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Ninety-four patients with peripheral arterial injuries were sub-
jected to acute repair, negative exploration, or late repair of the
complications of the arterial injury (false aneurysm, A-V fistula,
and/or limb ischemia). The causes of failure after acute injury
include extensive local soft tissue and bony damage, severe con-
comitant head, chest or abdominal wounding, stubborn reliance
on negative arteriograms in patients with probable arterial injury,
failure to repair simultaneous venous injuries, or harvesting of a
vein graft from a severely damaged extremity. There is a positive
correlation between non-operative expectant treatment and the
incidence of late vascular complications requiring late arterial
repair. Delayed complications of arterial injuries occurred most
frequently in wounds below the elbow and knee.

D IRECT REPAIR of human arterial injury with end-to-
end union of a femoral artery was performed by

Murphy in 1897.7 Limb salvage after major arterial in-
jury posed a problem through World War II. DeBakey
and Simeone reported an amputation rate of40% in 2,471
battle injuries involving arteries.8 Direct arterial repair
was initiated and extensively used during the Korean con-
flict, and the amputation rate dropped to 13%.15 The
failure rate of arterial injury repair has remained virtually
static since the Korean experience.9'12'17'24'26'33,38 As in any
area of endeavor, periodic reassessment of results may
identify the factors which prevent improvement. Accord-
ingly, we have undertaken this review of our recent
experience with arterial injury in order to delineate these
factors. We have felt that a critical analysis of patients
with failed repairs would be particularly enlightening.
There have been several excellent reviews of the di-

agnosis and management of acute arterial injur-
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ies.9g1217,20,24'30'36 However, late complications of missed
arterial injuries (false aneurysm and arteriovenous fistula)
indicate that the acute management of arterial injuries
is not yet optimal.

Clinical Material

All patients undergoing surgery for suspected or proven
arterial injuries or their complications between 1972- 1975
were reviewed. The patients were seen by the General
Surgery Service at the University of Arkansas for
Medical Sciences either acutely or in consultation with
the Orthopedic Surgery Service. The group was com-
prised of 94 patients who were divided into one of the
following three categories: 1) Those undergoing acute re-
pair, 2) those undergoing negative exploration, 3) those
undergoing late reconstruction for the complications of a
missed arterial injury. Patients were analyzed with regard
to mechanism of injury, site of injury, extent of soft tis-
sue damage, presence of associated fractures, presence of
associated major venous injury and its repair and the
harvest site of autogenous vein graft. Patients under-
going negative explorations were analyzed relative to the
site of injury and complications directly related to the
exploration. Patients with complications of missed arterial
injury were reviewed with regard to method of initial
management and length of delay before definitive repair.
There were 70 males (75%) and 24 females (25%) in the
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Blunt trauma and shotgun injuries were included to-
gether as both result in significant and often extensive
soft tissue damage. These were further subdivided with
regard to presence or absence of associated fractures.

latrogenic injuries included only those which re-
quired reconstruction in the operating room. There were
four injuries resulting from cardiac catheterization and
two successfully managed tracheo-innominate artery
fistulas.7 Excluded from cardiac catheterization injuries
were those instances where a surgeon was called to per-
form thrombectomy or to revise lateral arteriorrhaphy
in the catheterization laboratory. These four arterial
catheterization injuries were the only ones seen during a

_ period in which approximately 900 such procedures were
performed. We have seen no acute injuries or late
complications of arteriography during this period in which
800 vascular radiographic procedures have been per-
formed.

41.50 51.-0 6170 The site of injury or the major vessel suspected of in-
jury is depicted in Table 3. Each vessel is further sub-

patients. divided in Figs. 2 and 3 as to the percent of injuries which
were subjected to acute repair, negative exploration, or

with a range of 4-68 late reconstruction.
in Fig. 1. Brachial and femoral arteries were injured more fre-
for 49% of the opera- quently than were vessels proximal or distal to these
by negative explora- sites.
n (Table 1). Acute arterial repair was performed in all proximal ves-

sel injuries (innominate, subclavian, axillary, and iliac).
terial Injuries The carotid vessels had the highest incidence of negative

94 patients reviewed explorations (83%), and this reflects our reluctance to
manage penetrating wounds of the neck expectantly.

inshot/swounds weraue Trauma to the forearm and calf arteries (radial-ulnar and
feet/second because tibio-peroneal) was associated with the highest incidence

ofastmisile cat higt of missed injuries. One-third of radial-ulnar and four-
blast effect can inflict...
ty and can result in fifths of tibio-peroneal arterial injuries required late recon-

from the local injury struction. There were no negative explorations of these
vessels.
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The mechanism of injury in the
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of the recognized blast injury effect
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additional soft tissue injury locall
arterial contusion for some distance
site. Soft tissue damage and arteri
fluence the success of arterial rep
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nature of the inexpensive, low vel
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The mechanism of non-gunshol

injuries includes stab wounds and
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chain saw.

TABLE 1. Categories of I

ial contusion may in-
)air. The preponder-
eflects the ubiquitous
ocity handguns avail-

t wounds-penetrating
major lacerations. In
tile injuries resulting
i a lawnmower and a

Patients

Category No. Patients Per cent

Acute Repair 46 49
Negative Exploration 35 37
Late Repair 13 14

Total 94 100

Methods of Repair and Results

Group I-Acute Repair

The methods for acute repair are depicted in Table 4.
Resection and end-to-end anastomosis was performed in

TABLE 2. Mechanism of Injury in 94 Patients

No. Patients Per cent

Low velocity GSW* 41 44
High velocity GSW 17 18
Penetrating-non-GSW 14 15
Blunt or shotgun-without fracture 7 7
Blunt or shotgun-with fracture 9 10
latrogenic 6 6

Total 94 100

* Less than 1800 feet/sec muzzle velocity
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PERIPHERAL ARTERIAL INJURIES

TABLE 3. Site of Injury or Suspected Injury in 94 Patients

Site No. Patients Per cent

Carotid 24 26
Innominate-axillary 7 7
,Brachial 12 13
Radial-ulnar 6 6
Iliac 3 3
Femoral 29 31
Popliteal 8 9
Tibio-peroneal 5 5

Total 94 100
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-100% ACUTE REPAIR

FIG. 3. Management of arterial in-
jury of pelvis and lower extremity.

45%, and autogenous vein graft was used in 31%. Liga-
tion was performed in 5 patients-two radial arteries, one
innominate artery (tracheo-innominate artery fistula), one
profunda femoris, and one distal tibio-peroneal. The only
complication was in a young fireman with extensive soft
tissue and bony injury to the foot and ankle which re-

quired amputation at a later date.

_ 75% ACUTE REPAIR
25% LATE REPAIR

100% ACUTE REPAIR

83% NEGATIVE EXPLORATORY
17% ACUTE REPAIR

momk.

59% ACUTE REPAIR
33% NEGATIVE EXPLORATORY

8% LATE REPAIR

67% ACUTE REPAIR
33% LATE REPAIR

FIG. 2. Management of arterial-injury of neck and upper extremity.

Table 5 shows the relationship between the harvest site
of autogenous donor vein and the results of arterial
repair. Results are graded as good for patients with an

asymptomatic viable limb without edema, and poor in pa-

tients with postoperative edema or in whom amputation
was the ultimate outcome. Although the donor vein was

taken from the injured extremity in only 5 cases, two
resulted in amputation and one in persistent edema. We
obtained better results in those patients in whom the
donor vein was obtained from a non-injured extremity.

Thirteen major vein injuries were seen in association
with the 46 acute arterial injuries (Table 6). There were

no amputations and no edema in the group in which the
venous injuries were repaired. However, there was a 38%
incidence of poor results in the group in which the in-
jured veins were ligated.

There were two deaths in the group of46 patients under-
going acute repair of arterial injuries, an incidence of
4%. These were the only deaths in this series. One pa-

tient with extensive neurological damage on admission
died a few hours after control of hemorrhage and re-

pair of a common carotid artery transection. The other
death occurred 19 days following repair of a penetrating
injury of the superficial femoral artery in a patient with
extensive remote injuries. This patient had sustained
multiple gunshot wounds to the chest and abdomen with
extensive liver injury. The cause of death was endo-
tracheal exsanguination and suffocation from an in-

nominate artery-tracheal fistula.
The failures (amputations) in the acutely reconstructed

group are detailed in Table 7. Seven of 46 patients (15%)
went on to amputation following acute repair. All 7 pa-
tients had either fractures and/or extensive soft tissue

damage in addition to the arterial injury.
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TABLE 4. Acute Reconstructions Method of Repair

Method of Repair No. Patients Per cent

Lateral suture 5 10
End-end anastamosis 22 45
Autogenous vein graft 15 31
Ligation 5 10
Evacuation hematoma@' fracture 1 2
Release from compressing bone fragments 1 2

Total 49* 100

* Includes three reoperations.

Group Il-Negative Explorations
There were 35 negative explorations for suspected

arterial injuries in the 4-year period covered by this
review. Suspected carotid injuries accounted for the high-
est number of negative explorations, followed in order by
the femoral and brachial vessels (Figs. 2 and 3).
The complication rate directly related to exploration of

the vessel was 8.6%. The complications were all associ-
ated with neck explorations and consisted of one wound
infection, one unilateral vocal cord paralysis, and one
hypertrophic scar which required revision.

Group III Late Complications of Missed Injuries

The salient features of 13 patients who underwent
surgery for late complication of a missed arterial injury
are depicted in Table 8. Six patients had an initial investiga-
tion which overlooked their arterial injury. The length of
delay from injury to definitive reconstruction ranged from
one week to 43 years. False aneurysm was the most
common late complication (62%) followed by arterio-
venous fistula (31%) and claudication (15%). The most
striking feature in this group is the finding that 46% of
these late reconstructions involved the radial-ulnar or
tibio-peroneal vessels.
Although there were no deaths and no limb loss in

this group, the results are worse than for acute arterial
repair. Four patients (31%) are felt to have results
which are less than satisfactory. Two patients have under-
gone reoperation for persistent A-V fistulae, and one of
these still has arteriovenous communication. In addition,
two patients had claudication following arterial repair of
false aneurysm.

Repair of false aneurysm has been accomplished by
either lateral suture, endoaneurysmorrhaphy or inter-
posed vein graft. A-V fistulae have been repaired by

TABLE 5. Results ofAutogenous Vein Grafts

Site of
Donor Vein Performed Poor Results Per cent

Ipsilateral 5 3 60
Contralateral 10 3 30

Total 15 6 40

TABLE 6. Associated Major Venous Injuries

Management No. Patients Poor Results Per cent

Vein Repaired 5 0 0
Vein Ligated 8 3 38

Total 13 3 23

either ligation or resection and vein graft. Claudication
has been caused by arterial stenosis (Cases 1 and 9, Table
8) and was corrected by resection and vein graft.23

Discussion
In this review, we have attempted a critical analysis

of three questions: 1) What are the factors contributing
to the failure rate of acute arterial repair? 2) What are
the implications of a negative exploration of suspected
arterial injury, and is a significant percentage of nega-
tive exploration justified? 3) Why do large numbers of
post-traumatic false aneurysms and A-V fistulae occur
as late complications of arterial injury?
An in-hospital amputation rate of 7-15% following

elective reconstructive surgery for arteriosclerotic oc-
clusive disease is unacceptable to most vascular surgeons.
Why then, should one be complacent with this failure
rate following repair of normal vessels in younger pa-
tients? The basic tenets for successful arterial repair in-
clude: minimal delay in recognition and treatment,
generous use of preoperative and intraoperative arteriog-
raphy, proximal and distal thrombectomy with a balloon
tipped catheter, judicious use of heparin, and use of
autogenous vein rather than cloth grafts. These are well
recognized and have contributed to the improvement of
results since World War II. Other important factors
are concomitant venous repair, harvest site of autogenous
donor graft and the type of treatment for associated
fractures and soft tissue injuries.

Experimental work has been reported concerning the
role of venous repair in arterial injuries. Barcia and
Wright demonstrated a fall in femoral artery flow follow-
ing venous occlusion, and return of femoral artery
flow following release of venous occlusion.3'40 Hobson, in
subsequent studies, showed that if venous occlusion per-
sisted, femoral artery flow would not return to normal be-
fore 72 hours.14 This low femoral artery flow was as-
sociated with an increase in peripheral resistance and
venous pressure distal to the femoral vein occlusion.
Alpha adrenergic blockade and sympathectomy will de-
crease the fall in femoral artery flow in this experi-
mental setting by decreasing peripheral vascular re-
sistance.41'42 This work has been reproduced in the
primate, whose vascular anatomy in the extremity more

closely resembles man.43
The mechanism of increased resistance is unclear in

these studies. Following venous occlusion, a transitory
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TABLE 7. Failures ofAcute Arterial Reconstruction

Ipsilateral Associated Venous
Case Mechanism of Injury Site of Injury Delay >6 hr Donor Vein Venous Inj. Repair Fasciotomy

I Blunt + fracture Popliteal + - - -
2 Blunt + fracture Popliteal
3 Blunt + fracture Common

Femoral - +
4 Shotgun + fracture Superficial

Femoral - + + - Delayed
5 Blunt + fracture Popliteal + - - - Simultaneous
6 Wringer Brachial + - - - Simultaneous
7 Blunt + fracture Tibio-Pero - - + -

Per cent 43 29 29 0 43

increase in venous pressure may recruit and distend exist- in patients with bony or extensive soft tissue injury.
ing venous channels. However, previous work from this Patients with successful resuscitation after thoracoab-
institution indicates that decreased femoral artery flow dominal injuries are vulnerable to delayed complica-
can follow arterial injury without concomitant venous tions (false aneurysm, arteriovenous fistula, or limb
occlusion.39 The decreased femoral artery flow and in- ischemia) after undiagnosed and/or untreated arterial
creased peripheral resistance can be reversed by injuries of the extremities.
sympathectomy. We have not routinely employed Several authors have recommended repair of venous
sympathectomy or alpha adrenergic blockade in the man- injuries, both isolated and in association with arterial
agement of peripheral arterial injuries. We have, how- injuries.21'27'32'35 Our data (Table 6) corroborate that repair
ever, used subarachnoid and supraclavicular brachial of venous injuries associated with arterial injuries re-
plexus block when the injury was suitable. In a few sults in less postoperative edema and contributes to
instances we have noted subjective improvement in limb fewer amputations. In patients with extensive soft tis-
warmth and color. sue, bony and vascular damage, all available veins should
Why does acute repair of arterial injury sometimes fail? be preserved and/or repaired to augment limb salvage.

The extent and severity of local injury to soft tissue In addition to the theoretical enhancement of arterial
and bone and the coexistence of extensive remote injury flow,3'14'40-43 maintenance of venous outflow will lessen
in the chest and abdomen may negate or compromise the edema and tissue pressure in closed fascial compartments
success of peripheral arterial repair. In patients with mul- and improve arterial flow. If autogenous tissues are
tiple injuries including fracture and/or dislocation, limb used in the venous repair, the patency rate is acceptable.
ischemia may be thought to be due to vascular spasm. If clotting does occur, recanalization may re-establish
The diagnosis of arterial spasm is a frequent trap which patency.32 Because venous outflow is important in the suc-
is attractive to weary surgeons awakened to care for a cess of arterial repair, it is essential to preserve venous
trauma victim. Limb ischemia due to arterial spasm is collaterals. In this study (Table 5), use of a donor vein
rare. Arterial damage and/or thrombosis must be con- from the injured limb was associated with a greater
sidered as the causative agent for ischemia, especially frequency of edema and amputation than was the use of a

TABLE 8. Late Arterial Repairs

Case Mechanism of Injury Site of Injury Time of Delay Presentation Initial Invest.* Results

I Cardiac cath Brachial 1 mo Claudication None Good
2 High velocity Popliteal 2 mo False Aneur. None Good
3 Shotgun (no fract) Rad/ulnar 1 mo A-V Fistula Arteriogram Fair
4 Low velocity Tibio-pero 20 yr False Aneur. Explored Good
5 High velocity Tibio-pero 9 mo Aneur./Fistula Explored Fair
6 Stab-penetration Radial 1 mo False Aneur. Explored Good
7 Cardiac cath Femoral 2 wk False Aneur. None Good
8 Low velocity Tibio-pero 2 mo A-V Fistula None Good
9 Blunt/dislocation Popliteal 1 wk Claudication Arteriogram Good
10 Low velocity Femoral 9 wk False Aneur. None Fair
11 Low velocity Femoral 43 yr False Aneur. None Fair
12 High velocity Tibio-pero 3 wk A-V Fistula Arteriogram Good
13 Low velocity Femoral 8 mos False Aneur. None Good

* Exploration or arteriography.
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vein from the uninjured limb. The use of an ipsilateral
vein graft is especially hazardous in patients with ex-
tensive soft tissue, bony, and vascular injury.
We have had no experience with the use of porcine skin

grafts to cover exposed vein grafts in patients with ex-
tensive skin and soft tissue loss.19
When edema impairs limb blood flow, fasciotomy

should be considered. Fibulectomy-fasciotomy has sal-
vaged limbs with extreme edema and impaired blood
flow.10'20 In the upper extremity we have used long
fasciotomies and have avoided short fasciotomies through
limited skin incisions.
The association of fractures with arterial injuries as a

determinant in limb survival cannot be over emphasized.
All but one amputation in our patients occurred in
association with fractures (Table 7). It is doubtful that
the presence of a fracture per se has a detrimental in-
fluence on the outcome of arterial repair. Usually there
is an element of delay in reconstruction either pre-
operatively or intraoperatively while orthopedic manip-
ulations are carried out.4 In addition, injuries with
sufficient force to cause fractures can result in associated
soft tissue and venous injury which may have a nega-
tive bearing on the eventual outcome. There is no clear
answer to the question of internal versus external
stabilization of fractures. Internal fixation has been
recommended by some,25'34 but the Vietnam experi-
ence and subsequent studies suggest the use of external
stabilization.5'6'28'29
The question of negative exploration for suspected

injury is closely related to that of the role of arteriog-
raphy in the management of arterial trauma. Diagnostic
confirmatory arteriography delays acute repair ofobvious
arterial injuries, and is not indicated. Equivocal arterial
injury is the most frequent indication for arteriography.33
Arterial injury may be present despite a normal arterio-
gram.17'18'33 We had 23% false negative arteriograms in
patients with late complications (false aneurysms and A-V
fistulae). We feel that direct exposure and examination
of a vessel suspected of injury is more accurate than
arteriography. Intraoperative arteriography can be used
to determine presence or absence of other injuries,
peripheral thrombus, and adequacy of repair. Precise
arteriography is mandatory prior to definitive repair of
traumatic A-V fistulae or false aneurysms. These
lesions may be multiple and easily overlooked resulting
in incomplete repair.
Negative exploration carries an acceptable morbidity

rate when compared to the complications of missed
arterial injury. Surgeons should not be any more reticent
or apologetic about negative exploration for equivocal
arterial injury than they are in performing thoracotomy
for a possibly malignant pulmonary lesion.

Late complications of arterial injuries-false aneu-

Ann. Surg. * June 1976

rysms, arteriovenous fistulae, and ischemia-continue
to be seen by the vascular surgeon.",13'16'22,31 Analysis of
our patients reveals that the greatest percentage of
complications (46%) occurs in those individuals with
radial-ulnar and tibio-peroneal injury. Arterial injury be-
low the elbow and knee is oftentimes watched until, or
unless, obvious hemorrhage or ischemia appears. Arteri-
ography and/or early exploration of these areas may les-
sen these complications. Recent technical advances allow
surgical reconstruction of small vessels, and suggest
aggressive rather than expectant treatment in these sites.
We concur with a recent report that advises explora-
tion ofthese vessels with revascularization when possible,
and ligation where it is not.17 Reconstruction of trau-
matic aneurysms and arteriovenous fistulae is more de-
manding than is acute repair of arterial injury.
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DISCUSSION

DR. DAVID M. CONKLE (Nashville, Tennessee): I thoroughly en-
joyed Dr. Campbell's presentation, and I agree with his conclusions re-
garding the correlation of the type of injury and the success of
salvage, and the need for concomitant venous repair, whenever
possible.

(Slide) Since January 1, 1959, we have seen 34 patients with
popliteal artery injuries. All 34 patients underwent operative explora-
tion following arteriography. There were no operative or hospital
deaths.

(Slide) In breaking down our experience, we also found our salvage
rate to be related to the type of injury incurred. In the 13 patients
with penetrating injuries, successful reconstruction was achieved in 85%
of the patients. In the 21 patients who experienced blunt trauma, our
salvage rate fell to 52%. The overall success rate was 62%.

(Slide) In correlating the salvage rate with associated injuries,
primarily in those who experienced blunt trauma, our data again backs
Dr. Campbell's, in that it points out the negative influence that
massive trauma has on successful salvage.
Our mode of treatment has been primarily with reversed saphenous

vein segments taken from the noninvolved leg. If sufficient length
is present to permit the anastomosis to be made without tension, end-
to-end anastomosis is employed.

I'd likewise agree that all vessels should be explored and looked at
very carefully, because minor procedures such as thrombectomy
ordinarily lead to failure because a small intimal tear is overlooked.
We likewise employ fasciotomy in the postoperative patient who

demonstrates evidence of decreased perfusion and compression in the
compartment distal to the repair.

In closing, I would like to ask Dr. Campbell if fasciotomy was
employed in any of his patients, and if he felt that it affected his
results.

DR. FRANK C. SPENCER (New York, New York): Regarding
diagnosis, as the authors quite properly emphasize, a liberal index of
suspicion is especially important. Any wound in proximity to a major
artery should be regarded as a potential arterial injury, regardless of the
absence of clinical signs of arterial injury. An arterial injury can be
excluded with certainty only by an arteriogram or operative
exploration.
The long-term goal with arterial injuries, of course, is to decrease

the amputation rate. In this series, like other recent reports, the overall
amputation rate was 10- 12%. Future improvement will probably come
in two areas. First is the more extensive teaching of principles which
have been enunciated several times. The time interval between arterial
injury and restoration of flow following arterial repair is crucial. If
the objective of restoring blood flow within six to eight hours after
injury is considered of paramount importance, arranging priorities
accordingly, decisions such as preoperative angiography, priority of
treatment of multiple injuries and similar considerations can be made
accordingly. A retrospective analysis of many amputations finds that
the basic problem was simply that arterial repair was not accomplished
within six to eight hours for a variety of reasons, partly because
extreme emphasis was not placed on this point.
Another future improvement in therapy can probably be achieved

with the frequent use of operative angiography. The two most common
failures of arterial repair are either an inadequate vascular repair or
inadequate removal of thrombus from the distal arterial tree with a
Fogarty catheter. Both mishaps can be promptly detected with opera-
tive arteriography and treated accordingly.
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