 15 likely to be trapped between the anterior rectus
sheath and the pentoneum This may appear on the
surface 1n the course of a day or two 1n the form of a
surgical emphysema  If the possibility of such adevelop-
ment 13 not known by the surgeon 1n charge of the case
he may make a diagnosis of gas gangrene I have scen
this happen

Stabilisation A patient lymng on his side 15 never in a
very stable position  Something can be done to improve
matters by attention to the position of the legs  If the
lower one 1s straight and the upper bent the tendency to
roll forward 1s less and a true lateral position 1s maintaimned.
If on the other hand the lower 18 bent and the upper
staight the tendency 1s to slip into a semu prone decubrtus
This may be exactly what 1s required 1n some cases
Either way sandbags will help to control movement and
a Carter Brane rest for the upper arm will always dis
courage 1t Mention has already been made of the nisks
of built 1n supports on operating tables

Avoidance of Straln Abnormal posture throws a
strain on other structures besides the heart and lungs
The joints and hgaments resent acrobatics also especially
m older people and are apt to harbour their resentment
much longer than the respiratory system  Lumbar stramn
1s a not uncommon sequel to perineal prostatectomy
carnied out 1n the extreme Lithotomy posiion A high
gall bladder rest may cause considerable shock at the
tume and leave the patient with a backache for months
afterwards  What 13 more 1t may have served no purpose
other than to make the operation more difficult

Case Notz A cholecystectomy was completed with some
difficults because of the maccessibihity of the cystic duct and

e
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properly cared for In the supine position one or other
arm may easily drop over the edge of the table and
remam unnoticed under the towels until the worst has
happened Struts and supports on modern operating
tables designed to increase stability may do more harm
than good unless they are accurately adjusted

The Effect of Posture on Respiration and Blood Pressure
In deep an®sthesia respiration becomes mainly diaphragm-
atic, or ““ abdominal ’ The Trendelenburg position inter-
feres with this by throwing the weight of the viscera on
the diaphragm  In consequence the respiratory excursion
1s dimiushed, and the vital capacity lowered Not only
this, but the venous return to the heart 1s hampered
because the rhythmic suction of the inspiratory movement
1s less  If a lithotomy flexion of the legs 1s added to a
Trendelenburg tilt respiration is still further impeded
This 1s the most cramping position of all Interference
occurs also 1n the kidney position and when the patient 1s
prone The effect of these adverse factors may become
apparent at the time of operation, or not until a day or
two later with the development of a pulmonary atelectasis
Fat, elderly women are peculiarly prone to this complica-
tion Unfortunately they are the very subjects in whom
surgical access 1s most difficult, and the temptation to
tilt the table and use a super-abundance of packs 1s
greatest when operating on them

If a tilt 1s really required during an operation 1t should
not be exaggerated, and should be dispensed with at the
earliest opportunity But the return to the horzontal
should be gradual and not abrupt  Under an anasthetic,
especially when there 1s any element of shock present, the
vaso-motor system responds sluggishly or not at all to
sudden demands made upon 1t, and a sudden change made
nuder these circumstances may precipitate a circulatory
collapse
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An Unusual Complication of the Trendelenburg Position
When the closing of 1 lower abdominal masion 1s com
pleted while 1 patient 1s stall 1n the Trendelenburg position
air 15 likely to be trapped between the anterior rectus
sheath and the pentoneum This may appear on the
surface 1n the course of a day or two m the form of 1
surgical emphysema  If the possibility of such 1 develop-
ment 13 not known by the surgeon 1n charge of the case
he may make a diagnosis of gas gangrene I have scen
this happen

Stabilisation A patient lymng on his side 1s never in 1
sery stable position  Something can be done to improve
matters by attention to the position of the legs  If the
lower one 18 straight and the upper bent the tendency to
roll forward 15 less and a true lateral position 1s maimntained
If on the other hand the lower 13 bent and the upper
staight the tendency1s to sltp into a semi1 prone decubitus
This may be exactly what 1s requred m some cases
Either way sandbags will help to control movement and
a Carter Braine rest for the upper arm will always dis-
courage 1t Mention has already been made of the nsks
of bwlt 1n supports on operating tables.

Avoldance of Siraln  Abnormal posture throws a
strain on other structures besides the heart and lungs
The joints and ligaments resent acrobatics also especially
1n older people and are apt to harbour their resentment
much longer than the respiratory system Lumbar strain
s a not uncommon sequel to perineal prostatectomy
carried out in the extreme Lithotomy position A high
gall bladder rest may cause considerable shock t the
time and leave the patient with a backache for months
afterwards  What 18 more 1t may have served no purpose
other than to make the operition more difficult

Case Nole A cholecystectomy was completed with some
difficulty because of the muml’bﬂ.ity of the cystic duct and

s
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artery On lowering the rest to close the wound, these
structures came up from the depths to within easy reach The
rest had been wrongly sited

It 1s sometimes the lifting and handling of a patient
that causes the trouble  Many a low backache dates back
to clumsiness on the part of a nurse or porter \When a
patient 1s being shifted {from trolley to table or back again,
the people who do 1t should watch what they are about

Tic 11 The head 1s often forgotten when the unconscious
patient 1s moved from table to trolley

When a patient 1s being turned over he should be turned
as a whole and not by sections, and the underarm should
be pulled through beforehand, neglect of the underarm
has resulted 1n strain of the shoulder, paralysis of the
plexus, and even fracture of the humerus

Position of the Surgeon In the operative-surgery class
a good deal 1s made of the position the surgeon takes up
at the start of an operation—between the arm and the
trunk for hgature of the brachial artery, facing the sole
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of the foot for a Symes amputation and so on  VMarks
may be deducted 1n an examinition for any break with
tradition 1n these matters but in the operting theatre a
surgeon 1s alloned to swit his own convenience  For most
operations he will stand to the nght of the patient perhaps
changing to the left when he 1s dealing with something in
the depths of the pehvis  For operitions on the perincum
1t 1s often best to have the patient in the lithotomy
position and sit between huis legs  If the lateral position
15 used the surgeon should make up his mind beforchand
which side he wants the patient to ie on  Time 15 some-
times wasted through uncertunty over this



CHAPTLER III
THE APPROACH

X-rays It 1s the practice in surgery to use a standard
incision for an operation whenever possible, and this is a
good thing since 1t enables the surgeon to perfect himself
in that particular method But there 1s no reason why
the siting of the incision should not vary with the require-
ments of the case  One patient carries his stomach under
his ribs, another almost 1n her pelvis, the kidney may
lie well back in the lomn or forward nearly as far as the
1hiac fossa  IFor this reason 1t should be a routine to have
any relevant X-rays displayed in the viewing box before
the operation begins  They will show at a glance the level
of the lesion or the position of the viscus to be exposed,
and the incision can then be made where 1t will give the
easlest and most direct access Moreover, the X-rays
can be referred to with the minimum of delay should need
arise during the course of the operation

Skin Marking The use of Bonney’s blue or some other
skin marker 1s another aid to accuracy  On the operating
table there 1s nothing to indicate the side of a small hernia,
and when large numbers of cases are being dealt with
there 1s a temptation to rely on the house surgeon’s not
always reliable memory instead of consulting the notes
Sooner or later a mistake will occur unless 1t 1s a rule for
the nurse who prepares the patient in the ward to put a
cross over the affected gromm  Small lumps 1n the breast
are another source of trouble if precautions are not taken
beforechand These may be quite awkward’to find without
the patient’s help  Recently a surgeon was taken to court
and had damages awarded against him for removing the

S
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wrong lump  But if the skin over the lump 1s circled
round when 1t 1s being prepared there will be no oppor
tumty for confusion at the time of operation  The course
of varicose vems can be plotted out 1n the ward too
though thus should be done by the house surgeon not the
nurse Endless time 15 saved 1n the theatre by this simple

Fia, 114 The spot where pos was ted fram the empyems
s rmged with & clrcio In y & blue.

precaution It 15 sometimes necessary to place a patient
n a position on the operating table that distorts the normal
relationships of the parts In a dissection of glands of
the peck for example the head must be totated and
hyperextended to give good access to the anterior triangle
Unless the mncsion has been marked in while the head 1s
straight the scalpel may easily go astray
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Lines of Cleavage i the Skin In 1831 Dupuytren was
called upon to treat an attempted swicide at the Hétel
Dieu, one of the old Paris hospitals  The police said that
the patient had tried to drive a stiletto through his heart,
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British Journal o
{By courtcsy of the editors 1nd Messrs John Wright )

but Dupuy tren noticed that the wound was linear instead
of being circular as might have been expected {from the
shape of the weapon I‘or this reason he became sus-
picious, but his suspicions were set at rest by experiments



THE APPROCH 25

Fia 14 This kand of drag on a straight inclon shows
that the [ines of tension have been cromsed.

F1a 13  (Cootrast the healing of these two wcmooy,
The oce 10 the crosess the (mes of
u‘wbtlcm!he ee follows them. o2 ofcles g the
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on a corpse, for he discovered skin punctures made by a
conical instrument tend to elongate and that in any
particular area the elongation 1s always in the same

’\~_/
T'ic 16 Transverse incision 1n the Fic 17 A collar incision for
nech for a goitre operation approach to the submanillary
There 1s a tendency to site 1t too gland

Jow when the neck 1s extended
and to slope 1t to the right, 1 ¢,
downwards

Fic 18 A large cyst in the neck can be approached through parallel
ncisions along the hines of cleavage

direction This was the first observation made on the
cleavage lines of the skin  Much later 1t was elaborated,
and charts were drawn up to cover the whole body The
phenomenon depends on the fact that connective tissue
fibres 1n the dermis form lines of tension It 1s surgically
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important because an incision made along these lines does
not gape or go ashew requires few stitches to bring it
together heals with a fine scar 1nd 13 unhihely to develop
kelond  In practice the need for good exposure often
means that the limes must be disregairded but most

k4

Fio 19 The to

slopo a tr ncison
can be ayouded by foflowing a natural fold in the skm

Fi1c 20 A tranaverse skin inclslon can be followed by & vertical
scparation of the mustles, .4 m the meck, and 10 the ower
oman

surgeons take them into account whenever 1t 18 possible
to do so without interfering wath the proper conduct of
the operation  For the neck bach or front transversely
disposed masions are almost universally emploved and
the cosmetic results are usually excellent The gvneco-
Iogist 1nd sometimes the urologist now take advantage
of the suprapubic folds Even m the limbs the classic
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longitudinal approaches are not as popular as formerly
It 1s not, of course, obligatory to carry the incision straight
on through the deeper layers By wide retraction of the
flaps these can be split at right angles to the skin or at any
convenient oblique

For the most part the lines of tension follow the flexion
creases, but 1n front of the elbow and behind the knee and
on the palms of the hands and soles of the feet the corres-
pondence 1s not exact Their arrangement 1s remarkably
constant 1n people of the same build

Flexion Creases Lines of tension have a bearing on
the appearance of the part after operation, flexion creases
on the function They are the more important of the
two, and can never be ignored Incisions should be
planned to run parallel to them or cross them obliquely,
never at a right angle

Infections of the hand and fingers are commonly
dramned in a way that violates this principle The result
may be a contracture not so very unlike a Dupuytren, or
worse still a ““ starting ™’ of the flexor tendon and per-
manent stiffness in the finger = Palmar infections can
nearly always be approached through transverse incisions
The only satisfactory incision for a finger 1s the mid lateral
at the easily seen transitional zone between the coarse
dorsal and the fine palmar skin  The incision sometimes
recommended, halfway between anterior and lateral
aspects, lies immedately over the vessels and nerve, and
1s therefore unsafe When an incision has to cross the
finger 1t should do so at one of the transverse inter-
phalangeal creases (I'ig 116)

Transgression of a major flexion crease like the one 1n
front of the elbow 1s likely to be followed by a particularly
pernicious form of contracture  No incision should ever
be allowed to cross this fold  If 1t 1s necessary to carry
an exposure from arm to forecarm it should be done by
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making 1 wide detour to the mnner side of the jont and
reflecting the flap nght across

It 18 not of course the prescnee of 1 flexion crease but
the to-and fro movement occurring 1t nght angles to 1t
that stimulates the production of the fibrous tissue which
leads to contracture later on  So 1t 15 safer to Leep any
masion away from moving parts Crease or no crease.
After 1 radical breast operntion for instance the upper

T 2 The Llcod supply of & Sap must be talen iote eccount. Compare
theo two qj to the patella.

end of the wound often occupies the position of the
antenor axallary fold with the result that 1t hypertrophies
and contracts when the patient begins to use her arm
This wall not happen if the onginal ncision Lies well oy er
the pectoralis major and not along 1ts outer edge

Another rule about ncisions 18 that they showld not be
made on surfaces exposed fo pressure  An incision on the
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pad of the finger or the sole of the foot 1s very apt to
become tender and painful when use 1s restored In the
finger a half “ horse shoe” or two lateral incisions will
drain a pulp abscess quite well (a complete *“ horse shoe
leaves an ugly furrow) In the foot all incisions should be
lateral Amputation flaps must be planned to conform
to the same rule This usually means a terminal scar,
because modern prosthesis are seldom end-bearing but
are designed to distribute the pressure before and behind

Surplus Skin. Surplus skin falls 1nto wrinkles and these
are difficult to keep clean and easily become the seat of
intertrigo  'When a breast or superficial tumour 1s
removed, therefore, the incision should include a sufficient
ellipse of skin to forestall such a complication

Making the Skin Incision An incision in the skin
should go through 1ts vertical thickness for the full length
of the wound without sloping one way or the other, and
be completed 1n a single movement of the knife , repeated
cuts are bound to result in bevelling of the sides and
notchings of the ends

Care of Nerves A patient may complain of numbness
mn the neighbourhood of the wound after almost any
operation, but 1t 1s seldom of consequence and soon clears
up Sometimes, however, a neuroma may develop on a
severed subcutaneous nerve, and the pain from this may
be quite disabling Sometimes even the main nerves of
the part may be damaged during the approach to a deep-
seated lesion

Mishaps of this kind can often be prevented by planning
the 1ncision so that i1t avoids the nerves, but there are
times when the only safe thing to do 1s to expose them
deliberately and lay them aside, perhaps with their accom-
panying vessels, which may thus serve as a useful guide
in the dissection A few examples of nerves that are
endangered mn the surgery of approach are given here—
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there are many others ‘3/
(x) The mam trunk
of the facial nene may |

be cut :f an incision 1s W
deepencd betwcen the “ /’)
mandible and the lobule

of the ear The pn

mary divisions may be

damaged further for

ward when a parotid

tumour 15 excised and

the Jower two branches

may suffer dunng oper

ations on the neck It

13 1n order to safeguard

these lower branches

Fto a1 Rdnuon of the lower branches
that neck maisions are  of the fxcial nerve to the angle of the

kept at least an ich e R T ey sapertetal
away from the angle of
the jaw  This 18 an example of planning an inaston to
avoid damaging nerves

(2) The dorsal nerves are endangered by thoracotomy
In the standard method of nb resection they are deliber
ately lad aside Nevertheless they are sometimes cut
during a clumsy operation  even bruising of them may
lead to am intractable neuntis The twelfth intercostal
nerve may suffer while the hidney 1s being exposed  The
tho-hypogastric and flio-tnguinal nerves come the m way
of a gnd 1ron masion for removal of appendix where they
mny ‘oc Sretcned or divided  ingunal herma oiten
follows paralvais of the iionguinal nerve A trans rectus
masion nevitably deprives the muscle medial to 1t of its
nerve supply  Of all abdoounal 1ncisions the paramedian
1s the safest where nerves are concerned

(3) 1t 15 easy to cut the slender nerves of the hand if
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Fic 23 This patient had been operated on three times for an
‘ abscess of nech’ which ecventually proved to be a
branchial cyst Notice the weahkness of the lower lip
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they are not deliberately displayed the digital nerves and
the twig from the medin to the thenir muscles are
particularly vulnerable
The digital nerves 1re
the eyesof the hand.
Without them an object
1s unrecogmsable by
touch and a cigarette
burn passes unnoticed
Formerly when a whit
low was opened under -, Betoro & reection of b the
e e TRl R A
Nowadays with full anzsthesia and tournmquet control of
hemorrhage they should never occur  The practice of
careful dissection has saved many useful digits

In the Deeper Layers  Unnecessary undercutting opens
up tissue planes 1n which blood or exudate may collect
and perhaps become mfected later on It 18 therefore a
thing to be avoided. The coverings of the body are
generally sufficiently elastic to spring apart when they are
ncsed without bemng undermuned  If they do not retrac
tion 15 all that 15 needed to give the required exposure

Most of the standard approaches 1n surgery are planned
to pass between muscles or groups of muscles or failing
this to follow tendinous intersections 1n the substance of
muscles In this way bleedng 18 pummised and repair
1s facilitated because the muscles tend to fall paturally
mto place afterwards where they can be anchored by
sutures taking a bite of aponeurosis or sheath both of
which are tissues that give a firm and durable grip

The paramedian mcsion mn the abdomen illustrates
these advantages very well Mo large vessels are en
countered the postenior rectus sheath can be securely
sutured at the end of the operation the muscle slips nto
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posttion of 1ts own accord, and the anterior sheath 1s even
more amenable than the posterior The classical Smith-
Petersen approach to the hip joint can be quoted as
another example The skin 1ncision for this approach
runs downwards and shightly forwards from the anterior
superior spine of the ilium Then the tensor fascia
femoris and the sartorius are separated to reveal the gluter
behind and the rectus femoris in front  These 1n turn are
separated and the capsule of the joint 1s exposed No
muscle 1s cut and the only vessel needing a ligature 1s a
small branch of the external circumflex artery, which 1s
easily identified In some operations the anatomy does
not lend 1tself to a planned approach such as the ones just
described  Muscle intervenes between the surgeon and
his objective and cannot be displaced to either one side
or the other It must therefore be divided, but if 1t 1s
possible to divide 1t 1n the direction of 1ts fibres rather than
across them this should be done for preference The
muscle-splitting 1ncision for appendicectomy affords an
example In this the three layers of the abdominal wall
are split each 1n the direction of 1ts own fibres, so that not
only are the consequences of transverse division avoided
but the natural weakness of a wound 1s reduced to a
minimum by the grid-iron effect

When muscle 1s cut transversely 1t bleeds a great deal
from vessels which are often difficult to identify because
of their inclination to retract, the bleeding from these
vessels tends to diffuse before it comes to the surface , and
1t 1s not uncommonly dismissed as ‘‘ only an ooze,” when
there 1s really a spouter underneath which will form an
mfiltrating haemotoma unless 1t 1s dealt with

Muscle itself retracts too when 1t 1s cut, and 1t 1s not
difficult to overlook 1ts deeper layers altogether when the
time comes for sewing up Even if there 1s no oversight
and the full thickness 1s brought together no firm relhiance
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can be placed on the suturng because of the hikelihood of
cutting out  The 1ncidence of herma after hocher s
approach to the gall bladder or the ordmary loin mcision
for the kidney 1s proof of this  For these re1sons muscle
cutting incisions are better avorded whenes er possible
Size of the Incisfon In dealing with an abdominal

Fio. 25 It m somehimes Fombh to mobilne and coax out &
soft tumotir ar cyst through quite a gmall inclsdan

abscess or draming a viscus the incision should be as
small as posstble A large inaision 1n the abdomen which
becomes nfected may be
followed by a hermia and
will certainly interfere with
second stage procedures In
cisions 1 other cases should
err on the large rather than
the small side bat the sur
geon should guard agunst
making a large masion and
using only one end of 1t
With obese subjects an extr
nch through the fat at either F'?h.’fmn:f :: r'ébcu—;éi.:.k:
endisalwaysadvisable The — [R[0€ e Inchoon donn to the
deeper part of the mcision ank.

need not be so extensive

If a mick 1s made in the
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posterior sheath and peritoneum at the suspected level
of the lesion 1t can be extended up or down according to
requirements and no further
In spite of every care 1t must sometimes happen
that an mncision 1s inadequate or wrongly placed In
the Iimbs 1t can usually be lengthened with due regard
to the anatomy of the part This applies to the abdo-
men also An extra half inch down to the pubic bone
may make all the difference to a pelvic operation, or
up to the costal margin where the lower end of the
cesophagus or cardia are concerned, 1n the lomn the cut
can be carried right back into the angle below the last nib,
taking care not to injure the nerve or vessels Lengthen-
ing a wound, of course, increases 1ts retractability, and
this increase can often be taken advantage of in the abdo-
men  Sometimes, however, 1t still fails to give sufficient
access to the flank The spleen, for instance, 1s not
always easily reached in this way It can be exposed very
satisfactonly by dividing the rectus transversely /1 ough
a tendinous wntersectron  When this 1s
done there 1s no need to stitch the
muscle to 1ts sheath, the intersection
(  prevents retraction so long as the mnci-
¢  sion does not go beyond 1t There are
no 1ntersections 1n the rectus below the
umbilicus, and for this reason trans-
verse incisions are better avoided at this

Yic 27 A thoraco level

;?{‘D;iyyg%%rgiggrggg When, as 1s bound to happen from
by Tresecting an time to time, a diagnosis proves to be

h f th
nest nb hgher up  cOmpletely wrong, and a condition
postenorly,, then  thought to be lower abdominal turns
the anterior part of
this b can be re- out to be upper abdominal, 1t 1s usually
tracted widely
wise to make a fresh incision, certainly

it 1s a mistake to carry the one incision from ensiform to
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pubis  a bridge should always be left except m those
cases (usually traumatic) i which 1t might be fatal to
waste a mnute.

The thorax 1s approached through an intercostal space
or after resecting a nb  In erther case the surgeon 1s up
against the difficulty that no matter how long the incision
may be 1t 18 not retractable It can be made so by resect
ing a short length of the next nb higher up and 1f neces
sary of the one above that again This allows the
remainder of these ribs to be pressed against each other
so opemng up the wound The same principle 15 applic
able 1n the loin where the narrow cleft between the last
nb and the ihac crest sometimes makes the kidney
almost 1maccessible without a rib resection

Through an 01d Incislon  When an old inais10n 18 being
reopened 1t 15 usual to start by examng the scar in the
skin along with a bit more at either end  These extensions
allow the wound to be deepened where the anatomical
details have not been disturbed and the vanous planes
are still 1dentifiable  Thus done there 13 less difficulty in
dealing with the intermediate part  In the abdomen 1t 15
particularly important to adopt such a plan because bowel
may be adherent to the peritoneal scar and may be
damaged 1f this 15 cut straight down on without shipping a
finger 1nside from above or below

A fresh ncision should never be made parallel to a
previous one If this 13 done the intervening tissue 1s
deprived of 1ts last remnant of blood supply and may
quietly necrose leaving the patient with a ventral herma



CHAPTER 1V
HAZMOSTASIS

THC higature was known in Roman times, but fell into
disuse like many other things during the dark ages
Ambroise Paré, a surgeon who worked with the armies
that fought for France against the Austrian Empire
during the sixteenth century, rediscovered it There 1s a
panel 1in the Paris Ecole de Medicine showing him grasping
a ligature in one hand while with the other he spurns the
hot 1ron and boiling o1l which were the only alternatives
in those days Paré experimented with instruments for
se1zing vessels too, but 1t was not until the time of the
Crimean War that Spencer-Wells 1ntroduced his forceps
Without them the task of keeping the field dry during an
operation must have been an almost impossible one  No
development since has mmproved on this simple and
straightforward method of dealing with hamorrhage

Nowadays heemostasis 1s half of surgery The good
surgeon controls all bleeding as it 1s encountered, not only
to prevent blood loss (for an ounce saved 1s worth two
ounces transfused later on), but in order to keep the field
clear for the next step It 1s possible to judge at a glance
whether he knows his job or not by the attention he gives
to this matter Is the field of operation dry? Or 1s 1t
soaked and are there stains on the assistant’s gown ? Or,
worst of all, 1s there a pool of blood on the floor ?

Small Vessels In any standard procedure, where the
anatomy 1s well known, the forceps should be applied
before and not after cutting a vessel In a herniotomy
wound, for istance, the superficial epigastric vessels,
baing fairly constant i position, can be exposed and

38
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picked up 1n two places before they are divided The tiny
vessels which are displayed 1n a paramedian incision as
they emerge from the medial border of the rectus offer
another opportunty for intelligent anticipation  1f these

Fia 28 The frst farceps has mised 1ty mark, but It 13 msed to dsmonstrat
the bleedg point whils 2 becond Is mare accurately applied. °

are cut before they are canght they retract within the
muscle and must be under run with a stitch to stop the
bleeding  So too with the perforating branches of the
internal mammary artery in a radical removal of breast
If an intestnal vessel 1s not secured 1n advance 1t may shp
out of reach between the leaves of the mesentery  the
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resulting heematoma may be exceedingly difficult to con-
trol, especially 1n a fat subject

When a vessel retracts, whether 1n subcutaneous tissue,
muscle, or mesentery, the bleeding tends to diffuse, and
come to the surface over an area There 1s sometimes
a temptation to dismiss 1t as ““ nothing more than a general
ooze ”’, but a general ooze more often than not means a
bleeder underneath, although 1t may not always be
possible to find 1t And the alternative consolation that
the bleeding 1s ““ only venous "’ may be equally misleading,
for veins sometimes continue bleeding a great deal longer
than arteries

Some aural surgeons pride themselves on using only
one swab to the removal of a tonsil Schoemaker, the
great Dutch surgeon, used no swabs at all So skilful
was his use of the Spencer-Wells that a dab with the cotton
gloves which he wore over the rubber ones was sufficient
to soak up any blood that escaped

The practice of cutting first and picking up afterwards
usually means that unnecessary tissue 1s caught between
the blades of the forceps with necrosis resulting later on,
and sometimes the actual bleeding point 1s missed alto-
gether When this happens the natural inclination 1s to
remove the forceps and try again  Instead 1t often pays
to use them for keeping the tissue on the stretch while a
second pair 1s applied more accurately

Crushing 1n the grip of a Spencer-Wells may be all that
1s needed to seal off the mouth of a small vessel This
method sometimes serves for the distal end of a divided
arteriole when the proximal end requires a higature In
the past some surgeons developed a special skill in the
way they twisted the forceps of a vessel so that the lumen
remained occluded without any more ado One gynz-
cologist 1s reputed to have been 1n the habit of doing a
hysterectomy without tymng off a single bleeding point

-—
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Nowadays we rely either on the coagulation produced by
the diathermy current or on a ligature

If the diathermy 15 used the forceps held clear of all
contacts except at its tip 1s touched with the electrode
while the current which should be strong enough to pro-
duce a visible change 1n the tissues 1s thrown in by the
foot control  Diathermy coagulation saves a lot of time
but 1t 1s not sery reliable 1t 18 safer to use a ligature for a
vessel of any size or even for a small one when 1t happens
to be close to 1ts parent trunk because the trunk might
be damaged 1f the current were conducted back along the
branch Oddly enough the theoretical objections to
diathermy are strongest 1n the field where 1t 15 most often
employed—prostatic surgery  deliberately to create a
slough 1n a surface exposed to infected urine 18 asking for
trouble

The assistant who holds a forceps while a hgature 13
being tied should take care not to twist 1t out of 1ts  Lie

but even so the merely picking 1t up must displace the
tissue within 1ts grip to some

extent If this tissue springs ~
back into place as the forceps

15 released after the first

hitch of the ligature closes o) ®)
down the result may be that *

the second hitch does not
fall on top of the first One
way of avoiding thug fault 13
shown m Fig 29 If two
pomts are ever included 1n
the same higature (and this 1s -

not safe naless they are very P19 Common mustakes with a
close together) the forceps lh:‘ the mg)dg?l‘-h- %r}um
should be laid beak to beak mﬂmﬂ watant

dead 1n hine with each other  F AP before the surgeon tes
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before the first hitch 1s tied, otherwise the end of one or
both may be included and the knot completely spoilt
Ligature matenal should match the vessel to be tied
No 1 catgut 1s wasted on a small vessel moreover 1t will
probably not occlude 1t Halstead, who devoted much

(a)

T1c 30 (a) An easy surface tie  (b) A difficult deep tie , 1n oblique pull will

snap the Ligature 1if 1t 1s not a strong one (c) The oblique pull can be
avolded by tightening the hnot with the finger tips deep 1n the wound

time and thought to the problems of heemostasis, believed
that all vessels should be under-run with a threaded
needle By doing this he considered the danger of shipping
was avoided, and so the need for tight ligation eliminated
It would take a great deal of time to under-run every
bleeding point, but certamnly this should be done when
there 1s mnsufficient grip for
an ordinary hgature

There are vessels, most of
them small and deeply placed,
that do not lend themselves
to control by forceps at all
because they tear easily and
Fic 30a  After gating a vessel 2T€ difficult to tie The

1 two places 1t 1s divided close to therId veins and the cystlc

the side to be discharged so 1s to
leave as large a stump 1s possible artery are obvious examplcs

\Tgrl; é‘éﬁé‘fé’éﬂiﬁ““‘ of stppung These are better under-run
with a threaded aneurism

needle and tied beforc they are divided Very minute
bleeding points close to the skin should be dealt with

A\ "
{7 UTIRIITEN o
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by crushing torsion or compression by astitch  Ligatures
give trouble when left so near the surfice  In the scalp
vessels can be controlled without ligature by uniting
aponeurosis and skin 1n two separte layers of closcly
placed stitches

Big Vessels \When 1t 15 possible to hgate 1 big vessel
in formal fashion (and this 1s not often) either artery
forceps or aneunsm needle may be used

s/

) 8 (s}

110 31 (s) The wrong way to Ligate F1¢ 32, Transfiung a vemel (or
tnbutary vemn  a cul do sac o left doct; (a) With ome stitch.
which mav release an embolus, and a & Veith two.
potentual collateral mwm(a) The

ow the Ligature never above
nght way

If forceps are used three are required the proximal to
crush a groove to recerve the hgature the middle to control
hemorrhage while the ligature 1s being tied and the distal
to prevent reflux bleeding The vessel 13 of course
divided between the muddle and distal forceps leaving e
stump suffictently long to prevent the ligature from
sipping

With an aneurism needle 1t 1s usually an easy matter to
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under-run a vessel and tie 1t with two proximal ligatures
and one distal before dividing This 1s a safer techmque
than the other because the whole business 1s in the
surgeon’s own hands and the risk of a mishandled artery
forceps 1s eliminated Moreover, the ligation can be per-
formed without damage to the intima, and this 1s very
desirable in certain cases (see below)

Pedicles But many big vessels form part of pedicles
These should be cleaned as thoroughly as possible before
bemng tied, not only to give the ligature a closer grip, but

iy as a precaution against
i\’"%/7 including what ought to
/ 4 be left out, e g, the tail

of the pancreas mn a

splenectomy Once the
pedicle 1s clean there
Fi16 33 A vessel can usually be tied with should be no dlﬂ:lculty

a reasonablly fine ligature, a pedicle 11l transﬁxmg 1t (Flg
requires a clumsy one which sometimes
does not grip tight enough to occlude 34) This prevents

the vessel or prevent 1t retracting Sllpplng, which 1s the
main risk attending the ligation of a pedicle, but care
must be taken to see that the point of the needle passes
between the vessels and not through one or more of them ,
such a mushap might cause troublesome hemorrhage,

DAV Ag S e/
e

{a) {b)
T1c 34 The higature on a pedicle will not ship 1f 1t takes a bite, but
encirclement must be complete (a) 1s a better method than (b)

introduce infection into the circulation, or perhaps lead to
the formation of an arterio venous communication later
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on. On these occasions 1t 1s safer to use a blunt ancunsm
needle than an ordinary needle on a holder

Case Nole A patient who had had Ius kadney removed six
or seven years previously was found to have a loud bruit in hus
lom. At operation a varicose ancunsm was found between
the stumps of the renal artery and vein  This was dealt with
but the patient died of heart failure before he left hospital

When 1t 18 1mpossible to fine down a pedicle to reason

(8} (5)
F1o 33 A method of tying s pedicle with a length of material and two nesdles
to prevent alipping

able proportions speaal care should be taken to ligate 1t
tightly  Not only must hemorrhage be safely controlled
but the blood supply must be cat off completely from the
protruding stump So exsangminated 1t will undergo a
process of anemmic necromis and soon be absorbed alto-
gether  this explams why even the clumstest techmque
m the removal of omentonm seldom gives nse to trouble
But if a stump retamns a precarious nutntion 1t may
become infected and slough or at best pass through a
stage of hemorrhagic necrosis before 1t disappears dunng
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SN

(Hafoct

Ve
tic 36 Three men were hanged together in Staffordshire with the same
piece of rope  The Staffordshire knot (a) can be used to sccure a pedicle
by passing a ligature through with an aneurism needle (b), and threading
the ends through the loop so formed before knotting them ({c), or reversing
the loop over the stump of the pedicle and then drawing the ends through
and knotting them (d)

which time 1t 1s likely to attract numerous adhesions, a
most undesirable complication 1f 1t occurs mnside the pern-
toneal cavity

A lhigature will not bed 1itself 1n to a pedicle that 1s under
tension During a nephrectomy, for instance, the renal
pedicle 1s on the stretch as long as the assistant maintains
his pull on the kidney, he must therefore relax a little
as the knots are tightened, 1f he does not do this the
ligature may come away altogether when the pedicle 1s
divided and the stump 1s freed

Most pedicles are best tied about their middle so as to
leave an adequate but not unnecessarily large stump
\When deahing with malignant disease, however, a pedicle
should be tied and divided as close to 1ts base as 1s com-
patible with safety, because there 1s always a chance that
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1t mav contain an extension of
the disease

Ligation in Continulty The
exarmner who wishes to test a
candidate s knowledge of an1
tomyisaslikely asnot toash him
to ligate a vessel in continuity

Outside the operative surgery
room the procedure has fallen
mto disrepute It was at one
time employed 1n the trextment
of intractable hemorrhage but
the vaganes of collateral ar
culation often interferred with
the calculations of the surgeon
and the results were disappoint
ng  Nevertheless the method
still proves useful on occasion
—as a prelumnary to shoulder or thgh amputations
when 1t mght be awkward to hgate the maimn vessel
on the stump or when there 18 danger of secondary
hemorrhage from n amputation carmed out at a lower
level or before operations on the tongue

\Vhen there 1s no question of amputation as in an
occasional case of ancunsm  the effect of ligating a large
artery on the distal blood supply must be taken nto
account  Simple higation precapitates an intense vaso-con
striction throughout the whole artenal tree  If the artery
1s divided between ligatures the reflex arc responsible for
this phenomenon 1s broken and vaso-constniction does not
occur  This then 13 the obvious safeguard  Moreover
1t 15 a protection against the possibility that clot 1n the
distal end mav be dislodged by pulsation 1n the proximal

Until recently 1t was the practice of some surgeons to
tic the vein as well as the artery m a doubtful case with
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Fic 38 In one case a ligature 1n continuity will not stop bleeding because
the collateral circulation opens up 1n another case a higature 1n continuity
will abolish the collateral circulation at the level of the lesion whereas
local ligation 15 certain to stop the bleeding and will never interfere with
the collateral circulation

the 1dea of increasing the distal blood pressure It 1s true
that no harm results from tying a vein hike the superficial
femoral when the artery 1s intact, but when the artery 1s
tied as well and the blood stream 1s deprived of 1ts impetus
and faced with an obstruction at the same time, stasis and
cedema are bound to result There 1s certainly no justi-
fication for any addition to the ordinary operation if
pulsation 1s seen 1n the distal stump of the divided artery
When this 1s present the collateral circulation 1s assured
Here 1s a table (taken from official figures) of the
incidence of gangrene following ligation in continuity —

Subclavian artery o per cent
Axallary . 4 ,,
Brachial " o,
FFemoral ’ 17 5

Popliteal " 26,

12
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Recent expenence suggests that these figures are much
too low It goes without saying that 1ll effects short of
gapgrenemay develop—poorcirculation musculiratrophy
etc and that results are likely to be worse m old people
than young When true hgation in contimwty is per
formed certam rules must be obeyed. In the first place
no other structure as for instance a nerve may be
included within the hgature  Southey 1n descnibing the
loss of Nelson s arm said A nerve had been taken up
1 one of the ligatures and the ends of the ligature
being pulled every day in hopes of bringing 1t away
occastoned fresh agony There were no absorbable
Ligatures then and the plan of leaving the ends long was
part of surgical routine It used to be thought that the
best way of avoiding the musadventure just mentioned
was to pass the aneurism needle from the adjacent ym
portant structure. MNowadays a safer scheme 13 adopted
With a large vessel the sheath 1s deliberately opened and
the aneurism needle shpped round nside it

The surgeon s next concern 13 to protect the coats of
the artery from rupture  To this end he gets hus assistant
to strip the vessel of 1ts contents while he hunself slowly
and dehiberately tightens the knot with hus finger tips deep
n the wound so that there 1s no tugging or displacement
With an mntact wntima the hkelihood of spreading throm
bosis 1s dimimshed to the great adyantage of the collateral
carculation  But anxiety to avord damaging the coatsof a
vessel should never deter the surgeon from completely
occluding 1t Partly to constrict an artery 1 asking for
trouble

Incisions for Ligation of Vessels During the 1914-18
war two voung French surgeons! working in a field
ambulance found themselves dealing wath a large number
of artenal injunes  Gradually they came to realise that

1 Fiolle and Delmas,
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the classical approaches were quite inadequate for the
sort of work they had to do And no wonder These
approaches have been copied from book to book without
being tried out anywhere except in the operative surgery
class, there bemng lhittle occasion 1n civilian life for such
operations on the lhiving And even in the operative
surgery class the object of the procedure was seldom
anything more tricky than a ligation in continuity

The two French surgeons devised new methods, and
after the war wrote a book, small but #és 4 propos,
describing them, and giving reasons for adopting them
In brief, their argument was that while 1t may be practi-
cable to ligate a great vessel in a cadaver through a
classical ncision, to attempt to do the same thing 1in a
living subject who has sustained a gunshot injury is likely
to end in failure if not 1n disaster In a wounded man,
the operative field 1s infiltrated by blood clot, the anatomu-
cal points are grossly distorted, and fresh h@morrhage
may start at any minute  For this type of work the most
generous exposure 1s required to control bleeding, which
may be as overwhelming as 1t 1s unexpected, to avoid
injuring the nerves that run with the vessels, and to
allow for errors 1n diagnosis, it being no uncommon thing
to find the suspected vessel intact and the bleeding coming
from another in the neighbourhood A skin incision the
length of the arm or forearm, thigh or leg, 1s suggested as
not unreasonable when trouble 1s expected

Free exposure 1s a principle that runs through the whole
of traumatic surgery It 1s often as necessary in the
abdomen as 1n the limbs

Rules for the Control of Hemorrhage After the first
war rules were laid down for dealing with primary hamor-
rhage In brief they are —

(1) Always hgature a vessel that 1s still bleeding

(2) T.igature a large vessel though 1t may have stopped

= - —
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bleeding  otherwise 1t will start agamn when the blood
pressure r1ses

(3) Ligature both ends 1f the vessel 18 completely
divided so that bleeding does not recur from the distal
end when the collateral circulaton opens up If not
completely divided but ireparably damaged divide and
hgature

{4) When an mmportant 1essel 13 mnjured by a penetrat
mg wound do not interfere for the tume being unless
gangrene threatens or the hematoma continues to spread.
There may be sufficient flow through the vessel to nourish
the hmb until a collateral arculation 1s established
After an interval any scquelm mn the form of aneurismal
vanx or varicose aneurlsm can be dealt with at leisure

Ligature Materlal. Some surgeons prefer thread to cat
gut for tyng off small vessels It gives a closer frictional
gnp 1s non 1rntant and much cheaper  Catgut 13 subject
to too much variation in calibre consistency and durabihty
to be entirely satisfactory It 13 wiser to select unabsorb-
able matenal for large vessels too  to leave softening gut
on a pulsating sturnp 1s runnung an unnecessary risk At
the same time 1t must be admtted that many of the
disasters attnbuted in the past to shpped lLigatures were
probably examples of secondary haemorrhage Certanly
we do not often see them since sepuis ceased to be the
normal sequel of operation It 1s hardly necessary to add
that when a vessel 13 tied 1n continwity a non absorbable
higature must invanably be used otherwise there 15 a
good chance that patency will be restored as the catgut
1$ absorbed.

Any structure embraced by a ligature nevitably under
poes necrosis  \When the structure happuns to be an
artery or vewn and the nght type of ligature has been
selected for the job fibrosis heeps pace with necrosis and
permanent obliteratton of the lumen results but if a fine
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ligature 1s knotted tightly around a large vessel it may
cut night through, either on the spot or mn the course of a
day or two  Or the cutting through process may be more
gradual so that the lumen 1s re-established (Fig 39),

RRIHE AR

Yy, 4 Poangt wu WA LA ALY

Fic 39. A hgature can cut through a vessel and allow the lumen to
re establish itself

these risks are always greater after ligature 1n continuty
than ligature after division The likelihood of trouble 1s
considerably magnified where there 1s atheroma, arterio-
sclerosis, etc  The thickness of the higature should there-

Fic 40 The main ligaturé'round a large vessel anchored with a fine stitch

fore be nicely matched to the calibre of the vessel TFor
really big vessels tape should be used in single, double or
treble higatures, so as to get the widest and smoothest
apposition of the walls that 1s possible

Dangerous Haemorrhage. Sooner or later every surgeon
1s called upon to deal with emergency haemorrhage—from
the renal pedicle, from the splenic pedicle, from the hepatic
artery, or from a great vein  An artery will nearly always
contract and retract if given a chance, that 1s why a
man may have a limb torn off 1n an accident and lose
scarcely any blood on the way to hospital A vein 1s less
obliging than an artery, and may often be the more
troublesome of the two

The method of tackling a shipped artery when proximal
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cannot be applied to 1t 15 well estabhished No
effort should be made to pick 1t up until the wound has
been pached for ten minutes by the clock At the end of
that time contraction and retraction wall have reduced
the bleeding to a tnickle  The fatal error here or in any
sitnatton where packing 1s used for a sumilar purpose 1s
to grow impatient and remove 1t too soon  Nothing but
further delay can result Once the bleeding—or most of
1t—is stopped 1t 18 an easy matter to pick up the vessel
Sometimes the use of a ning or sponge forceps makes the
task easier still The anmsthetist may now suggest that
the sooner the patient 13 back in bed the better for all
concerned If so the wound may be closed and the
forceps left protruding from 1t Removal in three or
four days will prove safe even with as large an artery as
the renal because by then thrombosis will have sealed off
the cut end. Sometimes indeed the emergency may be so
great that 1t 18 wise to retun the patient to bed with the
paching 1tself e sttu Should there be renewed hemor
rhage when 1t 18 tahen out 1t may be replaced for several
more days Any effort to pick up an mdividual vessel
amongst the granulation tissue of this late stage would
almost certanly fall But only in the very gravest of
emergencies 18 1t justifiable to leave erther a forcep or
packing within the pentoneal cavity
When a large vein 1s torn the table should be tilted at
once—into a Trendelenburg position if the trouble is below
the diaphragm 1nto a reverse Trendelenburg 1f above (it
18 remarkable how helpful this manceuvre 18 when there
18 difficulty over higation of the internal saphenous vein)
Meanwhile packing 15 used again to stay the rush of blood
until the field 18 clear Not uncommonly 1t may be
necessary to enlarge the wound in order to get free access
It has been sard that the best nstrument for dealing with
hemorrhage 1s the kmfe and no one can deny that a wide
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exposure 15 very hodpful in these trichy cases When the
tear 1s cleatly revealed it may be posable to stitch 1t up
with oiled @ik, a lateral higature 1s hable to be pushed oft
and should not be rehied on Fathng this, the vemin can
often be tied above and below the level of the lesion The
warning ginven aboye about fine hgatures on b1z vessels 1s
pertinent to this procedure, 1 America accidents have
been reported through neglect of 1t Patients have bled
to death following hgature of the vena cava

I am indebted to a colleague for the following account
of how he dealt with a tear in the vena cava which occurred
during a nephrectomy It 1llustrates the tendency of
venous bleeding to persist

Case Note The mmtial torrent was controlled by packhing
This was left for fortv-cight hours When 1t was removed
heemorrhage recurred It was replaced At the end of
another forty-cight hours the same thing happened On the
third occasion a square of fascia lata was cut from the thigh
and sutures mserted at cach corner to act as spreaders  This
was applied to the bleeding area and wedged 1n position with
more packing Next time there was no bleeding when the
packing was remon ed, the fascia having become adherent

When a higature shps or an artery forceps comes adnft
during a cholecystectomy and there 1s profuse hamor-
rhage, the chances are that the hepatic artery or 1ts nght
branch 1s at fault, the cystic artery 1tself 1s quite small
This 1s one of the places in which haemorrhage can be
checked by applying proarmal pressure  If the nght edge
of the gastro-hepatic omentum 1s compressed between a
finger 1n front and a thumb behind in the foramen of
Winslow the hepatic artery will be occluded and the bleed-
ing controlled, while the vessel from which 1t comes 1s
accurately picked up The manceuvre 1s greatly facili-
tated if the surgeon changes over to the left side of the
patient and uses his left hand for compression leaving the
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nght free for piching up  Any fumbhng in this nagh
bourhood may result in damage to the hepatic or even the
common bile duct.

Secondary Heemorrhage Itisa tnibute to the efficiency
of s aseptic techmque that secondary hemorthage
seldom worrtes the general surgeon except n wartime
But one of the necessary consequences of this 1s that he s
often unfitted to deal with 1t when 1t arises  As often as
not m such an emergency his ind turns to thoughts of
ligature 1n continuity and 1f he performs 2n operation of
this kand he may either fail to stop the bleeding or find
himself forced to amputate for gangrene

What 15 the best thing to do for hemorrhage from a
compound fracture of femur that has become infected ?
The only safe course i3 to go straight for the bleeding point
So absolute 13 this rule that 1t includes first aid treatment
The nurse 1 the ward who first sees the hemorrhage 1s
better advised to rely on direct pressure over the wound
with pad and bandage than trust to the effect of a
tourmquet

Later the actual source of the bleeding should be
exposed It may be that by now the wound s dry Or
if not the oozing will be seen comung from the depths in
which no landmarks can be recogmsed amongst the
granulattons In either case the only course 1s to pack
But every now and agaimn 1t happens that the offending
vessel 1s open to inspection  Then—

(@) If 1t 15 the vein 1t should be laid open between
ligatures

{8} 1f 1t 15 the man artery and not thrombosed Lght
packing may be tried 1n the hope that the breach may
heal and the distal airculation be preserved. But if 1t 15
thrombosed the affected segment must be excised between
ligatures  This gives the best chance of cheching the
spread of thrombosis  There 1s some dispute whether 1t
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exposure 1s very helpful in these tricky cases When the
tear 1s clearly revealed 1t may be possible to stitch 1t up
with oiled «ilk , a lateral higature 1s hable to be pushed off
and should not be rehed on ahing tlis, the vein can
often be tied above and below the level of the lesion The
warning gnven above about fine hgatures on big vessels 1s
pertinent to this procedure, 1n America accidents have
been reported through neglect of 1t Patients have bled
to death following higature of the vena cava

I am indebted to a colleague for the following account
of how he dealt with a tearin the vena cava which occurred
during a nephrectomy It allustrates the tendency of
venous bleeding to persist

Case Note The imtial torrent was controlled by paching
This was left for forty-eight hours When 1t was removed
haemorrhage recurred It was replaced At the end of
another forty-cight hours the same thing happened On the
third occasion a square of fascia lata was cut from the thigh
and sutures inserted at each corner to act as spreaders  This
was applied to the bleeding area and wedged in position with
more paching Next time there was no bleeding when the
packing was removcd, the fascia having become adherent

When a higature shps or an artery forceps comes adnft
during a cholecystectomy and there 1s profuse hamor-
rhage, the chances are that the hepatic artery or 1ts nght
branch 1s at fault, the cystic artery itself 1s quite small
This 1s one of the places in which hamorrhage can be
checked by applying proavmnal pressuie  If the nght edge
of the gastro-hepatic omentum 1s compressed between a
finger 1n front and a thumb behind in the foramen of
Winslow the hepatic artery will be occluded and the bleed-
ing controlled, while the vessel from which 1t comes 1s
accurately picked up The manceuvre 1s greatly facili-
tated 1f the surgeon changes over to the left side of the
patient and uses his left hand for compression leaving the
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kidney no stitch 15 allowed to penctrate a calyx  Some
surgeons indeed prefer not to stitch the kidnevat all and
rely nstead on enarcling strands of ribbon catgut which
are threaded through the capsule to heep them in place

With traumatic lesions of the liver the damage 18 some
tumes of & kund that puts suture out of court Packing
can then be tried and 1t may be that a piece of omentum
will prove to be the best matenal to use

However confident the surgeon may be 1n s suturing
of a viscus he should never neglect to drain - Even if his
repair 15 all that could be wished he must always reckon
on the possibllity of subsequent necrosis

Heemostaties.  In certan branches of surgery where
perfect hemostasis 18 essential ordinary methods often
fall The neuro-surgeon for wnstance must use silver
clips apphed directly to a bleeding point in order to avoid
the trauma that would be caused by Spencer Wells and
hgature. But chips will not control ocozing The plastic
surgeon encounters the same problem as he completes an
ntrcate reconstroction  In delicate work of any kind an
absolutely dry tield at the end of the operation may make
all the difference between success and failure It 1s 10
such arcumstances after all focal bleeding has been
stopped that hemostatics may prove helpful  if relied
on to check gross hemorrhage whether from the prostatic
bed or elsewhere they will probably fail.

Clotung depends on two reactions which are repre-
sented thus —

Prothrombin + calaum + thromboplastin = thrombin
Thrombin + fibrinogen = fibrin

These substances have been 1solated and put on the
market 1n vanous combinations for local application and
mtra venous or intra muscular mjection with the hope
that their employment mught shorten the coagulation
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1s better to bury the cut ends or leave them where they
he, probably the latter 1s the wiser course

Secondary hamorrhage 1s due to infection, and #no
cffort to deal wath 1t will succeed for more than a short wiile
unless the anfection 1s relicoed  In mne cases out of ten
this means that improyved dramage must be provided

Haemostasis in the Solid Viscera Most of the sohd
organs of the body, from thyroid to testis, are fnable,
and any prospect of repairing them depends on whether
they have or have not a capsule strong enough to hold
sutures

The spleen, besides being mtensely vascular, has no
capsule worth the name, and splenectomy 1s the only
treatment even for a trivial tear The hiver 1s better
equipped The kidney still better But sometimes the
capsule, as well as the parenchyma, 1s damaged by the
mjury In these cases some ecffort should be made to
replace 1t with a bit of fascia, muscle, fat or peritoneum—
anything that will prevent the stitch from biting into the
parenchyma

Big vessels 1in a viscus should be controlled individually,
arteries by hgature, veins by an encircling purse string
suture But for the most part hamostasis depends on
adequate apposition of the cut surfaces Apposition 1s
usually all that i1s needed Compression may lead to
local necrosis or distant infarction IFor the same reason
mattress sutures are better avoided The needle selected
should be round bodied and of a size smted to the job
required of it—that 1s to say, 1f should be large enough to
reach the depths of the wound If it does not, a dead
space may be left in which blood 1s liable to collect and
later on become infected As a rule i1t pays to bring the
needle out of one side of the gap before putting 1t through
the other Supple catgut, size 1-3, 1s used, and the knot
must be tightened with the utmost deliberation In the
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application of Russel Viper venom will stop hemorrhage
but even such procedures have proved fatal

Another hzmorrhagic state which concerns the surgeon
has to do with Vitamn k defiaency Vitamin K 1s
obtained partly from the food and partly by bactenal
syntheses 1n the bowel from which 1t 18 only absorbed
when bile salts are present Deficiency 1s to be expected
therefore when bactenal activity 15 1n abey-nce or bile 15
missing  Chemotherapy conduces to the former condi
tion and jaundice or bilary fistula to the latter Al
patients having sulphasncanyl or sulphathalidine should
be given additional Vitamun K by the mouth  Jaundiced
patients or patients losing bile through a fistula must be
given 1t by injection

Anticoagulants of one sort or other are nowadays
becoming ncreasingly popular for the treatment of both
medical and sorgical condihions  In surgery the question
arses how soon after operation they may be used to pre-
vent the spread of thrombosis  Their use from the start
as for instance after arterial reconstruction 1s very Likely
to give tise to troublesome hsematoma formation The
nsk 15 even greater after procedures which leave an exten
sive raw area such as amputation of the breast or abdo-
mino-perneal resection of the rectum  In these cases an
nterval of three or four days 1s probably the mimimum
for safety

Another nisk must be taken note of 1n connection with
anticoagulants and that 1s that a patient who comes to
hospital for an emergency operation may be already under
s form of treatment for some other complaint  When
this happens appropriate steps must be taken to restore
coagulability to normal before he 13 operated on 1

The list of drogs that may queer the pitch for surgery increases
steadily Patents talang cortisone for any reason need supplementary
dosage when exposed to stress 1o operation.
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time Thromboplastin can be prepared from many
tissues—Dbrain, muscle, lung—and does 1n fact produce the
desired result, the hamostatic properties of a muscle
graft arc explamned 1in this way  But thrombin s more
powerful still, and 1s now obtainable 1n a pure and sterilised
form It can be used asa spray or powder Unfortunately,
the clot so formed is casily washed away  To prevent this
happening the thrombin can be applied on fibrin foam,
which tends to adhere to the oozing surface and 1s only
slowly absorbed The rustic uses cobwebs as a heemostatic
dressing i much the same way  Experiments are in
progress with other absorbable materials that may serve a
similar purpose—gelation sponge and oxidised cellulose

Clot and Clothing Lvery surgeon knows that bleeding
from a tonsil bed often stops of 1ts own accord once the
clot 1s removed, so also with bleeding from a tooth
socket Sometimes when a he2matoma 1s evacuated even
as late as a week after the injury, 1t will be found that
bleeding 1s still going on 1n the depths

All this suggests that clot in some way interferes with
clotting How 1t does so 1s not very clear, but, whatever
the explanation, the phenomenon 1s certainly a strong
additional argument for meticulous hamostasis at the
time of operation

Haemorrhagic States That haemorrhage 1s much more
profuse and prolonged 1n some patients than in othersis a
commonplace But there are certain states in which this
tendency oversteps the bounds of normality and becomes
pathological Most important of these 1s hamophiha
The condition may be suspected from the history, but
nowadays 1t can only be diagnosed for certain in the
laboratory It 1s a contra-indication to all major surgery
which 1s not absolutely essential to save life Minor
operations may be justified 1n the knowledge that fresh
blood or plasma transfusion combined with the local
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The Stitches The obvious way of joinung one part of
the gut to another 18 by a runming suture which takes n
the full thickness of the wall on either side and this 1s still
the basic suture for most anastomoses but when surgeons
relied on 1t alone they usually found that 1t failed to pre-
vent leakage of intestinal contents so that many of theirr
patients died of general pentomitis  The credit for the
good results of anastomosis which we see to-day and which
we have come to take as a matter of course 15 due to
Lembert He 1t was who pointed out that sntersion 15 a
e ny condilion for the Iealing of a wound n gut

Inversion has two advantages —

1 It effectually prevents mucosal pouting

2 1t brings smooth peritonealised sutfaces wto ntimate
contact. Because of the adhemive properties of pen
topeum this 13 a most important factor in healing

The Lembert stitch inserted at the nght angles to the
wound (F1g 41(b) ) gives the deared inversion m a very
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The Effect of Temperature. Warmth 1s a vaso-dilator
and therefore mmcreases hemorrhage, but heat and cold
are vaso-constrictors  Hold a cut finger under the hot
tap and the bleeding will stop It 1s heat of this order
that 1s useful to the surgeon Wash-outs, douches, etc,
should be at a temperaturc of 120° Fahr Hot packs
should be wrung out of water at a still higher temperature
A general surgeon does not make much use of cold applica-
tions, but an ENT surgeon sometimes finds an 1icy
poultice laid behind the jaw will discourage bleeding from
the tonsillar bed

Controlled Hypotension The blood pressure, and con-
sequently the bleeding, in a part 1s affected, to some
extent, by posture, and this effect 1s more marked when
the vaso-motor system has been put out of action by a
spinal or epi-dural an@®sthesia  Under spinal anasthesia,
for instance, the pressure 1n the legs can be halved by a
Trendelenburg tilt The drug Hexamethomum achieves
the same end by blocking ganglion cells, and can be used
for operations on the head or neck where a spinal anas-
thetic would not be applicable It 1s still necessary to
deal with bleeding points, but these are few and far
between, because clot forms quickly 1n the dilated vessels,
and this becomes fixed when they recover their tone
Nevertheless reactionary hemorrhage must be watched
for The method 1s helpful 1n certain plastic procedures,
and provides an almost bloodless field for the aural
surgeon’s more delicate manceuvres, but 1t 1s not without
danger of cardiac arrest or cerebral thombosis 1n older
patients The anzsthetist who employs 1t needs to be
specially skilled and experienced 1n 1ts management

Hypotension can be induced by a variety of other drugs,
either alone or 1n combination, acting at many different
levels No doubt the future will eliminate some of them
and establish others in common usage



THE ALIMENTARY CAMAL 63

B AT e v Tty 16 D vo soad st o 0% o
defective on one or other side of the anastomosis as 1t 18
when cesophagus 1s joined to stomach or colon to colon
the umion may break down altogether

But 1t 18 not only the adhesive properties of the pen
toneum that are important In combination with muscle
1t forms a compact layer whose holding properties are
almost of equal consequence When pentoneum 1s
mussing stitches tend to cut out Expenmentally 1t has
been shown that of two identical sttches one in the
osophagus and the other in the stomach the former wall
cut out under a pull of tivo and a half pounds while the
latter holds up to four and a half

For these reasons extra pre-
cantions should be taken when
dealing with the unperitonealised
or sem1 pentonealised parts of the F'¢ 44 A Halsted wuture
alimentary canal  Of the intrinsic DetaT 160, T k>
layers the submucosa 1s the P

toughest (Halsted considered 1t the only one of any im
portince and pointed out that 1t produced both sausage
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complicated  All three are uscd to reinforce an all-coats
suture, n addition to bringing the cut edges together
this suture has the important function of compressing their
contained vessels, and can be trusted to check bleeding if
these vessels are not too big  The Connel suture (Fig
42(a) ) combines the virtues of the inversion with those of
the all coats, and may be used to replace both 1 an
emecrgency when speed 1s a prime consideration

116 42 A Coun¢l suturc (a) gocs through all coats, a Cushing (b) does not

Cushing and Connel sutures are continuous but the
others may be continuous or interrupted A continuous
takes less time to insert but 1t may cause puckering and
constriction Moreover, 1f 1t 1s an all-coats suture its
hemostatic action may be undesirable 1n parts of the
bowel where the blood supply 1s already exiguous, e g,
the colon  An interrupted suture 1s always kinder to the
marginal blood supply, and in Amerca 1t 1s preferred for
colon surgery In this country we commonly use a
continuous, but if it 1s an over and over, which 1s the most
Iikely type to constrict, we control this tendency by intro-
ducing an occasional lock stitch

Part Played by the Serosa If, then, the penitonealised
surfaces of two pieces of bowel are brought together umin-
terruptedly by sutures of any of these vareties umon can
be confidently expected If, on the other hand, the
always redundant mucosa 1s allowed to pout anywhere
along the future line there 1s a risk of leakage at this point
(mucosal pouting produces the same effect anywhere, e g,
the unmary tract) Worse still, 1f the pentoneum 1s
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puchermng but 1t should not be tumed 1nte a continuous
loch (or blanket) which 1s neither hemostatic nor water
tight The clamps are now slackened to make sure that
hemorrhage has been completely controlled If there
are still any bleeding points they must be under run ~ The

Fra 45 (8)

e 45 (c)

(RS
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skins and catgut) A firm bite of this layer should be taken
when peritoneum 1s missing Mattress sutures instead of
ordinary are an additional safeguard agamnst mishap
Non-absorbable material may be used, but 1t must not
breach the mucosal surface But the best safeguaid of all
1s completfe absence of tension  When there 1s absolutely no
tension there 1s no nisk of cutting out, no matter how frail
the umion Unfortunately, however, tension may be pro-
duced by muscular contracture, though the parts are quite
slack when at rest

Technique of Gastro-enterostomy The actual techmque
of anastomosis 1s subject to many minor vanations Some
surgeons use a Connel stitch instead of a Lembert, others
a Cushing, though the principle of inversion 1s accepted
by all Details of these procedures can only be learnt in
the operating theatre, but diagrams are given here to
suggest the successive steps Gastro-enterostomy 1n
partial gastrectomy 1s taken as exemplar

Iig 45 (a) shows an ordinary right-angled continuous
Lembert suture of No o twenty-day chromic catgut on a
curved atraumatic needle, knotted a couple of inches from
1ts end, which 1s left long, not only for tymg off later but to
mark the exact point where the suture started, and where
1t must end, 1f 1t 1s to complete the circuit and prevent any
possibility of leakage  Itisinserted thereafter at intervals
of § inch to umite the unopened stomach and jejunum
When this Iine 1s complete incisions are made down to the
mucosa of the jejunum and on both sides of the stomach
All gastric vessels thus exposed are picked up and tied off
An additional guarding clamp 1s applied to the stomach,
the mucosa proximal to 1t 1s divided with scissors, and the
resected part discarded The jejunal mucosa 1s opened,
and the posterior all layers suture of twenty-day chromic
catgut on a straight needle 1s inserted This over and
over contmnuous suture 1s locked occasionally to prevent
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It must be admtted that this procedure 1s a complicated
one but 1t 1s well worth mastenng because 1t can be used
with munor modifications for anastomosing almost any
parts of the alimentary canal ~ As has been said the full
techmque can only be acquired by watching and assisting
at mnumerable operations but the tyro may find 1t caster

Fro 47 In order to keep the Lnots awuy from the dangerous angles
.tch_hnrcndnlthclnutﬂmn\omimhkntobe'hmu
vutunng I the middle this involves the we of four needler.

to grasp the basic 1dea if he remembers that 1n gastro-
enterostomy the posterior half of the outer suture s
nscrted first then the whole of the mner suture and then
the anterior half of the outer Th's order 1s followed 1n
an ordinary anastomosms of gut but not mn the aseptic
variety

Resection and Anastomosis of Gut. Certain facts abour
resection of gut are umversally accepted —

(1) Resection 1s often needed for obstructive conditions
but 1t 13 better avoided whenever posable mmtd th-
obstruction 18 relieved and immednmte anastomo<<
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Fic 45
text

TG 45 (d)

A techmique for gastro eniterostomy  Details are given 1n the
Lnds of sutures left long a1~ omitted for the sake of clanty

Ti6 45 (¢)

return journey 1s begun by pas:*:g from within out on
one side and from without in on the other (Ing 45 (¢) ),
and continued as a Connel which 1s knotted to the original
end left long (Fig 45 (d)) Each loop should drop verti-

Fic 46

A lock stitch

cally and the knots should lie on
the mucosal surface

The Lembert 1s now completed
(Fig 45 (¢)) If there are any
mucosal poutings these must be
oversewn

When there 1s any question of
delayed healing, as in a patient
debilitated by prolonged vomiting
or repeated hamorrhage, the
anastomosis should be reinforced
by a series of interrupted non-
absorbables superimposed at back
and front
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accuracy of suturing  These drawbacks however cannot
be avoided when dealing wath the recto-sigmotd
(3) In the actual resection the mesentery should be
divided first not only because this can be done 1septically
1n contrst to the remainder of the operition but because
the distbution of ats blood 1 essels determines how much
gut may be removed
(4) The artemal pattern should be studied 1n each
ndividual case  Vamations are too common for 1ny
reliance to be placed on anatomical descriptions  Rule-of
thumb surgery 18 dangerous
() Colon 1s far more treachcrous than small intestine
Its blood supply 1s uncertamn 1ts pentoncl coat 1s incom
plete and 1ts contents are infective
(6) The shghtest post
operative distension after an —
anastomosis may spell dis-
aster It 15 therefore wise
always to provide some hind =
of safety valve for the con ==
tents of the gut to escape Fio 484 Mesenteric vessels should
through and this will usually  baseswparsialy 72+
take the form of a cecostomy
A typical resection of small gut goes on the following
Lnes  The gut 1s delis cred and the extent of the resection
decided on  The vessels (identified 1f necessary by trans-
dlumination) are 15olated and secured  this must be done
deliberately so that they have no opportumity to retract
(Fig 484) A 1s now cut mn the mesentery  Protective
packs being arranged to 1solate the field of operation and
ared danger towellaid ont for soiled instruments two
‘:}‘;‘;i}‘:gg Cizmtll’s are applied to the bowel 1n such a way
y continue the hines of the v The gut 1s divided

close to the clam
ps after guarding clamps have
been placed on etther side of them to prevent eseape of
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should only be embarked on when there 1s no other con-
cetvable alternative There are several reasons for this
apart from the obvious one that the patient 1s not 1n a fit
state to stand a big operation I‘or one thing the upper
end of the gut 1s dilated and the lower collapsed, so that
it 1s difficult to anastomose them satisfactorily  Then the
walls of the dilated end are friable and will not hold
sutures Again the contents of the obstructed part are
highly infective, peritonitis may easily result from the
shghtest leakage And so on Proper preparation 1s
therefore essential, and this may take the form of drainage

Tic 48 Compare the size of the dangerous unperitonealised angle 1n
(a) the colon, (b) the small intestine

by means of a Miller-Abbot tube or a preliminary caco-
stomy 1n the acute case, or a period of dieting, wash-outs
and chemotherapy in the chronic, but in neither 1s 1t
safe to embark on any major procedure unless the gut 1s
clean and empty

(z) A coil of diseased gut should always be brought
outside the abdomen before any attempt 1s made to
remove 1t, this can be done quite easily with small
intestine, but colon must be mobilised by incising the
peritoneum on 1ts outer aspect and stripping the bowel
mnwards until 1t can be delivered To venture on a
resection 1nside the abdomen means that inaccessibility
will multiply the chances of soilling and 1interfere with the
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Fia 30 (8)

contents (Fig 50(a)) An obhque section leaves a wider
lumen than a transverse one for the anastomosts and so
dimimishes the nisk of subsequent narrowing  In addition
1t serves to safeguard the marginal blood supply which
depends on vessels that run arcumferentially without
mosculation (Fig 49) If the cut edges show a healthy
pink colour with pulsating or better still spurting vessels

their viability 1s assured  When the diseased loop 18 out
of the way the crushmg clamps can be brought together
the gap 1n the mesentery closed and the ends of the bowel
umted by the postenior half of the sero-muscular suture
(Fig 50(b)) The crushing clamps are now removed and
the crushed edges of bowel teased out and jomned by an
allcoats suture which begins posteniorly and countinues
anterorly as in gastro-enterostomy (Fig 50(c)) Then
the antenor half of the sero-muscular suture 18 completed

The crushed edges slough 1nto the lumen in due course

but not before healing 1s well advanced. Notice that

crushing clamps are never used on bowel that 1t 18 intended
should survive.
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(a) (b)

Fic 49 When bowelis divided obliquely the angle () may be
deprived of 1ts blood supply the angle (b) 1s perfectly safe

Fi1c 50 (a)
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In practice 1t will be found that the mesenteric angle 1s
the most difficult to close securely and 1t 1s at this point
that leakage 1s most likely to occur  An extr safcguard
18 suggested m Iig st Alternatively the two limes of
suture may be started at the ant1 mesenteric end nstead
of the mesentennc This avoids ndding the weakness of
the knots to the weakness at the angle

Some surgeons condemn the crushing clamp and use
light guarding clamps only or carry out an open anas-
tomosis without any clamps at all a procedure that can

Intestinal ansstomons by mierrupted suturing and withoat crushing

Fic 32
clam) Detuls are given 1n the text. The final sutures are not shown
for the saie of clanty e

only be justified when the bowel has been very thoroughly
prepared  Others prefer interrupted suturing to con
tinuous becaust 1t interferes less with the blood supply
and cannot narrow by purse stringing  The sutures are
mserted between stays which sere to keep the cut edges
of the bowel on the stretch and the lumen wide open
(Fig 52) Each suture of course requires 1ts own knot
and knots are apt to set up imtation especally when
there are a great number of them to overcome this
objectron all knots are tied on the mucosa so that when
the buned part of the suture 1s dissolved the knot
13 thrown off and got nd of The last few satures
present a difficulty  but this 15 surmounted n a rather
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T'ic 50 (d)

Fic 5o Resection and anastomosis of gut Details are given m the text
The ends of sutures left long are omutted for the sake of clarity

Z

Fic 51 Intestinal anastomosis By starting the all-coats suture in this way
the dangerous angle wherc the mesentery diverges can be effectively
closed Alternatively a separate suture can be used for this purpose
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much care 18 tahen over an operation of this kind 1t can
never be absolutely aseptic In the upper part of the
alimentary trict this does not matter very much because
the contents are sterile under ordinary circumstances ( ¢
when the gastnc secretion 1s normal and there 1s no
obstruction) and soiling by them will not lead to infection
Not solowerdown  The colon 1s always a potential source
of infection and becomes a ventable plague centre when
obstructed  In planned surgery the nshs are almost
elminated by the use of such drugs as sulphasuccinyl
but there are occasions as in dealing with a gangrenous
loop when the surgeon may find useful methods of anas-
tomosis which though not 100 per cent aseptic neverthe-
less eliminate all possibility of intestinal contents escaping
duning the procedure

This type of aseptic anastomosis can be carned out 1n
several different ways but the object in all of them 1s the
same—¥o 1nile the two ends of the bowel before the lumen 1s
opened  When fine bladed crushing clamps are used the
gut 1s divided close up to them with the diathermy needle
they are then placed side by side and union efiected with
two Cushing stitches which are pulled tight as the clamps
are withdrawn and their ends knotted together a Lembert
follows (Fig 54) Or alternatively each end of the gut can

(®) *
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ingenious way  When the suturing 1s nearly complete a
threaded needle 1s passed eye first through the far side of
the anastomosis to emerge from the
remaining gap , the ends of the last few
sutures are shipped through the loop and
the needle withdrawn carrying them
with 1t, they are then pulled tight,
knotted, and allowed to retract within
the bowel, all knots are now on the
mucosa (I1ig 52)

With certain modifications this

Fi1c 53 In preparing
an end of bowel for
anastomosis, care
should be taken
not to smp off an
appendi\ epipsoice
contammng a diver-
ticulum, and the
blood \essels 1n the
extreme edge of the

method 1s well suited to resection of
the recto-sigmoid colon The bowel,
being divided above, the upper end 1s
anchored with three or four sutures to
the posterior aspect of the mobihised
rectum, to which no clamp 1s apphed
The rectum 1s next cut across with

divided mesentery
should be meticu-

scissors, and a posterior layer of 1n-
lously preserved

terrupted thread sutures 1inserted
between lateral stays  Owing to the depth of the parts 1t
may be convenient to insert all these, leaving the ends
long, and then tie them all off together The anterior
layer of sutures, looped on the mucosa to secure inversion,
followed by three or four superimposed mattress sutures,
complete the anastomosis

In anastomosing the colon particular care should be
taken not to let any fatty tags intervene between the
suturing At the same time the blood vessels in the
extreme end of the divided mesentery should be meti-
culously preserved, and appendices epiploicee should not
be snipped away These may contain diverticulee and
even when they do not will prove extremely useful for
protecting the anastomosis externally

Aseptic Anastomosts It 1s obvious that no matter how

—
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Fio 55 Side to end end to mde and side to side anastomosis.

of the mesenteric suture may be made to take a brte of
the sero-muscular layers of the bowel and so close the
defect equally well So wide 1s this bare area m parts of
the colon that end to-end union 1s better avoided alto-
gether and end to side or side to end or even side to side
employed instead The difficulty of dealing with one
dilated and one collapsed end as 1n small gut obstruction

—

Tic. 55a  The conequence
ieaving a pro<imal blind end. o
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be sutured over a clamp by a Cushing stitch with ends
unknotted and left long  Because of 1ts continuous and
parallel arrangement a Cushing stitch can always be drawn
tight by pulling on both ends, or taken out altogether by
pulling on one It 1s now drawn tight while an assistant
slips the clamps out under 1t  This 1nverts and closes the
end of the gut (IFig 56(a)) The two closed ends are then
united by another Cushing stitch followed by a Lembert
Then the first Cushing stitches are pulled out, and lumen
opened up by mvaginating a finger tip into 1t from one or
other side (Iig 50 (d)) Whatever method of anastomosis
1s used, septic or aseptic, thislast manceuvre 1s advisable to
prevent diaphragm formation and consequent narrowing

It will be noticed that with both the techmiques for
anastomosis just described the entire inner suture 1s com-
pleted before the outer 1s begun, this s accomplished by
working first on one side of the bowel, then on the other
Contrast gastro-enterostomy  There 1s another important
distinction In a gastro-enterostomy the inner suture
1s 1nserted from inside 1n aseptic anastomosis 1t 1s
inserted from outside like the outer , care should be taken,
therefore, to see that 1t penetrates at least as deeply as the
submucosa 1n order (a) to get a good grip, and (b) secure
hemostasis  One of the drawbacks of these procedures 1s
that they tend to leave a considerable internal flange
which predisposes to stricture , this flange should be kept
as small as possible by suturing close to the cut edge
Haemostasis 1s not as certain as with open methods, but
this does not seem to matter 1n the intestine

Risks of Infection There are other risks of infection
besides those run at the time of the operation Even in
the well-peritonealised small intestine the dangerous angle
where the two leaves of the mesentery diverge remains as
a weak point mn the healing process The Connel stitch
1s often used to close this angle (Iig 51) , or the first loop
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can be side stepped 1n the same way  With these methods
there are one or more ends of bowel to close permanently
To do this the end may be crushed and ligatured at the
site of crushing the ligature being buned with a purse-
string suture. This plan works well for small intestine
For colon 1t 18 safer to insert a Cushing stitch over the
clamp tighten this when the clamp has been withdrawn
and then bury it with a Lembert (Fig 50)

When all 1s said and done the element of uncertrunty
n anastomosis can never be quite got nd of  Therefore

—
A i

}

o 3

#) b

Fro. 57 ADoLhtrm‘eLbodo(do.m(nnm(ithnuL (a) The Cishing sutare

B mserted &3 before and its onds are tied together

stump Is buned with a0 1vagnetion suture
1t 15 wise always to remnforce a suture line with any fatty
or omental tags that are available taking care not to
strangulate theiwr blood supply with the anchonng stitch
If these do nothing else they will discourage the formation
of adhesions and this 1s no small thing  As a final safe-
guard 1n colonic cases a dran 15 never out of place but
1t should be placed some distance from the suture line
and not right down to 1t otherwise leahnge will be almost
certain to occur

Paul Mikulicx Operation It 13 the persistent element
of uncertawnty 1n spite of all precautions and the fact that
suturing occupies some hittle time and requires a fair degree
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of skill that makes some surgeons timorous of intestinal
anastomosis  In the past vanous mechnmcal devices hive
been used to get round the dufficulty  Murphy introduced
tus button for the sake of speed  the button was made n
two halves whuch slipped 1nto the bowel on either side
and were then clipped together when the enclosed
tissue sloughed the button was passed per was naturales
I have seen such a button hanging from an operating table
by a ptece of stnng—the anwmsthetist employed 1t as
plumb hine to gauge the tilt of the table after injecting a
spinal anzsthetic—but I have never known one used by a
gurgeon
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For enterotomy tho bowel 18 momed longtudinally and sutured
transversely 3o that healing will not canse g

Other ways of avotding suturing are still practised
however  Mikulicz (1850-1905) devised means not only
of avoiding sutunng but of avoiding the hazards of
anastomosts altogether  In his operation—

(1) the bowel 18 freely mobilised

{2) The mesentenc resechon 13 carmed out i the
usual way

(%]
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T16 s5b A Paul Mikuhez re~ection  ay The bowel dehivered mnd the inty
mesentene borders united (b)) The bos el resceted  (c) 1he spur s crushed
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resolves  \We do not have the opportumty very often
of inspecting a resolving pentonitis  Perhaps of we did
we mught be surprised at the slowness of the process 1t
1s possible that many of our patients leave hospital
chnically well but with loculated pus still ying about their
pentoneal cavitres

Since the 1ssue 1s so unpredictible there 1s a very strong
case to be made out for the avoidance of anvthing that
might predispose to infection—even a mild and localised
infection—duning the course of an abdommal operation

But 1nfection 1s not the only cause of adhesion form1tion
Less dense but still undesirable adhesions result from the
orgamisation of blood clot  Every care should be taken
therefore to see that the whole field 18 clean and dry at
the finish of the operation  And adhesions may form if a
breach 1s left anywhere 1n the pentoneal cover especially
1n the visceril cover  Thisis another matter that must be
attended to before the abdomen 13 closed

One of the advantages of using a Iembert mverting
stitch for an anastomosis 1s that the pentoneal surfaces
are brought into close and unmnterrupted apposition by
1t and they heal with a clean linear scar which shows small
mchnation to attract adhesions  When the peritoneal
coat 18 defective as in parts of the colon not only 15
healing more slow and uncertain but the mu.cle coat of
the bonel and the adjacent extra peritoneal tissues tend
to remun exposed at the end of the operation and later on
may become adherent to loops of small intestine  Some
thing can be done to discourage this by covenng the raw
areas as far as possible with fat either omental or extra
peritoneal 1t will serve as a mechanical barner and
although 1t may not remain entirely free 1ts low vitality
will prevent 1t from ever becoming densely adherent to
anything

The Lembert principle 1s applicable also to closing the
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(3) The proximal 4 or 5 in of liberated bowel are
stitched together along their anti-mesenteric borders,

(4) The distal loop so formed 1s brought out through
a stab and the oniginal incision 1s closed (Fig 58 (a) ),

(5) Only then 1s the diseased portion removed by
division between paired clamps (IFig 58 () )

Ten days later the spur 1s crushed 1n the hope of estab-
lishing partial continuity during the two or three months
before the colostomy 1s fit to be closed (Fig 58 (c))
The final closure of the colostomy 1s carried out extra-
peritoneally, so that from beginning to end there 1s not the
shightest opportunity of the peritoneum becoming infected
from the intestinal contents

The fact that a long drawn out procedure of this kind
was resurrected not so long ago from the surgery of the
last century 1s strong evidence of the risks attending
intestinal anastomosis But pre-operative chemotherapy
has brought anastomosis into 1ts own again Certainly
there 1s much to be said 1n its favour The surgeon who
masters 1ts technique can adapt 1t to almost any require-
ment, and if he 1s clever with his needle need not be
afraid of complications  Only when dealing with a desper-
ately 11l patient will he need to resort to the method of
Mickulicz

To Prevent Adhesions Formung The peritoneum 1s

One

notoriously fickle
patient develops massive
é(b\ / A adhesions after an attack
y 7( —~ 4 of peritomtis, another
A
. o
y

escapes them completely
after a worse attack The
reason for this 1s not easy
Fio 60 An adhesion mav conc out  to understand, but pro-

the ntestinal wall, 1t sho;xrl(()jmthotrlrm bably has to do with the

fore be divdcd 1wy
ntestine way 1n which the infection




CHAPTER VI
DUCTS AND FISTULZE

To operate on a duct 13 a dehcate business and one
which 15 seldom undertaken voluntanly by anyone except
an expenenced surgeon. Lord Moynihan once remarhed
that a repar of the common bile duct often proves to be
the supreme test of surgical shill  Surgery has taken great
strades since hus day but 1t may be that his opinon 18 still
defensible  All this notwithstanding the novice 1s some-
tumes forced to deal with a duct which has found 1ts way
1nto the track of hus kmfe and will not wat for reconstruc
tion by more practised hands Even when postponement
15 possible 1t 18 seldom wise because delay usually means
infection and infection 13 mevitably followed by fibrosis
=0 that the difficulties and dangers of repair are increased
a hundredfold

Such acadents strangely enough commonly occur not
in the difficult but in the easy case The thin man not
the fat 1s the vicim. The reason for this 1s not clear
It may be that the difficult operation 1s avoided by the
less skilled surgeon 1t may be on the other hand that
the easy operation 1s performed with less care and that
the very accessibiity of the parts renders them more
vulnerable  Much regret would be saved 1f every surgeon
determined never to divide a structure untl he has
dentified 1t bevond any doubt

The kmife 15 not responsible for all duct 1njuries Some
times the forceps 18 to blame—used 1n a hasty attempt to
stop a hemorrhage which obscures the field and threatens
to exsanguinate the patient  But such a ha:morrhage can

L3
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mcision - the parietal poritoneum, reconstructing the
pelvic floor, cte, but now the stitch 15 everting instead of
m erting

Nowadays, however, 1t 16 not always possible to restore
a complete peritoneal hnmg after the extensiye ablations
which are in vogue for the treatment of mahgnant discase
The consequences do not appear to be so sernous as nught
be expected, and some surgeons have come to attach less
importance to parictal re-peritoncahsation  Certamly
more latitude 15 pernussible 1 the upper abdominal com-
partment, 7 ¢ , above the colon, than the lower  Andatis
often safer not to pentoncahse at all than to repen-
toneahse partly, leaving a gap in which a loop of bowel
may strangulate

The after-care of the patient contributes to the end
result A speedy recovery from infection, under anti-
biotic therapy 1s more hkely to be by resolution than by
fibrosis It 1s a httle questionable, however, whether
Hilton’s principle of rest to the inflamed part 1s not some-
times carried too far  Prolonged suction with the Ryle’s
tube certainly keceps the bowel at rest, it may also give
fimsy adhesions the opportumty to consolidate nto
obstructing bands, while the surgeon 1s lulled into a sense
of false secunity by the absence of symptoms
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escape of the dammed back contents when the duct 15
opened beanng in mind the bikelhood that mnfection may
be present  Laght clamps can be used on the ureter but
they are not suited to the common bile duct nnd rehance
raust be placed on careful packing off and perhaps the
skilful introduction of the nozzle of the sucker into the
lumen when the mncision 1s begun

The duct 15 now picked up by 1 couple of reasonably
stout stay sutures one on ether side of the proposed
masion  These should take a good sohd bite of the whole
thickness of the wall  1f they are not passed deep enough
they may cut out altogether and even when this does not
happen the ndifferent gnp 1ntroduces another disadvan
tage which will be seen immediately ~ The two stavs are
held tautly up by an assistant wiale the 1ncision 15 made
between themn This must always be longitudinal and
should go boldly through all coats straight mnto the lumen
endless time can be wasted and unnecessary damage
caused to the walls of the duct if the mcision stops short
before the lumen 1s reached  Fig 61 dlustrates how badly
placed stavs may be respon
sible for this mustake The
stone or stones should be
removed as cleanly as pos-
sible o bruised mucosa being
a potent contnibution to stric
ture formation In fact the
whole operation should be
conducted so as to avoid any Fa 61 E plong a duct. 1f the
trauma that mught damage  fone leo oy b Soot 570
structures which are excep- Pl dnmon of the couts.
tionally vulnerible  The incision 1s closed with interrupted
sutures of fine plun catgut wWhich pick up the muscular
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be much more eftectively controlled by applying proximal
pressure as described on page 54

[s type of surgery s mamly called for in the biliary
and urmaty tracts, the circumstances of the two being
widely different though certain characteristics are shared
by both and, indced, by other duct systems to which the
surgeon as yvet has not pard much attention

(1) All ducts are narrow  lhe vas deferens and 1ts
tributaries are so narrow that most surgeons hesitate to
mterfere with them at all except, perhaps, to put them
out of action Even the ureter and the common bile duct
arc narrow cnough to make operation on them a matter
of some delicacy It follows from this that one of the
commonest forms of duct pathology 1s obstruction and one
of the commonest complications of duct surgery 1s
strictuie

(2) Many ducts are provided with valvcs at their outlet
to prevent regurgitation, and 1t must be confessed that
the surgeon who transplants a duct from one place to
another can do httle to replace this mechamism The
Coffey operation for transplanting the ureter into the
sigmoid colon 1s an attempt 1n the nght direction, but 1t 1s
doubtful whether 1t 1s very effective

(3) The blood supply of a duct 1s usually exiguous and
never super-abundant Consequently there 1s always a
danger of sloughing if 1t 1s stripped too widely from 1ts
bed

The difficulty does not arise with the common bile
duct because 1t 1s so short, here the problem 1s to get
sufficient length to work with

Exploration of a Duct This 1s most often performed
for the removal of a stone If there 1s any evidence of
obstruction precautions must be taken against the sudden
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F1a 63 A specimen showing the stwop of & transplanted ureter
? Jrotruding 1nto the colon,

current fashion 18 to dispense with 1t There 1s no excess
of common bile duct available for use in this way and
when 1t 15 re implanted the surgeon must do the best he
can to leave a larger lumen than usual with an end to-side
anastomosis so that even if there 1s contraction the passage
will still be adequate (Fig 64)

Anmastomosis  Anastomosis of a duct 1s not difficult 1f
the ends can be approxamated without tension and are of
reasonable diameter and equal size  Three stay sutures
are mserted as gutdes and the umon 1s effected with
mterrupted sutures of finest non-chromicised catgut which
do pot pierce the mucous membrane \ continuous
suture 18 not used because 1t might cause puchennng A
chromicised suture 1s anathema because 1t mvites the
deposition of salts and might become the nucleus of a
stone 1f 1t resisted absorption for any length of time
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coat only and are placed sufficiently close together to
prevent any mucosal bulging  The stays are not tied
together to 1emforce this layer because they are of too
stout material and go too deep, they should be removed,
but the neighbouring fat can be drawn over the incision
as an additional protection A drain should always be
left close by

Transplantation '1he common ile duct may be trans-
planted 1nto stomach, duodenum, or
small intestine, the ureter into the
bladder, bowel or skin , and the urethra
on to the skin

Various methods of transplantation
arc 1n use, but none of them entirely
avolds the nisk of subsequent stricture
Apart from guarding against any
Tic 6z Imagma  obvious narrowing at the time of opera-

i}]'zgst,hgcm‘;fimcro',g;o tion 1t seems that the best way to pre-

Ihe other suture  yent this complication 1s to make as neat

through 1 the a junction as possible with exact epi-

same wa thehial apposition The alternative 1s to
leave a surplus of duct beyond the suture line when this
1s at all possible Fig 62 illustrates a techmique for
implanting the ureter into the sigmoid colon It will be
noticed that when the stitch 1s drawn tight the ureter will
be dragged well inside the bowel Care should be taken
to avoid any tension, but slackness 1s equally undesirable
When the anastomosis 1s complete the ureter should run
as smoothly and comfortably to its new destination as 1t
did to 1ts old A comparable method can be used for
re-implanting the ureter into the bladder and the principle
can be applied to ureterostomy and urethrostomy by
leaving a good-sized stump of ureter or urethra protruding
through the incision 1n the skin  The fate of this pro-
trusion 1s, however, always a little uncertain, and the

-
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role  \essels to a duct tend to run longitudinally  The
upper third of the ureter for instance usually depends on
a slender branch descending from the renal artery  Injury
to this part may leave the distal end 1schamic and if 1t
does 1o amount of expertise 15 hikely to produce satis-
factory healing But there 15 alwys a chance that the
situation may be saved by adientitious artennl twigs
joining laterally For this reason unnecessary mobilisa
tion which might disrupt such twigs 15 to be avoded
This prinaple applies i 4l duct surgery

ot uncommonly one end of the duct 1s much wider
than the other the operation being carned out 1n the
presence of some form of obstruction  In such a case the
narrower end can be cut on the
slant or sphit up one side to mn
crease 1ts arcumference (Fig 64) ,‘3/'

Drainage Anyone who has Ao o o
seen the pus that oozes from W ~ %o

the external uninary meatus after
a catheter has been tied into ~_='=’!Eh
the urethra for a few days will @) ::F:“

entertamn no 1illusions 1bout the

disadvantages of the indwelling ——e—

dramn  If 1t 15 used after a duct _...._'I‘-:_ﬁf_
anastomosis or aftar such an

operation as repar ot 1 ruptured |
urethra 1t must certamnly militate '\'l

aganst sound healng  On the |,

other hand unne and bile are %
Themsves 1mtating fliids and Fr 65 Dramage of a duct
must 1150 have an adverse effect & v oo s
on the processes of reparr  Some  Sdr U tube (5} Proy
form of divermonary drunage gets  wbe dray
over both difhculties  Examples e . :

we nephrostomy for operitions on - oAt e o tabe
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Exen a plam suture 1s capable of leading to this complica-
tion if 1t invades the lumen of the duct and 1s exposed to
the action of 1ts contents When the definitive suturing
1s fimshed the surrounding tissues are drawn together with
additional supporting stitches to take as much stram as
possible off the anastomosis, tension of any kind being

I1c 64A A catheter used to
facihitate suturing of the
ureter

(a) (%)
Fic 64 The end of a duct can be enlarged by
(a) cutting 1t obliquely , (b) splitting one side
and folding back the corners

most undesirable There 1s no real reason why these
anastomoses should not be as watertight as intestinal
ones The suturing 1s delicate, 1t 1s true, but 1f fine
instruments are used and something of the plastic surgeon’s
technique, the results ought to stand up to comparison
Success or failure does not, however, depend entirely
on the skill displayed  Blood supply plays an important
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a sphincter muscle The opportunities for mischief are
obvious

It 1s easy to create a false passage at the lower end of
the common bile duct In all probability the acaident
happens more often than 1s suspected but the practice of
draiung the duet after 1t has been opened gives the rent

Fig 65A. A catheter goes ssiray n the bulb.

a chance to heal Otherwise consequences rmght be
more serious  Stricture of the duct has however been
attributed to this cause

A false passage 1n the urethr1 18 unhappily a common
place It 1s not geperally realised that such a passage
leads directly nto the blood stream (Fig 65¢)

Case MNole A soldier patient with stncture requ
dilatation  Each time E: went back to his ur:;?t ;rje;ierreg:‘llaér
ment he reported sick. It was decided to admut hmm to
hospital for twenty four hours to see what was happening
After the next dilatation hus tem ture went up to 103 and
B Coli was grown from the blooé)cm

Septicermnia complications are commoner than we think
If we crossquestioned our strnicture patients I have no
doubt that quite a few of them would admut to having had
a  chill on the night after dilatation especially when
the dilatation was followed by a httle hemorrhage
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the ureter, and cystostomy or bulbar urethrostomy for
operations on the urcthra

Sometimes the two ends of a duct cannot be brought
together 1n any sort of satisfactory fashion, and the use
of an mdwelling tube cannot be avoided If 1t 1s an-
chored to the cut ends of the duct at cither end 1t will
act as a scaffolding {for the mucosa to grow along, but
every effort should be made to secure mucosal continuity
at least at one pomt

Case Note A deeply jaundiced patient was found to have
a carcinoma of the common bile duct One inch and a half
were resected, and the widely dilated upper end was united to
the collapsed lower end by a few points of catgut over a rubber
tube A dramn was brought out through a stab and bile
escaped for a fortmight After that recovery was rapid and
complete

The French call a tube of this kind a “ drain perdu,”
probably because it 1s seldom seen again It was used
here because of the sketchy nature of the anastomosis
X-ray later on showed that 1t has passed into the bowel
(red rubber shows on an X-ray plate, unlike the amber
and black varieties) In the biliary passages particularly,
reparative power 1s often astonishing, as this case proves

Whether internal drainage 1s used or not, local drainage
from the site of anastomosis or repair to the exterior 1s
nearly always required as well, but this need not be by
more than a shiver of rubber dam 1if the suturing has been
carefully carried out

Passage of Bougies and Catheters along Ducts The
Egyptians used a reed to reheve retention Since then
every sort of instrument has been passed along the urethra,
and latterly quite a varnety, including a specially designed
scissors, have been passed along the common bile duct

Now both these channels are delicately constructed and
both undergo a change of direction before passing through
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urethroscopy 15 Another proof of the close -issociition
between the urethri and the crculitory svstem  Res
1psa loquitur

Acute retention consideribly mcreases the difficulties of
catheterisation largely becnuse of the circumstances in

o 29 4§53 :
FouR dayt af &< puprmsceawrs |

Fic 6sc  Urethrogram sbowiag solution escaping futo the blood stream  An
mirument had been passed threo dars carier | By courtesy of the Fost
Greduats Medical Jowrnal

which the attack occurs  \sepsis must often be imper
fect the distressed state of the patient forbids any un
necessany delay while his fruitless efforts to reheve him
self by squeczing out even a drop of urine only serve to
mncrease the muscular spasm and render the passage of a
catheter more difficult than ever

In spite of the urgency removal of the patient to
hospital 15 still the best course  When this 15 impossible
he should be given an mjection of morphine  If 1t 1s given
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Casc Nofe Tollowing clumsy attempts at cathetenisation
a patient ran a high temperature and staphylococct were
recovered from the blood  Subscquently a metastatic abscess
developed 1n the arm

Case Nofe A patient collapsed during urethrography com-
plaining of abdominal pain  X-ray showed barium 1n the

U dreren P ‘
- -~ t ‘

Fig 65B A false passage in the bulbar urethrn By
courtesy of the Post Graduate edical Journal

pelvic vemns, which later reached the lhiver and spleen Nine
years after, the spleen was still opaque  Opportunities have
anrisen of demonstrating barium 1in the coronary and cerebral
arteries under similar circumstances

The not unknown death from embolism during air
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membrane and skin the trach bemg hned ether by
granulation and scar tissue or by epithchum which has
grown along 1t from cither end

Of these fistule there 13 a great vartety and each must
be treated on its own ments Some indeed requre no
treatment at all They close either spontaneously or
when a natural channel has been restored  this happens
with properly planned gastrostomies ciecostomies and
cystostomies  Others must be closed deliberately and
this always applics to the ones that have become epi
theliahsed

4s with reconstructions wn general the aun s these
operations should be not only fo close the fistula but to restore
the normal anatomy of the part  The onginal layers must

(«) (5 ()
F16 66. Cloumg a fstula (s) The ftola (b) The dmsectron (c) The satarmg

be defined and 1solated and the viscus freed from any
abnormal attachments 1t may have acquired and restored
o 1ts former position Here 18 a description of how to
deal with a recalcitrant cystostoms

A suffiment skin inasion 18 made with the opening of
the fistula m its centre The lavers of the abdomunal
wall are carefully dissected out above and below where
their relations are fairly easly recogmsable Then the
two dissections are jomed to free the bladder 50 that it
can be brought up to the surface  The breach 1 1ts wall
recennes particular attention  Any protrudmg mucous

S
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intravenously, rehef 1s not long delayed, and there 1s now
an opportunity for cleaming the parts, making what pre-
parations are necessary to maintamn asepsis, and injecting
a local anzesthetic into the urethra

The choice of catheter 1s largely a personal matter
Prostatic enlargement does not narrow the urethra—in
1ts posterior part 1ts capacity 1s actually increased—so
there 1s no need to choose a small catheter One of the
middle range which 1s not too rigid will be safest, the
rigid variety 1s apt to go astray, and 1t 1s much more
likely to do this in the anterior urethra than the posterior
In nine cases out of ten the accident occurs in the bulb
Here the channel widens, changes direction, and then
closes down again, as 1t passes through the triangular
ligament between the fibres of the compressor Some
skill 1s needed 1n judging the exact amount of force
required to overcome the resistance of this muscle Any
force exerted 1n a wrong direction produces a false passage
Progress 1s then halted, and when the catheter 1s with-
drawn blood drips or flows from the meatus Not
uncommonly the diagnosis 1s altered to one of stricture,
and smaller and smaller catheters are tried without
success If the truth 1s realised 1t may be possible by
hugging the roof of the urethra to reach the bladder, but
the cul-de-sac often defeats every effort to by-pass 1t and
may remain open for weeks or months, or perhaps become
a permanent feature in the anatomy of the part

It 1s because of this difficulty 1n the bulb and not because
of the muddle lobe that a Tieman’s or a Coude catheter
1s so useful  Once past the compressor the support of an
assistant’s finger per rectum just below the apex of the
prostate, may prevent further accidents

To Close a Fistula  The word fistula 1s employed here
1n 1ts true sense of an abnormal communication between
mucous membrane and mucous membrane, or mucous -
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and close up rapidly when it 15 taken
out With these operationsat 1s import
ant that the tube should be snugly and
securely fixed to the small incsion 1n
the viscus and that the wiscus itself
should be anchored to the abdominal
wall A cystostomy tube also must
fit snugly mto the bladder and truel
from there to the skin as obhiquely as
may be The low cystostomy with a
tube coming out just above the pubis
shows a great tendency to leah and
seldom heals of 1ts own accord

99

Fie 69 An entero-
stomy before the
satures have been
drawn tight
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membrane should be carefully trimmed away and the
surrounding scar tissues completely excised exposing
healthy musculature which can be sutured with good hope
that 1t will heal quickly and firmly  If this suture line 1s
of any length 1t should run at right angles to the abdo-
minal incision  This 1s the most important part of the
operation, because 1f there 1s any leakage at this level the
fistula 1s bound to reform no matter how much care 1s
devoted to the remainder of the repair  Once the bladder
1s securely closed 1t 1s allowed to drop back into the depths
as far away from the pubis as possible, and the now clearly
defined layers overlying 1t are brought together secundem
artem, usually with provision for drainage in case the
worst happens and leakage occurs 1n spite of all precautions
agamnst 1t Mutatis mutandis this techmque will be found
to cover most operations of the kind  With bowel fistule
the principle of inversion should be honoured Some of
these can be closed without opening the peritoneum, so
avoiding the risk of soiling or perhaps starting a peritonitis

The Surgical Fistula The technmiques for gastrostomy,
jejunostomy, cecostomy are fairly well standardised and

I'ic 68 An inkwell cecostomy does not leahk
and closes nimmediately the tube 1s remoyed

I'ic 67 Anmvagmation because peritonealised surfaces come into
or mnhwell cecostomny intimate contact

accepted Diagrams illustrate alternative methods The
idea of creating some kind of valve to prevent leakage 1s
common to both  So 1s the long, peritonealised channel
which will embrace the tube closely while 1t 1s 1n position
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Fi10. 70. Bad bladder drainage.

and the prospect of an obstruction later on  His drmn
acted as a bung and a foreign body

Case Note A catheter stopped drunung three days after a
closed prostatectomy The efforts of the bladder to emgt)
itself provoked hazmorrhage and clots accumulated rapidly
The pahent went into a state of bladder shock.

Here the catheter not only faled to drain but also
obstructed the via naturalis which might have functioned
quite well at this stage

Some Suggestions (1) A drain if 1t 1s to do 1ts work
must be adequate 1n size and situation having regard to
the position which the patient will occupy 1n bed.  De
pendent drminage where possible and down to the
depths 1 the abdomen are good rules The latter of
course provides against deep pocheting

Fia. 72
by a  Tudor
‘“‘L As
Fio. 71 These plpes da bond

will 0ot empty the tank drainage
tubes Iy placed will pot drain an The Tube should be
sited higber



CHAPTER VII
DRAINS

A GREAT many dramns never drain  There may be no
harm 1n this A drain may have been left as a safeguard
against leakage which never occurs (e g, after an anas-
tomosis of large bowel), or to delay healing at one end of a
wound so that pus, which may not form for a week or
two, will have a chance to escape It 1s 1n this type of
case that the wound 1s reported to be * beautifully clean ”
on the second day after operation Of course 1t 1s, but
what will 1t be like when the stitches are taken out? If,
by then, the superficial layers are healed solidly from end
to end any deep accumulation 1s hikely to spread far and
wide before 1t reaches the surface

But there are times when exudate 1s plentiful from the
start, and yet nothing comes away through the drainage
tube

Case Note An abdomen contamming a lot of free pus was
dramned by a tube passing through a suprapubic stab into the
pouch of Douglas  There was no discharge until the tube was
removed two days later, when pus poured out in great
quantities

Probably 1f this tube had been shortened or rotated to
free 1t from coils of gut or plugs of omentum 1t would
have drained quite well It 1s true that drainage from
the pelvis 1s uphill, but 1t should not be forgotten that
there 1s a considerable positive pressure within the
abdomen, witness the readiness with which blood, etc,
comes to the surface during an operation instead of
spreadmg around the peritoneal cavity In this instance
the patient probably went home with dense pelvic adhesion
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15 only too anxious to mmsinuite
itself into any pentoneal gap that
may reman fter the removal of
a tube and this protrusion will
certainly leave the patient with 1
ventral hermn if 1t does not
estabhish a sufficent breach to
produce wound dehiscence It 1s
the pentoncal stitches which count
mn these cases But even when
properly placed thewr proximity
to the tube rendcrs them liable
to early absorption Tor this
reason they should be mterrupted
Then their disappearance will do
no more than local damage

The same care should be taken
with a tube left 1n a hollow viscus
or duct With gastrostomy
czcostomy  or choledochostomy
the fit must be exact Otherwise  absorbed the mau
leakage 1s inevitable

(6) When bleeding 1s concerned an opportune higature
1s worth any amount of drainage Blood clots quickly
and once clotted 1t will never drain Besides cut 1essels
often retract and may produce an extra vasation 1n tissue
which does not commumecate with the arer drimed.
After a radical operation for hydrocele 1t 1s customary to
drain the scrotum but the largest tube will often fail to
prervent the formation of a hamatoma  The loose cellular
tissue of the part acts hke a plug of cotton wool and
effectually blocks the exit  This may occur too after
many amputntions

When the worst happens and 1 hematomn dey elops m
these cases the best thing, to do 1s to take the ptient

Tic 74 An interrupted
sutch e b
drain 1f 1t & prematurely

Leocbed
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(2) A dramn should be as shoit as possible, and as straight
as possible JTor eaxample, the pelvis should never be
drained through a grid-iron incision  The Tudor Edwards
drain for the pleura fulfils both requirements to perfection
when 1t 1s properly placed

(3) It 1s better to drain through a separate stab than
through the wound of approach If this 1s impossible,
the drain should be placed near the lower end of the
wound so that infected material has less opportunity
to seep between 1ts layers
When a stab 1s used 1t may be
safer to leave a small dramn n
the fatty tissue of the main
wound nstead of closing 1t com-
pletely , fat 1s peculiarly vul-
nerable to infection

(4) Narrowing or kinking
must be guarded against Close

I''e 73 If 1 drain 1s inserted Suturlng may cause either S0
meo t]hc pentoncal cavity may “drag” Take as an 1llus-
gh 1 stab without allow

mg for the drag when the tration drainage through a stab
T e coacd the tube o fror g cholecystectomy  If the
stab 1s made 1n the flank and the
drain 1s inserted without allowing for the retraction of the
panetal peritoneum, then, when this 1s pulled taut by
stitching up the wound the tube will be angulated This
can be avoided by pulling the peritoneal layer into position
before making the stab IFor a similar reason a tube
should never be passed through a paramedian incision
If 1t 1s, the rectus muscle will tend to kink 1t while 1t 1s 1n
position and close the track after 1t has been removed
Since discharge never dries up immediately, leaving an

adequate track 1s very important
(5) Suturing round a drain should be snug without
encroaching on 1t imnany way Inthe abdomen omcntum
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to put things nght. All the more reason for fiung the
tube securely 1n the first place.

(10) A short tube should alwavs be transfixed by a
safety pin as well as by a stitch A stitch alone may
cut through and allow the tube to disappear into the
depths  For a long tube a snugly encirching stitch 18 often
all that 1s needed All tubes should be watched and
adjusted when necessary (see case note above) Unfor
tanately this means disturbing the dressing and affords
a fresh opportumty for introducing infection

(x1) Tt 18 scldom nght to say  take this tube out on
such and such a day  Everything depends on how much
1t drains  Where hzmorrhage 15 concerned 1t 15 usually
safe to reckon that oozing will have stopped at the end
of forty-eight hours though this s not alwaysso A tube
left 1n the pouch of Douglas when there 13 free pus in the
peritoneum may be removed at the end of fortv-eight
hours with advantage  after that it will probably become
shut off and only serve to shmulate the layng down of
adhesions But a tube 1n an abscess cavity must be left
much longer perhaps a fortmght or more  Empyema
drainage 1s not complete until the pleural space 13 obliter
ated as shown by X ray after the injection of lipiodoL
The same prnnaple applies to the drainage of any other
accumulation enclosed between ngid walls

Total Drainage. Tube drainage must often be imperfect
The orthopedic surgeons are so dissatisfied with 1t that
they have almost given1t up  After todet of a compound
fracture or an operation for ostetomyehtis the wound 1s
left wide open and only bghtly pached with vasehine
gauze How could drainage be more complete > Vaseline
gauze 13 preferable to dry because the latter soon becomes
sodden and entangled 1n granulations so that discharge
has difficulty m making 1ts way to the surface The
vasehne gauze never becomes adherent adapts itself to
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back to the theatre and evacuate 1t with full aseptic ritual
Otherwise convalescence will certainly be delayed and
may be complicated by infection

(7) The pressure of a tube 1s bound to cause some
degree of necrosis 1if 1t remains 1n for any length of time
Erosion of vessels, sloughing of tendons, breaking down
of anastomoses, may result from this It follows that no
tube should be allowed to remain in immediate contact
with such vulnerable structures Nearly always tissue

Fic 75 Animprovised flange on a Fic 76 Two drains of equal
drainage tube to lie against the outside diameter may
surface and mantamn correct have very different
length Jumina

can be interposed or some interval left between the two
And the tube used should be soft, or its place taken by a
piece of rubber dam

(8) To have to drain 1s always unfortunate because
the drain leaves a breach in the defences of the body
against infection The danger 1s greatest when the urinary
or bilary tracts are being drained, but 1t can never be
entirely absent when the surface of the body 1s thrown
into direct communication with the interior  Closed
drainage 1s 1imperative for urine or bile

(9) A draimn from a viscus to the surface establishes a
track for itself in about ten days Should 1t shp out
sooner than this there 1s a danger of extravasation unless
1t 1s replaced without delay This can hardly be done
blindly, and probably another operation will be required



DRAINS Ioy

Case Mote  The catheter was removed on the fourth day
after a retro-pubic prostatectomy  streptomycin being used
prophylactically At no time wa= there anv clouding of the
unne or stickiness of the meatus but the patient complamed
of a generul tenseness of the glands and shaft of the pems
He returned soon after discharge {rom hospital with a pro-
nounced narrowing of the whole urethra

The urethr 1s not the only part that 1s vulnerable
Since the prostatic ducts drun 1nto 1t and the cjacultory
ducts put 1t nto direct communication with the seminnl
vesicles and epididymuis  All these may suffer conse
quentially

Although fection must be 1ccepted when an indwelling
catheter 18 used much may be done to mimmise its
seventy and avoid 1ts sequele

1 Manufacturers have only recently interested them
selves 1n the important question of the reactions that take
place between human tissues and matenals brought 1nto
contact with them and there 1s still much work, to be done
before these problems are settled but there can be no
question that the types of catheter put on the market
during the last few years are much superior to the old ones
An indwelling catheter should be constructed of a smooth
and durable substance which does not crack or corrode
1t should be flexible so as to accommodate 1tself to the
curves of the urethm and 1t should be as thin walled as
possible 1 order to give the maxunum 1nside diameter
with the mimmum outside  Also 1t should be boilable

Plastic can lay claim to most of thesc advantages
gum elastic to none of them Latew scems to be better
tolerted by the urcthra than ordmary, rubber

Of recent vears the Toley catheter has enjoyed great
populanty becuse of 1ts comfort and cleanlness although
for anatomcal reasons 1t does not drun as well before
prostatectomy as fter  The balloon should be tested for

emptving as will as filhing beforc using st Contretemps
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the diminishing depth of the healing wound, and 1s
eventually extruded completely without leaving any
threads behind to act as foreign bodies It 1s interesting
to notice that even this drastic method of drainage was
not always successful with war casualties In through-
and-through gunshot wounds of the femur pus tended to
track along the hamstrings into the buttock when the
himb was elevated on a splint because the diainage was no
longer dependent

Proctologists observe the same principle of total drain-
age An i1schio-rectal abscess 1s dealt with nowadays by
making a wide cruciate incision 1n the skin which forms
1ts base, and cutting away the flaps so formed, so that the
abscess 1s left without a floor  Even the abdominal
surgeon has occasionally taken a chance and left all but
the deep layer of his wound open 1n a septic case, to be
agreeably surprised by the soundness of the healing and
the absence of any hermal weakness afterwards (this
suggests that the deep suture 1s the most important one,
if 1t holds nothing can protrude to keep the other layers
apart) The nsk of hernia would be still less, of course, if
secondary suturing were carried out when 1t became
clear that infection was either not going to be a serious
menace or, having developed, was responding rapidly to
treatment

The Indwelling Catheter  Perhaps the indwelling cathe-
ter 1s the most commonly used dram of all  In many ways
1t 15 also the most dangerous, so 1t may not be out of place
to speak of 1t here at somc length

When the antibiotics werc first introduced 1t was hoped
that catheter urcthritis would become a thing of the past,
but this has not happcned  [he continuing irritation of
the catheter chafing agamnst the mucous membrane still
produccs a continuing infcction Sometimes 1t almost
secms as 1f antibiotics do more harm than good
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rules can be laid down but the size of the penis can be
taken as a rough gmde to the size of the urethra and the
feel of the catheter as 1t 1s introduced should confirm that
it 13 a comfortable fit An 18F 1s nearly always safe a
size smaller than this may be sufficient to drain unine
but will not allow the escape of clots after operation

3 The external meatus deserves particular attention
since 1t 15 the narrowest part of the canal and not unlikely
to become the seat of stricture Even a well chosen
catheter may be held up here during 1nsertion 1f 1t has not
been generously lubncated VWhen this detail has been
attended to and there is snll a suggeston of tightness a
Iittle novocaine should be imnjected and the meatus shit
well back to one side of the freenum. Not only does this
get over the immediate difficulty but 1t ensures drainage
later on.

4 When a catheter 1s to remain 1n the urethra 1t 1 more
than ever important that no loophole should be created at
the tume of its introduction for the escape of infected
maternal into the corpus sponglosum where even if 1t did
no more serious mischief 1t might lead to pen urethral
mfiltration with subsequent fibrosis 1t 13 the spongy
tissue surrounding the anterior urethra that renders it so
much more prone to stncture formation than the pos-
tenor En passani one wonders how many of the
multiple strictures still seen 1n our clinics are due to the
mstrumentation and not to the onginal infection

5 With the catheter safely in position the question
anses of how 1t 13 to be fixed if 1t 18 not self retainmg
When strapping 18 used 1t must not be allowed to constrict
the penss or all the care taken over the fit may be wasted.
Tight strapping here has been known not only to compress
the urethra but to lead to actual sloughung of 1ts floor
A catheter should always be connected up to a jar at the
side of the bed by a length of tubing  If 1ts end 13 allowed
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Fic 76a A Foley catheter 1s correctly sited when the inlet tube
1s below

have been recorded Over distension 1s unnecessary and
may be dangerous, 1o mls of fluid 1s enough to keep the
catheter mn position, further stretching of the prostatic
bed may lead to necrosis of the rectum Care 1s needed
also to see that orientation 1s correct, with the balloon
and 1ts inlet tube lying posteriorly otherwise the tip may
become kinked

The Foley 1s hollow tipped, which enables an introducer
to be used with 1t when required And 1t has two lateral
holes, so that 1if one hes agamnst the mucous membrane of
the bladder the other i1s free The inlet tube notably
diminishes the lumen of this catheter

2 Whatever catheter 1s chosen should be loosely fitting
so that discharge can escape freely alongside 1t  Nothing

/

Fic 768 A cathcter wineh 15 tightly grippcd 1t the meatus
dams back secretion

1s so likely to provoke stricture formation as a tight fit
with dammng back of sccretion, this 1s much more
important than the length of time the catheter 1s kept n
\easurement has shown that the anterior urethra may be
twice as wide 1n one man as anothcr, so no hard and fast
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CLOSING THE WOUND

The Status Quo Ante It has been said that the good
surgeon may be recogmsed not by the way he cuts but
by the way he sews up  The two processes re so closely
related that 1t scems arbitrary to separate them in this

iTL

Fic 77 Trno types of continuous stitching and a Dlanket stitch

fushson  but perhaps Mikulicz meant to suggest that an
operation could be regarded 1s h1ving a destructive phase
followed by a reparative Tooked at in thus bght there
can be no doubt about the mmportance of the reparative
phase

Sewing certainly seems to excite less interest than
cutting  The cutting 15 done at the start of an operation
and the sewing at the timish nd there may be a tempta
tion to relx a hittle once the matn objective 15 achiey ed
Whatever the renson 1nstances of neglect are not difficult
to ind—the coverings ot the spermatic cord left gaping
ter (xaision of 1 hermal sac so that the contents escape
nd becomu adherint to the surrounding structures

'

or
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to lie 1n a bottle placed between the patient’s thighs, 1ts
contents may be sucked back into the bladder when the
bottle fills

6 It 1s the house surgeon’s duty on his twice daily visit
to see that this whole area 1s kept scrupulously clean, and
particularly that the meatus does not get gummed up by
discharge .\ patient with an indwelling catheter 1s apt
to develop an insidious paraphimosis, which adds to his
discomforts without causing actual pain It may escape
notice and become difficult to correct if the routine of
mspection breaks down

7 Finally, catheter dramage should be discontinued at
the earliest possible moment If it seems likely that it
will be necded for more than a few days 1t 1s better
eschewed altogether and supra-pubic dramnage used from
the start 1f 1t has been started and some form of drainage
must be continued then the switch over from one to the
other must not be delaved Iailing this an early vasec-
tomy under local anasthesia may save a lot of trouble
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suturing presents no difficulty —the antenior and postenor
rectus sheaths are capable of taking any reasonable

strain With muscle-cutting incisions
1n the abdomen or elsewhere sheaths
are not 50 ready to hand In the
loin for example they tend to dis-
appear where the lumbar aponeurosis
splits up  Nevertheless an attempt
should alwavs be made to find a
fascial bite for the needle  Without
1t there can be hittle safety VMuscle
suture can only be counted on to
obliterate dead space f 1t 1s pulled

however whether

tight the tissue embraced by 1t 15 70  Reverung the

necroses and as has been said if
1t 15 subjected to any strain 1t cuts out

last stiteh to gie a
better hnot.

There 18 another reason for suturing a muscle sheath—
it prevents the muscle from becomung adherent to its

very clearly

N neighbours  Haphazard sutur
a_‘_ mg 1 the Jomn may result in
N the three flat muscles becoming
bound together and since each

\_\’ of them acts in a different

direction this 1s certain to 1n
v~ terfere with function and cause
/1 post-operative discomfort The

effect of muscle tether 13 seen

when skin be

comes adherent to the external
oblique over anappendicectomy
ncision that has been infected

—cvery time the external
oblique contracts the skin 1
Fig 8o A method of mterrapting dragged upon  The same thing

2 continbows suture with a koot

for preater secomty must happen quite commonly
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the renal pelvis left open after a pyelotomy so that it s a
week or more before the dressings are dry of urine

To restore the parts to normal as far as possible 1s not
a bad objective for the closing stages of an operation It
\f | 1s not unusual, for instance,

when closing an incision 1n
)< the abdomen to take the
peritoneum and the posterior

‘> ( l }L sheath in the one runmng
suture with the result that

( ( )< extra-peritoneal fat inter-
) venes between the edges of

the sheath all along the
wound and sound healing 1s
effectually prevented The
normal relations are not re-
F etover stitch and an mterruptea  Stored, and a hernia may de-
mattress stitch velop 1n consequence ‘‘ Like
to Iike and nothing 1n between "’ 1s a sound motto to have
in mind when stitching up Leaving anything to nature
to put right 1s a mistake, for nature, though a good doctor,
1S a POOT surgeon
Tensile Strength of a Wound The strength of suturing
lies 1n the fascial and aponeurotic layers Rectus sheath
will stand up to a 3-1b pull, while 1 lb will drag a suture
out of muscle or fat Neither of these latter, therefore,
can play any significant part in holding a wound together,
and 1t 1s unreasonable to use matenals for uniting them
with a much greater tensile strength than they possess
themselves—it will merely cause irritation without adding
anything to security  No oo catgut has a breaking stramn
of 31b , so No o used on a sheath gives a good margin
of security and No I allows for all vagaries of manu-
facture No o000 18 strong enough for muscle or fat
With an incision like the paramedian in the abdomen
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Fio 3, B bl st aparony oducn e
than the arginal ooe,

the parts 1n apposition until the sutunng is complete In
either case the aim 15 to avowd stramn until the load 1s
spread. Pull on any individual suture 1s then reduced to
a muumum  Worhing along these lines the Liliputtans
trussed up the sleeping Gulliver so effectively that he
could not stir hand or foot when he woke.

But the danger of cutting out 13 not past when all the
mechamcal difficolties have been allowed for  If a suture

Tic 83 A small omental pro- TIa 54. Once ¢ wound is closed
E,‘?.s'fu;“m““‘”a;m‘“"wﬁ.: ot i e el
33 a t out t
which leadl to d.u'.rurlhl of cut out thaa unth.
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in the deeper planes although 1t 1s not obvious to the eye

Continuous or Interrupted There 1s much to be said
agamnst continuous suturing It puckers the wound It
strangulates 1ts edges It allows no room for discharges
to escape If any part of 1t, or the knot which secures
1t, gives way the whole suture gives way Each inter-
rupted suture, on the other hand, 1s an independent
unit, relying for survival on nothing but itself And the
gaps between adjacent sutures give blood, serum or pus
a chance of making a way to the surface

Interrupted sutures should therefore be the choice
when infection threatens But the continuous suture
proves satisfactory in the clean case It 1s quicker to
msert and gives a neater fimish than the other, and if
every fourth or fifth loop 1s locked no great harm can
come from the puckering or strangulation

Breaking and Cutting Out of Sutures. A suture may
break or cut out while 1t 1s being inserted With a con-
tinuous suture this can usually be prevented by leaving
the loops slack until several are in position, and drawing
the whole lot together =~ With interrupted sutures it may
be necessary to rely on temporary tension stitches to keep
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Fic 81 Tugging on a suture line may convert the hnot into a
shp which will give way later on The catgut should not be
drawn tight until 2 or 3 loops have been inserted
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extra care should be taken to obliterate all dead space
because they undoubtedly have the effect of heeping the
lax subcutaneous tissues together (Tig 86)

Healing of Aponeurosis  Although there 15 so much to
be said against the use of tension sutures 1t must still be
admtted that entire reliance cannot be placed on catgut
because of the nish of 1ts carly dissolation  Plan catgut
may be absorbed 1 a few days and no one uses 1t for
senous suturing  But even the chromicised variety may
disappear long before the advertised ten twenty or
thirty-day period Cases are not unknown in which
erther from 1nefficient processing or some pecubianty of
the patient s tissues 1t dissolves overnight

Such catastrophes are quite exceptional but there 13
another and more constant factor to be rechoned with
This denives from the fact that aponeurosis 1s one of the
least vascular tissues in the body and in consequence
heals extremely slowly

Exact measurement of the rate 1s not possible 1n man
but 1 the rabbit 1t appears that tensile strength does not
begin to develop until the sixth day thereafter 1t increases
fairly rapidly until the second month but subsequent
progress 18 slow and not complete until a ycar has elapsed
By way of contrast the skin 1s fully healed on the twenty
first day at a time when aponeurosis has still four fifths
of 1ts yourney to go !

1f these observations have any bearing on what happens
in the human subject they throw grave doubt on the
relabulity of catgut even when 1t lasts the full twenty or
thirty dys

It 1s worth noting that fibrotsc aponeurosis e
aponeurosis at the site of an old mewsion being shil less
vascular tahes even longer to heal. The surgeon who
sutures such tissue may congratulate himself on its

'195 Douglas D M K JS 40 7084
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1s drawn too tight even aponeurotic tissue will undergo
necrosis, a process greatly accelerated by any infective
comphications that develop in the wound These are the
cases 1 which nurse finds a loop of catgut with the knot
still firmly tied amongst the discharges on the dressing
Tight suturing therefore defeats 1ts own ends Apposition
of the cut edges 1s all that 1s required

Deep-tension Stitches These are seldom employed
except 1n abdominal wounds Even so they are open to
several objections —

(r) The needle may sever the peritoneal suture if 1t 1s
passed blindly after stitching the anterior rectus sheath

® T &
1 e

Fic 85 DButtons nipped on I'ic 86 An all coats stitch as well

to tension sutures instead as relieving tension helps to
of tymg them obliterate dead space

And no matter what care 1s taken it often lacerates a
blood vessel and leaves a hamatoma 1n 1ts track

(2) The stitch holes put the depths of the wound into
direct communication with the skin and are very hikely
to become 1nfected

(3) The stitches are hiable to leave permanent cross
hatchings, and may cut out altogether in local cedema
or abdominal distension develop during convalescence
Tubing threaded on each suture (1t should be full length
to serve its purpose), or buttons with lateral fixation
(Fag 85), are safeguards against these risks

(4) Most wounds heal just as well without this kind of
remnforcement 1f tension sutures are omtted, however,

—
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prophylactic  they should be tied with due care to av od
ncluding omentum oresena
loop of bowel  Alternatrvely
the anterior rectus sheath
itself may be stitched with
the wrre takmng alternte
deep and narrow bites of the
aponeurosis  or the ordinary
catgut suture 1n the anterior
sheath can be supported by  Fic 88a. A useful figure of elght
the stitch 1]Justrnt£ i g e e
88a This stitch gives gentle but secure approximation
and has proved 1ts worth on many occastons

Wound Disruption Many factors contnbute to thus
complication—poor suturmg (perhaps from msufficient
relaxation) post-operatie strun from coughing vomit
ing orileus protemn starvation either from pre-operative
causes such as caranoma of the stomach or post-opera
tive from over much rehance on ntravenous therapy
and sepsis  Early ambulation does not play a part and
1t 15 as well to confess that some cases admit of no ex
planation at all No mciston 1s immune from this accident
but fat people with gall bladder discase are pecubarly

prone to 1t and i acute pancreatitis 1t 15 almost to be
expected

Case Note  Bronchoscopy at the end of an operation for
the purpose of cleanng the lungs of secrction led to wviolent
retching  Bulging of the wound was noticed and when 1t was
re-opencd all the stk sutures in the antenor rectus sheath were
found to be broken.

Bronchoscopy 15 not a usual addition to an abdomnal

operition but 1t 1s not infrequently necessary to pass a

Ryles tube and thuis may cause quite a lot of retchmg
and vomiting

Before disruption mamifests itself (this 1= weealls
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holding powers, but he should not overlook the accom-
panying drawback

The case for routine remnforcing of catgut with inter-
rupted non-absorbables, especially 1n the posterior sheath,
which 1s the more important of the two, 1s therefore a
strong one  When this 1s done 1n the antenior sheath the
sutures should be inserted so that the knots lie deep,
otherwise their cut ends may scratch the under surface
of the skin and cause discomfort later on

Some surgeons, especially those who like to see therr
patients out of bed on the second or third day after
operation, make a practice of using non-absorbable
sutures 1n nearly every case, whether there 1s a likelihood

<
Fic 87 An all layers steel wire Fic 88 A near and far stainless
tension suture steel wire tension suture, 1t

should not be drawn tight

of disruption or not They believe that wire or nylon
cause less trouble than catgut even 1f the wound does be-
come infected They do not make the same claim for
silk, of course

When 1t seems necessary to take special precautions
against disruption 1t 1s doubtful whether a few additional
tension sutures are suffictent Three or four stainless
steel wire sutures carried through A LL layers are a sound
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But the catgut cannot always be blamed 1n these cases
Occastonally 1t will be found to have cut out from end to
end without any interruption i its continmty The
surgeon must then ash himself whether he 13 not respon
sible for what has happened Surely too much tension
has resulted 1n necrosis of tissue all along the wound

Once the resuturing of a disrupted wound 1s complete
there 1s every chance that it will heal quickly and well
because fibroblasts are already present and there 1s no
time lag before they go into 1ction  Nevertheless every
care should be taken to see that pull 1s reduced to a
mimumum  For this purpose there 1s no better device
than a corset

Ventral Hernla  Complete disruption 13 seen only in
about 1 per cent of cases but partial disruption probably
occurs much more commonly remauning unrecogmsed
until a hernia develops later It 1s now believed that
many such hernia start soon after the operation perhaps
before the patient leaves the theatre The case note on
page 119 records such a mishap  Violent uncoordinated
muscular contraction mn a semu-conscious patient 1s likely
to do much more harm than ordinary coughmg or
movement

Case Note At the end of a fasclal repair of herma the
patient began to retch A teanng nowse was heard—the

strmn had torn a stnp out of Pouparts ligament and the
repair was ruined
Case Note A low hermorrhaphy vwas ormed 11 a

the sac bemng dinded before the Egatu:rc olr)lelrtfwas cut Acshtllilc
stump receded nto the wngumnal canal the chid coughed and
omentum appeared in the wound  The momentary tension
on the ligature after division of the sac had pulled it awa
In this case the cough was a happy accident )

One might expect the hernia 1tself to throw further Iight
on the problem and very often 1t does although the
findings my be affected by the type of incision used and
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between the eighth and tenth days) there 1s often a dis-
charge of slightly blood-stained serous flud from the
wound If the nurse in charge 1s alert to the sigmificance
of this development she may be able to get surgical aid
before eventration, with its attendant shock, adds to the
difficulties of treatment

Depending on the extent of the disruption 1t may only
be necessary to do a Iimited repair, or complete re-suture
may be required In the latter event the services of a
skilled anzesthetist are essential this 1s not the occasion
when a “ little local ” or a “* whiff of gas " 1s sufficient

If 1t 1s possible to repeat the original suturing in layers
so much the better, but quite frequently closely spaced
mterrupted sutures of non-absorbable material through
all layers, including skin, will be found more serviceable,
because of the difficulty of picking up the layers one by
one There are rare cases, mostly associated with sepsis,
in which even a through-and-through suture will not hold
In such desperate circumstances the gap may be covered
by a piece of tulle gras anchored to its margins in the
hope that granulations will form underneath and even-
tually become epithelialised I have seen this trick succeed
beyond all expectations in an abdominal wall defect
produced by high explosive

Whatever the extent of the disruption, the surgeon who
1s called upon to deal with 1t should make a point of
noting, and perhaps putting down on paper, what has
happened to the catgut sutures There 1s still a lot to be
learnt about their behaviour in the tissues, and the chance
of observing their appearance 1in the wound at this early
stage does not arise so often that one can afford to let 1t
slip By studying their eccentricities we may one day be
able to give the manufacturers information which will
enable them to produce a more consistently rchable

matenal
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The former 15 discussed 1n another chapter  The latter
should mm at careful bringing together of the subcutancous
fat fasca etc with the finest absorbable sutures followed
by full thickness approxunation of the skin from end to end
of the wonund

The ease with which sutures pull out of fat hns already
been mentioned. Tat not only refuscs to hold sutures
but actively resents their presence It will not tolerate
catgut 1 any of 1ts bulkier or more 1rritant forms  The

t itself 13 sutored
1 Jevs Likely to pserce a blood vessel and cause a hematoma.

e o s L e o

needls
sutures used should therefore be of the finest and confined
as much as possible to the fascial layers (Fig 89) Thus
does not mean that anything short of complete coaptation
18 suffiment  To leave a dead space invites mfechon and
may eventually lead to an ugly Adherent scar

1f the scar 15 to be really hair line the skin stitches also
should be of fine calibre and preferibly mounted on
atrumatic needles  There s a wide range of matenals
to choose from and most of these will prove satisfactory
1f they are impermeable so as to offer no lodgment to
micro-organisms and coloured so that they do not escape
the attention of the nurse who removes stitches  Catgut
should never be used in the shain  1f 1t 15 1ts imitant effect
plus the infection lurking i the depths of the sweat and
sebaceous glands will almost certainly cause trouble

\ stitch whether 1ntmt or not may casily carry
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the number of layers that have given way With a
vertical mcision 1n which both layers have streic/ied, one
would expect the hermiation to extend over the entire
length of the wound Qute frequently this is not so
Although the hermia may have mushroomed 1n all direc-
tions, the actual gap through which 1ts contents protrude
may be quite localised Moreover, the edges of the gap
are thickened and not attenuated, as they would be 1f the
scar had gradually weakened

If 1t 1s agreed that ventral hernia commences during the
post-operative period, then the sooner 1t 1s repaired the
better, before shortening of the oblique muscles puts all
hope of approximating its edges out of the question For
an oblique muscle released from 1ts insertion will shorten
as certainly as a flexor in the forearm Unfortunately
diagnosis of what 1s happening in these early days 1s
difficult or impossible It 1s only 1n disruption that the
situation declares 1tself unmistakably ~When 1t does so
prompt resuturing should only be postponed 1f the
patient’s general condition absolutely forbids 1t

Stitching the Skin  However successful an operation
may be, the patient and her friends
are 1nclined to base their estimate
of 1t on the appearance of the scar
No doubt there are times when
the surgeon must ignore this bias
and make good exposure his prin-
cipal objective, but whenever
possible he should respect 1t,
o 8ss  1at hea  Pccause 1t 1s not nearly as un-

together by a suturc n recasonable as 1t sounds If the

the deep fasen cosmetic result 1s to be satisfactory
two factors must be considered —

(a) The planning of the 1ncision

(b) The technique of stitching
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Fio 93 Inserting all stitches together cutting the lot.
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infection from these glands into the subcutaneous fat 1f 1t
1s allowed to penetrate so far This 1s one of the objec-
tions to tension stitches, which, of course, are quite out of
place 1n any work that aims at cosmetic values But

=T

Fic 9o A skin stitch that leaves no mark

even an ordinary skin stitch may start mischief if it

includes anything beyond the dermis in 1ts embrace
Because of 1ts elastic content, the dermal layer of the

skin shows an inveterate tendency to retract and invert

L'ic 92 To get accurate apposition
insert the near half of 1 mattress
stitch first and use 1t to hft the

Fi1c 91 A right-angled mat shin cdges while the other half 1s

trcss stitch mscrted

the edges of an incision unlcss some steps are taken to
prevent this happening  The tendency can be counter-
acted by picking up the dermal layer only with the
dissecting forceps mstcad of the whole skin and then
entering the ncedle closc to the cut edge before taking a
wider bite of the dermus (g o)  Another mcthod of
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Fro. g3 Insertmg all stitches together  cutting the bot.
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ensuring whole thickness apposition 1s to use right-angled
mattress sutures, but even these should extend to no
great distance from the edge (Fig 91) Other kinds of
stitch are 1illustrated in the diagrams

It might seem that the continuous stitch would have
much to be said for 1t, but in practice 1t 1s often found
wanting A glover can be put in quickly and easily, but
1t causes puckering and allows protrusion of blebs of fat

Fic 94 Stepping the skin, an easy mistake to make on the
palms or soles, or anywhere where the skin 1s thick

F16 94A An oblique skin mcision leads to overlap, the under-
IfniFCd edge neccroses, granulations form, and keloid often
ollows

A blanket 1s better, but not entirely satisfactory Plastic
surgeons, who should be good judges, rely on interrupted
stitches placed close enough together to prevent the
shightest protrusion of fat

Indisputably, interrupted stitching 1s a slow business,
but 1t can be speeded up considerably if all stitches are
mserted first, given to an assistant to hold aside until
the time comes to tie them off one after the other and
then cut 1n a row  All knots should be tied to onc side
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and no stitch should be so tight as to cause blanching
Blanching 1s an indication for cutting the stitch out and
putting i a fresh one It must not be forgotten that a

b,

Fio 95 A subcutrcular stitch anchored with nshot  this b not
a rellablo type of sttch.

stitch which 1s tight on the day of operntion will be twice
as tight next day becausc of the reactionary cedema
around 1t. This applies not only to the skin but to all
sorts of sutures and ligatures m the deeper tissues if they
are composed of non absorbable matenal catgut does
not offend to the same extent because of 1t3 tendency to
soften and stretch  Even so 1t 1s safe to say that mine out
of ten knots are tied too tight

Stitching under Tensfon  This raises the whole question
of stitching under tension There are many occasions
when a surgeon 15 tempted to pull skin edges together to
cover a defect \When the tenston 18 not very great the
results may not be serious—perhaps no more than a line
of granulations on the tenth day along a wound that
should be dry by this time—but if the tension 1s sufficient
to depmive the edges of their blood supply

(1) The edges will slough

(2) The wound will gape

(3) The whole wound will become 1nfected.

The difficulty anses most often after a radical operation
for caramoma of the breast Here there 1s extensie
undermiung as an additional handicap to healing  There
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ensuring whole thickness apposition is to use right-angled
mattress sutures, but even these should extend to no
great distance from the edge (Fig 91) Other kinds of
stitch are 1illustrated in the diagrams

It might seem that the continuous stitch would have
much to be said for 1t, but 1n practice 1t 1s often found
wanting A glover can be put in quickly and easily, but
1t causes puckering and allows protrusion of blebs of fat

Fic 94 Steppmng the skin, an easy mustake to make on the
palms or soles, or anywhere where the skin 1s thick

IF'ic 944 An oblique skin mncision leads to overlap, the under-
m!}led edge necroses, granulations form, and heloid often
follows

A blanket 1s better, but not entirely satisfactory Plastic
surgeons, who should be good judges, rely on interrupted
stitches placed close cnough together to prevent the
shightest protrusion of fat

Indisputably, interrupted stitching 1s a slow business,
but 1t can be speeded up considerably if all stitches are
mserted first, ginen to an assistant to hold aside until
the time comes to tie them off one after the other and
then cut 1n a row  All knots should be ticd to one side
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the exposed and presumably nfected part of the stitch 1s
dragged through the depths of the wound A collodion
dressing should be used for the next few davs  besides
being protective 1t affords a muld form of splintage untl
healing 1s complcte
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can be no doubt that much heart burning would be saved
1n these cases i1f the flaps were brought together quite
loosely above and below, anchored to the intercostal
muscles to prevent respiratory “ slide,” and the exposed
surface erther left to epithelialise 1f 1t 1s of no great extent,
or Thiersch grafted on the spot

Removing the Stitches It 1s not only the putting in of
stitches but the taking of them out that decides how the
scar will look when the patient gets a chance to inspect 1t

The trend nowadays 1s to remove stitches early On
the exposed parts of the head and neck alternate ones
may be taken out on the third day and the remainder on
the fifth If there 1s any inclination for the wound to
gape the second lot may be cut and left for a while longer ,
in this way the risk of hatching 1s overcome while the
severed stitches remain to give support to the tissues
When clips are used 1n combination with a platysma
suture after a thyroid operation they should be dispensed
with after forty-eight hours

In other parts of the body there need not be the same
hurry to be rid of stitches, but few need be retained
beyond the seventh or eighth day
It 1s only the through-and-through
tension sutures in threatened dis-
ruption that must be left for fourteen
days

s a rule the actual removal of the
stitches 15 left to the nursing staff
e 96 A sutch s re [ o the sake of maintaining ascpsis

moved Iy cutting,
undcr - the  hiterdhv o to the last 1t 1s important that who-

pliced hnot and pull

g on the hoot, this  ¢ver 15 responsible should reahse the
avoids  draggme the .

orled part of e lmportance of cutting the stitch
:lllch through  the undcr the lﬂtcra“}' p]ﬂCCd kn()t and
155UCS

withdrawing 1t by pulling on the
knot  \ny attempt to reverse this procedurc means that
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s theatre sprayed with carbolic during operations.! Tt
soon became clear however that there were other and
more prolfic sources of infection than the air 1n the
operating room and surgeons turned their attention to
them and gave up the carbolic spray

Recent wnvestigations have shown that Listers fears
were by no means groundless If a blood agar plate 13
exposed 1n a theatre durning an operation and then mcu
bated 1t will show quite a healthy growth next day and
the growth will be ten times as thick when there has been
1 lot of conversation coming and gong or general distur
bance dunng the time of exposure It has been estumated
that as many as 30 000 to 60 000 micro-orgamsms fall on
the stenle field per minute m the course of an ordmary
operation the figure varying directly with the number of
people and the amount of activity i the theatre If
however the count 18 taken when the theatre 13 empty
and all the doors and windows are closed the result 1s
quite different. There may 1n fact be no growth at all on
the plate  The explanation of this 18 that bacteria only
become air borne on () droplets of moisture (8) particles
of dust When there 15 no one about the droplets very
quichly disappear from the atmosphere and the dust
particles all settle on the floor

In many theatres the ventlation 13 haphazard An
exhaust fan clears excess of steam and this 13 automat:
cally teplaced by currents of dust laden air sucked in
through ul fitting doors Lien when a special wmlet 1s
provided 1t 15 often inadequate A positive pressure
system 15 much preferable  Properly filtered air can then
be introduced 1n quantities suffictent to mawmnt-un = positive
pressure 1nside the theatre allowing for any exhaust that

' Onc of his house surgeons was foreedd to give wp his appointment
because be was senntive to carbolic and passed olive gmip‘::nne for
twenty four bours after each operating wesaron



CHAPTER IX
WOUND INFECTION

THAT ten per cent of all clean surgical wounds become
infected 1s a shocking admission, yet one that must be
made It s true that organisms are everywhere watching
their chance to enter the body through the shghtest
breach 1n 1ts defences But this excuse 1s not as good as
1t sounds Most of these orgamisms are destroyed by
lysozymes present in all hiving tissue 1n other words,
they are non-pathogenic  And of the pathogens all but
the streptococct must attack in force if they are to estab-
lish themselves , streptococci alone are capable of gaining
a foothold when present 1n small numbers

This being so, the incidence of infection needs some
explanation Leaving aside gross carelessness, here arc
some of the reasons why 1t 1s so high

How Wounds Become Infected (1) First, foremost,
and all the time, comes the fact that the skin cannot be
sterilised, and this applies to the surgeon’s hands no less
than to the part operated on No matter what care 1s
taken, bacteria will escape destruction 1n the deeper
recesses of the sweat and sebaceous glands, more 1n certain
parts of the body than others, more 1 some people than
others, more 1 the old than the young In the absence
of swcating these bacteria may not emerge until near the
end of the opcration, but the blade of the scalpcl used for
the shin mciston may be contanunated by them from the
start Al this has been provead by experiment

(2) Lister was greatly concerned with the dangers of
air-bornc infcction, and tricd to mimmise than by having

119
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his theatre sprayed with carbolic dunng operations ! It
soon became clear however that there were other and
more prohfic sources of mfection than the air in the
operating room and surgeons tumed their attention to
them and gave up the carbolic spray

Recent 1nvestigations have shown that Listers fears
were by no means groundless If a blood agar plate 1s
exposed 1 a theatre during an operation and then incu
bated 1t will show quute a healthy growth next d1y and
the growth will be ten times as thich when there h1s been
a lot of conversation comung and going or general distur
bance duning the time of exposure, It has been estimated
that as many as 30 000 to 60 000 micro-orgamsms fall on
the stenle field per minute in the course of an ordmary
operation the figure varving directly with the number of
people and the amount of activity in the theatre If
however the count 18 tiken when the theatre 1s empty
and all the doors and windows are closed the result 1s
qute different There may 1n fact be no growth at all on
the plate  The explanation of thus 1s that bacteria only
become air borne on (a) droplets of maisture (b) particles
of dust When there 1s no one about the droplets very
quichly disappear from the atmosphere and the dust
prticles all settle on the floor

In many theatres the ventiation 1s haphazard An
exhust fan clears excess of steam and this 1s automati
cally replaced by currents of dust laden air sucked n
through 11l fitting doors  Even when a special inlet 1a
provided 1t 15 often inadequate A postive pressure
system 15 much preferible  Properly filtered air can then
beantroduced i quantities sufficient to mawntam a positive
pressure nside the theatre allowing for any exhaust that

One of his house surgeons was forced to gve up his appowntment
becanse he was senutine to carbolic and passed ch?: gree};pl;;rme for
twenty four bours after each operating session.

N
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may be required Open doors, of course, introduce an
unavoidable risk, but interchange through them 1s
relatively shght compared to artificially created draughts

(3) Catgut 1s not invanably free from micro-organisms,
even lethal ones hike the tetanus bacillus But the most
cursory processing will clear 1t of staphylococci, which
are the usual culpnts in wound infection It 1s not fair,
therefore, to blame 1t immediately the edges of an incision
begin to redden  If 1t 1s really responsible for the trouble,
then 1ts chemical content 1s more likely to be at fault
than its steriity  An excess of chromic acid will act as an
irmitant and set up inflammation, interfering with absorp-
tion at the same time

(4) The operation 1tself may create conditions favour-
able to infection It 1s not easy to obliterate all dead
space, and any that 1s left fills up at once with serum or
blood, either of which 1s an excellent pabulum for bacterial
growth  Bruised tissue of any kind, particularly muscle,
offers a ssmilar hospitality to organisms  The opening up
of cellular planes by dissection or gauze stripping facilitates
the spread of inflammation  IEven a minor contammation
1s sufficient to infect fat

(5) When the bowel 1s interfered with infection 1s only
too likely to follow, although there may have been no
gross soihing  Any clamp used for crushing gut (or the
appendin) becomcs contaminated  So very often does a
suture (anastomosing, nvagmating) used m gut, no
matter how much care 1s taken to sce that the needle
carryving 1t docs not panctrate the deeper layers  “The same
thing applies to a suturc used for anchoring colon, cacum,
etc, to the surface, ¢specrally when there 1s distension

Some Technical Precautions  The following suggestions
cover some details of aseptic techmaque that arc occasion-

ally forgotten —
(1) The naso-pharynx s the great reservorr of coce,
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but because of the continual commerce between hand and
mouth 1n eating drinking smoking using a handherchief
etc the hands harbour almost as many cocct as the naso-
pharynx  some people indeed are skin carners of Staply
lococcus aurens which fact may account for the bad
luck of the surgeon whose cases always go septic?
Hovwever about that there1s no excuse for any one engaged
1n surgery who adds to the flora on his own hands by doing
rectal exammations without a glove removing soiled
dressings without forceps ete
Washing up  demands full attention  Tlus does not

mean that the hands should be scrubbed until they are
excontated  If they are clean to start wath there 1s no need
for a scrubbing brush at all Soap solution plus gentle
massage will get rid of all the surface soil which holds
the transient bactena the deeper and more permanent
residents are better left undisturbed. But the whole area
between elbow and finger tips must be covered One
author believes that parts often escape attention alto-
gether to prove his point he suggests a tnal  wash up
bhndfolded after the arms and forearrms have been
swabbed with a mixture of salad o and lampblack

Soap solution 1 a bowl 13 a better solvent than runnung
water under a tap and five minutes 15 a fair time for the
mitial cleansing  after that a good ringe should suffice,
The dip in biniodide 18 a mtual gesture which 1 no way
excuses any scamping of the washing  When washing
up 1s complete the surgeon s mackintosh 1s usually quite
wet from splashing It should be thoroughly dned If
1t 18 not the gown soon becomes damp and another barrer
to mfection 1s broken down

Gloves should be put on tn such a way as to protect

! The results of two surgeons operating on cean cases were examined

} bad fourteen infected wounds out of ifty four B ope out of
afty-one \ wasasdan carmner of S axrens {Lancet Mav 1939 10380)
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their exteriors from any contact with hands or wrists
And during the operation close watch should be kept for
any punctures or tears in the rubber, after an hour or so

L ; AN

Fie 971

the contamcd sweat 15 bound to be heavily infeeted
Sweat 15 not the only thing that can cscape through a
Dusting powder ¢ too Tale has been demon-

taar
perttone b adhesions, i the

strated n post-operative
walls of unhealed fistule, med m the fibrous mduration

around wounds
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(2) Aun 1mpervious mash covenng mouth and nose and
well tucked 1n under the chin should be worn  Ordinary
gauze 15 not impervious to spray except in many thick
nesses but a double thichness can be mde so by slipping
a piece of cellophane between the two layers A person

e

Jy e s

! - < -

Ryira—i - b .2 SN |
Fio 97 (b)

Tia ¢7 {«) Blankets ore botter Lept out of the operating

(Boatre certanl, :zg should n  er he fapped. (4} The

wodme swab -bou{d touch the patrent s gown.

P

with a  cold in the head should stay out of the theatre
altogether  If this 1s imposable he should pay very
spectal attention to his mashing washing up etc It 1s
sigmficant that epidermes of wound infection often
comeide with epidermics of nasal catarrh

All talking should stop dunng an operation Move
ment should be cut down to a mimimum espeaally
shifting the patient on and off the table flapping of



136 SURGICAL TECHNIQUE

blankets 1s peculiarly obnoxious Draughts, whether
from open doors or windows, are anathema

(3) The skin of the patient will already have been
prepared with some fat solvent followed by an antiseptic
and covered by a sterile towel This must by no means
be interfered with until the patient 1s in the correct posi-
tion on the table and all clothing, blankets, etc , have been
folded well back A final survey of the field of operation
1s sometimes rewarding The depths of the umbilicus
may still be dirty It 1s no uncommon thing for the
urologist to find on retracting the foreskin that the
smegma of decades has not yet been cleared away
Motives of delicacy discourage interference with this part
of the body even by the patient huimself = Whether therc
has been any oversight or not, a point should be made 1n
applymng the final coat of antiseptic never to let a swab
which has been 1n contact with a relatively dirty arca,
¢ g, the scrotum or neighbourhood of a sinus come mto
contact with a relatively clean area, ¢ g, the skin of the
abdominal wall It has been said that when everything
has been done to clean the scrotal skin 1t should still be
treated hke the “ dirtiest thing in the world”’, but
nurses have a touchmng bclief 1in the power of antiseptics
and may distrnibutc 1ts fauna all over the operation field
on the end of a swab if thcy arc not warned of the danger

As soon as the mcision 1s made tetra, towels should
be chipped to 1ts edges i osuch a way that ther outer
surfaces nover come mto contact with the skin [hese
arc left mm position until the time comes to put 1 the
final stitches  No sutwie, "vatioe or insthument should
cred be allowed to toudh the baoc Jin The correct length
for a hgaturc s 121 Ifats am longer the slack 1s vary
apt to trail round the vound  \When «overal pomnts are
to be ticd from the same length o bobbin <hould be used

(4) When bowel s Doz dedt coath extra safeonnards
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w’(f},f /\/

FlO-93 T‘Un(ndeep tnohandud, bate with tho tetra tx:g
the skn towels so a3 to exclude not
unnbut:l:o-ubcuun:omm from the fleld of operation.

this
economues catgut and saves t from contamination.
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are essential A red “ danger ” towel should be spread
over the ordinary ones to quarantine the soiled instru-
ments, packs should be arranged to isolate the anasto-
mosis, and when 1t 1s completed all the paraphernala
should be put aside and not used again without resterilisa-
tion Some surgeons rely on a spray of penicillin sulpha-
thiasol powder as a final safeguard, or put the patient on
a course of penicillin  Adequate preparation of the bowel
with sulphasuccymil has, of course, reduced the risks 1n
these cases

(5) The need for gentleness and complete hamostasis
should be constantly in mind  All exposed tissues should
be covered with warm, moist packs All dead space
should be obliterated before the wound 1s closed If this
cannot be done drainage and a pressure dressing should be
employed The axillary space after a radical breast
operation 1s a case in point It can be largely obliterated
by a ball of gauze firmly bandaged into the axilla, but
dramage 1s necessary as well

(0) Some surgeons rely on a spray of pemcillin sul-
phathiasol powder, or start a course of penicillim as a
routine, especially when dealing with fat patients In
this conncection 1t 1s worth rcmembering that betwcen
thirty and seventy per cent of cocar cultured from the
nasophary ny of hospital staff may be penicillin resistant

(7) Infected matter should be got nid of as quickly as
possible by means of a strongly acting sucher  In surgery
many complhications arisc from negleet of the domestic
virtues of cleanhiness and tidiness  Pus slopping on to
the floor may drv and dissemimte ats organisms all over
the theatre

(8) The prevention of infoction is v gronp responsibility
U nfortunatedy not all of the people involved have aworl -
g Fnovlodee of bacteriolo oy Lhe responsibihity oS
411 the more b evaly on the anstrue te ol foa



CHAPTER \

ORTHOP/EDIC SURGERY
By Davip Le Vay MS FRCS

Skin Preparation Though 1t 18 traditional to begin
shin preparation forty-eight or even seventy two hours
before any major orthopadic operation 1t 1s doubtful
whether this 13 justified There 15 no bactenological
support for the belief that time and repeated antiseptic
applications improv e the disinfection of the skin and the
delay often allows razor scratches to become mldly
mfected If the part 13 carefully washed with soap and
water using a soft brush and then panted with 1 per cent
cetaslon this should be suffient It 13 another matter
when a hmb has been encased 1n plaster for many weeks
and the skin 18 encrusted and scaly then several days
sponging with ohve ol may be needed to bnng 1t nto a
healthy condition

Nowadays pressure on bed space often makes 1t neces-
sary to perform munor operations on out patients This
can be done with safety 1f the patient comes up to hospital
for preparation on the day before operation and agan
on the moming of operation the hmb bewng sccurely
bindaged 1n a stenle towel meanwhile Removal of
gangha exostectomy for hallux valgus and incision of
stenosed tendon sheaths can be carned out in this fashion
without 1l results

In emergency surgery for open wounds compound
fractures or burns no cleansing of any kind should ever
be attempted n the ward for 1t 15 there that the first
streptococcal infection may be implanted from the attend
ants throat  The hmb should be merely wrapped n a

»
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sterile towel with a pad of sterile gauze over the wound
In the theatre the masked and gloved surgeon will then
clean the surrounding skin with soap and water and
cetavlon, leaving the pad 1n place until 1t 1s time to clean
the wound 1tself Even severe hemorrhage 1s no reason
for upsetting this routine, for the heamorrhage can usually
be checked by tight bandaging over the pad, a safer and
more effective method than tourniquet control

Anzesthesia  Certain special points anse i connection
with anasthesia for orthopzdic operations

Manipulation of the spme and larger jomnts should
always be done under intravenous pentothal, and enough
of the drug must be given fairly rapidly With slow
administration of an inadequate dose relaxation 1s incom-
plete and laryngeal spasm 1s provoked, then when
manipulation 1s attempted the musculature becomes rigid
and 1t 1s impossible to complete the procedure without
resorting to full inhalation aneesthesia  Dosage 1s 1mm-
portant because the main risk of damage comes {rom
inadequate relaxation, and this apphes particularly to the
spme and shoulder I 1t 1s desired to have the patient’s
active co-operation i pcrforming some movement soon
after regaining consciousness 1t 1s wise to give no pre-
Iiminary sedation

( omplcte rddaxation, as for abdominal work, 1s seldom
essential i orthopadic operations It 1s required, how-
ever, o lamincctomy to rddax the ercctores sping, m
operations when the hip has to be foreibly dislocated,
and 1 some operations on spastic patients where the
ontent of fined contrawture can only be assessod after
chmmating afl traces of muscular spasm

Spil anesthesia for worl on the lower hmbs has
httle attraction for the orthopodic surveon, because 1t
leaves o loverod muscaler tone for some dy s afteroards
but there 1~ ocostond die ton, o chen o lov
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unilateral spinal enables one to operate on the knee of 2
patient with chromc pulmonary discase

Brachial plexus block 1s somettmes valuable for arm
operations 1n elderly or poor nsh cases or when 1t 13 felt
dearable to identify tendons by voluntary contraction
dunng operation or when severil mampulations of a
fracture with \ ray checking are Iikely to be needed Tt
1s sometimes said that patients will not tolerate an occlud
g sphygmomanometer cuff under plexus nneesthesia
alone but this 1s not the case

An ntra tracheal tube must be used fairly frequently
even for munor procedures 1f they are to be conducted in
the face-down position Exason of the elbow jont or
exploration of the popliteal fossa are examples It 13
needed also for operations 1bout the head and neck such
as removing the temporo-mandibulir memscus or explor
ing the posterior triangle when 1t 1s important to exclude
the anssthetist from the sterile field

The anmsthetist has some important general duties
m supervising transfusion and supportive treatment
dunng long and potentially shocking operations such as
arthrodests of the hip joint Before any hip or spinal
operation the patient should be grouped and blood made
available rhesus grouping being taken into account for a
woman of childbeaning age  If dunng operation rapid
blood loss occurs the loss must be made up at the time
and not after an internal.

It may oftin be necesssary to continue full anzsthesia
for a considerble period after stitching up as for instance
when a tendon suture or bonegrifting needs protecting
with plastcr Premature recovery and movement may
spoil evervthing n such cases

The Bloodless Field \Whenever possible 1t 1s desirable
to operate 1n a bloodless field A Lmb can always be
exsangunated by holding 1t vertically 1n the air for five
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minutes and then applying some form of tourmquet If
the prelminary elevation 1s omitted the exsanguination
will be incomplete, and venous thrombosis may result

When any form of rubber tourniquet 1s used the skin
should always be protected by several turns of towelling
But the ordinary form of rubber tourmiquet is now
relegated to first-aid work and either a pneumatic tourni-
quet or an Esmarch bandage are provided 1n every up-to-
date operating theatre = A sphygmomanometer proves
perfectly satisfactory for the arm, but a special pattern
1s needed for the leg and, as this 1s not usually available,
an Esmarch bandage takes its place If an Esmarch 1s used
on the arm i1t may easily damage the musculo-spiral
nerve

Whichever 1s used should be adjusted well up into the
axilla or grom There are two reasons for this First
and most important—the essential corollary to tourniquet
control of bleeding 1s an efficient pressure dressing applied
at the end of the operation before the tourmiquet 1s
released , such a bandage cannot be put on properly unless
there 1s plenty of room above and below the operation site
Thus, after excising a semilunar cartilage 1t 1s most 1m-
portant to apply a really firm pressure bandage over a
large amount of wool as soon as the wound 1s closed
Such a bandage cannot be applied efficiently unless 1t 1s
carried up almost as high as the grom, and a mid-thigh
tourniquet makes this impossible The second reason for
a high tourmquet 1s that 1t can exert no harmful pressure
on the nerves which come to the surface near the elbow
and knee

When the cuff of a pneumatic tourniquet 1s 1n position
the mercury should be pumped up to 180 mm The
limb can then be lowered and prepared Since 1t 1s a
nuisance 1f the pressure falls and allows bleeding during
an operation 1t 1s wise to take precautions against air
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leahage by tymg a cotton bandage over the cuff and
securing the two rubber tubes with a large heemostat

An Esmarch bandage should be of real rubber the
synthetic type often rolls itself up into a thin and danger
ous higature  For any operation 1bove the foot 1t should
be wound tightly round the whole himb from toes to gromn
Because 1t 18 unwrapped from below upwards the turns
must not overlap or it may be 1ery difficult to undo them
At the gromn the bandage 15 stretched round the thigh
as tight as 1t will go with a folded towel four layers
thich underneath to protect the skin  Then the remainder
15 unwound from below upwards

It 1s not necessary to carry an Esmarch bandage up to
the gromn for munor operations on the toes or feet Mid
calf 1s high epough If 1t 13 tightened higher up m the
danger area round the knee the common peronecal ncrve
may be compressed against the head of the fibula  Even
n the calf the stretchuing should not be overdone and a
{olded towel should always be used under the rubber
any carelessness may result in troublesome parmsthesie
later An Esmarch bandage 1s not suitable for use 1n
mflammatory conditions 1t may easily squeeze nfective
material 1nto the crculation. Elevation of the limb
followed by some form of high band~ging 15 usually all
that 1s needed

A tourniquet should never be left on longer than an
hour and a half and this may be too long 1n many cases
The state of the tissues the condition of the vessels the
presence or absence of anama and other factors as well
must be rechoned with in gauging the margin of secunty
It 15 safer not to use a tourmiquet at all in patients over
fifty or where there 1s any fear of gangrene ether from
£as mtfection or other cause  Bleeding can be controlled

n thesc cises by digital pressure on the main rtert of
the limb
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minutes and then applying some form of tourmquet If
the prelliminary elevation 1s omitted the exsanguination
will be incomplete, and venous thrombosis may result

When any form of rubber tourniquet 1s used the skin
should always be protected by several turns of towelling
But the ordinary form of rubber tourmiquet 1s now
relegated to first-aid work and erther a pneumatic tourni-
quet or an Esmarch bandage are provided 1n every up-to-
date operating theatre = A sphygmomanometer proves
perfectly satisfactory for the arm, but a special pattern
1s needed for the leg and, as this 1s not usually available,
an Esmarch bandage takes its place If an Esmarch 1s used
on the arm 1t may easily damage the musculo-spiral
nerve

Whichever 1s used should be adjusted well up into the
axilla or gron  There are two reasons for this First
and most 1mportant—the essential corollary to tourniquet
control of bleeding 1s an efficient pressure dressing applhied
at the end of the operation before the tourmiquet 1s
released , such a bandage cannot be put on properly unless
there 1s plenty of room above and below the operation site
Thus, after excising a semilunar cartilage 1t 1s most 1m-
portant to apply a really firm pressure bandage over a
large amount of wool as soon as the wound 1s closed
Such a bandage cannot be applied efficiently unless 1t 1s
carried up almost as high as the gromn, and a mid-thigh
tourniquet makes this impossible  The second reason for
a high tourmiquet 1s that 1t can exert no harmful pressure
on the nerves which come to the surface near the elbow
and knee

When the cuff of a pneumatic tourniquet 1s in position
the mercury should be pumped up to 180 mm The
limb can then be lowered and prepared Since it 1s a
nuisance 1f the pressure falls and allows bleeding during
an operation 1t 1s wise to take precautions against air
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placed under the part 1t has the additional 1dvantage
that 1t prevents contamiation spreading up through 1
sodden towel

Wound towels must be applied accurately so as to
cover not only the shin surface but also the cut thichness
of the skin  So they should be folded 1n over the edges
of the masion and clipped there with forceps which hold
them snugly agamnst the under surface of the flap and
placed sufficiently close to cach other to prevent any
bulging 1nto the operatne field  Moymhan s forceps are
1deal for this purpose forceps of the \llis type tend to
cause distortion Skin and towels should be carefully
dovetaled 1t each end of the mciston  The alternative
methed of making the 1ncision through a layer of stocht
nette or an actual stocking glued to the surface 13 not as
effective as 1t appears because cut edges are left exposed
and with them sweat and sebaceous glands which harbour
MICTo-Organisms

The No Touch  Technique The voung surgeon
must decide for humself whether he 15 going to adopt the

no touch techmque or not Strictly applied the
methed 13 exacting and requres constant care  Neither
the patient s skin nor tissues nor anything that comes
mto contact wmith them must be touched by anyone
Surgeon and sister may handle only the butt end of the
instruments  needle threading lgatunng sutunng
screwing and drlling must all be done with nstruments
These rules were ngidly obeyed at one time but with the
manufacture of good rubber gloves 1t was realised that
such extreme precaution was not necessary and the
modern orthopedic surgeon allows himself a good deal
more latitude

Nevertheless the idea remamns a good one  Handling
of tissues and nstruments should still be kept to a mim
mum the patient s skin shonld never be touched and

.
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When a patient 1s admitted to hospital with a hopelessly
mangled Iimb in which hemorrhage has been controlled
by a tourmiquet this should not be touched until the imb
has been removed If 1t 1s taken off earlier circulatory
collapse may ensue due to loss of plasma into the damaged
tissues

It1s a wise safeguard to have a red hght in an operating
theatre where tourniquets are commonly used This can
be switched on when the tourniquet 1s applied and
switched off when 1t 1s removed An alternative 1s to tie
one end of the tourmquet—if 1t 1s an Esmarch—to the
operating table It 1s then impossible to send the patient
back to the ward without taking it off

Case Note A tournmiquet was applied by an anaesthetist as
a preliminary to the removal of a cartilage As soon as the
operation was complete the anasthetist left for another
hospital without removing the tourmquet, which was now
concealed under the towels The patient recovered con-
sciousness 1n the ward, complained of pain, and was given an
mjection Another injection was-given a couple of hours later
Another two hours elapsed, and the patient complained once
more  The tourniquet was then discovered and removed
Symptoms of a crush syndrome developed, and death occurred
after an mnterval of nineteen days

The case dlustrates the dangers of the divided responsi-
bility seen so often 1 a fully staffed theatre The person
who puts a tourniquet on should make 1t his obligatory
duty to take 1t off And when a patient complains of
pain 1t 1s always worth glancing at the part he complains
of before giving him a dose of morphine

The Towel Drape In orthopadic cases 1t 1s frequently
necessary to move the part or limb during the course of
an operation This must be taken into account during
the preliminary draping of the sterile towels by allowing

enough latitude to prevent any gap appearing later on
As an extra precaution a sterile mackintosh should be
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above all gloves should never be put onn such 1 way that
their outer surfaces are fingered  Thus Intter rule 1s often
broken and the results mny be so disastrous that the
author may be forgiven for including here 1llustrations of
the proper procedure

y T T T
e
/f\‘::j

Tie 100

Even the best gloves may be damaged during an
operation  The mnsh 1s defined by an investigition
reported 1 the Lancet ! Some thousands of gloves
were examined aftcr use  Twenty four per cent were
found to be perforated or torn  Then the surgeons
concerned were warned and ashed to be more careful
Even so the percentage remained as high as fourteen ?
Obviously 1 cases 1 which the possible consequences
of infection re so grive the only safe thing to do1s to Leep

! Lawcet 1939 1038

The who finds blood on hus fingers wh,
gloves may ture that the worst has happened. en he removes lus
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the gloves away from the wound as much as posaible or
from anything such as a suture a hgature or the end of
an wstrument that makes contact with the wound

Fio 100

I'to too Putting on sterile gloves. Gloves and powdsr should
bo taken from separate drums by a nurse wsing
%) Loft hand med to withdraw gloves from packet.
b Right glove b drawn an.
5 menfn;hthmdhmadmdarmmoth(tm
- hdr-w'?un the thumb s Dot used.

) ™ metbod of dra an glove—thumb s ts skt
{:J mﬁmpmm muymdmu
1 beld by premure of nght thamb  Reverse of loft

n memmin Right thumb must
not be to belp  Smilarly with right gove.
(f} Wrong mathod of turning up reverse.

o ’;m":-;fkh:nﬂ:‘:]zam (Eyzlf'vnv o
Incislons and Approaches Orthopadic approaches
should be simple and direct but taking advantage of wter
muscular clefts and fascal planes where this 1s possible
\ curved maston 15 sometimes advised for operations on
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(4)

Fig 100
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the gloves away from the wound as much as possible or
from anything such as a suture a ligature or the end of
an wstrument  that makes contact with the wound.

Fro 100

110 100, I'utting oa stere gloves. Gloves and ponder puffs should
be taken {rom separats drums by & nurse using pl
(a) Left hand msed to wrthdraw gloves from packet
(#) Rught glove m drawn ca.
{c) Fingers of nght hand mserted under reverso of Left glove
@ “lhxhhdn:?m the thumb i3 pot used.
mathod on glove—th skan.
{6 Rt band pnthees KT thove Ganily aeound wost, where o
B):r)db(pmmofn‘huhumb Re erve of lelt glove
ot m;gﬁ\u-hn([mmm.lﬂn(t. Rught thumb must
not be to help  Sumilarly with nght ghove.
(/) Wroag metbod of turming up reverss.
{These

Srirror ’/mv::- article u-m;afy the lwﬂn;v (L;f[?;' ) )qu
Incisions and Approaches. Orthopedic approaches
should be simple and direct but tahing ads wntage of inter
muscular clefts and fascial planes where this 15 possible
\ curved ncision 1s sometimes 1dvised for operations on
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the spine, taking of tibial grafts, or fixing a fractured
malleolus, with the 1dea of keeping the scar away from
the bony prominence Actually a short straight incision
immediately over the prominence proves more satisfactory
When, however, 1t 1s a matter of removing a bony mass,
it 1s sometimes better to break this rule Ior instance—
the obvious incision for removing a bunion 1s right over
1t, but if instead the cut starts further back and ends just
at the swelling, a chisel can be laid flush with the shaft
of the bone and the exostosis removed at 1ts neck  The
other approach tends to give mnsufficient elbow room

Two other points about the skin incision It must be
so ample that the operation can be completed without
risking the introduction of sepsis by having to remove
the towels 1n order to extend the wound Therefore,
after making what you consider an adequate incision
always make 1t a little longer This 1s particularly
important in exposing a fracture, because 1t 1s often sur-
prisingly difficult to judge the position of the fracture in
relation to the centre of the incision

The second pomnt 1s that the knife used for the skin
mcision must be discarded and never used 1n any other
plane Organisms can be cultivated from the blade 1n
too high a percentage of cases—20 per cent —to make
the nisk of continuing with 1t at all justifiable

It 1s never safe to use a slender blade or a detachable
blade of any kind near a bone or inside a joint, the tip
might easily break off and get lost during such procedures
as the exposure of a fracture or the removal of a semilunar
cartilage The change of knife, therefore, gives the surgeon
an opportunity to select a solid, one-piece scalpel for use
during the rest of the operation

The manner 1n which the dissection proceeds depends
on the nature of the operation and the temperament of
the operator ‘‘ Get down to bone and stay there "’ 1s
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Tio 101 {a) Work tho rugns into the acote angls which fibred of
mincle Or 10teronseots membrane mako with bore  (b) Shows how
1be romne tears 1nto A musck when used 1 the reverye directon
and agaunst the obtuws angle  (drnold Henry  Lxte sile etpore o
applicd to himb surgery L &S Lvuspione [2d Ldimbargh}

the orthopadic watchword When 1t 15 possible to do
this the scalpel can be used boldly to expose bone and
the broad chise]l to strip peniosteurn with its attached
muscles 1 chisel 1s 1 better instrument than a rougine
for this purpose  In the upper part of a Smith Petersen
masion for example the ihac crest can be laid bare at
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once, and the periosteum reflected i one piece with the
gluteus medius, 1n a laminectomy the separation can
be carrnied straight down to the spinous processes and
the erector spinae muscles reflected on erther side with
the periosteum from which they rise In both cases
oozing can be satisfactorily stopped by tight packing
with really hot packs But an error of a few millimetres
to one side or the other with the incision 1s enough to
make the procedure a bloody one because the cut then
passes through muscle instead of under periosteum
Henry gives a practical tip about the actual stripping of
the periosteum  He points out that the chisel should be
worked 1nto the acute angle of attachment of the muscle
fibres, if 1t 1s worked 1n the opposite direction 1t tends
to ship off the bone into the flesh, and a ragged, bleeding
field results

In dealing with a long bone the periosteum can usually
be reflected and levers slipped under the shaft so that the
soft tissues are held well back and the operative site 1s
cleared without danger to any important structures
Notice that the levers lie undes the periosteum  Therr
ends should be blunted and rest against the bone for
leverage and not amongst the tissues If they can be
passed rnight through behind the bone what at first
appears to be rather a deep and 1naccessible operation site
may be brought up to the surface This 1s often the case
in the forearm

One must always bear 1n mind the nerves 1n the vicinity
when exposing bone, the ulnar at the clbow and the
common peroneal at the knee are particularly vulnerable
There are two ways of avoiding trouble One 1s to 1ncise
clear of the nerve, go down to the bone, hug 1t closely, and
complete the exposure by meticulous sub-periosteal
stripping , the other 1s to dissect out the nerve at the
outset and hold 1t out of harm’s way  Thus in removing
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the head of the radius the deep branch of the radial 1s 1n
no danger 1f the incsion 1s prolonged no lower than the
neck of the bone But if the whole upper third of the
radius must be exposed the nght way to proceed 1s to
cut down on the subcutaneous border of the w/na stnp
outwards first the anconzus and then the whole ongn of
the supinator brevis so carrymg the nerve safely forwards
between the two layers of muscle

Drilling Screwing Plating The ordinary rules of the
workshop apply with some modification to mechanical
procedures on bone

(1) The dnll should be properly matched with the
screw to be mserted  Otherwise the serew will esther not
fit at all or will shp through without gripping  The dnll
must therefore be of the same diameter as the shaft of
the screw or a lttle smaller The screws should be
threaded nght up to the head a coarse thread of the
Venable type bemng much better and easter to manage than
the fine Sherman variety

{2) In using a drill the hole must be started wath the
dnll at nght angles to the surface of the bone  Ifobliquity
1s required the direction can then be changed To begin
drihng obhiquely usually means that the pomnt slides off
into the tissues. Alternatively a sharp awl can be used
to gnve a safe start

(3) Only a gentle constant pressure agamnst the dnll
stoch 18 requred  With anything more than this or any
impatience or jerking the dnll breaks off flush with the
shaft and it 1s impossible to remove the fragment without
mflicting a lot of damage  If 1t 13 left 1t appears on every
\ ray plate taken subsequently as the sign manual of an
Incompetent surgeon

(4) It 15 much quicker to use a dnll mounted on the
sochet of an electne or pneuratic saw  but with sach 1n
apphance 1t 1s still easier to blunder  Speaal care must
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be taken not to shp off the bone, over penetrate the
opposite cortex, or work at a speed that generates enough
heat to burn or char the edges of the hole

(5) It 1s essential to engage both proximal and distal
cortices of the shaft so that the tip of the screw will just
emerge on the far side of the bone, to go further serves
no useful purpose and may endanger vessels and nerves
The length required must be accurately estimated, either

Fic 102 An Adams’ calibrator  (By courlesy of Messrs Down Bros )

with a probe or a simple calibrator like the Adams’ The
direction of the dnll hole must also be determined with a
probe before inserting the screw, otherwise 1ts tip may
miss the hole 1n the opposite cortex and fail to make
further progress, nothing 1s more embarrassing 1n fixing
a fracture than the * starting 7 of the plate when this

‘_/\—.'ZSC aam—
' ) -

ric 103 Lanc’s bonc holding forceps (£33 courtesy of Messrs Douwn Droe)
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happens the heads may even be torn off other screws
already in place

{6) In plating a fracture ali screws should be parallel
and m the same plane not 15 sometimes advised 1n
different directions and planes

(7) Lanes holders are still the best instruments for
handling a screw and the most satisfactory screwdnver
15 one of the Burns type which grnips and encloses the
head and effectunlly prevents 1t from slipping

(8) Of the larger vanety of bone plates the sumple flat
Venable vitalhum plate 1s very satisfactory Though 1t
18 not essential to use vitallum for a good stainless steel

|
m@

ho 104 DBums scew dover (Dymrtnycg’llnm Doxn Bros )

will do just 1s well what 1s important 1s never to use
plates and screws of different matenals If this 1s done
electrolytic changes occur between the two metals and
this causes osteoporosis round the screws which may as
a result come adnft  at the same time the vitality of the
bone ends may be diminished so that union of the fracture
1s interfered with ALl this is well known  vet 1t 1 often
not until half way through an operation that the disco ery
1s made that the only plates and screws available are of
different matenals A routine check of equipment should
always be carned out beforchand.
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' 105 Lowman’s clamp

(9) When plating a frac-
ture the essential steps are
good  subperiosteal  ex-
posure of the bone, anato-
mical reduction of the dis-
placement, locking of plate
and fragments 1n position
by a clamp of the type
illustrated, and firm screw-
ing If reduction 1s at all
difficult Lane’s manceuvre
of bringing the two ends
out of the wound and
fitting them together so
that they lock automati-
cally on being replaced 1s
excellent It may be that
the plate (which should
always be placed on a
muscular and not a sub-
cutaneous surfacc) does
not lie altogether smoothly
when placed aganst the
shaft This should be cor-
rected before starting to
screw, because while thc
screws will pull down and
bend a  witallum  plate
safely cnough, a similar

ﬁ:l i %”ww% =

TECHNIQUE

s

(By courtesy of Messrs Down Bros )

I e » mnausre for

100
reducing v de pleeoment

I e



ORTHOPADIC SURGERY 157

stramn on a steel plate may cause 1t to breah though this
may not happen until severl weehs after the operation A
sandbag behind or beneath the limb provides the counter
pressure required dunng the screwing It 1s best to begin
by placing the intermediate screws on either side 1n order
to stabilise the plate and fracture and then to follow with
the others alternating the sides  No screw 15 driven right
home until all are mnserted then cach 15 tightened a few
turns at a time as with the nuts on the wheel of @ motor
car  Any plating which ends with the fragments held
even a very short distance apart 18 unbiological and
invites non union

Osteotomy  The conyentional istrument for this pro-
cedure 1s a sharp ostcotome but 1t has the disadvantage
that 1t may cause splintening and fissuring In some
bones notably the femur 1t may be helpful to outhne the
direction of cut 1n a gentle curve with a series of dnll holes
and to make the section with a wide gouge

A chisel lud flat with the shaft 13 used for removing
exostoses  In the case of the common bunion the blade
should be directed outwards so as to remove a larger
portion of the metatarsal head

Bone Saws  Bone saws whether electric or pneumatic
should be tested before the anmsthetic 15 begun  They
are temperamental and 1if they faul to work when called
on the operition may hnave to be abandoned.

Most saw blades rotate 1n 1 clockwise direction as the
surgeon sees them and there 18 a dangerous tendency for
the powerful force to run the blade off to the right  Very
sertous damage to the soft tissues or the assistant s fingers
may result  Thercfore 1t 13 wise to reverse the saw and cut
from nght to left instead of left to nght This 15 bad for the
blade and bad for the motor but 1t 15 safer for the patient

The speed should b sufficent to gite easy cutting
without runmng the nsk of charnng the bone.
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Any temptation to use the saw for rounding off corners
should be resisted , the blade breaks before 1t bends and
the fragments fly off at high velocity

Bone Grafts Spontaneous fracture may {ollow removal
of a bone graft from the lower half of the tibia, there 1s
less danger of this if the graft 1s taken from the upper half
It 1s 1mpossible to suture the periosteum after removing
such a graft, and no attempt should be made to do so
Only the skin needs stitching And as there 1s a consider-
able danger of a heematoma forming, a really firm pressure
dressing should be used to prevent this happening

If the 1lhum 1s used as a source of cancellous bone, 1t 1s
best to perform subperiosteal reflection on both superficial
and deep aspects of the crest, to remove with a gouge and
discard the compacta and the crest 1tself, and then to take
successive layers of the spongialis  In this way suture of
the gluteal to the abdominal muscles 1s made easy

All bone grafts should be kept dry pending use and not
immersed 1n saline, which washes out useful material

Sutures and Ligatures Infection 1s disastrous in
orthopadic work, and the risk of infection 1s increased by
the use of catgut, which excites an cedematous reaction
in the tissues It should therefore be avoided as much as
possible A fine non-absorbent material 1s preferable
Coats’” No 40 black cotton 1s suitable for tymng most
small vesscls, but No 2o may be neceded for the larger
Cotton ligatures can and should be cut flush with the knot ,
catgut ligatures nccd a few mullimetres latitude  The
No 2o cotton can be uscd for suturing generally, but will
not do for the synovia of joints, here catgut must be
employcd, but 1t should be plan and not chromic, or
thicker than No 1 In cveryday practice catgut 1s only

ermissible for closing the capsule of the kncee jommt  As
with all deep sutures, this onc should never be allowed to
touch the shin while 1t 1s bang inscrted
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Heemostasis  \When operating 1n 1 bloodless field 1t 1s
usnally unnecessary to pay much attention to cut yessels
provided an cfficient pressure bandage 15 pplied before
the tourmquet 15 released Of course considerble
vessels must be tied  As in 1l surgical operations sound
anatomical knowledge enables one to seeh and underrun
these before they are cut e g the branches of the lateral
circumflex artery and e running transs ersely between
tensor fascta and sartonius 1n the vertical hmb of the
Smmith Petersen exposure of the hip joint

When a tourniquet 15 not 1n use 1l bleeding points must
be picked up with artery forceps. If these forceps are
left until the end of the operation 1t Wil be probably
found that the bleeding does not recur when they are
taken off because the crushing will have scaled the tiny
lumina of the vessels meanwhile the forceps will have
acted as evertors of the shin edges  Bigger vessels mast
be higatured and 1t 1s 1s well to do this as soon as they
arc divided so that they shall not be overlooked later on

When the towels are removed the surrounding skin
should not be cleaned up with wet swabs f this 1s done
infection may be washed mto the tissues and 10 any case
the wetting mnhes 1t difficult to apply an adhesive
dressing

The most useful routine stitch 1n orthopadic work 18 the
continuous eversion which gives perfect apposition of the
skin edges and compresses all the small subcutaneous
vessels. But expenence 1s reqmired to Judge the nght
tension and f post-operative swelling 18 expected 1t 18
safer to use 1n interrupted stitch otherwise there may be
sonic marginil necrosis

It 1s always a good plan to lay 1 narrow stnp of gauze
soahed 1n collodion along the wound ~ This completes the
sealing process

After such an operation as arthrodesis of hip or knee
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the part may have to be immobilised 1in a plaster cast
for many weeks There need be no concern about the
stitches 1n these cases, they can be left until the plaster
1s taken off without 1ll effects

Prophylaxis of Infection. No mention need be made
here of the use of sulphonamides and antibiotics in treating
established infection More debatable 1s their routine
use in prophylaxis of wound sepsis in clean orthopzdic
procedures  Sepsis 1s such a disaster when 1t occurs that
at first sight there seems to be an overwhelming argument
for local and systematic chemotherapy in every case
Unfortunately human nature 1s such that the use of this
safeguard results in a relaxation of standards of aseptic
technique and a carelessness m handling tissues and
instruments It 1s important to be aware of this and not
to expect modern drugs to make up for careless methods,
if only for the reason that infection with pemcillin-insensi-
tive or Gram-negative organisms 1s still possible It
would therefore be quite out of place to use chemotherapy
for the removal of a knee cartilage, because with reason-
able care these cases never become infected But 1t 1s
sensible to take precautions in any extensive procedure,
such as on the hip or spine, and whenever there 1s a
particular reason to fear sepsis, such as 1n operating on a
chronically inflamed bunion or on an old case of ostco-
myelitis, or 1n the presence of sinuses

Locally, a penmicallin 'sulphathiazole powder can bec used
1in the wound before skin closure, or at all levcls when
several muscular planes have been opened, as 1n nailing
a fractured femoral neck The real nisk of intoxication
from using an excessive amount 1n young and old patients
and the dangcr of chronic granulomatous reaction 1f the
powder 15 made up with talc should be remembered

Systematically, thcre 1s no pomt in grvng pemadln
pre-operatin cly, for what mattcrs 1s to saturate the post-
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operative wound hzmatoma with the drug and this can
be done by giving 200 000 umts ntravenously towards
the close of the operation folloned by 30 000 umits four
hourly thereafter

Pemecilin sensitivity 1s quite common nowadays and
should be treated with anti hustarmine drugs If it 1s
known that a patient 18 sensitive the fact should be
recorded 1n his notes Otherwise he may get a severe
shin reaction 1f the drug 1s used 1n an open wound

Bandaging and Plastering After an operation 1n a
bloodless field the compression bandage must be applied
to the limb before the occluding apparatus 1s released. It
has two functions—to prevent bleeding and to splint the
part 1n such a way that 1t can be moved and exercised
without pain  Following removal of a semulunar cartilage
from the knee the prevention of post-operative effusion
and the proper exercising of the leg depend largely on the
way the bandaging has been done  In such a case two or
three large rolls of cotton wool should be applied from
grom to ankle and secured by the same number of domette
bandages wound as tightly 1s possible All the slack
must be taken up in each turn of the bandage and a great
deal of strength expended if the cotton wool 18 to be
packed really tightly A cotton bandage will always
break under the stramn In other situations as on the
feet and arms the best packing materal 1s talor s cellulose
wadding which 1s put up i conventent rolls

Posnmmng the bandtged hmb 1n the ward 1s tmportant
\fter cartilage operations the knee 1s allowed to sag
strught by plaang pilows behind foot and calf only
Oneu an arm 13 bandaged the elbow flexion must never be
increased or the circulation may be obstructed

When 1 plster has to be applied after an operation the
turns of the plaster bandage should never be pulled tight
on the weol to hdp the hemostasis Compression 1s
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achieved either by a prehminary domette bandage or by
gently moulding the completed plaster case to the contours
of the imb  With arthrodesis of the smaller jomnts 1t 15
usual to take off the plaster case after two weeks, remove
the stitches, place the joint 1n 1ts permanent position, and
then apply a skin-tight plaster This type of plaster
should not be applied 1mmediately after an operation,
the expert may take such a risk occasionally, but the
novice 1s never justified 1 trying to copy him Some
surgeons indeed make a practice of sphtting even a padded
cast before the patient leaves the theatre, and this cer-
tainly makes for safety, especially 1f the patient cannot be
kept under observation afterwards But really efficient
elevation of the lIimb—and this 1s just as necessary
whether plaster 1s used or not—keeps cedema down to a
minimum, so that splitting, which always impairs proper
fixation, may be dispensed with Elevation does not
mean the half-hearted propping up of an arm or leg on
pillows The arm must be suspended vertically from a
stand, and the leg from a Balkan beam at an angle of at
least 60 degrees to the bed

If worries about the circulation in the limb make 1t
necessary to cut the plaster, this must be done from end
to end and the underlying bandages and wool also cut to
expose the skin, for even strands of blood-soaked dressing
are dangerous if they encircle a swollen Iimb



CHAPTER XI
WOUND SURGERY

PROVIDED the patent 1s 1 no danger from shock
either present or threatening the sooner a contaminated
wound 15 dealt with the better No exact time limits can
be set but 1t 15 probable that at the end of six hours
although there may be no great change 1n the appearance
of the wound apart from some superficial glazing organ
15ms have already established themselves i the tissues
and after eighteen hours they have begun to spread along
the cellular planes and lymphatic channels. Of course
there are exceptions to these rules  cases of gas gangrene
for nstance obviously do not conform to them But by
and large one can say that 1t 13 obligatory on a surgeon
to wait some hours while treatment 1s being carned out
for shockh  once shock 15 overcome the sooner he operates
the better after eighteen hours any effort he makes at
elimmating infection will do more harm than good

Early Cases  Apart from treatment for shock and the
taking of all necessary \ rays these patients are better
left 1 peace until they are under an anmsthetic on the
table Then a nurse can take off the splints remove the
dirty clothing and cover the wound with a fresh sterile
dressing while he prepares the surrounding shin as for any
other major operation  No tourmquet 13 used for fear of
gangrene

The surgeon now takes charge by draping the operation
area 1 the usual way Ample exposure 15 absolutely
cssential and m war injunies this almost always means
that the wound must be extended because the deep
destruction lends to be so much more wdespread than the

14y »
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supeificcal  When the whole area 1s fully displayed the
first stage of the operation 1s completed by excising a
narrow selvedge of skin, where 1t 1s soiled, and clhipping
on the wound towels

The next layer of subcutis and fat offers little resistance
to infection and 1s easily replaceable, so 1t should be cleared
away freely wherever 1t shows signs of involvement
Deep fascia, now revealed, 1s split with a scalpel to the
full extent of the wound, not only for the sake of exposure
but also to reheve any tension that may develop later on

This permits a thorough exploration for foreign bodues,
etc X-rays will help in the search, but such things as
bits of clothing, shvers of glass! and splinters of wood are
permeable to the rays, and must not be overlooked
because they happen to be non-opaque Ambroise Paré,
one of the first surgeons to record his experiences of this
kind of work, left an injunction concerming 1t to his
SUCCESSOrS —

(44

and rather believe the judgement of your fingers than
your probe ”

His advice 1s still sound and applies to other things
besides war surgery It does not pay, however, to open
up fresh tissue 1n order to find a distant and elusive foreign
body Usually 1t 1s better left, at least for the time being,
especially when 1t 1s smooth surfaced like a bullet and
unlikely to have carried cloth with 1t on 1ts journey

Formerly 1t was the custom to remove all damaged or
loose bone from the wound Impressed by the effects of
penicillin surgeons have now become less pessimistic about
the fate of these fragments Any attachment to peno-
steum or soft parts justifies leaving them, and in many
cases totally separated pieces have survived, acting as a
free bone graft

1 Only glass containing lead, ¢ g, bottle glass 1s radio opaque
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Because of the threat of infection from gas-forming
orgamsms the chief anxiety during an operation of this
sort must be with muscle particularly damaged or avas-
cular muscle 1n which such orgarusms flounish exceedingly
That 1s why the dedical Research Council 1n 1ts AMlemor
andum on the subject lays down Any alteration 1n the
appearance of muscle loss of contractility to mechamcal
stunulation or failure to bleed demands wide excision of
this most vulnerable tissue  Intermuscular spaces must
be opened up and blood clot removed since these con
stitate an 1deal pabulum for bactenal growth,

Shoulder battock thigh and calf are peculiarly lable
to develop ths form of infection and should recerve special
attention 1f thev are involved

Fortunately for the patient the nerves tendons and
aponeuroses because of their more compact structure do
not offer the same hospitality to organisms that muscle
does and superfictal cleansing of them 1s all that 1s
required  Only 1n the very carliest and cleanest cases
however should any attempt be made to suture tendon
or nerve (see Chapters \III and \IV)

It usually happens that more or less bleeding 18 exaited
by the steps described Lvery effort should be made to
check 1t by packs fora pressure etc without using
higatores Buned catgut 1s most undesirable 1in these
potentially infected wounds

1f there 13 a fracture it will be necessary to redace dis-
placemment  The plaster case which Is put on at the end
of the operation will maintain the position. Algnment
may not be perfect but 1t 18 better to wait until the threat
of mfection 15 past before resorting to any more drastic
means of correcting 1t

The whole area 1s now dusted with pemaillin powder
N\ext comes the question of dranage  Only 1n the most

} ARG, Memorandum No. 13
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exceptional cases, 1n which the surgeon is absolutely
confident that he has got rid of all infective material and
every particle of damaged tissue, 1s he justified 1n closing
the wound completely, even so 1t must be carefully
watched and re-opened at the slhightest sign of trouble
In other cases, and these form the big majority, drainage
should be as free as possible, 7 ¢, the wound should be left
entuely open  No deep sutures, fascial sutures, or skin
stitches are permissible until 1t 1s clear that the danger of
serious 1nfection 1s past And a dry gauze pack 1s so
placed that there can be no overlapping or falling together
of the margins

The pack 1s fixed 1n position with an ordinary dressing
and the whole limb 1s then enclosed in a loosely fitting,
well-padded, plaster cast, so as to put 1t absolutely at rest
This prevents muscular contracture, slows down the flow
of lymph and checks the spread of infection More
important still 1t makes any interference with the wound
impossible until the plaster 1s removed In consequence
the chances of secondary infection are notably diminished
Dunng the 1914-18 war only 15 per cent of wounds in
casualty clearing stations contained streptococct, this
figure rose to 9o per cent at base hospitals The repeated
dressings then considered necessary were responsible for
the difference

The rule of wide-open dramnage holds good in almost
every case where there 1s the shightest chance of trouble
Naturally there are exceptions With thoracic wounds
the pleura must be shut off When the bram 1s exposed
1t must be covered So also with the abdominal viscera

The through-and-through stab or bullet wound 1s the
only type that does not require early and efficient excision
Excision of such a long and narrow track, which perhaps

asses close to vital structures, would indeed be a formid-
able procedure Fortunately 1t 1s rarely necessary, for
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expertence teaches that the nishs of infection are not great
If left to their own devices these wounds usually do well t
Even when a large artery has been damaged and a hemo-
toma has formed 1t 13 wiser not to mterfere at least so
long as the blood supply 1s maimtamed by the collateral
circulation

Eighteen to twenty four hours after wounding there
15 very Little hope of elminating infection It has already
set 1n and treatment can mm only at providing drainage
for the discharges. The same wide ncisions as in the
earlier cases are required foreign bodies and loose bone
are removed but nothing 1s excised for fear of breaking
down the barniers that nature 1s starting to set up against
the mnvaders

Delayed Primary Suture Healing 13 by granulation in
wounds which are left open and 1s a tedious business when
allowed to take 1ts own coursec The first plaster may
remain 1n fairdy good condition for several weehs 1if the
discharge 15 not excessive then 1t must be replaced by
another which will probably last longer and so on until
healing 18 complete This regime certainly spares the
patient the ordeal of the dauly dressing but he remains an
mvahd for months and months

When penicillin was first introduced 1t was hoped that
1t mught revolunonise treatment by effecting a sterthisatio
magna and allowing a contaminated wound to be sutured
straightaway These hopes were disappointed But
peniaillin has made suture after the lapse of seven to ten
days a reasonably safe procedure provided that there 1s
no reddening of the shin no pus visible anywhere no
pyrexia and the patient can be Lept under constant
observation At this stage granulations have not yet
begun to infiltrate and freeze the structural detals and
the procedure differs very httle from pnmary suturing

* Ttus does not apply to wounds by phosphorous ballets.
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exceptional cases, 1n which the surgeon is absolutely
confident that he has got nid of all infective material and
every particle of damaged tissue, 1s he justified 1n closing
the wound completely, even so 1t must be carefully
watched and re-opened at the shghtest sign of trouble
In other cases, and these form the big majority, drainage
should be as free as possible, 7 ¢, the wound should be left
entirely open No deep sutures, fascial sutures, or skin
stitches are permissible until 1t 1s clear that the danger of
serious infection 1s past And a dry gauze pack 1s so
Placed that there can be no overlapping or falling together
of the margins

The pack 1s fixed 1n position with an ordinary dressing
and the whole Iimb 1s then enclosed 1n a loosely fitting,
well-padded, plaster cast, so as to put 1t absolutely at rest
This prevents muscular contracture, slows down the flow
of lymph and checks the spread of infection More
important still it makes any interference with the wound
mmpossible until the plaster 1s removed In consequence
the chances of secondary infection are notably diminished
Dunng the 1914-18 war only 15 per cent of wounds in
casualty clearing stations contained streptococci, this
figure rose to go per cent at base hospitals The repeated
dressings then considered necessary were responsible for
the difference

The rule of wide-open drainage holds good in almost
every case where there 1s the slightest chance of trouble
Naturally there are exceptions With thoracic wounds
the pleura must be shut off When the brain 1s exposed
1t must be covered So also with the abdominal viscera

The through-and-through stab or bullet wound 1s the
only type that does not require early and efficient excision
Excision of such a long and narrow track, which perhaps
passes close to vital structures, would indeed be a formid-
able procedure Fortunately 1t 1s rarely necessary, for
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follow the usual lines for a fulmnating cellubitis—long
tudinal incisions to rehieve tension and allow discharge to
escape  Or are the muscles mvolved ?  If they are the
condition of the patient before operation will probably
have given more than a hint of what 13 happening ~ This
deep 1nfection usually sets 1n with drumatic suddenness
twenty four to forty-eight hours after wounding Climeal
deterioration 15 as abrupt as if 1t were due to a big hemor
thage The discharge from the wound 13 thin and sanious
but 1t contains gas bubbles and gas can be demonstrated
elsewhere 1n the mb by means of an X\ ray  On explor
tion the muscles are found to be bloodless and non-con
tractile and their colour may range from plum through
various shades of yellow to the dark green of putrescence
If the patient s ife 18 to be saved whole groups of these
muscles must be excised but even in this devastating
disease the anatonucal barners retun their importance
gangrene does not leap lightly from one group of muscles
to another  So 1t may be possible to carry out segmental
exasions through longitndinal extensions of the wound
and so avoid amputation

The effect of pemciliin on this form of infection 15
peculiar It seemns that the orgamisms are killed although
the toxan 18 not neutralised so that the patients sometimes
die after surviving a cni;is At autopsy a line of dernarca
tion 18 found separating gangrenous from healthy muscle
Nevertheless the case mortality has been halved by nse of
the drug

Pitfalls in the Diagnosis of Gas Gangrene It 13 one of
the mystenies of infection that a culture taken from a
wound may gn e a profuse growth of viralent organtsms to
which the patient s tissues scem quite immune  Even the
B welchit may multiphy 1tself within the body without
becommg pathogeme  Diagnosis must therefore be made
on chimcal and not on laboratory grounds
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It will usually be carried out after transfer to the base,
and always in a fully equipped operating theatre, this
being the first occasion on which the dressing 1s removed
A pad 1s placed over the wound, exactly as before, while
the surrounding area 1s being prepared Then the skin
edge 1s excised, the tissues gently cleansed, and the parts
brought together without tension—skin incisions on either
side may make this easier Drainage 1s provided for any
dead space that resists obhteration Often 1t can be dis-
pensed with, and any exudate be aspirated through the
tubes used for injecting penicillin into the wound  These
are better introduced through lateral stabs rather than
between the stitches The himb 1s again 1mmobilised on
a plaster slab

The combination of local and parenteral pemicillin in
adequate doses 1s often enough to ensure what amounts
to healing by first intention, 1n spite of the mitial delay,
but this can never be relied on, and the surgeon must be
prepared to reopen should there be any evidence of
pocketing Fortunately this is seldom required As many
as 9o per cent of flesh wounds, treated along these lines
during the later stages of the second world war, were
soundly healed at the end of ten days

Supposing that secondary suture 1s undesirable for one
reason or another, or has been attempted without success,
the patient may still escape a wearisome 1iliness 1f the
process of granulation 1s cut short by early recourse to
grafting  The aim 1n all these cases should be to get ski#
cover as soon as possible, whatever reconstructive opera-
tions may be needed later on

Gas Gangrene Gas gangrene may be present, in which
case an important distinction 1s to be made Is it a gas
cellulitis, perhaps with extensive involvement of the
subcutaneous layers and discoloration of the skin, but no
deeper mmplications > If 1t 1s, surgical procedure must



CHAPTER \II
AMPUTATION

When to Amputate A surgeon must come to many
graver deasions than when and where to amputate but
none with more immediate or dramatic consequences for
his patient  Espectally 18 this so 1n the acaadent case A
man who goes out to work 1n the morning sound and 1n one
piece and finds humself by evenung without an arm or
leg suffers a ternble loss for which he 1s totally unprepared
It 1s not to be wondered at if he often goes through the
remainder of lus ife with an 1dea at the back of his head
that perhaps after all the imb mught have been saved
Sometimes the 1dea does not remamn at the back of his
head

It 13 wisc therefore to have a second opuuon before
amputating and to have 1t 1n such a formal fashion as to
leave no room for misunderstanding A sentence or two
and a signature on the history sheet will leave no room
for doubt 1n anyone s mind

This 18 all the more important nowadays because the
achievements of reconstructive surgery have greatly
reduced the indications for amputation Almost any
limb can be restored to usefulness provided 1t has sufficient
bloed supply to keep 1t alive. The field for emergency
amputation 1s therefore imited to cases in which —

(1) Gangrene 1s inevitable,
(2) Destruction 18 devastating
(3) Tulminating infection threatens life

Tew indications in surgery can be laid down as absolute
and these like all the rest are influenced by circumstances
7
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Surgical emphysema has been diagnosed as gas gan-
grene, and 1ts behaviour 1s often so unpredictable that
there may be some excuse for the mistake I have found
subcutaneous crepitation round the umbilicus of a girl
who had sustained no worse injury than the extraction of
a tooth The ways mn which air can find its way mnto
parts of the body where 1t has no business to be are too
numerous to set down It 1s sufficient to mention here
that 1t 1s quite commonly found 1n the neighbourhood of a
fracture which 1s compound through a puncture Fami-
harity with this fact may on occasion save a lot of heart-
burning

Secondary Suture  There 1s a sharp distinction between
secondary suture and delayed primary suture The latter,
as 1ts name 1mplies, differs little from primary suture, 1t
1s merely held up for a few days to make sure that infection
1s not developing  The former 1s carried out when infec-
tion has done 1ts worst and 1s subsiding

Nevertheless, secondary suture should not be unduly
postponed, or underlying fibrosis will resist all attempts
at infolding Three weeks 1s about the optimum By
then the area should be finely granular with little tendency
to bleed, and giving off no more than a thin discharge

It may be possible to approximate the skin edges by
deep sutures without any undercutting So much the
better if 1t 1s A lot of bleeding will be avoided If 1t
1s necessary to undercut a hot pack held in place for
some minutes will staunch the oozing The aim should
be approximation, apposition 1s too much to hope for
Lateral incisions will relieve excessive tension, and a well-
made corset 1n abdominal cases will take some of the strain
off the stitches If the first repair by this method 1s not
a complete success 1t can always be repeated DBut there
are cases, especially where there has been loss of skin from
the start, in which 1t 1s waste of time to defer grafting
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repairs are being carried out may easily spell pneumonta
and death for inyonc who 1s over sixty

\o matter what the age a leg can be removed with
much less hesitation than an arm  the resulting disability
being mcomparably less and the prosthesis much more
satisfactory At best an artifimal arm 13 Iittle use to the
owner Even when he has fairly good control over it he
1s still forced to rely on a senes of attachable apphances
for eating wnd dnnking telephomung typing etc  no
mechamcal devace can possibly replace the hand

Where to Amputate. A stump must not be so long as
to interfere with the joint 1n the prosthesis or to outstnp
1ts own blood supply  On the other hand 1t must not be
50 short as to slip aut of the socket or be under wsufficient
muscular control It 15 a basic principle of amputation
that the insertion of the main muscles should be preseryed

Army surgeons were given the following mstructions
about amputation levels —

Arm  Mcasured from tip of 1cromion

Optimum 8 1n
Animum 5 in.

Forearm Veasured from the tip of the olecranon
Optimum 7 1n
Mimmum 3 n

Thigh  Veasured from the top of the trochanter
Optimum 10 10
Mmumum 51

Leg Veasured from the hnec joint
Optimum  5¢1n
Mimmum 310

Allowance for the size of the patient 15 of course per
nussible  In a tall man the measurement for leg \mputa
tion may be mereased to 1. mches m 1 smAll woman
decreased to S inches
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Conservatism 1s not so important in an elderly patient
An old man will not miss a leg nearly as much as a younger
one And he can sit out in a chair the day after 1t 1s
taken off This 1s very important for im A long spell
in bed while sepsis 1s subsiding, bones are uniting, and

Ti1c 107 1o show the jomt 1 an rtthanl log wineh must be Hlowed for
mn deeiding the levdl of imputation I'his photograph allustrates the
oniginal Desoutter design of wheel control, which 1s now bomg mana
factured by Vobes Frost Sawntific Surgrod Applinees
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old as the art of war and as subject to pertods of obsoles
cence No wonder 1t 18 hung round with tradition some of
which dies hard Most surgery books give cryphe
instructions about measurement of the flaps with the
implication that they wall almost certainly shnnk  There
are no grounds for this fear Tlaps do not shnnk but
may easily slough 1f they are cut too long  They should
be cut to cover the stump with a bittle to spare the
surgeon s finger and thumb mahe an excellent caliper to

i

Fi1a. 109. Antero- l‘lo. ncL A racket Flg. 111 A racket m
fape for nmpuuﬁun of cmon bor
arm and kg

measure its girth At the fimsh any tadonng that 1s
necessary to give a snug fit can be done with a pair of
SC1850TS

What 13 the best type of flap? Here again there 1s no
need for elaboratton  Antcro-posterior flaps meet most
requirements (I'ig 109) and never slough from lack of
blood supply  The old objection to a termmnal scar 1s not
valid except with fingers and toes snce hmb stumps
are not end bearing  but 1t 1s better to make the antenor
flap slightly longer than the posterior so that the suture

line does not he directly oter the bone A racket inasion
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It goes without saying that a below-the-elbow or knee
amputation gives better control than one above The
mimmal measurements
given here 1epresent the
least length of stump
which 1s capable of con-
trolling a pirosthesrs But
at the shoulder 1t 1s
worth preserving less
for cosmetic reasons,
and also at the hip, mn
order to leave a con-
vexity and prevent
falling 1n of the tissues
At elbow or knee, on the
other hand, a stump of
less than the minimal
Fic 108 Incisions and levels of ampu- length becomes flexed

tation for the fingers Dorsal view and interferes with the
fitting of an artificial limb

In amputating for arterial disease 1t 1s usually safer to
go above than below the knee Nowadays, however, the
oscillometer and the electric thermometer give such accur-
ate information about the extent of ischemia that the
surgeon 1s often in a position to assess a case on 1ts own
merits

An emergency amputation 1s usually performed so as
to save as much tissue as possible  If the bone 1s fractured
there 1s no need to divide 1t higher up  Flaps should be
fashioned wherever they can be found, because 1t 1s
important to preserve skin  Re-amputation at a later
date will probably be required, when the procedure can be
carried out deliberately, and with proper attention to the

resulting function
Technique of Amputation. The art of amputating 1s as
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(€} It used to be the custorn to raise a cuff of pertosteum
before sawing through the bone so that this would come
together over the exposedend  Nowadays 1t 18 considered
sufficient protection gganst aberrant ossification to pro-
tect the muscle from dust with a pack wiile the saw 15 1n
action  In the leg the antenor edge of the tibia should be
bevelled off and the fibula cat back for one inch

(d) Tormerly too special precnutions were taken over
the maimn nerves. They were pulled down crushed and
tied off high up  Thus was done 1n the hope of preventing
the formation of a neuroma It always fatled 1n 1ts object
Nothing will prevent a neuroma from formung on the
end of a cut nerve  But the neuroma will not give trouble
if 1t does not become attached to the amputation stump
50 there 15 still a case for high division  1f the nervesa
big one an injection of nov ocasne mnto 1ts trunk will dimimish
the shoch of the procedure by blocking conduction

(¢) Tendons are cut back to prevent them from forming
undesirable attach

ments Efforts to [ -
restore some degree of
function by re-attach
mg tendons either to
bone or to each other
{as 1in the fingers) have
never met with much
success and have often
done more harm than
good Fig 113, Sutunng the fucia  (ly cour
(/) Vessels require iy of Meurs [intteraortk  Dnhsk
a double ligature artery Swreucal Prectice )
and vein separately because a common hgature might cat
through and establish a communication between the two
In cases of gangrene however artery and vem are often
bound together by an inflammatory reaction and the

(33

»
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15 still used for amputation at the knuckle, and sometimes
at the shoulder and hip

The steps of the operation are as follows —

(@) Skin, subcutaneous fat and deep fascia are raised
together In some parts of the body the deep fascia
thickens into an aponeurosis, as 1n the ilio-tibial band, or
blends with the periosteum as over the shin  Whatever

- = — - e x - —

Fic 112 The scar of a thigh amputation should he shghtlv to the bach

its arrangement may be it gives a good hold for suturing,
and should be made use of, even 1f this necessitates
elevating the pennosteum a little from 1ts bed

(b) Muscle s severed  Although 1t retracts the aponeu-
rotic suture will bring 1t together again at the finish, and
so help to obliterate dead space and prevent the skin from

becoming adherent to bone
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thumb should be saved  T'uuctronally 1t 13 half the hand
In ancient tumes the victors mn 1 sea battle used to cut off
their opponents thumbs 1n order to incapacitate them
Conservatism 18 the Tule too with the fingers though with
some qualificaton The tendons are inserted nto the
bases of the second and third phalanges and amputation
proxamal to these 15 Iikely to leave the patient no better
off than 1if the whole finger were taken away  There 18
however something to be said for 1t 1n the case of the third
and fourth fingers—the stump maintains the alignment of
the fingers that are left which otherwise tend to fall
together From a cosmetic point of view amputation at
the knuckle 15 always inchined to leave an ugly hand m
the first and fifth fingers because of the prominence of the
knuckle in the thurd and fourth because of the wide gap
remamning  The difficulty can be got over by excising
the knuckle (Fig 108) but this sacrifice weakens the gnp
and must not be imposed on a working man Occupation
15 a thing that must always be given full consideration 1n
dealing with such problems
With finger amputations more than any others 1t 1s
essential to have good healthy skn cover preferably
gmglmge(firomnﬂ:s palmar aspect where sensation 18 better
eveloj 1s achieved by using a palmar
which has the additional ad\antige ofgm.rrymg the ﬂsgr
to the bach where 1t 15 away from pressure At the meta
carpo-phalangeal joints a racket masion with the handle
posteriorly  grves good results (Fig 108) The digatal
ne: es a;ﬁj tendons should always be cut back
m; n Sepsis
complf;ho; o?na‘:nlgftzttﬁ: th % common enough
ough 1t sometimes comes
as a surprise to the surgeon who argues that since he las
been at great pams to 1solate the stenle field there should
not be a tugher madence of mfection than 1n any other
operation  With an acadent case he argues of the
LS
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attempt to separate them may mean unjustifiable delay
In amputations at shoulder or hip a tourniquet cannot be
used with any satisfaction, and 1t may be adwvisable to
start the operation by ligating the subclavian or external
ihac arteries 1 continuity The racket incision was
designed with this object 1n view Having secured the
main vessels all others must be dealt with methodically
The little artery accompanying the sciatic nerve often
gives trouble 1t should not be ligated unless it can be
separated from the nerve

(¢) The flaps are anchored to each other by a few inter-
rupted stitches, and i1f there 1s any redundancy 1t 1s
carefully tnmmed away If not corrected, puckernng,
inversion, etc, will lead to intertnigo later on  'When the
fit seems satisfactory the fascia 1s carefully brought
together with interrupted sutures before stitching the
skin When possible 1t 1s better to avoid drainage quite
often even this precaution does not prevent hamatoma
formation (see Chapter VII)

Healing should be by first intention, and when 1t 1s
complete the wound should be quite mobile on the deep
tissues, 7 ¢, the bone In other words, the result, so far
as the wound 1s concerned, ought to compare with the
1esults of any other type of operation

The instrument maker likes a conical stump of the
right length, with the skin freely movable over 1ts ex-
tremity, so that 1t 1s not dragged upon by the in and out
movement 1n the socket Immediately the stitches have
been removed, therefore, the stump should be firmly
bandaged from below upwards 1n order to mould 1t into
the desired shape If necessary a temporary pylon may
be used to encourage this process

The Hand From what has been said about the hand
1t 15 clear that no effort should be spared to preserve 1t 1n
whole or 1n part At all costs as much as possible of the
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procedure 13 that there 1s nothung to prevent the muscles
from retrachng carryng with them the other covermgs
of the limb and leaving bare bone to protrude imnto the
dressngs  Below the site of election this 1s unfortunate
At the site of election 1t 15 disastrous because the pabient
18 left with a conical stump which can only be wnproved
by re amputation the new stump being inevitably too
short to control a prosthesis  If therefore 1f 13 necessary
to amputate by the guillotine method some form of exten
ston should always be set up to control the soft parts after
operation

Late amputation of an infected stump or extremuty
may still be hazardous 1f proper precautions are not taken
agawnst a flareup  Every effort should be made to reduce
sepsis to a mmmum before operation in such a case At
the time of operation the infected area should be rigorously
excluded from the sterile field so that there 13 not the
shghtest possibility of conveymg wnfection directly from
one to the other  This does not get over the difficulty of
the lymphatics which may spill their effluent into the
wound when they are cut across  So adequate drainage 1s
necessary to provide against the worst should it occur

In all these cases antibiotics must be given pre and
post-operatively

Complications and Sequelze of Amputation (1)
Hemorthage It has been sad that if 1t takes five
minutes to remove a limb anotber twenty five should be
occupted m deahng with the bleeding Certamly the
surgeon should take very great care of the main vessels
and after the tourmquet has been taken off spend a con
siderable time picking up the smaller ones the most
troublesome of these will be found on the cut surface of
muscle which has a great tendency to coze unless hemo-
stasis 15 very thorough When there 15 @ possibility of
secondary hemorrhage as from a guillotined stump 1t 1s
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mangled {foot 1s well wrapped up, the leg 1s thoroughly
prepared, and the amputation 1s carried out at the site of
election, a hand’s breadth below the knee, there should be
no reason for concern about the wound

It 1s true that the ordinary precautions should prevent
trouble 1n a case of this kind when there has been no great
delay between the time the injury was inflicted and the
time the patient was put on the table But if more than
six to eight hours have elapsed organisms will have begun
to spread along the lymphatics 1n a proximal direction
and will have probably reached as far or further than the

Fic 114 An extension on an unsutured amputation stump,
preserving cover for the stump 1s the secret of success

site of election Amputation followed by immediate
closure under such circumstances 1s a risky business The
only safe thing to do 1s to proceed on lines analogous to
those given 1n the chapter on wound toilet The skin flaps
can be loosely stitched over a pad of vaseline gauze, and
left for a day or two before they are brought together by
delayed suture, or alternatively, they can be held apart
by an extension apparatus until the danger 1s over In
still later cases, when 1nfection 1s established and perhaps
menacing life, similar methods must be employed But
there will sometimes be patients so 11l that operating time
must be cut to an absolute minimum, and drainage must
be total Here the guillotine operation comes into 1ts own,
and the surgeon does his work with a sweep of the knife
and a cut of the saw  The great disadvantage of this
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Refrigeration Anzesthesla In many amputation cases
the patient 15 1n very poor condition to withstand a major
operation He may be an artertosclerotic with a failing
heart a diabetic with a high blood sugar or toxic from
the absorption of the products of mowist gangrene A
general anmsthetic on top of his other disabilities may be
just enough to tip the balance against him

It has been found that if the linb 1s completely sur
rounded by crushed ice for two or threec hours before
operation sensation 15 abolished and there 1s no need for
any further anmsthesia  If a tourniquet 1s used 1t should
not be applied until the 1cc has had an hour or so to act
The 1ce 15 left until the patient reaches the theatre

Refngeration as might be expected chechs bacteral
activity and reduces metabolism to a mummum It can
be used to relieve pamn and abolsh the toxmrua from a
gangrenous limb 1n the days preceding operation while the
patient s general condition 1s being built up to fit him for
the ordeal  The great dranwback to this form of treatment
18 the difficulty of heeping the sheets and blankets dry but
1t can usually be overcome by packing the 1ce into mackin
tosh bags or some other form of watertight container
which druns away towards the foot of the bed
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not a bad plan to disperse the blood stream by ligaturing
the main vessel 1n continuity higher up

(2) Sepsis should not arise in clean cases, but it not
uncommonly does, mainly as a result of hamatoma
formation

(3) The commonest complication affecting bone 1s the
development of osseous extensions of one sort or other,
but since most of these “ spurs ”’ cause no trouble perhaps
1t 1s wrong to describe them as complications Infection
mvolving bone 1s a much more serious consideration, and
may result in the formation of a ring sequestrum  Any
disparity between length of shaft and cover for 1t 1s likely
to lead to bone protrusion, and this 1s another way In
which osteomyelitis may arise The sequence 1s not un-
common during the years of growth In the adult a
similar disparity produces a terminal ulceration of the
stump, which can only be cured by re-amputation at a
higher level

(4) Adherent Scar This complication can be pre-
vented by bringing fascia and fat together over the end
of the bone A patient may be fairly comfortable mn
spite of having an adherent scar, but 1t should be remem-
bered that at every step he takes there 1s an 1n and out
movement of the stump in the socket and 1f the skin cover
can move freely on the deeper parts this piston action 1s
much less likely to cause trouble than if 1t cannot

(5) Puckering and intertrigo are due to redundant flaps
Ulceration and eczema, most often seen after amputation
in the upper third of the leg, are due to inadequate flaps
or flaps with poor blood supply

(6) Adherent Neuroma (see above) Apparently some
pan following amputation 1s caused by interference with
the sympathetic supply to the imb  Causalgia 1s of this
nature How exactly 1t 1s produced or how 1t can be

avoided 1s not clear
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the right course to take  Anythingin the way of explora
tion or leaving suture material behind 1s entirely wrong
under such circumstances  The repair should be abso-
lutely ignored for the tume bemg and attention concen
trated on measures to combat infection When the
wound toilet 15 complete the skin 13 closed 1nd nothing
further 15 done until all danger of a flare up 1s past

Time for the Second Operation If healing follows by
first 1ntention 1t may be safe to tackle the next stage
within a fortmght or less  On the other hand if nfection

(a)

]

Fio 115 lhthmtum a transvense laceration this shondd not be
400 90 23 10 give & T-ahaped nound | (a) 3 wrong, (3] b tach bector
develops further interfercnce may have to be postponed
mdefimtely It 13 not enough to wait until discharge
ceases  The tissues must be quite soft and free from all
tenderness before 1t 15 safe to do the second operation  If
thus tahes more than a month direct tendon suture may be
impossible because of muscle shortening n which case

grafting will be required

The Exposure for Tendon Suture Since identification
of tendons at any stage 15 seldom an easy business 1t 13 not
a bad plan to operate under some form of bloch anmsthesia
s0 that the patient can help in the search by moving or
trying to move any particulnr digit  But whether the
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. TENDONS

TENDONS with sheaths, ¢ g, the flexors of the wnist and
ankle, and tendons without, e g, the corresponding ex-
tensors, behave differently from a surgical point of view
The former when cut retract within their sheath, which
prevents them from forming adhesions, the latter retract
much less, and may even re-unite Neither are well
equipped to deal with infection, but of the two the sheathed
are more handicapped, a sheath being an invitation to the
spread of suppuration and a check to sweling That 1s
why infected flexor tendons commonly slough

Primary and Secondary Suture. The casualty depart-
ment 1s no place for tendon surgery All the refinements
of the main operating theatre are essential if good results
are to be obtained, and even with these there can be no
certainty about thessue So pessimistic are some surgeons
over these cases that they refuse ever to perform a primary
suture of a cut tendon This 1s an extreme view The
chances are that immediate suture of an extensor tendon
in a clean wound, or in one that can be cleaned by a
standard surgical toilet carried out within the prescribed
limits of time, will prove successful  Flexors tendons,
with their tendency to retract and to harbour infection,
are less amenable, but, unless circumstances are adverse,
the challenge should be accepted 1n the palm and certainly
at the wrist, where cut ends are very apt to fuse 1f they
are left When, however, the state of the wound 1s open
to doubt, and still more when there 1s crushing, bony
mjury, or skin destruction, there can be no question about

184
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already be an adherent scar and perhaps an extensive
one  After severe sepsis All the tissues of the part mclud
ng the skin may be blended mto a conglomerate mnss so
that the task of restoring anything resembling the ongmal
architecture seems quite hopeless  If 1t 1s 1ttempted the
first step should always be to provide a new nd mobile

_-.IALJ_EM’ "{" ot

Fio 117 Contracture fallow g an anterior inciston on a finger

skin covering  And whatever the condition beneath the
approach should mvanably be by a flap from one or other
side of the affected area

Display of the damaged tendons may be extremely
difficult m these cases so the rule of dissecting from the
normal towards the abnormal should be closely observed
above or below the frozen landmarks of the leston 1t my
be comparatively simple to find plines of cleavage The
aim should be to clear the field of evert particle of fibrous
tissue leaving only the normal structures m a bed of
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anzsthetic used 1s local or general, a tourmquet should
never be dispensed with

In a primary suture 1t may be possible to 1dentify the
cut ends in the oniginal wound, the distal by flexing or
extending a digit, the proximal by milking or squeezing
the synovial shrouds But not uncommonly wider ex-
posure 1s necessary before this 1s practicable The
obvious step then 1s to extend the incision along the course
of the tendon until its retracted end 1s revealed But if

Tic 116 Incisions for the hands and fingers

this 1s done the healing scar will lie directly on top of the
tendon and may become adherent to 1t in 1ts whole length
Any extension must therefore be on the z1g-zag principle
(Fig 115) All creases must be treated with the greatest
respect Incisions crossing the palmar flexures are likely
to contract , mud-line longitudinal incisions on the fingers
are certain to  Sometimes 1t may be possible to identily
a retracted tendon end through a separate incision higher
up, pass a suture through 1t, thread this on a probe, and
shp the probe down the thecal tunnel to where the other
end has been exposed below  Skin ncision 1s thus

reduced to a mmmum
Secondary Suture In secondary suturing therc may
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The twin bugbears of tendon suture are —

Cutting out
Adhesions
The longitudinal arrangement of the fibres plus the

strength of the pull transmutted through them makes
cutting out almost certam with a flexor tendon unless
special precautions are taken to prevent it happening
And this means something more than the use of an
unabsorbable suture for this will cut out as readily as any
other when reactionary softening sets in  The only real
safeguard lies 1n some form of splicing  Switable methods
are 1llastrated 1n the diagrams

F10. 119.  If tendans of anequal sirs are united the larger
ead will sproat and farm adbegons,

Whatever technique 18 used nothing must be done
which mught encourage the formation of adhesions
Trayed ends should be carefully timmed matching shoald
be accurate  And all knots should be buned with ther
ends cut short so that there 18 no thickening round the
union

Adhesions between a tendon and its sheath can be
broken down 1f movement 1s started early (three wecks
for a flexor tendon) As much cannot be said for adhesions
to surrounding structures especially when they are as
mtimately related to the tendon as the digital theca or
the annular ligament. Where the relations are less
cramped as between tendon and skin a layer of fat can
sometimes be interposed between the two to act as an
msulator 1t 1s particularly useful if there 15 an 1nasion
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healthy fat and areola  If this 1s not done thoroughly
recurrent fibrosis can be counted on to reproduce the
original pathological condition  Fibrous tissue breeds
fibrous tissue !

To get a good functional result every tendon must be
repaired, or at least none may be left tethered If repair
1s not practicable a tendon should be excised or trans-
planted into an adjacent one, for if i1t remains bound
down 1t will hamper the others ansing from the same
muscle group like a lame horse 1n a four-in-hand

Fic 118 (a) This stitch 1s of one length, but two needles are used The
proximal half 1s mnserted first, and 1ts slack taken up Then the distal
half 15 inserted, and its slack taken up so as to approximate the two ends
(b) This stitch also 1s inserted with two needles , 1t 1s suitable for a primary
suture

The Suturing A tendon should be picked up with a
tissue forceps that gives a good grip, 1t ought not to be
crushed by a Spencer-Wells or frayed by an instrument
that allows 1t to ship

Linen thread, fine braided silk, or steel wire, are the
best matenals for suturing  Catgut 1s irritant, bulky and

Jargely absorbed before the time when gentle movements

should be started

1 This applies every here—in a Dupuy tren'’s contracture, a torticollss,
or a fistulous perincum
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unless a speaal techmque is employed  This involves
sacrifice of the sublumis tendon and the use of a suture
which provohes the absolute mimmum of reaction 1s
completely buned at the site of the lesion and can be
removed after 1t has done 1ts work  Bunnel uses No 40
gauge stainless steel wire on an atraumatic needle and
leaves 1t for three weeks
Failing thus 1t 15 worth trying a free graft obtamned from
palmans longus or one of the extensors of the toes The
tinger 13 opened through a lateral incision 1n front of the
digital nerve and both tendons excised leaving only the
stump of the profundus which 1s split The retrcted
profundus 18 next exposed through a palmar mcision and
fixed to the graft from the other end of which a suture 1s
threaded mnto the finger on a probe The graft 15 then
delivered and umited to the spht profundus by a wire
passing through the phalanx and tied over a button
Tendon Transplantation and Fixation  Probably the
most convemient method of transplanting one tendon into
another 18 to make a shit 1n the recipient tendon pass the
other through and bury 1ts end 1n a small inciston in the
recipient just below the sht so that 1t does not throw off
adhesions  To fix a tendon to bone pass 1t through a
drill hole mn the bone and suture 1t back to 1tself using
a sumlar techmque
Tenotomy \ tendon without a sheath can be czt
subcutaneously but the results are often unsatisfactor
and the procedure has been largely given up except for
the extensors of the toes An open operation 1s muoch
more curtain and does not carry the same nish of doing
too little or too much  The tendon 1s shit longitudinally
with 1 small transverse incision at either engd This per
mits exactly the amount of slide requured to uchlcw_[thr
desired effect which can then be maintained b
The Dressing At the end of v suturing
2% operation on o
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that 1t 1s practi-

SURGICAL TECHNIQUE

In the Hand A flexor tendon can be sutured at the
Here the sheath 1s so narrow

wrist or 1n the palm with good prospects of success
so i the finger, at least proximal to the insertion of

sublimis
cally impossible to avoid making the union too bulky,

i the neighbourhood which threatens to become ad-
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CHAPTER IV
NERVES

It is doubtful whether 1t 15 ever justifiable to do more
than anchor the ends of a divided nenve together at the
time of the 1ccident  Even a straightforward suture my
set up intra neural infection and any more elaborate
interference may spread trouble far and wide The
results appear to be better if the actual repair 1s left until
later when all chance of sepsis 1s pist  If the wound
becomes infected 1t may takhe a long while to heal and 1t
will be still longer before the part 18 10 1 really healthy
condition  The delay 1s bad for the nerve and bad for the
hmb but 18 unwvoidable though cverythng should be
done to shorten 1t as much 1s possible  Meanwhile all
jomnts should be put through a full range of movement at
least once daily and the muscles kept m tnm by electnical
stimulation  When the second stage has to be postponed
beyond a year or aghteen months the prognosis 13 poor

In the arcumstances the definitive operition 1s likely
to be a difficult one A tourmquet should be used and
the uswal rules for incisions observed (see chapter on
tendon suture) The nen ¢ 1n these cases 18 often adhercnt
to the shuin at the level of the injury 1t should thercfore
be exposed “bove wnd below where 1t retans its anato-
miucal rdations  Dissection—always along the course of
the structure n danger ncver across it—then reveals the
lesion  Specinl care 15 needed when working 1n a retro-
grade direction to avoid damaging dn erging branches

The bulbous ends of the ner e must now be amputated
This 15 done by t1hing senal sections off 1t with a sharp
scalpe]l until a plice 1s reached At which the fumcular
pttern 1s nonmal 1nd there 15 no excess of fibrous tissue

” 3
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the wound should be absolutely dry, and even so a firm
pressure dressing should be applied to discourage reac-
tionary oozing If a hamotoma develops fibrosis 1s
certamn to follow As a final safeguard agamst this, and
1n order to prevent any strain on the repair, the part should
be completely immobilised, preferably in plaster of Paris
Elevation for 24 to 48 hours after operation relieves con-
gestion and lessens pain

Union of a cut tendon takes four weeks, but some
surgeons permit active movements very much sooner than
this
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obstacle to recovery  Fine braided silh preferably on an
eyeless needle 1s far and away better than any form of
catgut for the sutunng

Anything in the way of tension must be completely
relieved otherwise the operation 1s likely to be a failure
As has been smd wide mobilisation 1s the most important
means of securing this but some help may be had from
liberating or even sacnficing known branches and trans-
position 1s possible 1n certain sitnations e g  the nlnar
nerve from the back to the front of the elbow  Also the
position of the limb can be altered. Flexion at wrst
elbow or knee may help to overcome separation bat 1t
does not do to trust too much to this method  Whatever
present advantage 1t confers the joint must eventually be
extended and this extenmon may cause enough intra
neural fibrosis to estabhsh a fresh block to conduction
At the wnst 45 degrees of flexion 13 given as the upper
Lirmut for safety at elbow and knee go degrees. Whatever
the ease or dufficulty of union a nerve swture should be left
unttd all other procedures (tendon sutures elc) are complele
Then the wound can be closed and the hmb wnmobilised
mn a postion of relaxation without further disturbance
The craze for 1solating the suture line with any form of
tube natural or manufactured 1sdead. The best covermg
1s fat and if this 1s not available in the immediate neigh
bourhood 1t can usually be swung over 1n the form of a
pedicle graft from somewhere close at hand  Evenafitis
necessary to use a free graft there 1s always a good chance
that 1t will survive

Prognosis  With a gap of more than 7 cms (5 crus for
the external popliteal) direct suture 13 seldom followed by
Testoration of function  Nerve grafting 1n various forms
has met with some success in these cases The other
factor that plays a big part n prognosis 1s the level of the
lesion A high lesion means that the regenerating fibres

o
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The resection 1nevitably adds considerably to whatever
shortening may have been caused by the original mjury
Chief reliance 1n compensating for this must be placed on
extensive mobilisation, pursued 1f necessary from forearm
to arm, or from leg to thigh Full exposure 1s absolutely
necessary, and it 1s wise to start the operation with an
mcision which traverses the whole length of the part
There need be no fear of cutting off the blood supply of

the nerve by separating 1t from 1ts
bed because most of the vessels in
1ts substance run longitudinally
Four things are to be avoided 1n
_gzz _— suturing —

=_—— (r) Crowding

= )
%ﬁé/%’ (2) Rotation
(3) Cutting out
(4) Tension
It 1s easy to prevent crowding
of the ends Rotation can be
guarded against by attention to
the natural lie of the nerve, its
Fic 120 Anervesuture  ohane and striation, and the funi-
cular pattern of its cut surface If these are taken into
account 1t ought to be possible to msert a couple of stay
sutures to maintain correct alignment while the permanent
suturing 1s being completed  Accuracy 1s important,
because the slightest rotation may result 1 motor fibres
being diverted along sensory paths and vice versa with
inevitable frustration of function
No suture, stay or permanent, should go deeper than
the sheath (which 1s agrecably thickened at the timc of a
secondary operation)
Only the most dclhicate dissecting forceps may be uscd,
and these agamn only on the shcath  I'he shghtest trauma
will produce intra-ncural fibrosis, which 1s the man
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surgeon to come to a conclusion and so will the response
to electnical stimulation of the exposed neme  Some kand
of stimulator should alwavs be available i1n the theatre
when this type of case 13 being operated on If doubt
persists 1t 1s quite justifiable to mcise the neuroma
longitndinally and examune 1ts texture

Preventing Regeneratton Oddly enough when the
surgeon 15 concerped not to restore continmity but to
abolish 1t for good he not infrequently fails in his object
This 18 manly true of sympathectomy and the reappear
ance of function may have to do with opening of new path
ways rather than regeneration Whatever the explana
tion 1t 1s wise to make o wide exaision and sometimes to
put a siver clip on the cut ends of the chan or anchor
them well away from thesr ordinary posttion
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have a long way to travel and are, 1n consequence, less
likely to reach their destination ~ Aninjury to the brachial
plexus 1s not one that can be regarded with any optimism
by the surgeon who attempts to repair it

A Check on the Result. Since disruption of a sutured
nerve usually goes unrecognised until 1t 1s too late to hope
for any success from a fresh attempt at repair, some
surgeons take steps to ensure that they get early informa-
tion of what has happened By attaching two tiny metal
clips or stitches of steel wire to the epineurium of the nerve
on either side of the union and X-raying at the end of a
month, 1t 1s possible to tell at once whether separation has
occurred or not

A similar principle has been used to keep check on other
types of suturing, e g, 1n herniorraphy

Lesions 1n Continuity A closed 1njury to a nerve 1s
seldom a complete one, even though the resulting paralysis
may appear tobe so The reverse is true of an open mnjury,
or one that has been open 1n the past It follows, there-
fore, that delay 1n operation 1s justifiable and often advis-
able 1 one case, rarely in the other, when carly repair
gives the best hope of a successful 1ssue  If motor loss 1s
not recovered within eighteen months 1t has probably gone
for good, any {further delay in restoring continuity 1s,
therefore, unjustifiable  Sensory loss may be regained 1n
some degree as long as five years after an accident, which
gives the surgcon a much wider latitude 1n dealing with a
nerve hike the median, whose sensory function 1s much
more 1mportant than its motor

At exploration 1t 1s somctimes found that anatomical
continuity of a ncrve has not becn lost, the ends bang
united by scar tissuc, by o« combination of scar tissuc and
ners ous tissue, or by some kind of ncuroma The decision
whether to resect and suturc or to leave well alone 1s then
a delicate one  Chimical findimgs heforchand wall help the
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Heparn ongnally prepared from Inver has been suc
cessfully synthesised  In 1/T 000 solution in saline 1t takes
the place of the 3 8 per cent sodm citrate which was
formerly employed to wngate a wound while 1 vessel was
being sutnred It may also be given intravenously either
mtermittently or by continnous dnp 1n order to lengthen
the coagulation time of the blood generally  Its effect 15
evanescent so of the two methods the drip 1s preferable.
For fear of actual hemorrhage 1t 13 wise not to start
admimistration until four hours after the operation Dosage
1s different with different preparations and should be
checked by estimation of the coagulation tume  Tiwenty
four thousand Canadian umts 1n twenty four hours will
treble it n most cases and this 15 about the limit of safety
Simultaneously dindevan can be given by mouth It
takes twenty four hours or longer to act but may then
replace hepann. The customary dose 13 100 mgms twice
d-ly for the first twenty four hours and 50 mgms twice
daily after that under laboratory control  Protamine
sulphate 10 mls of 1 per cent ntagonises hepann and
Vitamin K, has a sumilar cffect with dindevan

A solution of papavenne applied externally to a vessel
at the time of operation discourages distal spasm which
might mar the result

Technique. Anti-coagulant drugs are a considerable
help in vascular surgery but some surgeons because of the
rish of hemorrhage only use them locally and depend on
the accuracy of their techmque to prevent thromboss.
S0 long as the blood has access to tissues 1n which hemo-
plastin has been liberated by surgical or other trauma
clotting 1s inevitable  All depends then on restoring the
continuity of the intima which s the msulating coat and
domng 1t 1n such a way as not to damage its gossamer
structure  Delicate instruments and the finest of paraffined
silk are essential for this kind of work.
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VESSELS

Anatomy and Physiology The student fresh from the
dissecting room and the physiological laboratory expects
to be able to recognise a major artery by its bright pink
colour and wvigorous pulsation  Actually, 1ts colour 1s
white (with perhaps a bluish tinge), and 1t may be as life-
less as a piece of string and not much thicker 1f 1t has been
at all traumatised Sometimes the whole vascular tree
of a limb 1s thrown into this kind of spasm, which the
French call ** stupeur aiterrelle ”’

Case Note A house surgeon was left to deal with a case of
varicose vemns Instead of tying off the internal saphenous
vein he tied off the common femoral artery

A similar blunder has been made more than once and 1s
by no means as incredible as it sounds Anyone who finds
it difficult to imagine how such mistakes can occur will
find enlightenment if he ever sees the brachial artery and
the median nerve exposed by operation 1n the middle of
the arm (the relationship of these structures to cach other
at this level 1s not constant)

FFor the most part a vessel operated on 1s discased, and
1n consequence 1ts structure must be greatly altered An
atheromatous artery has been known to give way while
being gently handled , 1t 1s quite usual to find artcry and
vemn glued to each other by inflammatory rcaction when
one or other 1s thromboscd

Anti-thrombotics T he normal clotting time of about
five minutes can bc greatly prolonged by two substances,
recently discovered, he parin and dicoumarin
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1n the laboratory rather than on one of his patients  After
1 little practice he m1y conclude that the difficultics
appear more formudable than they really are

Tor exploration or anastomosis the steps are the same
whether artery or vein 1s bring dealt with though natur
ally the latter 18 easier to manage because of the lower
pressure within 1its lamen  In neither case 15 heemorrhage

Fio 23 Toclowt anincuon lna el intertu
sutures are inserted 80 an to srert the

ted mattress
ges.

nearly such qn obstacle to progress as might be imagined
1t 1510 fact more of a bugbear than  real danger Duning
the opertion 1t can be casily and effectivedy controlled 1
1 numbcr of wavs  haubber covered clamps temporary
Lipatures tied over bits of pressure tubing traction on
tapes threaded under the vessel 1bove 1nd below alunmin
um chps Il answer the purpose satisfictonly  And
when the operation 1s fimshed 1t 13 surpnising how com
pletcdy sutunng, stops bleeding even from a main artery
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[wo operations will be described—ceaploration of a
vessel (as for embolectomy), and end-to-cnd anastomosis
of a divided vessel  Embolectomy 1s attempted fairly

I''c 121 Hemorrhage can be controlled by tying 1 piece of tape
round some rubber tubing latd alongside the vessel

commonly 1n recent years and 1s not a complicated
procedure The opportunities of doing an end-to-end
suturing after accidental division of a vessel are few and
far between, but short cucuiting of vessels by deliberate
and carefully planned anastomosis 1s now being carned

\

Fic 122 Hamorrhage controlled It 123 Alummwum chp on a
by rubber shings vessel used 1s a trial ligature

out 1n some clinics for certain forms of vascular obstruc-
tion This type of suigery 1s still in 1ts infancy, but 1s
undoubtedly entering on a period of expansion such as
gastric surgery passed through fifty years ago The
surgeon who looks to the future and interests himself 1n 1t
must learn the technique 1n the clinics where the experi-
mental work has been done, also he may find 1t well
worth his while to perform his first operations on an animal
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account 1t 15 never easy to repair  An end to-end anasto-
moms for instance must often be under a good deal of
longitudinal tension which 13 certun to interfere with
healing  Not only this but suturing 15 very hikely to pro-
duce narrowing and that at a pomt where the intimal
Iining is brohen  All thesc factors predispose to throm
bosmis but one at least can be mmimsed by taking great
care to avoid puckenng
The following technique 1s accepted (Fig 128)

1
(#) ® () f

Fio 138 ‘Vascular anastomosls (‘; Strippuing the adventitia  (5) The stay
satwres.  (¢) The sutunng.

(1) Cut awny excess of adventiia 1t tends to be
redundant

(2) Anchor the two ends together by three guys in such
a way as to form an equilateral tnangle with everted edges

(3) Make the anastomoss with a conttnuous stitch but
anchor 1t to each guy 10 turn so that 1t cannot pucker

(4) Release the controls If there 1s any bleeding a
mattress or two will check 1t

The Collateral Circulation  The collateral circulation 1s
a thing never to be forgotten 1n vascular surgery  There
1s always a posuibility greater 1n some cases than others
that 1t will open up and provide an alternative route for
the blood to travel by But this requires time and aniv-
thung whach will t1de the patient over the danger period 15
worth trying  So an anastomosis which 15 eventually
doomed to obliteration may have served 1ts tarm 1f 1t kreps
even a dimmished stream of blood flowing for twents facs
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Exploration  IFor exploring a vessel, the mcision, which
should always be longitudinal, 1s defined by a couple of
stay sutures at ecither end Between these the kmife goes
cleanly through all coats The interior can then be
examined by cautiously releasing the upper or lower
control , a soft catheter slipped up and down the lumen
with gentle suction applied to its mouth will dislodge any
clot that has not already escaped Mattress sutures, care-
fully introduced so as to eveif the edges, are used to close
the incision (Fig 125)

The present tendency 1s to reserve this procedure for
cases 1n which an embolus lodges in the aorta, ilac, or
femoral vessels Embolism 1n the upper himb 1s probably

Fic 126 A torn vessel gapes a severed vessel contracts and retracts

better treated conservatively with the help of anti-

coagulants
Anastomosis A partial or complete transverse section

of an artery 1s always followed by retraction, and on this

Fic 127 A longitudinal laccration in a vessel retracts a little, but a transverse
laceration gapes widely and 1s often best repaired by completing the

division and re anastomosing
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Restoring the Lumen Reconstructive surgery 1s only
posaible with the larger vessels in which the wider lumen
simplities suturing and the forceful blood stream lessens
the hikelihood of thrombosis Below the elbow or knee
this type of operation 18 not worth attempting

Vanous methods have been ecmployed —

(2) The ends of the artery can sometimes be untted after
excising a disesed segment with very satisfactory results

() After shtting the artery longitudinally 1t 15 possible
to clear out orgnised thrombus and thichened mtima by
developing a plane of cleavage through the medin  The
procedure 15 hnown as endarterectomy  In spite of the
absence of intina these vessels do not nlw1ys thrombose
subsequently

(¢) Venous grifting A vun from the same subject can
be used for replaccment after exaising the offending
segment of artery  Naturlly the vein must be reversed
<o that 1ts valves do not mnterfere with the blood flow

(d) Artenal grafting Crafting another artery from
the same subject would be 1deal  Unfortunately there 1re
no arteres of the nght calibre to spare 1n the human body
However homologus grafting proves satisfactory
prictice  Theartery 1s tahen with full nseptic precautions
from a fresh cadaver 1nd can be preserved for a con
sidemble time It 1s more conyvement to work with and
withstinds strain better than a vein  Nevertheless onls
the clastic lamina survives

(¢) The fact that a channel so constituted of inert
fibrous tissue remains patent has suggested the possibility
of using 1 prosthesis instead of 1 gt 1nd plastic materal
hs been umploved for this purpose  The thought that a
man cn go about his work with 1 nilon aorta 15 indeed a
starthing one  \lthough 1 replicement of this kind 15 an
extremddy long and rduous undertaking the actual
techmque of sutuning, does not depart from standard lines
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or forty-cight hours In the same way the Tuffier cannula
(g 129), which can never hope to fulfil any permanent
function, may with the help of anti-coagulants stave off
disaster until nature brings her compensatory mechanism
into action

It 1s with this same 1dea of giving time for collaterals
to enlarge that the surgeon is advised not to interfere
with penetrating wounds of arteries unless he 1s forced to

ly/
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T'itc 129 The Tuffier cannula

If the circulation seems to be maintained it 1s better not
to risk destroying collaterals by exposing the main vessel
in these cases  After all, the injury may only be a partial
one and quite a lot of blood may still be finding 1ts way
along the lumen to the periphery Circulation 1s facihit-
ated by keeping the limb below the horizontal, and 1ts
metabolic demands will be diminished 1f 1ts temperature
1s lower than that of the rest of the body, as it will be if
the bed clothes are folded back

Vascular Obstruction As with so many other condi-
tions, the diagnosis of chronic vascular obstruction has
now been taken over by the radiologist Clinically,
obstruction may be suspected, and 1its level more or less
localised, but accuracy rests with the arteriogram, which
shows not only the exact site of the block, but the state of
the vessel above and below, on which depends the chances
for restoring function The plates are taken as diodone
1s 1njected 1nto the main artery This can be done either
with or without a small mcision over the vessel
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that the best treatiment for an arteno-venous communica
tion would be to restore the sfatus quo ante But the
vessels in these cases have usually undergone detenoration
under the unaccustomed stram and are seldom fit to
shoulder their former burden Certanly the vein should
never be preserved and the artery only when 1t looks
quite healthy  As a rule quadruple hgature and excsion
proves most satisfactory—excision bemng necessary as
with ordmary aneurism because of vessels entering the
sacs Here agan excision and grafting may become the
treatment of election when the vessels concerned are
important ones

\When to Operate on Aneurism. In traumatic anenrism
of any kind 1t 15 never advisable to operate straightaway
unless to save life  There are three strong reasons for
this (1) spontaneous cure 15 not unknown (2) delay
allows the condition to localise and define aitself  (3) and
1t gives the collateral circulation time to open up  Three
to six months 1s a good mterval to allow

The Role of the Sympathetic. In many cases in which
vascultr surgery 1s required the blood supply to the part
1s diminished and there may even be a danger of gangrene
Interruption of the svmpathetic supply to the vessels
may inprove the prognosis by cutting out the vaso-
constrictor impulses and allowing free vaso-dilatation. It
may be that the patient 1s 1n no fit state to withstand a
formal sympathectomy \ novocane block 15 then a
possible alternatine which will add Little to the stran of
the main operation
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(f) Short circuiting A length of vemn can be used to
unite an artery above and below an obstruction The
method has the advantage of not interfering with col-
laterals

Aneurisms. Aneurisms are of two kinds—fusiform and
saccular  The fusiform aneurism 1s a symmetrical dilata-
tion, the sacular a local bulge, sometimes communicating
with a relatively healthy vessel by no more than a narrow
opening It 1s obvious that any surgical treatment of the
first variety must be obliterative , with some of the latter
reconstruction 1s possible

In earlier days surgeons contented themselves with
efforts to promote thrombosis within the aneurism To
this end Anel applied a higature immediately proximal to
the dilatation Hunter applied his further away in the
belief that this would give a slower and firmer thrombosis

Hunter’s method usually succeeds 1n popliteal aneurism,
provided gangrene does not supervene, but in general
ligature fails to cure because 1t leaves out of account the
vessels entering the sac 1self Although pulsation may
diminish or disappear for a while after such a procedure,
1t eventually returns as forcibly as ever If the blood
supply 1s to be entirely cut off one of two plans must be
adopted  Euther the aneurism must be excised completely,
or 1t must be splt open and closed up from within by super-
umposed layers of sk sutuiing

Excision 1mnvolves a difficult dissection i which 1m-
portant nerves and even the collateral circulation may be
endangered  Endoaneurismorrhapy, as the obliterative
operation 1s called, 1s free from these risks, but for some
reason has never been very popular in this country

The new grafting operations have been appled to
aneurism with lasting success, and there 1s no doubt that

future treatment will follow these lines
Arterio-venous Aneurism At first glance it would seem
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Accordingly the dose should be reduced to half the normal
and suitably diduted Probably the safest and most
satisfactory way of giving morphine n these cases 1s
itramuscularly  this gn es the best chance of satisfactory
absorption

Shack. In bumns shock 1s pecularly likely to be 1nsidi
ous A tale 1s told of a young medical officer who was
brought 1nto his own hospital duning the war badly bumnt
His condition was so pood however that when he was
comfortably installed in bed
he sent for the surgeon of his
choice and gave him detailed
mstructions about the kind
of treatment he thought
would be best for himself
He died while this treatment
was being carned out

Shock 13 a prime considera
tion 1n these cases and should
be anticipated and prevented
by ntra venous  therapy
when the burn covers 15 per
cent of the body surfice m
an adult or 1o percent ma
child or considerbly less
than thus 1f the bum 15 a
dewp one A sufficiently
accurte estimate of the
arca mvolied can be made
by allowing g ptr cent for
hetd nd neckh g pur cent

b 12,8, Admrto(bum cxtent

for the upper limb 1S per (li\ courtesy of Mr 4 B 1) allace
cent for the lower limb and ) Sermns RN

Con e fSwrgeems )
36 per cent for the trunk

Swmee thus type of shock mainly depends on flud loss
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“ Tur treatment of burns has lapsed into the realms of
chaos,” said Mitchiner, crystallising in this sentence the
confused despair of everyone who has to deal with them
Nevertheless, the essentials of management have remained
the same from the era of carron o1l to the era of penicillin
They are —

(1) Treat the shock

(2) Clean the burn

(3) Prevent secondary infection and dressing
trauma

It 1s over the best means of achieving (3) that there 1s so
much disagreement

First Aid Tirst-aid treatment 1s usually outside the
surgeon’s control, but 1f he has any say in the matter he
should advise that the badly burnt patient be left alone
and not subjected to the torture of removing garments
from scorched flesh without analgesia, and that the less
badly burnt should be protected from further contamina-
tion by a clean dressing

Morphine may be given freely to relieve pamn and so
ward off shock It should not, however, be allowed to
take effect cumulatively , this may happen 1if repeated
subcutaneous doses, given during a state of circulatory
collapse, remain unabsorbed until the circulation recovers,
when the body 1s suddenly flooded with the drug  The
intravenous route may be used to get round the difficulty,
but has the drawback that, 1in the presence of peripheral
and wvisceral vaso-constriction, the whole therapeutic
effect may be diverted to the central nervous systcm

208
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amount of unne secreted affords information which 18
almost as mformative A catheter should be tied 1n and
the bladder emptied hourly an output of 50 mls n an
adult or 30 mlsin a child 1s good evidence of a satisfactory
arculation

Plasma should be dissolved m stemle pyrogen free
distilled water  If the solution fails to clear after filtering
or shows any sgns of precipitation moulds or other
abnormalities 1t should not be used and whether satis-
factory or not 1t should never be stored

When blood or any of its constituents 15 given to
patients there 1s always a danger that 1t may contan a
jaundice producing virus  The jaundice does not develop
untl some months after the transfusion but the lLiver
damage which accompames 1t may be serious and may
even lead to death  The rish 1s much greater with serum
or plasma than with blood because these are prepared
from pooled stock This must be taken into account and
weighed 1n the balance against their ready availabihty and
umversal compatibiity In a case of burms the pros
outweigh the cons  In other cases the decision 15 a more
difficult one  But at all times the general prinaple can
be laid down that transfusion of any kind 1s never a thing
to be lightly undertaken

The Toilet of the Burn  \Vhen shoch 1s well under con
trol (and thus may not be for twenty four hours or longer
n bad cases) the surgeon can turn his attention to the
toilet of the burn  This can usually be carried out under
the narcosis produced by morphine  But every now and
again morphumsation fails to quieten the patient-—perhaps
a child—sufficiently and anmsthesia 13 requred Lven
50 1t should not be pushed and the more touc agents
should be avoided

There1s no oxcuse for shumping the full nitual of asepsis
m a burn case  Cap and mash gown and gloves are as
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—Ifrom the burnt surface, into the neighbouring tissues,
and into the tissues generally because of increased capillary
permeability—prophylaxis and treatment largely take the
form of replacing the fluud The simplest way of doing
this 1s by giving the patient copious drinks of sweetened
tea Unfortunately vomiting 1s common, and this method
fails, especially 1n a bad case when the need 1s great  The
Intravenous route must then supplement or replace it
entirely

Formerly, on the principle of replacing like with like,
these patients were given plasma only, blood being
studiously avoided, because of the danger of increasing
the hamo-concentration already present It 1s now
recognised that a deep or extensive burn, affecting 25 per
cent or more of the body surface, causes wholesale destruc-
tion of red blood corpuscles 1n the capillary plexuses of the
dermus, and that this loss contributes matenally to the
production of shock In such cases, therefore, whole
blood may play a considerable part in the replacement
therapy It should be given early, and constitute half
the total quantity of intravenous fluid, plasma and saline
alternately making up the other half

By allowing a litre to a litre and a half of fluid for each
10 per cent of burnt surface 1n an adult, and appro-
priately less 1n a child, 1t 1s possible to reckon roughly how
much flmd will have to be given before the patient 1s out
of danger  On this figure depends the rate of administra-
tion, which will not be umiform, the need obviously being
much greater at the start than later on when a balance
has almost been restored The rule for large amounts 1s
to give a third 1n the first eight hours, a third in the neat
sixteen hours, and a third 1n the last twenty-four

Definitive dosage 1s better controlled by watching pro-
gress and making repeated hazmoglobin and hamocrit
readings If laboratory facilities are not available the
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a red hot ron usually destroys the whole thickness of the
skin. The type of bhistering 13 also helpful on occasion—
the deeper the exudation the thicher will be the layer of
epidermis raised over 1t 1 ¢ the wall of the blister so the
surgeon who finds tumself smipping away thick walled
blisters will suspect that he 1s dealing with a deep burn

Actually 1t 18 not until the bhsters have been smpped
away and the whole area cleaned that any reliable con
cdusions can be drawn  As accurate an eshimate as
possible should be made because subsequent treatment
depends on 1t

The appearances are as follows —

(1) Epidermus only destroyed Red
(2) Part whole skin destroyed Red and white
(3} Whole skin destroyed White

The typical example of (2) 18 the burn 1n which the
epidermus down to the papillary level has been destroyed
and the dilated capillaries show as red pin points agamst
a white bachground. Nerve endings as well as capillanes
are exposed and the condition 1s extremely painful  YWith
whole skin destruction pain 1s often absent because the
nerve endings no longer exist  Here then 13 another axd to
diagnosis—the patient with a painful burn can be put into
category {2) if pain 15 not prominent he may belong to
(1) or (3} Further evidence of a sumilar kind 1s to be had
from the presence or absence of sensitivity to pin prich
It should be remembered of course that a burn may vary
from one area to another 1n depth of penetration  Category
(2) 15 often difficult to recogmise and the surgeon must
often be content to resene his judgment perhaps for a
fortmght or longer before he can be sure about 1t

In a first-degree burn (provided that nfection does not
turn 1t 1nto a second or third) healing can be expected
within seven to ten days In a second-degree 1t tahes
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necessary as when dealing with a wound or opening the
abdomen  Bacteriologists have shown that the burnt
surface 1s commonly sterile at this stage To subject 1t to
droplet or any other infection risk 1s therefore quite un-
warrantable If the area to be dealt with 1s a wide one
1t should be tackled bit by bit, so that any particular part
15 exposed for the mmimum of time In this way the
danger of contamination 1s reduced and less heat 1s lost
by convection

Gentleness 1s the prime consideration throughout the
toillet  Blisters are smipped away with a pair of scissors
and a pledget of wool moistened 1n saline used to clean
the burnt skin  Spirit or ether are tissue irritants  The
urologist employs spint to coagulate stray cancer cells
This suggests very strongly that it can do no good to cells
which have just experienced another form of trauma In
the circumstances they are unlikely to tolerate anything
but the gentlest and most considerate trcatment that can
be meted out to them

Epidermis, because of the exudation into 1t, separates
very easily after a burn, and it 1s tempting to strip 1t far
and wide Indeed, the nail brush has been called into
service 1n the interests of thoroughness DBut stripping
does far more harm than good The epithehal cells may
be loosened by ccdema, but they are still viable, and may
Iive 1if given a chance Delicate swabbing 1s all that 1s
needed to clear what superficial infection there may be
It 1s true that the organism 1n the depths of the sweat and
sebaceous glands will not be touched but no mechamcal
measures short of complete ablation can hope to reach
them

The Depth of a Burn  When a patient 1s first admitted
to hospital 1t 1s never casy to be sure about the depth of a
burn, although the history may give some indication—
boiling water scldom does more than superficial damage,
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The method puts 1 good deal of responsibihity on the
pursing staff ind some ingenutty on their part 1s required
10 order to get good results The position to be adopted
by the patient 13 he lies 1 bed depends on the site of the
burn  This must always be uppermost and must also
be immobilised so that the newly formed coagulum does
pot crack A cradle or cradles covered by sterile towels
with blankets on top are arranged as a protection against
dust and to maintain the temperiture  Sometimes sus
pension of a Iimb 15 advisable a shing from an ntact
wnist or ankle will probably suffice for this  The gallows
position may be useful i young children with scalds of
the buttocks and 1s not resented by them nithough an
adult would find 1t quite intolerable

Burns of the face one side of the trunk or perineum
can all be dealt with satisfactorily 1n this way  The nech
and hands are more difficult to manage and when both
stdes of the trunk are mvolved the method 1s not apph
cable because 1t 1s impossible to heep the under surface
dry  Burns encircling a limb are not suitable because
contracture and constriction of the crusts might endnger
the distal blood supply

Dressing trauma can be avoided or mumimised in many
other ways Coagulants for instance elimmate 1t com
pletely together with 1ll sk of introducing secondary
infection  But they arc not apphcable 1n third-degree
burns because there 1s no epithelium left on the burnt
surfice to mtiate healing under the tan  There are other
objections to their use which will be enumerated shortly

Historical. The bath treatment used in the carly days
of the war went 1 long way towards reducing dressing
trauma  The burnt part—or for that matter the whole
body—w1s kept immersed in a saline bath for long
stretches at a time  In the intervals of immersion tulle
grs dressings covered the affected areas and these
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two to four weeks, depending on the extent and distn-
bution of the epithelium that remains  In other words,
nature will do the job for herself in these cases 1f her
efforts at repair are not hampered by careless dressing
Every separation of an adherent dressing wnjures delicate
granulations and destroys regenerating epiuthelum  The
patient’s complaints and the bleeding from the raw surface
are eloquent evidence to this, but they are often 1gnored

A third-degree burn will not heal until 1t 1s grafted

Doctors Differ The two essentials of treatment in
first- and second-degree burns are —

(1) Prevention of secondary infection
(2) Avoidance of dressing trauma

How these are to be met constitutes a problem which
has not yet been properly solved Some methods provide
for one requirement, some for the other A few attempt
to cater for both  Be 1t noted that there 1s no difficulty
about this so long as infection can be excluded and there
1s a sufficiency of surviving epithelium  All that 1s needed
to ensure success 1s a dressing fixed securely 1n place and
left severely alone until healing 1s complete  Unfortun-
ately the necessary conditions are not always fulfilled,
and compromise becomes inevitable

The Open Method The surest way of avoiding dressing
trauma 1s not to use a dressing at all, and recent experience
suggests that this may be the best solution of the problem
in selected cases When a burnt part 1s exposed to the
air the exudate dries and forms crusts within 48 hours,
and these do not separate until healing has taken place
underneath, which should be within three weeks—if 1t 1s
going to take place at all  In whole thickness burns the
eschar 1s much tougher and does not come away within
the time hmit—ewvidence m itself that spontancous healing

1s not to be expected
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notable contributions to surgery  He constructed a bag
to take the place of the bath  The Bunyn bag 15 made
of ofled silk and fits the burnt part loosely but excludes
arr from 1t and 18 equipped with 1nlet and outlet tubes for
imigation by an antiseptic Oied sk never becomes
adherent to a raw surface even when the patient hes on 1t
The antiseptic recommended by Bunyan was 1 per cent
electrolytic sodium hypochlonte with 16 5 per cent
sodium chlonde added this to be diluted two to four
times according to the depth of the burn and run through
the bag for twenty munutes every four hours

Even an ordinary gauze dressing can be prevented from
adhenng to a burn 1f 1t 15 kept constantly moist This
can be done by allowing saline to dnp on to 1t from one
or more bottles slung overhead orin a more stmple fashion
by dousing 1t from an undine every so often and dis-
couraging evaporation 1n the intervals by swathing the
part in mackintosh  As has been suggested 1t 1s doubtful
whether excessive moisture conduces to healing

The Closed Method Irmgation and baths abolish pawn
allow movement from the start and keep the part open to
wspection throughout The chances of secondarv infec
tion are much less with the Bunyan bag than with an open
bath with gruze soaks all depends on the pains taken in
changing the dressings  But this nsk must always anse
when a burnt surface 15 exposed 1n an ordinary ward before
it has healed over The closed system prowvides the
patient with the comfort and re assurance of a dressing
and now holds pride of place 1 the treatment of burns
The ongnal ubjection to this svstem was that infection
might flare up underneath the dressing and mahe con
sidemble hcadway before suspicion was aroused tempera
ture 1nd pulse bang the onlv guides to what was going on
1f this happen d herling would not only come to a stand
still but ¢pithchium alrendy present would probably be



216 SURGICAL TECHNIQUE

remained m place until thex were floated oft 1 the next
bath  This techmque was elaborated by the Air Force
medical officers for some of the terrble cases with which
they had to deal It throws a great strain on the nursing

I'tc 130 A bad case of burns treated in an otled «1lk
emvcdope  Mr Phlalip Cutner s patient

staft, opens the doors to sccondary mfcction, and water
logs the tissues if 1t 18 porsistad an for very long
The 1dca was modiicd by Bunvan, a dentist i thy

Navy and by no means the first of s profession to make

—
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dressmg must not become an opportunity for fresh con
tammation The general ward 1s not a proper place for
what 1s 1n fact a major procedure A draught free side
room should be available full aseptic ntual practised and
everyone concerned including the patient should be
screened for throat or other infection that mught be
conveyed to the burnt area

The same tendency to exudation though less marked
persists 1n a burn that fails to heal  soggy granulations
and surrounding cedema must be cleared away befare
epithelialisation can commence Tor these reasons pres-
sure dressings are useful at all stages of treatment
Elevation of the part 15 another very effective way of
getting nd of surplus flurd and 1t should be arranged for
whenever possible

Dressing inevitably immobilises to some extent but 1t
15 doubtful whether this does a great deal of harm if
healing 1s rapid and 1t can be dispensed with at the end
of ten days or so  Nevertheless with a burnt hand 1t is
wise to dress each finger separately and encourage more
ment from the start

Coagulants and Dyes The Clhunese used tea as a lotion
for treating burns 2 000 years ago no doubt because of
the tannin contained in 1t The underlying 1dea survives
in the open treatment and the principles are worth
remembering

Certain claims are made for tannmng -

(@) 1t checks fluid loss

(6) It checks protein loss

(¢} It fixes towvins

(@) 1t eases pain

(¢) Itisa closed dressing

Healing under a tin mmuecs nature s healing under a
scab but tanming has sescral drawbacks —

(a) A tan contracts and therefore healing under 1t may
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conveyed to the burnt 1rea

The same tendency to exudation though less marked
persists 1n a burn that fails to heal soggy granulations
and sarrounding cedema must be cleared away before
epithelialisation can commence Tor these reasons pres-
sure dressings are useful at all stages of treatment
Elevation of the part 18 another very effective way of
getting rid of surplus flmd and 1t should be arranged for
whenever possible
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in the open treatment and the princples are worth
remembening

Certain claims are made for tanmng —

{a) Tt chechs flud loss

(b) It checks protein loss

{e) It fixes to<ns

(d) It eases pan

(¢) Itisa closed dressing

Healing under a tan mimics nature s healing under a
~«ab but tanmng has several drawbachs —

{(a) \ tan contracts and therefore healing under it may
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lead to deformity—ectropion, a flexed elbow, or a claw
hand

(b) If the tan encircles a part the consequences may be
still more serious Contracture may cut off the blood
supply to the extremity so that 1t becomes gangrenous,
fingers and even limbs have been lost 1n this way

(¢) A tan 1s slow to separate and may delay grafting
This objection would scarcely arise if tanning was reserved,
as 1t should be, for the case in which grafting 1s not
necessary, 7 ¢, the first- or second-degree burn A much
stronger objection to its use 1s that if sepsis develops
underneath 1t the consequences may-be unfortunate

(d) Tannic acid 1tself 1s not sterile  To compensate for
this 1t has been combined with various antiseptics

(e) There 1s more than a suspicion that excess of tannic
acid may cause acute liver atrophy

IFor these reasons tannic acid 1tself has been given up
Other agents give a more flexible tan, and still have their
uses The dyes—gentian violet, brilliant green and acri-
flavine, alone or in combination, act as mild coagulants
and may often be used with impunity on the face Their
antiseptic properties argue strongly in their favour

Gentian violet, I per cent, 1s active aganst strepto-
coccus, which appears in many burns at the end of
twenty-four to forty-eight hours It can be sprayed on
at intervals and the surface left exposed under a heat
cradle For quick results silver nitrate may be used 1n
combination

Brilliant green, I per cent , 1s immical to gram-negative
organisms  Triple dye —

Gentian violet 1/400
Brlliant green 1/400
FFlavine 1/1000

1s active agamnst both gram-positive and gram-ncgative
organisms
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All oil or grease must be cleaned away before the
applicatton and the usual thorough toilet carred out
To neglect this or to employ tanmng in a late infected
case 15 on a par with closing an infected wound

Whole Skin Destruction Whole skin destruction
whether immediate or arising as a result of sepsis in a burn
of lesser degree presents a very different problem from
that discnssed above Here spontaneous healing 1s not
to be expected  Grafting 1s imperative and the sooner 1t
15 done the better In small deep burns especially those
of the hands of the type caused by grasping an electnic
element or the splashing of molten metal 1t may be
possible to excise and graft straightaway  But 1n most
cases the prehminary totdet must be followed by a period
of systematic preparation before 1t 15 safe to apply the
graft  This may take anything between ten days to thres
weehs It should not be delayed longer The decision
whether to use a flap or spht skan will depend on the depth
of destruction  If tendon or bone 15 exposed then a flap
1s required  Formerly these cases went through the long
and dreary routine of daily dressings until the sloughs had
separated and the granulations underneath had begun to
take on a healthy appearance But there 18 no necessity
for the sloughs to separate They can be cut away with
a hnife or diathermy and wecks or months saved thereby
The procedure should not however become the occasion
of further blood loss If for any reason surgery 1s un
desirable dressing with 5 per cent sodium hypochlonite
solution a fortv-eight hour apphcation of a starchy
solution of pyruvic acid 7 mls to the hitre or daily immer
s10n 10 a bath for twents or thirty munutes will produce
a similar effect though not so rapidly

Even when the sloughs have gone the underlying
granulations will stll be pale and unhealthy with a
tendency to suppurate  Local apphecations and pressure



222 SURGICAL TECHNIQUE

must be continued until they present a smooth, compact
appearance with a umiformly pink colour Anti-biotics
are seldom of much service at this stage, but if culture
shows that the organisms are still sensitive they may be
used on the dressing for the last forty-eight hours before
grafting

The Chronic Case The patient with unhealed burns 1s
almost always anzmic, and 1t 1s an essential part of the
treatment to correct this Heaemoglobin should be kept at
80, by transfusion if necessary It 1s useful to remember
that a pint of blood cannot be counted on to raise the
hazmoglobin more than % per cent n an adult, so the
allowance may need to be generous In addition to the
anemia there 1s a notable hypoproteinzmia to be reckoned
with, but this can usually be countered by dietary
measures Until these deficiencies are remedied progress
1s likely to be delayed

So long as healing 1s mcomplete there 1s a danger of
contracture, and 1t 1s only by exercises started early, and
attention to the position of the part maimntained through-
out the treatment, that 1t can be prevented from marring
the end result
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Whole thickness and Part thickness Skin Grafts Broadly
speakmng skan grafts can be divided into epidermal or
part thickness and dermal or whole thickness  There 13 a
sharp distinction between the two depending on the
different way n which they are nounshed The epidermus 1s
avascular and nounshed by lymph  the dermis has a
blood supply of its own with a capillary network projecting
into 1ts papille (from which comes the lymph for the
epiderrus)  This being so 1t 1s easy to understand why
an epidermal graft takes so much more easily than a
dermal. It has no need to become vasculansed but can
satisfy 1ts requrements i the exudation from any mw
surface 1n contrast to the dermal graft which must pick
up a completely new blood supply before 1t establishes 1ts
night to survival It 18 because of this important differ
ence that while epidermal grafting comes within the
province of the general surgeon dermal grafting must
nearly always remain a preserve for the specialist. This
would not matter so much 1f there were httle to choose
between them but unfortunately this 1s not so An
eprdermal graft must always take second plce to a dermal
whether from point of view of appearance or function no
true foundation ever develops underneath 1t to give 1t
suppleness and resthence and 1t can never stand op to the
same wear and tear as whole-thickness shin

The Donor Area  The donor area for a graft should

(1) Bein a concealed part of the bods
(2) Provide a suitable type of skan
{3} Be qute free from wnfection

3



224 SURGICAL TECHNIQUE

Thiersch and half-thickness grafts are taken most easily
from the inner or outer side of the thigh and the front of
the arm (this 1s freest from hair) where the skin can be
stretched over a firm background of bone A Wolfe’s
graft, being cut in an entirely different way, may be taken
from the abdominal wall or any other yielding part of the
body

Shaving followed by washing with ether soap 1s sufficient
preparation for the selected site—antiseptics are better
omitted

Fic 131 Ugly scar left after taking a Reverdin graft

After removal of an epidermal graft the area will
epithelialise like a superficial burn 1if left to 1ts own
devices It should be covered by tulle gras and gauze
soaked n flavine emulsion, the dressing not being dis-
turbed for seven or eight days, by which time healing
ought to be complete The gap created by excision of a
Wolfe’s graft can sometimes be closed by undcrcutting the
edges and stitching them together, but Thiersch grafting
may be required to cover 1t 1n some cases

Whenever possible 1t 1s better to have done with the
donor area before tackling the receptor  Otherwisc there
1s a nisk of transferring infection from the one to the other
In Reverdin grafting the accident 1s not uncommon
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Reverdin Grafts Reverdin grafts are smnll arcular
islets thicker in the centre than at the penphery obtained
by piching up cones of shin on the pomnt of a needle and
cuthng across their base with 1 sharp scalpel These
1slets are planted n rows over the receptor arex  The
result as might be expected 15 not cosmetically good and
healing at the site from which the grafts are tahen leaves

Fio 1312 A Humby’s kmfe at the end of the cut chLh iy
regulsted by adjmtable screms at cither end of the blade
the surgeon set himself

whxch

an ugly scarnng  This method once populir because 1t
can be used 1n cases not yet free from infection has been
given up 1n favour of patch grafting which gets round the
all-or none difficulty 1 take  equally well

Epldermal Grafts There are two tvpes of epidermal
graft—the tissue paper Thiersch and the half thickness
With the lapse of time both tend to change colour becom
mg cither paler or darker thn the surrounding shin the
Thiersch being the worse oftcnder of the two They are

o
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not suitable, therefore, when appearance 1s a prime con-
sideration  Also they do not stand up well to rough
usage, so they cannot be used 1n areas exposed to pressure
or friction And they should never be employed as
permanent covering for moving parts, such as tendon or
muscle, because they inevitably become closely adherent
to whatever lies underneath They will not survive on
cortical bone, but do on medullary, e g, the end of an
amputated phalanx
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Fic 133 A ‘ patch’ graft can be cut with a Bard Parker blade

Cutting of these grafts s an art that can only be learned
by experience, although the Humby knife goes a long way
towards eliminating the individual factor Some of the
essentials to success are —

(1) Lubrication of blade and skin with glycerine

(2) Proper tension on the skin  This 1s mamntained by
two slats of wood, one held by the surgeon, the other by
his assistant

(3) Never moving the slats while the knife 1s cutting

(4) A sawing movement of the blade without pushing

(5) Attention to the colour of the graft as it separates

A Thiersch 1s a transparent blue A half thickness 1s
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- - [ e
Fic. 134 (a)

off white % dead white colour or tie appeirarnce of
subcutancous fat behind the blade means that the cut has
gone too deep  when thns happens there 1s no alternatnne
but to make a fresh start elsewhere 1t 18 waste of time
to tnv to diminish the depth of the cut
Handling of the graft 15 better avoided altogether and
2
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T1c 134 (b) Immedinte grafting after a breast operation with the end result

only the finest of instruments should be allowed to come
into contact with 1t , delicate skin hooks replace dissect-
ing forceps and even these must be used with circum-

spection
A graft should not bc allowed to dry,! and 1f there 1s

1 Grafts can be storcd 1n a rafrigerator in sealed bottles but these
canrot be used for another patient  homo grafting nearly always fals,
even when bloods match shins do not
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any delay durng the operation 1t should be wrapped 1n
gauze soaked 1n saline

Receptor Area A receptor area should be healthy
How healthy 15 somethung of a problem The tendency
nowadays 1s to be less mnsistent than formerly on optimal
condibions for an epidermal graft but there 18 no relaxation
where a full thickness graft 1s concerned ~ On granulations
or fibrous tissue this 15 certain to mecrose 1t will not
survive on anything but a clean exased wound and

P B W

Fro 135 Fibroahs progreming steadily uoder granula
ximuLumﬁ,ﬂnt second, and third weela.

there can be no doubt that any other type of graft does
better on such a surface It follows from this that the
best time for grafting of whatever land 1s the time at
which the shin 1s lost before infection has set in and not
weehs later when the wound 13 covered with granulations
and 1ts blood supply 1s reduced by underlyng fibrosis
Unfortunately there arc often contra indications to 1m
mediate replacement  After an injury 1nfection may be
alrerdy established  With a burn of any extent delay 15
unavoidable At the end of a long operation the
patient s gepera! conditton may not perrmit any further
interference

Cases of this tvpe go through a reactionary stage of
more of less seventy and 1t 1s only when this has subsided
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that a graft 1s likely to “ take ” The greater the delay
the more will be the underlying fibros;s Three weeks
should be sufficient to give a surface on which —

(@) Granulations form a smooth red carpet

(0) Discharge 1s scanty, colourless and free from
hamolytic streptococc

(c) Epathehaumn 1s beginmng to cieep wn all round the
edges  This 1s a sign that Nature herself 1s satisfied with
the situation

Failing those conditions the graft may not be a com-
plete success, though the operation may still be justified

Even when every requirement 1s fulfilled the granula-
tions are better removed They can be raised in one
compact layer with the felt of fibrous tissue on which they
rest by scalpel dissection In the more chronic cases it
1s important to get nd of every particle of scar tissue, and
to restore the statuts quo as far as possible At the same
time the margins of the area should be undercut a little to
release them This permuts a shght overlap and allows
for contracture 1n the graft during healing

Hamostasis 1s the next problem  But 1f the dissection
has been carried through at the nght depth there should
only be shight bleeding, most of which will stop with the
pressure of a hot pack (Swabbing aggravates 1t) Any
pomnts that still ooze can be touched with a pledget of
wool soaked 1n adrenalin, or they may be dealt with by
crushing  If this does not succeed they may be tied off
with the very finest of maternal, using only a single htch
on the knot Diathermy 1s not permussible because of the
necrosis 1t causes, and even the tiny ligature 1s apt to give
trouble , for this rcason some surgeons make a point of
nicking the graft exactly over 1t so that any irritation 1t

may set up will be localiscd
The area, being now clcan and dry, 15 covered com-
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pletely with the graft ' If in spite of all precautions there
15 still a chance that hemorrhage or exudation muy hit
1t from 1ts bed provision must be made for drammage
This can be done by mahing micks all over 1t with the
ponts of a pair of scissors or better still when the danger
18 great by cutting 1t up 1nto postage size patches and
applying them separately a patch will sometimes take
next to a slough

Maintaining Close Apposition  Next comes the question
of how to maintain the close apposition between graft and
bed dunng the ensmng week  If the surface 1s a resistant
one ¢g forehead or shin the graft can be placed raw side
out on a square of tulle grass which 1s 1ud on the bed and
anchored to the adjacent skun by fine horseharr stitches
the ends bemng left long This 1s covered with wool
pledgets wrung out of an emulsion of flavine and parffin
and held 1n place by tying the ends of the stitches together
on top of them The surrounding shin 1s then painted
with mastisol so that the first turn of bandage sticks to it
and further immobilises the dressing

If on the other hand the surface being dealt wath is a
yielding one a stent mould must be used to get the
necessary pressute The mould softened by immersion
1 hot water 1s first pressed firmly into the prepared bed
untilit scts It 1s then removed and the graft spread over
1ts convextty It 13 now replaced in the bed and held 1n
place by stout mattress sutures taking deep bites of the
skan on either side  If the part 15 moyable some form of
sphinting may be desirable and there 1s nothing more
satisfactory for tlus purpose than plaster of Pans

In 1 clean case the dressing should not be disturbed for
a weeh  Where there 15 a likelthood of infection or if
discharge »hows on the surface 1t may be advisable to

Grapulatx ns wut agoroush beade and between grafts delay
healing, and may develop ipto heloxd
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remove at least the outer layers earlier than this, but
every care should be taken not to disturb any part of the
graft that may have adhered

A Graft as a Physiological Dressing If for one reason
or another a reconstructive operation has to be delayed
for a considerable time 1t 1s often possible to cover the
area with a Thiersch graft quite early on  This may have
to be replaced later by full-thickness skin, but meanwhile
further infection 1s completely excluded, and resolution
progresses more rapidly than under any other form of
dressing A Thiersch 1s, 1n fact, the i1deal form of occlusive
dressing

Wolfe’s Grafts A Wolfe's graft 1s full-thickness skin
but no more, not a particle of subcutaneous fat is
included It 1s cut with absolutely vertical edges to fit
the defect accurately This can be done by preparing a
templet of tin foil to the required shape and size, laying 1t
on the donor area, outlining 1t 1n Bonney’s blue, and
cutting along this line with a sharp scalpel The excised
graft 1s then denuded of any remaiming fat by means of a
small pair of scissors curved on the flat In spite of the
likelihood of shrinking 1t should be slightly on the stretch
when 1t 1s stitched 1n position and, as with other types of
graft, it 1s wise to nick 1t here and there for drainage A
firm dressing 1s required, but excessive pressure should be
avoided , this dressing 1s left untouched for a fortnight
This type of graft always desquamates and often be-
comes discoloured, but nevertheless survives It 1s, how-
ever, peculiarly liable to a spreading necrosts 1if fluid 1s
allowed to accumulate underneath it Any area of
softening should therefore be incised without delay

Flaps A flap 1s, of course, thc most satisfactory of all
replacements  Not only 1s whole skin used, but sub-
cutancous fat as wcll, and blood supply 15 rctaincd, so
that the end result 1s as ncar an approach to normal as
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possible  This 1s the type of replacement that 1s most
smitable for covening parts subjected to any strain whether
from within by the drag of tendon or muscle or without
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by weight bearing  and 1t 1s the only type which survives
on an avasculir bed—a free graft of any thickness will
not take on bone or muscle because 1t cannot acqure
a blood supply

But the busness of fashiomng flaps and Prepanng
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remove at least the outer layers earlier than this, but
every care should be taken not to disturb any part of the
graft that may have adhered

A Graft as a Physiological Dressing If for one reason
or another a reconstructive operation has to be delayed
for a considerable time 1t 1s often possible to cover the
area with a Thiersch graft quite early on  This may have
to be replaced later by full-thickness skin, but meanwhile
further infection 1s completely excluded, and resolution
progresses more rapidly than under any other form of
dressing A Thiersch 1s, 1n fact, the 1deal form of occlusive
dressing

Wolfe’s Grafts A Wolfe’s graft 1s full-thickness skin
but no more, not a particle of subcutaneous fat 1s
included It 1s cut with absolutely vertical edges to fit
the defect accurately This can be done by preparing a
templet of tin foil to the required shape and size, laying 1t
on the donor area, outhming 1t 1n Bonney’s blue, and
cutting along this line with a sharp scalpel The excised
graft 1s then denuded of any remaining fat by means of a
small pair of scissors curved on the flat In spite of the
likelihood of shrinking 1t should be slightly on the stretch
when 1t 1s stitched 1n position and, as with other types of
graft, 1t 1s wise to nick 1t here and there for dramnage A
firm dressing 1s required, but excessive pressure should be
avoided , this dressing 1s left untouched for a fortnight
This type of graft always desquamates and often be-
comes discoloured, but nevertheless survives It 1s, how-
ever, peculiarly lhable to a spreading necrosis if fluid 1s
allowed to accumulate underneath i1t Any arca of
softening should therefore be incised without delay

Flaps A flap 1s, of course, the most satisfactory of all
replacements Not only 1s whole skin used, but sub-
cutaneous fat as well, and blood supply 1s retamed, so
that the end result 1s as near an approach to normal as
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with scarming runming across a flexure  If such a scar 1s
merely excised the second scar 1s just as likely to contract
as the first By cutting flaps and transposing them the

Fro 137 ypertropined scar cromung a flevure can be oxcrsad (4) bat if ft
1 stitched Up again as 1t liey, fibross will recur Dy adding oblique
1cimons at either end (b) undercutting them, and reverung the flaps so
formed (c) the scar can be mads to L the flaxure mstead of acrom 1t
new scar can be made to run at right angles to the onginal
(Fig 137) The method 18 applicable in the neckh axilla

antecubital fossa etc.

1o 128 A small tnangular mound can be brought together by qadercuttmg
and wung & st t hof thu typo

(3) Local Flaps and dpprovimation Tlaps A flap

of shin 15 left attached at onc end while the other 1s

1pplicd to the receptor arer  The operation 15 completed

n three or four weehs time when a new blood supply
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pedicles 1s a complicated one, and should be left almost
entirely in the hands of the plastic surgeon

There are various procedures —

(1) Advancement Flaps A simple undercutting of
wound edges 1s an example of this The extent of under-
cutting required varies from five to ten times the size of
the gap to be closed, depending on the elasticity of the
skin i the part The scalp 1s quite 1nelastic, and even

A )3%' J
_,)_/.(

0}

;LVT

Y >~r

116 136 (a) A\ ncswon stitched 1s 1 Y gives added strength
(5) A Y mcision stitched 1s 1 V gnves 1dded breadth

small defects 1n it may be difficult to repair in this way
Diagrams show examples of rather more comphcated
flaps  The Vinaston stitched in Y, which gives additional
length, and the Y macssion stitched mn V' which gines

additional breadth are others
(2) Transposition Flaps  These can be used to deal
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burns than 1n wounds although mcisions which cross the
Lines of flexure are almost certain to produce 1t The
chest 13 the commonest site where 1t often follows 1njudi
cous nterference with moles or warts in young gurls
these are usually much better left alone

The first rule of treatment 1s that interference should
not be precipitate especially on the chest where recur
rence 13 common

Case Note A little girl was secn with a mass of keloid on
her back following & burn.  Vanous means of getting nd of it
were discussed but 1t was decided to do nothing until the
summer holidays By then it had entirely disappeared

When action must be tahen erther for cosmetic reasons
or to put an end to 1tching and rmtation 1t 18 probable
that surgical excision with the strictest attention to
aseptic techmque followed by the application of radium
to the healed incision or edges of the graft (if grafting has
been necessary) 15 the best form of treatment Radwum
by 1tself destroys keloid but 1ts action 1s slow
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has been acquired by dividing the flap, leaving 1its ex-
tremity to make up the defect, and restoring 1ts pedicle
to where 1t came from Examples are the forehead flap
to the tip of the nose and the flap raised from the abdo-
minal wall to cover a denuded hand

(4) Pedicle Grafts These are grafts prepared in the
form of a tube which remains attached at both ends until
1ts blood supply has acquired a linear distibution  One

3Sc
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F16 139 A toothed dissecting forceps traumatised the skin a non toothed
forceps does not grip 1t A hook retractor of the Gillies type can be used
as a substitute  (By courtesy of Messrs Down Bros )
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end 1s then detached and swung to a new site nearer the
receptor area  Here 1t 1s left for a further period before
the next swing And so on until 1t has reached 1ifs
objective

Storing of Grafts A graft can be stored for as long as
a month by spreading it on a piece of tulle gras and
wrapping this up 1n a saline swab, which 1s placed 1n a
sealed receptacle in the refrnigerator It may be con-
venient to preserve homografts in this way  These grafts,
taken from another individual, only survive for a matter
of weeks on the recipient, but they sometimes provide
very useful temporary cover when there 1s no other donor
area available

Keloid Kelowd, an excess of fibrous tissue 1n a scar, at
first vascularised but later becoming ischamic, 1s more
often seen around the neck and in front of the sternum
than 1n other parts of the body Some people are morc
prone to produce 1t than others, notably the red headcd
and dark skinned, and more particularly betwecn the ages
of three and seventeen It 1s more hikely to appear n
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may be discovered between a growth and an important
artery or a duct or a bonec  Bone though very subject
to metastasis 1s not readily breached from without unless
1t becomes secondarily infected

To talk of a tumour and 1ts capsule or of enucleating a
tumour with 1ts capsule 1s a mistahe  the capsule belongs
to the surrounding tissues and 1s only attached to the
tumour over a small area A tumour can be excised with
its capsule intact but when 1t 15 enucleated the capsule
remains behind  so 1t 18 fortunate that only innocent
tumours possess well defined capsules 1t 1s true that
some connective tissue tumours may have a fibrous n
vestment but this presents no plane of cleavage on
either of 1ts surfaces

Nature s Channels Unfortunately there 1s a reverse
side to this picture  The lines of lesser as well as the
lines of greater resistance must be taken into 1ccount
Cancer spreads quickly along tissue mterspaces and the
natural channels formed by Iymphatics and vemns
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CHAPTER XVIII
SURGERY OF MALIGNANCY

IT 15 a sad business for the surgeon who sets out to rid
a patient of a malignant growth only to find after the
lapse of a few months that he has been responsible for
disseminating 1t Of course this 1s more likely to happen
in an advanced case than an early one, but every now and
again 1t occurs when prospects of cure seem brightest An
example of such a catastrophe 1s given later in the chapter
There may be an error of technique in these cases, but the
trouble can often be traced to an 1gnorance of pathology

Nature’s Barriers The local extension of a growth 1s
not necessarily equal 1n all directions Some structures
are resistant to its spread, others yielding The capsule
of an organ will contain 1t for months or even years We
have all seen the liver with a capsule which 1s quite intact
although enormously distended by secondaries So also
in the other solid viscera, and in the lymphatic glands,
a gland may be crammed with cancer cells and still
perfectly discrete and unattached

These barriers must not be broken down by surgery
A malignant growth should not be cut out of an organ
when the whole organ can be removed without detriment
to the patient DBiopsy by excising a fragment of a
primary growth 1s inadmissible when there 1s an mvolved
lymphatic gland nearby which can be enucleated entire
And rupture of such a gland during the procedure must

be avoided at all costs
Per contia, 1t may be well worth while dissecting a

closely adherent mass away from a structure which 1s
resistant to 1ts spread 1 or cxample, a hinc of clecavage
-3
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may be discovered between a growth and an important
artery or a duct or a bone Bone though very subject
to metastasis 1s not readily breached from without unless
1t becomes secondarily infected

To talk of a tumour 1nd 1ts capsule or of enucleating a
tumour with 1ts capsule 1s a mistahe the capsule belongs
to the surrounding tissues and 1s only attached to the
tumour over a small area A tumour can be excised with
its capsule 1ntact but when 1t 15 enucleated the capsule
remains behind  so 1t 15 fortunate that only innocent
tumours possess well defined capsules 1t 1s true that
some connective tissue tumours may have a fibrous n
vestment but this presents no plane of cleavage on
either of 1ts surfaces

Nature s Channels Unfortunately there 13 a reverse
side to this picture  The lines of lesser as well as the
lines of greater resistance must be tahen into account
Cancer spreads quichly along tissue interspaces and the
patural channels formed by lymphttics and vens

;-; ~
4
»

1}
\
1

e

’
\ ’
~

Tw o A block drarction for diseection
ar 1noma of the leeast, F!‘:icx:.r:-m;ui’lhxo{k'.hembn.

———t




240 SURGICAL TECHNIQUE

Moreover, 1ts microscopic edge 1s always well in advance
of 1ts macroscopic

Sampson Handley’s theory of lymphatic permeation
has now been largely given up Most surgeons beleve
that the lymphatic metastases like the venous are embolic,
at least 1in the earlier stages of the disease Nevertheless
a block dissectron of growth and glands 1n one prece 1s still
the 1deal to aim at  Where 1t cannot be achieved, as with
growths of the mouth, as wide a clearance as possible of
the growth itself should be carried out to allow for
microscopic extenstons of the growing edge

The Part Played by Infection Neoplasia 1s often
accompanied by infection, even 1n the pre-ulcerative
stages Dense adhesions round a growth may be simple
in nature, glandular enlargement may be inflammatory
and not metastatic in onigin

Mistakes arising from this are particularly common
with pelvic cancer, though they may occur with any
intestinal growth

Case Note At laparotomy a recto-sigmoid growth appeared
moperable, the pelvis being occupied by an adherent mass
glued to the back of the bladder However, an abdomino-
perineal resection was eventually completed The growth

proved to be a nng scurrhus without extensions All the
induration and adhesions were inflammatory

Case Note A rnght hemi-colectomy was performed for
removal of a mass in the ascending colon as big as a coconut
The specimen showed a malignant ulcer the size of a five
shilling piece based on a para-cohic abscess which was encased
1n dense fibrous tissue

Is Cure Possible ? A growth may be labelled mcurable
because of 1ts size or fixity, or because 1t has given rise to
remote metastases The two kinds of incurability are
different The first might be termed relative bang
influenced by extrinsic factors, such as the presence or
absence of inflammation, thc caution or daring of the
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surgeon etc  The second used to be considered absolute
but in recent years sohtary metastases in hiver and lung
have been removed with a measure of success and
amputations have been performed to get rid of bony
secondanies

In recent years the tendency 1s to mahe less and less of
techmical difficulties Growths which would have been
considered quite hopeless a decade 1go are now tachled
as a routne and often with surpnsingly good results
The size of a tumour often bears little relation to1ts opera
bility Animvestigation at St VMark s Hospital has shown
that 1n a series of rectal carcinomata the group which
proved on laparotomy to be bulkier than the average—
say as big as a coconut—gave better results than the
group which proved to be smaller—say as by, as an
orange. This observation merely underlines a fact that
was already well known infiltrating growths are more
malignant than proliferating

It 1s no uncommon thing nowadays to see more than
one organ removed 1n order to get clear of all extensions
the spleen 1s taken with the stomach and perhaps part of
the pancreas as well the uterus 13 taken with the rectum
when both are involved  Morcover where formerly some
form of short circunt was constdered all that was necessary
as a palliatne nowadays a resection 1s frequently carrred
out although distant metastasis has already commenced
S0 a partinl gastrectomy may replace a gastro-enterostomy
for a carcinoma of stomach with small secondaries 1n the
Iiver and an abdomino-penneal may be performed under
hike conditions

Where cure 15 possible there 1s only one safe principle to
work on-—that 1f a single gland contuning a secondary
deposit 1s Iuft betund the discase will recur  This 11 o

sanction that can never b ignored no matter what the
circumstances
.
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Moreover, 1ts microscopic edge 1s always well 1n advance
of 1ts macroscopic

Sampson Handley’s theory of lymphatic permeation
has now been largely given up Most surgeons believe
that the lymphatic metastases hike the venous are embolic,
at least 1n the carlier stages of the disease  Nevertheless
a block dissection of giowth and glands 1n one prece 1s still
the ideal to aim at  Where 1t cannot be achieved, as with
growths of the mouth, as wide a clearance as possible of
the growth itself should be carried out to allow for
microscopic extensions of the growing edge

The Part Played by Infection Neoplasia 1s often
accompanied by infection, even in the pre-ulcerative
stages Dense adhesions round a growth may be simple
in nature, glandular enlargement may be inflammatory
and not metastatic 1n origin

Mistakes arsing from this are particularly common
with pelvic cancer, though they may occur with any
intestinal growth

Case Note At laparotomy a recto-sigmoid growth appeared
moperable, the pelvis being occupied by an adherent mass
glued to the back of the bladder However, an abdomino-
perineal resection was eventually completed The growth

proved to be a ring scirrhus without extensions All the
mmduration and adhesions were mnflammatory

Case Note A nght hemi-colectomy was performed for
removal of a mass 1n the ascending colon as big as a coconut
The specimen showed a malignant ulcer the size of a five
shilling piece based on a para-colic abscess which was encased
1n dense fibrous tissue

Is Cure Possible ? A growth may be labelled incurable
because of 1ts size or fixity, or because 1t has given nse to
remote metastases The two kinds of incurability are
different The first might be termed relative being
influenced by extrinsic factors, such as the presence or
absence of inflammation, the caution or daring of the
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towels should be chpped to the edges of the incision 1n the
bladder so as to exclude the wound completely from the
field of operation the growth should be cautensed at
once with a swab soaked 1 10 per cent silver mtrate
the greatest care should be tiken to prevent contact
between 1t and the mucous membrane dunng removal
and the bladder should be thoroughly washed out with
1/1000 silver mtrate solution at the fimsh  Papillomata
of the renal pelvis are equally treacherous  Treatment 15
by nephro-ureterectomy without opening the pelvas

More solid growths whether in the unnary tract or
elsewhere are less ikely to scatter scedlings while being
removed but this does not mean that 1t 13 safe to take
any nsks with them  The gvnacologist 18 at great pans
to heep a carainoma of cervix confined within the vagina
duning a Werthenn s hysterectomy for fear of spilling cells
1nto the pelvic cellular planes  The muxed salivary tumour
recurs with monotonous regulanty after removal no
matter whit precautions are tahen and the recurrence
1s often malignant no matter what the nature of the
ongmal A surgeon thercfore when operating on a
potentilly malignant tumour can never be too careful to
keep well clear of 1t

When biopsy 15 essential for diagnosis as 1t often 1s in
the breast 1t 13 safer to cut the whole mass out before
cutting into 1t If operntion follows at once the surgeon
should put on fresh gloves and change all us mstruments
Preliminany  biopsy  of superhcial or ulcerated growth
carries no dangers

Rishs of Releasing Emboli \\1th certamn cellular
ghly mahgnant gronths such as sarcomata terntomata
chonon epithchomata  hvpernephromata a still graver
menice than transplantation of cdlls threatens the patient
These tumours are very vascular and manipulation (pre
operative as well as operative) may release embolt nto
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Towards the end of a long operation the temptation to
get fimshed and done with may be very great indeed
The patient 1s probably beginning to show signs of shock,
the anasthetist 1s getting fidgety, and the surgeon 1s tired
But an extra five minutes on the table may make all the
difference between success and faillure Whatever the
result, a year or two goes by before 1t becomes known, and
by then no one remembers the operative details, the
notes only record what was done, and make no mention of
what was omitted Nevertheless cause and effect bear
their usual relationship, and the surgeon who 1s honest
with himself accepts his responsibility

Risks of Transplantation Under certain conditions it
1s the easiest thing in the world to transplant malignant
cells

Case Note A partial gastrectomy was carried out, although
the growth had reached the peritoneal surface of the stomach
Two months later the patient returned with his abdominal
wound heavily infiltrated by growth A similar thing hap-
pened to another patient after a laparotomy for what proved
to be a carcinomatous ascites

In these cases the seed was plentiful and the soil was
suitable A fatal outcome must have been 1nevitable
whatever happened But with certain papillomatous
growths of the urinary tract the prognosis may be entirely
altered by operation

Case Note At operation for enlarged prostate a small
papilloma was found in the bladder close to the orifice of a
diverticulum It was destroyed by diathermy at once without
even taking a snip for section, and the diverticulum was left
untouched Three months later the patient returned with
widespread carcinomatous mnvasion of his bladder base and

supra-pubic scar

Every effort should be made to treat vesical papillomata
by trans-urethral diathermy If operation 1s necessary
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may develop and carry the patient off more quickly than
a miliary tuberculosis

Gn:?ng a Growth. There are two methods of grading
a growth—by the character of 1ts cells or by the stage o
which 1t has progressed at the tune of operation For

Fic 1414 A method of recording the spread of a growth,
Tht i%sciples and Prachiee of Rethal

from
Swrpery by Gabrio)
(H K Lewn & Co Ltd)

obvious reasons the two will often correspond faurly
closely but this 1s not always so

Stagig will vary from organ to organ  In the breast
for instance Stage I 15 a tumour confined to the gland
Stage IT shows mobile glhinds 1n the axilia Stage 111 15
wvanced with Jocal or remote metastises  In the bladder
Stage Tis a growth confined to the bladder wall Stage IT
shows involvement of the pers vesical tissues Stage 111
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the circulation to be carried to the lungs and perhaps from
there all over the body Incision before excision 1s there-
fore completely inadmissible, and an attempt should be
made to cut off the blood supply before the tumour is even
touched—with the testis, for instance, this can be done
quite easily by clamping the cord high up

Anomalies So far as the surgeon 1s concerned, the
lymphatic spread of cancer 1s all that matters He cannot
hope to overtake blood-borne metastases But even in
dealing with lymphatic spread there are many factors
outside his control

The microscopic character of the disease 1s a handicap
from the very start Cancerous emboli probably consist
of aggregations of cells Nevertheless on first lodgment
their size must be mmute So a gland which 1s hardly
large enough to call attention to 1ts own existence may
already conceal a metastasis  That 1s why 1t 1s important
to clear out all the fat and cellular tissue in a danger
area

The uncertain distribution of the lymphatics and the
sluggishness of the lymph stream are bound to produce
other anomalies When a gland becomes blocked by
inflammation or choked with metastases 1ts tributaries
open mto collaterals and discharge their contents else-
where—a cancer on one side of the tongue may nvolve
the opposite side of the neck, a cancer 1n one breast may
even mvolve the opposite axilla A complete reversal of
the lymph flow 1s not uncommon, and this explains how
a cancer of the stomach may give rise to deposits in the
lumbar glands And there 1s always a danger that
lymphatic spread will undergo a sudden transformation
into something much more rapid A major vein may be
invaded, either directly or through the thoracic duct
An overcharged lymphatic may rupture into the peritoncal
civity and sow 1t with malignancy A muhary carcinosis
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high frequency current which enters the body through a
large electrode and leaves through a small onc generating
ncreasing heat along 1ts path
until tissue 15 destroyed at
the pomt of exat

The large clectrode con
sists of a flat metal plate
completely enclosed together
with its screw termunal m a e e W
calico byg which 1s soaked PO u.%'-
m strong saline before use a7, g
(to per cent or a handful of Fig 143 Cantermaton with & ball
salt to the pint) This 15 gizetrode smts mp a basrier of dead
placed under the buttock so  peoetration
that 1t makes firm and even contact over 1ts entire surface
any neglect here may cause a burn  The small electrode
13 mounted on an insulating handle and may be a needle
or a button according to whether catting or coagulation
is requured (for each of which a separate circmt 1s provided

i

e

(a) (U]

(c}
Fia 144 (€) Medwcal diathermy * heats the thiues, thermy
R coagulates.” (c) Duatbermy with .(m By i

mside the machine) The stre of curr

should be determined beforehmgg;i]d not at (t‘—zte tr::g‘g}
operttion allowance being made for the fact that fat 152
poor conductor 1nd that denser structures resist dissolu
tion  The rate of oscillation of these currents 13 too rapid
to stmulate muscle or nerve but unfortunately undertor}:(ls
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affects the local glands, and Stage IV has remote
metastases

Although these classifications may be quite misleading,
they are very often useful both in prognosis and for
statistical purposes Tor ease of reference 1t may be
convenient to record them 1n pictorial or diagrammatic
form (Ing 14714)

It 1s perhaps worth mentioning that the pathologist’s
report on a specimen may be considerably influenced by
the information he gets with 1t Specimens should there-
fore be carefully and completely labelled, and when
necessary discussed with the pathologist, who may some-
times revise his opmion when he knows the full facts of
the case Certainly he should never be asked to carry
out his task with no more help than 1s supplied by the
identification tags fixed to the bottles by the nursing staff
Even these are not noted for theirr immumty from error

Surgical Diathermy The surgeon in the ancient world
was enjoined to *‘ burn a tumour out with fire so that it
may not bleed freely ”” His successor uses the diathermy
for the same purpose It depends for its effect on a

A patient in the lithotomy position  If diathermy 1s

T16 142
t(fbe used the right thigh should be msulated from the pole

Otherwise a burn may result
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Occastonally an innocent skin tumour—a small angioma
for 1nstance—can be destroyed by multiple punctures
with a coagulating needle but there 1s a danger of
sloughing and even secondary heemorrhage if too much 1s
attempted at one sitting  These complicattons are luckily
uncommon because charred tissue loses 1ts conductivity
and so sets up a barner against spreading destruction

Diathermy can also be employed for malignant skn
tumours which have broken down and become infected
With some of these a total excision by the cutting current
leaving a clean granulating surface 18 possible

Surgery and Irradiatlon Irradiation affects malignant
cellsn two ways—directly and indirectly It has a direct
destructive action on the cells themselves the products
of this destruction then lead to a hyperemma and da
pedesis followed by a connective tissue reaction which
further indirectly damages the cells

Unfortunately the healthy surrounding tissues suffer
also though not to the same extent Of these from the
surgeon s point of view the most unportant 1s the skin
Lrythema 1s invanable and may take a week or more to
subside  sometimes desquamation follows especially if
the part 18 not kept absolutely dry Because of the skin

reaction post-operative irradiation cannot be started until
healing of the wound 18 complete  This detracts from the
prophslactic value of the 1rradiation

The difficulty 13 encountered most often in breast
surgery  and when 1t seems lihely either from the size of
the tumour or 1ts situation mn the breast or the type of
breast being dealt with that grafting wall be necessary at
the clase of the opertion some surgeons prefer to irra
ditte pre mstead of post-operatively  This reversal of
procedure has the added advantage that it sometimes
bnngs v scominghy inoperable tumour within range of the
hmife  \ganst 1t 15 the fact that hemorrhage mas be
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capable of doing this can never be completely eliminated,
and twitchings caused by them are unavoidable

Diathermy should never be used on skin recently
painted with spirit, nor 1n the presence of an inflammable
anasthetic As a substitute for the kmife 1t has the
advantage that 1t seals small vessels and lymphatics as 1t
cuts, and kills any stray malignant cells 1n 1ts track though
*“ the more the cutting the less the coagulation

But experience 1s needed 1n the handling of the needle
A httle extra pressure or a momentary hesitation m the
cut may do harm This 1s not an instrument to choose
when accurate dissection 1s required In the axilla, for
instance, 1t has no place, and even in the removal of a
breast 1t must be kept under careful control

Case Note A post-mortem 1s on record of a woman who
died following a breast amputation by diathermy She had
a pyo-pneumothorax caused by sloughing of an ntercostal
space

Healing 1s slower after diathermy (though less painful,
because the nerve ends are fixed), and there 1s a tendency
for serum to collect in the wound Most surgeons have

Iric 145 This granuloma was excised by dinthermy and the
arca successfully grafted (Mr Desmond Cooper’s case )

abandoned the method 1n breast surgery, but 1t 1s still
used for malignant disease in the mouth  When this 1s
advanced and the jaws are involved there 1s considerable
danger of necrosis following the trecatment, bone being

peculiarly vulnerable to heat



CHAPTER \IX

SURGERY OF CHILDREN
By C F CrrrceLEy MS TRCS

U~DER favourable conditions infants and children make
surpnisingly good patients but they react badly to
exposure rough handling or shock a bungled attempt
to start a transfusion has tipped the scale against recovery
more than once 1n a young child. It follows that heroic
surgery plays no part i pedatrics  but consenative
surgery may be undertaken with every confidence 1if pre
and post-operative treatment 1s properly carned out

The Age for Operation Infants a few hours old are
operated on for such things as exomphalos congenital
atresia of the gut mecomum ileus imperforate anus and
retention of urine  These being emergencies any delay
would be fatal But in the ordinary run of cases the
generally accepted principle 1s to postpone 1nterference
until the parts are reasonably developed and the bodily
resistance increased always provided that the delay does
not aggravate the lesion or diminish the chances of cure
Julus W\ oolf enunciated the law that —

Structure 1s adapted to function
and very often the decision when to operate 1s governed
by the appheation of this law to the case under con
sulertion A cleft palate for instance should be closed
be fore the child develops bad habits of speech and before
the dentition and contour of the face are ady ersely
itected  This means operation at or about the age of
two - simiardy tahipes should be corrected before walking
tommences nd the deformity becomes fixed On the
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shghtly more troublesome than usual, and tissue planes
not quite so easy to define After heavy or prolonged
irradiation there may even be pronounced fibrosis But
these are obstacles that can be overcome

A more serious consideration 1s that the treatment may
cause a grave deterioration in general health A woman
suffering from 1rradiation sickness 1s scarcely a fit subject
for general surgery, and 1t may be several weeks before
her condition improves sufficiently to undergo it Mean-
while she 1s never free from the danger of metastasis
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postertorly thus opening the larynx to foreign bodres
For this reason operations on the head and neck are best
done with the head fully extended unless the pharynx 1s
packed

The liver 15 relatively larger than in the adult 1ts edge
being one or two fingers below the costal margin  In
operatmg for congemtal pylonc stenosis advantage 1s
taken of this fact by making the inaision high up so that
the liver presents immediately the pentoneum 1s opened
prevents eventration during the operation and enables
the abdomen to be closed easily and quickly at the end

The ntestine 13 only half the adult length one reason
why resection 1n a child carres such a igh mortabty
Sacculations do not appear 1n the cecum until the third
year and this may cause confusion in the right ihac fossa
The omentum being short and undeveloped puts up little
defence against the spread of infection In consequence
appendicitis very easily leads to pentonitis The danger
of delay 1n operation 1s correspondingly increased and
conservative methods of treatment are madmisaible before
the age of twelve

Infant bomes are soft and malleable because of the
higher proportion of fibrous tissue and spongy bone This
18 especially noticeable 1n the chest where any obstruction
to respiration 18 soen followed by deformuty Even
nadvertent pressure dunng the course of an operation 1s
enough to mould richety bones

The periosteum 18 thick and stnps readidy Ths
accounts for the number of green stich fractures seen 1n
children as also for the ease with which they are reduced.
In operating for osteomyelitis the tendency of the pero-
steum to stnp far and wide may result in a large area of
bone being deprved of 1ts blood supply

To the elbow they go from the knee they flee 15

an old mnemomic which helps the student to remember
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other hand, 1t 1s better to delay operation on umbilical and
inguinal hermz  Inthe former, strapping skilfully apphied
will probably make surgery unnecessary In the latter
the gossamer texture of the sac and the delicacy of the
structures encountered makes operation in the very young
an exasperating and unsatisfactory business Sometimes,
however, a big hernia causes so much trouble that the
parents refuse to be put off any longer, and the surgeon
1s forced to go ahead with 1t , 1n a case of this kind he will
usually be relieved to find that *“ function " has thickened
the sac so much that 1t can be dissected out without any
great difficulty = Operations for ectopic or imperfectly
descended testis need not be undertaken until the age
when the normal testis begins to develop—that 1s to say
at eight or mine years—but they should be completed
before puberty Certain operations, notably those on the
nasopharynx, should be temporanly postponed 1f respira-
tory infection 1s prevalent or poliomyelitis reported 1n the
neighbourhood

Anatomy The anatomy of the young child differs in
many ways from that of the adult, and the differences have
an important bearing on surgical technique

A child’s head 1s relatively large with promment scalp
vemns which may be used for infusion and transfusion by
the surgeon who 1s expert with a needle The anterior
fontanelle remains open up to two years, but few people
nowadays have the tementy to take advantage of the
easy access 1t affords to the sagittal sinus

Teeth are not normally present in the newborn, and
this together with the under development of the lower jaw
makes 1t difficult to gag open the mouth

An 1nfant’s neck 1s short, and 1n the carly days its
movements are restricted This must be remembercd

when arranging the position on the table
The edges of the epiglottis in childhood are folded
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The average blood volume m the adult ranges from
about 3300 ml to 7000 ml varying with weight sex
etc In the newborn infant the average 1s about 300 ml
rising to 600 ml at one year It 1s obvious then that
while a certain amount of hemorrhage 1n an adult during
the course of an operation may be of small moment 1n an
mfant 1t 15 often a semous matter It would appear
moreover that the bleeding time 1n mfancy 1s prolonged
particularly during the neo-natal penod Hemostasis
therefore must be meticulous 1 the yo

Infusion and Transfusion Dehydration 18 an important
factor 1n the production of shock It 15 precipitated by
pyrexia vomuting or diarrhcea  but mn routine surgery
ntual purgation and strict withholding of fluds before
operation may do just as much mischief Even enemata
must be given with discretion Severe collapse some-
times resulting i death has followed admimstration of an
enema 1n cases of colonic stases or Hirschsprung s disease

The younger the patient the more important 1s 1t to
restore the body fluids to thewr normal proportions and
when there 1s any urgency about the condition this 18 best
done by infuosionnto a vein  Absorption from the rectum
18 slow and sometimes the flud 1s expelled into the bed
1n accident which might start a disastrous infection 1n any
superficial lesion lihe a bum of the trunk  Absorption
from the subcutaneous tissues 1s also slow but can be
relied on when the total yolume of fluid to be introduced
1s small and veins are not easy to find ¢g a 6-1b baby
suffering from pyloric stenosis The enzyme hyalase can
be added to the fluid to break down tissue barriers and
hasten absorption

1f blood 15 to be given it should be grouped and cross
mntched as carefullv as mn the adalt It 1s true that
agglutinins are not present m formdable array and an
infant may often be transfused with 1ts mother s blood
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the direction of the nutrient arteries 1n the limb bones,
these are always directed away from the growing end of
the bone and the mnemonic serves as a reminder also that
if a child’s arm 1s amputated above the elbow the stump
will continue to grow, below the elbow 1t will not In
the leg the opposite holds

The infant 1s insulated from its environment by a
covering of fat which has its own charactenstic distrn-
bution, and 1s often so thick and mobile as to conceal the
bony landmarks The fat of the groin 1s surprisingly
dense and vascular, and 1n the operation for herma special
attention should be given to hemostasis, so that a heema-
toma does not form and provide a midus for the infection
which 1s always a local hazard

There are one or two pomnts of importance to the
anasthetist The corneal reflex 1s absent during the first
month or two of Iife Large tonsils and adenoids may
make the passage of an intra-tracheal tube a tricky
business The spinal cord at birth reaches to the level of
the third lumbar vertebra, and 1s in danger 1f a puncture
1s made 1n the usual place

Physiology. The physiology of the infant differs
markedly from that of the adult, and often 1n ways which
concern the surgeon Perhaps the most noticeable 1s the
more rapid respiratory rate, ranging from forty to the
minute at birth to twenty-two to the minute at two years
Respiration moreover 1s largely abdominal 1n type, the
chest playing hittle apparent part in1t It will be appre-
ciated that operations on the abdominal wall may be very
difficult under these conditions

The resting pulse of the newborn child will average 130
to 140 to the minute, falling to 120 1n the first year, 110
1n the second year and 100 1n the third year It1s there-
fore understandable that there 1s hittle cardiac reserve to
cope with emergency shock and hamorrhage
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The average blood volume mn the ndult ranges from
about 3300 ml to 7000 ml varymg with weight sex
etc In the newborn mfant the average 1s about 300 mlL
nsmng to 600 ml at one year It 18 obvious then that
while a certain amount of hemorrhage mn an adult dunng
the course of an operation may be of small moment in an
mfant 1t 18 often a senous matter It would appear
moreover that the bleeding time 1in 1nfancy 1s prolonged
particularly dunng the neo-natal penod Hemostass
therefore must be meticulous m the young

Infusion and Transfusion Dehydration 1s an important
factor 1n the production of shock It 1s precipitated by
pyrexia vomuting or diartheea  but in routine surgery
nitual purgation and strict withholding of fluds before
operation may do just as much muschief Even enemata
must be given with discrehon Severe collapse some
times resulting 1n death has followed admistration of an
enema 1n cases of colonic stases or Hirschsprung s disease

The younger the patient the more important 1s 1t to
restore the body fluids to their normal proportions and
when there 19 any urgency about the condition this 15 best
done by infusion into a veln  Absorption from the rectum
15 slow and sometimes the flmd 13 expelled 1nto the bed
an accident which might start a disastrous infection 1n any
superficial lesion like a burn of the trunk Absorption
from the subcutaneous tissues 1s also slow but can be
relied on when the total volume of fld to be mtroduced
13 small and vemns are not easy to find ¢ g a 6-lb baby
suffering from pjyloric stenosis  The enzyme hyalase can
be added to the fluid to break down tissue barriers and
hasten absorption

1f blood 15 to be given 1t should be grouped and cross
matched as carefully as i the adult It 1s true that
?ngfgn‘:?l::i ac::t ;‘oie})racnt in formidable array and an
transfused with 1ts mother s blood
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during the first few weeks of life without mishap, but
even so accidents are not unknown, and in any case 1t
1s undesirable to run the nisk of setting up fresh incom-
patibilities which may prove pitfalls in years to come

Transfusion routes —

(1) Usually time 1s saved by exposing a vemn from the
start A forearm or wrist can be used, on the internal
saphenous at the ankle, the danger of deep thrombosis
not being great at this age

(2) The scalp veins or the internal jugular are some-
times prominent enough to be needled

Fic 146 A Luer Kaufman syringe (By courtesy of Allen & Hanbury Ltd)

(3) Marrow transfusion is too slow to be of any help 1n
an emergency

(4) Intra-muscular transfusion is effective as a hazmo-
static only

Effective mmmobilisation 1s absolutely essential 1f the
transfusion 1s to go off smoothly = Nothing can be more
annoying for the surgeon or bad for the patient than a
transfusion which stops prematurely because the cannula
has been tugged out of the vemn by some chance movement
Splinting should be so arranged that if there 1s to be any
movement at all, limb, splint and tubing move togethcr
and not independcntly

A special set of instruments 1s nceded for exposing and
opening the vein, and the cannula should be of appropriate
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dumensions  Subsequent technique does not vary greatly
from that employed in the adult but the rite at which
the blood flows should be slower Ten drops a minute 1s
a safe mamntenance rate  thirty drops a minute 1s a maxa
mum urgent replacement rte this being equivalent to
100 ml an hour This will seldom be exceeded i A super
final vemn 15 used no matter what the setting of the
control  In fact some form of positive pressure 15 often
needed to mamtain a flow at all A symnge of the Luer
haufman type which has a side mlet connected to the
reservowr often proves useful

Ten to fifteen mulliitres per pound of body weght 1s
sufficient blood to give an infant or young chid 1t any one
time unless there has been a recent severe loss Tor
accuracy of mcasurement and as a safeguard against
excessive dosage the blood should be delivered from o
mal graduated contaner and not from thc ordinary

e

Preparatlon for Operation Children are more likely
than any other class of patient to find theiwr way mnto the
operating theatre with a full stomach but acaidents are
unlikely 1f nursing staff 1s on the alert and alive to the
possibility

A basal narcotic 1s gnen before operation 1f the pattent
15 over eighteen months

Seconal 04 grm per stone body weight

15 sumple and effective but there are many alternatines
to choose from Transfer from bed to trolley shoold be
made immediately the drug 15 admimstered to 1vord dis-
turbance later on It 1s essential that the chid 15 asleep
when 1t 1s wheeled from the ward to the anasthetic room

\ child s heat regulating centre 13 relatively unstable
wnd responds readily to adverse stimuli  The chest
should therefore be covered m a woollen blanket or jachet
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and the limbs clothed 1n cotton wool held 1n place by loose
bandaging Ilectric blankets or hot-water bottles are an
additional help when shock has developed, but may cause
burns 1if not properly managed Theatre temperature
should be maintamed at shghtly above the ordinary level
at between 70°-735°

It 1s not unnccessary to mention that judgment must
be excrcised n all these matters Heat stroke can easily
develop 1n a child undergoing an operation on a hot day
if no allowance 1s made for weather conditions

Position on the Table. The Denmis Browne crucifix

T16 147 A small child on an operating table 1s Iihe a solitary
pea on a dinner plate without some form of immobilisation
This 1s a crucifiv sphint

enables an infant to be handled easily and prevents
struggling during induction of anzsthesia Trunk and
legs are secured to the vertical component of the sphnt
and the arms to the cross piece  This splint has the addi-
tional advantage that 1t maintains the correct relationship
of head and arms Tugging on either when the other 1s
fixed may lead to brachial plexus palsies

Local pressure from projections on the table, or by sand-
bags, or by allowing a hmb to dangle, or by Iithotomy
poles, 1s another possible source of nerve injury When
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sandbags are used they should be large enough to give
support over a wide area. Padding the himbs with cotton
wool as recommended above reheves the pressure on the
deeper structures  Here again it 1s important that nursing
staff should be aware that a danger exists and that 1t 1s
greater m young children because the nataral coverings of
therr bodies give them less protechon. Fortunately if
the worst happens and a paralysis does develop 1t usually
recovers completely

The Trendelenburg position 1s not well tolerated by
children. In such operations as transplantation of ureters
or an obturator neurectomy, 1t should be used with dis-
cretion and the table restored to the honzontal as scon
as the immediate need 18 passed A table with a Jateral
tilt 18 a distinct advantage for an exploration of hup or a
thoracotomy By this device much sandbagging and
moving of the patient may be avoided always an impor
tant consideration 1if the procedure 13 a trymng one

Instruments It goes without saying that the instru
ments used in children s surgery should be appropnate to
the tash ~ Anattempt for nstance to cut half way across
a vemn 1 mm 1n diameter with an ordmarv pair of scissors
15 bound to end i fallure  Nevertheless the surgeon 13
not always able to obtawn spectal equpment and he must
content himself by being as selechive as possible with what
he has got

Certain instruments are by therr nature and design
trumatic and should be excluded altogether Others
while \dmirable for their ongimal purpose may be danger
ous when misapphed—as an example toothed dissecting
forceps used on soft tissues  Fesw surgeons would deliber
ately pich up a piece of intestine or a large vein with this
tvpe of forceps but they are not infrequently employed
to suize pentoneum or muscle which are just as delicate
mstructure It 1» good practice to put the toothed forceps
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Fic 148 A drunimprovised from a piece of salmon gut

well out of reach once skin and aponeurosis have been
dealt with  Kocher’s forceps should be used with similar
discretion

Crushing clamps have little place 1n children’s surgery
They cause cedema and necrosis, and are unnecessary
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Intestinal clamps 1f used at all should be the lghtest
available with a good spring and protected with a rubber
gheath

Artery forceps should be smil with a fine pont the

mosquito  type being best  The aim should be to grasp
the bleeding vessel and nothing else which 1s not possible
with the larger types of forceps

Knives are usually of the Bard Parker type a No 10
blade being convement in shape and size for general work
with a No 15 for more delicate surgery

Instruments to serve a particular purpose are available
at the choice and discretion of the surgeon

For wiping away blood stamns cleaning blood vessels
and similar structures a fragment of dental roll held n
an artery forceps 13 most useful The dental roll 1s soft
and absorbent and does not leave shreds 1n the wound as
18 apt to occur with surgical gauze

The diathermy cuttung needle 1s seldom needed But
the coaguliting current provides a very satisfactory
method of controlling multiple fine bleeding points
especially 1n the neck where a bulk of retaned catgut
1s undesirable It should not however be relied on for
vessels of any consequence

All drams should be soft and phable A convement
dran for small wounds can be improvised by grpping
the ends of two or three pieces of salmon gut m a couple
of pairs of artery forceps and twisting these in opposite
directions  The centre of the strand 1s then seized by a
third parr of artery forceps and the two end paurs allowed
todrop It will be found that the two halyes rotate round
each other and retmn the twist A drain of this kand 1s
remarhably efficient 1n the nech and leaves no distortion
of the scar

Ligatures and Sutures Ligatures and sutures differ

httle from those used in adult surgern  Matenal and size
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are at the choice of the individual operator, though he will
naturally be biased towards the finer and more phable
varicties  Bulky ligatures and sutures are not swited to
the smaller-sized artery forceps and needles which are
employed 1n these little wounds

Technique. Speed and precision are essential to the
surgeon who operates on the young The child’s meta-
bolism 1s casily upset and, {or reasons already given, shock
supervenes rapidly  There 1s therefore no place for a
hesitant fumbling approach or excessive deliberation

In certain branches of surgery, notably in plastic and
neuro-surgery, a slow, pamstaking technique has been
developed, so that operating time 1s prolonged and may
extend to several hours  Such a system 1s dangerous
when dealing with children

Operations which take a long time are better avoided
or spht up into stages Otherwise mortality will be high
The surgeon who finds that he must resect bowel mn a
case of intussusception must realise that there 1s only a
50 per cent chance of the patient surviving In the
abdomen, particularly, whatever 1s necessary must be
done as simply and speedily as possible

The second principle of padiatric surgery 1s one which
1s 1mphat 1 the nature of the work—gentleness at all
times and with all tissues Rough handling leads to tear-
g, bruising, hamatoma formation, and cedema with
consequent shock, pain, hability to sepsis, and delayed
healing, no matter what the age of the victim, but in
children the harm done 1s magnified a hundred-fold by the
fragile delicacy of the parts

Sharp dissection should be the aim of the operator
Clean division of the tissues causes less shock than tearing
them apart by blunt dissection which leads to fraying,
cedema and extravasation of blood There are, of course,
times when anatomical details are distorted, or when

~
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nflammation or growth have obliterated landmarks so
that vital structures are in danger of bemng injured  Here
prudence may dictate an attempt to define these structures
wth a piece of gauze or dental roll grasped in an artery
forceps but normal methods should be resumed as soon
as the position becomes clear  Bruising of tissue 1s one
of the prume causes of minor sepsis and delayed healing n
wounds

The skan 15 closed by any of the usnal methods Alichel
chps are quick and clean but are not always easy to
remove pamlessly A continuous skin suture 13 often
advocated because 1t seals the wound more effectively
agamnst infection for the first forty eight hours  Whatever
method 15 used the essential points are accurate coaptation
of edges always and lack of tension

Wound Infection A certain amount of superficial
wound nfection 1s 1f not mevitable at least not surprising
in this branch of surgery  The mability of young children
to keep themselves clean their restlessuess and tendency
to roam abont the cot so that dressings become displaced
together with mcontinence of urine and feeces all set a
problem for the nursing staff charged with the care of the
wound  Inasions round the lower abdomen and gromn
are of course espeaially Liable to contamimation

Measures to hmit wound infection are merely an exten
sion of normal antiseptic precautions Skin toilet 15
mmportant  The clhild s skin especially those parts in
operation areas 1s perhaps not commonly washed as
thoroughly and regularly asin the adult and 1s1n addition
extremely tender and semsitive especially to chemical
iwntants such as 1odine or mercury  Such umitants may
mflict severe burns on an area already subjected to a
protracted and unaccustomed vigorous cleansing

Shin which has been washed and surgically cleansed
with an antiseptic will remain clean for a short time only
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Tic 1439  Ihe unrulv member 15 excluded from the field of
operation by wrapping it in a swab

Orgamsms are rapidly brought to the surface again from
sweat and sebaceous glands There 1s, therefore, every
reason for cleaning the operation field again i the
theatre and drying i1t with an application of spinit  Such
a routine 1s efficient and harmless

Wound towels applied in such a way that they pro-
tect the subcutaneous fat, a tissue most susceptible
to infection, should be used in all but the most trivial
procedures

Unabsorbable sutures and ligatures appear to be poorly
tolerated 1n fat and subcutaneous tissue and are a common
cause of minor sepsis in wounds, the sepsis clearing
rapidly after the extrusion of a fragment of the foreign
body This must not weigh, however, against the use of
such ligatures where necessary

In cases where infection seems likely, as in delivering
a gangrenous appendix or an infected gland, the muscle
and fat may be dusted with a bacteriostatic powder such
as a penicilin and sulphathiazole powder from an insuf-
flator, and a salmon gut drain inserted for twenty-four
hours

After operation, clean wounds are sealed, covered 1n
strapping and left alone This closed dressing offers
several advantages The child cannot get at the wound,
there 1s no need for repeated unpleasant dressings, and
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the nsh of contamunation at such dressings 15 avoided.
The disadvantage 15 that the wound cannot be observed
and the temperature chart may give the first indication
that all 1s not well Turther somc childrens skin will
not tolerte strapping an ugly pustular rash developing
1n a matter of hours  In such a case the wound may con
veniently be protected by a plastic dressing lihe Nobe
cutane applied either in solution or by sprmy  But such
an application must never be used over a potentially
mfected wound

Naphns are a problem to which there 1s no adequate
solution other than unremitting attention by the nursing
staff and an unlimited supply of linen In wounds
the napkin area 1t 1s probably as well to leave the napkin
untied and nsk a dirty bed rather than have a urine-soahed
towel tied round the part



CHAPTER XX
TACTICS

Anatomy and the Surgeon An anatomucal diagram or
even a dissected specimen 1s a poor imitation of the hiving,
bleeding tissues of the body, surgical anatomy bemng a
very different thing from dissecting room anatomy, almost
as different as 1f 1t possessed an additional dimension

» & D

Fic 150 Vagaries of the sigmoid arteries

Even 1n the relationship of the structures to each other
there 1s a distinction to be drawn between the two The
anatomist’s usual anxiety 1s to demonstrate what should
be there the surgeon 1s forced to accept what 1s there
This 1s important because anatomical vanations are con-
stantly cropping up An abnormal obturator artery
occurs 1n 20 per cent , the arrangement of the gall bladder
with 1ts ducts corresponds to  normal ”’ 1n only one case
out of four, the vagaries of the sympathetic have foiled
the physiologist for years These eccentricities are
puzzling enough 1n themselves without taking intoaccount
the distortion caused by disease A combination of the two
1s certain to defeat a surgeon who works by rule of thumb

Not only does the arrangement of the structures vary

266
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from subject to subject but so do the structures them
selves There 1s all the difference in the world between
the elastic skin of youth and the baggy coverings of
seniity  The subcutaneous fat of a robust man bears
little resemblance to the same laver in a wvisceroptotic
woman 1n the man the fat
18 firm and granular m the
woman 1t 1s sparse and mo-
bile Even in the same md1
widual fat 1 one part of the
body 18 qute different from
fat 1w another One mans
arteries are resibent and con
tract when cut anothers
are like lengths of clay pipe
A sheet of faswa sometimes
forms a substantial barmer  Fis 151 Avegary of the oate

that 1s easily recognusable at

operation but often 1t 1s scarcely distinguishable from the
surrounding areola.

Allowance must be made for all tlus diversity when
handling the parts and still more when repairing them
Suturing methods and matenials must be suited to the
particular case that 15 being dealt with

In old age or m a subject wasted by cancer there 13 a
temptation to use a thicker catgut and more of 1t than
uvsual but this only throws an additional burthen on
tissues that are 1ll fitted to bear it A suture with a
greater tensile strength than the structures it umtes
nevcr serves any good purpose and if 1t has any imntant
properties may do positive harm It 13 wiser therefore
to relv on occasional non absorbable sutures to take the
main strain m this type of wound and avoid the bulkier
hinds of catgut altogether Perhaps with the subcon
saous idea of compensating for nature s weakness one 15
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Fi¢ 153 Tension—hfting the shin away from the underlying

structures while an ncision 1s deepened, ¢ g, for hgature of
the saphenous vein

inclined 1n these cases to pull the sutures tighter than ever
This 1s also a mistake because 1t 1s bound to have a bad
effect on the blood supply to the edges of the incision, and
if blood supply 1s dimimished healing 1s bound to be
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mterfered with  Interrupted sutures are 1lwavs hinder to
the blood supply than a continuous and for this as wellas
other reasons they are preferable where there 1s a danger
of disruption

If the vessels are clay pipe and their mouths gape
open in the wound the ordinary constrictor mechinism
15 out of 4ction and more than usual care must be ginen
to hmmostasis This class of patient may well have a
raised blood pressure which increases the nsk of post
operative heemorrhage from any bleeding pomt that
escapes attention at the time of operation

Mikulicz gave the palm to the surgeon who knew
how to sew up It may well be that he was thinking
of a nice discrimination 1n such matters as these when he
pronounced judgment

In Praise of Tension Anatomy Ante- or post mortem
1s designed to cconomise space Everything 1s packed
mto the smallest possible compass Fven the great
serous cavities are potential and do not renlly exist unless
they are distended by flmd or air It follows from this
that the tissues must be hept constantly on the stretch
if the surgeon 1s to have any chance of seeing what he
18 domng  Tenston therefore 1s 1 most necessary adjunct
to disscction Without 1t the parts lic 1n a confused
muddie and the tash of disentangling them becomes
almost impossible

Tension tautens structures so that they offer resistance
to the hmife And can be deliberately divided or duliberately
avoided  retricts 1 divided structure and automatically
revenls the structure underneath  often reveals a bleeding
pomt that might otherwise be missed 1n other cases
controls hemorrhage 1nd prevents flooding of the field
and unnecessan loss of blood  renders membranes trans-
lucent 1nd reveals the position of vessels COUTSING aCTOss
them  opens up planes of clearage  But with all these



270 SURGICAL TECHNIQUE

advantages tension has its drawbacks Even when not
overdone 1t causes distortion  Structures are dragged out
of position, and may fall victim to knife or hgature in
consequence Examples are given m Fig 154 The
danger 1s often greatest in the straightforward case in
which everything *“ comes up easily "’

Fic 154 Dangers of tension—tension on a branchial cyst may drag on the
internal jugular vein, tension on a pile may drag on the sphincter, tension
on the gall bladder may drag on the common bile duct

And tension may conceal vessels instead of revealing

them

Case Note In clearing the pedicle of the kidney a strand
of what appeared to be fascia was seen entering the hmlum
A nick with the scissors showed that it was a renal vein

Even a large vemn empties 1tself and collapses into a
ribbon when 1t 1s pulled upon 1n this way If 1t 1s partly
divided and the 1ncision gapes air may be sucked 1nto the
Jumen with grave results for the patient

These dangersaccompany even a moderate degree of ten-
They can be avoided by exercising a little foresight

sion

T
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andcare Excessive tensionssanothermatter Itinevitably
causes local trauma and very often general shock as well

Dissection In a difficult dissection a knufe 15 a safer
mstrument to use than a pair of sassors There 15 a

feel 1n the pomt of a kmfe that 1s entirely lacking
between the blades of a pair of scissors  Altered resist
ance 15 sensed by one but not by the other Where
anatomical details are ambiguous scissors should be
reserved for smipping

Blunt dissection 15 equally undesirable 1n such cases
It may answer well enough when there are no dense
adhesions and planes open up readily but amongst
fibrosed tissues 1t does much more harm than a clean
cut  Sometimes however the con
fuston 1s so great that the surgeon dare
not bring a sharp instrument anywhere
near the danger zone for fear of damag
mg an wnportant structure In these
crcumstances 1t 1s not a bad plan for
nm to make a delsberate dissection of
all the strucdures concerned as a pre
liminary to the business sn hand

Thus the ureter 1s exposed before an
abdomino-perineal resection of the
recturn the hepatic cystic and common
bile ducts before a cholecystectomy and
the femoral vein above and below the
pomnt where the internal saphenous
jomns 1t before a ligation of the latter Then with the
important structures 1dentified and laid aside there 15 no
further need for careful separation or finger stnpping  the
kmife can cut boldly and widely through the surrounding
tissues no matter how matted they mayv be In this way
time 15 saved by what at first 1ppears to be rather a
roundtbout method of procedure

Fic 155 A of

sciocs 1n re-
verse for blunt dm-
section.
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Dissection through scar may be as tedious as anything
n surgery, but there 1s sometimes consolation towards the
end of the task The structures often prove to be more
encased than mrcorporated 1n fibrous tissue, with the result
that they separate fairly easily from their bed once they
are defined (see also Chapter XVIII)

Even in the absence of disease, structures are often
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Fic 156 Stripping tissue with the angle of a pair of scissors

closely adherent to each other The anterior tibial
muscles, for instance, appear to be fused into one mass in
the upper part of the leg, and 1t 1s quite difficult to find a
way between them in order to ligature the artery But
their tendons are easily defined below, and 1f the separation
1s started here and continued upwards the operation 1s
greatly simplified A general principle can be deduced
from this —

Always begin 1f possible a dissection where the

st uctures are sepajale

This principle has alreadv been mentioned 1n connection
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with the surgery of cut tendons It can be applied to
many other fields of which two are mentioned here to
ilustrate its universality  In operating on a recurrent
herma 1t 18 sometimes quite difficult to 1solate the cord
This can be done easily 1if 1t 18 picked up just below the
pubis where 1t has never been interfered with and 18 not
adherent and then cissected free from its surroundings
m a proxxmal direction At the start of a gastrectomy
difficulty often anses in finding a way into the lesser sac
through the gastro-colic omentum  This difficulty can be
avolded by starting well to the left on the lesser curvature
where the sac 1s potentially much deeper than 1t 1s on
the nght and the stomach can be hfted rnight away from
the pancreas.

Natural Planes As has been said the natural planes
of the body may be concealed by disease but are seldom
completely obliterated and once the nght one 1s discovered
the surgeon s difficulties usually dimimsh or disappear
Sometimes indeed dissection becomes superfluous and
gauze stnipping 13 all that 1s re

quired to separate the parts Even <
hzmorrhage comes to an end I
because the plane 1s largely avas «—}
cular and any vessels that do /

cross 1t can be seen and piched up

before they are divided  Ttisonly
when the plane 1s lost that the
business again becomes a labour
Fornstance afibrotic gall bladder
can commonly be stnpped off 1ts TS 2. ity
bed i the Iiver by the tip of the {830 e it o

pharngeal wall bo
induex finger once the peritoneal mﬂl;‘?im':"hli‘-g:,u;w

reflection  between the two 13 " 7 e

dnided and the process 1s accompanied by only a small
amount of bleeding so long as the finger tip does not
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wander off the track and burrow into the liver itself
Similarly with dissection of the tonsil In both cases,
however, there 1s a right and a wrong way to do the
stripping  The more resistant structure should be wiped
off the less and not the other way round, that 1s to say the
liver must be wiped off the gall bladder and the pharyngeal
wall off the tonsi]l Stamp collectors will appreciate the
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Tic 1574 Dissection of theaxilla A finger passed under
the musclc puts 1t on the stretch while 1t 1s bemng
divided, 1t the same time protecting the structures
undernenth  (By courtesy of Mr Victor Riddel and
the ** British Journal of Surgery,” John Wright and
Son Lid)

importance of the distinction  The principle 1s illustrated
in F1g 157 by representing the procedure as a triangle of
forces

Nowhere are the advantages of following tissue planes
more apparent than in the removal of an innocent tumour
To deliver a hpoma 1n this way has been described as
“ one of the most pleasing operations in the whole of

surgery "’ Unfortunately a fallacy has arisen over the
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business The plane of separation lies between the tumour
and the capsule not between the capsule and the sur
rounding tissues The capsule mn fact belongs to the
surrounding tissues of which 1t 15 a condensation  When
therefore the surgeon 18 advised to enucleatc a mixed
parotid tumour intact within its capsule he 15 bung ashed

L

Fio 138  Stapping the gall bladder from its bed.

to do the impossible  He must resect part of the parotid
tland or perhaps the whole of 1t if he wants to make
curtain of leaving no neoplastic culls behind.
Use of the Fingers and Hands The advocate of the
no-touch techmque sees no rewson why the surgeon s
hngcrs should cver come into contact with the patint s
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tissues  He would use mstruments for everything—dis-
secting forceps for holding swabs, artery forceps for tymng
knots, and never anything but a knife for dissection The
arguments for and against such an attitude are discussed
m another chapter It 1s sufficient to say here that the
surgeon who adopts 1t wholeheartedly must be content
to work without the sense of touch This may be a
considerable deprivation No one will deny that 1t 1s
often a great deal easier to find the right path with the
fingers than with the kmife An illustrative example—
the stripping of the gall bladder from its bed—has just
been given Ifor this a sharp instrument would serve
almost as well because the stripping 1s carried out under
vision, but there are times when a wviscus or tumour
must be mobilised blindly, as, for instance, in the enu-
cleation of a prostatic adenoma Here anything ke
sharp dissection would be entirely out of place The
finger finds the path of least resistance and follows 1t 1n
a way that would be quite impossible with a knife  So
also with many other encapsulated tumours or cysts

When 1t 1s a matter of exploration the sense of touch
can hardly be dispensed with A hand shpped through
a laparotomy incision will discover an abdominal tumour
with an ease and certainty that no endoscope can rival
A finger will find a foreign body that a probe might easily
overlook, or break a way into a deep-seated abscess when
a sinus forceps might go astray  And yet 1t 1s astomshing
what the fingers can miss  I'1ig 159 1s a pyeclogram show-
ing a stone 1n the kidney which was quite impalpable
when the organ was exposed Even the thin-walled gall
bladder or common bile duct have a surprising capacity for
concealment

Agamn, 1 the busmness of maintaining exposure, the
fingers or hand can somctimes replace a retractor with
advantage There 1s no doubt that heavy retractors,
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especially 1f they are of a mechanical vanety can do a
great deal of harm The hand of an asustant adjusts
1tself to the changing needs of the operation 1n a way that
a self retmning tetractor never does In some cases

T1a. 159. The stons {n the lower calyx could not be felt even
‘wth the kndney del: ered on the loin

nothing but the hand 1s capable of doing the work  Take
1s an example the operation of choledochotomy—what
elst but an outspread hand could hold stomach and duo-
denum bach so that the common bile duct 1s exposed and
accessible ?

It follows then from whnt has been said here and else
where that though the nsks of infection may be less 1f the
fingers are hept out of the wound the added safety may
be purchised at too high a price  The wise surgeon will
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not deny himsel{f the use of one of his five senses when the
need arises  Seeing 1s believing, but feeling 1s God’s truth

Technique Varies Naturally, liberties of this kind may
be taken more readily in some types of surgery than
others, 1n abdominal surgery than in joint surgery, for
mstance Indeed, technique generally must vary greatly
according to the kind of work that 1s being done, so much
so that one surgeon’s methods may astomsh and alarm
another who 1s accustomed to operate in some different
part of the body

The fact 1s that there 1s too much to be known about
the various branches of surgery for any one man to
familiarise himself with the lot  Even “ general ” surgery
tends to split itself into compartments, and the highest
degree of skill 1s usually developed by the operator who
selects one or two of these and confines himself to them
So the novice 1s well advised to decide early in his career
what type of surgery he 1s best suited for, and devote
more and more of his attention to1t  “ In brief, sir, study
what you most affect ”, persevere with the particular
branch you have chosen until the work becomes repetitive
and therefure easy for yourself, your assistant, and your
theatre statf



CHAPTER “AIT
THE ASSISTANT

TaE law now recognises the assistant s responsibality
and may hold him to account for anything that goes
wrong m his sphere during the course of an operation
His chuef certamnly will so hold lum and perhaps m a
fashion that he 1s unlikely to forget for the remainder of
his career  On the other hand an efficient assistant
recommends himself 1n a way that 13 least hikely to be
overlooked or go unrewarded

The asustant at an operation must possess the habit of
attention  1f he does not tus thoughts are sure to be far away
at the critical moment when his help 15 needed

C B Lockwood

No matter how boring the pracedure may become the
assistant must not allow huis interest to wander Perhaps
one of the surest ways he has of mmntaimng 1t 13 to
imngine he 1s performing the operation himself by so
doing he will certunly improve his chances of foreseeing
the surgeon s needs and supplying them without hesita
tion or delay

Preparation At the start the assistant should see that
the patient ts correctly placed on the table that the towels
arc remoyed without soiling the prepared area that the
skin 18 painted with the 1ppropriate antiseptic and that
the sterle sheets are correctly draped These details
all require supervision and 1t 13 the assistant not the
prinapal, who should exercise 1t

Hiemostasis  Once the inasion 1s made hemorrhage 1s
more or less continuous It 13 the assistants tash to

~y
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not deny himself the use of one of lus five senses when the
need arises.  Seeing 1s believing, but feeling 1s God’s truth

Technique Varies. Naturally, liberties of this kind may
be taken more reachly in some types of surgery than
others, in abdomimnal surgery than i jont surgery, for
mstance Indeed, techmque generally must vary greatly
according to the kind of work that 1s being done, so much
so that one surgeon’s methods may astonish and alarm
another who 1s accustomed to operate 1n some different
part of the body

The fact 1s that there 1s too much to be known about
the various branches of surgery for any one man to
familiarise himself with the lot Even '‘ general " surgery
tends to split 1tself into compartments, and the highest
degree of skill 1s usually developed by the operator who
selects one or two of these and confines himself to them
So the novice 1s well advised to decide early 1n his career
what type of surgery he 1s best suited for, and devote
more and more of his attention to1t In brief, sir, study
what you most affect”’, persevere with the particular
branch you have chosen until the work becomes repetitive
and therefore easy for yourself, your assistant, and your
theatre statf
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assistant joins 1n the efforts to pick 1t up instead of quietly
mamntaming the exposure the chances are that 1t will evade
capture all the longer

When a bleeding pomnt 1s secured 1t must be tied off
Here again the assistant should give place to the surgeon
If he always does this he can never be held responsible

Fio. 161 When mbm are tied with Lha 1ame
Ligature the f 1 hetd toad o hoe ey
152 bogk of cmo of otber foroepe may bo Inciaded.

for a shpped hgature But he can contribute greatly to
the ease and success of the tving off by —

(a) Taking the uppermost forceps first

{b) Holding the forceps in such a way that the surgeon s
hands move backwards and forwards 1n tving the knots
and not from side to side

(c) Depressing the handle and clevating the point of the
forceps so that the ligature falls caqily 1nto place

(@) Mamtaming full exposure until the second hitch of
cach knot 18 secure 1nd 1f necessary not releasing the
forcips until 1t has fallen into place
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prevent 1t from obscuring the field, and help the surgeon
to pick up the bleeding points responsible for 1t

He has a choice of two methods—suction and swabbing
Of these suction 1s cleaner and less traumatic, and involves
no risk of leaving anything in the wound Unfortunately
1t 1s not so efficient as swabbing Few mechanical suckers
will cope with heavy bleeding or remove blood that has
started to congeal The swab 1s therefore more popular

I't¢ 160 If an artery forceps 1s held vertically while 1 higature 1s being tied,
the beak of the forceps may be included, with the result that the higature
slips, either at once or, worse still, when the patient 1s back in bed
This does not happen when the forceps 1s held horizontally

It should be used to blot and not to wipe, and 1t should
be applied and removed quickly “* There and away "' 1s
all that 1s required to give the surgeon a chance of applying
his Spencer-Wells  IFor more delicate work, where 1t 18
not so much a question of stopping hazmorrhage as of
maintaining a clear field, the sucker comes 1nto 1ts own,
fitted with a fine nozzle 1t 1s much 1n favour with plastic
surgeons

In the long run time 1s saved by a strict division of
labour The surgeon should be left to do all the picking
up This rule holds good even when a considerablc vesscl
is divided and the hemorrhage 1s alarmmg  If the



THE ASSISTANT 283

But 1n most cases a retractor must be used Now
holding a retractor for any length of time can become
quite a boring business espectally when 1t 15 difficult to
get a view of what1s gomg on  Nevertheless the necessity
15 there and 1t must be met  If the handle of the instru
ment 15 held a hittle above the horizontal (with due care
that 1ts flange does no mschuef by pressure on vessels or
wviscera) the tendency to shp will be less  but real safety
depends only on assidmity  Even when something else
demands urgent attention retraction must never be
abandoned For example—a large vessel comes mn the
way of the kmfe the field fills up with blood and the
anmsthetist feels for the patient s pulse  If the assistant
drops hus retractor at this stage and looks for 1n artery
forceps 1n order to stop the hemorrhage the result will
be that nerther he nor the surgeon can see what 1shappemng
1n the wound How much better it would have been if he
had preserved his sang froid and mantained the exposure

Tension comes next 1n importance to exposure  Tension
steadies the structures operated on and what 15 more
mportant separates them from each other so that their
relationships are revealed and the surgeon can see hus way
clearly to his objectrve  Without proper tension the
difficulties of dissection 1 the living body are multiplied
a hundredfold

It sometimes happens that pachks or swabs must be
placed inside the abdomen to control the intestines and
keep them 1way from the field of operation  Most packs
hive a lungth of tape ttached at one corner to the end
of which the 1ssistant should attach a Spencer Wells when
they 1re emploved 1n tlus wav  In any case he should
not fail to make a mental note of the number of pachs
used  The onus of countny them does not rest on hum
but therc can never be too many peoplt on the alert against
the nisk of 1ny oversight 1n a mAatter hike this
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(¢) Cutting the ligature leaving the ends nerther too
short nor too long , obviously the greater margin of safety
given by longer ends will be required when a larger vessel
1s being tied -

The reason for (a) 1s to clear the field for tying the
deeper and more difficult ligatures The reason for (b)
1s given 1 the chapter on knots Anyone who has
noticed how often hgatures go astray because the exposure
fails when the ha&mostat 1s taken off after the first hitch
of the knot 1s tightened will not question the importance
of (d) There 1s a nght and a wrong way of cutting a
hgature with a pair of scissors The cut should be made
with the end of the scissors, this ensures that no other
structure 1s included between the blades, an accident that
may occur 1f the cut 1s made near the angle And the cut
should be made with the blades at right angles to the
ligature , even the sharpest pair of scissors will gib at
cutting sideways

Most assistants are accustomed to release the Spencer-
Wells with the left hand and cut the hgature with the
right Certainly 1t 1s a good thing to be able to reverse
the hands when necessary, and release with the right
before cutting with the left, but not everyone 1s ambi-
dexterous, and the assistant who wishes to cut hgatures
with his left hand should be very well practised indeed
before he attempts to show his skill in the operating
theatre

Exposure Iarst, last, and all the time the assistant
must maintain exposure  All his other duties give pre-
cedence to this  If, i fulfilhing 1t, a rctractor can b
dispensed with, so much the better for the patient Quite
often the gentle pressure of a hand 15 all that 1s requured,
perhaps aided by a moist pack m the abdomen, to protcct
the wviscera, and prevent them from cluching the gloved

fingers
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got id of as soon as possible preferably with the sucker
they may be sterile but they are rrmtant to the tissues if
allowed to remain 1n contact with them for long  In the
already grossly infected case—the abscess for drainage—
the fact that pus 1s bound to dram through the wound 13
no excuse for slovenliness a careful arrangement of pachs
and a thorough imtral emptying will at least help to
minimise contamination

The laws of asepsis may be infringed 1n so many ways
that 1t 18 useless to multiply examples Safetv lLies only
mn constant vigilance on the part of evervone in the
theatre and more especially of those whose knowledge
of bacteriology should make them aware of the dangers

Care of Sutures A continuous suture 13 a perpetual
source of trouble unless 1t 1s kept under control The
slack 1s only too likely to get in the surgeon s way if 1t

)
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F1o 1634, The asistant follows & suture Hne—corTect, incorrect,

hangs loose and 1f 1t 13 kept clear of the wound 1t may
still foul the handles of 1 clamp or become contaminated
from contact with the bare shin  These accidents will not
occur 1f the packs used to 1solate the anastomosis com
pletcly cover the handles of the clamps and the skin
towels are never alloned to ruch up or come adnft A
suture should never be piched up by anything but the
tingers or a special holder  an ordinary Spencer W ells or
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Prevention of Infection It 1s an important part of the
assistant’s business to be on the watch for any kind of
carelessness that mught lead to infection Even mn a
““ clean "’ case the risk of contamination from the skin can
never be absolutely eliminated, but 1t can be reduced to a
mimmum 1f wound towels are correctly adjusted and
kept 1n their proper place from begmning to end of the
operation Ina ‘ dirty ” case the danger 1s much greater

1
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Fic 162 A forceﬁs 1s automatically clipped on the tape of any
pack that 1s placed inside the abdomen

While bowel 1s being anastomosed, for instance, 1t 1s
impossible to preserve asepsis But gross soilling can be
prevented 1if the area 1s completely 1solated by packs at the
start, escape of intestinal contents 1s anticipated and
prevented, and all instruments, etc , used during procedure
are put aside when 1t 1s complete and not allowed to appear
again before bemng resterilised  These precautions are
seldom overlooked, but 1t 1s not an uncommon thing to
see the bowl of saline in which packs are wrung out
unchanged from start to fimsh  Naturally 1t soon becomcs

a reservoir of infection
All discharges—bihary, urinary, intestinal—are better
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neglected—should always be applied to 1ts extreme end
With two-layer intestinal anastomoss there mny be some
confusion between these forceps and 1t 18 a good prictice
to select a larger pair for the stronger suture 1 ¢ the all
coats so that no mistake 15 made 4t the fimsh and each
suture 1s knotted to 1ts own end

Prevention of Shock  As with wnfection so with shoch
1t 15 the assistant s job to let nothing escape his notice
that mught contnbute to 1t Some degree of shock 1s
mevitable after any big operation but there are many
ways 1n which 1t can be mummused  All exposed tissues
can be kept covered with hot packs to preserve their
natural mosture and prevent loss of heat  The intestines
can be protected n the same way  but the abdormmal
wall 15 kinder to them than any pack or towel and when
ever possible they should be Lept mnside 1t 1f a loop of
mtestine 1s left outside the abdomen for 1ny length of
time 1t dilates from lack of support and this may start an
tleus

When there 15 any delay 1n picking up a bleeding vessel
the heemorrhage from 1t can often be stayed by direct or
proximal pressure until the times comes to deal with 1t
m a more permanent fishion  On the other hand 1t the
sucker 1s relied on to keep the field clean hemorrhage will
be encourged rather than stopped A consmderable
quantity of blood can be saved during the course of an
operation by attention to such detasls  That this economy
15 well worth while 15 suggested by recent estiumates of
averge blood loss 1n every day surgery—always more than
13 suspected—two-thirds of a pint 1n gastrectomy thyroid
ectomy and rmdical mastectomy and more than two pints
n Jung cases the amount bemny, invanably greater when
there 18 oozing from the separition of adhesions

\rodance of traumn rests largely with the operator
but n 1ssistant can often help by relieving stramn e g
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a toothed dissecting forceps will cause dangerous fraying
which may lead to rupture later on  For the same reason

Fic 162B If catgut 1s ripped off 1ts boboin in this fashion 1t will cockle n
use It should be deliberately unwound

L
I
y .1’2 ‘e .&/_f ﬂ,

ric 163 Duning the anastomosts of bowcl the handles of the
climps should alw s be covered, otherwise they will
almost ccrtanly snare the slhch of the suturc line

a Qpcnccr-\\'clls used to keep the end of a suture hne or
stitch out of the way unul the time comes for cutting it
or hnotting 1t oft a prccaution that should never b
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m use throughout the operition Infection may easmly
be miroduced between the edges of the wound by this
mancenvre In any case the dampness 1s undesirable
If blood stans must be got nd of 1t should be done with
a fresh detergent  After that the final coat of antiseptic
should be applied with the same care as the first

Bandaging 15 usually left to the nursing staff but there
are occasions when carelessness at this stage may mar
the whole operation If for instance a dressing on a
skon graft comes adnft the graft will probably die If
the pressure on a knee after meniscectomy 1s mnadequate
the joint will fill up with flmd  If the lateral flap after a
mastectomy 13 not pressed well home serum will collect
m the axilla and have to be evacuated later on  These
are cases then when a little extra care at the fimsh may
make all the difference between a good and bad result to
the operation

The Notes Probably the best way of recording the
details of an operation 13 for a surgeon to dictate as he
goes along  As this method 13 seldom practicable the job
usnally falls to the house surgeon who may be mchned
m the hurry and bustle of an operating list to postpone
it to the next day It 1s very doubtful whether 1t 1s
feasible to wnte an accurate account so long after the
event especially when several major operations have been
performed  Every effort should be made to put on paper
at least the mam facts as quickly as possible They can
be elaborated later and even 1if they are not they will
often provide all the information that 1s required

To Summarise Ve have seen that the more closely
the assistant identifies himself with the operation the
quicker he will be in anticipating, the wishes of the person
who 1s performmg 1t The most 1mperative of these will
Alwys be a clear and umnterrupted view of the operating
field. Hence the importance of pamnstaking retraction

- v
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relaxing the drag on the stomach during a high gastrec-
tomy, easing pull on the mesentery, and refraiming from
unnecessary retraction of the abdominal wall (it 1s not
unusual to see one assistant doing his best to counteract
the efforts of the other by tugging against him as hard as
he can)

Saving Time. A surgeon needs at least two pairs of
hands if he 1s to do his job properly Fortunately, the
additional pair 1s usually at his disposal, although they
belong to someone else But delay inevitably results
from the dual control unless the assistant can train himself
to think ahead and anticipate what will be wanted next
In surgical clinics abroad, where a team works together
for years on end, the need for anticipation 1s not so great,
each member of the team knows what will be wanted next
Perhaps this 1s the only way to get real efficiency

The least experienced assistant can, however, save time
automatically by keeping the equipment in order A
surgeon should be able to pick up the instrument he needs
without having to search for it amongst a whole yjumble of
others, and he should certainly not have to wait for it
because the assistant has appropriated 1t to his own side
of the table = Scalpel, dissecting forceps, a pair of scissors,
and a few pairs of Spencer-Wells, are 1n constant demand,
and they should always he ready on the sheet with handles
pomnting in the night direction Other instruments can
be produced on request, and cleared away once they are
done with There 1s no excuse for leaving a litter of
things that are no longer required scattered about the
operating field

The Dressings The assistant should see to 1t that
asepsis 1s maintained to the very end when the dressing 1s
securely in position It 1s not unusual for the edges of the
wound to be ““ cleaned up ” at the last moment with a
swab moistened 1n a bowl of saline or water that has been



CHAPTER XXII
TRANSFUSION AND INFUSION

Tt appears that shock cannot be explained away 1n any
simple straightforward fashion ~ Primary shock 1s under
standable enough as a reflex nervous phenomenon The
boxer who receaves a punch in the pit of the abdomen
collapses at once An anmsthetist watching a patient
dunng an operation quickly notices that something 1s
wrong when the surgeon starts to nushandle the testis or
tug on the mesentery  In these cases cause and effect are
closely linked and when the cause ceases to operate the
effect wears off—the boxer recovers the patents pulse
comes back to normal But secondary shock with its

delayed and often msidicus onset 15 a very different
business

Case Note A radical breast operation was completed 1n
under an hour with v little loss of blood and the patient
left the theatre m excellent conditon An hour and a half
later a message came from the ward that the woman was m a
desperate state. Two pmnts of blood had to be pumped into

a vemn before the pulte again became perceptible at the
wrist

One 1s reminded of the story of the burnt medical
officer related 1 another chapter In both cases the
latent peniod the deceptive mnterval was astomshingly
long  No nerious reflex could have such a slow action
“ome poison must hate been accumulating in the blood
until 1t reached a sufficent concentration to upset the
normal arrangements of the vascular system

We are told that mn hazmatogenic shock the blood
volume 1s always dimimshed and indeed this can be

» ca
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and constant care to keep the field clear of blood This
last will contribute to the welfare of the patient if 1t 1s
achieved by checking the bleeding instead of merely
mopping up the blood The assistant’s next consideration
must be for all those details which the surgeon 1s too
occupled to attend to Chief among these are prevention
of any infringement of the aseptic ritual, and avoidance
of anything that might predispose to shock Throughout,
watch must be kept to preserve order and tidiness 1n all
the equipment being used At the fimish the dressings
need to be supervised Finally all specimens should be
correctly labelled and the approprate forms completed
before they are dispatched to the laboratory And an
account of the whole matter should be wntten down
while its particulars are still fresh in the mind
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Dunng a routine operation the three most important
shock producing factors are —

(1) Hemorrhage.
(2} Trauma
(3) Prolonged or stormy anmsthesia

The surgeon who 1s careful 1n his techmque who avoids
unnecessary exposure of raw surfaces who above all never
pulls or hauls on viscera ought rarely to shock lus patient
And he will not do so if he has an anssthetist who 18
prepared to start treatment at the first sign of danger
Unfortunately as has been seen shock 18 a condition
which does not announce 1itself straightaway There may
be a signuficant delay between the onset and the appear
ance of the first sign which means that a corresponding
delay 1 starting treatment 1s inevitable  For this reason
1t has become the practice 1n certamn centres to give a pint
or two of blood as a routine to every major abdonunal
case It 18 claimed that the mortality over a period 1s
thereby notably dimimshed.

Signs of Shock For our purpose the stages of shock
can be represented as —

Diminished blood volume from whatever cause.
Compensatory vaso-constriction

Stasis

Circulatory collapse

Tissue anoxemia

Death

Hremo-cencentration of course plays a part by increas-
0, the viscosity of the blood but 1t 15 not a factor for the
surgeon to worry about in the middle of an operation
He or rather the anmsthetist must look to clinical signs
for gmdance.
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proved quite conclusively in the laboratory After
hamorrhage 1t 1s a natural and likely consequence How
did 1t come about in these two cases? In burns, 1t 1s
true, there 1s always weeping from the burnt surface and
exudation mnto the surrounding tissues, but this will not
drain enough plasma off the blood vessels to bring the
circulation to a standstill

During the mastectomy operation referred to above
hemorrhage was mimimal, and there was no subsequent
loss Nevertheless profound shock developed 1n the ward
The text-books account for the mystery by saying that
anoxia alters the permeability of the capillary walls and
plasma escapes into the deeper tissues of the body No
one, however, has been able to demonstrate cedema of
muscle or viscera on these occasions Whatever the
explanation the fact remains that in this type of shock
part of the blood flmids disappear

Causes of Shock. The causes of the condition are
protean To the layman the word shock suggests
emotional upheaval, and there 1s no question that anxiety
and fear can contribute very considerably to surgical
shock Under war conditions physical exhaustion, de-
hydration and toxamia are other antecedents  But shock
should rarely be seen in routine work It ought nearly
always be possible to ‘“ make the patient fit for surgery ”
beforehand, as Lord Moynihan felicitously phrased it
The accident case can be resuscitated  The case in which
there has been considerable fluid loss—by vomiting, by
fistula from the bowel or biliary tract, by prolonged
suction through a Ryle’s tube—can be restored with an
intravenous glucose solution  The debilitated case can be
built up with transfusion (no patient should be allowed
to go to the theatre with a blood pressure under a hundred
or a hezmoglobin under seventy-five unless the operation

1s to stop hemorrhage
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But by and large 1t can be sad that if the pulse mses
above 100 or the blood pressure drops below 100 without
obvious cause the anmsthetst should begin treatment
alterations 1 pulse and blood pressure associated with
some passing drfficulty 1n the operation need not be taken
so seriously  If the pulse nises to 140 or the blood pressure
drops to 70 the anasthetist should warn the surgeon and
if the pulse nises further to 160 and the blood pressure
drops to 60 he should advise that the operation be dis-
continued when this 1s 1n any way possmible These
ndications will be accompamed by more obvious ones—
pallor sweating maintenance of anesthesia on a steadily
dimimishing dose—but the pulse and shll more the blood
pressure are the mam standbys in diagnosmis Dunng
every big operation a stethoscope and spbygmomano-
meter with distant controls should be strapped to the
patient 8 arm °

It will be noticed that blood pressures over 100 are
ignored 1n the table A normal blood pressure of 140
may drop to 120 or even 110 under anmsthema without
detniment to the patient A moderate fall of this order
18 quite natural and in fact desirable because it lessens
the tendency to heemorrhage.

Nature has certain defence mechanisms notably vaso-
constriction which compensate for the mitial diminution
m blood volume and 1t 18 not untl these begin to fail
that the pulse starts to nse and the blood pressure to drop
Herein lies the explanation of the anmsthetist s failure to
make an early diagnos:s  No great harm results from his
tardiness 1f he wastes no time m starting treatment when
the pulst does begin to quicken but if there 1s still further
delay the patient s condition 15 hikely to detenorate quite
rapidly  Severe and prolonged shock produces changes
wnheart brawn and hidneys which often proy errey ersible

Blood Grouping  Up to a few vears ago 1t was only
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Fic 164 Pulse and blood pressure chart in 1 casc of shock

If shock 1s divided 1nto slight, moderate and severe, the
following figures correspond roughly to these stages —

Blood Blood
Pulse Pressure Volume

Shght 100 plus 100 mmmus 75 per cent
Moderate 140 70 65 .
Severe 160 60 50 "

They can only be approximately correct  Other con-
siderations may make them incorrect Ifor instance, a
patient who goes on to the table with a blood pressure of
200 or more may cause ansiety long before 1t drops to 100
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of hospital practice when no blood at all 15 available?
Plasma with all 1its drawbacks restores the arculating
volume and will faut de mienr replace a loss of up
to two punts Failing plasma
polysaccharide solutrons can be
relied on to remam 1n the cr
culation and maintain the blood
volume — but they do not carry
oxygen and will not sustain
tissue cells  Moreover these
solutions by the fact of re
maining 1n the circulation may
add to the difficulties of ade-
quate transfusion later on when
blood becomes available It
should be noted also that they
interfere with grouping so the
spectmen for the laboratory
should always be taken before
the infusion 15 started

Nevertheless such measures
have therr uses espeaally n
time of war And even without
them 1t may be some consola
tion to know that shock 1s part
of nature s first aid and may
contribute to recovery so long
asat does not go too far oris
not aggravated by premature L
surgical interference It may be
necessary to tie off a vessel or N N
splint a hmb 1nabadly wounded

ey
Co Lid Londan)
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when a juncture of this kind arose 1n an operating theatre
that the surgeon and anzsthetist began to wonder what
the patient’s blood group might be and where 1t would be
possible to find another compatible with 1t  As a rule
a donor had to be sent for from outside the hospital, but
even when he was at hand half an hour or more was
usually wasted while amateur pathologists made frantic
efforts to match his blood In a modern hospital service
this 1s done beforehand 1n the laboratory The grouping
of blood 1s too intricate a busmness to be carried out 1n a
hurry Not only must the two bloods be grouped, cross
matched and Wassermann tested, but the rhesus factor
1n each must be allowed for No one but a trained patho-
logist 1s capable of properly attending to such detailed
mvestigations Even so mishaps are not uncommon It
1s difficult to give exact figures in a matter like ths,
becdause of a natural reticence on the part of those con-
cerned, and because many deaths are blamed on the
primary disease rather than the transfusion Anura
following prostatectomy, for instance, is not attributed to
incompatible blood, when there 1s a so much more accept-
able explanation to hand Nevertheless 1t 1s estimated
that this procedure carries a mortality of o35 per cent,
and a much higher morbidity In a real emergency a
surgeon may be justified 1n taking a chance and relying
on the cross matching of his assistant, or giving a patient
who has not been grouped at all a transfusion of group O
blood, but in routine work a supply of blood which has
been proved 1n the laboratory to be suitable 1n every way
should always be available in the theatre for every patient
who 1s undergoing a major operation

It 1s worth remembering that, undcr ansthesia, even
gross incompatibility does not give the usual warning signs

of shivering and lumbar pain
What of the emergency which anises outsidc the compass
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mtravenously and 1 m! intramuscularly can be given to
get a quich response  Pitressin §-1 ml and ephedrine
} gr are other drugs which can be used to rase the blood

All these should be ready in the theatre for
mstant use Their effect quickly wears off but the dose
may be repeated Noradrenalme constricts the penipheral
vessels and so raises the blood pressure without increasing
the cardiac output but 1t must be given through the
medium of an mntravenous dnp a 4-8 mgm ampoule to
the hitre and the dosage hept under constant supervision
with the help of a sphygmomanometer Escape of the
solution from the vemn may cause widespread ischamic
necrosis a complication which has been known to occur
in the leg even without leakage.

The Flow of Blood. Two pints of blood will usually be
needed 1n these cases and sometimes four or more. The
rate at which 1t 15 administered depends on the degree of
shock Forty drops a minute = 600 ml 1n four hours 1s
the ordmary dnp rate but 1t may be advisable to increase
this very considernbly perhaps to 120 drops a munute
when there 15 bleeding No harm can come from rapid
replacement of a recent loss  If the hamorrhage has been
really alarming the blood can be poured in  Old people s
tissues are particularly sensitive to hypotension and with
them the need 18 pecubiarly urgent  So long as the blood
pressure remains under 100 the heart will not be em
barrassed by the mflux  \When 1t goes above 100 the
time hns come to slow down 1t 18 never necessary to push
it above 110

The rate of flow depends much more on the calibre of
the needle than the height of the bottle doubling the
height of the bottle other things being equal doubles the
rate of flow but doubling the size of the needle multiplics
1t sixteen times

As shock deepens the veins constnct and 1t becomes
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man, but to do more than this, before he has been
resuscitated, 1s an offence deserving field pumshment
The shock 1n such a case may not be apparent when the
patient 1s first seen For all that, if the injury 1s
sufficiently severe it should be anticipated and treated
before 1t develops The same principle applies here as n
the management of burns, and the details have been
systematised to some extent !

The average blood volume in a man 1s about 5 litres
A single major fracture deprives him of one-fifth of this,
two major fractures of two-fifths, and so on With soft
tissue injury the open or closed hand may be used to
measure the extent of the injury and make a rough esti-
mate of the loss One hand roughly corresponds to } litre
Replacement proceeds accordingly

To Avoid Delay Even in an operating theatre there may
be delay in getting the blood into the patient The
apparatus must be set up before the blood begins to flow,
and this may take time, so much time that there 1s a
strong argument for starting an intravenous glucose drip
at the beginning of any operation that 1s likely to cause
shock or hemorrhage Glucose solution 1itself 1s quickly
washed out of the circulation and 1s of very lhittle service
in combating shock, but blood can be substituted for 1t at
a moment’s notice, and this 1s what the patient really
wants When the Officer’s drip equipment 1s used the
change over from one to the other 1s made by turning a
cock and 1s almost 1nstantaneous 2

If foresight has not gone so far and an emergency ariscs,
the danger period between the time when the pulse begins
to rise and the time when the transfusion starts can be
tided over by giving analeptics®  Mcthedrine, 1 ml

1V RC Memo No 34 Trcatment of wound shock

2 It 15 rarely necessary to warm blood and nevcr otherwisr than by
standing 1t 1n watcr at 37° C  Hcaling causes hamolyars

3 Analeptic  restoratinve medicne or agent
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2 per cent procaine nto the drip 1s worth trymng When
nore of these measures succeed a Higginson synnge can be
attached to the inlet of the bottle and air pumped 1n to
create a positive pressure  This manccuvre never fails
but 1t carnes a grave tisk of air embolism ~ Patient and
transfusion set should never be moved while the syringe 15
attached and a doctor should always remain n control

wm s utean U

Fio 166o Martms transfusion pump The
between the rollers. (By
courtesy of Vewsrs Alln and Hanbury )
Also the bottle should be changed as soon as 1t 1s two-thirds
empty  because the lower third of the mantle tends to
becom sludge coated and air mny be forced through the
upper third
The apparatus illustrated provides for positive pressure
without thus danger but 1t 1s not always avalable when
the need anses It consists of three rollers mounted on a
rotating spmdle  The tubing can be led round the rollers
without disconnecting, inv part of the gning set By
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mcreasingly difficult to find a way into them with a needle
When the condition 1s established veni-puncture may be
impossible, and time 1s then saved by cutting down

1

F1c 166
1n a blood bottle

[

Using a Higginson syninge to create positive pressure

Note that the *“ chip 1s bclow the drip ™,

this lessens the risk of air embolism

straightaway and introducing a cannula into the lumen
Even so the blood sometimes does not flow Warming the
limb may relax the spasm  Raising the blood bottle or
milking the supply tube may help  Injecting 2 ml of



TRANSFUSION AND INFUSION 303

get near the arms But phlebitis may follows 1ts use
especially from infusions of glucose solution and this can
spread to the main veins as m the case described Femoral
thrombosis being an ever present menace to the convales-
cent patient there can be no justification for running even
the small nsk of imtiating 1t 1n such a way

The presence of the needle 1tself in the vern predisposes
to thrombosts and this may have something to do with

N4
=
Fic 65 A deliberate Flu. x7o. This blunder
ctOrs cut 10to a vewn the  fixation
1 the surest way of mtmfurnunnuh
getting  the cannola ad to arr embolom
mte Il and death.

the friction of 1ts sharp end against the ntitma ~ The West
\hddlesex needle gets round the difficulty It consists
of a stilettc and cannula  when the stilette 15 out the
blunt cannula cannot scratch the inttma  Vloreover 1t
cn be thrust well up the vemn so reducing the chances of
dislodgment very considerably  Alternatively a length of
polvthene tubing mav be passed through the cannula
which 15 then removed  The tubing can be threaded
to an\ desired extent and the method has been used for
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turning the handle blood 1s forced into the circulation, 1if
need be, at the rate of a pint 1n a couple of mimutes
Intra-arterial transfusion, with its attendant difficulties
and risks, need never be resorted to if this device 15 at
hand

Venoclysis. The custom of using the antecubital fossa
veins for infusion and transfusion 1s so well established that
1t seems 1mposstble to alter 1t 1n spite
of all 1ts disadvantages These veins
are not really suitable for the pur-
pose, least of all when 1t 1s intended
to continue the drip for any length
of time after the effects of the
anasthetic have worn off The lie
of the needle 1n an antecubital vem
may easily be disturbed during the
restlessness of recovery, or by volun-
tary movement later on  Splinting

Tic 167 The brachial %
artery 1s only sepa- = e
rated from the basilis -«
vemn by the bicipital %

fascia, 1 mistaken —
mjection into the ar-

tery may cause spasm Fic 168 Venoclvsis sometimes fails
leading to gangrene of because the point of the cannula 1s in the
the extremity wall of the vein instead of 1n 1ts lumen

1s a safeguard, but such immobilisation 1s irksome and
undesirable The need for 1t can be avoided by using a
vein on the back of the forearm or wrist towards the radial
side, so that the arm can rest comfortably on 1ts ulnar side
If the tubing 1s slack and a loop 1s loosely mncluded 1n the
fixation 1t will allow all the freedom of movement that 1s
likely to be required

The ternal saphenous vein at the ankle 1s often quite
accessible 1n the operating theatre when 1t 1s difficult to
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get near the arms  But phlebitis may follows 1ts use
especaally from infusions of glucose solution and this can
spread to the main vemns asin the case described  Femoral
thrombosis being an ever present menace to the convales-
cent patient there can be no justfication for running even
the small nsh of initiating 1t 1n such a way

The presence of the needle 1tself in the vein predisposes
to thrombosms and this may have something to do with

S/

=

(i \
Fic 160 A deliberats Tic ~o Tha bhmder
schsors cut 1nto s ein with  the fixston
1 the turest way of suture for & cannoula
lﬁhngcu:e cannula Jad to mir embohsm
mto the lumen. and death.

the fnction of 1ts sharp end agminst the mtima ~ The West
\iddlesex needle gets round the difficalty It consists
of a stilette aind cannula  when the stilette 15 ount the
blunt cannuln cannot scratch the mtima  Voreover 1t
can be thrust well up the vein so reducing the chances of
dislodgment very considerbly  Alternatniely a length of
polythene tubing may be passed through the cannula
which 1s then removed  The tubing, can be threaded 1n
to any desired extent and the methud has been used for
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delivering solutions of high concentration into the central
blood stream

General Measures The immediate cause of death m
shock being anoxamia, oxygen 1s an essential adjuvant to
transfusion But 1t should not be forgotten that oxygen
1s useless unless the circulation 1s sufficiently strong to
carry it round the body Of all tissues those of the
central nervous system are most vulnerable to this form
of starvation For that reason 1t 1s advisable to put the
patient in a moderate Trendelenburg position and keep
him there until the blood supply to the brain 1s improved,
even when this means keeping him in the theatre long
after the operation 1s fimished If he 1s already mn a
Trendelenburg or other unusual position the greatest
circumspection should be observed in altering 1t to the
horizontal

Case Note At the end of a synchronous combined excision
of rectum the surgeon performing the perineal part of the
operation lowered the legs very slowly and deliberately one at
a time, with a pause between the two In spite of the care
taken the blood pressure fell from 130/g0 to 60/20 withmn three
minutes

Similarly with the change from the dorsal decubitus to
the lateral in an abdominal-perineal removal of the
rectum, the same precautions should be observed

The move from table to stretcher and from stretcher to
bed throws a further strain on the cardio-vascular system
This can be lessened by bringing the bed into the theatre,
or, 1f need be, by wheeling the operating table mto a
recovery room and leaving the patient on 1t until he 1s fit
to go back to the ward

During the stage of recovery steps should be taken to
restore the body temperature, but 1t 1s a mistake to turn
a cold sweat into a hot sweat A shocked patient 1s
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easily burnt because the heat 18 not conducted away from
the shin to the rest of the body

Choice of Ansesthetic. A spinal anasthetic causes a
drop 1n blood pressure by paralysing the sympathetic
nerves. It should therefore be avoided when there 13 a
danger of shock unless penineal anwsthesia 1s all that 1s
requured

Chloroform and ether both possess toxac properties and
are equally undesirable Nitrous oade and oxyvgen or
one of the newer inhalants given in a closed arcmit to
reduce heat and vapour loss are probably the wisest
choices for most occasions but they must be skilfully
adrmunstered so that aneesthesta 1s complete and relaxation
adequate Failure 1n erther of these respects throws the
door open to shoch producing stumuli

With these lighter and less nowous anzsthetics the
surgeon can sometimes help by supplementing the general
anmsthetic with o local particularly when his task imvolves
cutting important nerves A couple of cubic centimetres
of novocaine mjected mnto the sciatic nerve may cut off
more dangerous 1mpulses than a whole bottle of chloro-
form  Similarly with the panetal pentoneum where a
quick nfiltration may save a lot of anwesthetic. By these
measures sub-conscious sensiivity which persists much
longer than conscious 1s abolished m the early stages of
anmsthesma  The anwsthetist now has curare to help him
I obtanmng relaxation without deepemng anssthesia
This drug paraly ses muscle but fortunately does not cause
any notable drop in blood pressure

Infuston  Pre-operutive loss of flmd has been
mentioned as a contnbutery factor in the production of
shock and some of the conditions 1n which 1t oceurs have
been histed But 1t may be present m some degree 1n
almost any case 1f the nursing staff work ona  no patient
gomng to the theatre to have anything to dnnk after such
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and such an hour ” rule With such a routine the last
patients on the list are bound to suffer If on top of this
the operation turns out to be a lengthy one, perhaps
accompanied 1n 1ts later stages by a good deal of sweating,
and followed by prolonged unconsciousness with vomiting
on recovery, the sum of fluid withheld and fluid lost may
be considerable

In the ordinary case, when there are no contra-
mdications (danger of ileus, operations on the bowel, etc),
the difficulty can be met by giving tap water per rectum—
tap water 1s better tolerated by the colon than erther
glucose or saline solutions But with a really 11l patient
the intravenous dnp 1s the safest and surest method It
should be set up in the theatre, irrespective of the presence
or absence of shock, and kept going for forty-eight to
seventy-two hours after operation At the same time a
Ryle’s tube 1s left in the stomach for aspiration of any
residue there may be Most surgeons make a practice of
doing this with all their big abdominal cases until the
bowel has given indisputable auditory and olfactory
evidence of having resumed 1ts activity  The sooner fluid
1s given by mouth the better, of course, this being by far
the safest route and carrying none of the risks of prolonged
intravenous therapy, but 1t 1s a mistake to 1gnore nausea
and vomiting, or force drinks on a patient with a splash-
g, dilated stomach, merely in order to avoid these
risks

Fluid Balance Renal function 1s always depressed
after operation, with the result that flurd 1s retaned in
the body for twenty-four hours or more, and salt for
several days This phenomenon suggests that particular
caution should be exercised with intravenous therapy in
the immediate post-operative period And it argues very
strongly against precipitate operation 1n patients who are
suffering from electrolytic 1mbalance In such cases



TRANSFUSION AND INFUSION 307

surgical 1nterference 15 likely to aggravate the imbalance
and 18 certamn to mnvalidate the tests used for measuring
1t so multiplying difficulties and dangers of correction a
hundredfold.

Intravenously one and a half hitres of 5 per cent glucose
and half a htre of normal sahne will be sufficient for the
first twenty four hours unless there 1s any abnormal loss
s g by sweating!

By the day after operation the kidneys should have
recovered  So far the fluid chart has not been much use
but now a diuresis may be expected to even up the figures
and subsequent dosage must be based on the relationship
between ntake and output.

Supposing the patient were a perfectly healthy person
gowng about s day s work 1n temperate chmate his daily
intake and output might be represented thus —

Intake Ouipui
3000 ml Renal I 500 ml
(half 1n food)

Extra renal 1 500 ml
(in expired air invisible
perspiration and faeces)

Vasntenance m the post-operative case can be based on
this but it 15 assumed that the patient 15 not taking
anything by mouth and accordingly the whole of the
three htres must be given intravenously Half a hitre
of this will be normal saline the rest 5 per cent
glucose  But there are other factors to be taken into
account  The patient may be sweating and wvisible sweat
18 opposed to mvisible contamns sodium chloride perhaps
n considerable quantity though never to the pomt of
wsotomaty  The three htres must be increased to allow

! Le Queme T L. Flued Balencs 1 Surpical Practice Lloyd Luoke
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for this, though by how much may be a matter of opinion
It will need to be increased also 1f there 1s any vomiting
or gastric aspirate Nor will it cover the loss into the
bowel 1n a case of ileus, which, so far as the circulation 1s
concerned, 1s just as real as any other loss These losses
must be replaced by normal saline When they are
measurable, as with vomit or aspiration, there 1s no
difficulty about the amount to be given when they are
not, as 1n 1ileus, considerable yjudgement 1s required
FFortunately, nature allows a wide margin of error, but
to the uncertamnties already mentioned another must be
added The kidney works by fits and starts, and enjoys
long spells of 1dleness 1n between This means that flud
balance must not be reckoned from hour to hour but from
day to day The opportunities for miscalculation are
obvious, and 1t 1s not surprising that things sometimes go
wrong 1n spite of the greatest care Nevertheless, there
can be no question that the prevention of dehydration 1s
far easier than 1ts cure, and no effort should be spared to
anticipate 1ts development 1n a patient under observation
In a patient seen for the first time the best that can be
hoped for 1s early recognition and prompt treatment
Dehydration Even the accurate diagnosis of this
condition 1s fraught with difficulty, because fluid balance
1s intimately connected with electrolyte balance IEach
acts and reacts on the other in an intricate and often
unpredictable manner and no tests can really be relied on
to take the measure of their interplay
Two types of disturbance require consideration—
dehydration due to lack of water, known as primary, and
dehydration due to lack of salt, known as sccondary
Lack of water leads to an immediate rise in the specific
gravity and at the same time the osmotic pressure of the
extra-cellular flmds of the body, an alteration that 1s
quickly corrected by withdrawal of sufficient fluid from
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the cells to restore normality A cellular dehydration
results.

Lack of salt both 1n 1ts causation and results 18 less
easy to understand Its cause 1s not necessarly a
deficent mtake although this 1s a factor whenever the
patient 15 not on a normal diet as after operation  More
often 1t 13 due to an excessive loss 1n sweat urine or
intestinal secretions

Whatever the cause of the salt deficiency the first effect
15 a lowening of the specfic gravity and at the same time
the osmotic pressure 1n all the body fluds  Thus has the
undesirable effect of promoting diuresss by reducing re-
absorption of the glomerular filtrate from the tubules
and for the same reason 1t interferes with absorption
from the almentary canal Losses therefore continue
while supplies are reduced 1f not abolished and the stage
18 set for a steady deterioration until there 1s no longer
any flmd to secrete

This type of dehydration differs from the one previously
descnibed 1n affecting the extra—cellular flmds instead of
the mntra—cellular and in bewng more far reaching and
meluctable 1n 1ts consequences

Measuring the Deficdency It 1s alleged that no one s
more expert at saying Yes and No mn the same sentence
than a medical author and certanly the cnticism 1s
applicable to a great many articles on electrolyte and flud
balance The size of the literature on this subject alone
13 enongh to suggest that finahty 1s still a long way off

The most obvious method of estimating the nature and
the extent of the deficiency 18 by examining and measuring
the unne Unfortunately the unne reflects the blood
chemistry accuratels only when the kidneys are acting
normlly nd results m1y be quite misleading when they
are handicapped as i the post operatine period The
Fantus test for chlondes 13 quite useless at this stage
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The specific gravity may be helpful 1f the specimen 1s free
of blood and pus The amount excreted 1s important,
but the measurement must be made over several days n
order to allow for the vagaries of renal activity

Examination of the blood 1tself gives results which are
sometimes difficult to interpret Figures do not alter
until quite late, because of the elaborate adjustment
mechanisms which are designed to maintain the isotonicity
of the plasma at all costs Even when they do alter, they
may be deceptive A normal plasma chloride may mean
that the chlorides are normal, or that the plasma 1s
abnormal, 7 ¢, reduced in volume A high blood urea
may mean that the kidneys are not working properly
equally 1t may mean that the patient 1s dehydrated
And hazmoconcentration may be masked by anemia

Nevertheless, the laboratory reports provide valuable
confirmatory evidence, and are specially useful when the
figures obtained on one day can be compared with those
on the next

Some Normals

Urea 25 mgm per 100 ml

Na 315-340 mgm per 100 ml
Cl (as NaCl) 560-630 mgm per 100 ml
K I15-20 mgm per 100 ml

COz2 combining power 55-75 vols per 100 ml

But electrons combine with each other by equivalent
weights, not by milhgrams It has become customary,
therefore, to take notice of these equivalent weights rather
than the actual weights, and to deal 1n litres instead of
100 ml The cquivalent weight of an electrolyte per hitre,
or for short its M Eq/L, 1s discovered by multiplymng the
mgm per cent figure by 10 to get the quantity 1n a htre,
then dividing by 1ts atomic weight, and finally multiplying
by 1ts valency Or, to ssmplifv, dividing by



TRANSFUSION AND INFUSION 31

23 for sodium
58 for chlonde
3 g for potasslum
a2 for CO.
The M Eq/L corresponding to the normals given above

are —

Na 137-147 8 M Eq/L
Cl (as NaCl) 100 M Eq/L
k 35 M Eq/L

CO2 combining power 24-34 M Eq/L

An example will illustrate the difference between the
two systems of measurement A litre of normal saline
contains 3 54 grm. of sodium and 5 45 grm of chlorne
If M Eq are substituted the figures are 154 M Eq and
154 MEq accordingly saline 18 not acid but neutral 1n
reachion.

Symptoms and Signs Happily the climcal problem s
less bewldering than the bio-chermucal Men are more
important than books

The patient suffenng from pure water depletion 1s
thirsty his mouth and tongue are dry he excretes only
a small amount of urne whach has a high speafic gravity
us blood urea 15 rused and he becomes drowsier as time
goes on A man who 1s afraid to dnnk because of acute
retention may present this picture when he reaches
hospital  Once the retention 15 rebeved and dnnking
resumed symptoms clear up very rapidly

A pitient suffermg from salt depletion complans of
nausen 1nstead of thust and vomits anvthing he 1s given
to drnnk  His tongue remamns moist although 1t 1s
shnvelled up and he continues to excrete urine of low
spectfic gravity  But the look and feel of his subcutaneous
tissues advertise the state of his interstitial tissues
generilly  His skin 1s lax and nelastic and does not
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recoll when 1t 1s pinched up (but this 1s natural 1n old age)
his muscles have a putty-like consistency, the tension in
his eveball 1s diminished, and the eveball itself has a
tendency to recede into its socket At first the blood
pressure 1s maintamned, although there may be postural
giddiness  Later penipheral pallor and cyanosis develop,
owing to the dimimished \olume and increased viscosity
of the blood, which shows h@moconcentration and a high
urea content  The general appearance may suggest heart
failure, and some of these cases are missed 1n consequence
Even when this pitfall 1s avoided another lies ahcad
Drowsiness deepening into coma, at a time when the
kidneys are giving up the unequal battle and the urinan
secretion begins to fall oft 1s very Iikely to lead to a
diagnosis of uramia  Either mistahe may well be respon-
sible for a fatality that might easily have been provented
if the chmician had taken warming from the apithy,
vomiting, and loss of shin clasticity in the carher stages
Treatment I'rom what ha< boen hinted at may well b
surnised that the trcatment of dchvdration must b
empirical momany coso s I the denerones montabe el
abnormal losses are chirted aned Fonown this nood not o
<o\ smmple additon thbing imto wcount the daoly by
re quireme nts wall aive the unount e cded to restors t
shatie o JUt very otten the foures e ot vl P
amd then e veentmust bt ol o thamh
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as normal sahine the rest as water—that 1s to say 5 per
cent glucose for water itself 1s never given intravenously
and glucose has the advantage of spanng protem meta
bohsm Daly renal and extrarenal losses must of
course be added to the total  The replacement 1s spread
over two days or more which allows ample opportumty
for revising the dose either up or down ~ Watch should be
kept on the external jugular vemn in the neck for the
engorgement which 1s the earliest sign of over dosage and
the chest should be auscultated regularly for the moist
sounds that presage an cedema of the lungs

Flwd supplied 1 this way 1s used first of all in the
insensible loss next for tissue requurements and finally to
make up the volume of unine ~ As the treatment proceeds
therefore an tmprovement will be noticed 1n the patient s
general condition and at a later stage his unnary output
will increase  When this amounts to 1 coo ml a day with
a specific gravity of less than 1 015 a normal 1 per cent
chlonde content and the blood urea also 13 within normal
limuts he may be considered cured at least of his dehyd
ration.?

Oliguria and Anurla It 15 of course essental to
safety that the ladneys should be able to excrete any
fluid 1n excess of requrements A dumimshing output 5
spite of treatment 15 therefore a danger signal. If the
twenty four hour figure falls below 500 ml a state of
emergency 18 at hand. Treatment of dehydration must
then be suspended until renal survival 18 assured.

The principle of treatment in these cases 1s to put the
kidneys completely at rest until their recovery 13 assured
\When oral feeding 18 not contra indicated 400 ml. of 40 per
cent glucose can be introduced into the stomach through a

The tendency to thrombosus in the vein round the needle during

rolonged therapy u lessened by adding 500 nnits of b t
1{ litre of fin| thn does not affect thesclotung time epan (o each
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Ryle’s tube each twenty-four hours The glucose supplies
sufficient calories to discourage any breakdown of body
proteins, so that protein metabolism 1s ehminated There
are no electrolytes 1n the solution and only enough fluid
to replace the extra-renal loss All vomit 1s returned
surreptitiously through the Ryle’s tube (fat, formerly
administered with the glucose, has been omtted as too
nauseating) If there has been any urmnary secrction
during the previous twenty-four hours an equal amount
of water 1s added to the daily goo ml  Pemicilhinis given
1in the small doses which are sufficient to mamntain a blood
level when the kidneys are not functioning  other anti-
biotics are better avoided because of the danger of
accumulation  Vitamins are prescribed in the usual
doses  Should the patient be unable to retamn any thing
by mouth the problem of supplying the caloric require-
ments can be met by giving glucose 4o per cent or 10 per
cent vert sugar with 5 per cent ethyl alcoliol, and
cometimes even stronger <olutions, mtrayenously, prefer-
ably through a polvthenc tube passed up into the vena
cdva

When the unnary ontput roturns to a htre e the
twenty -four hours on this regine, tabe foodhing can b
diccontinue don f ovour of the hieh cadore ) low protem dit
winchas appropriate to s ureme condition A pant ol
milb to whiech dummiam bodrosede Bos e olidod
order to preaptate pho phicte and precentat boorptia
contns o el protoms o vere poee bperdeom
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loss 1s quickly made up when a normal diet 1s resumed so
that replacement 15 seldom a matter of urgency Never
theless the need may arise when intravenous therapy
continues for some time.

The symptoms of potassium defiency are muscular
weakness progressing to paress and what 13 more obvious
in an 1l patient an ileus paralyticus Charactenstic
changes can be recognused 1n the electro cardiogram.

Whenever possible correction should be by the mouth
potassium atrate gr 40 six hourly for 24-48 hours It
18 never safe to give potassium intravenously untd salt
and flmd balance 1s adjusted and the kidneys are acting
well Even so dosage must be cautious and solutions
weak. Potassium chlonide 3 grm to the hitre 1s a suitable
dilution and 2 hitres of this should never be exceeded 1n
the twenty four hours

In children. Flwd balance 1s much more delicate
and easily upset i children than in adults A days
deprivation may produce senious consequences and even
less than a day 1f there are losses to be reckoned with as
well as depnivation

Correction must be correspondingly cautious with
particular care against over dosage. The usual mamnten
ance rate 15 I grm of sodium chlonde or 126 ml of
normal saline per diemn for mfants and 3 grm or 350 ml
of normal salme for children water 165-100 ml per hgm
of body weight for infants and 100-45 ml per kgm for
children (notice that the allowance 1s relatively more
generous 1n the smaller subject because the loss 1s rela
tively greater) Additional losses must of course be
replaced quantiively and qualitively as in the adult
Fortunatels 1n the child a daily weight 15 easy to obtan
and this must help greatly 1n controlling dosage

Fluid Charts o one who has to do with flud charts
fls to find fault with them at «ome time or other  The
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fact that relays of pcople are responsible for filling them
in, and that two different systems of measurement are
used makes confusion almost mevitable In spite of these
handicaps, much ambiguity would be elimmated 1f the
ward sister made an invanable practice of marking the
twelve-hourly totals herself, and doing 1t while she still
had the opportumty of cross-questioning the members of
her nursing staff responsible for the original entries



CHAPTER \1\I111
ANZESTHETIC EMERGENCIES

The Cardiac Risk. Under modern conditions the opera
tive nisk 1n patients with heart disease 13 much less than
1t used tobe It 1s true that recent myocardial infarction
or increasing angmal pan are contra indications to all
except unavoidable surgery but in other cases reasonable
precautions will prevent mishap A week or two 1n bed
before operation with digitalis when required 18 often all
that 18 necessary to make the patient safe for surgery

A smooth 1nduction 1s essential 1 these cases to avoid
any stress or stramn on the arculation  Thereafter oxygen
ation should be adequate throughout and the blood
pressure must never be allowed to fall below 100 An
1schmic myocardium will function quite well so long as 1t
receives an adequate supply of sufficiently oxygenated
blood Otherwise arrvthmias faillure or ventncular
fibnllation may develop at any time

Dunng and after operation 1ntras encus fluids should be
ginen with due care aganst overloading the system
Engorgement of the nech veins 1s always a danger sign
These patients are particularly hiable to thrombotic and
embolic complications and such dangers must also be
guarded agunst

The Grey Patient  \o greater emergency can anse on
the table than cessation of the heart beat whether 1t be
duc to anesthesia the action of a drug vagal reflex or
air embolism  When a pulse can no longer be felt 1n the
carotids (or anv other great vessel accessible to the
surgeon) the time has come for rapid action  Cases have
been reported 1n which the heart resumed 1ts beat after

uz
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fifteen munutes, but the tissues of the central nervous
system will not stand oxygen depnivation for anything like
this length of time Every effort must be made, therefore,
to remedy the situation without delay It 1s poor con-
solation to send a live patient back to the ward with a
dead brain

Success depends on (a) restoring the circulation by
cardiac massage as quickly as possible, and mantaining
this until the heart resumes its function, () supplying
enough oxygen for all requirements

The steps to be taken are —

(1) Put the patient 1n a Trendelenburg postition to help
the cerebral circulation  Start positive pressure ventila-
tion of the lungs

(2) Pass a long needle backwards and shghtly imnwards
through the third nght intercostal space to reach the
auricle The mechanical stimulation may start 1t beating

(3) The 1njection of drugs 1s time consuming and not
without danger It i1s now realised, thanks to the direct
observation of the chest surgeon, that the heart has not
always ceased to beat in these cases Sometimes the
ventricles are still fibnllating ineffectively, 1n which case
adrenalin may do harm If there 1s no response to the
needle prick, and the abdomen 1s open, the heart should
be massaged agamnst the sternum by a hand below the
diaphragm, at the rate of about forty times a munute
Or the diaphragm and basal pericardium may be divided
and the hand inserted through the incision to grasp the
heart and squeeze 1t If the abdomen 1s not open the
quickest and most satisfactory approach to the heart 1s
by a bold incision over 1t, from the edge of the sternum
to the mid-axillary line, avoiding the internal mammary
vessels but retracting the nibs wide apart This may
appear a considerable undertahing to onc who 15 not
accustomed to operating n the thorax, but 1s really quite
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a struightforward procedure and more than justified by
the circumstances of the case  When necessary the pert
cardium 15 spht and both hands used to grasp the heart
In tlus way a very effechve circulation can be set up and
carmed on indefinitely so that even the extremities resume
their normal colour ~ But the heart muscle 1s fnable and
care must be taken not to damage it by the massage
which should be the work of the palms and not the finger
tips

Meanwhile drugs can be tried Adrenalin 5—10 ml
of 1/10 000 has hitherto been a favourite but it should
not be used before the myocardum 18 oxygenated and
great care should be taken to see that 1t 15 never mjected
mto the muscle 1tself where 1t 18 likely to cause an
ischamic necrosis Calaum chlonde 5—r10 ml of 1 per
cent has its advocates Procamme 5 ml of 2 per cent
will sometimes cure a fibnllation 1f massage does not
succeed.

When everything else fails a fibnllating heart can be
stopped completely by passing an electric current through
1t massage may then restore a normal rhythm A
special apparatus 1s required for this purpose

The Blue Patlent In the ordinary way laryngeal
obstruction 13 a problem for the anesthetist to deal with
but 1if he farls in s efforts the surgeon may be called upon
to carry out an emergency tracheotomy

Such an event 18 quite a ranty in modern practice
except possibly in connection with cedema of the vocal
cords This condition may be present as an extension of
wflimmation anywhere 1n the neighbourhood and what
1s more 1t may be present without causing symptoms
Quinsy retro pharyngeal abscess Ludwig s angnz have
ended fatally because this complication was not suspected

or the anwesthetic was mushandled The exact cause of
death 1s not always clear
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Case Note A soldier attended the M I room with ademtis
of neck He was given a fomentation and excused duty
Next day, when the battalion, with 1ts medical officer, were
away on manceuvres, he reported to the M I room again,
saying he found 1t difficult to breathe The orderly gave him
a glass of water, and while dnnking 1t he dropped dead
Post mortem there was laryngeal cedema, but 1t did not seem
that death was due to asphyxia

The casualty department 1s not the proper place to
operate on such cases, and anaesthesia must be conducted
with the greatest circumspection  Any intra-pharyngeal
abscess should be opened under local anzsthetic, so avoid-
ing the double nisk of laryngeal spasm and drowning by
aspiration of pus Local anasthetic can be used exter-
nally also Intravenous anzsthetics of any kind are tabu

All these precautions, notwithstanding a set of tracheo-
tomy 1nstruments, should be ready for immediate use, and
there should be no hesitation over the steps of the proce-
dure, which 1s briefly described here

While the anasthetist holds the head quite straight and
fully extended, the surgeon grips the cricoid between the
middle finger and thumb of his left hand and makes his
mcision dead in the mid-line of the neck  Bleeding 1s
likely to be alarmimg because of the congestion, but no
attempt should be made to stop 1t at this stage The
cricoid 1s now fixed and elevated with a special hook made
for the purpose, this acts as a landmark during the
remainder of the operation  With an assistant retracting
the edges of the wound on either side the tracheal rings
come mto view The sccond and third of these arc
divided from below upwards, 1ignoring the 1sthmus of the
thyroid, but taking the greatest care not to damage the
thin posterior wall of the trachea or interfere with the
cricoid, on which depends the pateney of the rings, all of
which are defective behind  The blades of a dilator are
at once nserted into the trachca, followed by the tracheco-
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tomy tube on 1ts introducer \When the introducer 1s
removed and the patient takes hus first gasp of air then
and only then hemostasis can be attended to It 1s
particularly important to clear the respiratory passages of
any blood that may have found 1ts way nto them

A laryngologist should supervise the after care and
decide when to remove the tube It cannot be discarded
untl a track has formed

Aspiration of Stomach Content. A recent investigation
suggests that this accident 18 much more frequent than
was formerly thought and 18 responsible for nearly a
quarter of all anmsthetic deaths The figures include
deaths from laryngeal spasm caused by umtant particles
lodging on the cords and from post-operative complica
tions such as pneumonia and lung abscess as well as the
more familiar death by drowning from massive inhalation
The real cause of the trouble passes often unsuspected
and 1t appears that the use of muscle relaxant drugs has
contributed to the danger

To operate on a patient with a full stomach 1s asking
for trouble and 1t should be assumed that the stomach 1s
full unless 1t 15 known not to be  Almost all emergency
operations are subject to this danger with the posmble
exception of appendicectomy when the mtial vomit
usually forestalls 1t Accident cases are particularly
prone because shock and sedation both delay the emptying
time of the viscus beyond the normal four to five hours
Obstruction at any level 1s very commonly, accompanied
by an overfull stomach The patient who bursts his
abdommal wound 1s anothir nst  Diabetics arc some
times given glucose solution by mouth before gomg to the
theatre  This 1s not safc because the solution 13 hyper
tonic 1nd attrcts 1 Irge quantity of fluid from the mucosa
by osmosis  The glucose should be gven intray enously

In thesc and other cases when the stomach 1s hikely to

v
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contain senu-sohd material, a Ryle’s tube will not empty
it A small bore stomach tube should be passed before
the mduction of anwsthesta (1t 1s the only tube that can
be safely passed after induction), and left until the laryna
1s protected by a cuffed intra-tracheal tube, or alter-
natively, the cough reflex has returned and the patient 1s
recoy ering consciousness  Even with this type of stomach
tube considerable manipulation may be needed to drain off
the content from different levels

Aspiration of vonut 1s an accident that may occur just
as casily during recovery from anzsthesia 1f the patient 1s
not properly looked after The semi-prone position with
a pillow under the chest and the lower arm drawn back
1s the only safe one  Any fluid that 1egurgitates will then
dramn away by gravity, and the chances of 1its trickling
into the laryny are minimal

Arr Embolism  Every surgeon knows that 1f he injures
a vein when he 1s operating at the root of the neck air
may be sucked mto the heart and the patient die of it
The same thing may happen duning dissections of the
axailla, as for a radical breast operation A post-mortem
report made after such an accident mentions *“ An impres-
sively large volume of gas This must have almost
completely filled the night side of the heart ” It seems
that the rent 1n the vemn was held open by traction on the
mass of tissue being separated from it while the air found
its way 1n without any of the gurglings or hissings which
are expected on these occasions

Prompt pressure of a pack 1s probably the best way of
preventing further trouble  Then when opportumity offers
the vein can be tied off proawmally first 1If the first
ligature 1s distal the blood stream 1s interrupted by 1t
and the empty proximal lumen invites fresh embolism
Meanwhile measures must be taken to resuscitate the

patient It 1s not likely that efforts to empty the heart,
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etther by a catheter passed down the torn vemn or by a
needle plunged nto the nght aursele will succeed  So i
18 better to rely on artifical respiration and cardiac
stimulants 1n the hope of tiding over the worst

There are many other ways mn which air embohsm can
anse ranging from mishandled urethroscopres to clums:
ness 1n evacuating the pregnant uterus These cases are
not always fatal because a healthy crculation can deal
with a considerable amount of axr particularly 1f 1t enters
slowly Not so when the arculation 15 failing as 1t 18
during transfusion for shock or hxmorrhage It 1s fairly
certain that 1n these aircumnstances as httle as 10 or 15 mi
may be enough to kill the patient by blocking the coronary
arteries or the arteries gomg to the vital centres in the
brain  Post mortems have shown more than once that
patients who have collapsed while bemng transfused owed
their deaths to such a mishap although the air could only
have found 1ts way into vemn bubble by bubble over an
hour or more Therefore every care should be tahen
when inserting a cannula 1nto a vein or setting up a trans-
fuston apparatus to see that there 1s no gap 1n the defences

The set should be entirely filled with blood before the
vem is punctured with the needle and nursing staff should
be instructed always to change the bottle before 1t 1s
empty and clamp the tubing just above the dnp while
this 1s being done  Even a puncture left 1n the tubmng
after injecting a drug may have disastrous consequences
if 1t 18 situated above the lower fluid level

Operating Theatre Explosions  Igmtion and explosion
of anwesthetic gases only occur in an exceptionally dry
atmosphere and are therefore not common 1n this country
Nevertheless reports of such acadents are becoming more
frequent  This m1v be evplaned by the drving effect of
certamn types of artificial ventilation or the increased use
of electncal apparatus
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Ether, cyclopropane, and ethyl chlonde are all inflam-
mable—cther notably so  Nitrous oxide 1s not inflam-
mable 1tself, but encourages and supports combustion of
other gases Clearly no inflammable agent should be
admimistered where there 1s a hkehhood of its beng
1ignited, as while cautery or diathermy are 1n use  Ether
1 so treacherous 1n this respect that the bottle should be
taken out of the room until the danger 1s past

But there are other and less obvious ways in which
1ignition can occur—by the sparking of defective electrical
apparatus, or by the discharge of static electricity

The disparity between endoscopic lamps and the work
which they are called upon to perform is an ever present
cause of complaint, and sometimes of accident  Electrical
switches of all kinds are apt to spark, and it 1s wise to
fit them outside the theatre rather than inside Foot
switches, unfortunately, cannot be excluded in this way
The motor of a suction apparatus 1s another possible
source of danger Situated on the floor, as 1t usually 1s,
any heat which 1t produces must be 1n dangerous prox-
mity to a gas that has sunk to the same level

When the air 1s sufficiently dry, equipment and, indeed,
persons, working in an operating theatre may become
electrically charged This static electncity may discharge
with a flash if circumstances are propitious  The remedy
1s to earth all trolleys to a conducting floor, and to see
that rubber boots are conducting also

It 1s perhaps needless to add that the nisk to the patient,
however 1t arnses, 1s magnified a hundredfold when the
operation mmvolves his air passages A flame sweeping
down the trachea to the alveoli 1s almost certain to cause
death, either immediately or at a later date from broncho-
pneumonia Eaplosions elsewhere are less lethal, but the
damage may be more widely distributed, and the victim
1s sometimes one of the bystanders



CHAPTER XMIV
LOCAL ANAESTHESIA

The Drugs Cocamne  Tts 15 much too loxic for tnjec
fion snfo the tissues but worhs well as a surface
aneesthetic.

Procaine and neovocaine have the same formula  They
exert little surface action but act well on injection

Amethocaine has a formula allied to that of procaine

Nupercaine (formerly percaine but renamed to prevent
confuston with procame) 18 a non urtant quinolne
denivative

Amethocaine and nupercaine are both much more toxic
than novocaine but also much more potent so that they
can be used 1n quite weak solutions 1/2 000 or 1/I 000
mstead of 1{100

\ylocaine 18 more potent than novocame but may be
used 1n the same strength or in greater quantity of a
weaher strength

All these preparations follow the general chemical rule
of heeping better in the dry state than the wet  What 1s
more 1n the dny state they offer hittle hospitality to micro-
orguusms  If stenle normal saline 1s used to dissohe
them the solution obtained 15 approxamately 1sotomic and
h1s no tmitnt effect on the fissues 1t can be bosled asa
final precaution agunst mfectton At no stage of the
procecdings should the shightest trice of any other
chumicnl substance (alhali 10dine mercuninls etc) be
allowed to find 1ts wav into the contuners synnges etc
used for the anmsthetic or adrenaline

Adrenaling or epinephrin 1 1 000 15 added to whatever
~olution 1« emploved 1n the proportion of T minim to 10 ml
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total dose not to exceed 15 mimims By producing vaso-
constiiction 1t—

(a) Reduces haemorrhage
(0) Dclays absorption, and so
(c) Lessens toxicity and prolongs the action

Any excess of adrenaline will constrict not only the
capillaries but the arterioles as well, and these will start
bleeding when the action of the drug wears off Accord-
mgly 1t 1s important to have the solution accurately
dispensed  Even when 1ts strength 1s exactly right, the
smallest bleeding points should be dealt with before the
wound 1s closed Hamotoma formation 1s one of the
complications of operating under local anasthesia !

Slow absorption 1s very desirable Novocaine by 1tself
ceases to anasthetise at the end of fifteen minutes, with
adrenaline the effect may not wear off for an hour or
longer

Adrenaline does not tolerate boiling It should be
taken straight from the sterilised ampoule and added to
the anasthetic solution after this has had time to cool

Piemedication  This 1s an essential preliminary to any
considerable operation carried out under local anasthesia
It should be given at least an hour and a half beforehand
The choice of drugs and dosage will depend on the age and
constitution of the patient, but combinations of omnopon
and scopolamine suit most cases If there has been an
oversight and the premedication has been forgotten,
morphia gr } dissolved in 10 ml of saline can be given
intravenously when the patient 1s on the table

Surface Aneasthesia Aural and ophthalmic surgeons
use cocaine freely in dilutions of from 5 to 10 per cent for
anzsthetising the nasopharyngeal mucous membranes or

1 Adrenaline infiltration may be used with general anasthesia to
reduce haemorrhage when tourmquet control 1s not safe or must be

discontinued
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the conjunctiva  The general surgeon has not much call
for 1t but 1t 1s quite safe and very effectnve as a urethral
anmsthetic  The late Edward Canny Ryall founder of
All Saints Hospital ndvocating, its use w the preface to

L]

11 ayr Urethen! anasthesla () Ingtr:lu:z the £r1t two drachms of

anx thet (&) Nippme the oretl Letween finger and  thumb

() M Mung the sofution back int  the post Do urethrn  The antenor

urethrd w agt  glled and 2 pet b lanp apphed.  {After Canny Ry 1)
tus atls of cvstoscopy  wrote The humblest patient
bas the sanmie claim as the nullionasre to the most wnxious
considerition in this respect an equal nght to be spared
uffcning Canny kvl employed cocune constantly
ind 1ts cfficienet has been proved by generations of Ius
successors  His formula was —
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total dose not to exceed 15 mimims By producing vaso-
constiiction 1t—

(a) Reduces haemorrhage
(0) Delays absorption, and so
(¢) Lessens toxicity and prolongs the action

Any excess of adrenaline will constrict not only the
capillaries but the arterioles as well, and these will start
bleeding when the action of the drug wears off Accord-
mngly 1t 1s important to have the solution accurately
dispensed Even when 1ts strength 1s exactly right, the
smallest bleeding points should be dealt with before the
wound 1s closed Hezmotoma formation 1s one of the
complications of operating under local anasthesia !

Slow absorption 1s very desirable Novocaine by 1tself
ceases to anasthetise at the end of fifteen minutes, with
adrenaline the effect may not wear off for an hour or
longer

Adrenaline does not tolerate boiling It should be
taken straight from the sterilised ampoule and added to
the anasthetic solution after this has had time to cool

Piremedication  This 1s an essential preliminary to any
considerable operation carried out under local anasthesia
It should be given at least an hour and a half beforehand
The choice of drugs and dosage will depend on the age and
constitution of the patient, but combinations of omnopon
and scopolamine suit most cases If there has been an
oversight and the premedication has been forgotten,
morphia gr 1 dissolved in 10 ml of saline can be given
intravenously when the patient 1s on the table

Surface Anezesthesia Aural and ophthalmic surgeons
use cocaine freely in dilutions of from 5 to 10 per cent for
anasthetising the nasopharyngeal mucous membranes or

1 Adrenaline infiltration may be used with general anasthesia to
reduce hzmorrhage when tourniquet control 1s not safe or must be

discontinued
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the comjunctiva. The general surgeon has not much call
for 1t but 1t 1s qute safe and very effective as a urethral
anmsthetic. The late Edward Canny Ryall founder of
All Samnts Hospital adyocating its use w the preface to

Fro 17 Urethral anmstbenia  (¢) Topecting the fint
two drachms
anmst the u:ct.gg

i
bets between finger and th b
() Miliung the solutwn bach 1nto the postenor urethra The nnLl:.-:Er

urethryn'aga  filled and a peate clamp apped  {After Canny Ryall)
his ths of cystoscopy wrote The humblest patient
has the same claim as the millionaire to the most an\ious
considerition m this respect an equal right to be spared
suffting  (anny Ryall emploved cocane constantly

and 1ts efficicncy has been proved by generations of lus
successors  His formula was —
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total dose not to exceed 15 mmmims By producing vaso-
constiiction 1t—

(@) Reduces hazmorrhage
(0) Delays absorption, and so
(¢) Lessens toxicity and prolongs the action

Any excess of adrenaline will constrict not only the
capillaries but the arterioles as well, and these will start
bleeding when the action of the drug wears off Accord-
mngly 1t 1s important to have the solution accurately
dispensed Even when 1ts strength 1s exactly right, the
smallest bleeding points should be dealt with before the
wound 1s closed Hamotoma formation 1s one of the
complications of operating under local anzsthesia ?

Slow absorption 1s very desirable Novocaine by itself
ceases to anasthetise at the end of fifteen minutes, with
adrenaline the effect may not wear off for an hour or
longer

Adrenaline does not tolerate boiling It should be
taken straight from the sterilised ampoule and added to
the anesthetic solution after this has had time to cool

Premedication  This 1s an essential prehmiary to any
considerable operation carried out under local anzsthesia
It should be given at least an hour and a half beforehand
The choice of drugs and dosage will depend on the age and
constitution of the patient, but combinations of omnopon
and scopolamine suit most cases If there has been an
oversight and the premedication has been forgotten,
morphia gr 1 dissolved in 10 ml of saline can be given
intravenously when the patient 1s on the table

Surface Aneesthesia Aural and ophthalmic surgeons
use cocaine freely 1n dilutions of from 5 to 10 per cent for
anesthetising the nasopharyngeal mucous membranes or

1 Adrenaline nfiltration may be used with general anesthesia to
reduce hzmorrhage when tourmiquet control 1s not safe or must be

discontinued
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hand and giving him a tablet of deccicane to such  Thus
should become routine ward practice

Inflltration Anzesthesta This 15 the simplest and most
certamn method of obtaimng deep anmsthesia The
techmque 15 strasghtforward A pig sk wheal is first
raised 1n the skin with
a hypodermic needle.
The wheal becomes
anzsthetic at once and
a larger needle of the
lumbar puncture type =
can be pushed through -
1t quite painlessly The  Fio 171 Coatmuoos infiltration of bocal

anxsthetic

solution 15 then distn hears the me .h:.’.;::;dﬁuu?;m?u I
the needlo 18 1iblo it can
buted under the hine of eyt S o it can b
the masion and after u(t%nkft hand and:m be much Jem
to piercs than a stiff
wards amongst all the Lkely to . Ly

deeper layers of the

wound. This causes only a mimmum of discomfort if the
mjection 15 ginen slowly because these thssues are

relatively insensitive
An underlying aponeurosis
= 3 Iike the rectus sheath offers
/\ (0 a perceptibly increased re
sistance to the passage of the
needle and gnes a sure

" indicition of the depth
//L\ reached  Once through 1t
the solution spreads very

Iec .7[;,ﬂ of locat readily  along the cellular

lpotigiapiel ‘”“" et plines n front of the muscle
If there 13 a serous membrane
hhe the pluura or puntoneum Iving still deeper 1t may be
possible to 1dentify 1t 1n the same way as the aponcurosis
Otherwice supplumentany injections will be required when

(A) but into tbe an (b;
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Cocaine hydrochloride 6 gr
Soda bicarbonate 6,
Chloretone 4 5
Aq Destillata 2 07

The chloretone 1s a preservative, but even with it the
mixture quickly deteriorates It can be omitted alto-
gether 1f the two other constituents are kept i powder
form and only dissolved when required for immedate use
For anasthesia 2 drachms of the solution are injected into
the anterior urethra, milked back into the posterior, and
another two injected into the anterior A penile clamp
1s then applied behind the glans and the patient left for
fifteen to twenty minutes This will render the mucous
membrane of the urethra completely insensitive  Unfor-
tunately 1t will not abolish the discomfort caused by
distortion of the canal from the introduction of a straight
instrument like a cystoscope

So used, cocaine never causes toxic symptoms, but if
there has been previous instrumentation and the urethra
1s bleeding 1t 1s not safe to inject this or any other
anzsthetic A broken surface of any kind increases the
risks of absorption a hundredfold

Xylocaine jelly forms a convement alternative to
cocaine for urethral anasthesia, being always ready for
use, though 1t 1s doubtful whether 1t 1s quite so effective

Percaine 1s another drug which gives surface anasthesia,
and can be used on mucous membranes A 1 per cent
omtment, for mstance, may relieve paimnful conditions of
the anus

The introduction of a Ryle’s tube 1n a conscious paticnt
1s often very distressing, and 1f done post-operatively the
resultant stramning may be more than the wound sutures
will stand The discomfort and danger can be entirely
eliminated by spraying the patient’s naso-pharynx before-
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the surgeon stands by testing the skin every few mnutes
and grudging every second of dely until he can start
operating he will not only work his patient into n appre-
hensive and nervous state but will probably finish by
losing patience and beginmng too soon A watched
Lettle never boils It 1s much better practice for the
mjection to be given by an assistant beforehand af the
surgeon gives 1t humself he should go away and occupy
humself with something else for a while then when the
other tash 15 complete the anasthesia 1s certan to be
satisfactory  The trouble 1s worth taking Iew things
bring more discredit or are remembered longer by patient
or onlookers than the mfliction of unnecessary pain

Infiltrition or for that matter any other form of local
angsthesia 15 of course quite unsuted to cases in which
mnfection 1s already present

Regional Block Anzesthesla  Regional bloch anzsthesia
gives a virgin field the area to be operated on being walled

/
{a} (8
n
' ( In_?luatmﬂamlﬁu:mi:\u ‘:h:.'};nr abdominal inchon
off with 1 full depth barnier of Anmsthetic solution (Fig
175) kaving the lme of the intended incision entirely
untouched

It 15 «<ud that healing 1s better 1in consequence but the
smmediite results are uncertain  Tor an opcration Hike
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the wound 1s open, because the parietal layer of such a
membiane 1s well supplied with nerves

Some surgeons, instead of injecting as the needle
advances, prefer to insert 1t to 1ts full length first of all
and then 1nject as 1t 1s withdrawn  There seems little to
choose between the two methods

An 1nterval, varying in some degree with the strength
of the solution used and the tension under which 1t 1s
injected, must be allowed to elapse before the operation
1s begun  The following 1s a table of times and doses —

Time for Length of Maximum dose
ansthesia anasthesia |
Novocaine and Twenty An hour or | 300 ml of $%
procaine minutes more 100 ml of 1%
Amethocaine Firve minutes | Two to three | 300 ml of 1/1000
hours
Nupercaine Ten munutes | Two to three | 300 ml of 1/1500
hours
Xylocaine Five minutes | Two to three | 50-100 mls of 4%
hours

Times are approximate and 1t 1s,assumed that adrenalin 1s used

Maximal doses are hardly ever needed A quarter as
much 1s usually suffictent In very young or very old
people, and 1n patients who are gravely 1ill, the maxima
given here would not be safe

Whatever solution 1s employed must be injected with
full aseptic ntual The reaction that sometimes follows
operation under local anzesthetic, whether indurative or
frankly 1nflammatory, 1s more often due to carcless
technique than chemical 1rritation

One of the commonest reasons why local anasthetics
give poor results 1s that they are not given sufficient time
to take effect Amethocaine and nupercaine act quicher
than novacaine, but even they must not be expccted to
anaxsthetise on the spot If, when the solution 1s mnjected



LOCAL ANZESTHESIA 333

solution 15 needed than for mfiltritton since 1t must
percolate the trunks of the nerves and not merely their
termunal branches

Not infrequently a nerve block can be combined with
mtltration to give a very thorough nzsthesia

Splanchnic Anzesthesia. For abdominal operitions the
nervation of the viscera must be taken mto account
These are supplied from the sympathetic system by fibres
which come off the dorsal and lumbar segments of the
cord and have local and remote relays It 1s possible to

A8

1t

Fa 76 Testing for a bent needls tip

reach most of them by injections made from the back but
the feat 1s a difficult one and faiure 15 not uncommon

The mjections are easter to make after the abdomen 1s
opened  bolution can then be pooled retro-punitoneally
between aorta and vent cava at the lovel of the first
lumbnr vertebra to reach the splinchrue ners es and ceehac
gwnght - The sympathetic can be imtercepted elsewhere
by injections 1round the ongin of the main arteries—the
supirior mescntenc the inferior mesenteric the splente
ete

Viscert themselves have no more than a low grade
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circumcision the anasthesia given 1s good, because all the
cutaneous nerves running up the shaft of the penis can
be intercepted easily The digital nerves are equally
accessible, but gangrene has been known to follow the use
of local anasthetic 1n the fingers and toes, so 1t 1s better
avoided, especially in old people

Nerve Block Anzesthesita The third choice 1s a block
of the main nerves supplying the part at a spot where they

(S

Fic 175 (a) Brachial plexus bloch anmsthesia  (b) Spermatic cord block
anasthesia

are most easily accessible A sound knowledge of ana-
tomy 1s required in order to do this with any certainty,
and the physique of the patient must permit accurate
localisation, although the addition of hyalase, which
encourages spread of the solution, may compensate for a
certain amount of imaccuracy and may be a help when the
recognition of landmarks 1s difficult

If the anasthetic solution can be injected directly into
the sheath of a bundle of nerves, as sometimes 1n the
brachial plexus, 1ts intimate contact with the axons gives
quick and sure results  But if 1t 1s only possible to mnject
into the neighbourhood of the nerves the action 1s lcss
certain and a good deal slower  Iither way a stronger
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standing how a mustard plaster relieves the pamn of a
pleursy

Drawbacks and Dangers Every now and agamn a
patient shows an 1diosyncrasy to cocawne or one of its
denivatives and Teacts badly even to small doses A
misadventure of this kind 1s unusual but distressing when
1t occurs t

Actual poisoning 15 rarely seen now that cocamne 1s
no longer given by mjection but when 1t does occur the
symptoms are alarming in the extreme The patient
becomes violently exated has difficulty in breathing and
may develop twitchings or convulsions Treatment 13
carried out 1n the Trendelenburg position by admimstra
tion of oxvgen artihcial respiration when necessary and
the giving of a barbiturate intravenously  In a favourable
case recovery 1s rapid and complete

Precautlons  There 15 a greater danger of poisoning
from accidental intravenous mjection contaimng adrena
line then from over-dosage Every precaution should
be taken against this happenmng  \When the whole
injection 1s being made 1 one spot as for a nerve block
the needle should be inserted by itself first of all and the
syringe only attached to 1t if no blood escapes  Or if the
two are used together a tmal aspiration can be made by
withdrawing the plunger before starting the injection
then 1f blood appears in the barrel the position of the
pont of the needle can be altered and a further tnal made
When a wide area 1s bemng nfiltrated some other method
must b relied on  The nishs of accident are negligible
i —

(1) The needle 13 hept on the move the whole time but
quite slowly and smoothly so that the point ships past a
van anstead of punctunng it Anyone who 1s accus-

Sometities 1t 1 the adrenaline and not the anzsthetic that the
[atient 1s senutive to
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sensttivity - Intestine can be pricked or cut without
disturbing a conscious patient , an exteriorised loop can
be opened up with a red-hot cautery without the patient
bemg aware of what 1s happening unless he notices the
smell of burming It 1s only when intestine 1s crushed or
dragged that pan s experienced, so 1t 1s possible to do a
lot of surgery mside the abdomen with no anasthesia at
all

Chnical Experiment Much valuable information has
been gained with the help of local anwesthesia  The obser-
vation that vaso-chilation devcloped in the area of its
distiibution when the ulnar nerve was blocked at the
clbow threw new hight on the anatomy of the sympathetic
system  Formerly 1t had becn believed that the vaso-
dilator fibres travelled along the walls of the artenes , now
1t became clear that their real route was along the nerve
trunks This discovery has proved of immense import-
ance 1n sympathetic surgery The surgeon who contem-
plates a sympathectomy still relies on local anaesthesia for
his pre-operative tests, by anasthetising the gangha with
procaine he can anticipate the effects of surgical ablation
and judge whether 1t will be beneficial or not These
methods show a great advance on the days when a clinician
sectioned a nerve in his own forearm 1n order to study
the result

Some of the vaganes of visceral sensitivity have just
been mentioned  Anyone who 1s accustomed to open the
abdomen under local anzsthesia will soon realise that
there are many more, and may find important clinical
applications for the knowledge he acquires But a great
deal remains to be explained Why, for instance, 1s the
shoulder tip pamn which sometimes accompanies a per-
forated ulcer abolished by the injection of procame under
the skin of the shoulder > If we knew the explanation of
this phenomenon we should be well on the way to under-
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standing how n mustard plister rchicves the pun of a
pleunsy

Drawbacks and Dangers kvery now and agam a
patient shows an 1diosyncrasy to cocaine or one of its
denvatives and reacts badly even to small doses A
musadi enture, of this kind 18 unusual but distressing when
1t occurs !

Actual powsoning 1s rarely seen now that cocainc 1s
no longer given by njection but when 1t does occur the
symptoms arc alarming in the extreme The patient
becomes violently excited has difficulty 1o breathing and
may develop twitchings or convulsions Treatment 1s
carried out i the Trendclenburg position by admimstra
tion of oxvgen artifical respiration when necessary and
the g1ving of 1 barbiturte intravenously  Ina favourble
case recovery 18 rapid and complete

Precautions  There 1s a greater danger of powsoning
from accidentnl intravenous 1njectton contaming drena
hinc than from over-dosage Every precaution should
be taken agmnst tlis happening  When the whole
mnjection 18 bang made in onc spot as for a nerve block
the needle should be nserted by itself first of all and the
svringe only attached to 1t 1f no blood escapes  Orif the
two are used together a tnal aspiration can be made by
withdrwing the plunger before starting the injection
then 1f blood ppears w the barrel the position of the
point of the needlc can be altered and a further tnal made
When 1 widc aren 1s being infiltrited some other method
must be tihied on The nishs of acadent are neghigible
if -

(1) The needle 13 hept on the move the whole time but
quite slowly and smoothly so that the pomnt ships past a
san instead of punctunng it Anyone who 1s accus-

Semet et

the alrenaline and not the ansathetc that the
Patient 1 sen aty
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senstbivity  Intestine can be pricked or cut without
chsturbimg a conscious patient, an exteriorised loop can
be opened up with a red-hot cautery without the patient
being aware of what 1s happening unless he notices the
smell of burning It 1s only when intestine 1s crushed or
dragged that pain is experienced, so 1t 1s possible to do a
lot of surgery mside the abdomen with no anasthesia at
all

Clinical Experiment Much valuable information has
been gained with the help of local anesthesia  The obser-
vation that vaso-dilation developed in the area of its
distribution when the ulnar nerve was blocked at the
elbow threw new light on the anatomy of the sympathetic
system  IFormerly 1t had been believed that the vaso-
dilator fibres travelled along the walls of the arteries , now
1t became clear that their real route was along the nerve
trunks This discovery has proved of immense import-
ance 1n sympathetic surgery The surgeon who contem-
plates a sympathectomy still relies on local anzsthesia for
his pre-operative tests , by anzesthetising the gangha with
procaine he can anticipate the effects of surgical ablation
and judge whether 1t will be beneficial or not These
methods show a great advance on the days when a clinician
sectioned a nerve in his own forearm 1n order to study
the result

Some of the vagaries of visceral sensitivity have just
been mentioned Anyone who 1s accustomed to open the
abdomen under local anzesthesia will soon realise that
there are many more, and may find important clinical
applications for the knowledge he acquires But a great
deal remains to be explamned Why, for instance, 1s the
shoulder tip pamn which sometimes accompanies a per-
forated ulcer abolished by the injection of procaine under
the skin of the shoulder > If we knew the explanation of
this phenomenon we should be well on the wav to under-
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standing how 1 mustard plister rehieves the pan of a
pleurisy

Drawbacks and Dangers Every now and agan a
patient shows an 1diosyncrasy to cocamne or one of 1ts
demmatives and reacts badly even to small doses A
musady enture of this hind 18 unusual but distressing when
1t occurs *

Actual posonng 1s rarely seen now that cocaine 1s
no longer given by injection but when 1t does occur the
symptoms are alarming in the extreme The patient
becomes violently exated has difficulty 1n breathing and
may develop twitchings or convulsions Treatment 1s
camed out 1 the Trendelenburg pomtion by admimstra
tion of oxvgen artificial respiration when necessary and
the giving of a barbiturate intravenously  Ina favourable
case recovery 1s rapid and complete

Precautions  There 1s a greater danger of poisoning
from acaidental intrivenous injection containing adrena
Line than from over dosage Every precaution should
be tahen aganst this happeing  When the whole
njection 18 being made 1n one spot as for a nerve block
the needle should be inserted by 1itself first of all and the
syringe only attached to 1t if no blood escapes  Or 1if the
two are nsed together a tmal aspiration can be made by
withdrawing the plunger before starting the injection
then 1f blood appears in the barrel the position of the
point of the needle can be altered and a further trnial made
When a wide area 1s bemng mfiltrated some other method
nf\ust be relied on  The nsks of accident are neghgible
if —

(1) The needle 15 kept on the move the whole time but
quite slowly and smoothly so that the pownt slips past a
vein anstead of puncturing 1t Anyone who 15 accus-

Sometimes t w the adrenaline and not the anxsthetx that the
Tabent 1 senaitine to
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tomed to doing veno-punctures know that something of a
Jab 1s needed to get through the wall of a vemn

(2) Thenjection 1s never interrupted, so that a constant
stream of fluid clears a path for the pont of the needle

The presence of local anzsthesia 1n the tissues 1s apt to
puzzle the novice, but to the experienced surgeon 1t 1s a
help and not a hindrance ~ Some surgeons, 1n fact, employ
it for the express purpose of opening up tissue planes
The exposure of the thyroid gland, for instance, 1s greatly
facihitated by the injection So 1s the 1solation of the
ducts and the detachment of the gall bladder from 1ts bed
during a cholecystectomy And the separation of a
Thiersch graft may prove less difficult under a local than
a general anasthetic  Another advantage can be claimed
for this form of anasthesia—it enforces gentleness So
the heavy-handed can resort to i1t as a corrective !

The Wrong Injection  Anasthetic solutions are colour-
less and, unless special precautions are taken, the danger
of confusing them with each other or with other colourless

— v —— r————

Fic 177 One gallipot contuns spirit, another contuns saline,
and another novocamne Apart from the smell of the spirit
there 1s no means of distinguishing between them

fluids 1s so great as to become an ever-present threat to the
patient  Alcohol, saline, intravenous anasthetics have
all been mjected at one time or another in place of novo-
camne There are many ways of guarding agamnst mis-

1 Another remedy for this failing 1s to change to a smaller set of
instruments, or watch a plastic surgeon at w ork for a session or two
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takes. A colounng agent can be used  This method has
the advantage that the tissues are stained with the 1njec

tion and the surgeon can see exactly how far hisinfiltration
has gone  Or the local anwmsthetic can be taken from 1its
labelled contamner directly into the syringe  Or 1t can be
decanted 1nto a contamer with a special distingwshing
mark.

There are other sources of error

Case Note  (From a daily paper) DOCTOR TAKES THE BLAME
At an inquest on Dr said he had ordered the hospital
duspenser to prepare a solution of procaine but she misunder
stood the telephone message and prepared a solution of cocarne
mstead,

Here the blunder was caused by sumlarity n nomen
clature  Other catastrophes are due to using solutions of
a wrong strength

Case Note During the war two young soldiers were
operated on for herma under spmnal ansmsthesia Both
dcvclored pa:aplegm_ One died shortly afterwards the
other hingered on for nine months

It was assurned that the wrong injection had been given
but no proper investigation was carried out The real
explanation only came to hght many years later when a
similar mishap led to an action at law  Experts of all
kinds gave evidence including representatives of the drug
firm  In the course of the procesdings it was suggested
that if an ampoule were crached some of the antiseptic 1n
which 1t was stored mught find its way mside Expen
ments showed that this might well have happened  Since
then 1t has become a rule always to autoclave these
ampoules

There 1s 1nother way 1n which an injection can become
contumnated by antiseptic A rubber capped bottle 1s

somctimes dipped 1 spint to stonlise 1t If the cap
has been punctured bufore there may be a partial vacuum
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inside and there 1s a possibility that spirit may be sucked
into the bottle The multi-dose container has other draw-
backs, not least of which 1s that i1t usually outlasts-1its
sterihty

Our knowledge of local anasthesia has advanced greatly
since Halsted first eaperimented on himself (and his
assistants) with cocaine  Many problems nevertheless,
still remain unanswered No doubt time will alter this
Meanwhile the following questions are worth considering

Why do manufacturers make so many ampoules of the
same size and shape? Stick-on labels have mercifully
gone, but why 1s the engraving on the ampoule so difficult
toread > Could 1t be improved by eliminating everything
except the name and dose ? Why do theatre sisters some-
times store such different drugs as nupercaine and curare
in the same jar > Why do medical officers sometimes omit
to check an injection before giving 1t, and nurses fail to
watch the patient while 1t 1s being given ?



CHAPTER XXV
PLASTER OF PARIS

PLASTER of Paris 1s known commercially as gypsum
and 15 1 fact anhydrous calcium sulphate In surgery
it forms the bass of the plaster cast which 1s steadily
supplanting the sphnt as a means of immobihsation
the cast nme tumes out of ten being a better fit more
comfortable and a great deal more secure than any
sphnt

Such a cast 15 most convemently constructed of plaster
bandages and these may be either factory made or home
made The factory made have the advantage that the
plaster 1n them 1s distnbuted with perfect nniformuty
from one end to the other and shows little inclination to
drop out of the meshes Against this 18 the fact that it
dnes quickly so that 1t 18 Likely to give tronble unless the
cast can be completed 1n a short ttme  And there 1s also
the matter of expense which 18 much less if the bandages
are made on the spot For a broken finger or wrst
therefore factory made bandages will probably be the
choice for a spinal jacket home made

To make a Plaster Bandage. The bandage should be of
book mushn sized with starch to heep the plaster 1n place
The 1mpregnation 1s best carmed out m a shallow truy
contmmng a heap of plister A bandage 13 rolled from
one end to the other of this like 4 film 1 a camera and s
1t travels across the centre plaster 15 spread over 1t fincly
and evenly cither with the side of the hand or wath some
form of spatuln  The spreading 1s something of a slulled
job 1nd éne which needs expenence After a while
however 1t will be found the process becomes automatic

m
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inside and there 1s a possibility that spirit may be sucked
into the bottle  The multi-dose container has other draw-
backs, not least of which 1s that it usually outlasts-its
sterility

Our knowledge of local anasthesia has advanced greatly
since Halsted first experimented on himself (and his
assistants) with cocamne  Many problems nevertheless,
still remain unanswered No doubt time will alter this
Meanwhile the following questions are worth considering

Why do manufacturers make so many ampoules of the
same size and shape® Stick-on labels have mercifully
gone, but why 1s the engraving on the ampoule so difficult
toread? Could 1t be improved by elimmating everything
except the name and dose > Why do theatre sisters some-
times store such different drugs as nupercaine and curare
in the same jar > 'Why do medical officers sometimes omit
to check an injection before giving 1t, and nurses fail to
watch the patient while 1t 1s being given ?
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gnp of the hairs this
does not incon
venence the patient
because the grip 18
umiform and the
hairs come away of
their own accord long
before the tume for
removing the cast
Whether stockinet 1s
used or not the bony
promuinences should
always be covered
with stnps of ad
hesive felt

Soaking the Band
ages The successful
construction of a
plaster cast of any
size depends on team
work and not least
important of the team
1s the nurse who
soaks the bandages
It 18 her job to sec
that the surgeon 1s
never hept waiting
for a bandage when
he wants 1t and this
involyves something
more than filhng a

-

Fio 173 urse (a) gots rid of the mplus
bucket of water with water by )Kl{ne(e_un( the bacdage from end to
bandages and hand YR Sne ond betore d

1t oner to the surgeon
ing one over when 1t 15 required. Setting 1s a chermcal
process unrelated to drywng and bandages left too long in
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Until this stage 1s reached a rough check can be kept by
weighing the bandages when they are fimished The
following figures will serve as a guide —

Bandages 6 yd long by 4 in wide should weigh 9% oz
» bR ) 6 ¥ 1 1) I4 12
i3] 2 i3 8 12 12 " I7 ”

The distribution of the plaster 1s not the only difficulty
Rolling the bandage to the night degree of tightness 1s
equally important If it 1s too tight the water will not
wet 1t , 1f 1t 15 too loose 1t will spill out from the muddle
while 1t 1s being put on and have to be thrown away

To Pad or not to Pad A skin-tight plaster gives much
better mmmobilisation than one put on over layers of
cotton wool, and provided that proper care 1s taken to
protect the bony prominences from pressure, and there 1s
no likelihood of the limb swelling later on, 1t 1s just as safe
When, however, there 1s any possibility of further swelling,
as with a recent fracture, padding should always be used
Padding 1s also needed 1n the operation case, especially
when the operation has been conducted under tourniquet
control  If no room for expansion 1s allowed within the
cast 1n such a case trouble 1s almost certain when the
tourniquet 1s released and the vessels refill with blood So
narrow 1s the margin of safety that splitting of the cast
along one side 1s practised as a routine in many clinics

It 1s for the *“ change-of-plaster ”’ case that the unpadded
plaster 1s most suitable The patient may now be usmng
or walking on the mjured imb and a good fit becomes
really important, a slackly fitting, loosely padded cast
being a fertile source of sores from chafing and friction

The skin tightness can be modified by a layer of
stockinet, but some surgeons prefer to put the plaster
directly on the bare skin, and delhiberately refrain from
shaving or vaselining the part so that the bandages take a

- -
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measured length  Nicks are then cut on either side where
the jomnt will ke and the slab 1s ready to apply

A slab can be fashioned bifore or after wetting but
with home made bandages 1t 1s better to do 1t after
because then the plaster 1s less likely to drop out  Care
should be tahen however to see that the slab 1s still quite
wet when 1t 15 apphed to the hmb otherwise it will refuse
to adapt 1tseli smoothly to the contours of the part 1nd
sores may result later on

The Making of the Cast It tahes many pairs of hands
to make a big cast and they must all be fully occupied
from beginmng to end one or more to hold the part in
position one or more to apply the bandages and one or
more to mould them firmly into place

The way 1n which the part 15 to be fixed will vary with
the crcumstances of the case but as far as possible neigh
bounng joints should be left etther free or if they must
be included 1n a neutral posiion ¢g the wnst straight
and the ankle at a nght angle There 13 a temptation to
use mechamcal means to mamtain whatever alignment
1s required but these often have their drawbacks At all
costs whatever supports are employed whether the hand
or some hind of shing they must not indent the plaster
If a lmb 1s held by an assistant movement must be
guarded against because 1t may result m ndging or
weahness of the cast opposite a flexure  Later on during
the drying stage the plaster may become indented 1f 1t
rests on a hard surface  the heel piece 13 easily flattened
agawnst the os calais in this way

The bandages should fall casily and smoothly into place
with no tightness but with no slickness either and one
turn must follow another without leaving any interval
for drying Tt 15 uscless to lay a wet bandage on top of
a sumi-dny, one because 1t will not adhere to 1t The
business therefore must be got through without waste of
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water will set as solidly as they might have done on the
cast The optimum period for immersion finishes when
all the air bubbles have been given off  If nurse can time
this period accurately so as to have the bandage ready just
as the last turns of the previous one fall into position on
the cast she will have done nearly all that 1s expected of
her It only remains to squeeze out the surplus water
(from end to end, not sideways, so as not to squeeze out
plaster as well as water) and deliver the bandage with 1its
last few inches unfolded and ready for use

Setting can be accelerated by using hot water instead
of cold, or by adding common salt in the proportion of a
drachm to a quart But since rapid setting 1s more of a
handicap than anything else, these measures are seldom
necessary

When a bandage 1s wound round and round a limb
there 1s always a danger that 1t may be pulled too tight
When this happens a sore may develop underneath Worse
still, if the constriction 1s circumferential, the distal blcod
supply may be impaired, or even cut off

Because of this danger more and more surgeons are
coming to use plaster slabs instead of encircling bandages
for the construction of casts If such a slab 1s applied to
one or other aspects of the Iimb and held 1n place by no
more than a few turns of ordinary gauze bandage the
possibility of any constriction 1s entirely ehminated  This
arrangement usually gives” suffictent immobilisation for
fractures round the wrist and elbow  In the leg something
more 1s needed, and the immobilisation can be improved
by applying two slabs, one back and one front, and binding
them together with a plaster bandage which should not,
however, exert any morc pressure than is needed to keep
them snugly 1n place

The slabs are made from an ordinary plaster bandage
by folding 1t backwards and forwards on 1tself to a
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well away from the level where 1t might crush the peroneal
nerve as 1t crosses the head of the fibula.
Pressure Points  Some of the areas which are exposed
to pressure are listed here —
In the arm Acromion
Internal epicondyle
Olecranon and subcutaneous border of
ulna.
Ulnar styloid

In the trunk  Sacrum and +ertebral spmes of bed
patients
Crest and spines of 1lium
In the leg Head of fibula
Both malleoh
Dorsum of foot
Heel.

Over these areas skin lies very close to bone and can
casily be compressed agamst 1t but in a thin emaciated
subject a sore may develop almost anywhere

Reinforcing a Plaster A plaster can be remnforced by
incorporating lengths of wood or tin or by using additional
slabs over the flexures where the nsk of cracking 13
greatest or by plucking the plaster up into nidges at nght
angles to these flexures With a spica for shoulder or
hip the limb can be buttressed from the trunk or the
opposite imb by a plaster bandage

After Care Plaster sets of 1ts own accord no matter
what the conditions but drving 1s expedited by heat and
a free circulation of air A heat cradle will provide both
of these and should be used as a routine  a wet plaster 1s
uncomfortable and chulhing to the patient so the sooner
1t 18 dny the better

The lmb should be clevated as high as possible inside
the cradle  Even with this precaution some swelling 15



344 SURGICAL TECHNIQUE

time, and this 1s one of the reasons why plenty of help 1s
required Another 1s the need for constant moulding
Moulding not only gives a good fit but 1t ensures homo-
geneity  If each turn of bandage 1s closely appled to the
preceding one, with no air bubbles 1n between, the cast
will possess a ightness and strength that can be achieved

T'ic 179 Nicking a slab at the ankle It 1s put on with the
f)atlcut prone so that the foot remains at right angles to the
cg of 1ts own accord .

by no other means So any member of the team who
finds himself with an idle moment should occupy 1t with
moulding, using the palms of his hands, not the finger tips,
and giving special attention to the bony prominences,
where an exact correspondence 1s all-important

When the cast 1s complete 1ts edges should be trimmed
to clear any adjacent flexures, and 1f stockinet has been
used 1t can be turned back to give a smooth finish and
protect the skin from any roughness or irregularity
Special care should be taken to keep the edge of a leg cast



CHAPTER \\VI
KNOTS

FORUERLY a surgeon was expected to have as many
knots at his finger tips as @ boy scout now he 13 often

25

Fio 181 Amxknmud.mny e tenelon shows will ghie (he Saat

content with one This should certainly be a reef or
square properly constructed with the loops lving snug
and close so that they hold firm The
more a well made reef 15 pulled on the
closer 1t binds  Pulling on a granny or
a  spoit reef rolls the loops over and
over until the ends come apart  What
happens can be demonstrated quite
easily by a few simple expenments with
knots tied 1n a rubber band A reef 15

spout  (te turned into a shp) by
togging unequally on one or other end
(Fig 182) Even failing to relax tension  Fio 13z A reef
on the strands bet\\c;..ﬁ the hitches sg & mtord?
that the tightening of the second htch disturbs the lie of
the first 1s enough to upset the hnot One handed
knotting 1s therefore undesirable f 12 imeans that one strand
18 held taut the whole tine  Ligatuning from a spool or long

n7
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almost 1nevitable (unless the plaster 1s a replacement),
and this will cause most patients a certain amount of
discomfort during the first twenty-four hours Genuine
pain 1s a different matter If it 1s localised 1t means that
a sore will develop unless a window 1s cut to relieve

(
e rs £
o -‘/"):‘ {jf‘ -1 \-,_‘,‘; v’

T'ic 180 Ridging 1 slab to remnforce 1t

Yo

pressure If 1t 1s generalised 1t nearly always means a
dangerous constriction and a threat to the circulation
The exposed extremity will soon be blue, cold and insensi-
tive 1f the cast 1s not split so that skin 1s seen from end to
end Not all these cases go on to gangrene, but even 1f
the urgency subsides the patient may well be left with an
1schaeemic contracture of his muscles as a result of the
interference with their blood supply
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but 1t 13 bad practice to allow oneself to get into the habat
of using 1t 1n case 1t m1y be madvertently employed for
a large artery or \emn

The surgeon s knot (Fig 184b) 1s designed to prevent
the first hitch from slacherung before the second closes
down on 1t But 1t defeats 1ts own object because the
first double hitch prevents the second from falling com
fortably 1nto place and this leaves the way open for
slachening later on  The same end can be attained more
satisfactonly by getting an assistant to grip the first hitch
with a dissecting forceps {non toothed to avoid fraying)
untl the knot 15 completed

The other type of knot once popular for large vessels
1s the stray (Fig 184a) It was thought to give greater
security and wider occlusion but 1t 18 probably safer to
rely on two reefs side by side

The Material Used. As every fisherman knows a knot
weahens a Line not only because 1t may loosen but
because the tying of it may cause fraying—witness the

—\r\e%—ﬂ

(a) ()
Fio 185 ll) A bed start fine materul would map pul.l
&uluwuh:dby’!.be}‘lrdm!huﬂ\ %) Betler Lhu
nm hutch of what the Americans call o flat knot 9 Sc«nd bitch 1n
erent plane to fist  this will Dever mmake a flat

frequency of a break dunng the actual knotting  Any
thing 1 the way of cross sawing (Fig 185a) increases the
nsh a hundredfold and this 1s perhaps the strongest
argument of all for accurate tving Tt s not howeser an
excuse for using stronger matenal  Stronger matenal 1s
Almost always bulkier teo and bulhiness 1s incompatible
witha closelie So1s wirness  On the other hand undue
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strand 1s open to a similar objection For security, a
two-handed knot, tied from a fresh 14- or 15-mn length,
with each hitch deliberately set by the
tips of the index fingers, 1s 1deal , cut-
ting the ends reasonably long 1s an
additional safeguard, but leaves more
matenal to be absorbed
= An assistant should never pull a
continuous suture taut until the second
Fio 183 Akeotat - third stitch has been mserted Other-
;‘ﬁ‘g tugged anto 2 wise he may ‘“ spoil 7’ the knot Since
we know that many ventral herme are
due to the giving way of suture lines, a detail Iike this
may be quite important (Fig 81)

A knot at the end of a suture line 1s made with three
strands instead of two, and this tends to interfere with the
set , moreover, 1t 1s easily ‘‘ spoilt ” (Fig 183) A third
hitch, made exactly like the others 1s then an advisable
safeguard

Some Bad Knots Knots subject to constant or inter-
mittent pull are the important ones A granny knot 1s
unlikely ever to give way once 1t 1s tied on a small vessel,

(

()

() ()

Fic 184 (a) A stay hnot b) A surgeon’s Fnot  (¢) A triple throw knot
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sawmng avoided both loops must be tightened an the same
plane (Fig 185¢) \Wherever possible this plane should
be the one at nght angles to the surgeon and not the one
parallel to lum  The hands can be moved bachwards
and forwards mn tymng a knot with the greatest of ease

hoot with artery, forceps. (1) Holding tbe long end of
hgature w1 zngl'rlchrm;:y\\e -hm;ho( t ks wound round the
beal of snother Spencer Nl (1) Spevcer Walla 15 swung round
and the short end of the ligaturs drawn through the loop
(3) The first hitch of the knot it tied  (4) A hiteh of the
wound rotnd the beak of tho Spencer Welh, and the sbort end agaia drawn
throngh it {5) Ibo second tut h s tightened.  N\ote tho re craal of the
£rat and tut hes o er the Spencer Vel This gros & reef koot
not so from side to side
1bundantly clear
The photogriphs illustrate one-handed two-handed and
foreeps methods of tving hnots  \ecdless to say 1f they
are used for practice the hnot should be tied 1n the plane
shown 1n the picture which 13 being copied otherwise only

5

A moment s trial will make this
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flexibility—as of plamn catgut—abolishes frictional grip,
and greatly reduces the reliability of a knot

Other things being equal, secunity depends on this
Irictional grip between the strands of the knot Fortun-
ately 1t 1s greater when the suture, whether absorbable or
unabsorbable, 1s moist than when 1t 1s dry The action
of the tissue fluids 1s, accordingly, advantageous from this
pomnt of view But there are drawbacks in the case of
catgut, which swells and becomes elastic in the presence
of moisture  These changes must be counted on the debit
side of the safety account

When all 1s said and done 1t must be concluded that
plain thread or silk gives the best knots A triple-throw
reef with either of these give 100 per cent protection
against shipping  If the silk 1s coated to make 1t imper-
meable an element of danger creeps n

Knot Tying Not a few surgeons go on tying slip knots
all their lives without realising what they are doing
Others only fall from grace in moments of stress But a
little practice (not on the patient) 1s all that 1s required to
ensure correctness and uniformity in this matter After
all, 1t 1s only necessary to learn how to tie one knot, even
though 1t may have to be done in several different ways

A reef can be tied by dropping the ends and changing
hands before making the second loop, but this method 1s
slow and cumbersome It can be tied by holding one end
in the left hand and tying the knot with the right, or vice
versa , the objection to this method has been mentioned
It can be tied with both hands, and this 1s the surest way
of getting uniformly good results  Or 1t can be tied with
one or two artery forceps, when a no-touch techmque 1s
essential, when one or both ends are too short to handle,
or for reasons of mnaccessibility

The mmportance of good ““set ” in a knot has already
been stressed  To ensure that 1t 1s obtained and all cross
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F o 188 (&) White strand held betneen thumb  nd second finger of left
hen 1 with index finger clovatad s beidge  Black strand beld botwern
thumb and 1nd x finger of nght hand

[1c 13 (3 Dr tal phalany of kft mdex paased under black stra d
uppurted 1n nght band and over white strand.
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confusion can result Notice that the one-handed and
two-handed knots can each be started with either the
right hand or the left hand That there should be four
different ways of tying the same knot undoubtedly makes

Fic 187 To hgature a deep vessel shide a shp knot over an artery forceps
Tighten with another forceps and complete the knot after removing the

first forceps

for canfusion, and very close attention 1s required at the
outset if 1t 1s to be avoided But after a while the
movement of the fingers becomes automatic, and a perfect
knot 1s produced with effortless ease, no matter in what

circumstances



Tio 183 (s} Whit atr ud kooped round threo togers of left 1an | aid
di tal end beld betweer thumb and indes finger  Black strand hek!
' nzht hand and brought over whito strand
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I'c 188 (¢) Left hand rotated mward by pronition and white strand
pulled through loop by extension of left index finger




Two-handed Krot

— - - -t
Fio 188 (3) White strand placed over extended indax finger of left band
[ ]

ELm of left hand  DBlack strand held

as & Lodge an |
Tn Tt band Ltought Letween [aft thumb and index Auger

1
|
1

;li

'

PO pdefth Ltumged wadl prowater ard thy b paehed
per sl C G L Dand e e St
Nt thmt L k6 ger fhi b



Tic 188 (g) Left hand 1s rotated mw ard by pronatlon and sccond finger
of this hand extendcd to bring white strand through loop
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Fic 188 (&) Squire buot comploted by horizontd traction Toft hand
w1y from and night haad tosard operator
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tie 1885 (m) [ ft hant tnmed 3 w ol by pronat on and black strad
pla od 11 angle betw en kit thut band 1 d v figer Inde hnger i
the fiesed sver ble b st nd and placed boneath thumb
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I'ic 185 (&) Teft hand turned outward by supination with thumb nd
mdex finger still grasping black strand and pushing through the white
loop  Blach strand 1s rcleased by left hand and grisped by night
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Fiu 188 () Hands in reverse poutian and honzoota) traction apphed
ithTift band anas from and raght hand toward operator

(1 kese phatgraphs re reproduced by courtery of Fikicon Sutwre Laborafortes )



Tic 188 (o) Left hand rotated inward by pronation with thumb carrving
blach strand through loop

8 Birch strand released from lcft mdes ind grasped by right
Fie hln?d (/é)(-cond half hitch 1s comple ted by rexcrsing position of hands
_ black «trand ramains in right hand and white lcft
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Fic 188 (q) Hands 1o reverse poubion and bonzontal traction appbed
with left hand away from and nght hand t ~ard operator

(Thesa photographs are reproduced by ¢ xrtesy [ 1 thicon Swiure Laborstorie )



CHAPTLR XXVII
SUTURES AND STITCHES

IT seems fairly certain that in the long run absorbable
sutures will supplant all others for internal use Recently
there has been a swing 1n the opposite direction because
present-day catgut 1s unreliable in many respects, but this
can only be a temporary phase which 1s bound to pass
when manufacturing methods improve

Sterihsation of Catgut Catgut?! 1s obtamned from
sheep’s intestine 1n the same way as sausage skins by
scraping off the mucous and muscular layers The re-
maining tough and durable sub-mucosa 1s then split into
ribbons, and two or three of these rbbons are twisted
together to form strings of the calibre required for the gut

Formerly sterihsation was carried out by two or three
weeks’ immersion 1n a Jar of antiseptic Cultures were
then made without taking the precaution of thoroughly
elimmating the antiseptic or of separating the mbbons
Everyone was satisfied with the results of these tests, but
in actual fact the antiseptic solution never really pene-
trated the strings, and many wound infections followed
their use Even cases of gas gangrene were reported

The whole business 1s now under Government super-
vision, and strict testing and Licensing are necessary before
the product can be put on the market

Sterilisation 1s by heat, and only dry heat can be used,
because 1n the presence of water, or indeed the least trace
of moisture, heat will convert the collagen of the gut into
gelatin, all tensile strength being lost at once Thorough
drying 1s therefore an essential preliminary to the process,

' Catgut 1s a corruption of kitgut, a hit bemng a fddle
362
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and this dryness must be maintained until the sterilising
1s complete The fimshed strands are then wound on
reels and put up in sealed ampoules of a solution whick
may or may not contain a small proportion of water
The exterior of these ampoules must be sterilised before
they are laid out on the theatre trolley and 1t 15 over this
step that confusion sometimes anses The ampoules
contmming completely anhydrous flud can be boiled
the others cannot—if they are the heat will bnng about
the collagen to gelatn transformation and run the
contents  Catgut taken from a boilable tube tends to be
hard and bnttle so that 1t 1s clumsy to stitch wath and
difficult to knot  Its phability can be restored by dipping
1t for o few seconds in salme or a few minutes in 75 per
cent alcohol. This should be done before 1t 13 unwound
otherwise 1t may crack as it comes off the reel It isa
mistahe however to overdo the soaking Limp catgut
cochles up 1n a most embarrassing way and 15 just as
difficult to work with as wiry
But the non boilable ampoules are becoming increas-
ingly popular and may soon oust the other vamety
altogether  They are stenlised by immersion 1 a jar of
antiseptic for eightetn to twenty four hours
Absorption of Catgut The following times for the
absorption of plain catgut are taken from expeniments on
the guinea pig —
In muscle 7-15 days
In intestine 2-4
But when the cutgut 1s treated with chromic aad
absorption 15 slower —
In muscle 20-30 days
In intestine 5-I0
But whnt happens when catgut 1s buned n the tissues
of a human being no one can exactly say  The fact that
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1t sometimes disappears almost at once and sometimes
lIingers on for years suggests that individual peculiarities
play so large a part 1n 1ts fate as to preclude any simple
answer to the question

The Americans are content to use a laboratory method
for standardising their catgut They suspend a strand 1n
a solution of enzymes at constant tension and tempera-
ture When the proteolytic action of the enzymes
dissolves the strand an electrical circuit 1s broken and the
interval that has elapsed 1s recorded by the hand of a
clock  This technique gives a reliable basis of comparison,
but the conditions are artificial, and the resultant grading
cannot be regarded as having any clinical significance

Painful experience teaches us that non-chromicised
catgut disappears very quickly from a wound By the
end of four or five days 1ts holding power has almost gone,
although healing can hardly have begun It should there-
fore be employed only to a very himited extent It 1s
suttable for tymng off small vessels and suturing mucous
membrane It 1s unsuitable for intestinal anastomosis,
the intestinal juices dissolve 1t too quickly It must be
used for all suturing 1n the urinary and bihary tracts In
these situations rapid absorption i1s eminently desirable
a suture which survives for any time and 1s exposed to
action of urine or bile may easily become covered with
salts and form the nucleus of a stone

Case Note A patient complamned of pain a few months

after a pyelolithotomy X-ray showed a shadow 1n the
position of the pelvis A year ater a stone anchored by a

piece of catgut was removed

Contrast with this, however —

Case Note The supra-pubic wound disrupted shortly after
a prostatectomy It was discovered that non-chromicrsed
catgut had been used throughout the opcration because 1t

was a bladder case ”
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The surgeon who finds himself closing the 1bdominni
wall with a piece of catgut which hangs quite limp or
winds 1tself into a tangle when there 1s 1ny slck should
enqure what he 1s worhing with before he goes any
further It may be a1 length of chromicised catgut that
has been soaked for too long or 1t may be plamn catgut
1n which case 1t had better be changed for something more
durable

There 15 another count aganst plain catgut Not only
does 1t disintegrite quckly but 1t leaves behind 1t a con
siderable amount of debns  Apparently chromic gut 1s
mvaded slowly and digested thoroughly by the giant ccll
whereas plain gut 1s attacked by the polymorphs and
never propurly assimilated  If the plain gut belongs to
one of the thicker grades trouble may ensue

It follows from all this that chromic gut 1s the stuff
for serious sutuning  Whether 1t really lasts as long as
18 clammed for it or not there can be no doubt that it 13
much better than the plain and that 1t 1s the only tvpe
to use for closing the defimtive Inyers of a wound of 1ny
magnitude

Infection and Absorption of Catgut It seems that a
mild degree of infection does not affect the rate of absorp-
tion of catgut But with a severer degrec the gut may
be attached by leucocytes and quichly destroyed ot
only this but the tissue destruction caused by the inflam
mation will facilitate  cutting out so there are two
factors militating aganst sound healmg 1 an infected
wound Tortunately inflammation seldom gains much
headwny before catgut has fulhlled its function of bndging
the time interval between eision and commencing repur
It 1s worth noting that 1n two series of cases of wound
disruption the infected cases disrupted later than the
non infected

Delayed Absorption of Catgut. In practice the surgeon
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1t sometimes disappears almost at once and sometimes
lingers on for yecars suggests that individual peculiarities
play so large a part n 1ts fate as to preclude any simple
answer to the question

The Americans are content to use a laboratory method
for standardising their catgut  They suspend a strand 1n
a solution of enzymes at constant tension and tempera-
turc When the proteolytic action of the enzymes
dissolves the strand an electrical circuit 1s broken and the
interval that has elapsed 1s recorded by the hand of a
clock  This technique gives a reliable basis of comparison,
but the conditions are artificial, and the resultant grading
cannot be regarded as having any climcal sigmificance

Painful experience teaches us that non-chromicised
catgut disappears very quickly from a wound By the
end of four or five days 1ts holding power has almost gone,
although healing can hardly have begun It should there-
fore be employed only to a very limited extent It 1s
suitable for tying off small vessels and suturing mucous
membrane It 1s unsuitable for intestinal anastomosis,
the ntestinal juices dissolve 1t too quickly It mmust be
used for all suturing 1n the urinary and bihary tracts In
these situations rapid absorption 1s eminently desirable
a suture which survives for any time and 1s exposed to
action of urine or bile may easily become covered with
salts and form the nucleus of a stone

Case Note A patient complamned of pamn a few months
after a pyelolithotomy X-ray showed a shadow in the
position of the pelvis A year ater a stone anchored by a
pece of catgut was removed

Contrast with this, however —

Case Note The supra-pubic wound disrupted shortly after
a prostatectomy It was discovered that non-chromicised
catgut had been used throughout the operation because ‘1t

was a bladder case ”’
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Living Sutures The living suture made from fascin
taken from some other part of the body and used to
replace 1 tendon or mussing hgament close a hermal
onfice or lend support to paralysed musculature was
populansed by Callie in the early mineteen twenties The
ho-tibial band supphies the matenal 1n most cases but
sometimes the tendons of palmaris longus or plantans
prove more suitable

1t 1s found that fascia obtained n this way and inter
laced between the margins of a hermal defect becomes
welded into the tissues by a fibrous reaction although the

@Wi

Fiu 1go  Starting s {axscwal suture and linking ooe fawcial sutore to  nother
Emuuﬁm lEtun and mist be frmly anchored ®ith all Lnots secured
¥ o sutures  these sutures o ust puerce the
nuerely embrace them . ¥mps and not

transplanted strands can stll be 1dentified after the lapse
of many years Meanwhile the composite mass of scar
tissue and transplant forms an effective barmer agamst
recurrence of the hermia  But if a strip of the same fascia
15 transplanted 1to a part of the body where 1t subserves
no function and 18 subjected to no stram 1t 18 soon absorbed

The palmans longus and plantaris tendons can well be
spared by the hand and Itg and even the removal of part
of the w-tibtal bnd leates no permanent disabibity 1t
18 true that the \astus externus bulges through the gap
mmmediately after the operation but as time goes by the
aponeurosis gradually fills 1 from esther side so that
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has more to fear from delayed absorption than accelerated
absorption It will be remarked that 1n the recurrent stone
case described above the catgut showed no evidence of
absorption after the lapse of a
/\ year, perhaps because 1t was to
a large extent protected by the
deposit around 1t  But 1t 1s not
unknown for sutures to survive in
other parts of the body for even
longer periods for no apparent
reason The bulkier kinds of cat-
Tic 189 A curved needlers S0t (because of the uncertaimnty 1n
less likely 1o become un  grading these are not necessarly
threaded if 1t 1s threaded
from within out than from  the twos and thI'CES) are the
without in greatest offenders 1n this respect,
so also are clumsy knots with ends left long
Grading of Catgut Catgut 1s calibrated in 1ncreasing

thicknesses —

0000, 000, 00,0, 1, 2, 3, 4

For reasons already given 1t 1s no longer customary to
talk about ten-, twenty- or thirty-day gut Most of the
firms classify 1t as soft, medium and hard after chromicis-
mg Inrecent years no really plain catgut has been manu-
factured , even the non-chromicised variety 1s always
hardened to some degree by the processing

Kangaroo Tendon This 1s obtained from the tail tendon
of the kangaroo, and prepared for use much 1n the same
way as catgut, even to the final chromicising It lacks
phiability and may need to be soaked in saline for as long
as thirty minutes before 1t becomes manageable Absorp-
tion 1s slow, which may be desirable in some cases, but
surgeons nowadays have many other resources to call
upon when catgut does not meet their requirements, and
kangaroo tendon has lost what popularity it ever enjoyed
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Non absorbable Sutures and Stitches The choice of
non absorbable sutures and stitches steadily widens ~ All
have the advantage over catgut of being sterilisable by
heat erther in the sterihser or the autoclive At the same

TR RDEA

Fio 191 Silk unraielled to show the nterstices.

time 1t does not improve them to repeat the stenhsing
process over and over again  Once properly sterihised 1t
18 better to heep them so by storing them 1in antiseptic
until they are requred A 1/20 solution of carbolic 15
reltable for this purpose  Spirit reduces tensile strength
and should not be used

Silk 15 obtained from the cocoon of the silkworm after
the worm h‘ns been killed by heat When the dehcate
threads are unwound from the cocoon they are twisted
plaited or braided to the required size and length

The drmwback of silk 15 1ts irmtant action on tissue and
1ts permeability which enables 1t to harbour discharges
and perhaps act like a wick conducting infection from one
part to another There 13 a nish of this happening when
1t 13 employed for tension stitches because these put the
surface of the shin in direct communication with the
depths of the wound  And 1n the deeper layers 1t should
only te used 1n 100 per cent clean cases  1f 1t 15 used 1n
an mfected case a sinus may form which wll not heal
until the foreign body comes away Sitk 18 now
prepared by some firms with a coating that renders it
inpermeable  This gets over the drawback of permea
bihty  but unfortunately the coating makes 1t quite
shippery  so that a tnple htch 18 needed for all hnots

Linen thread 1s open to the same objections as silh and
1ts tendency to ching makes 1t difficult to handl

e and
to leave behind 10 the wound  Thus last ove e

rsight 1s less
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cventually the defect entirely disappears So complete
1s the regencration that fresh strips have actually been
taken from the same site after the lapse of some years m
order to carry out another repair This regenerative
capacity 1s important to the surgeon in another way
When he finds lnmself closing an incision in an aponeurosis
overlying muscle under tension, e g , 1n the anterior rectus
sheath, he need have no hesitation in making lateral cuts
to recheve the strain  they will close of their own accord
mn just the same way that the 1lio-tibial band does

In preparing a graft of this kind the living sutures must
be cleared of all fat and cellular tissue, both of which are
likely to interfere with ‘“ take”, no rough handling 1s
permussible in doing this  Some surgeons 1nsist on a *‘ no
touch 7’ techmque throughout, whether 1t 1s adopted or
not, very special precautions must be taken against any
risk of infection The newly transplanted strips are 1n a
parlous state for a week or two, and infection may easily
lead to their death If they do die the patient 1s left
with a wound which continues to discharge until they are
thrown off or deliberately removed

The other method of fascial grafting, using a patch cut
to fit the defect, has not met with much success The
patch, even when there 1s a generous overlap, can be
nourished only from the periphery, and its chances of
survival are not great  Oddly enough the patch techmque
for repair seems to give better results when the matenal
used belongs to an entirely different class  Scraped skin
and whole skin have both been employed to strengthen
the posterior wall of the inguinal canal Whether the
epidermis 1s removed or not appears to make very little
difference  The epithehal and glandular cells disappear
in any case, leaving a dense mat of connective tissue
adherent to the muscle above and the ligament below, and
this prevents recurrence of the herma
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must inevitably vary a lot 1n size and 1t cannot be obtained
m lengths of more than 12 to 14 Horse hair 1s brittle
and short For these and other reasons artificial sutures
are steadily ousting nature s handiwork 1n almost every
branch of surgery
Ny lon possesses almost all the qualities that the surgeon
could ask for But it s
quite shippery and should
always be knotted with a
triple tch  The braided
variety 18 more rehable
than the monofilament in
this respect Carbolic
destroys nylon so 1t must
be stored 1 some other
antiseptic solution
Stainless steel wire 1s
becoming 1increasingly
opular as a suture
Fnalzenal It can be used FIot %k the ehe ots baaie T 2$
with an ordinary needle — Dgeciary dkely to happen mith
and for any hind of stitch
It 15 completely mmpermeable and 1t excites not the
slightest reaction in the tissues Its only disadvantage
15 that once hinked 1t
loses all tensile strength
and m1y snap on the
shghtest provocation so
the greatest care must
——> be taken to avoid
ettt R klts it ™ by doubling 1t back
sharply on 1tself and
Ul knots must be tied accurately without cross tugging
The ends of the hnots should be tucked away with an
artuny foreeps <o that no projection s left  Some practice

-~
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likely to occur if black thread only 1s employed Some
surgeons use thread for suturing, others reserve 1t for
hgatures

Cotlon thiead 1s much cheaper than hinen thread It
may be used for fine hgatures

I'loss silk  The gossamer fibnls of this matenal are
readily invaded by fibroblasts, and 1t enjoys a reputation
for the repair of herma on that account It 1s prepared
ready sterithised m ampoules, but should be well rinsed
before use It is also available in spools which can be
steriised by boiling This material should never be
soaked i antiseptic because of the latter’s irritant effect
on the tissues

Salkworm gut 1s used almost entirely for skin or tension
stitches  Like silk, 1t 1s prepared from the silkworm, but
the worm 1s killed at an earlier stage in 1ts Iife history,
before the cocoon 1s formed A wviscous fluid, forerunner
of the silk, 1s then drawn off and allowed to dry The
process 1s an elaborate and highly skilled one, and 1s the
monopoly of a particular district in southern Spaimn
There soil, chimate and the inherited skill of the peasantry
have built up an industry that no competitiors have
succeeded 1n copying

Japanese gut 1s the only near imitation of silkworm gut
It 1s produced by treating ordmary silk with glue, but
has not been obtainable since the war

Hoise hau was formerly used for cosmetic work, but
nowadays the tendency for the plastic surgeon 1s to use a
factory product

Strength, umformity, impermeability, inertness and
resistance to sterilisation by heat are things that must be
compounded at the work bench  Of the sutures already
mentioned all are defictent mm one or more of these
attributes  Silk can be twisted to the size required, but
1t 1s permeable Silkworm gut 1s impermeable, but 1t
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fell through There 1s just as little umformuty in the
grading of suturing and stitching matertal as of catheters
and bougies and as little hhelihood of any rationalisation
n thenearfuture but the following 1s fairly representatine —

Sk Bruided white 00000 4
Braided black 00000 4
Silkworm gut. White Fine medium stout
Black Fine medium stout
Nylon. Gossamer IN  Black
Extra fine 2N Blue

Fine 3N Purple
Mediumn 4\ Green
Strong 5N Blach
Extra strong 6N  Blue
Stout 7N Purple

Extra stout 8N  Green
In 14 and 30-1n strands
Linen thread 100 90 60 40 35
Cotton thread 6o 24.
Steel wire  Standard wire gauge 34

Metal in the tissues Until fairly recently the metals
available for surgical use all tended to undergo chemical
change m the tissues. MNone wns completely 1nert
Nowadavs stainless steel tantalum wire or ghuze and
vitahum 1 the form of screws or plates can be left 1n the
body without any fear of untoward reaction Iermal
weaknesses gaps mn the skull and many other defects
may be repaired with these materials without so much as
a trace of tissue tarmshing  Even if the wound becomes
miected the inflammation often scttles down m spite of
the presence of a  foreign body

This 15 undoubtedly a great advance and mects a long
felt want The surgeon can now fill a gap a procedure
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1s needed before the trick of handling wire sutures i1s

acquired
Grading Non-absorbable Stitches and Sutures. At a

recent international conference an attempt was made to

Fi1c 194 A non absorbable suture was used between skin and
bone to ligate a varicose vein on the shin, six months later
the hittle wound was still scabbed

establish one umversal scale of sizes for catheters and
bougies and discard the many others now in use The
representatives agreed to accept the Charriere as the best
of the lot, but the French were against 1t, so the project



CHAPTER \\VIII
ANTISEPTIC ACTION

ODDLY enough the name 1tself does not mahe any great
promuses or exaggerated claims  Antiseptic says what 1t
means and no more in plain unscientific language The
magic which has done so much muschief must have
grown round 1t as the years went by Ever since the
dawn of medictne doctors have been searching for some
substance that would bnng about a steriisatio magna
that would stamp out the last trace of infection whether
it was 1njected mnto the body or apphed to an open wound
But 1t seemns that this ssarch 15 doomed to failure  What
ever the laboratories manufacture the tissues will always
have the last word Ambrowse Parc the man who put a
stop to the practice of pouring boiling o1l on amputation
stumps summed the situation up four centunes ago when
he wrotc —

1 dressed hum God healed him

Character of an Antiseptic Before a chemucal can be
accepted as» an antiseptic not only tts action on bactena
but 1ts action on the human body and its action on
bacteria 1n the human body must be taken into account
Almost any chemical will hill bactena 1f 1t 15 sufficiently
concentrated  The problem 1s to find one that will do
this without hlling the living cells at the same time

Phenol can be t1hen as an example  In the pure state
1t 18 1n escharotic  But this did not prevent the surgeons
m the carly stages of the First World War from using 1t
1s an apphcation to recent wounds—with disastrous con
sequences for the patients  In actual fact phenol 15 so
destructive to tissue that solutions of 1t which are too

13
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which 1s much more likely to give good results than the
old one of dragging 1ts edges together 1In the radical
cure of herma, for instance, the stitching of conjoined
tendon to Poupart’s ligament 1s probably waste of time,
muscle pull cannot be permanently deflected in this

T'ic 195 A silver filigree used to cure a hcrma

arbitrary fashion, 1n all likelthood the sutures cut out
within a few days At the Seamen’s Hospital, Greenwich,
all big hermia are dealt with by nserting filigrees, which
close the defect without introducing the shghtest degree of
tension anywhere  The patient 1s out of bed the day after
such an operation, and the results are good
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retaned for surface application 1mgation of cawvities
disinfection of apparatus etc. Others are discarded
altogether or relegated to domestic use Mummy
says the little girl with the tear stamed face  wheres
the glozo?

skin Antiseptics As a general rule 1t 15 a mustake to
combine sprrtf with any other antiseptic.  The coagulating
power of the spint on the tissues interferes with any
penetrating posver there may be 1n the mixture  But this
does not apply to skin disinfection Here fat must be
dissolved before bacteria are destroyed and spmnt does
this very satisfactonly Not only this but by lowermg
surface tension 1t mmproves spread Anyone who has
tned pamnting the abdomen with a watery solution knows
how dufficult it 15 to get an even distmbution The
bactenadal power of spint 1s lughest 1 a strength of
70 per cent and this 18 1deal for apphication to a drv skin
A slight alteration 1n strength either upwards or down
wards 1s enough to interfere with the action and therefore
when the skin 1s moist from recent washing or sweating
a stronger preparaion may be employed to counteract the
dilution so produced.

Todine 15 commonly dissolved 1n spinit 1n the proportion
of two parts to a hundred As a colouning agent 1t
certainly has the vartue of showing the surgeon which part
18 paunted and which 1s not It 18 not so easy to be sure
of 1ts bactencidal advantages but reports from America
are very suggestive The tests carned out consisted 1n
counting the bactena in water used for washing before
and after swabbing the hands with various antiseptics
Todine 1n spinit reduced the bactenal count more effectively
than anything clse It 13 not suggested of course that a
surgeon should use 1t each tume he washes up it 15
much too imtant for that \or should 1t be used hap-
hozardly on the more senmtive parts of the patients
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weak to have the slightest effect on bacteria will ehminate
phagocytes completely , pathologists are well aware of
this property, and sometimes take advantage of 1t when
they are preparing a blood culture Milder preparations
than phenol may be imimical, without being lethal to cell
life, and still hamper the efforts of the phagocyte, which
1s the real front-line soldier 1in the war against infection
Or this hostility may be reserved for the later stages of
repair, when the round cell begins to put 1n an appearance
Then the formation of healthy granulations will be inter-
fered with, and healing correspondingly delayed If
antiseptics were not affected by contact with the tissues,
and their action could be counted on to continue for any
length of time, many difficulties would automatically
disappear Imitial concentration would not be necessary
if prolonged activity were assured  Solutions so dilute as
to be certainly innocuous could be used 1n the confidence
that they would have ample opportunity to do their work,
and would 1n the end kill the bacteria without doing any
harm to the host But these conditions do not obtain in
the human body Most antiseptics are quickly diluted,
and many of them combine with protein, thereby losing
their efficiency at once

There are tremendous drawbacks, though subject to
qualification 1n certain cases The halogen and oxygena-
tor groups, for instance, act so quickly that the effects of
dilution may be forestalled The dyes are absorbed, and
presumably carry on their work for a little longer on that
account Other antiseptics may be applied continuously
on an 1rrigating system (though this 1s undesirable, as will
be seen) But when all 1s said and done 1t must be
admitted that most of the chemicals have had their day
so far as the local treatment of infection 1s concerned
Sulphonamides and pemcillin have almost entirely ousted
them Of the old-fashioned antiseptics some are still

1B
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sebaceous glands and hair follicles As long 18 they
remain where they are they do hittle harm  But wigorous
scrubbing may have alreads iberated them and sweating
will undoubtedly draw them from the depths That 15
why 1t 15 50 1mportant for the surgeon to see that he does
not permit any exposure of the patients shin until the
wound 1s closed and that he does not carry on operating
with a punctured glove

The New Antiseptics Pemicillin 1s the first substnce
ever known that has a more powerful effect on bactena
than on cells Its toxicity 1s negligible but unfortunately
1t 15 very unstable and 1s casily and quichly destroyed
Aads alkalis alcohols heavy metals oxidising agents
heat and the lysins of some bacterta may cach 1nd All
mactivate 1t The consequence of this 18 that 1t cannot
be given by the mouth and even when injected must
be handled with the greatest respect  In the powdered
form 1t keeps well but once dissolved 1t detenorates
rapidly  Solutions must be kept mn a refrigerator but
even so their efficacy 1s lost i 1 matter of twenty four
hours The procaine solution 1s an rmprovement 1 this
respect It ncts as a presennative and does away with the
need for refngeration

Every care 1s needed to see that not the minutest trice
of an antagomstic drug comes 1nto contact with pemailin
while 1t 1s being prepared or given  Speaal attention
should be given to the sterisation of syringes  If these
are tahen out of a dish of spint or out of a sterihser
contaimng alhahinised water the way 1s paved for con
tamnation  When pemallin 1s used topically all other
Antiseptics are tabu  The sulphonamides are much more
stable than puuallin and can be given by the mouth
Unhappily they are 1lso much more toxac

These drugs act speatcalls  Certain orgamsms are
sensitive to them and certan others are not  Broadly
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body—for nstance, the scrotum  Anyone who has made
the mistake of splashing 1odine or spirit on a conscious
patient’s scrotum will have no doubts about this In
children this part of the body 1s even more vulnerable
than 1n adults Prolonged exposure 1s another thing to
be avoided An 1odine swab used as a dressing after a
veni-puncture will almost certainly cause a burn, so may
1odine allowed to lodge 1n the umbilicus or pool on the
table under the towels

Flavine and picric acid are also combined with spint for
skin disinfection  Iodine 1n spinit acts quickly—"* 1t dis-
infects while 1t dries”” In contrast flavine 1s slow It
may prove satisfactory when the preparation 1s done
dehberately, twenty-four hours before the patient goes to
the theatre, but 1t 1s not suitable for an emergency There
1s this to be said, however, 1n 1ts favour—it enjoys a very
high laboratory reputation in experiments conducted
against the staphylococcus The published results of
these cannot be 1gnored, least of all by the surgeon, who
has most to fear from the staphylococcus

Picric acid has lost most of 1ts popularity because of the
very unpleasant reactions which sometimes follow 1ts use

The dyes, of which, of course, flavine 1s one, are all
germicidal even 1n high dilution, and are well tolerated by
the tissues Perhaps the most popular of the lot for use
on the skin 1s Bonney's blue  Its formula 1s —

Crystal violet 5 per cent
Bnlhiant green 5 .
Alcohol

Water } apa 100

It has one disadvantage—that 1t stains Iinen, but eusol

will remove the stains
After a routine preparation the skin surface 1s cleared

of all its transient flora, but the residents persist in the
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sebaceous glands and hair follicles As long as they
remain where they are they do httle harm  But vigorous
scrubbing may have already hiberated them and sweating
will undoubtedly draw them from the depths That 1s
why 1t 1s so ;mportant for the surgeon to see that he does
not permit any exposure of the patients shin until the
wound 15 closed and that he does not carry on operating
with a punctured glove

The New Antiseptics Pemicillin 18 the first substance
ever known that has a more powerful effect on bactena
than on cells  Its touaty 15 neghgible but unfortunately
1t 15 very unstable and 18 easily and quickly destroyed
Acds alkalis lcohols heavy metals owidising agents
heat and the lysins of some bactena may exch and all
mactivate 1t The consequence of this 1s that 1t cannot
be given by the mouth and even when mjected must
be handled with the greatest respect In the powdered
form it Leeps well but once dssolved 1t dcteriorates
rapidly  Solutions must be hept in a refrigerator but
even so therr efficacy 1s lost 1n a matter of twenty four
hours The procawnc solution 1s an 1mproverent m this
respect It acts as a preservative and does away with the
need for refrigeration

Every care 13 needed to see that not the minutest trace
of an antagomstic drug comes 1nto contact with pemcillin
while 1t 13 beng prepared or given  Spewal Attention
should be given to the stemlisation of syninges  If these
are taken out of a dish of spint or out of a steriliser
contaiming alkalimised water the way 1s paved for con
timination  When pemalln 1s used topically all other
Tntisepties are tabu  The sulphonarmdes are much more
stable than pemalln 1nd can be gnven by the mouth
Unhappily they are also much more toxic

These drugs act specifically  Certamn orgamsms are
sensitine to them and certain others are not  Broadly
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speaking, the sensitivity, so far as surgical procedure 1s
concerned, 1s as follows —

Streptococcl, and to a less extent staphylococct and
Bacterrm colr, are sensitive to sulphonamides

Streptococci and staphylococer are both sensitive
to pemcillin

Other orgamisms of less immediate interest to the
surgeon at the time of operation are sensitive in more or
less degree And there are many vanations Whole
groups may be rendered immune by a previous course of
treatment Sub-groups may react differently to the main
group Mixed infections may give a mixed response
We have now reached a stage when most hospitals harbour
a high percentage of pemicillin resistant staphylococc
That this 1s so argues strongly against the unnecessary or
prophylactic use of any antibiotic

All these possibilities can be explored in the laboratory ,
but 1f the delay in waiting for the result might be harmful
to the patient a mixture of drugs to cover the widest
possible bacteriostatic range can be given, and this 1s what
1s done by most surgeons when prescribing from the
operating theatre

Local Action of Sulphonamides Penicillin and the
sulphonamides exert their main action systemically,
though their local effects are by no means negligible Ifa
sulphonamide 1s introduced early into a contaminated
wound the growth of organisms 1s inhibited and infection
may be prevented Unfortunately an excess of organisms
interferes with this action  So does the presence of pus
In the stage of repair, however, when organisms are
diminishing 1in number and pus 1s beginning to give place
to serous exudate, the power of the sulphonamide 1s
regained The tendency nowadays 1s not to use sulphona-
mide by itself, but as a vehicle for pemciln  The
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Americans have given 1t up altogether for local application
because they doubt whether 1t does any good and suspect
that 1t delays wound healing It 1t 1s used certamn ponts
should be remembered —

(1) Ordinanly sulphonamude powder 1s not stenle but
1t can be obtained ready stenilised

(2) It dwssohves quichly in blood and may be washed
clean out of the wound 1f heemostasis 1s not adequate

(3) It 15 absorbed readily too and not more than
15 gm may be used at a time

(4) It should be distributed with an insufflator other
wise 1t may cake and act as an mert foreign body Duning
one phase of the Burma campaign 1t w1s almost the rule
for the surgeon at the base hospital to find a sulphonamide
stone 1n the depths of a wound A colleague tells me that
on two occasions he has had occasion to open an abdomen
mm which he had previously used sulphonarmde The
adhestons he found made a very deep impression on him

(5) Sulphonamude should never be employed in the
neighbourhood of nemve tissue whether central or
penipheral

The Use of Penicillin  Penicilin 1s made up 1n several
wys —

In powder 1 000 to 5 000 umts per gramme of sulpha
diazine  May be insufflated every twenty four hours to
produce 1 thick hoar frost over the area

Incream 250 umits pur grimme of 30 per cent lanette
wax and water Twenty four hourly application to a burn
will ehrminate staphylococct and streptococer 1n a couple
of days

In solutton 200 to 2 000 units per cubic centimetre of
stenle distilled water (not saline) Instillation can be
made 1nto a wound through fine tubes twenty four hourly

Much stronger solutions are used for intramuscular
mjection
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Of the local use of pemcillin certain things can be said

(x) As with the sulphonamides, there 1s an increased
risk of allergic reaction  The skin 1s always ready to take
up a challenge of this kind and show 1ts resentment 1n a
way that may be very distressing to the patient In
recent years the general public have been dosed, or have
dosed themselves, so liberally with these remedies that
many people not normally allergic have become sensitised

(2) As an antiseptic penicilin suffers under similar
handicaps to 1its forerunners Solutions are only likely to
be retained in some sort of trough or depression Even
so their concentration 1s soon changed by dilution and
absorption Where retention for any length of time seems
improbable owing to the anatomy of the part, the powder
or a cream offer the best hope of securing a prolonged
action

(3) Local administration which involves repeated taking
down of dressings, or instillations through tubes, entails a
constantly recurring danger of adding fresh infection to
that already present  Unless carried out with scrupulous
attention to the details of asepsis, the last state of the
patient may be worse than the first It was this kind of
therapy that led to so much seccondary infection of
wounds during the first war The more naccessible the
depths of a wound the less likely 1s this method of treat-
ment to succeed , failure to reach some remote corner
with the solution may pave the way for deep-scated

suppuration
(4) When the infection 1s spreading local treatment 1s

bound to fail
(5) Local treatment is w ]l suited to infections of joints,

pleura, etc, because penicilhn panctrates serous mem-
branes tardily, erther from within or without, which mcans
that 1t 15 slow to find its way 1nto the scrous spaces when
given systemmically, but if dehiberatddy mtroduccd mnto
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them remauns where 1t 13 put to exert its action over a
considerable period

From what has been said 1t 15 clear that the systemic
route will be the one most commonly employed for the
admunistration of pemalin  The former objection that
1t m1ols ed repeated pamnful intramuscular injections 15 no
longer vAlid since the newer solvents o1l or procaine slow
down absorption to a pomnt when blood levels can be
maintamned by injections at much longer inter als—say
150 000 umts twelve-hourly mstead of 30 000 umits four
hourly

The Effect of Peniclilin  The Second World War give
surgeons and pathologists a umque opportunity of study
ing the action of pemrallin on infected wounds In no
other ficld apart from vencrology has 1t been possible to
make obseryations on such a big scale It was 1 common
place to find hundred bedded wards filled with exactly
similar cases which could by wntched from beginning to
end of trextment  And yet no hard 1nd fast rules can be
deduced from the published results

Pnmary suture of the wound after a single msufflation
or with provision for dramage was practised 1n some cases
In others delayed primary suture was performed after a
few days  Or secondary suture was resorted to after a
week or more  Some of these wounds became mfected
especially when bone was extensively involved but most
of them healed without setback  In general streptococa
disappeared promptly from anv discharge there might be
Other gram positive cocct might persist without doing
much harm but usually grum negatnve pus was ll that
w1s left at the end of the treatment and this proved to be
rehitinedy  mnocuous Streptomyvan 1s active agunst
Lram negitive onniss 5o we shall be irmed vgainst the
wholt pamut 1 the next world war  This antibotic

hows some of the instabihity of pentaitin and like 1t 1s
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Of the local use of penicillin certain things can be said

(1) As with the sulphonamides, there 1s an increased
nisk of allergic reaction  The skin 1s always ready to take
up a challenge of this kind and show 1its resentment n a
way that may be very distressing to the patient In
recent years the general public have been dosed, or have
dosed themselves, so liberally with these remedies that
many people not normally allergic have become sensitised

(2) As an antiseptic pemicilin suffers under similar
handicaps to 1ts forerunners = Solutions are only likely to
be retained 1n some sort of trough or depression Even
so their concentration 1s soon changed by dilution and
absorption  Where retention for any length of time seems
improbable owing to the anatomy of the part, the powder
or a cream offer the best hope of securing a prolonged
action

(3) Local administration which involves repeated taking
down of dressings, or instillations through tubes, entails a
constantly recurring danger of adding fresh infection to
that already present Unless carned out with scrupulous
attention to the details of asepsis, the last state of the
patient may be worse than the first It was this kind of
therapy that led to so much secondary infection of
wounds during the first war The more 1naccessible the
depths of a wound the less likely 1s this method of treat-
ment to succeed, failure to reach some remote corner
with the solution may pave the way for deep-seated

suppuration
(4) When the infection 1s spreading local treatment 1s

bound to fail
(5) Local treatment 1s well suited to infections of joints,
leura, etc, because pemcilhin penetrates serous mem-
branes tardily, erther from within or w 1thout, which micans
that 1t 1s slow to find 1ts way into the serous spaccs when
given systenucally, but 1if delibcrately 1ntroduced into
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need not be excesstve since 1t 15 a matter of prevention
and not cure

By gving a patient sulphonamides which are not
absorbed from the bowel for five or six days before
operation 1t 18 now possible to reduce the contents of the
colon to something approaching sterility The Augean
stables are cleaned at last

Of the two preparations—sulphasuxidine and sulpha
thalidine—the latter 1s the better It has less tendency
to Liquefy the stool and 1t can be given 1n smaller doses
015 gm per kilo of body weight to start with and the
1 gm four hourly might and day until the feeces are
odourless Bat 1n all this there 15 no licence for operating
on obstructed gut  Sulphathahdine will not clear a
cesspool nor will 1t alter the condition of distended bowel
wall

Stone Solvents  The search for something that will dis-
solve stone 18 almost as old as the search for a umversal
stenliser buot 1t 1s mach further from success A solution
—solution —1s said to dissolve phosphatic accumulations
1n the pelvis of the kudney orin the bladder if 1t 15 brought
mto contact with them by some form of continuous 1rriga
tion It 15 clamed that ether or alcohol introduced
through a dramnage tube will dissolve any stones which
the surgeon may have overlooked during an operation on
the common bile duct  Before placing too much reliance
on this manceuvre 1ts value can be tested by dropping a
few of the gall stones that haie been remosed mto a test
tube full of ether or alcohol and noting how much effect
this strong concentration has had after the lapse of twenty
four to fortv-eight hours
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better kept in the dry state For use 1t 1s dissolved 1n
sterile distilled water, 1 gm to 4 ml, and given intra-
muscularly  An average dose 1s I to 3 gm per diem

It 1s clear that mere numbers of bactenia do not over-
whelm penicilhin as they do sulphonamides Nor 1s pus
a handicap toits activity , 1t may, in fact, be injected into
an abscess cavity which has been emptied by aspiration,
with some hope of curing the condition without resorting
to open drainage Nevertheless the ordinary principles
of surgery still hold good Pemacillin or no pemcihn,
wound cleansing must be carried out  Gross contamina-
tion, the presence of foreign bodies, or the retention of
infected discharges, will render any antiseptic, old or new,
meffective  And 1n the latter stages of the case sloughs,
sequestra and fibrosis will delay healing no matter what
effort 1s made to eliminate bactenia from the part

The newer antibiotics, at least for local use, are of less
interest to the surgeon than penicillin and streptomycin,
but if laboratory tests show that the organisms present
are insensitive to these, then he need have no hesitation
1n resorting to chloromycetin, aureomycin, or other sub-
stance that the pathologist may suggest

Prophylactic Chemotherapy  The peace-time surgeon,
in the ordinary routine of work, 1s concerned about
infection, but 1t 1s not the most pressing consideration in
his mind  Nevertheless there are times when he must be
very glad of the protection given by chemotherapy and
the antibiotics In an extensive or prolonged operation
he can never be quite sure that his aseptic rntual will not
have failed 1n some detail In other operations, e g, on
the tracts of the body, when a fistula has to be dealt with,
when inflammation 1s alrcady present, the likehhood of
trouble 1s still greater  On all these occasions the drugs
should be ginven carly, so that the system 1s flooded with
them while the patient 1s stll on the table  But the dosage
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some qualification however By 1tself 1t 15 not 100 per
cent effective though 1t can be made so quite easily  Its
boiling point can be slightly raised by rusing the pressure
1n the sterliser a thing that happens automatically o the
hd fits snugly At the shghtly higher temperature five
minutes boiling 1s enough to kil off all vegetitnve
organisms  Spores are protected by their capsules but
these can be dissolv ed by the addition of 1 part in a 100 of
sodium carbonate to the water The alkalimty 1s unde
sirable from some pownts of view but 1t 1s necessary for
efficent stenlising by thus method

Apart from any additions which may be made to 1t m
the steniising room there 15 no doubt that water cormng
from the town supply 15 often hard enough to leave a
chalky deposit 1s sometimes otherwise chemically adul
terated and may even become contaminated by bactena
if the plumbing arrangements go astray  These are
strong arguments 1n favour of a specially prepared supply
for the stenliser

That all mnstruments must be completely 1mmersed
dunng the stenlising goes without saying but this 1s not
enough every part of every instrument must be fully
exposed. It follows that clamps artery forceps towel
chips ctc should always be opened before being put 1n
the steniliser  Corrosion 18 discouraged by alkalinity and
still more by lack of oxvgen

Free oxygen can be dnven off the wnter by bnnging 1t
to the boil before the mstrument tray 1s dropped 1nto 1t
If this 1s done as a routine 1t will not only keep the instru
ments 1n better condition but it will prevent any mis-
understinding ansing about the stenhsing ttme which of
course 13 Uwavs measured from when boiing commences
There 18 1lso the advantage that any lime precipitated

from the water 15 deposited 1n the stenbser and not on
the instruments



CHAPTER XXIX
STERILISING AND DISINFECTING

“To reduce human errors to a mimmum 1t 1s absolutely
essential that both those who are 1n charge of stenlisation as
well as those who actually carry 1t out should at first be amply
qualified and should then be regarded as fixed staff ”

Walter Dandy

DANDY’s requirements are not realised 1n this country,
but no doubt some day they will be  There can be little
question that all sterilising 1n a hospital should be done
1 a central depot by tramned technicians

Sterilising Instruments. Since time immemorial man
has looked upon fire as the great punfier and heat 1s still
the great steriliser

An hour 1n the hot oven at 160° C will sterilise any-
thing Moist heat 1s more penetrating than dry, and
organisms are more vulnerable to 1t, so that 1t only requires
twenty minutes 1n an autoclave filled with steam under a
pressure of 20 1b to produce the same effect Air must
be driven off beforehand, either by the steam itself or by
a vacuum pump, designed for the purpose It 1s essential
that the steam should have free access everywhere, so all
vents 1 drums must be opened and the contents be
loosely packed This method 1s peculiarly suited to
textiles, which are subsequently dried for twenty minutes
under negative pressure  Gloves may be similarly treated,
after washing and drying, but they will not stand up to
high temperatures  five pound pressure for half an hour
1s suffictent  Autoclaving 1s being increasingly uscd for
nstruments also, but the ordinary water steriliser 1s morc
conventent and therefore more popular at the moment

The sterilising powers of boithng watcr are subject to



STERILISING AND DISINFECTING 389

that antiscptics disinfect but cannot be relied on to
steriise  If 1t were not that the word disinfectant 1s
associated with lavatory pans 1t would be better to adopt
1t altogether and reserse antiseptic for solutions used on
the tissues.

(3) They are imtant to tissues This means that an
instrument 1s not ready for use immediately 1t comes out
of the antiseptic but must go through a water bath first.
1t may pick up fresh orgamisms in the process

(4) But the worst thing about antiseptics 1s that people
believe mn them and make them an excuse for all sorts of
slovenl and carel

Some Antiseptics

Cresols Phenol or carbolic actd 1s the father of all
antiseptics and lysol 1s a descendant Because of their
destructive action on the tissues they are used only for
sterilhising instruments  Lysol 1s not water soluble and
must be cleared m spint which 1 1ts turn can be elim
nated by water  Detfol 15 a relative of phenol and lysol
but 13 much less imitant and even 1n the pure state does
not harm the skun

Mercurlals  Perchlonde of mercury 15 another old
stager  Taster added 1t to phenol to form s  strong
mixture  Like binsodids of mercury 1t readily combines
with the protein of the tissues which quickly neutralises
1#s action Perchlonde (corrosive sublimate) forms a
deposit on nstruments and should not be used for
sterilising them  Buuodide has not this drawback but
its action 1s very slow no matter how strong the solution
It 13 commonly emploved 1n a strength of T 500 to dip the
hands in After washing up  probably with no effect at
all  Oxvevamde of mercun 1 3000 18 used for stenilising
cystoscopes and 1 b ooo for irmgating the bladder

Aleohol  See preparing the skin and sterilising svrmges.
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Antiseptics Heat really does sterilise, and 1t 1s a pity
that it cannot be used for all surgical equipment, but
unfortunately its action on metal-glass syringes is harmful,
sharp instruments are blunted by 1t, and 1t melts gum-
elastic catheters or bougies For these antiseptics must
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Tic 196 Half submerged ampoules are only half sterthsed

be used, 1n spite of the disrepute into which they have
fallen 1n recent years Before mentioning a few of the
more important ones, some of their drawbacks are Iisted
here —

(1) They are slow 1 action, and take hours or days

rather than minutes to do their work
(2) They are uncertan It 1s not going too far to say
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may even harbour them  Professor Bulloch of the London
Hospital demonstrated this conclusively by growing cul
tures from museumn specimens that had been preserved in
aleohol for thirty years or more This alcohol was full
strength of course and 1ts
hardening properties nterfered
with 1ts penetraton Even in
the proper dilution of 70 per
cent the antiseptic action 1s by
ne means certamn

Ordinary hospital spint may
contaminate nstead of sterilis-
ing the articles stored 10 1t OF "2, cystonanes or pecen
passed through it Even when  fackt mnterres nath stenio
there 1s no direct contamination  septes.
the spint may evaporate or
partly evaporate and leave the contents of the dish at the
mercy of the elements It 1s not unusual to see dishes
on the shelves of a casualty department mn which the
syringes are not more than half covered by the spinit and
there 18 no protection from dust at all. No sterile receptable
should ever be left hdless

All thus notwithstanding there are times when other
methods of sterlisation are not available and spurit must
be used If the spint 1s freshly decanted so that ats
strength 13 not altered by evaporation and the object to
be stenlised 1s free from irregulanties and recesses {e g an
all glass syrnge and not a glass-metal one) the nsh 1s
mummal so long as the following rules arc observed  The
syTInge or mstrument should be —

(1) Dismembered

(«) Completely corcred

(3) Left for at least twenty nunutes

(4) Washed 1n water from an impeccable source
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Sterilising Sharp Instruments Sharp nstruments—
needles, scalpels, scissors—must be sterilised 1n an anti-
septic ~ After thorough drying they may be stored in .—

é‘g 1Sr?11: } aequales partes.
orm —

Formaldehyde 37 per cent 86 ml

Water 72,

Alcohol g5 per cent 842 ,,

Potassium nitrite I3gm

The Bard Parker firm recommend this formula as suitable
for the blades which they manufacture

Whatever the antiseptic 1t must be got rid of before
the article come into use Water used for this purpose
should come from a screw-capped, autoclaved bottle,
which should not be employed a second time, saline
from an ordinary stoppered bottle 1s rarely sterile

Sterihising Syringes  Syringes are best sterihised 1n the
autoclave or hot oven It 1s true that this melts the
cement of the glass metal variety after a time, but in the
long run replacements cost the community less than
mishaps Most hospitals are now installing a central
syringe sterilising service using these methods

The next best method to autoclaving 1s boiing  This
1s open to the objection that when the water 1s not
alkalimsed sterilisation 1s 1ncomplete, and when 1t 1s
traces of alkali chnging to the barrel may cause trouble if
the syringe 1s used for injccting drugs hike penicillin,
anethaine, nupercaine, c¢tc  Syringes mtended for inject-
ng, therefore, should always be subjccted to the more
r1gorous process, those for aspirating to the less /£ 15
ashing for trouble nol (o kecp the lwo sets entirely apart

The practice of sterihsing or trying to sterihise syringes
in alcohol 1s a bad onc  Alcohol docs not kil spores and
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penetrate  An hour should be allowed for sterilising and
ninsing afterwards should be very thorough  the urethra
18 particularly resentful of carbolic

An alternative method 1s to use a formalm jar for
storing cystoscopes Here again the formalin 1 imtating
even to the extent of causing dermatitis in nurses working
with 1t

The imsulating arrangements of the ordinary cysto-
scope will not withstand heat but this weakness has
been overcome in some modern instruments and they
can be sterilised by boiling It 1s wnportant of course
that the theatre staff should not confuse the two types of
instrument

Coagulation Risks. Nothing favours the survival of
bacteria more than the presence of orgamic matter If
serum blood or pus 1s allowed to dry in the jomnt of an
artery forceps or the barrel of a syringe 1t will be fixed by
the next stertlisation and the organisms contained in 1t
will be covered by a protective coating 1nstead of bemng
destroyed. This will happen whether stenlisation 1s
effected by chemicals or heat

Even lukewarm water may coagulate proten All
mstruments therefore should be washed m cold water
wmnmediately after use  This applies also to rubber gloves
which can be convenently sluiced under a runmng tap
before they are taken off

Preserving Specimens A theatre nurse usually plunges
any matenal intended for the laboratory into 10 per cent
formalin 1n saline 1mmediately 1t falls into her hands.
This 15 good enough treatment for a fragment of tissue
which 15 to go under the microscope as zoon as 1t 1s
hardened  but 1t will shrvel up a larger specimen 1nto a
scarcely recognisable piece of pichled meat so that the
pathologist will have the greatest difficulty 1n examimng
1t with the naked eye  And naked-eye examination 1s v ery
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Sterilising Catheters Rubber catheters, lhike other
articles made of rubber, can be boiled Some gum-elastic
catheters can be boiled for a short while too, but this
method of stenilisation softens them, and time must be
allowed for the shellac to set before they are used Soaking
1n 1/1,000 oxycyanide 1s a more practical alternative

In many hospitals a formalin cabinet 1s preferred If
formalin tablets are relied on to fill this with vapour the
process 1s very slow—a matter of days At St Peter’s
hospital a container for liquid formalin 1s placed in the
bottom of the cabinet and heated by a flame underneath
Vaporsation 1s then quite rapid and the catheters are
sterilised at the end of a couple of hours, but they must
be bone dry to start with, otherwise the formalin will
destroy the shellac in them

Ureteric catheters may be sterilised 1in a similar way
It goes without saying that removal of the stilettes 1s an
essential preliminary ~ Without this the vapour will never
get into the lumen

Catheters, whether urethral or ureteric, which have been
used on a heavily infected case should be thrown away

Sterilising Endoscopic Instruments The weak point in
an endoscope 1s the junction between glass and metal
The two are umited by a cement of no great strength
Alcohol dissolves 1t So does carbolic 1n solutions
stronger than 1/60 If a cystoscope 1s left in 1/20 carbolic
for more than a few minutes the antiseptic will find 1ts
way 1nto the lens system Thousands of telescopes are
put out of action in this way every year

Carbolic 1/60 or oxycyamde 1/3,000 are sufficiently
strong, but the cystoscope must be taken to picces before
it 1s placed 1n the contamer It s a principle of sterihisa-
tion by antiseptics that the solution must have complete
freedom of access to all parts of the instrument  Therc
must be no crevices or air pockets to which 1t cannot
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penetrate  An hour should be allowed for sterihsing and
nnsing afterwards should be very thorough  the urethra
1s particularly resentful of carbolic.

An alternative method 13 to use a formaln jar for
storing cystoscopes Here agun the formahn is irntating
even to the extent of causng dermatitis 1n nurses working
with it

The insulating arrangements of the ordinary cysto-
scope will not withstand heat but this weakness has
been overcome n some modern instruments and they
can be stenlised by boiling It 13 important of course
that the theatre staff should not confuse the two types of
mstrument

Coagulation Risks Nothing favours the survival of
bacteria more than the presence of organic matter If
serum blood or pus 1s allowed to dry in the joint of an
artery forceps or the barrel of a syninge 1t will be fixed by
the next stenhsation and the orgamisms contaned in 1t
will be covered by a protechive coating nstead of being
destroyed This will happen whether sterilisation 1s
effected by chemicals or heat.

Even lukewarm water may coagulate protemn All
instruments therefore should be washed n cold water
immediately after use  This applies also to rubber gloves
which can be conyenently sluiced under a running tap
before they are taken off

Preserving Specimens A theatre nurse usually plunges
any matenal intended for the laboratory 1nto 1o per cent
formahn 1n sabine immediately 1t falls into her hands
This 15 good enough treatment for a fragment of tissue
which 15 to go under the mucroscope as soon as it 18
hardened but 1t will shrivel up a larger specimen 1nto a
scarcely recogrusable picce of pickled meat so that the
pathologist will have the greatest difficulty 1n examinng
1t with the nahed eve  And naked-eye examination 1s very
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umportant  Only by looking at a growth 1s 1t possible to
see how far 1t has extended, what glands are involved, and
which are the parts that ought to be sectioned

Dukes advises that no preservatives at all should be
used 1n the theatre, nor should the specimen be cut open
or otherwise mutilated A wrapping of damp lint sur-
rounded by cotton wool and mackintosh will, he says, keep
1t 1n condition for as long as two or three days when
necessary 1if 1t 1s placed 1n a cool place  When 1t reaches
the laboratory 1t 1s stretched out on a Meccano frame, and
only then allowed to come into contact with the formalin
The delay 1n opening the specimen has this objection from
the surgeon’s point of view-—that he misses the oppor-
tumty of examiming 1t at a time when the details of the
operation are fresh in his mind This 1s a considerable
disadvantage, and I think one which outweighs the
advantages claimed, at least so far as the younger surgeon
1s concerned He 1s still acquiring a knowledge of the
‘“ pathology of the iving ", and if he does not make a
constant practice of examining the viscus or tumour he
has removed before the steps of the operation have shpped
from his memory he will miss information that might be
of the greatest value to him  Why were the symptoms
and signs as they were, and not as they should have been ?
Why did the X-ray mislead ? Why was removal difficult
at a certain stage® The answers to some or all of thesc
important questions may be cleared up by a careful
examination of the specimen while the questions are still
pressing later on question and answer may be put aside
until the problem presents itself once more 1n a more

difficult form
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IT 1s a mustake for 1 surgeon not to tike a proper
mterest in his equipment  Whenever possible he should
choose his own instead of bemg content with the often
rubbishy legacy left by his predecessors  If he 1s wise he
will aim at sumplicity and standardisation  Forceps for
mnstance are made with round bows oval bows round
shanks flat shaohs a great vanety of jonts mcluding

take off jawscurved jaws angled etc etc but there
1s really no need for all this elaboration  Efficiency both
m manufacture and 1 use would be ncreased by
eliminating 1t

There 13 1n fact no reason why many instruments
employed for quite different purposes should not be of
almost the same pattern  If the needle holder 1s of the
bow handled type the hand accustomed from constant
use to the one readily adapts itself to the other Two
entirely different instruments are then controlled by the
same moverment For the same reason instruments of
different size should be of identical pattern It 1s possible
toobtain matched sets—biyg medium and small Artery
foreeps differing from each other only 1n length

The left handed surgeon 1s at 1 disadvantage when using
ordintry instruments  This anses from the fact that the
finger and thumb as they separate and approximate have
1 natural tendency to pull and push  So the thumb of
the nght handed person readily releases the rack of the
foreups and holds the blades of the scissors in pposition
With the left handed the tendencs unless corrected 13
the reverse A saissors which 1s a little loose at the jomt

17}
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1s particularly awkward for a left-handed person, or, for
that matter, a right-handed person working with his left
hand Since special sets are not available for the left-
handed, 1t 1s all the more important that the instruments
used should be 1n first-class order

The standards of instrument making are so high in this
country that it 1s hardly necessary for a surgeon to worry
about the actual construction of the ones he selects
Such things as symmetry, occlusion, accurate meshing,
absence of slackness in joints, and smooth working of
racks, can be taken for granted But it 1s always as
well to make sure that the feel of an instrument 1s right
before purchasing 1t This will depend on 1its balance and
suitability to the hand of the individual who 1s going to
use 1t It will depend also, 1n the case of a forceps, on
the spring of the shanks A rigid shank means a great
deal more strain on the joint and rack, this latter being
the most vulnerable part and almost always the first to
wear out

Needless to say, instruments should last long enough to
justify the care and expense in their acquisition Most
of them will be made of stainless steel, which contains
chromium, and, for that reason, resists the action of anti-
septics 1n the strengths commonly employed and 1s less
likely to rust than ordinary steel This means considerable
time saved 1n cleaning and does away with the need for re-
plating But stainless steel cannot be tempered like carbon
steel, and therefore 1s not so suitable for sharp instruments
Scissors made of 1t prove satisfactory and so do chisels
and gouges, but scalpels are better in the older matenal

Cleaning and Sterihising. Stainless or not, instruments
should be thoroughly scrubbed in soap and water as soon
after use as possible, with particular attention to joints,
racks, and serrations If there 1s delay, even stainless
steel (the adjective must not be taken in an absolute
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sense) may become tarnished  Sterilisation follows and
then a very thorough drying This 1s a most important
step Since moisture 1s the prnincipal cause of corroston
1t 15 essential that every particle of 1t should be removed
before the instruments are put away  \Viping them with
a cloth will not do this effectively  They should be laid
out on a hot plate or on top of the radiator for ten or
fifteen munutes with all jomnts wide open And the
cabinet 1n which they are then stored should be situated
1 a place where the steam of the stenliser has no chance
of reaching 1t The neced for drymng 13 no less when
nstruments are hept 1n antiseptic solutions 1if 1t 18
neglected the water carmed into the solution may easily
cause rusting

At least once a week all instruments should be oied and
polished  Stainlessness depends on the polish so 1t 1s
necessary to preserve 1t at all costs  For this reason wire
wool should not be used at any stage of the cleansing
process or any other material that mught cause surface
abrasion

Hard water 1f used for cleaning or sterilising 1s apt to
leave a deposit on instruments  This can be loosened by
leaving them 1n a 5 per cent solution of acetic acid over
night after which 1t can be brushed off quute easily A
joint yammed by such a deposit can be cleared with a
mxture of alcohol and spinits of ammoma equal parts

Everyday Instruments  Artery Forceps  These have
been modified m many different ways since Spencer Wells
mtroduced them mostly with the aim of increasing their
dehcacy of action Halsted chose mosquito forceps
which grasp a minimum of tissue because he believed that
mfection never lodges 1n a wound where there 1s no
desitalised substance Other surgeons with the same
object 1n mind have designed artery forceps with the
serrations hmited to the distal part of the jaws  Dunhill
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suggested forceps with jaws gently curved on the flat
for ease of application

— oy

Parts of 1 artery ft)ru(n (I;} cotrtes) Uf Yessr 1llen and
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Whatever the type favoured the forceps should have
box jomnts  These are much more lasting than the old
fashioned screw and much less hikely to develop ply as
they grow old

Clamps Broadly speakmng clumps are of two hinds—
crushing and non-crushmg  Tissue grasped by a crushing
clamp cannot be expected to survive and therefore must
either be cut away or included 1n the sutunng so that 1t
will slough mnto the lumen of the bowel without interfering
with the secunty of the umon A non-crushing clamp
has a much gentler grip with 1 certain amount of spring
i the blades which do little harm to any tissue lymng
between them

A clamp may fail 1n 1ts purpose because tissue shps
sideways from 1ts gnp  The longitudimal serration on the
blades 1s designed to prevent this  Cupping by lenving a
thickness of uncrushed tissue between two crushed strips
has a similar effect and 15 considerably less traumatic
1 fact that can be demonstrated quite easily by piching
up a fold of skin on one s own arm with an instrument de-
signed on these lines  The slotting or fluting on the blades
of the hghter tvpe of clamp worhs on the same pnnciple

Tissue can also escape from a clamp at 1ts extremity
This 15 because the blades are only parallel when there 1s
nothing between them  When tissue 1s wncluded they
worh at an angle pressure 1s not evenly distnibuted and
there 1s a persistent tendency for 1t to escape at the end
In practice most clamps are made with shightly cuned
bindes which occlude first vt the tip and then gridually
along their length This armingement discourages but
does not alwavs prevent end lip hocher countered the
difficults with hus forceps by giving them tenaculum tips
Some surgeons hive avoided 1t altogether by designing
handldess climps the blades of which can be locked
togcther simultancously at erther end
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Retractors  The automatic retractor spares the assist-
ant at the expense of the patient In general, therefore,
the ordinary type 1s preferable Certain points about 1t
are worth making It should be bright enough to reflect
light into the wound Its size and shape should be nicely
adjusted to the need of the moment—depth, width, and
curvature, must all conform to the parts being dealt with,
if trauma 1s to be mmmimised  Its flange should not be of
a type that might do damage inside the abdomen—for
instance, to the hiver

Needles These must vary, but two or three sizes of
each variety should suffice The straight are used for
surface work and the curved for deep, and there must be
a choice of round bodied and cutting, the latter for more
resistant structures such as aponeurosis and skin Atrau-
matic needles, with the suture let into the shaft, so that a
double thickness 1s not dragged through the tissues at
every stitch, are becoming more and more popular for
delicate surgery of all kinds These needles are easier
to manage with the hand than in a needle holder

Some Bad Habits. The longevity and usefulness of an
instrument depends on the treatment 1t gets, and this
should be based on the cardinal rule —

Never put an wnstrument to a use for which 1t was
1ot intended

But even proper use may do harm  An artery forceps
(the most abused of all instruments) applied to a bulky
pedicle is none the better for 1t The necessity may be
unavoidable, but there 1s no excuse for employing 1t to
hold plates or screws, pick up swabs, or anchor towels
When an unyielding object 1s grasped between its jaws
and the rack 1s closed, a considerable strain 1s thrown
on the whole length of the instrument, not excluding the

jomt  The steel may bend or break at the time, worse
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still 1t may crack and only break later on when serving
some more important purpose It 1s not unusual for
nstance to sec an artery forceps ppled to a length of
tubing as a damp  The tubing 1s only compresaible up
to a point and the effect 1s as desctibed  If there 1s no
alternatnne long forceps should be selected and -pplied
only towards their point  1n this way the strain 1s dis-
tributed as far as possible along the jaws and shanhs

One pair of scissors should not be ashed to perform
half a dozen different tasks  The assistant should have 1
round ended pair for cutting sutures ligatures and
stitches. This ensures that he 13 not ustng the Mavos
saissors when the surgeon wants them for dissection 1t
also helps to heep the Mayo s scissors in good condition
1f they are employed for cutting nylon they will soon lose
their edge which 18 ground to a sharper angle than usual
and 13 more eamly damaged on that account Dressing
sassors are provided for cutting gauze etc If this 1s
done with operiting scissors and the gauze ships sidevays
between the blades their finely adjusted overlap may be
lost for good

A scalpel blade whether of the interchangeable variety
or not 13 mrde of hard steel and this entails 1 certain
bnttleness. A very shght impact 1s enough to cause a
deflection or fracture of the edge and therefore any
contact betwecn 1t and other instruments should be
avotded

Dropping soiled or unwanted instruments on the floor
or 1nto 1 buchct wath the specimen 1n order to get rd of
them as quichlh as possibll may cause conmdcrable
damage

Antiseptics mav stun and dimage instruments  The
mercunals h1ve a particularly bad reputation m this
respect but are not much used nowadays It 1s not so
commonly known that 1odme ¢an cause corrosion  Some

o
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times the needle which comes adrnift from its butt and 1s
lost 1n the tissues has been damaged 1n this way

A worn or damaged instrument should be sent for
repair at once Delay may mean that 1t has to be dis-
carded and exact replacement 1s not always possible If
the instrument happens to be a favourite one the loss 1s
all the greater

The Instrument Nurse However simple the armen-
tarium, 1t 1s as well to keep most of it out of the way
Nurse should be persuaded so to arrange the instruments
that the ones constantly 1n use—scalpel, dissecting forceps,
scissors, and a few artery forceps—are to hand, while the
remainder are kept on her table, to be produced when
asked for When a special mstrument 1s required the
surgeon should fimish what has to be done with 1t before
he lays 1t down Nurse can then reclaim 1t Her job 1s
to see to the economical arrangement of essentials and so
preserve that neatness and tidiness which should charac-
terise the whole procedure Nothing advertises ineffi-
ciency 1n this respect so loudly as a jumble of instruments
lying on the sheet beside the wound

Endoscopic Instruments  These instruments are usually
extremely delicate in construction, and 1t 1s not difficult
to put them out of order The little lamps will not with-
stand more than a limited voltage, but 1f visibility 1s poor
the surgeon seldom hesitates to ask for more In fact the
obscurity may be due to some other cause than weak
illumination—clouding of the medium, for instance This
error can be avoided by adjusting the current before the
instrument 1s introduced  The precaution 1s worth taking,
because, apart from the incony enience, a fuse may fracture
the glass of the lamp with unhappy consequences 1f therc
1S any inflammable vapour in the ncaghbourhood  The
use of current from the town supply on these occasions 15
only pcrmlssﬂ)lc when the transformer 1s hnown to be
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completely reliable. An ordinary dry battery 1s much
less likely to cause any mischief Unfortunately 1t 18 apt
to run down and cannot always be relied on to do its
ob

’ Leads are another source of trouble These are made
of a number of fine wire strands which may snap one by
one with clumsy usage (¢ g disconnecting by pulling on
the lead nstead of the terminal) The result 13 that the
current passes through a narrower channel with the
likelihood of generating more heat agamn destroying the
msulation and possibly causing an accident.

The optical arrangements are often even more vulner
able than the lighting The telescope of an ordinary
cystoscope for instance consists of an extremely thin
tobe with a prism at one end and & series of lenses disposed
along 1ts length which convey the image to the eye-piece
at the other end. The tube 13 easily bent and the shightest
jar may dislocate a lens In esther case transmission of
the light rays ceases and the part must go bach to the
maker before it can again be used.

The moral 15 that these mnstruments should be treated

tenderly and inspected regularly by someone who under
stands a little about electnaty
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times the needle which comes adnft from 1ts butt and 1s
lost 1n the tissues has been damaged n this way

A worn or damaged instrument should be sent for
repair at once Delay may mean that 1t has to be dis-
carded and exact replacement 1s not always possible If
the mstrument happens to be a favounte one the loss 1s
all the greater

The Instrument Nurse However simple the armen-
tartum, 1t 1s as well to keep most of 1t out of the way
Nurse should be persuaded so to arrange the instruments
that the ones constantly in use—scalpel, dissecting forceps,
scissors, and a few artery forceps—are to hand, while the
remainder are kept on her table, to be produced when
asked for When a special mstrument 1s required the
surgeon should finish what has to be done with it before
he lays 1t down Nurse can then reclaim it  Her job 1s
to see to the economical arrangement of essentials and so
preserye that neatness and tidiness which should charac-
terise the whole procedure Nothing advertises ineffi-
ciency n this respect so loudly as a yumble of instruments
lying on the sheet beside the wound

Endoscopic Instruments  These instruments are usually
extremely delicate in construction, and 1t 1s not difficult
to put them out of order The hittle lamps will not with-
stand more than a limited voltage, but 1f visibility 1s poor
the surgeon seldom hesitates to ask for more In fact the
obscunity may be due to some other cause than weak
illumination—clouding of the medium, for instance This
error can be avoided by adjusting the current before the
instrument 1s introduced  The precaution 1sworth taking,
because, apart from the inconvenience, a fuse may fracture
the glass of the lamp with unhappy consequences 1if there
1s any nflammable vapour in the neighbourhood The
use of current from the town supply on these occasions 1s
only perrn1551ble when the transformer 1s known to be
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Shock in burns 209

o3
in amputation

prevention 187
relation to anwsthetic 305
ngm 293
treatment, 1\)6
Sik satures 369 3
kworm gut mtum 370
qul\rr nitrate 1n burm, 210
In anf
e apenes 34
destroction 1n burms 211
ﬂap- 232-236
flexion creases 18
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s)dngn_ft;, idermal 223 225
part thickness, 213 225
kcle 236
everdin,f 1153 6
of 21 13
Wm—.ch, 226
whaole thickness 223 232
\olfe s, 232
incision, operative 22-37
marking 22
pro-operative preparation, 136
prvpunﬁon for orthopedic
surgery 139
stitching of 1322
rulaaluj avordance of at opera

on 30
Smith Petersen incisfon 15%
Solution G as stons solvent, 383
Specimens pathologicd preserva
ton of 39,
lauc.hnk: mnthedl, 333
Sgeel sutures stanless 371
Stenlisation coagulation risks

of synnges 390

Stitches 111-113 362-374
breaking of 114
contmumn disadvantages of

cnﬁ:lng out of 114
deep- 116
for gut anastomosis 61

in skin, 122

interrupted,  sdvantages
114

nont-absorbable 118 360

removal of, 128
Stitching under tension 127
Stomach contents aspirata

dunng operaton, 321
Stope solvents 383
Stnicture  com ting doct

surgery 86
Sulphasuwudine 385
Sulphathaldme 385

Sullpbathiazole Prophy lactic uee
160

ot



408

Ligation in continuity, 47
complications of, 49

maisions for, 49
of blood vessels, 41-53

Ligatures, application of, 41
for orthopadic surgery, 158
for surgery of children, 261
knotting of, 347-361
material for, 51

Liver, haemostasts in, 56

Lowman’s bone clamp, 156

Lymphatic metastasis of tumours,
239

Lysol, 389

Malignancy, surgery of, 238-250
Malignant cells, transplantation
of, 242
Masks, operation, 135
Mercurials as antiseptics, 389
Mercury, biniodide of, 389
oxycyanide of, 389
perchloride of, 389
Metals, surgical uses, 373
Mikulicz bowel resection, 81
Mobilisation 1n surgical operations,

5

Mucosal pouting, 62

Muscle, preservation of, in surgical
ncisions, 34, 35

Napkins and surgery 1n infants, 265
Natural planes of the body, 273
Needles, 400
atraumatic, 400
Neoplasms, surgery of, 238-250
Nerve blocking, 332
care of, at operation, 30
mjuries due to position at
operation, II, I4
repair of, 193-197
regeneration, prevention of, 197 |
Neuroma, adherent, after amputa-
tion, 182
post-operative, 30 |
“ No touch '’ technique, 145, 275 |
Novocaine, 325, 330 !

Nupercaine, 325, 330
Nylon sutures, 371

INDEX

Officer's drip apparatus, 297, 298
Ohgurna, 313
Operating table, position of patient
on, II
Operations, notes of, 289
on children, optimum age for,
251
preparations for, 257
position of surgeon at, 20
preparation of hands for, 133
speed 1n, 2
stages of, 5
surgical preparations for, 279
system 1n, 3
Orthopadic operations, 139—-162
hamostasis 1n, 159
mncisions and approaches, 149
ligatures 1n, 158
sutures 1n, 158
Osteotomy, 157
Oxygen as adjuvant to trans-
fusion, 304

Packs, abdominal, 8, 283
Paralysis due to position during
operation, prevention of, 11
Pathological specimens, preserva-
tion of, 393
Patient, handling of, at operation,
20
position on operating table,
11-19, 99
preparation for operation, 279
Pedicle grafts, 236
Pedicles, higation of, 44
Penicillin, administration of, 379,
381
antiseptic value, 379, 381
effect of, 383
n gas gangrene, 169
omntment 1in burns, 218
prophylaxis of surgical infec-
tions, 160
sensitivity to, 161
Perchloride of mercury, 389
Peritoneum, drainage of, 102
Phenol, antiseptic action of, 375,
389
Picnic acid, antiseptic value of,

378
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Sulphonamides, antiseptic value,
379
local action, 380
prophylactic use, 384
Surgeon, position at operation, 20
Surgeon’s knot, 349
Surgery, orthopadic, 139-162
plastic, 223-237
Sutures, 362-371
absorbable, 362
breaking of, 114
care of, 285
catgut, 362
rate of absorption 1n tissues,
117, 363
continuous,
114
cutting-out of, 114
deep-tension, 116
for gut anastomosis, 61
for orthopadic surgery, 158
for surgery of children, 261
horse hair, 370
interrupted, advantages of, 114
kangarco tendon, 366
knotting of, 347-361
living, 367
non-absorbable, 118, 369
calibration and grading of, 372
nylon, 371
of nerves, 194
of tendons, 184
primary, delayed, 167
removal, 128
secondary, 170
silk, 369, 370
silkworm, 370
stainless steel, 371
sterilisation of, 362
Suturing methods, 111—128
Swabs, 283
left 1n abdomen, 7
Sympathectomy  1n
surgery, 207
Syringes, sterilisation of, 390

disadvantages of,

vascular

Table See Operating table
Tactics 1n surgical operations,

266—278
Talc, infection of wounds by, 134,

160

INDEX

Tannic acid, indications 1n burns,
219
Technique, 266-278
Tendon, kangaroo, 366
Tendons, fixation, 191
repair of, 184-192
surgery in amputations, 177
suture of, 184
adhesion formation 1n, 189
exposure for, 185
transplantation, 191
Tenotomy, 191
Tension 1n surgery, 269, 283
dangers of, 270
Thiersch grafts, 226
Thigh, amputation, site of, 174
Thoracotomy, dorsal nerve
damage during, 31
Thorax, surgical approach, 37
Thread hgatures, 369
Thrombun, 57
Thromboplastin, 57
Thrombosis, prevention of, 199
venous, prevention 1n ortho-
padic operations, 142
Tourmquet, application of, 142
Towel drape 1n orthopadic opera-
tions, 144
Tracheotomy, 320
Trendelenburg position, dangers
of, 14-19
surgical emphysema due to,
1
Tudor Edwards drain, 101, 102
Tumours, grading of, 245
irradiation of, 249
mahgnant, surgery of, 238-250
transplantation of, 242

Ureter, transplantation of, 88
Urethra, anasthesia of, 328
Urmary tract suturing of, 364
Urine, retention, acute, 95

Veins, grafts, 205

surgery of, 201

torn, management of, 53
Venoclysis, 302
Venous bleeding, control of, 53
Vi1scera, haemostasis 1n, 56
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\itamin K in hemorrhagic states, | Wounds drainage 165
59 infected management of 163
V omt, aspiration of 321 165
infection of 130-138
n children 263
enon, 132 284

Wolfe s grafts, 232 prev
3 tenmle strength of 112

Wounds 163-170 ‘
cdadng of 1129 1
delayed primary sutare 167 l

disruption 119 Xylocalne, 325 330



