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Abstract
Blunt traumatic injury to the subclavian, axillary or brachial ar-
tery is uncommon and could have devastating consequenc-
es. Historically open repair is performed however reports of 
successful endovascular treatments are increasing. A case is 
described of a seventy one-year-old patient with a blunt injury 
to his right arm after being crushed in a closing hydraulic door 
of a truck. He sustained a traumatic dissection of his right bra-
chial artery with associated nerve injury to the brachial plexus. 
After trauma resuscitation he was successfully treated in the 
hybrid operation room. Through the common femoral artery a 
helical stent (Supera) was placed in the injured brachial artery. 
Postoperative recovery was without complications. Additional 
treatment for the nerve injury was performed several months 
after trauma by the neurosurgeon. Functional recovery of his 
right arm was good except for fine motoric functioning which 
is still recovering. 
A review of the literature was performed to identify endovas-
cular repair of blunt traumatic injury to the upper extremity. 
A total of 28 papers described 55 patients who underwent 
56 procedures for subclavian, axillary and brachial injuries. 
The subclavian artery was affected and treated in 36 pa-
tients, in 16 patients axillary injury was treated and only 4 
brachial arteries received endovascular repair. Technical 
success rate of endovascular treatment is good and stent 
graft patency rates are sufficient. Type of injury which was 
treated, the follow up technique, anticoagulant therapy and 
follow up duration varied extensively in the literature. 
Endovascular treatment of blunt arterial trauma to the upper 
extremity appears to be feasible. No definite conclusion can 
be drawn concerning best type of stent graft, best follow up 
regime or post-operative medical treatment. Treating a pa-
tient in a hybrid operation room seems advisable to facilitate 
conversion to open treatment or treat associated traumatic 
injuries if necessary.
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Introduction

In less than 10% of trauma patients an associated 
arterial injury is reported. The prevalence is low how-
ever morbidity and mortality in these cases are sub-
stantial [1]. Vascular injury in trauma is usually caused 
by blunt forces. In developing countries the majority of 
lesions are caused by penetrating injuries. All patients 
with vascular injuries should be treated using the same 
Advanced Trauma Life Support (ATLS) principles as any 
other trauma patients. A good coordination between 
trauma and vascular specialist during resuscitation and 
the planning of treatment is essential. The tradition-
al approach to vascular trauma is open surgical repair 
however endovascular techniques are gaining terrain 
[2,3]. In surgically demanding areas like the thorac-
ic aorta and its branches the endovascular repair has 
proven its effectiveness [4,5]. Other ways to use endo-
vascular techniques in trauma are: haemostasis (plugs 
or coiling), temporary control (occlusion balloons) and 
vascular repair (stents, covered stents). The use of 
stenting in peripheral arteries in trauma is upcoming 
and initial reports are promising. The series on repair of 
subclavian, axillary, femoral and popliteal arteries have 
favourable results in short time follow up [3,6]. The 
potential benefits of endovascular versus open repair 
consist of: shorter operative duration, less blood loss 
and less surgical trauma to the patient [7]. The most 
important technical requirement is safe passage of a 
guidewire through the injured vessel to restore distal 
perfusion. A lesion with a total transection, much intra-
luminal thrombus, or external compression therefore 
seems less suitable for transluminal repair. A primary 
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advanced trauma life support principles. Initial pres-
entation showed a hemodynamically stable patient 
with full consciousness with a laceration of his head and 
bruising to the right arm. The X-ray imaging of thorax 
and pelvis, the focussed assessment with sonography 
for trauma, blood analyses and electrocardiogram were 
normal. A secondary survey showed a laceration on the 
medial aspect of the right upper arm with bruising and 
swelling. The capillary refill of his right arm was delayed 
and peripheral pulses were absent. A pulse oximetry 
measurement on the right index finger showed 95% 
saturation. The arterial pressure on the right could not 
be measured and on the left measured 144/72 millime-
tres of mercury. His right arm had diminished motoric 
functioning and sensibility was severely impaired. A 
regular X-ray of his right arm showed no fractures but 
did show air configurations in the subcutaneous tissue 
(Figure 1). An additional computed tomography of cere-
brum and cervical vertebrae showed no abnormalities. 
In the same session a CT-angiography of the right arm 
was performed. The Ct showed subcutaneous air sur-
rounding the brachial artery with a dissection and seg-
mental thrombosis (Figure 2 and Figure 3). The neurolo-
gist made a careful neurological examination while the 
trauma surgeon cleared the patient for the operation. 
Directly after the trauma resuscitation he was brought 
to the hybrid operation room to perform surgery. Gen-
eral anaesthesia was given to the patient to facilitate a 
direct conversion to open surgery if necessary. A ster-
ile exposure was made for both groins and the right 
arm and cervical area. A duplex ultrasound guided 
retrograde puncture of the right common femoral ar-
tery and placement of a 6 French sheath gave access. 
After gaining arterial access systemic heparin was ad-
ministered (5000 international units). With a Terumo 
guidewire (0.035”) [Terumo Europe NV, Belgium] and 
a SIM1 catheter [Cordis Corporation, USA] the axillary 
artery was reached through the brachiocephalic trunk. 
A digital subtraction angiography showed a traumatic 
dissection of the proximal brachial artery (Figure 4). In 
a gentle twisting fashion the 0.035 guide wire was ad-
vanced through the lesion follow by the catheter. An 

open repair or quick conversion to open repair should 
prevent prolonged ischemia of the injured extremity. 
A hybrid approach (direct site endovascular repair) to 
these demanding cases also seems as a good alternative 
[8]. We describe a recent case in which an endovascular 
repair of a blunt brachial artery was highly effective. We 
conducted a systematic review concerning endovascu-
lar repair of blunt vascular trauma to gain more knowl-
edge in its application in the upper extremity.

Case Report

A seventy one-year-old man was presented to the 
emergency department in October 2016. He was work-
ing on the farm of his son when he got trapped between 
hydraulic closing doors of a truck. He sustained trauma 
to his head and to his right arm. His medical history 
consisted of a transient ischemic attack and chronic ob-
structive pulmonary disease (GOLD classification 2). He 
was using pulmonary medication and a combination of 
carbaspirin calcium (100 mg once a day) and dipyrida-
mole (200 mg twice a day). Trauma care was conform 

 

Figure 1: Subcutaneous air on regular X-ray.

 

Figure 2: Subcutaneous air on CT surrounding right arteria 
brachialis.

 

 

Figure 3: Thrombosed brachial artery at site of dissection.
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nar nerve. To date nearly all motoric functioning of his 
arm recovered except for fine motoric functioning.

Review of the Literature

Two researchers (RRS & AR) conducted a independ-
ent review using Pubmed (www.pubmed.gov) and Em-
base (www.embase.com) in order to identify all cases 
of endovascular treatment of blunt vascular trauma 
to the upper extremity. We used the following search 
terms “subclavian” or “axillary” or “brachial” combined 
with “artery” and “blunt” and “trauma” and “endovas-
cular” and “treatment”. All publications of English lan-
guage published after the year 2000 were eligible for 
selection. Article types included all original articles, case 
studies, case reports and retrospective analysis report-
ing blunt arterial trauma to the upper extremity. Exclud-
ed were all traumatic injuries to the central thoracic and 
abdominal arteries, carotid artery, vertebral artery and 
the lower extremity. Furthermore we ignored all publi-
cations of endovascular repair of arterial trauma with 
iatrogenic or penetrating aetiology. All papers lacking 
sufficient data on trauma mechanism (blunt/sharp or 
iatrogenic) and type of therapy (endovascular or open) 
were excluded from analysis. On initial search a total 
of 131 papers were identified. An additional 15 papers 
were added on cross-reference base to be screened. 
Applying the exclusion criteria 68 out of 146 papers 
were selected for full text screening after abstract anal-
ysis. By full text analysis another 40 articles met exclu-
sion criteria reducing the appropriate papers to a total 
of 28. All of the selected studies are case reports and 
retrospective case series. No prospective studies or ran-
domised trials are available in this subject. This review 
consists of 8 retrospective studies or large case series 
and 20 case reports describing endovascular repair of 
blunt trauma to the subclavian, axillary or brachial ar-
tery. In total 55 patients were described receiving a total 
of 56 endovascular procedures. One case reported by 
Chander, et al. describes a patient who receives a stent 
graft in both right and left axillary artery. In a total of 36 
subclavian, 16 axillary and 4 brachial arteries an end-
ovascular repair was performed. Trauma mechanism 
consisted of a Motor Vehicle Collisions (MVC), falling 
from height, shoulder luxation, clavicular fracture and 
mechanical compression of the thorax. Diverse types 
of vascular lesions were repaired: pseudoaneurysms, 
active haemorrhage, occlusions, transections, and dis-
sections. The types of stent grafts which were used are: 
Luminexx stents [Bard, USA], Fluency endografts [Bard, 
USA], Strecker [Boston Scientific, USA], Wallstent [Bos-
ton Scientific, USA], Wallgraft [Boston Scientific, USA], 
Hemobahn stent grafts [W.L. Gore and Associates, USA], 
Jostent stent-grafts [Jomed AB, Germany], Viabahn 
stent grafts [W.L. Gore and Associates, USA], S.M.A.R.T 
[Cordis Corporation, USA], Zilver [COOK medical, USA] 
and Atrium iCAST, [Atrium Medical Corporation, USA].

The overall reporting of post-operative medical 

angiography through the catheter, distal to the lesion, 
confirmed intraluminal positioning of the catheter. Af-
ter this recanalization the SIM1 catheter was exchanges 
for a Multi-purpose catheter [Cordis Corporation, USA]. 
A smaller guidewire (0.018”) was placed and a 6 mm 
balloon angioplasty was performed. After angioplasty 
two 5 mm × 100 mm Supera [Abbot, USA] stent grafts 
were deployed in telescopic fashion with the distal stent 
being deployed first (Figure 5). The control angiography 
showed a good positioning of the stent grafts (Figure 6). 
The puncture site was closed with a Star close closure 
device [Abbot, USA]. After surgery distal pulsations at 
the wrist had restored and the sensory impairment was 
recovering. During the first 2 post-operative days the 
motoric disability markedly improved to nearly normal. 
Postoperative recovery was without complications. Pa-
tient received dual platelet anticoagulation (carbasparin 
calcium 100 mg once a day and clopidogrel 75 mg once 
a day) for the first 3 months. After three months his own 
pre-trauma anticoagulation therapy was restarted (car-
baspirin calcium and dipyridamole). A control CT-angi-
ography at 4 months post-operatively showed patent 
stent grafts with good deployment. Duplex-ultrasound 
imaging of the stent grafts showed patent stents at 6 
months follow up. Unfortunately the patient did sus-
tain concomitant neurological damage to the brachial 
nerves plexus at trauma. At 4 months post-operatively 
the neurosurgeon planned a decompression of the ul-

 

Figure 4: Traumatic dissection of right arteria brachialis.

 

Figure 5: Placement of two 5 × 100 mm Supera stent grafts.

 

Figure 6: Control angiography.
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treatment which was prescribed was poor. In only 11 of 
28 studies a description of therapy was given at all. In 
the reported papers treatment regimens varied in the 
following: carbaspirin calcium (3), dual platelet (n = 6), 
vitamin K antagonist (n = 1) and no anticoagulation due 
to spontaneous elevated activated platelet activation 
time (n = 1). In some trials an initial post stent graft ther-
apeutic dose of low weight heparin was given for 1 to 9 
days followed by dual platelet anticoagulation.

Patency follow up of the treated artery or stent graft 
was performed in 24 studies however in 5 of these stud-
ies authors did not specify on how follow up was per-
formed. Of the remainder of 19 studies the follow up 
consisted of duplex scanning (n = 10) clinical check-up 
(n = 5) or CT-angiogram (n = 4). The overall follow up 
duration ranged from 0.5 month to 84 months.

Complications related to the transluminal proce-

dure of blunt traumatic lesions were seen in 4 out of 56 
treated vessels. Two early complications consisted of: a 
distal embolectomy after stent placement and one en-
doleak after treatment of a pseudoaneurysm. The last 
mentioned endoleak was without therapeutic conse-
quences with stable aneurysm diameter in CT follow up 
for 3 years. Two late complications were seen and con-
sisted of a stent thrombosis at 1 month and 12 months 
after placement. The first was successfully treated with 
thrombolysis and remained patent for the remainder of 
follow up. The second was without clinical symptoms 
and was treated conservatively. No severe access relat-
ed complications were described: one pseudoaneurysm 
of a brachial access site was treated with a thrombin 
injection.

A concomitant nerve injury to the brachial plexus 
was seen in 7 patients after trauma. Six of these patients 

Table 1: Published studies on blunt traumatic injury to the subclavian artery.

Author [Reference] Sex/Age Mechanism Injury type Device Patency 
(months)

Plexus 
injury

Brandt, et al. [9] M/35 MVC Dissection Wallgraft 20 No
M/42 MVC Transection Wallstent 1.5 No

Renger, et al. [10] F/60 Fall Pseudoaneurysm Wallgraft 12 No
Xenos, et al. [11] M/19 MVC Active haemorrhage Wallgraft 12 (NS)
Bukhari, et al. [12] F/45 MVC Pseudoaneurysm Jostent 2 No
Piffaretti, et al. [13] M/65 (NS) Pseudoaneurysm Wallgraft 36 No

M/55 (NS) Dissection Luminexx 12 No
Stokkeland, et al. [14] M/80 Fall  from height Perforation Hemobahn 14 No
Derom, et al. [15] F/93 Clavicle fracture Pseudoaneurysm Hemobahn 9 No
Carrick, et al. [16] M/24 Fall Pseudoaneurysm Wallgraft (NS) No
Enamorado, et al. [17] M/24 MVC Pseudoaneurysm (NS) (NS) No
Stefanczyck, et al. [18] F/10 Clavicle fracture Pseudoaneurysm Viabahn 6 No
Stalhub, et al. [19] M/32 (NS) Occlusion Wallstent 10 (median) (NS)

F/24 (NS) Occlusion Wallstent 10 (median) (NS)
M/76 (NS) Occlusion Viabahn 10 (median) (NS)
M/23 (NS) Occlusion Viabahn 10 (median) (NS)
M/64 (NS) Transection Viabahn 10 (median) (NS)
M/35 (NS) Occlusion Viabahn 10 (median) (NS)

Carrafiello, et al. [20] M/56 (NS) Transection Wallgraft 72 (NS)
F/31 (NS) Occlusion Bare stent Strecker 72 (NS)
M/80 (NS) Pseudoaneurysm Fluency stent 36 (NS)
M/49 (NS) Pseudoaneurysm Fluency stent 12 (NS)

Assenza, et al. [21] M/70 Fall  from height Active haemorrhage Viabahn 0.5 No
Günday, et al. [22] M/31 Compression Occlusion Viabahn 1 (NS)
Nakada, et al. [23] M/41 MVC Dissection S.M.A.R.T 2 (NS)
Nishimura, et al. [24] M/70 Clavicle fracture Pseudoaneurysm Fluency stent 12 No

Zhang, et al. [25] M/50 (NS) Pseudoaneurysm Viabahn 6 No
Matsagkas, et al. [6] M/34 MVC (NS) Viabahn 44 No

M/42 MVC (NS) Viabahn 42 No
M/63 Fall  from height (NS) Viabahn 36 No
M/70 Fall  from height (NS) Viabahn 34 No
M/72 Fall  from height (NS) Viabahn 28 No
M/60 Fall  from height (NS) Viabahn 24 No
M/54 Fall  from height (NS) Viabahn 12 (stent 

thrombosis)
Yes

Diaz-Gutierrez, et al. [26] M/20 MVC Partial Transection Atrium iCAST 12 No
Weber, et al. [27] M/57 MVC Transection subclavian 

& vertebral artery
Fluency (NS) No

MVC: Motor Vehicle Crash; (NS): Non specified.
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[36]. One example is the use of selective coiling which 
has significantly reduced the need for emergent sple-
nectomy or nephrectomy. Currently the transluminal 
approach of trauma related injuries to central arteries 
such as the thoracic aorta and its branches is an ac-
cepted strategy. Recent literature suggests that these 
favourable outcomes in central vascular trauma might 
also apply to peripheral arteries but long term follow 
up is lacking. The potential of publication bias and pa-
tient selection in these data is high. Furthermore there 
is heterogeneity in anatomical location and aetiology of 
the lesions. Description varies from outcome after iatro-
genic, blunt or sharp trauma. We should be aware dur-
ing analysis of outcome after endovascular treatment 
of peripheral traumatic lesions that its aetiology has an 
important impact on success. For instance, iatrogenic 
injuries during endovascular procedures can be iden-
tified and treated immediately making feasibility and 
outcome favourable. In the contrast, mortality rates af-
ter sharp injury to the subclavian and axillary artery are 
high. Demtriades, et al. described an overall mortality 
of 34.2% of 79 patients in 1999 [37]. Nevertheless re-
ports of successful endovascular repair in penetrating 
injuries to the subclavian or axillary artery are increas-
ing. A retrospective analysis of 46 cases by Danetz, et al. 
showed that in almost 50% of penetrating vascular trau-

Table 2: Table two published studies on blunt traumatic injury to the axillary artery.

Author [Reference] Sex/Age Mechanism Injury type Device Patency 
(months)

Plexus injury   

Castelli, et al. [28] M/42 (NS) Dissection Wallstent 48 No

Papaconstantinou, et al. [29] M/55 Fall Occlusion Wallstent 3 Yes 

Piffaretti, et al. [13] M/28 (NS) Dissection Luminexx 12 No

M/46 (NS) Dissection Luminexx 3 No

Michaluk, et al. [30] M/49 Shoulder luxation Pseudoaneurysm Viabahn 5 Yes 

Reid, et al. [31] F/73 Shoulder luxation Active 
haemorrhage

Viabahn (NS) Yes 

Karkos, et al. [32] M/63 Shoulder luxation Pseudoaneurysm Viabahn (NS) Yes 

Chander, et al. [33] M/36 Fall  from height

Left & Right axillary 
artery  injured

Active 
haemorrhage

Zilver Cook left 
& Zilver Cook 
right

36

36

Yes (left arm)

No (right arm)

Stalhub, et al. [19] M/24 (NS) Occlusion Viabahn 10 (median) No

Carrafiello, et al. [20] M/56 (NS) Transection Wallgraft 72 (NS)

M/63 (NS) Occlusion Wallgraft 1 (thrombolysis) (NS)

M/15 (NS) Occlusion PTA balloon 48 (NS)

M/28 (NS) Transection Fluency stent 36 (NS)

F/81 (NS) Mural hematoma PTA balloon 21 (NS)

Rohlffs, et al. [34] M/24 MVC Transection Fluency 0.5 Yes 

MVC: Motor Vehicle Crash; (NS): Non specified.

Table 3: Published studies on blunt traumatic injury to the brachial artery.

Author [Reference] Sex/Age Mechanism Injury type Device Patency (months) Plexus injury
Lonn, et al. [35] M/51 (NS) Dissection Balloon 48 No

M/51 (NS) Dissection Balloon 10 No
Carrafiello, et al.  [20] M/32 (NS) Occlusion Bare stent Strecker 84 (NS)

M/33 (NS) Pseudoaneurysm Wallgraft 72 (NS)

(NS): Non specified

Table 4: Patient Characteristics.

Patients, n 55 
Age Mean 47.3 years 
Male gender, n (%) 47 (85.4)
Treated Arteries, n 56 
    Subclavian artery, n (%) 36 (64.2)
    Axillary artery, n (%) 15 (26.7)
    Brachial artery, n (%) 4 (7.1)
Technical success 100%
Follow up median  (range) 12 (83.5) 

months 
1 year follow up, n (%) 29 (51)
     1 year primary patency rate, n (%) 27 (93)
     1 years assisted primary patency rate, n (%) 28 (96)
Graft related complication, n (%) 4 (7)

(NS): Non specified.

had an axillary artery injury and only 1 of the 36 subcla-
vian injuries had a plexus injury. A detailed description 
of all patients is found in Table 1, Table 2 and Table 3. 
The patient characteristics are described in Table 4.

Discussion

Early identification and treatment of concomitant 
vascular injury in trauma patients is essential. The ad-
vantages of an endovascular approach compared to 
open surgery have increased its use in traumatology 
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flexible stent grafts the amount of lesions suitable for 
endovascular repair is expanding. Ganapathy, et al. de-
scribe that during their study period from 2009 until 
2015 the endovascular treatment of peripheral vascular 
trauma in their hospital increased from 7% to 50% [3].

As a result of the wide range of used stents, this re-
view cannot advise which type of stent graft one should 
use. Also one cannot give any recommendation on 
post-operative anticoagulation. Although a randomised 
trial would be a modality to answer these questions, the 
limited incidence of these types of injuries makes such 
a solution not feasible. However, overall data suggest 
that endovascular treatment for this indication is feasi-
ble when equipped with an adequate endovascular ser-
vice. Endovascular treatment of these trauma patients 
can reduce procedural time, reduce blood loss and re-
duce operative trauma to the patient. Furthermore in 
case of inability to safely pass the lesion with a guide 
wire the application of an occlusion balloon can limit 
blood loss and facilitate controlled open repair. Treat-
ment of blunt vascular trauma in a hybrid room seems 
advisable to treat concomitant injuries, convert to open 
surgery or perform a fasciotomy if necessary. Obvious-
ly extensive experience in endovascular treatment and 
knowledge of type of stent grafts and its application is 
imperative.

Conclusion

Endovascular treatment of blunt vascular trauma 
to the upper extremity is technically feasible. An end-
ovascular first approach seems recommendable with 
the concept of damage control in mind. Furthermore 
the long term patency of endovascular treatment is no 
longer a threshold. Treatment of these patients in an 
adequately equipped hybrid rooms seems advisable in 
order to be able to convert when necessary and treat 
associated injuries as well.
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