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Purpose: Penetrating vascular trauma though less common poses a challenge to all 

Surgeons. This study was designed to analyse the profile, management modalities of 

vascular trauma and the outcomes thereof at a Trauma Care Centre in a Tertiary care 

setting in hostile environment in India.

methods: A prospective review of all patients with arterial and venous injuries being 

transferred to the Trauma Center at out Tertiary Care Center between June 2015 and 

May 2018 was done. Demographics, admission data, treatment, and complications were 

reviewed.

results: There were a total of 46 patients with 65 vascular injuries, 39 arterial injuries 

and 26 venous injuries. The age range was 21 to 47 years. Nineteen patients had both 

arterial and venous injuries. A total of 42 cases presented within 12 hours of injury 

and complete arterial transections were found in 33 cases (80.49%). There were three 

mortalities (6.52%) and three amputations (8.33%). The overall limb salvage rate was 

91.67% with popliteal artery being the commonest injured artery. Poor prognosticators 

for limb salvage were increasing time to present to the trauma centre, hypovolemic 

shock, multi-organ trauma and associated venous injuries.

Conclusions: Penetrating missile trauma leading to vascular injuries has not been 

widely reported. Attempting limb salvage even in cases with delayed presentation 

should be weighed with the threat to life before revascularisation and should preferably 

be done at a centre with vascular expertise. A team approach with vascular, ortho-

paedic, general surgeons, and critical care anaesthesiologists all aboard improve the 

outcomes manifold. Use of tourniquets and early fasciotomies have been emphasized 

as is the use of native veins as the bypass conduit. This is probably the largest study on 

penetrating Vascular trauma in anti-terrorism ops from the Indian subcontinent. It 

highlights the significance of prompt recognition and availability of vascular expertise 

in optimally managing cases of vascular trauma.

Keywords: Penetrating vascular trauma; Blast injuries; Trauma center; Fasciotomy; 

Vascular trauma terrorism
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INTRODUCTION

Traumatic vascular injuries are infrequent but can be dev-

astating [1]. Vascular trauma poses a challenge to general 

and trauma surgeons faced by such situations, especially 

cases of polytrauma. Prompt recognition is the key to 

optimum management for arterial and venous injuries. 

Outcomes pertaining to mortality and limb salvage are 

bleak in the vast Indian subcontinent with delayed pre-

sentation and prolonged transfer time periods. This study 

was designed to analyse the profile and management mo-

dalities of vascular trauma and the outcomes thereof at a 

trauma care centre in a tertiary care setting in hostile en-

vironment. The objective of this study was to analyze the 

clinical presentation of arterial and venous injuries in the 

scenario of anti-terrorist action and to study the profile of 

patients and type of trauma suffered that leads to arterial 

and venous trauma in our setting. We attempted to crit-

ically analyze the decisions, methods of repair and limb 

salvage rates and studied the post treatment morbidity 

and mortality in all patients.

METHODS

This was a prospective study on all patients with arterial 

and venous injuries suffered during anti-terrorist ac-

tion presenting to Base Hospital, Srinagar, Jammu and 

Kashmir, India. Hospital ethical committee clearance 

was obtained prior to commencing the study and writ-

ten informed consent was taken from all patients except 

those in shock, where consent was taken from persons 

accompanying them. The injuries suffered were mostly 

due to gunshot wounds or blast injuries from grenades or 

anti-personnel mines. The study was done over a period 

of 3 years from June 2015 to May 2018. Demographics, 

admission data and outcomes were reviewed. Follow-up 

ranged from 1 month to 2 years. Inclusion criteria were 

all patients reporting with arterial and venous trauma. 

Patients who were brought in dead were excluded. The 

parameters noted were age of the patient, sex of the pa-

tient, duration from time of trauma till presentation and 

time till definitive intervention, associated injuries, type 

of trauma leading to the injury, presence or absence of 

hypotension, partial or complete injury, ankle brachial 

index (ABI) for lower limb injuries and pressures at wrist 

for upper limb injuries. It was noted whether a tourniquet 

was in place as the patient reached the trauma center and 

whether it was effective.

Doppler findings and results of any other investigative 

modalities employed in the peri-operative period, blood 

transfusions needed, reperfusion injury, presence or ab-

sence of acute kidney injury in the post-operative period. 

All cases were operated upon by a vascular surgeon, or-

thopaedic surgeon and general surgeons as a team. All pa-

tients were received in trauma centre where initial resus-

citation, radiographs and hand held Doppler evaluation 

was done. Stable patients underwent color Doppler and/

or computed tomography angiography (CTA) and then 

shifted to the operating room (OR). Patients with active 

bleeding/hypovolemia or unstable to undergo investiga-

tions were directly shifted to OR for emergent explora-

tion. External fixator application for displaced fracture 

segments of bone was resorted to, prior to undertaking 

vascular repair, in order to shorten time of surgery and 

to provide bony fixation requisite for the revascularisa-

tion procedure. Definitive orthopaedic management was 

planned for a later date once the patient stabilized. Stan-

dard principles of vascular surgery were undertaken.

Wound exploration was preceded by gaining proximal 

control of the injured artery followed by exploration of 

injured segment, evacuation of hematoma and securing 

hemostasis. Tourniquet was used in a few cases where 

there was delay in securing access due to difficult access 

of injured vessels. Arteries and veins with partial injury 

and no evident intimal injury proximally or distally were 

primarily repaired with cardiovascular expanded Polytet-

rafluoroethylene (ePTFE) sutures. The rest of arterial in-

juries were bypassed using contralateral great saphenous 

vein (GSV) leaving 4 to 5 cm of arterial segment proximal 

and distal to the injured segment. Venous injuries were 

managed by primary repair, reverse GSV (RGSV) by-

pass or ligation depending on the situation. Decision on 

venous repair/ligation depended upon length of venous 

injury, time elapsed since injury, availability of distal 

transected segment of vein and duration of surgery and 

general condition of the patient intra-operatively. Success 

of perfusion of the involved limb was confirmed on table 
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using hand held Doppler. Two incision four compart-

ment fasciotomy was done for lower limb arterial injuries 

which required more than 6 hours to restart limb perfu-

sion from time of injury or in patients with evidence of 

nerve ischemia in the form of absence of active extension 

of great toe prior to surgery. Post-operatively, patients 

were kept on unfractionated heparin infusion with mon-

itoring of activated partial thromboplastin time levels 

for therapeutic effect and later tapered to low molecular 

weight heparin once peri-operative bleeding concerns 

had abated. Prior to discharge from hospital, they were 

started on oral anti-platelet agent ecosprin. Patients with 

foot drop due to early nerve ischemia were managed with 

active physiotherapy in the post-operative period and 

continued long term. Early ambulation was instituted in 

most patients.

Treatment modality employed was noted in the Profor-

ma with details of progress till discharge. Outcome mea-

sures that were observed were limb salvage, requirement 

of amputation and/or fasciotomy, time to ambulation, 

post treatment pressures/ABI, duration of hospitalization, 

morbidity and mortality.

RESULTS

There were a total of 46 cases and they were all males. The 

age range was 21 to 47 years. There were 39 arteries in-

jured and a total of 26 venous injuries. Nineteen patients 

had both arterial and venous injuries. Total number of 

vascular injuries amounted to 65 vessels in 46 patients. 

Lower limb arteries were injured in 25 cases (Figs. 1-3), 

upper limb in 11 cases (Figs. 4, 5), one case of carotid 

artery injury and two cases of renal artery injury (Table 

1). There were 17 cases of lower limb vein injuries, five 

cases of upper limb venous injuries, two cases of internal 

jugular vein (IJV) injury, and one case of renal vein and 

superior mesenteric vein injury, respectively (Table 2). 

Twenty-two out of 25 cases of lower limb arterial injury 

cases came to trauma centre with an effective tourniquet 

in place (88%). Of the rest three cases, one was found to 

have transected thrombosed artery on exploration and 

there was no active bleeding on arrival while the other 

two were actively bleeding leading to large hematomas. 

A total of 42 cases presented within 12 hours of suffering 

Fig. 1. Gun-shot wound thigh-entry wound. Fig. 3. Popliteal artery-revese great saphenous vein bypass.

Fig. 2. Gun-shot wound thigh-exit wound. 
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Fig. 5. Brachial artery bypass.Fig. 4. Gun-shot wound right arm.

Table 1. Distribution of arterial injuries

Ser No. Artery injured No. of patients
No. of patients with  

associated venous injury
Isolated arterial injuries

1 Femoral artery 6 2 4

2 Popliteal artery 13 8 5

3 Tibial arteries-including ATA, PTA, Per 6 3 3

4 Axillary artery 1 Nil 1

5 Brachial artery 5 3 2

6 Radial artery 3 1 2

7 Ulnar artery 2 1 1

8 Renal artery 2 1 1

9 Carotid artery 1 Nil 1

Total 39 19 20

No.: number, ATA: anterior tibial artery, PTA: posterior tibial artery, Per: peroneal artery.

Table 2. Distribution of venous injuries

Ser No. Vein injured No. of patients Remarks

1 Internal Jugular vein 2

2 Superior mesenteric vein 1

3 Renal vein 1 Injured along with renal artery

4 Femoral vein 3 2 cases of both fem art & vein injury and 1 case of isolated fem vein injury

5 Popliteal vein 11 8 cases of both pop art & vein injury and 3 cases of isolated pop vein injury

6 Tibial veins 3 All 3 cases of art & vein injuries

7 Basilic vein 3 All 3 cases of brachial art & basilic vein injuries

8 Forearm veins 2 Both cases with either radial/ulnar artery injury

Total 26

No.: number.
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the injury and complete arterial transections were found 

in 33 cases (80.49%). There were three mortalities (mor-

tality rate, 6.52%). Two patients died due to acute kidney 

injury and multi organ failure as a complication of reper-

fusion injury and complications of massive transfusion, 

the third patient had suffered multiple gunshot wounds 

in the abdomen with splenic injury, left kidney injury and 

multiple bowel perforations along with left renal artery 

transection. He came in without pulse and was salvaged 

with splenectomy, nephrectomy, renal artery ligation and 

resection anastomosis of small bowel. He had required 

massive transfusion and died on 7th day after the injury 

due to multi-organ dysfunction syndrome and sepsis.

Three patients required major amputations (two tran-

stibial and one tansfemoral) with an amputation rate of 

8.33% (out of 36 limb arterial injuries). Of those who 

presented within 12 hours of injury, there was only one 

amputation while all other limbs were salvaged with a 

limb salvage rate of 95.24%. Of the patients who present-

ed after 12 hours of injury, one was an IJV, two popliteal 

arteries and one peroneal artery injury. Both the cases of 

popliteal artery injuries reaching after 12 hours of injury 

needed trans-tibial amputations due to prolonged isch-

emia time. Overall limb salvage rate was 91.67%. Associat-

ed injuries included hemothorax, lung lacerations, splenic 

injury, kidney injury, laryngeal injury, small bowel & large 

bowel perforations and various limb and spine fractures 

along with splinter injuries to various parts of the body. 

Popliteal artery was the commonest artery to be injured 

as was the corresponding popliteal vein. The commonest 

associated orthopaedic injury was femur fracture.

Tourniquet for hemostasis was used in five cases due 

to difficult access to vessels. Thirty-five arteries required 

RGSV bypass and three arteries were repaired primarily. 

Balance three injured arteries were ligated, namely one 

each peroneal, renal and external carotid artery (Fig. 6). 

Thirty-three GSVs were harvested from the contralateral 

limb whereas two GSVs were harvested from the same 

limb due to injury in contralateral leg. Venous repairs 

were undertaken in 12 cases and ligation was done in 14 

cases (Fig. 7). Eighteen patients required two incision four 

compartment fasciotomy (all cases of femoral and popli-

teal artery injuries) including one of forearm fasciotomy 

for a brachial artery injury with delayed presentation. 

Fifteen patients had foot drop, out of which four were 

transient and recovered in the early post-surgery peri-

od. The rest of the 11 patients were managed with active 

physiotherapy and nine recovered well and could am-

bulate without support on follow-up. Complications are 

outlined in Fig. 8. Poor prognostic markers for limb sal-

vage were increasing time to present to the trauma centre, 

hypovolemic shock at presentation, multi-organ trauma 

and associated venous injuries.

Venous treatment

RGSV BYPASS PRI REPAIR LIGATION

Fig. 7. Venous injury treatment. RGSV: reverse great saphenous vein.

 RGSV bypass      Primary repair      Ligation

Arterial treatment

Rgsv bypass Pri repair Ligation

Fig. 6. Arterial injury treatment. RGSV: reverse great saphenous vein.

 RGSV bypass      Primary repair      Ligation
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DISCUSSION

The standard of care for managing vascular injury re-

mained arterial and venous ligation until the 1950s, a 

technique that dated back to the 16th century. DeBakey 

and Simeone [2], in their classic work describing 2,471 

vascular injuries sustained by American forces in World 

War II, stated that ligation was “not a procedure of 

choice. It is a procedure of stern necessity, for the purpose 

of controlling haemorrhage”. They reported an amputa-

tion rate of 49%. The amputation rate in the Korean War 

decreased to 13% among 227 cases of acute suture repair, 

thus confirming the benefit of routine repair of acute vas-

cular injuries in a combat setting [3]. These results were 

identical to the ones from the Vietnam War probably due 

to rapid access to definitive care achieved by evacuation of 

casualties by helicopter within an average of 65 minutes 

[4]. Extremity vascular injuries predominate, representing 

50 to 70% of all injuries treated during Operation Iraqi 

Freedom, and exsanguination from extremity wounds 

is the leading cause of preventable death on the modern 

battlefield [5]. Amputation rates following most civilian 

extremity vascular injury are quoted to be less than 5% [6].  

In our study, the rates of amputations from the variety of 

vascular trauma are 8.67% which are comparable to other 

studies. This reflects the delay in transfer of the patients to 

a trauma center or a tertiary care hospital for emergency 

surgery. Also, the nature of trauma being in anti-terrorist 

action involving blast injuries and gun-shot wounds dif-

fers from other studies reported in literature.

Existing literature suggests that peripheral vascular trau-

ma typically occurs in males (72 to 90%) between the ages 

of 20 and 40 years [7]. This study had 100 % male patients 

and the age range was 21 to 47 years, which is compara-

ble to other studies. The male preponderance is due to 

the nature of the security forces deployed in direct action 

against terrorist activities. The age range also reflects the 

active age group of the security forces that were treated 

in this study. The incidence of vascular injury among all 

forms of trauma is cited to be very low, ranging from 0.2% 

to 2% in military series, and up to 3.7% in civilian series 

[8,9].

Studies suggest that early fasciotomy is associated with 

improved outcomes in patients with lower extremity vas-

cular trauma treated with surgical intervention. Farber et 

al. [10] compared early fasciotomy (<8 hours after open 

vascular repair) with late fasciotomies (>8 hours after vas-

cular repair) in 612 patients undergoing vascular repair 

for traumatic vascular injuries. On multivariable analysis, 

early fasciotomy was associated with a four-fold lower risk 

of amputation. In our study, the late group was defined 

as the patients reaching hospital after 12 hours of injury. 

Both patients with popliteal artery injuries in the late 

group underwent amputation which is similar to reports 

Complications

Death (3) Aki/mods (4) Amputations (3) Foot drop (15) Wrist drop (3)

Fig. 8. Complications. AKI: acute kidney 
injury, MODS: multi-organ dysfunction syn-
drome.
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in existing literature, suggesting that time to reaching 

hospital and vascular repair are central to the prognosis of 

salvage of the limb.

Popliteal vascular trauma remains a challenging entity, 

and carries the greatest risk of limb loss among the lower 

extremity vascular injuries. Sciaretta et al. [11] studied 47 

patients with 78 traumatic popliteal vascular injuries and 

concluded that the risk for amputation is increased with 

longer intensive care unit stay and the use of PTFE graft-

ing for vascular repair. Early restoration of blood perfu-

sion, frequent use of interposition grafts with autogenous 

saphenous vein, and liberal use of fasciotomies play im-

portant role to achieve acceptable outcomes. In our study, 

popliteal vascular injuries lead to the maximum number 

of amputations. There were two amputations out of the 

17 limbs that suffered popliteal vascular injuries amount-

ing to 66.67% of all amputations in our study. Also, we 

refrained from using PTFE grafts and only RGSV was 

used for bypass grafting of arteries and veins.

There are only a few reports from the Indian subconti-

nent. Menakuru et al. [12] published a study on extremity 

vascular trauma in civil population in North India. They 

included 148 patients, however, only 16% cases had suf-

fered penetrating trauma and only seven patients had 

suffered gunshot wounds. It demonstrates the differenc-

es in mechanism of trauma in the civilian setting vis-a-

vis anti-terrorism action suffered by security forces. The 

mortality rate in the study was 8%, which is comparable 

to our death rate of 6.52%. Further, the amputation rate 

of 6% is comparable to our rate of 8% and the difference 

could be due to the nature of trauma, blunt vis-a-vis high 

kinetic injuries in our setting.

Use of tourniquets in extremity vascular trauma plays 

a key role in saving lives by preventing exsanguination. 

Passos et al. [13] studied the use of tourniquets in the 

pre-hospital/traumav bay setting in a series of 190 pa-

tients suffering civilian extremity vascular trauma. They 

observed that only four patients had a tourniquet and six 

patients died of exsanguination for lack of a tourniquet. 

In our study, almost all patients (91.67%) were brought 

with a tourniquet in place. This would have aided in 

improving the survival rate in our series. However, im-

properly placed tourniquets or ones placed for too long 

a time period would probably lead to loss of limb due to 

prolonged ischemia time.

Endovascular techniques have revolutionized the man-

agement of patient with vascular trauma. It is the newest 

weapon in the armamentarium of the vascular surgeon, 

providing similar outcomes with less morbidity to the 

patient. Acute care surgeons trained in endovascular tech-

niques can safely treat traumatic vascular injury with good 

success [14]. Non-operative management is now com-

mon for non-occlusive injuries diagnosed on computed 

tomography arteriography [15]. The role of endovascular 

techniques like haemorrhage control with balloons, em-

bolization (coils, plug, glue, etc.) and stenting/stent graft-

ing in war/anti-terrorist trauma leading to penetrating 

injuries is still evolving and the lack of endovascular facil-

ities at our centre precluded us from studying this option. 

However, studies should be undertaken to compare open 

surgery with endovascular techniques in the penetrating 

vascular trauma setting.

CONCLUSION

Vascular trauma accounts for 1% to 16% of all cases of 

trauma as per available literature. We outline the im-

portance of attempting limb salvage even in cases with 

delayed presentation and appearing to be non-salvageable 

provided being done at a centre with vascular expertise. 

However, the threat to life should be given due consider-

ation before attempting revascularisation and the decision 

should be individualized as per the case. A team approach 

with vascular surgeons, orthopaedic surgeons, general 

surgeons and critical care anaesthesiologists all aboard 

improve the outcomes manifold. Use of tourniquets and 

early fasciotomies has been emphasized which probably 

leads to a higher limb and life salvage rate. Bypassing ar-

teries using native veins plays a central role in revasculari-

sation in the setting of penetrating injuries to vessels. This 

is probably the largest study on penetrating vascular trau-

ma in anti-terrorism ops from the Indian subcontinent 

and highlights the significance of prompt recognition, 

decision making and availability of vascular expertise in 

optimally managing cases of arterial and venous trauma.
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