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This study describes the management of 43 patients
with penetrating injury of the popliteal artery. Of
these patients, 33 (76.5%) had bullet wounds, four
patients (9.5%) pellet wounds and 6 (14%) knife
wounds. Patients with 'hard' signs of arterial injury
underwent exploration without preoperative angio-
grams. There were no negative explorations. Patients
with only 'soft' signs of arterial injury underwent
preoperative angiograms. Of this group, 75% had
positive angiograms and underwent exploration.
There were no false-positive or false-negative pre-

operative angiograms in the group of patients with
'soft' signs in this study. Definitive orthopaedic
management of associated fractures followed vascu-

lar reconstruction. There was no difference in the
short-term patency of autologous saphenous vein
graft as against PTFE grafts. Fasciotomy was

performed on patients who had arterial and venous

injury or presented late. Overall amputation rate was
14% and for bullet injuries 18%.

The Department of Surgery at Baragwanath Hospital has
seen a vast increase in the number of patients presenting
with gunshot injuries over the last 3 years. Many of these
involved injury to the popliteal artery and, in addition,
penetrating popliteal artery injuries caused by stabbing
have become more common. The importance of managing
these patients rapidly and efficiently in order to maintain
distal tissue viability has been reported by our hospital in
the past, although at that time, experience was limited.

The purpose of this study was to establish factors which
favourably influenced the outcome of penetrating popli-
teal artery injuries in our hands.

Patients and methods

A retrospective study over a period of 3 years (1990-1992)
is presented. In all, 43 patients with penetrating injuries
of the popliteal artery were treated during this period at
Baragwanath Hospital. All except two were males. The
median age was 24 years (range 14-55 years). The
mechanism of injury was stabbing in six patients (14%)
while of the remaining 37 patients, 33 (76.5%) sustained
bullet and 4 (9.5%) pellet injuries.

Response time

The mean time between the injury and arrival at the
hospital was 1 h and 5 min. Of the patients, 70% arrived
within less than 1 h 30 min. Of the total of nine patients
referred from peripheral hospitals, five arrived between 4
and 7 h after the injury.

Initial management

The initial resuscitation and diagnostic work-up were

conducted along Advanced Trauma Life Support
principles.

Results

Clinical presentation

In all, 43 limbs had penetrating popliteal artery injury. Of
43 patients, seven had trauma to other anatomical regions;
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five had bullet injuries of the abdomen, one of the neck
and one had a stab wound of the chest. All of these
patients were hypotensive on admission and one had an
unrecordable blood pressure. Only 8/36 patients (22%)
who had an injury localised only in the popliteal fossa,
were hypotensive on admission.
The physical findings were classified as 'hard' signs and

'soft' signs, where 'hard' signs were cold ischaemic
extremity, absent or decreased pulses, bruit or thrill,
expanding or pulsatile haematoma and pulsatile bleeding
and 'soft' signs were non-expanding haematoma, paraes-
thesias or paresis and proximity of wound to neurovas-
cular bundle (1,2).
The physical findings after the initial resuscitation are

shown in Table I and Table II. The majority of the
patients who sustained bullet trauma presented with
'hard' signs of arterial injury. In this group, 30 patients
(91%) had absent or decreased peripheral pulses, 27
patients (82%) presented with a cold ischaemic extremity
and 11 patients (33%) with an expanding or pulsatile
haematoma, in contrast with the six patients who
sustained knife injuries where only 3 (50%) presented
with 'hard' physical signs, and in the pellet injury group
the only patient who had been shot at extremely close
range.

All patients with 'hard' signs were taken to theatre
without preoperative arteriography; these consisted of
91% of the bullet injuries, 50% of knife injuries and only
25% of pellet injuries.

Table I. 'Hard' physical signs of arterial injury

No (%) of patients

Knife Bullet Pellet Total
Finding (n = 6) (n = 33) (n = 4) (n = 43)

Cool ischaemic
extremity 2 (33) 27 (82) 1 (25) 30 (70)
Absent or decreased
pulses 3 (50) 30 (91) 1 (25) 34 (79)

Bruit or thrill 1 (17) 2 ( 6) 0 (0) 3 ( 7)
Expanding or pulsatile
haematoma 1 (17) 11 (33) 0 ( 0) 12 (28)

Pulsatile bleeding 1 (17) 5 (15) 0 ( 0) 6 (14)

Table II. 'Soft' physical signs of arterial injury

No (%) of patients

Knife Bullet Pellet Total
Finding (n = 6) (n = 33) (n= 4) (n = 43)

Non-expanding
haematoma 3 (50) 6 (18) 3 (75) 12 (28)

Paraesthesias or
paresis 2 (33) 9 (27) 1 (25) 12 (28)

Proximity of wound to
neurovascular bundle 6 (100) 17 (52) 4 (100) 27 (64)

All patients who presented with 'soft' physical signs of
arterial injury alone underwent angiography. In total, 12
patients, five with bullet, four with knife and three with
pellet injuries underwent angiography with three, three
and three respectively having positive angiograms (75%
overall). There were no false-positive or false-negative
angiograms. The mean time which elapsed from request-
ing to performing the angiograms was 1 h 35 min with a
maximum time of 2 h 45 min.

Operative findings and management

The mean time between admission and operation was 1 h
40 min and the mean time between the accident and the
operation was 2 h 45 min.

Intimal injury with thrombosis and/or complete or
partial transection of the popliteal artery occurred in 83%
of patients with knife injury, 82% of patients with bullet
and 100% of patients with pellet injury (Table III).
Pseudoaneurysm formation or arteriovenous fistulas were
seen in one patient with knife and six with bullet injuries.

All patients underwent vascular repair via a medial
approach. The types of repair in the different groups are
listed in Table IV. Primary end-to-end anastomosis was
carried out in all the knife injuries, but in only 7 (21%) of
the bullet injuries. Of the bullet injury group, 76% had an
interposition graft, 64% (16 patients) of which used
saphenous vein and 36% (nine patients) PTFE.

Table III. Operative findings in penetrating popliteal
artery injuries

No (%) of patients

Knife Bullet Pellet Total
Finding (n = 6) (n = 33) (n = 4) (n = 43)

Artery thrombosed 1 (17) 6 (18) 1 (25) 8 (18)
Artery transected
(partially/completely) 4 (66) 21 (64) 3 (75) 28 (65)
Pseudoaneurysm 1 (17) 4 (12) 0 ( 0) 5 (12)
Arteriovenous fistula 0( 0) 2 ( 6) 0 (0) 2 ( 5)
Trifurcation arteries
also involved 0 ( 0) 7 (21) 1 (25) 8 (19)

Popliteal vein
also involved 2 (33) 11 (33) 3 (75) 15 (35)

Table IV. Repair of penetrating popliteal artery injuries

No (%) of patients

Knife Bullet Pellet Total
Procedure (n = 6) (n = 33) (n = 4) (n = 43)

Lateral arteriorrhaphy 0 ( 0) 0 ( 0) 2 (50) 2 ( 5)
Primary end-to-end 6 (100) 7 (21) 1 (25) 14 (32)
Vein interposition
graft 0 ( 0) 16 (49) 1 (25) 17 (40)
PTFE interposition
graft 0( 0) 9 (27) 0 ( 0) 9 (21)

Vein bypass graft 0( 0) 1 ( 3) 0 ( 0) 1 ( 2)
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The popliteal vein was repaired in the two cases injured
by stabbing and in two out of the three cases where it was
injured by pellets. The repair preceded the arterial one. It
was ligated in all 11 bullet injuries where it was damaged
and also in one pellet injury.
Twelve patients with a combination of arterial and

venous injury where the vein had to be ligated underwent
intraoperative fasciotomies, as did three patients who
arrived in hospital more than 4 h after the incident with
ischaemic swollen legs. All fasciotomies were full-
thickness (skin and fascia) and were aimed at decompres-
sing the four muscular compartments of the leg.
The popliteal nerve was disrupted in 5 (11.5%) cases,

all bullet injuries. None of these were repaired primarily,
but the ends were brought near to each other and tacked
to surrounding tissues for future repair.

Tibial/femoral fracture occurred in eight patients
(18.5%), again all of them bullet injuries. All were
sufficiently stable with no loss of length and definitive
treatment was deferred until after the vascular repair.
Major soft tissue debridement had to be performed in

seven cases of bullet injuries and one case of pellet injury
(a total of 18.5%). In two of these cases, the plastic
surgeons had to be called to theatre to cover the defect
with muscle flaps.

Morbidity and mortality

There was no mortality.
Out of 43 patients, 34 (79%) with penetrating injuries

of the popliteal artery had a successful initial operation.
Nine (21%) reconstructions had to be re-explored and a
successful outcome was achieved in three. Out of these 9
patients, eight were treated initially with an interposition
graft, five with saphenous vein and three with PTFE.

Six patients had an unsuccessful reoperation and
underwent amputation after 48 h. There was an overall
success rate of 86% and a 14% failure rate that led to
amputation. All six amputees were from the bullet wound
patients and thus the amputation rate of that group was
18%. All six patients had presented with 'hard' clinical
signs of arterial injury and in five the time between injury
and operation was more than 5 h, due to their transfer
from peripheral hospitals.
Out of the 12 patients, 4 (33%) who had the popliteal

vein ligated developed early post-phlebitic syndrome.
There was a 20% incidence of postoperative infection

in those with bullet injuries.

Discussion

The management of penetrating popliteal injuries was
initially the experience of military surgeons. In World
War II most popliteal injuries were treated with ligation
and there was an amputation rate of 73% (3). Experience
with arterial repair and reconstruction gained in the
Korean conflict lowered this rate to 32% (4) and the
Vietnam conflict to 29% (5). Recent civilian experience

has shown a decline in amputation rates to 15% (6). In
the last decade the experience at Baragwanath Hospital of
penetrating popliteal artery injuries was limited. Pantano-
witz et al. (7), in a study covering the 3 years 1985 to 1987
inclusive, reported only seven cases, all bullet injuries, one
of which was of high-velocity aetiology.
The Department of Surgery at Baragwanath Hospital

has seen a dramatic increase in the number of gunshot
injuries over the last 3 years. In 1992 alone, some 3000
patients presented with gunshot injuries, bearing witness
to the widespread use of firearms in civilian violence.
There has been a resultant large increase in the number
and severity of penetrating popliteal artery injuries and
our study has shown a sixfold increase in the incidence of
popliteal artery injuries in our hospital over the past 5
years.
The role of preoperative angiography in the diagnosis of

arterial injury is controversial. In our study all patients
with 'hard' signs of popliteal artery injuries were explored
without preoperative arteriograms. There were no
negative explorations.

Patients with 'soft' physical signs of arterial injury
underwent arteriography before exploration was decided
upon. Of these, 75% were positive and the damage
confirmed on exploration. There were no false-negative
arteriograms on the evidence of a short period of clinical
observation.
The only instance in which we advocate preoperative

arteriography in penetrating popliteal vascular injuries
with 'hard' signs is after shotgun injuries where the
location of the arterial injury may be difficult to ascertain.

In the presence of 'soft' signs of arterial injury where,
by definition, the extremity is not ischaemic and there is
more time for evaluation, we find arteriography useful.
Some authors recommend that in these cases arterio-
graphy should be performed by surgeons in the
emergency centre (1,8) by means of direct arterial
injection and a single exposure. This takes less than
10 min, is inexpensive and does not delay operative repair
of injuries. In 515 patients with suspected vascular injury
of the extremity, there were no complications with this
technique (1). We do not have experience with this
method of fast and cost-effective arteriography, but it
seems an excellent altemative to radiology room
arteriography and must be considered in the future.

Intra-arterial digital subtraction angiography has not
proved efficient in excluding injuries from high-velocity
missile wounds or shotgun injuries (9,10). When they are
perfected, duplex scanning (11) and angioscopy (12) may
play a greater role.

All injuries were approached medially. We do not have
any experience with the posterior approach, but Hamsa et
al's experience from the Iran-Iraq war suggests that it
may be an easier approach (13).

Repair of the vein, where possible, preceded the repair
of the artery, thus providing better venous outflow which
may increase the success of the arterial reconstruction
(14). In our study, 12 patients had the popliteal vein
ligated. Of these, 33% developed early post-phlebitic
syndrome.
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Venous repair should be attempted whenever possible
but, in a number of patients, venous repair is technically
impossible owing to extensive disruption of a small-
calibre vein. Venous ligation becomes inevitable under
these circumstances and the use of fasciotomy, elevation
of the limb, and compression stockings leads to results
similar to those seen with venous repair (15-17). Early
swelling after venous ligation improves with time as
collaterals develop. In reconstructing the arterial injury,
autologous saphenous vein from the contralateral side was
our first choice. PTFE graft was only used if the
saphenous vein was unavailable, insufficient in diameter
(less than 6 mm) or if the time needed to harvest it might
have compromised results. There was no difference in the
short-term complications in the two groups of patients
regarding patency and infection, as previously reported by
Feliciano et al. (18). The criteria for early fasciotomy
were distal swelling, severe distal musculoskeletal injury,
prolonged shock, delayed restoration of blood flow (4-
6 h), combined arterial venous injuries and ligation of
popliteal vein.
When both orthopaedic and vascular damage has been

caused by penetrating popliteal injuries the priority of
stabilisation versus revascularisation must be judged on an
individual basis. However, our experience is that tibial/
femoral injuries caused by penetrating popliteal injuries
are usually stable without foreshortening and thus
definitive orthopaedic management can be delayed until
after vascular repair (1,2,6,9).
As a result of our experience, we advocate that patients

with 'hard' signs of popliteal arterial injury should be
explored immediately without preoperative arteriography,
and that preoperative arteriography is performed on
patients with 'soft' signs of arterial injury, that vascular
reconstruction is generally performed before definitive
orthopaedic management. Fasciotomy should be per-
formed in injuries involving the vein and artery and in
cases presenting late. In addition we note that saphenous
vein and PTFE interposition grafts are equally effective in
maintaining short-term patency and recommend that
completion on-table angiogram should be performed, if
possible.
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