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Abstract

Thirty patients with 33 arterial injuries from blunt trauma of the lower extremity at Chula-
longkorn Hospital, Bangkok, Thailand from January 1989 to December 1995 were reviewed. Eight
patients (26.6%) were in shock on arrival. Twenty four (80%) presented with signs of ischemia. Twenty
six (86.7%) had asociated fractures and/or dislocations, 14 of them were compound fractures. Nine
(30%) had associated injuries at other parts of the body. Ten (33.3%) underwent preoperative angio-
graphy. The preoperative time ranged from 1 to 72 hours, median 4 hours. One patient who had inti-
mal tear of the popliteal artery and was successfully treated conservatively. Popliteal artery was the
most common injured artery; followed by common femoral, superficial femoral, and anterior tibial
artery. Most arterial injuries were repaired by using reversed saphenous vein grafts. Associated
venous injuries were repaired in 5 patients. Fracture fixation was performed in 18 patients; 8 of them
were performed before arterial repair and 10 were performed after arterial repair. No intravascular
shunt was inserted in this study. Fasciotomy was performed in 15 patients. Five patients had limb
amputation (16.7%). Univariate analysis by Chi Square test revealed that associated venous
injuries, severe soft tissue injuries, and fasciotomy were statistically significant factors associated
with amputation. One patient who had external iliac artery injury died from severe head injury in
spite of a successful arterial repair (mortality rate 3.3%).

Injury to arteries supplying the lower
extremity may result in amputation or even fatality
if improperly treated. Although vascular trauma
management has been significantly improved during
the past 20 years, the limb loss rate following vas-
cular injuries of the lower extremity is still relatively
high(1'3). Prolonged ischemic time, severe soft
tissue injuries, fractures and dislocations, and asso-

ciated veins and/or nerve injuries are factors con-
tributing to treatment failure(4-0). Some arcas of
controversy exist concerning revascularization in
patients with associated fractures. Stablization of
fractures before revascularization makgs it conve-
nient for vascular repair but lengthens the warm
ischemic time. On the other hand, revascularization
before fracture stabilization is appropriate for pre-
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venting irreversible ischemic damage to muscle and
nerve but the procedure is more tedious and sub-
sequent orthopedic procedures may jeopardize pre-
vious vascular repair. Preoperative angiography is
also another controversial issue regarding the
appropriate indication to perform. Although pre-
operative angiography gives a precise diagnosis of
arterial injury, its routine use may further lengthen
the ischemic time of an obviously ischemic limb
which may lead to amputation in spite of a success-
ful arterial repair.

Generally, blunt trauma to the lower
extremity causes a more severe injury than pene-
trating trauma. Consequently, management is more
difficult and outcome is poorer(7’8%. The purpose
of this study is to examine the results of manage-
ment of arterial injuries of the lower extremity from
blunt trauma and factors associated with amputa-
tion.

PATIENTS AND METHOD

The medical records of patients who sus-
tained blunt trauma and had lower extremity arterial
injuries from January 1989 to December 1995 at
Chulalongkorn Hospital, Bangkok, Thailand were re-
viewed. Arterial injuries were suspected by the
following findings: absent or decreased pedal
pulses; coolness, numbness and decreased motor
function or paralysis of the involved leg and foot;
and an open wound at the site of named artery.
Diagnosis of arterial injuries was made from angio-
graphy and/or at operation. Patients who had a
severely injured limb or dead limb and underwent
primary ampution were not included in this study.
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During the study period, it was our policy
to give 5,000 units of heparin intravenously when
an arterial injury resulting in limb ischemia was
diagnosed except those who had associated head or
intraabdominal injuries. Patients who had obvious
ischemic limb underwent immediate operation
without preoperative angiography. Those who were
suspected of having arterial injuries and had good
limb viability underwent angiography followed by
arterial repair if indicated. In patients who had
associated fractures and/or dislocations the decision
to perform arterial repair before or after orthopedic
procedures depended on degree of ischemia, viabi-
lity of limbs, and technical aspect of arterial and
orthopedic procedures. The latter referred to situa-
tions in which limb ischemia was present but ortho-
pedic procedure was performed first because the
fractures and/or dislocations were so unstable that
prior arterial repair was impossible. In most cir-
cumstances, arterial repair usually took priority in
obvious ischemic limbs. No patient in this study
had temporary intravascular shunt inserted. Fixa-
tion of fractures was performed before arterial repair
only when good limb viability was obtained. Repair-
ing of associated venous injuries was attempted
whenever possible. Fasciotomy was performed if the
ischemic time was long or the limbs were severely
ischemic before revascularization. Double-incision
fasciotomy as described by Mubarak was used in
all patients(9).

In this study, preoperative time was defined
as duration from injury to operation. Shock was
defined as a systolic blood pressure of less than 90
mmHg when the patient was first seen in the emer-

Table 1. Patient characteristics
%

Number of patients 30

Male 27 90.0
Female 3 10.0
Age (year) 13-50

(mean 25.849.5)

Direct admission 25 83.3
Transferred from another hospital 5 16.7
Shock on arrival 8 26.6
Presented with signs of ischemia 24 80.0
Associated fractures and/or dislocations 26 86.7
Open wound at sites of fractures or dislocations 14/26 53.8
Associated injuries at other parts of the body 9 30.0
Preoperative angiography 10 333
Number of patients operated 29 96.7
Preoperative time (hour) 1-72

(median 4)
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gency room. Severity of soft tissue injuries was
classified into mild and severe according to degree
of muscle, veins and nerve injuries found at opera-
tion. Badly injured muscle and/or accompanied
veins or nerve was classified as severe soft tissue
injuries. Minimal muscle damage without nerve or
major venous injury was classified as mild soft
tissue injuries. In order to examine the relation of
the size of the injured arteries to the amputation
rate, the injured arteries were grouped into large and

Table 2. Associated injuries at other parts of the
body

Injuries* Number of patients (n=9)

Multiple fractures

Severe chest injury

Severe head injury

Ruptured liver

Ruptured urinary bladder
Bleeding from torn mesentery

—_ e e e O

* Some patients had more than one associated injury.

Table 3. Associated injuries at sites of arterial in-
juries found at operation

Associated injuries Number of patients (n=29)

Venous injuries 11
Mild soft tissue injuries 19
Severe soft tissue injuries 10

Table 4. Treatments of arterial injuries
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small. Large arteries referred to external iliac, com-
mon femoral, and superficial femoral artery. Small
arteries referred to popliteal, anterior tibial, posterior
tibial, and peroneal artery.

Univariate analysis of factors that may
associate with amputation was performed by using
Chi Square test. A P-value of <0.05 was consi-
dered statistically significant.

RESULTS

Thirty patients with 33 arterial injuries
were entered in this study. Twelve patients were
classified as having large arterial injuries and 18
patients having small arterial injuries. The age
ranged from 13 to 50 years, mean 25.849.5 years
(Table 1). Twenty seven (90%) were males and 3
(10%) were females. Twenty five (83.3%) were
admitted to Chulalongkorn Hospital directly while
5 (16.5%) were transferred from other hopitals.
Eight patients (26.6%) were in shock on arrival.
Twenty four patients (80%) presented with signs of
limb ischemia. Twenty six patients (86.7%) had
associated fractures and/or dislocations near the
injured arteries; of these, 14 (53.8%) had open
wound at sites of fractures or dislocations. Ten
patients (33.3%) had preoperative angiography.
Twenty nine patients (96.7%) were operated on for
arterial repair or ligation. The only patient who was
successfully treated conservatively had fractures of
the tibial plateau and an intimal tear of the popliteal
artery demonstrated by angiography. Associated
injuries at other parts of the body were present in
9 patients (30%) as shown in Table 2.

Arteries Number of patients Treatments Amputation
(N=30) (N=5)
Popliteal 14 reversed saphenous vein graft 12 3
end-to-end anastomosis 1 -
conservative 1 -
Common femoral 6 end-to-end anastomosis 3 -
reversed saphenous vein graft 2 -
Dacron graft 1
Superficial femoral S end-to-end anastomosis 3 -
reversed saphenous vein graft 2 1
Anterior tibial 4 reversed saphenous vein graft 3 1
ligation I -
Posterior tibial 1 reversed saphenous vein graft 1 1
Peroneal 1 ligation 1 1
External iliac 1 end-to-end anastomosis 1 -
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Table 5. Adjunctive operative procedures

Procedures Number of patients
Fracture fixation before arterial repair 8
Fracture fixation after arterial repair 10
Venous repair 5
Fasciotomy 15

For patients who were operated, the pre-
operative time ranged from 1 to 72 hours (median 4
hours). The preoperative time was less than 6 hours
in 20 patients (69%). The remaining (31%) had a
preoperative time of 6 hours or more. At operation,
severe soft tissue injuries were found in10 patients,
the remaining (19 patients) had mild soft tissue
injuries. Eleven patients had associated venous
injuries, 5 of them underwent venous repair (Table
3). Details of the injured arteries, treatments and
results are shown in Table 4. Popliteal artery was
the most common injured artery (14 patients), fol-
lowed by common femoral artery (6 patients), super-
ficial femoral artery (5 patients), anterior tibial artery
(4 patients), posterior tibial artery (2 patients), exter-
nal iliac artery (1 patient) and peroneal artery (1
patient). Two patients had more than 1 site of arte-
rial injury. One of them had popliteal artery injury
concomitant with posterior tibial and peroneal artery
injuries. The other had anterior tibial and posterior

Table 6. Details of patients who were amputated
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tibial artery injuries. Twenty arteries were revascu-
larized by using reversed saphenous vein grafts. End
to end anastomosis was employed in 9 arteries. A
8 mm Dacron graft was used in | patient who had
injury to the common femoral artery. Ligation was
performed in 2 patients, 1 had anterior tibial artery
injury and the other had peroneal artery injury.

Concomitant fracture fixation was per-
formed in 18 patients. Eight of them had fracture
fixation before arterial repair. The remaining (10
patients) had fracture fixation after arterial repair
(Table 5). Fasciotomy was petformed in 15 patients.
Five patients in this study had amputation (4 above
knee and 1 below knee amputation), the amputation
rate was 16.7 per cent. Details of patients who
underwent amputation are shown in Table 6. There
was 1 death in this study (mortality rate 3.3%). This
patient had injury to the external iliac artery which
was successfully repaired. He died from severe head
injury.

Univariate analysis by using Chi Square
test revealed that associated soft tissue injuries,
associated venous injuries, and fasciotomy are sta-
tistically significant factors in association with
amputation (Table 7).

DISCUSSION

Arterial injuries are major risk factors of
limb amputation following extremity trauma. With
the exception of high velocity gun-shot injuries

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age 30 34 13 19 32
Sex male female male male male
Cause of injury MCA P CA MCA MCA
Shock yes no no no yes
Preoperative time (hour) 6 35 5 4 72
Signs of ischemia yes yes yes yes yes
Associated injury at other parts of the body yes yes no no no
Preoperative angiography yes yes no no no
Associated fractures and/or dislocations yes yes yes yes yes
Closed or open fractures open open open open closed
Associated soft tissue injuries severe severe severe severe severe
Associated venous injuries yes yes yes yes yes
Repairing of venous injuries no no no yes no
Large or small arteries small small small small large
Fracture fixation before or after artery repair after before before before after
Fasciotomy yes yes yes yes ves

MCA = motor cycle accident; P = pedestrain; CA = car accident
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Table 7. Univariate analysis of factors that may associate with amputation

Variables No. of amputations/No. of patients P-value

Cause of injury

motor cycle accident 3/21

pedestrian 1/6 NS.
car accident 12

train accident 0/1

Preoperative angiography

yes 1/10 N.S.
no 3/18

Shock
yes 2/8 N.S.
no 3/22

Signs of ischemia
yes 54 NS.
no 0/6

Injury to large or small artery

large (EIA, CFA, and SFA) 1/12 N.S.
small (PA, ATA, PTA, and PNA) 4/18

Associated fractures and/or dislocations
yes 5126 N.S.
no 0/4

Closed or open associated fractures and/or dislocations

closed 1712 N.S.
open 4/14

Associated venous injuries
yes 511 0.003
no 0/19

Repairing of associated venous injuries
yes 1/5 N.S.
no 4/6

Associated soft tissue injuries
mild 0/19 0.002
severe 5/10

Fracture fixation before or after arterial repair

before 3/8 N.S.
after 2/10

Associated injuries at other parts of the body
yes 2/9 N.S.
no 3721

Fasciotomy
yes 5/15 0.025
no o/14

Preoperative time
amputation group 4-72 hours median 6 hours N.S.
limb salvage group 1-50 hours median 4 hours
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which usually occur in the battle fields, blunt
trauma generally produces more serous injuries and
a higher rate of amputation than penetrating inju-
ries(’-8) Various degrees of soft tissue and/or
veins and/or nerve injuries, fractures and/or dis-
locations, and associated injuries in other parts of
the body are usually present in blunt trauma result-
ing in a more difficult management plan. Further-
more, delayed recognition of arterial injuries fre-
quently occurs in blunt trauma because symptoms
of associated fractures and soft tissue injurics may
overshadow symptoms of ischemia.

Ischemia following arterial injuries may
result from thrombosis or complete avulsion of the
injured arteries. Viability of the distal limb depends
on collateral circulation. When collaterals are inade-
quate, permanent damage to muscle and nerve will
occur in 6 to 8 hours without revascularization
(10,11), Injury to more proximal arteries such as
external iliac artery, common femoral artery, or
superficial femoral artery tolerates ischemia better
than distal arteries such as popliteal artery and the
tibial arteries (anterior tibial, posterior tibial, and
peroneal artery) owing to more collaterals of the
proximal arteries. Surgical repair to restore perfu-
sion of the distal limb should be performed when-
ever arterial injuries are diagnosed. When ischemia
is obvious or ischemic time is prolonged, operation
should be performed without preoperative angio-
graphy(lz). In such circumstances, if angiography
is still needed for proper management plan, intra-
operative angiography may be performed. When
viability of the limb is good, preoperative angio-
graphy may be performed to obtain a precise loca-
tion and pattern of arterial injuries and provide a
more appropriate management plan(12‘14). Pre-
operative angiography is invaluable when there are
more than one possible sites of arterial injuries such
as in patients who had multiple fractures in the
same limb. However, if the limb is severely ische-
mic, vascular exploration should be performed at
the most probable site of arterial injury without
wasting time for angiography.

Several factors have been claimed to be
associated with treatment failure after arterial repair.
Among these, distal thrombosis and propagation of
thrombus in the distal arterial tree are well known
risk factors. We routinely administered 5,000 units
of heparin intravenously when arterial injuries were
diagnosed, even before performing angiography.
Exceptions are those who were contraindicated for
heparinization such as those who had associated
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head or intraabdominal injuries. Preoperative and
intraoperative intravenous heparinization in vas-
cular injuries of the extremity has been recom-
mended by several investigators(5’7*12’15).

In patients with associated long bone frac-
tures, the decision to perform arterial repair before
or after fracture fixation depends on status of iimb
viability. When good viability of the limb is pre-
sent, fracture fixation may be performed first for
more convenient subsequent arterial repair(16*17).
In a situation that threatens limb loss i.e. obvious
ischemic limb and/or prolonged ischemic time,
arterial repair should be performed first. Some
vascular surgeons recommend routine initial vas-
cular repair for fear of prolonged ischemic time to
the muscle(2:18,19) However, technical difficulty
and thrombosis or disruption of the repaired arte-
ries following subsequent fracture fixation are
major disadvantages(7’17). Temporary intravas-
cular shunt is currently recommended in complex
vascular injury of the lower extremity(lz’zo’zlvzz).
Perfusion of distal limb is maintained with tempo-
rary intravascular shunt while fracture fixation,
debridement of badly damaged soft tissue and
saphenous veins harvesting for further revasculari-
zation with vein graft are being performed. Formal
arterial repair can be performed later in a stabilized
extremity and unhurried manner.

Treatment of an injured artery depends on
site, size, magnitude of injury, and condition of the
patient. Generally, end to end anastomosis of the
injured artery after resection of the damaged seg-
ment is a simple and less time consuming pro-
cedure. Unfortunately, most arterial injuries from
blunt trauma often produce significant damage to
the artery that after adequate debridement, end to
end anastomosis without excessive tension is im-
possible. Revascularization with a reversed saphe-
nous vein graft was the method of choice for super-
ficial femoral artery, popliteal artery and the tibial
arteries in this study. Results were satisfactory and
previous reports also confirmed this observation
(1,5,7,13,21-24) wWhen an autogenous vein is not
suitable or available, a synthetic graft such as 7polSy-
tetrafluoroethylene (PTFE) may be used(22.25),
PTFE gave a satisfactory result in superficial femo-
ral or larger artery injuries but in popliteal or
smaller artery injuries, a higher failure rate was
obtained(?2). When injuries involve common iliac,
external iliac, or common femoral artery and end to
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end anastomosis cannot be safely performed, synthe-
tic graft has been used with an acceptable result
(25-27), However, some investigators advocated
the use of autogenous veins with a satisfactory
outcome(28),

When injuries to the tibial arteries are
encountered, management is usually difficult owing
to the smallness of the arteries and associated frac-
tures and soft tissue injuries. When only one tibial
artery is injured and the foot is viable, ligation can
be safely performed(zg*z’o). Some investigators
recommend that a single anterior or posterior tibial
artery injury should be repaired but if only the
peroneal artery is injured then it may be ligated.
When 2 or more tibial arteries are injured, revas-
cularization must be performed irrespective of
how good the foot looks(24). In this study, ligation
of the tibial arteries injuries were performed in
2 patients. No ischemic symptom occurred in one
patient who had anterior tibial artery ligation which
was the only injury to the patient's leg. Amputation
was required in another who had peroneal artery
ligation, he had compound fractures of the tibia
and fibula and also had injuries of the popliteal
and posterior tibial artery which were repaired with
reversed saphenous vein grafts.

Associated venous injuries are usually
found in severely injured limbs(3:7:21,22)  This
study has confirmed this observation and also
showed that severe soft tissue injuries and asso-
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ciated venous injuries were statistically significant
factors associated with amputation. High rate of
amputation has been reported in patients who had
concomitant arterial and venous injuries(31). Gene-
rally, concomitant venous injuries should be re-
paired in order to improve venous drainage and
prevent venous gangrene or subsequent thrombo-
sis of the repaired arteries(7,21,31,32),

Increased intracompartmental pressure and
compartment syndrome are expected complications
following revascularization of the injured extre-
mity. This condition occurs more frequently in a
badly injured limb or when ischemic time is pro-
longed. Compartment syndrome may result in mal
or non functioned limb or even amputation in spite
of successful arterial repair. We routinely performed
double-incision fasciotomy in severely injured
limbs or when ischemic time was prolonged(g).
Some investigators recommended administration of
intravenous mannitol to prevent compartment syn-
drome(33). Although acceptable outcome has been
reported with intravenous mannitol, we are satisfied
with double-incision fasciotomy and do not use
mannitol to prevent or treat compartment syn-
drome. While fasciotomy is a procedure performed
to prevent compartment syndrome and decrease
risk of amputation, in this study fasciotomy was a
statistically significant factor associated with ampu-
tation. This can be simply explainéd: most patients
who had fasciotomy in this study had severely
injured limbs or prolonged ischemic time.

(Received for publication on February 8, 1996)



128

S. SRIUSSADAPORN

REFERENCES

L.

10.

11.

12.

13.

14.

15.

16.

Wolma FI, Larrieu AJ, Alsop GC. Arterial injuries
of the legs associated with fractures and disloca-
tions. Am J Surg 1980; 140: 806-9.

O' Donnell TF Jr, Brewster DC, Darling RC, Veen
H, Waltman AA. Arterial injuries associated with
fractures and/or dislocations of the knee. J Trauma
1977; 17: 775-84.

Downs AR, MacDonald P. Popliteal artery inju-
ries: civilian experience with sixty-three patients
during a twenty-four year period (1960 through
1984). J Vasc Surg 1986; 4: 55-62.

Miller DS. Gangrene from arterial injuries asso-
ciated with fractures and dislocations of the leg in
the young and in adults with normal circulation.
Am J Surg 1957; 93: 367-75.

Wagner WH, Calkins ER, Weaver FA, Goodwin
JA, Myles RA, Yellin AE. Blunt popliteal artery
trauma: one hundred consecutive injuries. J Vasc
Surg 1988; 7. 736-43.

Johansen K, Daines M, Howey T, Helfet D, Hansen
ST Jr. Objective criteria accurately predict ampu-
tation following lower extremity trauma. J Trauma
1990; 30: 568-73.

Snyder WH 3d, Watkins WL, Whiddon LL, Bone
GE. Civilian popliteal artery trauma: an eleven
year experience with 83 injuries. Surgery 1979;
85: 101-8.

Orcutt MB, Levine BA, Root HD, Sirinek KR.
The continuing challenge of popliteal vascular
injuries. Am J Surg 1983, 146: 758-61.

Mubarak SJ, Owen CA. Double-incision fascio-
tomy of the leg for decompression in compartment
syndromes. J Bone Joint Surg (Am) 1977; 59:184-7.
Miller HH, Welch CS. Quantitative studies on
time factor in arterial injuries. Ann Surg 1949;
130: 428-38.

Bassett FH 3d, Silver D. Arterial injury associated
with fractures. Arch Surg 1966; 92: 13-9.

Cone JB. Vascular injury associated with frac-
ture-dislocations of the lower extremity. Clin
Orthop 1989; 243: 30-5.

Perry MO, Thal ER, Shires GT. Management of
arterial injuries. Ann Surg 1971; 173: 403-8.

Stain SC, Yellin AE, Weaver FA, Pentecost MJ.
Selective management of nonocclusive arterial
injuries. Arch Surg 1989; 124: 1136-41.
Daugherty ME, Sachatello CR, Ernst CV. Improve
treatment of popliteal arterial injuries using anti-
coagulation and extra-anatomic reconstruction.
Arch Surg 1978; 113: 1317-21.

Kootstra G, Schipper JJ, Boontje AH, Klasen HIJ,
Binnendijk B. Femoral shaft fracture with injury
of the superficial femoral artery in civilian acci-
dents. Surg Gynecol Obstet 1976; 142: 399-403.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

J Med Assoc Thai February 1997

Sher MH. Principles in the management of arterial
injuries associated with fracture/dislocations. Ann
Surg 1975; 182: 630-4.

Connolly J. Management of fractures associated
with arterial injuries. Am J Surg 1970; 120: 331.
Hardy JD, Raju S, Neely WA, Berry DW. Aortic
and other arterial injuries. Ann Surg 1975; 181:
640-53.

Johansen K, Bandyk D, Thiele B, Hansen ST Jr.
Temporary intraluminal shunts: resolution of a
management dilemma in complex vascular injuries.
J Trauma 1982; 22: 395-402.

Shah DM, Naraynsingh V, Leather RP, Corson JD,
Karmody AM. Advances in the management of
acute popliteal vascular blunt injuries. J Trauma
1985; 25: 793-7.

Martin LC, McKenney MG, Sosa JL, et al.
Management of lower extremity arterial trauma.
J Trauma 1994; 37: 591-9.

Meek AC, Robbs JV. Vascular injury with asso-
ciated bone and joint trauma. Br J Surg 1984; 71:
341-4.

Shah DM, Corson JD, Karmody AM, Fortune JB,
Leather RP. Optimal management of tibial arterial
trauma. J Trauma 1988; 28: 228-34.

Shah DM, Leather RP, Corson JD, Karmody AM.
Polytetrafluoroethylene grafts in the rapid recon-
struction of acute contaminated peripheral vas-
cular injuries. Am J Surg 1984; 148: 229-33.

Lau JM, Mattox KL, Beall AC Jr, DeBakey ME.
Use of substitute conduits in traumatic vascular
injury. ] Trauma 1977; 17; 541-6.

Mattox KL, Rea J, Ennix CL, Beall AC Jr,
DeBakey ME. Penetrating injuries to the iliac
arteries. Am J Surg 1978; 136: 663-7.

Landreneau RJ, Lewis DM, Snyder WH. Com-
plex iliac arterial trauma: autologous or prosthetic
vascular repair? Surgery 1993; 114: 9-12.
Menzoian JO, Doyle JE, Cantelmo NL, LoGerfo
FW, Hirsch E. A comprehensive approach to
extremity vascular trauma. Arch Surg 1985; 120:
801-5.

Snyder WH, Thal ER, Perry MO. Peripheral and
abdominal vascular injuries. In Rutherford RB,
ed. Vascular Surgery. Philadelphia: Saunders,
1984, pp. 460-500.

Rich NM, Jarstfer BS, Geer TM. Popliteal artery
repair failure: causes and possible prevention. J
Cardiovasc Surg 1974; 15: 340-51.

Rich NM. Principles and indications for primary
venous repair. Surgery 1982; 91: 492-6.
Buchbinder D, Karmody AM, Leather RP, Shah
DM. Hypertonic mannitol: its use in the prevention
of revascularization syndrome after acute arterial
ischemia. Arch Surg 1981; 116: 414-21.




Vol. 80 No.2 ARTERIAL INJURIES OF THE LOWER EXTREMITY FROM BLUNT TRAUMA 129

(-3 \ -t g « -
ﬂ'ﬁU’lﬂWUﬂBYiﬂBﬂlﬂﬂﬂuﬂﬂﬁlﬂlﬂﬂﬂﬁlWQWHﬂﬂuﬂﬁﬂWﬂﬂ

L
qing ADwIWI, W

Tingnumsdnmdihednnu 30 nefinsaadasuaillidsenldunaivnnnduanesioy
A sumBnsAlIwenapnanTal nRwEUAT AuAdauNNTIAN 2532 Aufausunen 2538 3Iu
sravm 7 ¥ fvaoadoauneilasuinaiurianne 33 & wihe 8 e (Spgar 26.6) agi’(umu:%amﬁamn%fu
fihe 28 18 (3pear 80) fmivesmInadesluidsendionniu dihe 26 Mo (3pear 86.7) dnszanvin
vipdaimdnulnanudumimanadanildfunady il 14 e fnauafiessruuinnfinszgniin
tithe 9 98 (Sbear 30) fmsaisuTnRduduaeme g 10 nelaiumidamisiuididvianadon
e p R T ar TR CT e 1 9w AfmsuaEusaty inima wpe popliteal artery l8sumMssnneeIslA
tealduad  diheindsldsumsinmlasmsingn  sesznaewsldsunduanefimsidainmagszning
1-72 il win 4 Dl waamﬁamumﬂ'lm’s"uum?mﬁwUu'aaﬁqwﬁa popliteal artery SENRINIAD common
femoral, superficial femoral, W&z anterior tibial artery MNRNY waaﬂLﬁaﬂLLmﬁIsTs"uumﬁudw'lwglm”{u
masnenlasld reversed saphenous vein graft gl 5 AU TN TR A DA LA ULA S UTING e
diae 18 MeffnstanvinidelddumIthen open reduction uaz internal fixation TuMSENFRFEIRUNTEAR
FanuTNvapsdoaust lastihs 8 nglasumstihandanuanmanadnausmiow waziis 10 felddumem
internal fixation wpensEgnTvinrian lfigthenslalunsnuildiumsla inravascular shunt gthe 15 $8ld5y
MM fasciotomy HUe 5 T8 (3pear 16.7) gnaee1 INMIMANNENWUEYaatase 9 MAgTeiums
QnaneNeI83B univariate analysis lasld Chi Square test wual msHimsvIslusS NI BRDraDALADARN,
msfdadandmids dulssamuanduiuuinalndidsriuvaoadanuaildsuuaIudemenn, wazmv
fasciotomy  #emMaAmdITUMIgNARBEwidEd AN e 1 Medddsunaduss external iiac
artery \@eFinnnmamnaiuimptequusidsee dadusammensiihelunsnuiiooe: 3.3

* RInARemaRs, AusuwnemEnd wnansaivInenas, ngunw v 10330




