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35 Vascular aurgery

351 Varicose veins

ANATOMY AND PHYSIOLOGY.

There are four categories of leg vein, and they all have valves which stop
blood flowing downwards away from the heart.

(1) Long and short saenous veinsrun superior to the deep fascia,
and are usually deep to the fibrous layer of the superficial f&36i&).

They have numerous valves, the most important of which is the femoral
valve, in the long saphenous vein, just befopenetrates the deep fascia

to join the femoral vein. The femoral valve prevents blood from the
femoral vein flowing back into the saphenous vein.

(2) superficial collecting veins are tributaries of the saphenous veins.
They lie between the skin and tfierous layer of the superficial fascia.
These have valves, but they are poorly supportezbhgectivetissue.

(3) Deep veinsaccompany the arteries, and run among the muscles deep
inside the leg. These have important valves.

(4) Perforating veins pass though the deep fascia, joining the superficial
collecting veins to the deep veins. Their valves direct blood into the leg.
The most important of these perforating veins are just behind the medial
border of the tibia.

Standing at rest, the superficial vems the dorsum of the foot support a
column of blood that reaches to the right heart. While the leg muscles are
relaxed, this blood flows through the perforating veins, into the deep
veins inside the leg. On walking, the contractions of the leg muscles
sgeeze the blood from the deep veins up towards the heart. This cycle of
contraction and relaxation reduces the pressure in the superficial veins,
and prevents varicosities.

However, if the valves of the deep perforating veins are incompetent,
blood from ingde the leg is pushed out at high pressure into the
unsupported superficial collecting veins. This distends them, and makes
them varicose. The increase in venous pressure makes capillary pressure
increase, which results in tissue oedema, and leakageidfifito the
tissues, hece tissue oedemalhis fluid is rich in albumin and so
infection is a real risk, especially as the nutrition of overlying skin
becomes impaired.

If the valves which guard the long and short saphenous veins are
incompetent, the bloodn the femoral and popliteal veins can flow
downwards, into the saphenous veins, and make them varicose.

The aim of surgery is to stop blood flowing backwards through veins
with incompetent valves.

Varicose veins are the result of failure of the valvethe
venous system, which takes two forms:

(1) Primary: the valves of the saphenous system fail, while
the deep veins of the legs remain normal; the symptoms
are usually mild, and the legs rarely ulcerate.

(2) Secondary (poghrombotic): the deep veinsor the
communicating veins between the superficial and deep
systems, have had their valves destroyed by thrombosis
ulceration is more common, and treatment more difficult.

Varicose veins are generally associated with Western
life-styles; obesityad lowfibre diets play a role.

They are unsightly and cause aching and cramps, a scaly,
itchy, varicose eczema, swelling of the legs,
and ulceration; occasionally they bleed. Symptoms may
bear little relationship to their size andtenxt. If they are
primary, the swelling usually only involves the feet and
ankles, and resolves completely overnight. If they are
secondary, the lower legs may be swollen all the time.

Make surethe pain is due to the varicose veins (relieved
onlyingdovn, worse at the end
not due to (invisible) ischaemia, arthritis of the hip or
knee, a prolapsed intervertebral disc, aneralgia
paraesthetica32.17)which can be there at the same time
as the (visible) varicose veins. Swellin§the legs may
co-exist with varicose veins, but is usually due to another
causeg.g.heart failure or lymphoedema.

Very occasionally varicose veins are the result of an
arterio-venous fistula you should be able to hear a bruit
and feel a thrill over he fistua. The veins may be
enormous. Occlusion of the fistula by pressure will,
however, make them disappear.

VARICOSE g
VEINS
A \

Fig. 351 VARICOSE VEINS: ANATOMY.

A, varicosities of the long saphenous system. B, varicosities of the
short saphenous system. C, Trendelenbg test for the long
saphenous vein lay the patient supine and raise the leg. Apply a
venous tourniquet just below the saphenous opening. Ask him to
stand up and release the tourniquet.D, if the femoral valve is
incompetent, the véns fill immediately from above E, if it is
normally competent, they fill slowly from below. F, anatomy of the
veins of the leg the long saphenous enters the femoral vein through
the cribriform (deep) fascia. G, closeup view of a varicosity, and an
incompetent perforating ven connecting it with the deep venous
system.

(1) femoral vein. (2) long saphenous vein passing through the
cribriform fascia. (3) mid-thigh perforating vein. (4) superficial
collecting vein.(5) perforating vein with its valves destroyed(6) deep
veins of the leg. (7) muscular forces compressig the deep veins.
(8) varix in a superficial collecting vein.(9) blood forced through a
perforating vein with an incompetentvalve. (10) superficial fascia.
After Ellis H, Calne RY Lecture Notes oriseneral SurgeryBlackwell
Scierte, 10" ed2002p.93Fig 12.1, with kind permission.
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BE SURE THAT THE VALVES
OF THE DEEP VEINS ARE COMPETENT
BEFORE YOU TIE THE SUPERFICIAL VEINS

VARIATIONS IN THE GROIN ANATOMY OF THE SAPHENOUS SYSTEM

§ Superficial epigastric
Superficial vein
circumflex
iliac vein Deep external

pudendal vein
Superficial external
pudendal vein

Long saphenous vein

Anterolateral
vein

Posteromedial vein

Typical arrangement Double long saphenous vein

Incompetence in an
anterolateral tributary

Saphena varix

Fig. 35-2 VARICOSE VEINS: GROIN ANATOMY.

A, typical arrangement. B, double long saphenous vein. C, saphena
varix. D, incompetence in an anterolateral tributary.After Morris, PJ
Malt RA Oxford Textbok of Surgery, OUPL994 p550Figs 51ac.

EXAMINATION. Examine the patient standing a good
light. Feel the veins. If he is obese, percuss the course of
the saphenous veins. Examine the peripheral pulses.
Feel for a thrillin the vein above as you tap it below,
and listen for a bruit of a (rare) arteriovenousufest

If there is ulceration, thick induration, and marked
hyperpigmentation, the valves of the deep veins are
almost certainly incompetent, and the varicose veins are
secondary. Otherwise they are probably primary.

Perform the Trendelenberg test:

To testthe competence of the perforating veins and the
valves of the greater saphenous systertay the patient
supine, raise the leg, and massage the veins proximally to
empty them. On the upper thigh apply a rubber tourniquet,
tight enough to compress the veififien ask him to stand
and move the forefoot up and down, so as to actuate the
calf muscle pump. Inspect the varices for 30sec, and then
remove the tourniqué¢s5-1C,D,E)

If the veins gradually fill from below on standing
and continue to fil gradually from below when the
tourniquet is released the valves in the veins of the legs
are normal

If the veins fill rapidly from below, the varices are being
filled from the deep veins, andhe valves of the
perforating veins are incompetent

If blood flows rapidly into the long saphenous vein
from above  after removing the tourniquet,
thelong saphenousalve is incompetent

If finger pressure on the upper part of a thigh
varicosity controls blood flow, theanterolateal tributary

is incompetent, bpassing the main long saphenous valve
(35-2D).

To test the competence of the valves of the short
saphenous vein lie the patient flat andapply 2
tourniquets, one above the knee to occlude the long
saphenous vein and anothast below the popliteal fossa
to occlude the short saphenous vein. Alsk& patientto
stand up, leave the upper tourniquet on, and ventbe
lower one.If the blood flows immediately into the short
saphenous vein from above, thleort saphenous valvs i
incompetent.

To find the sites of major incompetent perforating
veins

()Look for Vi si bl Howowsh of pal
subcutaneous veins.

(2) Feel for circular gaps in the deep fastialow the

vi sible or palpable O0bl owout

(3) Repeat the tourniqtietest at each level above a
Oblootht o see i f thiowad papp.eatisn

SPECIAL TESTSDoppler ultrasounds easy pressure on
the vein above causing a rush flow below indicates
incompetence.N.B. Do not perform a venogramwith
contrast you may cause the thrombosis you want to avoid!

DIAGNOSIS.

Suggesting primary varicose veins usually start at
15-25yrs. No incompetence of the perforators shown by
the test above. Incompetence demonstrated by-thawok

on releas of the upper thigh tourniquet (long saphenous),
or just below the popliteal fossa (short saphenous).

Suggesting secondary varicose vein®besity, multiple
pregnancies or a pelvic tumour; a histgrof venous
thrombosis an older age, less obvious vejertly hidden
by eczema, fat necrosis, or ulceration.

NON-OPERATIVE TREATMENT

INDICATIONS.

(1) Minor symptoms.

(2) Uncertainty whether symptoms are really due to
varicose veins.

(3) Untreated HIV disease.

METHOD.

Encourage weightoss if approprite, frequent walking
avoiding prolonged standing and sitting, angising the

leg when seated Try to fit graduated compression
stockings from the distal metatarsals to thigh or calf
(depending on whether long or short saphenous system is
affected).
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CAUTION! Make sure that the stockings are not too
tight to give a tourniquet effect: howevéhney are no use
if too loosé Ordinary elastic bandaging is not as good but
better than nothing.
N.B.They are uncomfortable in hot climati®ugh!

SCLEROTHERAPY OF VARICOSE VEINS

choose sites for

mark the veins injection c.5cm apart

in indelible ink
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needles in place <
3
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-

Elevate the leg & inject
the sclerosant

Fig. 353 SCLEROTHERAPY.

Method. A, mark the visible varicose veins.B, choose maximum
5 injection sites c. 5cm apart: mark these in a different colour ink.
C, insert a needle and syringe and chek that the needle is correctly
in the vein by withdrawing a spot of blood, then tape eedle ad
syringe to the skin.D, tape further needles and syringes to the skin.
E, elevate the leg and inject the sclerosantstarting from the site
nearest the footand apply pressure.F, apply crepe bandage up to
last injection site, and continue the injections

Kindly contributed by George Poulton

SCLEROTHERAPY(GRADE 1.2)

INDICATIONS.

(1) The cosmetic treatment of small primary varicose
veins.

(2) Incompetent prforating veins without anobvious
incompetentnajorvalve.

(3) Varicose veins which persist or recur afteipping.

CONTRAINDICATIONS.

(1) An incompetent majoralve.

(2) Large varicosities.

(3) Gross obesity (it is difficult to maintain compressi.
(4) Deep venous thrombosis

EQUIPMENT.5 small syringes fitted with fine needles and filled with
0-5ml of 3% sodium tetradecyl sulphate, or 5% ethanolamine oleate.
2 different colour marking pens, strapping, gauze, crepe bandages and
graduated compression stockings.

CAUTION! Anaphylaxis is rare but may occur,
so have hydrocortisone & adrenaline to hand.
The veins must be almost empty when you inject, and be
kept empty so that their walls adhese, careful bandaging
is critical. If you inject sclerosant into an artery, you may
cause extensive gangrene, so do not inject around the
ankle.

METHOD.

You need an assistant. Ask the patient to stand up,
observe, palpate, and percuss the veins; mark them with a
permanent markingen. Then ask him to lie down, elevate
the foot, and feel the course of the veins for gaps in the
fascia (sites of incompetent communicating veins).
Mark these with a pen of a different colour. Press with the
tips of your fingers on as many ofetfe gaps as you can,
and, still pressing, ask him to stand. Remove your
lowermost fingers first. If removing your finger from a gap
in the fascia immediately causes the vein to fill, that gap is
the site of an incompetent perating vein.If it does not

fill, there was no perforator in it. The sites where pressure
controls the filling are the best sites for injection. Inject the
lowest sites first.

Ask him to sit on a couch with the affected leg over the
edge of the bed so that the vein fills, insert theunted
needle at the marked sites5cm apartand aspirate only
as far as the transparent hub to be sure you are in the vein,
and strap the syringes securely to the skin; then empty the
vein by raising the leg above the horizontal.
Isolate the segment to be injected by pressing with your
fingers abwe and below it, and inject Os8 of sclerosant.
Apply a pressure pad over the injection site to keep the
vein empty, and apply a crepe bagdaup to that site.
Then move upo the next ge, and repeat the process until
all your chosen sites have been injectBad. not inject
>5 sites Leave a gap in the bandaging for knee flexion.

N.B. You might find butterfly needles easier.

Apply a graduated compression stocking over thndage
and immediately encourage walking for 1hr, and thereafter
for 5km daily. Adviseelevation ofthe legs as much as
possible.Remove the bandages for a wash afterk.
Then e-apply the bandagesod, with the leg raised
for at leat 3wksin orderto maintainpressure without
interruption.If the bandagedecome loose, reapply them.
Further injections for missed or recurrent veins may be
necessary: wait 3months before doing this.

If there is severe pain after the injectionstake df the
bandages with the leg elevated and Iémkskin necrosis
or gangrene.Use analgesics and encourage walking if
there are no untoward effects
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LONG SAPHENOUSVEIN LIGATION, STRIPPING &
AVULSIONS FOR VARICOSITIES (GRADE 2.5)

Determine whetherhere is long sapherfemoral or short
saphenepopliteal incompetenceMake sure the deep
venous system is patent. Wait till after delivery if the
patient is pregnant. If a patient is on oral contraceptives,
she should stop them one month before operation.

EQUIPMENT. STRIPPER, for varicose veins, Nabatoff, in sterilizer case,
complete with 3 metal olives, cable and handle. (Some strippers have
olives that can be attached at either end)

LIGATION & STRIPPING OF VARICOSE VEINS

3\
pubic
tubercle

‘\\
e

beware cutting
tributaries arising
from the main trunk:
bleeding can easily
-obscure your view!

Fig. 35-4 VARICOSE VEINS: LIGATION & STRIPPING.

A, incision 2cm laterd and below pubic tubercle. B, &pose the
saphenous vein and tributaries (notethe medial axis of the long

saphenousvein compared tothe femoral). C, dvide the saph&ous

vein and tributaries. D, gringe test to prove incompetence.
E, passthe stripper through the groin downwards. After Morris PJ,
Malt RA. Oxford Texiok d Surgery. OUP 1994, p.551-2

Figs 51e(i,iii),f(iv,vii)g(ii),h(ii).

PREPARATION.

Scrub the groin thoroughly with betadine and make sure
the legs arewell washed beforehand. With the patient
standing, mark the vein to be operated on, and all its
tributaries and dilations, using a permanent marking pen.
Also find and mark the perforating veins, using the finger
pressure method described above.

FOR THE LONG SAPHENOUS VEIN, lay the patient
supine with a 30° headbwn tilt with the feet apart.
Support the heels on foam cushions.

Make a 5cm oblique incision-Acm below and parallel to

the inguinal ligament, centred a fingareadth medial to

the pulsatingemoral artery (351A). Deepen the incision,
until you reach the superficial fascia. Proceed carefully
using nonrtoothed dissecting forceps, spreading the fatty
tissues gently with scissors to expose the saphenous vein
(354B).

You may find the supedial external pudendal arteig

the way,running over or under the long saphenous vein;
make no hesitation in ligating and dividingfitt is in the
way. You oftencome to tributary veins of theaphenos
first before the vein itself.Tie and divide allthese
tributaries (3-4C). Then dissect out thgroin endof the
saphenous vein and demonstrate the sapfeamoral
junction as the vein dips down through the cribriform
fascia(35-1F).

Tie the saphenous vein securely with two ligatures as close
to its entry to the femoral vein as you can, making sure
no further tributaries enter above your ligature.
Clamp the saphenous vem suitable distance from the
femoral veinwith haemostats and divide it.

N.B. There may be aaphera varix, a dilated saccule
below the incompetent valve; you will need carefully to
get above this to ligate the vein satisfactorily

CAUTION! If you encounter much bleeding
do not clamp blindly with haemostats you may damage
the femaal vein, or even the femoral artery.
Instead, apply pressure, and raise the foot of the table.
Get the suction ready. After 3mins pressure you can
usually find the bleeding point and control it, either with a
haemostat or a fine silk stitch.

Then molilize more length of the saphenous veiown
the leg place a untiedligature round it and holding one
edge of the vein carefully with dissectifgrceps, release
the haemostatf there is too much bleeding from the open
vein (because the patient was poit in headdown tilt),
re-apply the haemostdtrther down the legintroduce a
wide-bore cannula into the lumen of the vein, and inject
20ml of saline; no resistance should be found, and the
varicosities should be shown to bulge {85).
If this is the case, introduce the stripper (one with a
suitablysized olive) into the vein and tie the ligature to
prevent it falling out (351E).

N.B. Make sure you have puhe stripperinside the
saphenous vein and not tfeenoral!

Release th haemostat, if applied, and manipulate the
stripper down the leg, by twisting and turning it.
You may guide its passage by external manipulation as
well. Try to get it to miecalf position;do not try to go as

far as the ankle where nervese close to the vein and
may be damaged by avulsiddometimes the stripper gets
stuck because of the tortuosity of the varicose vein; in this
case you can make a small incision over where the stripper
has reached, dissect out the vein and martiputdurther

by direct vision.You may have to open the vein between
ligatures to do this successfully.

When the stripper has reached its destination, make a 2cm
incision overthe olive dissect out the veirpass looped
ligatures underneath the vein at twoesittie the lower
ligature tight anddivide the vein. Etrad the olive from
inside it, and tie thégatures round the stripper and vein.
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Now make 0-5cmlong incisions through the skin
over the various tribaties marked in indelible ink.
Select prominent remaining varicosities, and by spreading
forceps raise a loop of varicose vein by gentle blunt
dissection. Followit as carefully as you can in each
direction and when you have exposed as much length of
vein as yowcan, pull it out. Get your assistant to press on
the site to stop the bleeding. There is usually no need to tie
the vein unless it is large or perforates the deep fascia.
Close the small skinincisions with one suture.

N.B.Do not go as far as the ankle with avulsions

Now raise the leg high and slowly pull out the stripper
attached to the veiaut from the groin. Keep the leg high
for a few minutes afterwards to reduce bleeding. Examine
the groin wound for bleedingexamine the avulsed vein
for its lengthto make sure you have extractednittoto;
make sure the olive is still attachdd the stripper
Close the remaining wounds, and bandage the leg firmly.

DIFFICULTIES WITH STRIPPING VARICOSE VEINS

If the varicosities do not bulge with the syringe test
incompetence may be in the anterolateral tributary
(35-2D): dissect this out, and do the test again. Pass the
stripper down this vein.

If the stripper does not pass below the knee
make an incision over the marked route of the varicosed
saphenous vein at a suitable point, and introduce another
stripper in the sme way from below, so that the

2 strippers meet. You can then try to mangte the
proximal stripper upwards, following withdrawal of the
first one, or simply pull out each stripper in turn.

If the olive becomes detachedpalpate where it has
dislodged, and make a 3cm incision over it
Dissect down and reowe it; bleeding may be
troublesome,so have suction ready.

ANATOMICAL VARIATIONS OF THE SHORT SAPHENOUS

Fig. 355 ANATOMICAL VARI ATIONS OF THE SHORT
SAPHENOUS VEIN. A, normal level of the saphenopopliteal
junction. B, high level termination. C, upward extension to jointhe
posteromedial tributary of the long saphenous vein.D, upward
extension deepo the profunda femoris vein. After Morris PJ, Malt RA.
Oxford Textbook dBurgery, OUP1994, p.553Fig51;.

FOR THE SHORT SAPHENOUSEIN, you need either
spinal anaesthesia or GA and intubation. Wdeleast

2 assistants taurn the patient by #og roll andlay him
prone with the feet apart, and the knees slightly flexed.
Put pillows under the chest and pelvis, andke sure the
neck is supported, and the abdomen can move freely.
It is best to put the arms flexed above the head.

CAUTION! If your team is not familiar witlGA in the
prone position, do not attempt it!

Make a transverse incision acsoshe middle of the
popliteal fossa and deepen it through the deep fascia to
expose the short saphenous vein (which lies deep to it).
Dissect it outligating its tributaries, andrace the knee

end down into the popliteal fossa, and doubly ligate it
closeto its communication withhe popliteal vein

CAUTION! The anatomy of the short saphemapliteal
junction is notoriously variabl€35-5). Do not attempt to
strip the short saphenous vais itis closelyaccompanied
by the sural nerve, and avulsiomay well result in
anaesthesia of the lateral foot and c#fso, there maybe
shortand long saphenous incompetendé¢bwever, glect
prominent remainingsuperficial varicosities outside the
deep fasciadissect these ouhrough 0-5cm incisions
and avulse them.

POSTOPERATIVELY, keep the legs elevated at 30° for
24hrs. Encourage walking as soon as possible for 1hr
daily. Leave the pressure bandage applied at operation for
1wk, then remove the sutures. Advigearingbandages

for a further 2wks.

If varicose veins recut try sclerotherapy if the
varicosities are limited. Recurrence may occur when some
tributaries of the saphenous vein or a double vein are not
ligated; to reexplore the sapheremoral junction is quite
hazardous because of scag; though, and mapping of the
veins by Doppler is usually necessary.

COMPLICATIONS OF VARICOSE VEINS

VARICOSE ULCERATION.

N.B. Most lower leg ulcers in the tropics are chronic
tropical ulcers (349) and varicose ulcers due to
incompetent perforaterare less commortf the ulcer is

not typically the result of varicose veins, consider
alternative causes.
A varicose wulcer is usuall

especially just behind and above the medial malleolus.
It may be of any size andhape, its edges are usually
brown and eczematous, and it has red granulations under
the slough on its base. The patient is usualhese
Progressive fibrous atrophy of the subcutaneous tissues of
the lower leg (‘inverted bottle leg’), and liposclerosis
precedes ulcerationThere aregross varicose veins of
many years' standing with incompetent deep perforating
veins in 50% of cases.
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TREATMENT.

Be prepared for a long haulhsist on beetest and apply
frequent sterile water soaks until the ulcer is clead
oedema has gone. Deslough the wound, and when clean,
apply betadine or zinc oxide paste.

Only use antibiotics if there is associated cellulitis (6.22).
Do not use topical antibiotics.

Advise cleaninghe ulceronce or twice dailyandsleeping

with the foot of the bed raised

When dressings are no longer cumbersome,
apply graduated compression stockings from the base of
the toes to the thigh®ecent ulcers (<3months) will often
heal this way; but a graduated compression stocking
should be wortfior life, despite the discomfort in the heat

If the ulcer will not heal or recurs, there is no history of
deep vein thrombosis and you can be sure of the venous
abnormality, check for malignant change (characterised
by firm nodules) and te biopsies.Otherwise,treat the
varicose veins by operatiagio reduce orthostatic venous
pressure on the skiff.ry honey, ghee, pawpaw banana
dressings(2.10) Then think ofskin-grafting if the ulcer
surface is granulating well (34.9)

HAEMORRHAGE

If varicose veins bleed, haemorrhage can be alarming.
Elevate the leg and apply pressuo the bleeding vein.

If bleedingpersists orrecurs,take the patient to theatre to
expose andbolate the vein and ligate it formally

SUPERFICIAL THROMBOPHLEBITIS

If an indurated line develops along the course of the, vein
advise that it will usually be gone in a month.
Use cloxacillin 500mg gid and ibuprofen 400mg tid for
1wk. There isalmostno danger of pulmonary embolism.

35.2 Peripheral gangrene

Inadequate blood supply leads to gangrene of the
peripheries; strictly speaking, gangrene implies digestion
of deal tissue by anaerobic bacterihis may occur as a
primary process in gas gangrene dueltustridia (6.24),

or more usually secondarily to ischaemia. If there is little
subcutaneous fat, and no oedema, the skin becomes cold
and waxy, haemoglobin diffuses out of the veins,
discolouring the skin purple, and thendiand ischaemia
results in shrinking of the tissa (mummification or dry
gangrene). There results a clear line of demarcation
between viable and e&d tissue,and the dead part
sometimes simply falls f§ leaving the stump to heal.
At the junction between live and dead tissues, however,
organisms do survive, as is the case with the more
common scenario of fatty oedematous tissues, particularly
found with diabetes mellitusThe result is a mass of
infected, necrotic, smelly, partially destroyed tissue,
known loosely as wet (or moist) gangrene

Underlying causes are numerous, and can be:

(1) Sepsis with diabetes mellitus (causing a combination of
vasculopathy, and neapathy).

(2) Peripheral ischaemia due to arterial disease (usually
becausef cigarette smoking), HIV or syphilitic vascudif
arterial emboli, vascular injury (including injection of
barbiturate or sclerosant into an arte8%,1), & vasospasm
due to cold(e.g. in trench foot)or rarely a accessory
cervical rib.

(3) Compartment syndrome due to burns, crush injury,
snake biteespecially with inappropriate tourniquet use, too
tight Plaster of Paris, fibrous stricturee.d. ainhum
autoamputation of the ' toe) or an acute venous
thrombosis.

(4) Septicaemia resulting in simultaneous venous and
arterial thrombosis, espially in neonates HIV+ve
patientsandthe malnourished.

(5) Necrotizing fasciitis(6.23) or gas gangrene (6.24)
these produce a toxic combination of (3) and (4).

EXAMINATION

The diagnosis of gangrene is usually obvious;
unfortunately many patients ggent when gangrene is
already established and all you can do is amputate.
You therefore need to know where and how to do so.

Make sure ischaemia is established: you may still save
toes, feet, fingers or arms if you release an eschar,
decompess a compartment syndrome, or simplgwly
warm up a cold periphery.

Make sure you document all the peripheral pulses
(including thrills and bruits), examine for capillary return
on the toes or fingers (should be <1sec) and for sensation,
and check a andom blood glucose and HIV screen
(and also VDRL if available). Look for xanthelasmata at
the inner canthus of the eyes, indicating hyperlipidaemia,
as well as theell-tale signs of nicotinstained fingers.

Measure the ratio of tharkle to the brachial systolic
pressure (significant occlusion exists if it is <0-85)
but this may be unreliable if arteries are calcified as in
diabetes or renal failure. If you have a Doppler ultrasound
probe, this gives greater sensitivihyan the finger and can
give very useful objectivénformation about flow rates.
However, youmay notbe able ¢ tell where the occlusion
lies, and if there is a stenosis whether there is a more
significant stenosis more proximally placed.

Similarly if you compare thep,O, taken with a pulse
oximeter at the big toand the thumpyou can get an idea
of the degree of relative hypoxia: this is significant if the
ratio is <0-6; a reading of <20mm Hg in the lower leg
demonstrates significant ischaemia.

VASCULAR RECONSTRUCTION

It is, sadly, often too late with many patients to consider
this. However,with minor areas of gangrene or ischaemia,
a patient willdo better if you can arrange a successful
revascularization of the limb angerform a minor
amputation,rather than a major amputationwithout any
improvement in vascular supply
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If you see a patient with claudication at <200m, or rest
pain, try to refer him before gangrene sets in.
You can relieve much pain (and peripheral inflow) with
epidual analgesia.

35.3 Amputations in general

INTRODUCTION

Once you have cut off a limb there is no going back,
so try to retain as much function as you can. The patient is
unlikely to get an arm prosthesis, and it may be of little use
evenif he doesget one. So aim instead for the longest
possible stump of an arm. Every centimetre is useful;
so is an elbow which he can use as a hook, and so is any
kind of a wrist.

Bail ey & L ove 0 sontha imdicatiens farp h o
amputationthat if a limb or part of a limb iBdead, deadly
or a dead |l osso0o, is as true

The leg must have a prosthesis which will bear his weight.
There are a limited number of these, and the stumps for
them are standardized. So always do one of the sthnda
leg amputations. There are three technological grades of
prosthesis; of these the third is not necessarily the worst.
A patient mighthave:

(1) A sophisticated modern prosthesis costing US$300 or
more.

(2) A simpler modern prosthesis costing US$30chsas

one of those developed by BMVSS Jaifioot (35-21A),
which a mechanic can me@ww.jaipurfoot.org).

(3) A traditional prosthesis, such as a pylon, a peg leg,
(35-21B) or elephant boot.

Do not despise thesayhen well made they last Iger
than any of the others, and are better than a modern
prosthesis for working in the fields. Remember that the
patient may be used to sitting on the floor rather than on a
chair, and so his prosthesis must take this into account.
To this end, the Jaipuprosthesis is most suitable

It does not require any shoe: amputees can walk barefoot,
or use a shoelt is made of waterproof material,
so that amputees can walk in wet and muddy fields.
It permits enough foot dorsiflexion and other movements
necessary to walk on uneven surfaces.

A leg prosthesis can:

(1) have a cup to bear weight on the sides of the stump,
in which case the scar should be at the end.

(2) bear weight on the end of tlump, in which case the
scar should be posterior.

(3) have a moderntotal contact socket in which the
position of thescar is unimportant. Limb fitting centres
vary in their scope and preferences, so visit your local one
and find out what they like. Aapd prosthetist can fit any
well constructed stump with a prosthesis.

CONSERVE EVERY CENTIMETRE IN THE ARM ;
DO A STANDARD AMPUTATION IN THE LEG

In a perfect stump:

(1) The scar is not exposed to pressure.
(2) The skin slides easily over the bone.

(3) The skin is not infolded.

(4) There is no redundant soft tissue.

(5) There is no protruding spur of bone.

(6) The stump is painless.

(7) The wound has healed by first intention.
(8) The skin has good sensation.

(9) The shape of moshould be coisal.

Deciding where to amputate can be difficult. The lower in
the leg you amputate, the greater the chance that the
patient will walk again afterwards. But there is also more
ghangenthat the tissue through which you wilk not be
viable.So, feel theulses carefully and take measurements
tgagsesghe degree of ischaemid@q2): do not perform a
belowknee amputation if you cannot feel a popliteal pulse.
If the tissues have poor bleeding and the musabriiple
abandon this amputation level andiggher up.

Consider a througknee amputation in any frail and
elderly patient unsuitable for a beldmee amputation.
Do not delay doing a below knee amputation for severe
injuries; otherwise you may well need to do an amputation
higher up!

Make sureyou have properly counselled the patient and
obtained consent for amputatiaig notforce him into this
against his own judgementotherwise he will not
co-operate  and mobilize well pesperaively.

An emergency amputation for sepsis or crushed limb may,
however, save someone from the jaws of death!

Many patients (particularly labourers and even som
surgeons) hardly miss an ampethtfinger, for example.

If you decide to amputate, discud®e decision carefully
with the patient. If he is going to take a long time to
recover, tell him so. Discuss any alternatives, and if a
difficult decision has to be made, let him share it.
If he is involved inthe decision, he is much malikely to

be enthusiastic about subsequesttabilitation.

Fish mouth flaps must be long enough to cover the soft
tissues of the stump, but not be so long that their blood
supply is inadequate and they necrose. If the flaps are
equal, the scawill sit at the end of a stump. If they are
unequal the scar will end up at the front or the back.
Try to place the scar where it is not going to be pressed on.
In the hand and the foot, place it dorsally. Higher up the
arm the scar can be anywhere. te 1eg, its site depends
on the kind of prosthesis envisaged: -&a@ring,
sidebearing, or total contact. In the lower arm and leg,
transverse scars are better than anpesierior because
they do not get drawn up between the two bones.

A 0 @ gt the corner of a wound usually resolves.
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WHERE TO AMPUTATE

amputation ADULT
through joints
...... amputation

through bones
choose one of
these to save
possible length

CHILD -~ upper arm

\

save every cm
in the upper arm <

avoid a
mid-forearm
amputation /f

through-knee

; In the leg,
AMPUTATE [ 12-Bem 1 ASSICAL
THROUGH | ¢ below SITES ONLY
JOINTS IN JE ™ knee
CHILDREN common error to

amputate here
Symes

(%/ transmetatarsal

‘% ™~ (as in fingers)

Fig. 35-6 AMPUTATION SITES.

Int he arm save every centi andatthe i n
joints so as not to affect growth;choose the longest fedsie
amputation in the adult arm; in the leg amputate at the classical sites
only.

Delayed primary closureis always wise:

(1) if the limb is already infected, oray soorbe so.

(2) if the blood supply of the stump is uncertain.

(3) if there is much soft tissue injyrg.g in battle injuries

If you decide on delayed primary closure, cut the flaps
long, to allow them to retract. Leave the muscle and fascia
unsutured bandage the skin flaps over dry gauze swabs,
do not put in any suturegndinspect the woun@-5days
later. If the wound isiot infected, close it. If it is infected,
debride it andeave the flaps open fdr2wks and close it
only when it is clean

The long posterior flap technique is the standard for the
belowknee amputatio(B35-20A) in ischaemia.

The skew flap is alsogood, but more difficul{35-20C).

In the leg, gual anterior & posterior, or lateral flaps are
liable to fail.

Guillotine amputation is quick, and the flaps are less
likely to necrose if the blood supply is poor. It is useful in
emergency surgery fae\ere sepsis such as gas gangrene,
gross sepsis in a diabetic for aseverely damagg limb.

This is important in fingers or toes, because if you do a
formal operation and it becomes septic, you lose more
length. After aguillotine amputation, thoughyou often
need torevise the amputation by fashioning a formal
stump higher upas simply graftng the wound, or just
letting it heal naturally rarely give a good result.
Also, a guillotine amputation may not differentiate
between healthy and s#c or irreparably damaegd tissue.
Therefore, you will lose more lengtith a guillotine
amputationas you need to shorten the bone again to be
able to cover it with muscle and ski®odo not use it for
legs and arms, except when in dire straits

Postmerative care. The leg stump must be prepared for
the prosthesis, and you need to teach the patient how to
use it. Firm bandaging will hasten change of the stump
from a bulky cylinder to a narrow cone, and exercises will
strengthen the remaining muscle®, $rovide something

to do with the stump. After a lower leg amputation,
for example, learningo kick a large rubber ball about is
very therapeutic Avoiding a flexion contracture of the
knee is essential after a beldwmee amputationf thereis
already a tendency to flexion, keep the knee in a backslab
or cast until full mobilization

Differences in children. Most of the same principles
apply in a child. Disarticulate a joint if you can, especially
at the knee, becausthis will preserve itsepiphyss.
Removing a limb by amputating through the shaft of a
bone produces an effect which varies with the site.
It can either cause excessive boamyergrowth with the

need forrevision amputations later, or a short stump.
the childds upper ar m,

AMPUTATION EQUIPMENT

AMPUTATION SAW

Fig. 35-7 EQUIPMENT FOR AMPUTATION.
If necessary,you can use ansterilizable saw ordomestic knife.

SAW, amputation, with hinged back, 230mmith spare blades
The back of theaw stiffens it during the early part of the cut, but can be
hinged bak later to let the saw pass through.
SAW, Gigli, with a pair of handles and 30cm blad&ssigli bone saw is
a pieceof wire with sharp teeth on which you pull to and fro between
two handles. Use it to cut bone in awkward places.
KNIFE, amputation, Lison 180mm If you do not have an amputation
knife, sharpen a long kitchen knife and use that.

N.B. An electric saw is a luxury: keeping strict sterility is difficult.
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INDICATIONS

Apart from gangrene, there are other indications for
amputation:

(1) Anirretrievablydamagd limb,

(2) Chronic osteomyelitis,

(3) Advanced soft tissue or bone malignancy,

(4) A useless limb, such as affected by severe contractures
or polio.

In these cases, you need not worry so much about
ischaemia and can use aumoiquet, but do not
exsanguinate the limb with an Esmarch bandégéL)
where there is sepsis or malignancy

CAUTION!
For an amputatiofor malignancy, take a biospy first.
Do not use a tourniqu€B.4) when you are amputating for
ischaemia Bleedng and contraction on cutting areseful
sigrs that amuscle is alive. If it is deagou need to
amputate higher upA tourniquet may also makgitical
ischaemia worsdy encouraging thrombosifkeleasehe
tourniquetbeforeyou suture theanuscles, so #@t you can
tie any bleeding vessels before you cover them.
For ischaemic limbs, try to use epidural anaesthesia, which
causes vasodilation and improves peripheral blood flow.

FISH MOUTH FLAPSFOR AN AMPUTATION

Decide where you are ga@rto saw the bone (the point of
section) and plan the flaps in relation to that point.
Place the angle of the fish mouth at the site of bone
section. Mark the flaps out carefully with permanent
marker

For equal flaps, make the length ofach flap equal to %
of the diameter of the limt86-8A).

For unequal flaps, make the longer flap equal to the
diameter of the limb, and the shorter one equal to % its
diameter 85-8B).

N.B.As a general rule the combined length of both flaps
shouldequal 1% times the diameter of the limb at the site
of the bone section.

Cut through the skin down to the deep fascia, and reflect
this up with the skin as part of the flap. The skin of the
stump will need to slide over the deep fag@&8E), so
keep hem together. himize trauma to the flaps:andle
them with stay sutures rather than with forceps,
particularly with diabetics.

CAUTION!
(1) start by making fish mouth flaps long. You can always
trim them if they are too long latethut you cannot
lengthen them if they are too short
(2) Cut them roundhot pointed
(3)If you are amputating a severely lacerated limb,
try to preserve all viable skin.
(4) Make sure the scar is not at the end of the stump if that
limb will carry the pressuref a prosthesis.

THE GEOMETRY
OF FISH MOUTH
FLAPS

A EQUAL FLAPS
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B UNEQUAL FLAPS
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Fig. 35-8 FISH MOUTH FLAPS.

Together, the flaps should be 1% times the diameter of the limb.
A, either make them as two equal flaps, each % of the diameter of the
limb, or B, make one flap equal to the whole diameter and thether
flap equal to % of it. C, reflect the skin with the deep fascia and cut
the muscle 8cm distal to the bone section. Deflect the periosteum
only 1-2cm so you can saw the bone cleanlydo not strip the
periosteum off the boneE, the deep fascia absed over the bony
stump, protecting it with muscle. F, position of scar depending on the
type of flap you use.

Kindly contributed by Peter Bewes.

AMPUTATION

Cut the flaps as far distally as you can, so that you can
refashion them later. Cut the skilown to the deep fascia
all round the limb 2cm distal to the site of bone section.
Let it retract. Then cut the muscle all round the limb down
to the same site36-10). Tie and cut all the large vessels
you meet.
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Cut all major nerves at least 2cm proxinia the end of
the stump to prevent an amputation neuroma causing
6phant om .ISawnthroughatherbéne. Dress the
stump with vaseline gauze, betadine and plenty of dry
gauze. Bandage it, and let it granulate.

- towel w_nl; Tor2slts

COVERING THE STUMP
WHILE YOU SAW

Fig. 359 HOW TO COVER THE STUMP WHIL E YOU SAW.
The towel with 2 slits in it is for the forearm and lower leg.
The central flap goes between the bones.

A GUILLOTINE AMPUTATION

E el i
Fig. 3510 A GUILLOTINE AMPUTATION.

This is quick and the flaps are less likely to necrose if the blood
supply is poor, but a revision is almost always necessary later
Beware injury toy our or y o ufingers feomithe tkaife!t 6 s
Use a saw for the bone!

CONTROLLING BLEEDING DURING AN AMPUTATION

Early in the operation, find the majarteries and veins.
Tie them separately with double transfixion ligatures (3.2).
Then cut the vessels between these ligatures.
Later, after you have removed the limb, tie the remaining
smaller vesselo not use diathermy.

If the cut ends of the muscles bleed furiously
apply packs for 5minand a tourniquetlf the amputation

is very high you may have to expose the main artery
higher up.

CAUTION!
(2) If you do not use a tourniquet, try to find and tie t
major vesselbeforeyou cut them.
(2) Do not use a clampif it slips there will be massive
bleeding.
(3) Careful haemostatsis of the stump
If a clot forms, it is easily infected.

is essential.

Suture the cut ends of the muscle securefiether over

the cut end of the bone, so that they cushion it, and are
better able to move over the stump. Cut them long enough
for this but do not leave so much muscle that the stump
becomes bulbous.

CUTTING MUSCLESDURING AN AMPUTATION

Muscles always auract, after you have cut them.
So cut them transversely about 8cm distal the site of bone
section 85-8C). Leave them a little longer if you are using
delayed primary closure, because they will have more time
to shrink.

Use a long sérp amputation knife okitchenknife to cut

the muscles straight down to the bori®o not use a
scalpelwhich makes many small cuts, and leaves shreds of
injured muscle.

If the muscles look unhealthy when you cut them
abandon the operation at that saad amputate higher up.
Healthy muscle is a nice bright red, and has a good
capillary ooze. Ischaemic muscle iglark bluish red, and
bleeds little or not at all.

CUTTING NERVESDURING AN AMPUTATION

Do not tie nervesa painful neuroma will result, espalty

in the fingers. Instead, gently pull each nerve into the
wound, cut it cleanly with a knife, then let it retrattove
the amputation siteThe sciatic nerve is accompanied by
an artery which may bleed profuseBo tie the artery off
carefully, sepaately from the nerve

SAWING BONESDURING AN AMPUTATION
Clear the muscle from the site of section, and incise the
periosteumall round it. Reflect this proxiaily only for
1-2cm with the muscles, so as &xposebare bone.
Use a shgp saw with welset teeth, or a Gigli wire saw
(35-7). Seady itand drawit across the bone a few times
start with When it has mde a good groove in the bone,
saw steadily. Ask an assistant to hold the limb to steady it,
and maintain a steady smootimovementto prevent the
saw locking in the bone and splitting it. Finally, remove
any spikes with bone forceps, and bevel any protruding
edges with a coarse rasp.

CAUTION!
(1) Do not reflect the periosteum proximall35-8D),
because the bone undemiill die, and a ring sequestrum
will form.
(2) Do not damage the surrounding muscle with the.saw
Cut the muscle first, or retract it well out of the way with a
towel wrapped round the limi3%-9), then saw.
(3) Bone dust from the saw acts as a fordigdy, so wash
it away.

DEALING WITH FAT DURING AN AMPUTATION

If the limb is very fat, cautiously remove as much
subcutaneous fat as is necessBxy.not remove too much,
especially near the edges of the flay it may necrose.
Learn to design flaps soahthey come together accurately
without dog ears; if they do form, leave them, they will
soon disappeamo not excise thengtherwise you ray
end up with a wound that iso tight to close!
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CLOSING THE WOUNDAFTER AN AMPUTATION
Release the tourniquet,present, and control all bleeding
before you suture the flapMake sure haemostasis is
meticulousDo not use diathermy.

If oozing continues insert a suction drain, or less
satisfactorily, leave part of the wound open for drainage.
Avoid using an ope drain, as you risk introducing
infection this way. This may be disastrous in ischaemic
tissues.

If you are amputating for chronic or severe acutesepsis
or for a traumatized limb with much foreign material
in situ, leave the wound openrover it with dy gauzeand
close it later

Suture the skin and deep fascia separat@lyse the flaps

without tension using interrupted monofilament 3/0
sutures without leaving gaping areas between thamd,

without tying them tight. Dress the stump firmly,

but not too tightly.

Elevate the arm or hand. A plaster covering will make an
aboveknee stump more comfortable and its weight will
tend to prevent hip flexion contracture.
Change the dressings only if they are smelly, or soaked.
Remove sutures afte7days for the hand &arm,
and 14days for the leg.

N.B. Delayed primary suture is safer if there is sepsis
whenever there is increased risk of sepsis.

CUT FLAPS LONG;
REFLECT THE DEEP FASCIA WITH THE SKIN.
DELAYED PRIMARY CLOSURE IS SAFER

POSTOPERATIVE CARE-OR AN AMPUTATION

Make sure the limb or finger is exercised frtime T day.
Do not allow a knee flexion or iflexion contracture to
occur. Mobilize the patient early; if you can fit a
temporary prosthesis before definitive one to allow
exercises, do sorou will thereby avoid the development
of pressure sores.

As soon as a lower limb stump has healed, bandage it.
For the leg, suture two 15cm crepe bandagest@edd.

For the arm, use one 10cm bagédaRoll the bandage
tightly, then wind it round the stump. Apply more tension
to the end of the stump than to its base, or it will become
bulbous. Reapply the bandage several times a day until the
prosthesis is fitted.

Do not use adhesive strappingr you may tear the skin
off the stump.

DIFFICULTIESWITH AMPUTATIONS

If the stump bleeds some hours after the operation
(reactionary haemorrhage),return to theatre, explore the
wound, tie the vessels, leave the wdwpen and close it
later when it is clea

If the stump bleeds soime days later(secondary
haemorrhage), this is likely to be serious.
Apply a tourniquet. Explore the wound to find the
bleeding point(s).

If you cannot find them, wash the wound with hydrogen
peroxide.In desperation, pack the wound with dry gauze,
and remove it 48 hrs later.

If the stump becomes infectedopen the woundirrigate

it and let pus drainYou may still be able to save the
situation if there is no further ischaemiAlways consider
delayedprimary suture if there is an increased risk of
infection.

If a persistent sinusdevelops in the stump.explore it;
you may find a piece of necrotic tendon, or an area of
osteomyelitis. Another possibility is a stitch sinus.
If the offendng suture might be securing a vessel,
do not remove it until you have tied the vessel higher up
Explore the stump, remove all dead and dying tissue,
and pack it ready for secondary closure.

If the flaps break down you probablycut them too short
or closed them too tight. Wait untgranulation tissue is
clean and rady and then apply a skin graft.
The final quality of the skin over the stump will be worse
than it would have been if the flaps had sued, and it
may break down later. Alternatively, you may have to
amputate higher up.

If a patch of gangreneforms in a flap, be careful, it may
hide a larger area of necrosis underneath. You may be able
to trim it away, or you may have to amputate agagér

up, especially if the limb is ischaemic. If it is not
ischaemic, you may be able to excise the gangrenous area,
allow granulations to develop, and apply a split skin graft.

If there is spreading sepsis or gas gangrene
amputate higer upimmediately through the shoulder or
hip if need be, and leave the wound open.

If a prosthesis cannot be fitted you have probably
designed the stump wrong. The reasons include:

(1) bone adherent to the scar,

(2) a spicule of bone sticking outrttugh the skin,

(3) a flexion contracture in a below knee or above knee
amputation,

(4) too short a stump.

Get advice from your rehab technician as to what is the
best way forward.

If the stump is painful,

(1) you may not have cut the nerves proxipanough,
so that a neuroma has formed and stuck to the scar.
(2) the bonemay betoo long in relation to the flap.

(3) look for a haematoma or infection in the wound.
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354 Arm & hand amputation

Save as much of the length of the arm as you lvacause
the patient will probably get no prosthesis. If possible,
disarticulate the elbow. If you amputate higher up,
a convenient place is 28cm below the acromion.

If you can leave a reasonable length of humerus

it canbe usedo hold things by gpping them against the
chest.If you have to amputate very high up, even a very
short stump will preserve the outline of the shoulder.

If you can providea prosthesis do not amputatenrough
the lower 4cm of the humerusecause it will be difficult
to fit. Remember that the brachial artery lies quite
superficially, and is overlapped medially by the biceps.

Losing a hand is &erious deficit Lessenit by trying to
preserve as much dfie length of the forearm as you can.
An elbow with even a short length of forearm is better than
none.

If possible, amputate through the metacarpus or wrist,
rather than higher up. Ischaemia is an exception.
The circulation in the distal forearm is easily

compromised so if the arm is ischaemic, an amputation
higher up the forearm may be better than one lower down.

If you have to amputate through the wrist it may later
be possible to make ad al | i gat or
2 forearm bones (Krukenberg's operation), so that there is
something to grip with.

Antero-posterior flaps are better than lateral ones, because
the scar cannot retract between the bones.

PREPARATION.

Abduct the arm to about 80° on an arm board. é&lac
block under the arm just proximal to thenputation site.
Apply a tourniquet as high as you can. Note the time.

ABOVE ELBOW AMPUTATION (GRADE 2.5)

Start proximally at the site of bone section, and mark out
equal anterior and posterior skin flaps. Make length of
each flap % of the diameter of the arm at the site of section
(35-11). Find, doubly ligate, and cut the brachial artery
and vein just above the site of section.

Find, gently pull and cut theadial, medial & ulnanerves

so that their endsretract well above the stump.
Cut the anterior muscles 1-5cm distal to the site of section.

Cut thetriceps4cm distal to the site of section or free its
insertion from the olecranon. Preserve theeps fascia
and muscle as ang flap.Retractthe periosteum-2cmto
expose clean borend saw itcleanly Rasp the end of the
humerus smooth. Bevel theicepsto make a thin flap,
reflect it anteriorly over the end of the humerus, and suture
it to the anterior muscle and fascdiRdease the tourniquet,
control bleeding and close the stu3.3).

If there is any hope of an elbow prosthesigeflect this
flap proximally and cut the periosteum all round the
humerus at least 4cm above the elbow joint to allow room
for the elbow mechasms of the prosthesis.

If there is no hope of an elbow prosthesideave as much
bone as you can. Saw across the humerus at the level you
choose, and rasp its end smooth. Trimttleepstendon to
make a long flap, cayrit across the end of the boneda
suture it to the fascia over the anterior muscles.

SUPRACONDYLAR
AMPUTATION OF
THE UPPER ARM

brachioradialis
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Mo u t gy 350 UPPER ARM AMPUTATEON.

If you leave a patient with areasonable length othumerus, it can be
usel to hold things by gripping them against the chest.
After Roband Smith with the kind perrsisn of Graham Stack.

ELBOW DISARTICULATION (GRADE 2.5)

Make equal anterior and posterior skin flaps. Start at the
level of the epicondyles and curve the posterior flap 2-5cm
distal to the tip of the olecranon. Bring the anterior flap
just distal to thensertion of thebicepstendon. Reflect the
flaps to the level of the epicondyles.

Start on the medial side. Find and divide the bicipital
aponeurosis. Free the origin of the flexor muscles from the
medial epicondyle and reflect itistially to expose the
neurovascular bundle on the medial side of bieeps
tendon. Tie and cut the brachial artery just above the joint.
Gently pull the median nerve and cut it proximally.
Find the ulnar nerve in its groove behind the medial
epicondyle and cut it proximally in the same way.
Free thebicepstendon from the radius, and tbeachialis
tendon from the coronoid process of the ulna.
Find the radial nerve in the groove betwéeachialisand
brachoradialis, pull it, and cut it proximally. On the
lateral side of the elbow, cut the extensor muscles 6-5cm
distal to the joint, and reflect their origin proximally.

Cut the triceps tendon near the tip of the olecranon.
Cut the capsule ro the front of the joint,
complete the disarticulation, and remove the forearm.
Leave the articular surface of the humerus intact.
Reflect thetricepstendon anteriorly and suturé to the
tendons of thérachialisandbiceps
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Make a thin flap from the extensor muscles, reflect it
medially and suture it to the remains of the flexor muscles
on the medial epicondyle. Suture the muscle mass to cover
the bony prominences and exposeddtns at the end of
the humerus. Put sutures through the periosteum when
necessaryRelease the tourniquet, control bleeding and
close the stump as B6.3.

AMPUTATING
THROUGH
THE
FOREARM

flexor carpi ulnaris

flexor digitorum superficialis

flexor carpi radialis
radial nerve
brachioradialis

sawing both bones

Fig. 3512 FOREARM AMPUTATI ON.

Preserve as much length as you can. An elbow with even a short
length of forearm is better than none.A, use equal flaps. B, reflect
the flaps with the deep fascia.C, having divided the nerves and
muscles peel off the periosteum1-2cm off the radius and ulna,
and saw them cleanly thraigh. D, final view.

After RobC and SmithR, with the kind permission of Graham Stack.

BELOW ELBOW & FOREARM

AMPUTATIONS (GRADE 2.5)

DISTAL

Abduct the arm on an aryoard or sideable, and place it
supine. If you cut the flaps with the arm prone,
they will later betwisted.Try to preserve as much length
as possible.

If there is enough good skin make equal anterior and
posterior flapg35-12A), as long as ¥ the diameter of the
forearm at the amputation sité.skin is scarce, make the
best flaps you can.

Reflect tre skin flaps with the deep fascia to the site of
sedion (35-12B). Clamp, tieand cut the radial andlnar
arteries just above this site.

The radial andulnar nervesrun on the outside of their
arteries and the median nerve und@exor digitorum
profundus pull these nerves dowmgently, and cut them
proximally.

Cut the muscles transversely distal to the site of section, so
that they retract above it. Trimaway all excess muscle.
Saw the radius and uln@5-12C) and smooththeir cut
edges.Suture the mudes closed over the bony stump.
Release the tourniquet, control bleeding and close the
stump(35.3).

DISARTICULATING
THE WRIST

A

Fig. 3513 DISARTICULATING THE WRIST.

A, make a long palmar and short dorsal flap. B, capsule dhe wrist
divided. C, round off the radial & distal styloids, and preserve the
distal radio-ulnar joint and the triangular ligament.

After Campbell WD, Edmonson AS, Crenshaw AH, (eds) Operative
OrthopaedicsCV Mosby 8 ed 1980with kind permission

WRIST DISARTICULATION (GRADE 3.1)

Make a long palmarand a short dorsal flap.
Start the incision 1-5cm distal to the radial styloid, extend
it distally towards the base of the first metacarpal.
Carry it across the palm, and then proximally to end 1-5cm
distal tothe ulnar styloid35-13A,B). Make a short dorsal
flap by joining the two ends of the palmar incision over the
dorsum of the hand. Bring the dorsal flap distally level
with the base of the middle metacarpal.

If skin is scarce vary the design of the flapReflect the
flaps proximally with the underlying fascia to the wrist
joint. Clamp, te and cut the radial and ulnar arteries just
proximal to the joint.Extend the incision proximally
betweenpronator teresand brachioradialis, so that you
candivide the median, ulnar, and radial nervaoximally.

(If a neuroma forms here, it will be far from the scar.)
Cut all tendons jusproximal tothe wrist and let them to
retract into the forearm. Cut round the capsule of the wrist
joint and remove the Inal. Saw or nibble off the radial and
ulnar styloids. Rasp the raw ends of the bones smooth and
round. Release the tourniquet, control bleeding and close
the stump(35.3.

CAUTION!
Do not injure the radieulnar joint or its triangular
ligament Damageto these will makerotation of the
forearm difficult, and the joint will be painful.
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TRANSCARPALAMPUTATION (GRADE 3.1)

At this level, supination and pronation of the forearm, as
well as flexion and extension of the wrist, are preserved
andwill improve overallfunction Make along palmarflap

and adorsal flap halfas long. Reflect the flaps proximally
to the site of bone section, and expose the soft tissues
under them. Pull thdinger flexor and extensor tendons
distally, cut them, and allow them tetract into the
forearm.Find the 4 wrist flexors and extensoffexor &
extensor carpi radialis & ulnaris) free their bony
insertions and reflect them proximally to the site of bone
section.Find the median and ulnar nerves and the fine
filaments of the radial nerve. Pull them distally and cut
them well proximal to the site of sectioGlamp, te and

cut the radial and ulnar arteries proximal to the site of
section. Cut the remaining soft tissues down to bone.
Saw across the carpal bones, aadp all rough edges
smooth. Anchor the tendons of the wrist flexors and
extensors to the remaining carpal bones in line with their
normal insertiondo preserve wrist functiorRelease the
tourniquet, control bleeding and close the st{B%3).

FINGERAMPUTATIONSIN GENERAL

Do notmake the mistakof not amputating early enough
or often enoughA stiff, painful, useless finger is often
worse than no fingedf elaborate procedures are done to
save it, not only istilikely to become stiff, but the
neighbouring normal fingers are likely to becostdf too.
However, leave as much length in the thumb as possible
because length here is more important than motion.

Most patients prefer a shorter finger covered with good
skin than a longer one covered withoorer skin.
Therefore ask the patient if he uses his fingers for special
skills. Ask how long he would prefeyou leave the stump?

It is not easy to decide on the best.

A flap from thevolar surface of the finger is thus usually
better than a graft. Buif making a flap means sacrificing
too much length, a graft may be necessary. If possible, use
full thickness skin, although a split skin graft does
sometimes hypertrophy and stand up to pressure
remarkably. The sides and back of a finger are less
important, so that a split skin graft is good enough here.

When amputating through the midgibalanx, try to retain
the midde of the shaft, because tHexor digitorum
superficialis is inserted into it. If you amputate more
proximally than this, the patieémwill have no strength in
his finger, although it will help to stop things falling out of
his palm. If you are in doubt as to where to amputate,
choose the mordistal site. You can revise tlemputation
later.

PROVIDE GOOD SKIN COVER
OVER A FINGERTIP

Fig. 3514 FINGER AMPUTATIONS . The amputations on the left
are easier, uglier, and stronger than those on the right. Amputating
through a joint is easier than cutting through a metacarpal.

Partly after FarquharsonEL. Textbook b operative surgery E&S
Livingstone 196%vith kind permission

An amputation through the ¢p joint thatdoes notemove

the metacarpal heahdleaves a gap through which beans,
rice or money can sliplt is usually said though that this
(preferably leavig also a stump of phalanx) makes a
stronger handlt is certainly an easier operatibota more
elegantsolution is a rayamputationthrough theshaft of a
metacarpal below itsead(35-14).

This does narrow the palm, though, and reduces grip and
pronatio strength.

Retaining the stump of a phalan35(14A) further
strengthens the hand by keeping the fingers apart and
preventing them from deviating towards one another
(35-14B). The stump will also help to stop smabjects
falling, throudh the hand.

Removingan index finger causes ledgsability than you
might expect, and even a surgeon can operate quite
satisfactorily without his index fingeB%-14 F), provided

the head of the metacarpal has been removed obliquely
from the shaft. The mddle finger soon learns to take over
unlessit is impeded by the index finger stump, which gets
in the way A finger missing fom one edge of the hand
(35-14FG) is seldoma great disabilityprovided the head

of the metacarpal is removed, so this is dagant
amputation. If great strength not important, it is likely to
bethebestoption
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