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The diagnosis of vascular trauma is often either
overlooked or delayed. Vascular injury should
always be suspected in a patient who has had a
road traffic accident and is shocked, or after any
kind of penetrating injury such as a knife or
gunshot wound. The most commonly missed
injuries, however, are those associated with
fractures of the long bones and dislocations.
There is also an increasing number of iatrogenic
injuries.

(Left) Fracture of shaft of femur with associated superficial femoral artery
occlusion-easy to miss, but easy to repair. (Right) Comminuted fracture of
tibia with popliteal artery occlusion-difficult to miss, and difficult to repair.

Types of injury

If an artery is completely transected the diagnosis is usually
straightforward; the patient presents with haemorrhage or an expanding
haematoma, or with an ischaemic extremity. Lacerations, dissections, and
contusions may, however, be missed. A contused vessel may go into spasm,
but this is nearly always associated with intimal damage and the risk of
complete thrombosis, so the diagnosis of "spasm" should never be made
unless more serious arterial injury has already been excluded.
Arteriovenous fistulas may occur as a result of sharp penetrating injury.

Resuscitation
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It is essential that resuscitation should precede diagnosis in patients with
multiple serious injuries. They are usually bleeding, pale, apprehensive,
and short of breath. In a young, fit patient the blood pressure can be
maintained by compensatory mechanisms; the patient may then collapse
suddenly and the shock become irreversible.
Once an airway has been established, vital signs should be assessed and a

rapid examination made. External bleeding can be controlled by direct
pressure with a finger, a pressure dressing, or pressure on the arteries
proximal to the bleeding point. Blind attempts to clamp bleeding vessels
deep in the wound are dangerous and ineffective.

If the chest is injured the possibility of a haemopneumothorax must be
considered before assisted ventilation has made the injury worse. Two large
intravenous cannulas should be inserted, one for replacement of fluids and
one for giving drugs.

If a patient is thought to have serious thoracic vascular injury, the
vascular or cardiac surgeon should be consulted while the patient is being
resuscitated in the emergency department. Injuries to limbs are usually seen
first by orthopaedic surgeons, who should be trained to consider the
possibility ofvascular injury in every patient. If their suspicions are aroused
the vascular surgeon should be called immediately so that priorities can be
discussed.
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Types of injury
* Arterial
* Venous
* Associated fractures and nerve damage
* Arteriovenous fistulas
* False aneurysms

Haemorrhage declares itself; ischaemia
is insidious and must be sought
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Diagnosis

Misleading signs:

* p l ., .

Transmitted pulse wave despite laceration.

Backbleeding through collateral vessel from
distal artery, despite clot. Gentle balloon
embolectomy should be done.

Upper mediastinal mass due to
traumatic rupture of the aorta.

Mechanism of injury
Penetrating injuries caused by stabbing or low velocity bullets are usually

associated with damage that is confined to the track of the wound. In knife
wounds it is useful to know the type and length of the knife, as this can alert
the clinician to the possibility of an internal injury at a considerable distance
from the surface wound (the spleen can be injured by a supraclavicular stab
wound). High velocity bullets not only damage the neurovascular
structures in their path, but also have a concussive effect as the energy
dissipates and causes cavitation and damage to vessels some distance from
the track. Shot gun pellets can also cause widespread damage as they are
peppered through a wide area of tissue.

Blunt injuries Motor vehicles are the main cause of accidental vascular
trauma in Britain, and the two most common types are: (1) deceleration
injuries to the major vessels and (2) those in association with fractured
limbs.

Site of injury
Chest and abdomen -More than 15% of deaths after motor vehicle

accidents are caused by rupture of the thoracic aorta. Less deceleration can
produce partial rupture, so that examination of the femoral pulses and
careful scrutiny of the chest radiograph to see if there is widening of the
superior mediastinum may be crucial to the patient's survival.

Blunt injury may also fracture ribs and cause bleeding from the
intercostal arteries into the pleural cavity. This causes surprisingly severe
haemorrhage but is easy to treat.

Penetrating thoracic trauma may damage the intercostal arteries, the
internal mammary artery, the superior and inferior vena cava, the
pulmonary artery and vein, and the aorta or its major branches.
Arms and legs -Few patients die of vascular injuries of the arms or legs,

but amputation or a painful, functionless limb are serious consequences of
inadequate treatment. The amputation rate after major arterial injuries
during world war II was 50%; it fell to 30% in the Korean war, and in
civilian practice now is about 1-5%. The risk of losing a limb is greatest after
blunt trauma, high velocity bullet wounds, or shotgun wounds at close
range. This is largely because of the extent of tissue damage; wounds from
knives and low velocity bullets seldom result in amputation but even these
may have serious consequences if the popliteal artery is damaged.

After resuscitation the local injury should be assessed. Probes and fingers
should not be inserted into the wound as this could dislodge clot and cause
haemorrhage; bleeding is controlled best by direct pressure. Tourniquets
should be avoided because they occlude inflow from collateral vessels and
may increase the distal ischaemia. Blind clamping ofthe artery is dangerous
because it can cause further damage to local vessels and may also damage
adjacent structures, such as nerves.
Most injuries to limbs in Britain are associated with road traffic

accidents -frequently to motor cyclists. In these patients the arterial injury
may be concealed, and it cannot be emphasised enough that arterial spasm
should not be diagnosed until there is firm evidence that there is no more
serious damage to the artery. If the pulse is weak or absent, Doppler
pressures should be measured. The presence of an arterial signal with a
Doppler flowmeter may be misleading as this does not exclude damage to a
major artery. A sphygmomanometer cuff should therefore be applied
before the pressure is measured. If it is reduced compared with the opposite
limb then arterial injury is likely. If there is proximal haematoma then late
ischaemia may develop and a pulse oximeter is useful in monitoring the
limb.

Investigation
A Doppler probe is valuable and should be readily available in the

emergency department and wards. A chest radiograph is essential in the
assessment of central injuries, and computed tomography may also help.
The definitive investigation, however, is arteriography. This is useful in
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Referral to the radiology department
should not delay treatment
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Thrombosis of digital arteries to the thumb
caused by acute extension injury.

Principles of repair

Vein patch for extensive laceration.

Obtain vein graft from an uninjured limb

Calf and thigh fasciotomies after ischaemia
caused by self administered intra-arterial
injection of drugs.

74.

Primary suture of laceration.

Interposition vein graft.

central injuries-firstly, because it helps to avoid unnecessary thoracotomy
in a patient with serious injuries outside the thorax, and, secondly, because
it can localise the site and extent of the arterial tear.
Some patients present with profound hypotension and a radiograph

showing widening of the superior mediastinum, which suggests an
extensive haematoma. These patients should not undergo aortography but
should have exploration through a median sternotomy. A patient with a
haemothorax associated with penetrating injuries or rib fractures probably
has intercostal or internal mammary artery haemorrhage, and should also
be operated on immediately.

Patients with subacute ischaemia of the limbs benefit from preoperative
arteriography, but if the injury is acute the arteriogram should be done in
the operating theatre.

Control of haemorrhage, good access, debridement of surrounding
contused tissues, and recognition of surrounding structures, particularly
nerves, are the essential steps to successful repair of vascular injuries. Most
patients with these injuries have normal arteries, which considerably
improves the chances of a good result, but because the circulation has
previously been normal there are no established collateral vessels, so that
delay is disastrous.

Tears in arteries and veins can be closed primarily with a fine
polypropylene suture. Great care must be taken to avoid stenosis of the
vessel, and a vein patch is often required. When a vessel has been severed
the same principles apply and it is essential that no anastomosis is made
until the contused and damaged tissue has been removed. The two ends of
the vessel can then be drawn together and a primary anastomosis done. The
temptation is to stretch the vessels into apposition, but this will result in
stenosis of the anastomosis and early failure. Again, a vein graft may be
necessary and good results can be achieved by doing an oblique
anastomosis. It is essential to obtain the vein graft from an uninjured limb
because any further impairment of venous return may lead to problems
later. Prosthetic grafts should not be used because of the risk of infection
(they have been used in wartime to expedite treatment). The repair must
then be covered with soft tissue, because secondary haemorrhage is very
common in exposed grafts.

Fasciotomy is an important adjunct to any vascular repair and should be
carefully considered in every case. It should always be done if the popliteal
artery has been injured, or if there has been any delay in treatment. All four
compartments should be decompressed either through removal of the
middle segment of the fibula or through separate incisions.
Chest-Most major arterial injuries in the chest should be dealt with

through a median sternotomy, which can be extended if necessary by a
lateral incision to excise the clavicle or into one hemithorax.
Abdomen-Patients with penetrating wounds between the nipples and

upper thigh may well have intra-abdominal vascular or visceral injuries: the
key is early diagnosis. Blunt abdominal trauma usually causes either
avulsion of vessels or intimal tears, which lead to secondary thrombosis.
The most common vessels affected are the superior mesenteric artery,
peripancreatic branches of the portal vein, and the left renal vein. Arterial
tears are easily missed; for example, the renal artery may be thrombosed
and the patient's only symptoms are some flank pain and haematuria. If the
possibility is borne in mind the diagnosis should be made early and
revascularisation carried out.

Injuries associated with fractures-For revascularisation of the leg to be
successful the vessels must be repaired as soon as possible and the vascular
anastomoses must be secure. The surgeon can therefore insert shunts into
both artery and vein to restore flow and then allow the orthopaedic surgeon
to stabilise the bony injury. This policy has been extremely successful in
Belfast after "knee capping" injuries. On some occasions the orthopaedic
surgeons may carry out rapid external fixation before the vascular repair,
which is then stable. Manipulation of bone fragments and the limb after
vascular repair damages the anastomosis and may result in early
thrombosis. Contused nerves must be protected from damage and
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clinical end to end
arterial
anastamosis was
performed in 1896
by J B Murphy in
Chicago (from Med
Record
1987;51 :73).

neurolysis is sometimes an essential part ofrevascularisation. If the vascular
injury is associated with severe nerve injury, however, primary amputation
may be the treatment of choice.

Venous injuries -Whenever possible venous injuries should be repaired at
the same time as the arterial ones, and it was evident from the injuries in the
Vietnam war that this was an important part oflimb salvage. Certainly at the
level of the popliteal fossa it is essential that there is adequate venous return
to allow early decompression of the limb. Subsequently collateral vessels
may develop, so that long term patency is probably less important. To
repair larger veins it may be necessary to create a composite vein using
either panels, or a spiral, of saphenous vein.

Limbs: soft tissue cover-It is essential that there is always closure of the
soft tissues over the vessel. A vessel must always be covered by either
muscle or skin, and ifthere is extensive loss of tissue, some form of flap may
be necessary. Alternatively, uninjured muscle groups may be used to cover
the repair.

Reimplantation -Excellent results are now being achieved from
reimplantation of severed digits, hands, and arms. An amputated limb, or
part of a limb, should therefore be kept clean and cool until a specialist
opinion can be obtained.

Iatrogenic injuries

Many types of percutaneous catheter are now used for diagnosis and
treatment so the number of iatrogenic injuries is increasing. There is a
natural reticence to admit the degree of trauma and it is particularly in this
group of patients that an erroneous diagnosis of spasm may be made.
Catheters may cause dissections, perforations, arteriovenous fistulas, or
false aneurysms. All these are easy to treat if they are recognised
immediately. Haematomas around the brachial artery can be particularly
insidious with apparently mild neurological complications. The correct
treatment is to evacuate the haematoma and carry out neurolysis, because
these nerve injuries may not resolve if they are left alone.

Reassessment

(Left) Fracture and extensive soft tissue injury after being run over by a truck.
(Right) Good eventual result with full leg function.

Because most patients with vascular trauma are
young and healthy the outlook is excellent
providing that there has not been extensive
associated damage and that the vascular repairs
remain patent. Continuing assessment is
essential, because an occult arterial injury or the
need for fasciotomy may become apparent. Also,
limbs in plaster that become painful may be
ischaemic. Careful monitoring together with
Doppler measurements or pulse oximetry, or
both, keep the medical and nursing staff alert.
The Doppler flowmeter must be used in
conjunction with a sphygmomanometer cuff to
measure pressure accurately.
A great deal can be lost very quickly in fit

young patients unless we are alert to the
possibilities of vascular injury and react
appropriately.
We acknowledge with thanks the assistance of the audiovisual

department, St Mary's Hospital, London, in the preparation of
the illustrations.

Miss Averil 0 Mansfield, FRCS, and Mr John H N Wolfe,
FRCS, are consultant vascular surgeons, St Mary's Hospital,
London.

The ABC of Vascular Diseases has been edited by Mr John
H N Wolfe.
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