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Introduction

Trauma has become a public health problem in many parts
of the world, and vascular trauma is an important compo-
nent of this problem. Acute arterial injuries of the upper
extremity, account for half of civilian arterial injuries in
the United States. The great majority of these injuries are
due to penetrating trauma, with stab and gunshot wounds
being the most common cause.1) However, the mecha-
nism of injury seems to differ between different parts of
the world.2,3) While successful treatment of major arterial
injuries may be life-saving as well as allowing limb sal-
vage and restoration of function,4) return of function is
often related to the presence of concomitant injury to
peripheral nerves.5)

Upper limb vascular trauma can therefore be associ-

ated with major morbidity and mortality, but little is known
about its incidence or nature in the Asir region of Saudi
Arabia. A retrospective study of 27 patients requiring
operative intervention for upper limb vascular trauma
under one vascular surgeon over a five and a half-year
period was undertaken. In this report we are presenting
the different mechanisms of trauma, arteries involved, as-
sociated orthopedic or nerve injuries and types of vascu-
lar repairs employed. To the best of our knowledge, this
is the first report on upper limb vascular trauma from this
region of Saudi Arabia.

Patients and Methods

During the five and a half-year period between May 1996
and December 2001, 27 patients presented with upper ex-
tremity vascular injury. All patients underwent full physical
examination and resuscitation according to the principles
of the Advanced Trauma and Life Support (ATLS®) guide-
lines of trauma management. The patients were either first
assessed by the vascular surgeon or were referred from the
orthopedic surgeon after finding absent distal pulses in a
patient with fracture or fracture/dislocation of the upper limb.
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Depending on the mode of presentation, patients were ei-
ther taken immediately to the operating room for vascular
or orthopedic/vascular management or were assessed by
preoperative angiography. In all patients with associated
orthopedic injury, reduction of joint dislocation or bone frac-
ture and immobilization by internal or external fixation al-
ways preceded vascular repair. Endoluminal shunts were
not used in any of the patients. In all patients, management
of vascular injuries was done in the operating room under
general anesthesia using standard vascular techniques. De-
pending on the condition of the limb after revascularization,
open full forearm fasciotomy was used liberally to either
relieve existing compression or to avoid one from occur-
ring in the postoperative period. Few arm fasciotomies were
also performed. Fasciotomy wounds were usually covered
later by a delayed primary, split-thickness skin graft done
by the plastic surgeon. An intraoperative angiogram was
not done in any patient. Successful repair was assessed by
the return of distal pulses at the end of the operation.

Although associated nerve injuries were not usually
repaired at the time of vascular repair, major associated
venous injuries were repaired in two patients. Patients
with suspected nerve injuries were assessed late postop-
eratively by electric stimulation studies. Six weeks after
discharge from the hospital, patients were routinely ex-
amined in the outpatient department (OPD) where seg-
mental pressures were measured and functional status of
the limb assessed. Thereafter, they were followed up at
longer periods of time. The mean follow-up period for
the whole group was 34.5±24.9 months (range 1-68
months). All patients received intravenous preoperative,
prophylactic antibiotics, which were continued postop-
eratively for 24 hours unless prolonged use was dictated
by the presence of contamination or infection, or else
advised by the attending orthopedic surgeon. All patients
also received intravenous heparin for a period of 5-7 days
postoperatively and were discharged home on oral aspi-
rin 100 mg tablet/day for a period of six weeks. In one
patient who sustained an almost guillotine-like injury to
his left mid-hand by a falling fork lift, primary anasto-
mosis of four metacrapal arteries was successfully per-
formed after shortening of his metacarpal bones by the
orthopedic surgeon.

Statistical analysis of the results was performed using
SPSS®‚ statistical package for Windows version 7.5.

Results

The patients consisted of 21 males (78%) and 6 females

(22%) with a mean age of 27±12.6 years (range 2-65
years). The left upper limb was the more frequently af-
fected side as it was involved in 16 patients (59%) and
the right side in 11 patients (41%). The mechanism of
trauma was penetrating in 16 patients (59%) and blunt in
the remaining 11 patients (41%). However, road traffic
accident (RTA) was the single commonest cause of up-
per limb vascular injury in this group of patients, as it
occurred in 9 patients (33%). RTA was also the common-
est type of blunt trauma (9 out of 11), as stab injury was
the commonest form of penetrating trauma (6 out of 16).
Other forms of trauma in a descending order of frequency
were cut wrist in 4 patients (15%), industrial or machin-
ery like electric saw or hand drilling machine in 3 pa-
tients (11%), gunshot in 3 patients (11%) and a fall to the
ground in 2 patients (7%). Thirteen patients (48%) pre-
sented with ischemia, 11 patients with bleeding (41%)
and 3 patients with a pseudoaneurysm (11%).

The brachial artery was the most frequently affected
artery as it was injured in 11 patients (41%), followed by
the ulnar artery alone in 5 patients (19%), both the ulnar
and radial arteries in 5 patients (19%) and the radial ar-
tery alone in 2 patients (7%). The axillary artery was in-
volved in 2 patients (7%), and the subclavian and digital
arteries in one patient each (4%). The vascular injury was
more often associated with orthopedic injuries as both
occurred in 14 patients (52%). Orthopedic injuries were
in the form of fracture in 9 patients (33%), fracture/dislo-
cation in 3 patients (11%) and dislocation alone in 2 pa-
tients (7%). Concomitant vein or nerve injury also oc-
curred in 18 patients (67%). Associated nerve injury oc-
curred in 16 patients (60%), vein injury in 10 patients
(37%) and both occurred in 8 patients (30%).

In 19 patients (70%) the diagnosis of arterial injury
was based on clinical and continuous wave Doppler
(CWD) examination. Preoperative angiography was used
in 7 patients (26%) and duplex scan was used in only one
patient (4%). Thirty-five arteries were repaired in 26 pa-
tients of this group. While synthetic grafts were not used
for any arterial repair, interposition vein graft was used
in 13 patients (48%) as the most frequently used single
technique of arterial repair. Other techniques used were
ligation in 5 patients (19%); thromboembolectomy, patch
angioplasty and primary anastomosis in two patients each
(7%). Lateral repair and bypass grafting were used in one
patient each (4%). Repair of major venous injuries was
performed in 2 patients (7%). Therapeutic or prophylac-
tic fasciotomy was performed in 13 patients (48%).

One patient (4%) underwent delayed, right, above-el-
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bow amputation, two weeks after successful repair of his
brachial artery injury. Two patients (7%) died from other
associated injuries, mainly head trauma. In one patient,
who died on the table, transection of the right subclavian
artery was identified but was not repaired. In the second
patient, the repair graft of his left brachial artery occluded
shortly before he died, two days postoperatively. A limb
salvage rate of 89% was therefore achieved in 24 patients.
However, by excluding the patient who died on the table,
vascular repair was successful in 24 out of the 26 patients
(92%) in whom it was attempted.

Discussion

Among other findings, this study showed that the main
victims of upper limb vascular injury in this region are
young males, with female patients forming 22% of the
total. However, in the study by Kruse-Andersen et al., all
their patients were males with no female victims.6) While,
penetrating trauma was the predominant mechanism of
injury in our patients occurring in 59% of them, it fared
as high as 70-93% in reports from the U.S.A.3,5,7) and as
low as 14-43% in reports from Ireland, Canada, U.K. and
Thailand.2,8-10) RTA was the commonest single mechanism
of trauma (33%) in this study, exclusively in male pa-
tients. This is similar to what was reported from Swe-
den,6) and to some extent Thailand,10) but totally different
from that from the U.S.A., where gunshot injury was the
primary cause.11) This may be due to the fact that the Asir
region is known to have one of the highest rates of RTAs
in Saudi Arabia.12) Also, women are not allowed to drive
in Saudi Arabia and the driver is the usual victim of RTA
upper limb vascular trauma. Furthermore, most of the
vascular injuries in the female patients of this study were
due to household trauma. Therefore, the mechanism of
trauma significantly depended on the sex of the patient
as shown by both Pearson’s (P≤0.006) and Spearman’s
(P≤0.006) correlation tests. Penetrating trauma was the
main cause in female patients (83%), while blunt trauma
predominated in male patients (52%). There was also a
significant difference in the side of injury between the
two sexes (Pearson’s, P≤0.015; Spearman’s, P≤0.015).
The right upper limb was the most frequently affected
side in female patients (83%) but much less so in male
patients (33%). Similarly, while only one (17%) female
patient had associated orthopedic injury, 57% of the male
patients had some form of orthopedic injury. In general,
associated orthopedic injury occurred in 52% of our pa-
tients, which lies in the middle of previously reported rates

of 12.5-69%.6,7) Associated venous injury occurred in 41%
of this group, which is almost double the 28% rate re-
ported by previous investigators.6,10) Apart from the much
lower rate of 19% reported by Brown et al.,7) associated
nerve injury occurred in 63% of our patients, which agrees
with most of previously reported rates at 46-86%.6,8-11,13,14)

As expected, the mechanism of trauma significantly af-
fected the mode of presentation of the patients, by either
ischemia or bleeding (Pearson’s, P=0.000; Spearman’s,
P=0.000). Ischemia was more frequently associated with
blunt trauma and bleeding with penetrating trauma. Blunt
trauma in itself significantly determined the presence of
associated orthopedic injury (Pearson’s, P=0.000;
Spearman’s, P=0.000). Consequently, patients with as-
sociated orthopedic injury, presented more frequently with
ischemia rather than bleeding (Pearson’s, P≤0.003;
Spearman’s, P≤0.001).

Although preoperative angiography may be helpful, it
should not delay arterial revascularization.15) As previ-
ously suggested by Hunt and Kingsley5) and Hammond
et al.,1) the history of the injury and careful physical ex-
amination will identify most injuries. Whenever needed
and the circumstances allowed, preoperative angiography
was used in this series at a rate of 26% especially in pa-
tients with associated orthopedic injury. This is similar to
the 20% rate reported by Andreev et al.,16) but almost half
of that reported by Sriussadaporn.10) Duplex scan was used
in only one child to ascertain the diagnosis of a
pseudoaneurysm. In all the patients with associated or-
thopedic injury, the orthopedic surgeon performed reduc-
tion and fixation of fractures and/or dislocations prior to
the vascular repair. We believe, as previously suggested
by other authors, that a well-stabilized skeleton is essen-
tial before definitive soft tissue repair can be per-
formed.15,17) However, this is contrary to the view of Hunt
et al., who suggested that arterial revascularization should
be followed by skeletal stabilization and nerve and ten-
don repair.5)

The brachial artery was the most frequently affected
artery in our patients at a rate of 41%, which is in agree-
ment with most previous reports of between 37-
66%.7,9,10,18) However, in the report by Sitzmann and Ernst
it constituted only 15% and the radial and ulnar arteries
were the most frequently affected ones.13) The most fre-
quent type of vascular repair was interposition vein graft,
using the thigh long saphenous vein, at a rate of 41%.
This is close to the 40% and 45% rates reported respec-
tively by van der Sluis et al.16) and Andreev et al.8) How-
ever, it is almost double those of 17% and 26% reported
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by Sitzmann and Ernst13) and Borman et al.19) and almost
half the 82% rate reported by Sriussadaporn.10) Ligation
of the injured artery was used in 19% of our patients ex-
clusively for radial or ulnar artery injury, which is close
to the 16.5% reported by Sitzmann and Ernst.13) Resec-
tion of the damaged segment and primary anastomosis
was performed in only 7% of our cases, which is close to
the 10.7% reported by Sriussadaporn.10) Intraluminal
shunts were not used in any of our patients without ad-
verse effect, although Andreev et al. found it necessary in
8% of their patients.16) Injury to the brachial artery was
associated with the highest rate of fasciotomy procedures
(Pearson’s, P≤0.018; Spearman’s, P≤0.023), probably
because it was the most frequently affected artery in this
series. Although our reported fasciotomy rate of 48% is
much higher than that reported by most authors at 7-
10%,10,16) we recommend its liberal use especially in cases
of established ischemia, as previously pointed out by
Fletcher and Little.15)

The only amputation performed in this series (4%)
compares well with the 6% rate reported by Brown et
al.,7) but much less than the 28% reported by Kruse-
Andersen et al.6) Our mortality rate of 7% also compares
well with the previously reported rates of 3-12%.6,18) While
vascular repair was successful in 92% of the patients in
whom vascular repair was attempted, the functional out-
come depended on the associated nerve injuries as previ-
ously pointed out by different authors.2,7,10,11,19)

Conclusion

Decisive management of peripheral vascular trauma will
maximize patient survival and limb salvage. Diagnosis
rests upon an acute clinical awareness, supplemented by
the appropriate use of noninvasive techniques and con-
trast radiography. Priorities must be established in the
management of associated injuries, and delay must be
avoided when ischemic changes are present. Early surgi-
cal consultation is essential.20)
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