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Abstract: Objective: To assess clinical characteristics and treatment outcomes of patients with vascular injuries. 
Materials and methods: We retrospectively reviewed the medical records of 378 consecutive patients with vascu-
lar injuries treated at our hospital from January 2000 to December 2012. Basic characteristics (such as gender; 
age; cause, site, and type of injury; and concomitant injuries) were recorded, and efficacy was compared between 
treatments for same type/site injuries. Results: Vascular injuries occurred most frequently in patients aged 19-50 
years, secondary to trauma, and in extremities (73%, 63%, and 84% of cases, respectively), particularly lower ones. 
Amputation was more common in popliteal artery injury (52.6% of cases); overall, inappropriate diagnosis or treat-
ment or poor vascular anastomosis led to amputation in 17 cases. Extremity vascular patency, while comparable 
at 12 months, was significantly lower at 24 months after artificial blood-vessel implantation than autogenous vein 
grafting. Treatment of femoral artery pseudoaneurysm secondary to drug abuse yielded similar amputation but sig-
nificantly lower limb ischemia rates after bypass graft surgery than arterial ligation. Conclusion: Initial and temporal 
outcome differentiation reported here for treatments for peripheral vascular injuries according to type and site un-
derscores the importance of further defining treatment choice consequences, particularly long term ones because 
most affected patients are aged 19-50 years old.
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Introduction 

Vascular injury (especially in a major artery) is a 
common cause of disability and mortality, 
accounting in one report [1] for 20%-26% of 
trauma induced death. Repair and reconstruc-
tion of vascular injuries are determined accord-
ing to type and site of injury, concomitant injury, 
presence of collateral circulation in the extrem-
ities, and available techniques and materials. 
Major or middle arterial injury is usually treated 
with covered stents or artificial blood vessels, 
while for middle to small blood vessel injury, 
autologous vein transplantation is recommend-
ed. To further understand the characteristics of 
vascular injuries and the impact of interven-
tions used, we have retrospectively reviewed 
patients with vascular injuries treated at a 
Chinese center.

Material and methods

We retrospectively reviewed data on 378 con-
secutive patients with vascular injuries who 

were treated in our hospital from January 2000 
to December 2012. Clinical information (such 
as gender, age, cause, site and type of injury 
and concomitant injuries) were collected and 
described with percentages. Therapeutic effi-
cacy of treatment strategies for injuries of the 
same type and at the same site was compared 
using chi square test. A value of P < 0.05 was 
considered statistically significant.

Results

Patient and vascular injury characteristics

A total of 378 patients (309 men and 69 
women; age range: 11-78 years) were recruited 
into the present study (Table 1). Cause, type 
and site of vascular injuries, therapeutic strate-
gies and prognosis are shown in Table 2. 
Vascular injury was secondary to trauma in 238 
patients, drug abuse in 88, and iatrogenic in 52 
(accidental injury to the vessels in 12 and sec-
ondary to interventional therapy in 40). In terms 
of injury site, 9, 51, 88 and 230 patients had 
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Table 1. Cause of vascular injury by age group
Age (yr) Trauma (%) Drug abuse (%) Iatrogenic injury (%) Total (%)
< 18 15 (3.97) 3 (0.79) 2 (0.53) 20 (5.29)
19-30 60 (15.87) 30 (7.94) 2 (0.53) 92 (24.34)
31-40 67 (17.72) 43 (11.38) 4 (1.06) 114 (30.16)
41-50 52 (13.76) 7 (1.85) 11 (2.91) 70 (18.52)
51-60 28 (7.41) 5 (1.32) 15 (3.97) 48 (12.7)
> 61 16 (4.23) 0 (0) 18 (4.76) 34 (8.99)
Footnote: data are expressed as n (%).

neck, trunk, and upper and lower extremity vas-
cular injury, respectively. Injury type was classi-
fied as contusion with arterial thrombosis in 82 
patients; complete vascular rupture in 96; par-
tial vascular rupture in 200 (including 89 with 
drug abuse induced infectious pseudoaneu-
rysm, and 46 who developed deep vein throm-
bosis); traumatic pseudoaneurysm in 90; and 
traumatic arteriovenous fistula in 22. Con- 
comitant injuries included subclavian vascular 
injury with hemopneumothorax in 3 patients; 
clavicular fracture in 7; intra-abdominal vascu-
lar injury with concomitant injury to the liver, 
spleen and intestine in 8; pelvic fracture in 7; 
and extremity vascular injuries with concomi-
tant tissue injury, fracture and joint dislocation 
in 67. Therapeutic strategies were as follows: 
(1) covered stent: 3 patients with thoracic aor-
tic rupture, 2 with abdominal aortic pseudoan-
eurysm (Figure 1), 13 with subclavian artery 
aneurysm (Figure 2), 4 with axillary artery inju-
ry, 3 with iliac artery pseudoaneurysm, and 9 
with femoral artery pseudoaneurysm; (2) coil 
embolization: 3 patients with superior mesen-
teric artery pseudoaneurysm (Figure 3), 4 with 
internal iliac artery aneurysm and 3 with deep 
femoral artery aneurysm; (3) arterial ligation: 
80 patients (ulnar/radial arterial injury in 24 
and infectious femoral artery pseudoaneurysm 
in 56); (4) amputation: 23 patients (upper 
extremity in 3 and lower extremity in 20); and 
(5) vascular anastomosis: 229 (repair of arteri-
al sidewall puncture in 80, end-end anastomo-
sis in 66, autogenous vein grafting in 46 
(Figures 4, 5) and artificial blood vessel implan-
tation in 37).

Age, causes and sites of vascular injury

Patients aged 19-50 years accounted for the 
highest proportion (73.02%) of vascular inju-
ries. Iatrogenic injury predominantly occurred 
in patients older than 40 years (Figure 6). 

230 patients (60.85%) and 88(23.28%) had 
vascular injury of lower and upper extremity, 
respectively.

Death and amputation

In this study, 14 patients died, 12 from chest or 
abdominal vascular injury (10 hemorrhagic 
shock and 2 ARDS or MODS within 48 h after 
surgery) and 2 from femoral artery injury (infec-
tious pseudoaneurysm rupture secondary to 
intravenous drug use with simultaneous infec-
tion, hemorrhagic shock and poor systemic 
condition). Difference in mortality rate between 
chest or abdominal and extremity vascular inju-
ry was statistically significant (P < 0.001).

Thirty-five patients underwent amputation: 3 in 
upper and 32 in lower extremities, with propor-
tion of patients being significantly higher in the 
latter group and in cases of popliteal artery 
injury (20/38, 52.63%). Overall, 17 patients 
underwent amputation secondary to misdiag-
nosis, inappropriate treatment or poor vascular 
anastomosis.

Follow-up after interventional therapy or open 
surgery

Vascular patency during 2-24-month follow-up 
was assessed via telephone or hospital visit. Of 
all studied patients, 297 patients underwent 
follow-up (90.27%), and 32 patients were lost 
to follow-up after favorable recovery from liga-
tion of middle to small arteries or direct vascu-
lar repair (9.73%).

For patients receiving interventional therapy, 
there were 2 cases of stent thrombosis of the 
femoral artery within 1 month post procedure, 
with blood flow reestablished after thrombolyt-
ic therapy. One patient underwent a second 
procedure because of stent displacement and 
aneurysm rupture. Stent exposure was found in 

Vascular injury was trauma re- 
lated in 238 patients (62.96%), 
drug abuse related in 88 
(23.28%), and iatrogenic in 52 
(13.76%). The proportion of 
trauma and iatrogenic injury 
increased over time while that 
related to intravenous drug use 
remained unchanged (Figure 
7). Vascular injuries of extremi-
ties accounted for 84.13% 
(318/378) of cases. In addition, 
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Table 2. Causes, types, treatments and outcomes of vascular injury in the 378 patients studied

Site
Causes Types Therapies Prognosis

Trauma Iatrogenic 
injury

Drug 
abuse Contusion Partial 

rupture
Complete 
traverse Open surgery Interventional 

therapy Death Amputation Success

Neck
    External carotid artery 3 1 2 2 4 4
    Common carotid artery 2 3 4 1 5 5
Trunk
    Subclavian artery 14 4 3 11 4 5 13 2 16
Descending aorta 3 3 3 3
     Abdominal aorta 5 5 3 2 3 2
Portal vein 3 3 3 3
Vena cava 3 4 7 7 4 3
     Superior mesenteric artery 3 3 3 3
Iliac artery 9 3 4 8 5 7 12
Upper extremity
Axillary artery 15 8 7 11 4 15
Brachial artery 47 2 12 19 18 49 3 46
Ulnar/radial artery 19 5 14 10 24 24
Lower extremity
Femoral artery 77 27 88 44 103 45 180 12 2 12 178
Popliteal artery 38 11 11 16 36 2 20 18
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1 patient; the stent was removed followed by 
femoral artery ligation. Intra-stent stenosis or 
recurrence of vascular injury was not observed 
in the remaining patients. 

Restenosis occurred in 16 patients who under-
went vascular grafting of the femoral artery: 5 
received autogenous vein grafting and 11 artifi-
cial vascular grafting (2 had concomitant infec-
tion). Patency rate 12 months post procedure 
was comparable between patients treated with 
autogenous vein grafting and artificial vascular 
grafting (81.08% vs. 89.13%, P > 0.05). How- 
ever, 24 months post procedure, a marked dif-
ference was noted in the patency rate between 
these patients (70.27% vs. 89.13%, P < 0.05). 

The patency rate of patients receiving artificial 
vascular grafting was significantly lower than 
that of patients undergoing autogenous vein 
grafting (Table 3). 

Of 88 patients with femoral artery pseudoaneu-
rysm secondary to intravenous drug use, artifi-
cial vascular bypass grafting and covered stent 
implantation were performed in 32 patients; 
artificial vascular infection was noted in 9 
patients within 1 week after surgery, and stent 
exposure in 1 patient (Figure 8). In the latter 10 
patients, stent was removed and femoral artery 
ligated; of these, 5 patients underwent ampu-
tation, 4 developed intermittent claudication. 
Smooth blood flow and no symptoms of lower 

Figure 1. A. Abdominal aortic pseudoaneurysm; B. Implantation of covered stent to isolate the pseudoaneurysm.

Figure 2. A. Subclavian artery rupture; B Implantation of covered stent.  



Vascular injuries of Chinese patients

4714	 Int J Clin Exp Med 2014;7(12):4710-4719

Figure 3. A. Superior mesenteric artery pseudoaneurysm; B. Endovascular coil embolization and covered stent 
implantation.

Figure 4. A. Restenosis of right femoral artery after artificial vascular grafting; B. Autologous saphenous vein graft-
ing.

extremity ischemia were observed in the rema- 
ining patients. In addition, 56 patients received 
ligation of external iliac artery or femoral artery 
and removal of aneurysm, 2 patients died of 
hemorrhagic shock and infection, 7 patients 
received high-level amputation due to ischemic 
gangrene and 47 received arterial ligation (21 
patients developed intermittent claudication 
and low skin temperature although there were 
no symptoms of extremity ischemia). Despite 
comparable amputation rate (P > 0.05), inci-

dence of extremity ischemia in patients treated 
with arterial ligation was markedly higher in 
patients with arterial ligation than in those 
treated with vascular bypass grafting (P < 0.01) 
(Table 4).

Discussion

In the present study, trauma was the major 
cause of vascular injury, more commonly in 
males than females and most likely secondary 
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to increased chance of trauma exposure driven 
by profession and/or lifestyle (driving and drink-

from 2007 to 2009, consistent with the learn-
ing curve for interventional therapy. 

Figure 5. A. Traumatic popliteal aneurysm; B. Autologous vein grafting after removal of popliteal aneurysm.

Figure 6. Causes of vascular injury in 378 patients by age group.

Figure 7. Number of patients with vascular injury in each year.

Table 3. Patency rate of 83 patients treated for vascular injury of 
lower extremity with vascular grafting
Patency rate Autogenous vein grafting Artificial vascular grafting P
12 months 41 (89.13) 30 (81.08) > 0.05
24 months 41 (89.13) 26 (70.27) < 0.05
Footnote: data are expressed as n (%).

ing). Patients aged 19-50 had 
the highest proportion of vas-
cular injuries, also most likely 
secondary to exposure to 
high-risk activities. The latter 
finding is consistent with that 
of Perkins et al [2] who report-
ed that patients aged 22-43 
years were more likely to suf-
fer trauma-induced vascular 
injury. In this study, intrave-
nous drug use was another 
cause of vascular injury in pre-
dominantly males aged 19-40 
years. 

Johnson et al [3-7] reported a 
4-13% incidence of iatrogenic 
vascular injury. In this study, 
iatrogenic vascular injury ma- 
inly occurred in patients older 
than 40 years, which might be 
attributed to older age; clini-
cians being unfamiliar with 
anatomic structure; acciden-
tal carotid artery dissection 
during radical surgery for pa- 
rotid tumor; extent of radical 
surgery for advanced malig-
nancy [8-10] which may in- 
vade or encapsulate impor-
tant blood vessels; and com-
mon use of clinical techniques 
(such as diagnostic puncture 
and interventional therapy) 
likely to increase vascular inju-
ry incidence. Iatrogenic vascu-
lar injury incidence increased 
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The higher mortality rate seen in this study 
among patients with chest or abdominal injury 
(23.53%) as compared to those with vascular 
injury of extremities is consistent with the 
reported range of 23-60% in other studies [11, 
12], and might be explained by chest or abdom-
inal injury usually being: 1. associated with 
damage to major blood vessels, possibly result-
ing in death soon after injury; 2. hard to identi-
fy; and 3. associated with delayed hemostasis 
[13] and major surgery with greater likelihood 
of complications.

Previous studies [14, 15] have also reported a 
predominance of extremity, lower more com-
mon than upper, vascular injury. This study 
found preponderance of amputation among 
lower as compared to upper extremity vascular 
injury, particularly popliteal artery injury. Ana- 
tomically, the popliteal artery is a terminal 
artery with poor collateral circulation and small 
diameter which render vascular anastomosis 
challenging. As also documented in our study, 
many factors may lead to amputation. Extremity 
vascular injury with concomitant bone fracture, 
nerve injury and massive tissue injury makes 
revascularization impossible and forces ampu-
tation with its high degree of disability [16, 17]. 

Incorrect emergent hemostasis and poor vas-
cular anastomosis may also lead to amputa-
tion. Incorrect rubber tourniquet use may result 
in prolonged ischemia in turn leading to extrem-
ity edema and possibly tissue necrosis. In our 
study, although vascular anastomosis had 
been performed in other hospitals and a sec-
ond surgery was successfully performed when 
there was no apparent blood flow to the distal 
end, prolonged ischemia would ultimately 
result in limb necrosis, making amputation 
mandatory. The latter evolution would suggest 
the need for a second surgical exploration 
when distal arterial pulse is not palpable or tis-
sue edema deteriorates after revascul- 
arization. 

Delayed diagnosis is another important cause 
of amputation. Investigators [18-20] have pro-
posed that delayed diagnosis accounts for 85% 
of amputations. In our study, delayed diagnosis 
of vascular injury was noted in 3 patients with 
knee dislocation and popliteal artery injury. 
When these patients were transferred into our 
hospital, limb necrosis was present. In addi-
tion, for patients with hemorrhagic shock, clini-
cians should pay attention to vital signs and the 
signs of focal ischemia of the extremities. 
Timely surgical exploration is particularly requi- 
red in patients with comminuted fracture, open 
fractures, segmental diaphyseal fractures, or 
dislocations due to blunt trauma or crush injury 
[21]. However, the order of fracture fixation and 
vascular repair remains controversial [22, 23]. 
We favor Hossny et al’s [24] (transient shunt for 
vascular injury with concomitant bone fracture 
reduces ischemia time of extremity) proposal 
to promptly perform surgical exploration to con-
trol bleeding followed by repair of blood vessels 
and finally fracture fixation. 

Delayed treatment of post-operative complica-
tions might also lead to amputation. After 
revascularization, there might be ischemia/
reperfusion injury, bone compartment syn-
drome and thrombosis, which may cause disor-
dered blood flow and limb necrosis requiring 
amputation [25]. In the present study, amputa-
tion was performed in 6 patients who devel-
oped bone compartment syndrome after revas-
cularization resulting in limb necrosis due to 
ischemia. We agree with the view proposed in a 
recent study that prophylactic bone compart-
ment decompression is helpful to improve the 
outcome and shorten the hospital stay when 

Figure 8. Covered stent exposed at 3 months after 
stent implantation for femoral artery pseudoaneu-
rysm secondary to intravenous drug use.



Vascular injuries of Chinese patients

4717	 Int J Clin Exp Med 2014;7(12):4710-4719

the arterial injury is treated at > 8 h after injury 
[26]. 

Vascular injury is usually a component of severe 
or multiple injuries. Thus, it is necessary to per-
form step-by-step therapy according to the prin-
ciples for damage control surgery (DCS). 
Bleeding should be promptly controlled and 
vascular repair done after resuscitation in the 
ICU. 

Endovascular interventional therapy has been 
the treatment of choice among vascular sur-
geons for injury to the thoracoabdominal aorta, 
subclavian artery, superior mesenteric artery 
and iliac vessels. In particular, covered stent 
implantation and coil embolization maximize 
procedural success. Ferreira et al [27-29] 
reported that patients receiving interventional 
therapy had higher survival and lower complica-
tion rates. The present study also documented 
low complication rates for endovascular inter-
ventional therapy and open surgery. Inter- 
ventional therapy, with its limited invasiveness, 
short procedural time, favorable safety and 
acceptable effectiveness, is preferred for 
patients with hard-to-expose injury to blood 
vessels. 

Prior to endovascular interventional therapy, 
patients should be evaluated by clinical and 
imaging examination [30] to assess for pres-
ence of blood vessel rupture (pseudoaneu-
rysm, arteriovenous fistula) or dissection and 
distal end outlet, and for patient tolerance to 
the procedure. During endovascular interven-
tional therapy, a femoral artery approach is 
usually used with length of covered stent 2-3 
cm longer than that of the vascular crevasse. 
Longer stents are more likely to be associated 
with stent thrombosis while shorter stents may 
cause internal leakage. Stent diameter should 
be slightly larger than that of the injured artery 
(about 10-20% larger). Obstruction of major 
branches should be avoided during stent 
implantation. 

2), stent exposure (n = 1) and stent displace-
ment (n = 1). Thus, stent implantation for the 
treatment of vascular injury still has complica-
tions, especially in juvenile patients and those 
with injury to middle to small blood vessels or 
blood vessels spanning the joint. In addition, 
selection of endovascular interventional thera-
py should be carefully considered [31, 32]. 
Endovascular stenting is unfeasible when there 
is longitudinal or transverse injury to the blood 
vessels, no anchor region around the injured 
site, or presence of important branches. 

In the present experience, vascular repair was 
performed with direct suture, vein patch repair 
and end-end anastomosis. For patients with 
injured vessel > 2 cm, autologous saphenous 
vein grafting was done in 46 patients, and arti-
ficial vascular grafting in 37 patients, aiming to 
avoid anastomotic tension after vascular anas-
tomosis. Although at 12 months after surgery, 
patency rate was comparable between patients 
treated with autologous vein grafting and artifi-
cial vascular grafting, a marked difference was 
noted at 24 months after surgery. In this study, 
a male patient aged 23 years underwent ipsi-
lateral autogenous vein grafting for trauma-
induced femoral artery injury which had 
occurred 10 years earlier. One year before, arti-
ficial vascular grafting was performed for 
venous aneurysm at another hospital. Vascular 
restenosis occurred at 1 year after surgery, and 
was treated with saphenous vein grafting. This 
patient was followed up for 2 years, and vascu-
lar patency was noted. This case is consistent 
with the conclusion that long-term patency rate 
after artificial vascular grafting was lower than 
that after autologous vein grafting [33]. Thus, 
autologous vein grafting is preferred for pati- 
ents with vascular injury of extremities requir-
ing vascular grafting [34, 35].

There remains controversy on vascular grafting 
of femoral artery pseudoaneurysm secondary 
to intravenous drug use. When the pre-opera-
tive evaluation shows poor collateral circulation 

Table 4. Amputation rate and incidence of extremity ischemia in 86 patients 
with postprocedural infectious femoral artery pseudoaneurysm

Vascular bypass grafting Arterial ligation P
Amputation rate 5 (15.62) 7 (12.5) > 0.05
Incidence of extremity ischemia 4 (14.81) 21 (44.68) < 0.01
Footnote: data are expressed as n (%).

Clinicians should be 
aware if interven-
tional therapy com-
plications. In the 
present study, post-
procedural compli-
cations included st- 
ent thrombosis (n = 
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and an autogenous vein is unavailable, artificial 
vascular bypass grafting or covered stent 
implantation is preferred. After arterial ligation, 
artificial vascular bypass grafting and covered 
stent implantation were associated with com-
parable amputation rate, while incidence of 
extremity ischemia was lower after vascular 
bypass grafting. Thus, for patients with femoral 
artery pseudoaneurysm secondary to intrave-
nous drug use, arterial ligation is feasible [36], 
however, incidence of post-operative extremity 
ischemia is high and patients are at high risk 
for amputation. 

Taken together, major or middle vascular injury 
(such as thoracoabdominal aorta, subclavian 
artery and superior/inferior vena cava) is a 
major cause of death. Incidence of middle to 
small arterial injury of extremities is high, and 
amputation rate after surgery for lower extrem-
ity vascular injury (especially popliteal artery 
injury) is higher than that after surgery for upper 
extremity vascular injury. Vascular repair and 
reconstruction should be done according to the 
site and type of vascular injury, concomitant 
injuries, collateral circulation, available thera-
peutic techniques and materials. For major to 
middle vascular injury, covered stent implanta-
tion or artificial vascular grafting is preferred; 
for middle to small vascular injury, autogenous 
vein grafting is preferred. Professional vascular 
surgical techniques and experience are crucial 
to reduce mortality and amputation rate. 

This study is limited by its retrospective nature 
and by only reflecting experience at one Chinese 
center. Further studies are warranted to con-
firm the hypotheses raised by the observations 
described.
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