Turkish Journal of Trauma & Emergency Surgery

Original Article

Ulus Travma Acil Cerrahi Derg 2011;17 (2):152-158

Klinik Calisma
doi: 10.5505/tjtes.2011.34032

Management of community-based shotgun injuries
of the extremities: impact of emergent vascular repair
without angiography

Ekstremitelerdeki toplumsal av tiifegi yaralanmalari:
Anjiyografi olmadan yapilan acil damar tamirleri

Hakan AYDIN, Okan OKCU, Koray DURAL, Unal SAKINCI

BACKGROUND

Shotgun injuries of the extremities create challenging prob-
lems for vascular surgeons. In this study, we retrospectively
analyzed surgical results without preoperative angiography.

METHODS

Forty-nine patients with shotgun wounds who underwent
vascular reconstruction in the extremities from 1999 to
2004 were retrospectively reviewed.

RESULTS

Vascular reconstruction of the extremities after shotgun
injury differs from that following injuries caused by other
firearms because of extensive tissue damage. In 19 patients,
function of the extremity was unsatisfactory after one year;
in 12 of them functional deficit was extreme, which was
thought to be the result of nerve injury. After several inter-
ventions, 25 of 49 patients are well after one year under a
rehabilitation program.

CONCLUSION

Based on these results, we favor immediate operative ex-
ploration of the extremities in patients with hard signs of
vascular trauma, thereby minimizing the ischemic interval,
and we recommend angiography only for elective opera-
tions. Early fasciotomy should be done without hesitation
in patients with long ischemic periods and in those with
combined arterial/venous injury.
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AMAC

Av tiifekleri ile meydana gelen damar yaralanmalar cer-
rahlar i¢in ciddi sorunlar yaratir. Bu yazida, anjiyografi ya-
pilmadan cerrahi girisim yapilan av tiifegi yaralanmalari
degerlendirildi.

GEREC VE YONTEM

1999-2004 yillar arasinda av tiifegi ile meydana gelen ve
vaskiiler tamir yapilan 49 hasta geriye doniik olarak ele
alind1.

BULGULAR

Av tiifegi yaralanmalar1 sonucunda meydana gelen da-
mar travmalari tamiri ciddi doku hasar1 olusmasindan do-
lay1 diger atesli silahlardan farklidir. Kirk dokuz hastanin
19’unda 1 y1l sonunda ekstremite fonksiyonu tatminkar de-
gildi. Bu hastalarin 12’sinde tim girisimlere ragmen tam
fonksiyon geri donmemis ve sinir hasarina bagli oldugu dii-
stiniilmiistiir, 25 hasta ise kemik, tendon, sinir, cilt girigim-
leri ile ve kati fizik tedavi programu ile 1 yil sonunda tam
fonksiyon kazanmustir.

SONUC

Bu calismada, av tiifegi yaralanmalari ile meydana gelen
vaskiiler hasarlarin, belli 6l¢iitler kullanilarak ve anjiyog-
rafi yapilmadan, kabul edilebilir risklerle tamir edilebilece-
§i gosterilmistir.

Anahtar Sizciikler: Anjiyografi; vaskiiler cerrahi girigimler.

Since early times, vascular surgery has been ad-
vanced with the application of procedures mostly
learned from the care of the wounded during wartime,
and over time, management of military and civilian

vascular trauma due to guns has changed considerably
with significant contributions.!"! The operative man-
agement of extremity vascular injuries has evolved
from ligation to reconstruction largely based on the
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experience of Debakey and Simeone.!?! Shotgun inju-
ries are generally classified together with other fire-
arm injuries, but in fact, shotguns differ significantly
in ballistics and other characteristics from rifles and
pistols, the injuries of which are universally termed
as being caused by “gunshots”. In addition to military
causes, fatal and nonfatal firearm-related vascular in-
juries remain an important public health concern in
many countries, especially in those with uncontrolled
civilian firearm use.

Vascular injury can be caused directly by the bullet
particle or may be associated with its cavitation and
blast effect.’) The extent of vascular injury may vary
from intimal disruption to complete transection of the
artery. Patients with shotgun injury may present with
signs of an avascular limb with absent pulses and clas-
sical signs of ischemia. In these patients, urgent surgi-
cal exploration is mandatory, especially if hard signs
of vascular injury are present.

The objective of this report was to evaluate the ex-
perience of a single institution, with no angiography
unit, in treating patients with civilian shotgun injuries
with arterial pathologies.

MATERIALS AND METHODS

Forty-nine arterial injuries of the extremities caused
by shotgun were treated at Ankara Numune Training
and Research Hospital from 1999 to 2004. Patient data
were collected from the database of all admissions to
the emergency department and vascular surgery unit.
Patients with a history of or a concern regarding vas-
cular injury were examined by a cardiovascular sur-
geon. With a large volume of potential peripheral
vascular injuries being evaluated annually in our hos-
pital, it is essential that explorations be performed in
patients with hard signs of vascular injuries. Despite
the presence of hard signs, there were nine negative
explorations for suspected vascular injury in the same
time period, which were not included in the analysis.
These nine patients were extreme examples in which
arterial injury was highly suspected, with presence
of hard signs, but with negative explorations. Surgi-
cal exploration of these patients revealed no vascular
injury, and they were later followed by angiography
under elective conditions. There was an expanding he-
matoma in seven patients in addition to arterial bleed-
ing in three of them; distal pulses were non-palpable
in eight of them and reduced in the other. Clinically,
all nine patients with negative exploration fit the crite-
ria for surgical exploration with the presence of hard
signs, and each is described in Table 1.

On admission, the patients were assessed, and re-
suscitation protocols were initiated if signs of shock
were present. In all patients, the presence of hard signs
of arterial injury (reduced or absent distal pulse, arterial
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Table 1. Retrospective evaluation of negative

explorations with regard to hard signs
Patients Hard signs of vascular injury

P AB EH PH B

1 + + - - +
2 + + - + -
3 - + + - -
4 - + + + —
5 + - - + +
6 + + + - -
7 + - + - -
8 + + - - -
9 - + + - +

P: Reduced or absent distal pulse; AB: Arterial bleeding; EH: Expanding
hematoma, PH: Pulsatile hematoma; TB: Presence of thrill or bruit at the
injury site.

bleeding, expanding hematoma, pulsatile hematoma,
or presence of a thrill or bruit at the site of the injury)
was considered indication for surgery, and no further
investigative measures were taken.*>) The anatomic
distribution of the vascular injuries in 49 patients are
shown in Table 2. Of the 49 shotgun injuries, 33 pa-
tients presented with serious tissue loss indicating dis-
charge of the gun at close range; patterns of vascular
injury with site, type and associated pathologies were
documented. Since long segments of the artery had to
be replaced after shotgun blasts, saphenous vein graft
(vein patch and graft interposition) or prosthetic graft
replacement was the most common type of surgery.
Vascular repairs were analyzed by the type of repair
performed, and the use of autogenous vein grafting
was compared with the use of prosthetic graft material
together with extravascular interventions. Associated
injuries and complications were analyzed.

Table 2. Anatomic distribution of 49 shotgun arterial

injuries
Limb Injury
Upper
Subclavian 3
Axillary 7
Brachial 11
Radial-Ulnar 4
Total 25 (51%)
Lower
Common femoral 3
Profunda femoral 3
Superficial femoral 11
Popliteal artery 5
Posterior tibial 1
Anterior tibial 1
Total 24 (49%)
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RESULTS

During the study period, 863 patients were admit-
ted to our institution with firearm injury. Of those, 104
(12%) had sustained shotgun injury, with hard signs
of vascular injury in 58 (55%). Vascular injury was
found in 49 (47.1%) of them, and these patients com-
prised the study group. There were 9 negative explora-
tions not included in the analysis, as shown in Table 1,
with presence of hard signs of vascular injury. Initial
physical examination during debridement revealed ev-
idence of arterial injury, but in 9 patients, surgical ex-
ploration demonstrated no arterial injury with highly
suspected vascular injury. Of the 49 patients, 34 were
male, and 15 were female. The average age was 32.1
years (age range: 16-71 years). Thirty-six patients
had surgery within three hours of sustaining the shot-
gun wound, and 13 patients had surgical intervention
within six hours after injury because of late arrival to
the hospital. All of the patients with suspected vascu-
lar injuries were managed acutely in the emergency
room and taken to the operating room urgently without
angiographic evaluation. Absent distal pulse was the
prime indicator for exploration in 39 patients; external
bleeding in 16 patients and expanding hematoma in 9
patients prompted early exploration.

After initial resuscitation, patients were taken to
the operating room without delay. Tissue defects and
necrotic parts were managed by surgical debridement
and foreign body removal followed by forceful irri-
gation with Ringer’s solution. All patients were given
broad-spectrum antibiotics during the perioperative
and postoperative period, which were modified ac-
cording to the antibiotic susceptibility tests done post-
operatively. Operative explorations of these injuries
were performed in a standard fashion, creating an ex-
posure just approximate to the site at the center of the
injury. After controlling proximal and distal ends of
the artery, embolectomy catheter is routinely passed
to both ends in order to check in-flow and back-flow.
We did not use any shunts for distal perfusion in our
patients. In a recent publication by Rasmussen et al.,[®
it was shown that this vascular adjunct is a safe and ef-
fective damage control technique in urgent conditions.
Instead of using systemic heparin infusion, proximal
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and distal ends of the artery were flushed with heparin-
ized saline solution after thrombus removal.

The anatomic distribution of the vascular injuries is
shown in Table 2. Incidences of upper and lower limb
arterial system involvement were similar (51% and
49%, respectively). Shotgun vascular injuries invari-
ably resulted in multiple lesions of extensive lengths
of the artery, usually associated with thrombosis.

Five patients died due to shotgun injury in our se-
ries. Three of them had serious tissue loss at the lower
extremity resulting in renal failure and septicemia, and
all of them underwent amputation because of continu-
ing ischemia at the extremity and high-grade muscle
necrosis. Two other patients died due to multisystem
organ failure. Neither disarticulation nor aggressive
debridement policies prevented these systemic fatal
complications leading to death.

Patients with shotgun injuries had associated in-
jury of accompanying major veins, nerves and bones
(Table 3). Associated nerve injury was higher in the
upper extremity. Combined median and ulnar nerve
injury was the most common form of neurologic injury
observed in these patients. Nerve injury was relatively
uncommon in the lower limb when compared to upper
(10.2% vs 38.7%). In 15 of 24 (62.5%) nerve injuries,
primary repair was done concomitantly during vascu-
lar repair, but in the remaining 9 patients, it was im-
possible because of blast injury caused by close-range
fire. Three of them underwent secondary amputation
because of intractable infection and tissue loss, and
these 3 patients died due to systemic causes. Bone and
joint involvement were seen in 44.8% of the patients.
In 2 of our patients, we encountered intraabdominal
organ injury confined to the lower intestinal tract. In 4
patients with axillary artery injury, we observed pneu-
mothorax in 1 of them, treated by tube thoracostomy
and with a serious defect at the thoracic wall closed by
a muscle flap.

Even though end-to-end primary anastomosis
without graft is the most common method of repair
used for most gunshot wounds, shotgun injury repair
procedures require grafting in approximately half of

Table 3. Associated injuries with 49 shotgun arterial wounds

Associated injury Upper extremity Lower Extremity

CR NCR No. (%) CR NCR No. (%) %
Vein 16 4 20 (40.8%) 12 7 19 (38.7%) 79.5
Nerve 14 5 19 (38.7%) 3 2 5(10.2%) 48.9
Bone 12 2 14 (28.5%) 7 1 8 (16.3%) 44.8
Intraabdominal organs 1 1 4.08
Thoracic organs 3 1 8.16

CR: Close range; NCR: Non-close range.
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Table 4. Methods of vascular repair

Type of repair No. %

Primary suturing 10 20.4
End-to-end anastomosis 17 34.6
Vein graft, patch angioplasty 7 14.2
Vein graft interposition 8 16.3
Prosthetic graft interposition 5 10.2
Ligation 2 4.08
Other secondary interventions* 16 32.6

*Includes embolectomy, fasciotomy and amputation.

Table 5. Complications in 49 shotgun vascular injuries

Complication No. %

Infection 21 42.8
Amputation 7 14.2
Renal failure 3 6.12
Mortality 5 10.2

the patients. In our study, we repaired the artery with
primary techniques in 27 (55%) patients and ligation
was used in 2 patients, which can be included in the
same group (Table 4). Graft was used in 20 (40.8%)
patients, while in 7 of them, we used saphenous vein
as a patch for artery repair because of tangential defect.
Among 13 cases in whom we used graft interposition,
arterial injuries were repaired with synthetic grafts in
3 patients. This group includes repairs in the subcla-
vian, axillary and femoral arteries. Popliteal arterial
injuries in 5 patients were repaired by saphenous vein
interposition in 3 of them. In the other 2 patients, the
arterial injuries were repaired by primary suturing and
saphenous vein patch angioplasty. No complication
was observed related to popliteal artery repair, which
was controlled with Doppler ultrasonography early in
the postoperative course. Primary ligation of the artery
was used in 2 cases in which the deep femoral artery
and ulnar artery were ligated, without compromising
the arterial circulation, not related with the secondary
amputation group. Concomitant vein repair was done
primarily in 29 of 39 patients, but in the remaining
10, vein defects were found impossible to repair and
ligation was done. Secondary interventions in these
patients were amputation and embolectomy.™ Three
patients who had undergone amputation were close-
range shotgun blast victims with gross tissue loss, and
1 of them died in the postoperative course. No patients
underwent primary amputation due to shotgun injury,
and all patients in this group had secondary amputa-
tion after initial vascular repair due to either extensive
tissue loss and myonecrosis or intractable infection
despite broad spectrum antibiotics.

Infection, either superficial or deep, was the most
common complication after surgical intervention
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(42.8%). Renal failure, which occurred after this type
of injury with tissue loss, was found to be fatal with
100% mortality (Table 5).

In 19 patients among survivors, function of the
extremity was unsatisfactory after one year; in 12 of
them functional deficit was extreme and the limb was
useless, which was thought to be the result of perma-
nent nerve injury. The remaining 7 patients were per-
forming physical training exercises for a more func-
tional extremity, each achieving a better status over
time. After several interventions to improve function
in all patients, such as bone stabilization, tendon trans-
fer, neurolysis, and skin transfer, 30 of them are well
after one year under a strictly performed rehabilitation
program.

DISCUSSION

A complete discussion of all types of arterial in-
juries encountered by civilian patients is beyond the
scope of this paper. Instead, we tried to focus on shot-
gun vascular injuries of the limbs. Certain types of
vascular trauma, such as by shotgun, are particularly
complex with respect to diagnosis, operative strategy
and late complications. Firearm injuries during war-
time are different from civilian injuries in many as-
pects because of the complicated spectrum of injury
and the difficulty of effective and prompt intervention.
Shotgun injuries of the extremities are similar to battle
wounds with high tissue destruction by the blast effect
and presence of devitalized muscles, cavitation and
contamination.

Civilian vascular injuries caused by firearms are
often classified in the literature without regard to the
weapon in use.”” The ballistics and mechanism of
shotgun blasts are definitely different from those of
other low-velocity weapons in common nonmilitary
use.® The nature of shotgun wounds varies greatly in
severity depending on the firing distance, with those
fired at close range being more destructive in nature
than those fired from a distance, and unfortunately,
the majority of injuries from shotguns are received at
close range. Close-range shotgun injuries encompass
gross soft tissue losses including skin, muscles and un-
derlying arteries, veins, nerves, and bones.

Although all effort should be made to limit the
ischemic period, it is very difficult to definitely quan-
tify this effect on limb salvage. In shotgun injuries es-
pecially, in addition to the ischemic time, severity of
the injury also depends on the level of arterial injury,
extent of soft tissue damage and collateral circulation.
Pl This may explain the conflict between ischemia
time and surgical outcome after repair, especially after
shotgun injuries. Although the need for surgical ex-
ploration of wounds caused by shotgun with evidence
of vascular trauma is widely accepted, controversy re-
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mains regarding the management of patients with pen-
etrating limb trauma and soft or no signs of vascular
injury.l'! In our patients, we used clinical signs and
hard signs of arterial injury to decide on surgical ex-
ploration. The policy in our clinic entailed prompt sur-
gical exploration when clear signs of a vascular trau-
ma existed, with the aim of minimizing the ischemic
time. Doppler ultrasonography was shown to have an
accuracy of 98% in the detection of vascular trauma,
but we did not use it in patients taken urgently to the
operating room; instead, we used hand-held Doppler
only to detect pulses as a time-saving measure.!'!!

Vascular injuries in our patients were diagnosed on
the basis of clinical findings, and preoperative angiog-
raphy was not used. In some cases, we used hand-in-
jected, single-frame angiography technique in the op-
erating room postoperatively, as previously described,
to be safe, simple and accurate.['? In the final decision
for surgery, it should always be kept in mind that the
presence of arterial pulses distal to the injury does not
exclude the possibility of arterial trauma, especially in
the upper limb.['*'¥ Conversely, in some injured ex-
tremities, perfusion may be normal without palpable
pulses.

Indication of arterial repair was based on clinical
findings of ischemia, which mostly depend on the
level of the injury. All injured arteries were repaired
without any consideration about the level of the injury
and associated vein injury. The procedure of choice
for shotgun vascular injury should be repair without
using prosthetic grafts. Where autologous grafts are
required, saphenous vein from the groin of the con-
tralateral limb should be preferred.'s Using veins
from the injured limb should be avoided to prevent
an additional negative effect to the already compro-
mised venous return. In cases where the contralateral
saphenous vein is not suitable, a vein from the injured
limb may be used in highly selected patients or pros-
thetic grafts may be considered as a chance for limb
salvage. The use of prosthetic material for arterial re-
construction remains controversial. In their report on
the military experience in the Vietnam War, Rich and
Hughes!"®! noted a high incidence of prosthetic graft
failure among patients, especially those with contami-
nated vascular injuries. Infection and thrombosis were
the most common causes of graft failure. In contrast to
these poor results at war, there are a number of reports
from civilian centers describing satisfactory results
with prosthetic grafts used to repair vascular injuries.
[17-19) In shotgun injuries, the critical factor that seems
to predispose autogenous or prosthetic grafts to infec-
tion appears to be the lack of adequate soft tissue cover
that usually occurs after close-range fire and necrotic
tissue debridement.?®! In our study, in all three patients
with extensive soft tissue loss precluding soft tissue
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coverage, we used prosthetic grafts extra-anatomical-
ly, which we believed to be useful. Despite excellent
patency in two of them, amputation was inevitable in
one because of intractable infection compromising the
general status of the patient. The patient underwent
amputation on the second postoperative day because
of ongoing ischemia, and the patient was lost two days
later with multiorgan failure.

The patency rates in patients with primary repair
and vein grafts in our study were excellent because
we identified no late graft occlusions. We had no am-
putations in this group probably because of excellent
revascularization, despite serious infections. Our sat-
isfactory short-term and long-term results with autog-
enous graft encouraged us to advocate its use in the
majority of patients with vascular trauma in which pri-
mary repair is not possible.

Despite the proximity of arteries and veins, not all
arterial injuries have concomitant venous injury in
shotgun wounds, probably because of small particle
effect shotgun. In our study, venous injury was de-
tected in 79.5% of the patients. Venous repair remains
one of the most controversial subjects related to the
management of combined vascular trauma. Although
some reports demonstrate a correlation between com-
bined vascular injury and limb loss, others have found
no correlation between combined arterial and venous
injury and limb loss.*'?? In our opinion, venous re-
pair after shotgun injury by means other than simple
lateral suturing or primary end-to-end anastomosis is
a time-consuming intervention with no benefit espe-
cially in upper limb injuries. In this series, we were
not able to demonstrate any adverse effect of venous
ligation or repair on limb salvage. In 24 of the patients,
venous continuity was restored because of high-pres-
sure venous bleeding after arterial reconstruction. In
our patients, primary ligation of injured veins of the
upper extremity was performed (15/20,75%) without
any related complication and was usually well toler-
ated during the early postoperative period. Venous re-
pair in the lower extremity is advocated more strongly
than in the upper limb. Especially at the popliteal level
and above, it is believed that patency of the vein is
extremely essential for a viable extremity.l*** Of 19
patients with lower extremity venous injury combined
with arterial injury, we were able to repair the venous
component in 16 patients (16/19, 84.2%).

In our experience, we consider fasciotomy as the
most important therapeutic adjunct to revasculariza-
tion, usually done routinely in the primary operation
for every patient. Some authors recommend perform-
ing fasciotomy prophylactically when limb ischemia
time is more than 6 hours.*>?! We preferred to per-
form fasciotomy in shotgun injuries regardless of the
ischemic period, knowing that the absolute ischemic
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time should not be the primary indicator of ischemia
in the limb.

The most challenging part of shotgun injuries in
our opinion is the decision of primary or secondary
amputation. Limb salvage strategies in these patients
are highly critical because of risk of death due to sec-
ondary systemic complications. Clinical experience
about the subject is the most important factor for best
results. Results in this paper reflect the delicate line
between limb salvage and life-saving.

All shotgun wounds should be considered highly
contaminated, and tissue coverage with soft tissues
must be used for prevention of arterial rupture. In this
series, complication rates were mostly associated with
soft tissue destruction and intractable infections. It is
well known that infection and consequent sepsis are
the most significant factors in patient morbidity and
mortality.?”-*! Infection prophylaxis with broad spec-
trum antibiotic infusion at the initial evaluation of the
patient is internationally accepted for reduction of
infection in firearm injury.?®! In our opinion, aggres-
sive treatment of postoperative infection, including
debridement and revascularization, should always be
accompanied with broad spectrum antibiotics since
infection represents the greatest threat to vascular re-
construction and the injured limb.

The priority in shotgun injuries should be debride-
ment of all devitalized tissue and antibiotic therapy
before revascularization. These vascular wounds of
the limbs caused by shotgun carry a poor prognosis for
early function and late rehabilitation, and even some-
times merit primary amputation of the extremity. The
most important prognostic factors for shotgun arterial
injury are the time elapsed from injury to hospital ad-
mission, especially in actively bleeding and hemody-
namically unstable patients, and infection.

In conclusion, in light of these cases, we favor im-
mediate operative exploration of shotgun injuries of
the extremities with hard signs of vascular trauma,
thereby minimizing the ischemic interval, and recom-
mend angiography only when it is required for plan-
ning an elective operative approach. The complicated
spectrum of shotgun injury makes treatment very dif-
ficult. Traumatized tissues including muscles, tendons
and vessels should be debrided, with embolectomy
catheters passed proximally and distally and flushed
with heparinized saline. Arterial repair is best done
primarily or with autologous tissue such as saphenous
vein graft from a non-traumatized lower extremity.
Early fasciotomy, already traumatically occurred due
to the blast, should be extended without hesitation, or
it is performed almost routinely, especially in patients
with long ischemic times and in cases with combined
arterial and venous injury. When nerve injury is de-
tected at the time of surgery, primary anastomosis of
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the nervous structures is seldom indicated, and recon-
struction of the nervous tissue is generally postponed
to a later time. Although vascular wound was the most
dramatic consequence of shotgun injury, associated
injuries played a significant role in the late rehabilita-
tion period of the patients. Despite all these medical
and surgical measures, ultimate rehabilitation of shot-
gun injury victims in this series was disappointing in
some cases.
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