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Shotgun Arterial Injuries of the Extremities

Seshadri Raju, MO, Jackson, Mississippi

" Shotgun injuries are often erroneously grouped to-
gether with other civilian firearm injuries in the
English literature, when in fact the shotgun discharge
differs significantly in ballistics and other firing
characteristics from rifles and pistols [1]. Wounds
inflicted by shotguns are clinically different from
those inflicted by rifles and pistols (hereafter referred
to as gunshot wounds). Since these differences are of
particular concern to the vascular surgeon interested
in trauma, we will review 39 shotgun injuries and 72
gunshot wounds of the arteries of the extremities
treated at the University of Mississippi Medical
Center during a 13 year period (1960 to 1978). Arte-
rial injuries of the extremities were selected for this
comparison primarily because shotgun injuries of

- visceral arteries were relatively scarce; only a handful
of cases were treated at this institution during the
study period. There are fortuitous advantages in
comparing limb vessel injuries: first, these injuries
are easily assessed for the end results in terms of
distal pulses, restoration of limb function, and other
variables; and second, vascular injuries in other re-
gions of the body are associated with other serious
organ injuries, thus introducing additional variables
and reducing the effectiveness of comparison.

Material and Methods

Thirty-nine vascular injuries of the extremities caused
by shotgun blasts were treated at the University of Mis-
sissippi Medical Center from 1960 to 1973. During the same
period, 72 gunshot vascular wounds of the extremities were

_also treated. The anatomic distribution of these vascular
injuries is shown in Tablé 1. While the shotgun injuries were
somewhat evenly divided between upper and lower limbs,
gunshot wounds were twice as common in the lower limb.
Of the 39 shotgun injuries, 29 patients presented with
magsive tissue loss indicating discharge of the weapon at.
very close range. The wadding was frequently recovered
from such wounds. In the other patients, the shotgun ap-
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peared to have been fired from a distance as indicated by
a diffuse pattern of pellet enlodgment, and tissue necrosis
was relatively minimal.

Associated Injuries. Patients with shotgun injuries in-
variably had associated injury of accompanying major veins

and nerves {Table II). Associated nerve injury was ubig-

uitous in the upper limb, present in 18 of the 21 cases re-
viewed. Invariably two or more of the major nerves were
affected. Combined median and ulnar nerve injury was the
most common form of neurologic injury encountered.
Nerve injury was relatively uncommon in the lower limb,
being present in only 4 of the 18 patients with shotgun in-
juries in this area. Bone and joint involvement were fre-
quent. In contrast, only one third of the patients with
gunshot arterial wounds had venous injury, and there were
only 6 instances of associated nerve injury in the 72 patients
with gunshot injuries.

Type of Arterial Injury Inflicted. While gunshot injury
of the arteries resulted in a wide range of arterial injuries
from contusion to loss of arterial substance, the length of
vessel involved was often limited. Shotgun vascular in-
juries, on the other hand, invariably resulted in multiple
lesions of extensive lengths of the artery associated with
thrombosis. As long stretches of the artery were involved
by shotgun blasts, a considerable number of collateral
vessels were absent; a palpable distal pulse was present in
only four patients (10 per cent) with shotgun injuries. In
contrast, collateral vessels were better preserved in gunshot
wounds, and sometimes the main vascular channel itself
remained patent as the injury was tangential. As a result,
distal ischemia was less frequent and good distal pulses
were palpated in 26 per cent of the patients.

Treatment. Since long stretches of the artery had to be
replaced after shotgun blasts, saphenous vein graft or an-
other form of prosthetic replacement was the most com-
mon type of surgery performed for shotgun injuries (Table
IIT). Such procedures were less commonly required for
treating gunshot vascular wounds. End-to-end primary
repair without a graft was the most common method of
repair used for gunshot wounds. .

Infection. Infection was the mest common complication
in both groups but was considerably more frequent and
more serious after shotgun injuries. Fourteen of the 39
shotgun wounds (36 per cent) developed infection. In six
patients the infection was deep and serious, resulting in
either septicemia, high arterial ligation, or amputation.
Infection occurred in only 9 of 72 patients (13 per cent)
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TABLE | Anatomic Distribution of 39 Shotgun and 72
Gunshot Arterial Injurles

TABLE Il Methods of Vascular Repair of Shotgun and
Gunshot Arterial Injuries

. Type of Injury Type of Shotgun injury Gunshot lnigy
Limb Shotgun Gunshot Vascular Repair No. % No. %
Upper Lateral suture 8 15 7 10
Subclavian 1 5 End to end anastomosis 1 28 37 51
Axillary 4 9 Autogenous vain graft 16} 18 1 }1 6 22
Brachial 13 7 Prosthetic graft 2 46 5t
Radial, ulnar 3 2 Ligation 2 5 8 11
Total 21 (54%) 23 (32%) Other* 2 5 4 8
Lower * Includes embolectomy, vein angioplasty, and primary arnpu-
Common fermoral 3 10 tation.
Profunda femorat 0 7 T Includes one instance of homograft.
Superficial femoral 13 19
Popliteal 2 g
Posterior tibial 0 4
Anterior tibial 0 0
Total 18 (46%) 49 (68%) TABLE IV Mortality and Complications in 39 Sholgun
and 72 Gunshot Wounds .
Shotgun Wounds Gunshot Wounds
Complication No. % No.
TABLE I Associated Injuries With 39 Shotgun and 72 infectio
Gunshot Arterial Wounds niection
Superficial 8} 14 6 ;} 9 13
Associated Shotgun Wound Gunshot Wound Deep . 6
Inju No % No % Amputation
ry . : Prllllaly 2}8 21 0}2 3
Vein 32 82 22 31 Secondary 6 2
Nerve or nerves 24 62 6 8 Mortality 1 3 0 o
Bone 17 44 7 6
Other organs 9 23 9 13

with gunshot injuries; 2 of these patients had deep infec-
tions.

Results

One patient died as a result of septicemia after a
shotgun blast to the upper extremity. No patient in
the gunshot group died (Table IV). The end result of
arterial surgery for gunshot wounds was highly
gratifying-as measured by patency of the distal ar-
tery, amputation rate, and usefulness of the repaired
extremity in terms of function. Only two amputations
were performed in the 72 patients with gunshot
wounds, a rate of less than 3 per cent; 1 patient pre-
sented 6 days after the injury with frank gangrene
and the second patient was transferred from another
hospital several weeks after the injury with infection
of the saphenous vein graft. There were no primary
amputations. Six of these 72 patients had associated
nerve injuries that resulted in compromised limb
function postoperatively. One patient had residual
ischemia of the lower limb after surgery, but the limb
was viable. The remaining 63 patients had an excel-
lent end result with a patent arterial tree and fully
restored function of the extremity after surgery
(Table V).
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TABLEV Funcfional Recovery of the Limb After 39
Sholgun and 72 Gunshot Injuries

Shotgun Gunshot
Status No. Yo No. %
Full recovery of function 12 31 63 88
Partial recovery of function 5 13 7 10
Savere limitation of function 22" 56 27 3

*Includes one death and eight amputations.
1 Both secondary amputations.

In contrast to these gratifying results, patients with
shotgun vascular injuries presented a bleak picture.
Two patients underwent primary amputation due to
mutilation of the extremity beyond primary vascular
repair. In six other patients a éecondary amputation
was necessary after an initial vascular repair because
of either extensive myonecrosis or infection. The
amputation rate in this group was thus extremely

high (21 per cent). In the remaining 31 patients who -

survived with a vascularized limb, functional integ-
rity of the extremity was unsatisfactory in 18 pa-
tients; in 13 patients the functional deficit was ex-
treme and the limb was essentially useless. The
functional capacity was unrelated to the vascular
repair, as the arterial repair itself remained patent

in every instance. Without exception, the loss of |
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factors are favorable, rotation of pedicle skin flaps
may be required occasionally to achieve this purpose.
Most shotgun wounds require drainage for a few days
despite vascular repair. A closed system of drainage
is preferable, but where complete skin coverage is
absent open drainage may be inevitable. When nerve
injury is detected at the time of surgery, primary
anastomosis of the neural structures is seldom indi-
cated [5]. This is especially true for shotgun injuries
where extensive involvement of other tissue and
nerves for a considerable length may be present. The
ends of the nerves are marked with silver clips and
secondary repair is resorted to after a few weeks,
when the wound itself has healed well. Recently,
neural repairs at the fascicular level have signifi-
cantly improved the end result [6]. Brachial plexus
injuries are frequently hopeless [7]. If nerve regen-
eration has not occurred within the projected time,
aggressive tendon transfer procedures should be re-
sorted to before extensive atrophy of the limb sets in
because of disuse. In the interim, physiotherapy to
maintain the integrity of the musculature and joints
is essential. In some patients other secondary
reconstructive procedures, such as joint fusion or
reduction or adjustment of limb length, may be re-
quired later for complete rehabilitation of the limb.
Despite these various helpful measures, the overall
record of salvage of limbs sustaining shotgun injury
has been poor indeed. In our own experience, only 12
of the 39 patients reviewed in this report ultimately
had useful limbs. One patient died and eight others
lost their limbs due to amputation. Of the remaining
30 patients, the limb was completely nonfunctional
in 13, and limb function was partially compromised
in 5 others, who required orthopedic appliances such
as braces. In no instance did the vascular injury itself
contribute to the functional impairment. In the im-
mediate postoperative period infection, often re-
sulting in secondary amputation, continues to be the
most important and significant complication in pa-
tients with shotgun injuries of the extremities. While
infection-—especially deep infection involving the
arteries-—was rare in patients with gunshot wounds
(2 of 72 patients), the incidence was several times
higher in those with shotgun wounds (6 of 39 pa-

‘tients). There were six instances of secondary am-

putation after attempted primary vascular repair.
Besides infection, other factors may lead to extensive
muscle necrosis and secondary amputation despite
primary vascular repair. The time delay before ef-
fecting a vascular repair [8,9], failure to repair a ve-
nous injury [9], absence of an adequate fasciotomy,
improper stabilization of the bony frame, lack of soft
tissue coverage for the vascular repair, failure to clear
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the distal artery of thrombi, and the presence of
thrombus formation in the venous tree have been
shown to be contributory factors. Myoglobinuria and
extremely high levels of creatinine phosphokinase
denote serious muscle necrosis. When combined with
toxic systemic manifestations, immediate amputa-
tion is called for despite the absence of a clear line of
demarcation.

Summary

Even though shotgun injuries are often grouped
with gunshot wounds, the former are ballistically and
clinically far different from gunshot wounds. Two
groups of patients with shotgun and gunshot wounds
of the extremities, respectively, were compared with
regard to clinical features. Although the vascular
wound was the most dramatic aspect in both groups
of patients, associated injuries, especially to the
nerves and bones, played a significant role in the
ultimate rehabilitation of the patients with shotgun
wounds. Shotgun injuries more frequently required
the use of saphenous vein grafts than did gunshot
wounds. The infection and amputation rates were
much higher in patients with shotgun wounds than
in those with gunshot wounds. Patients with shotgun
injuries of the extremities often required secondary
reconstructive procedures such as tendon transfer or
bone and joint fusion. Despite these measures the
outlook for the ultimate rehabilitation of the ex-
tremity after shotgun injury was dismal, whereas
after gunshot wounds complete rehabilitation was
the rule.
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