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Abstract: Minimally invasive endovascular interventions including stenting and embolization have been
widely adopted for the treatment of emergent and traumatic thoracoabdominal injuries. In recent years,
these techniques have been utilized in the setting of extremity vascular trauma with promising outcomes. By
allowing for the rapid diagnosis and subsequent treatment of penetrating or blunt vascular extremity trauma,
these techniques can help to minimize blood loss, reduce operative complications, and potentially prevent
limb amputation. Here, we present a narrative review of the ever-increasing role of minimally invasive
interventions in the management of extremity trauma and compare its use and outcomes to open surgical
repair. A special focus is placed on diagnostic imaging modalities in trauma and the role of interventional
radiologists in the work-up and treatment of extremity trauma. We discuss diagnostic imaging modalities
that aid in the triaging of extremity trauma, such as Doppler sonography, CT angiography, and catheter-
based angiography. We present an overview on the literature related to endovascular interventions such as
embolotherapy and stent grafting as well as the technical challenges associated with each technique. Finally,
we present our own cases on the workup and endovascular treatment of extremity trauma, including CT

angiography, particulate and coil embolization, and stent graft placement.
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Introduction In recent years, endovascular approaches in the

management of upper and lower vascular trauma have been

Trauma is the largest cause of mortality in those under 45 . . . .
g ty increasingly utilized due to advances in technology and

and the third overall cause of mortality regardless of age (1). procedural techniques (5). Endovascular interventions can

Vascular trauma is associated with a high mortality rate; have both diagnostic (catheter-based angiography to detect

while vascular injuries make up 1-2% of all trauma cases extravasation) and therapeutic (urgent embolization or

but contribute to upwards of 20% of all trauma-related
mortality (2,3). Approximately 75-80% of extremity trauma
is penetrating and carry with them a high likelihood of
vascular involvement (4). Blunt trauma injuries with vascular
involvement include supracondylar fractures, posterior knee
dislocation, and tibial plateau fractures.
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stenting to maintain the integrity of the injured vasculature)
utility. These endovascular techniques can even allow for
simultaneous diagnosis and intervention in peripheral
vascular trauma and are especially useful in cases where
sites of bleeding are difficult to access or identify. In the

case of extremity trauma, endovascular interventions can
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achieve minimally invasive hemostasis whether it be by
embolization or stent graft placement (6).

According to recent Society for Interventional Radiology
guidelines for the role interventional radiology (IR) in
acute trauma care, endovascular techniques can be used
when open surgery increases risk of injury to surrounding
structures, or when blood loss needs to be rapidly
minimized (7).

We review the diagnosis and initial work-up of extremity
trauma as well as various endovascular approaches.
Technical challenges associated with the utilization of
minimally invasive interventions in extremity trauma
are also discussed. We present the following article in
accordance with the NARRATIVE REVIEW reporting
checklist. Literature review was conducted by compiling
previous case reports, retrospective studies, and guideline
commentaries that were indexed on the PubMed database.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-20-5428).

Assessment of extremity trauma

Assessment and initial stabilization of extremity trauma is
incorporated in the primary survey. Focused physical exam
of the extremity is performed to determine the location and
extent of injury. Clear signs of vascular extremity injury
include active bleeding, expanding pulsatile hematoma,
ongoing external blood loss, bruit/thrill heard over the
wound, absent distal pulses with or without distal ischemic
changes (8). If entry or exit wound is clearly present,
the expected path of injury should be sought to evaluate
likelihood of major arterial injury (9). Traditionally, patients
with significant hemodynamic instability secondary to blood
loss from extremity trauma are best served with emergent
surgical repair and possible amputation. Amputation would
be determined by the operating surgeon based on a number
of factors, including tissue damage, ischemia, shock, and
age of the patient; an objective and validated measure is
the Mangled Extremity Severity Score (10). However,
depending on institutional practice and operator preference,
endovascular intervention in a hybrid operating room can
be considered in unstable patients.

Diagnostic imaging

There are a variety of diagnostic modalities that can be
used in the setting of vascular extremity trauma including
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Doppler sonography, computed tomographic angiography
(CTA) and digital subtraction angiography. Doppler
sonography is a low cost and readily available tool to screen
for vascular extremity trauma. As ultrasound is readily
available in the trauma bay for a Focused Assessment with
Sonography in Trauma (FAST) scan, this can be used to
assess for the presence of a hematoma, pseudoaneurysm or
vessel occlusion (7). In one systematic review, ultrasound
was shown to have a sensitivity of 84.6% and a specificity
of 99.1% in the evaluation of significant vascular extremity
trauma (5,11).

CT angiography is rapid, highly sensitive and highly
specific for detecting major vascular injury (12,13). In two
prospective studies, the sensitivity of CTA in detecting focal
arterial injuries in the proximal extremities ranged from
90-100%, while the specificity was greater than 98% (14,15).
An additional meta-analysis by Jens et al. showed a sensitivity
0f 96.2% and a specificity of 99.2% (16). In a study by Wallin
et al., if a patient had a normal CTA, surgical or endovascular
intervention was rarely needed (17) (Figure 1). CTA can
detect below the knee vascular occlusion in cases of fracture
(Figure 2) as well as large vessel (popliteal artery) occlusion in
the setting of posterior knee dislocation (Figure 3).

While conventional angiography is the gold standard for
diagnosing vascular injury it is invasive and less available. A
major advantage of catheter-based angiography is the ability
to both diagnose and treat (3,18,19). Angiographic findings
of life or limb-threatening injury include active contrast
extravasation, large pseudoaneurysms, vessel transection
or vessel occlusion. Minor findings that are non-limb
threatening would include vessel narrowing, occlusion of
noncritical branches and small arteriovenous fistulas (9).
When angiography was previously the preferred method
of diagnosing extremity trauma, the necessity of the
procedure would be determined based on positive physical
exam findings that indicate a high probability of arterial
injury. Those with a negative physical exam could receive
angiographies electively (20).

Endovascular techniques in extremity trauma

Extrapolating from peripheral arterial data, patients
undergoing endovascular intervention for extremity trauma
may have fewer complications and shorter length-of-
hospital-stays than patients undergoing open repair (21).
This may be especially true in regions where open surgery
would cause iatrogenic complications (5). Endovascular
interventions in extremity trauma have been associated
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Figure 1 Negative CT Angiography for vascular injury. This
27-year-old female was impaled by a large tree branch during a
mountain biking accident. Initial exam and plain radiograph (A)
showed the branch which speared behind the knee, raising concern
for popliteal injury. Axial and Sagittal images from a computed
tomographic angiography (CTA) (B) showed no injury to the
popliteal artery. The branch was successfully and uneventfully

removed without further intervention.

with decreased blood loss compared to open surgery (22).
Endovascular techniques have been used in both upper and
lower extremity trauma cases; the majority of data is from
case series including reported technical and clinical success in
all lower extremity arteries (19,23,24). Iliac artery injuries can
be quite severe and are associated with significant mortality
rates upwards of 40% (25), necessitating the need for rapid
intervention. Open surgical exposure of the iliac arteries is
often difficult and endovascular approach may be preferred.
Though endovascular techniques present many benefits to
open surgery in regards to patient outcomes, these methods
may be limited in cases where the vessel is transected, as this
would prevent the catheter from being able to cross the site
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Figure 2 CT angiography to evaluate arterial injury in trauma.
(A) 3D volume rendering technique (VRT) demonstrating a
complex, open comminuted fracture of the right tibia and fibula.
Abrupt occlusion of the anterior tibial artery (yellow arrow)
with reconstitution of the dorsal pedis artery (orange arrow) is
demonstrated. (B) Coronal multiplanar reconstruction (MPR)
shows abrupt occlusion of the artery. (C) Axial images show non
opacification of the right anterior tibial artery (yellow arrow) with
opacification of the posterior tibial artery and peroneal artery. No
evidence of extravasation or pseudoaneurysm. Left leg with normal

opacification as a reference.

of injury. There is still a need for more evaluation of the long-
term patency rates for certain endovascular interventions
like stent grafts (12). At the time of this review, there does
not appear to be any previously published prospective series
evaluating endovascular versus open approaches.

Upper extremity traumatic injuries experience is more
limited but both stent graft placement and coil embolization
has been described (26). An endovascular approach is preferred
for the axillary-subclavian region due to important adjacent

structures in this region such as the brachial plexus and veins
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Figure 3 CT angiography to evaluate vascular injury in posterior knee dislocation. Patient presented with posterior right knee dislocation

with concern for injury to the popliteal artery. (A) 3D volume rendering technique of computed tomographic angiography (CTA) to assess

for injury to the right popliteal artery. CTA ruled out any sort of vascular injury and so reduction was pursued. (B) Anterior-posterior (AP)

and lateral views of the posterior dislocation in the right leg. (C) Post-reduction images in the AP and lateral views.

which are at risk for injury with an open surgical approach.

The two general endovascular approaches in peripheral
arterial trauma include embolization and stent grafting (27).
The site and size of vessel injury, whether it is in a main vessel
or distal branch, and the type of injury that is manifesting
(i.e., active extravasation or pseudoaneurysm formation)
determines whether embolization or stent grafting is
used (28). Other lesser used interventions include temporary
balloon occlusion, often done as an adjunct to open surgery
and percutaneous thrombin injection (4,29).

Embolotherapy

Embolization is commonly performed for vascular extremity

© Annals of Translational Medicine. All rights reserved.

trauma and involves the endovascular deployment of an
embolic material to intentionally occlude an artery (Figure 4).
It has a high success rate in controlling hemorrhage and
offers minimal complications when compared to open
surgical approaches. Proximal and distal control to the site
of vessel injury should be achieved to prevent rebleeding
from collateral or retrograde flow. This method of treatment
should not be used if vessel occlusion would cause distal limb
ischemia and is better suited for muscular branches (e.g.,
thigh bleed from bleeding from a branch of the profunda
femoris artery) (30). When performing embolization, extra
care should be made to avoid non-target embolization.

Once embolotherapy is considered, different embolic
agents may be used depending on operator preference,
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Figure 4 Particulate embolization of active bleeding in the right thigh. A 71-year-old man currently anticoagulated due to atrial fibrillation

presents with right thigh swelling after a fall. (A) CT angiogram shows active extravasation (yellow arrow) in the vastus lateralis muscle with

surrounding hematoma. (B) Angiogram with microcatheter a branch of the deep femoral artery demonstrates active extravasation correlating

with the CT (yellow arrow). (C) Following embolization using 300-500 pm spherical particles, no evidence of bleeding or extravasation is seen.

anatomic complexity, and whether the embolization is
desired to be temporary or permanent. Gelfoam is a
commonly used temporary embolic agent (31). There are
many benefits of Gelfoam including its availability and low
cost. Gelfoam will typically recanalize within 2-3 weeks,
allowing ample time to initially stop extravasation and
then allow the vessel to naturally heal (31,32). If a more
permanent embolic solution is required, coils can be used
and are usually effective for medium or small sized arteries
(Figures 5,6).

Liquid embolic agents such as glues are used frequently
in arteriovenous malformation treatment (33) but have
limited use in trauma cases due to risk of accidental distal
embolization. They can also be sclerosing, which can
damage vessel walls leading to increased risk of tissue
ischemia and necrosis (31). Nevertheless, the inflammatory
reaction and subsequent instant thrombosis they produce
may be desired in certain situations. For example, there are
reported case studies of Onyx being used as an embolization
agent for traumatic and non-traumatic peripheral vascular

lesions (34).

Endovascular stent grafting

If the site of bleeding or injury involves a major vessel
whose occlusion would lead to limb ischemia or other
complications, stent grafting would be the endovascular

© Annals of Translational Medicine. All rights reserved.

treatment of choice (Figure 7). The location of vascular
extremity injuries, whether they are centrally or distally
located, influences the technique used. More centrally
located injuries (large main vessels) require the use of
endovascular stent grafts. Stents have been shown to be
efficacious in both upper extremity vessels (subclavian,
axillary) and lower extremity vessel bleeds (femoral,
popliteal) (12).

Small case series remain the best evidence for their
efficacy, safety and long-term patency. One of the largest
series to date included 57 patients with subclavian arterial
injury treated with stent grafting. No limb loss, need for
open surgery or deaths were reported (27). In a cohort
of 18 patients treated with endovascular stent placement
for peripheral arterial injury, Biagioni ez 4/. demonstrated
a 100% technical success rate as well as a patency rate of
92.3% and 61.5% at one and two years follow-up (35).
In another study of 28 patients receiving grafting for
arterial injury, 6 required a secondary procedure, and
the limb salvage rate was 92% at 45 days and 79% at
93 days (36). Complications of stent grafting include stent
fractures especially at sites of flexion and extension such as
the common femoral artery of distal superficial femoral/
popliteal region (Figure 7). From 29 studies analyzed over
the course of a 10-year period, the incidence of reported
fractures ranged from 0-65% for stents placed in the
femoropopliteal region (37).
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Figure 5 Coil Embolization of Traumatic Pseudoaneurysm with Arteriovenous Fistula. A 58-year-old man presented following penetrating
trauma to the distal left lower extremity. (A) CT angiogram demonstrates a pseudoaneurysm directly adjacent to the peroneal artery with
immediate filling of adjacent veins. (B) CT angiogram at the level of the distal thigh showing robust opacification of the femoral vein (orange
arrow). Compare to the right leg where no venous filling is present. (C) Ultrasound demonstrating the characteristic “yin-yang” sign of
blood flow consistent with a pseudoaneurysm. (D) Selective digital subtraction angiography (DSA) of the popliteal artery below the knee
shows a pseudoaneurysm arising from peroneal artery with fistulous communication to the paired peroneal veins. (E) DSA of the anterior
tibial artery demonstrates occlusion with filling of the pseudoaneurysm. Via collaterals arising from the proximal anterior tibial artery, there
is reconstitution of the distal anterior tibial artery. (F) Coil embolization performed of the peroneal artery gaining both proximal and distal

control. In addition, given collateral flow to the distal anterior tibial artery, the anterior tibial artery was embolized. Final images show no

filling of the pseudoaneurysm with filling of the distal anterior tibial artery via collaterals.

Technical challenges

In the setting of acute extremity trauma, it is imperative
to minimize blood loss as efficiently quickly as possible.
Therefore, the operator should have a high level of
experience with small vessel embolization (38). If
hemodynamic instability were to develop while attempting
an endovascular approach, balloon occlusion could be
utilized to minimize blood loss while a surgical approach is
considered to stabilize the patient (39).

Complex anatomy poses additional technical hurdles
in the trauma setting. Rapid identification and selection
of vessels that can be sacrificed safely, such as distal
perforating branches of main vessels, is paramount to
safe and effective embolization (38). In the event of
pseudoaneurysm formation at the site of injury, it is
important to stent graft or coil across the site of arterial
break to prevent retrograde collateral flow into the
pseudoaneurysm (40). Alternatively, the pseudoaneurysm
may need to be filled with coils or other embolic agents

© Annals of Translational Medicine. All rights reserved.

to prevent perfusion. Pseudoaneurysms may co-exist
with arteriovenous fistulas (Figure 5). Finally, in volume
depleted and hemodynamically unstable patients, especially
those on pressors, arteries may be constricted due to excess
sympathetic tone. This can obscure underlying injuries.
Additionally, it can make navigation of guidewires and
catheters difficult. Finally, if one is unaware of this small
vessel size, embolic or stents may be undersized leading to
device migration or endoleaks.

Conclusions

Endovascular techniques are becoming increasingly
utilized in all types of trauma, including arterial extremity
trauma. Depending on anatomic site of injury and patient’s
clinical status, endovascular intervention, either by stent
graft placement or embolization, can be effective with
lower rates of complications and blood loss compared to
open surgery.
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Figure 6 Peroneal artery pseudoaneurysm (PSA) treated with coil embolization. this patient was a victim of stabbing with a pulsatile
hematoma in the calf. Ultrasound (US) (A) and computed tomographic angiography (CTA) (Volume Rendering-B; Axial-C) showed a large
peroneal artery PSA. Angiography was performed showing the large PSA (D,E). In contrast to Figure 5, no arteriovenous fistula was seen.
Successful coil embolization was performed (F). Follow-up CTA showed desired occlusion of the PSA with good maintained perfusion to
the foot via the anterior and posterior tibial arteries (G).

Figure 7 Stent graft placement for common femoral artery (CFA) injury. A 78-year-old female who underwent mechanical thrombectomy
for middle cerebral artery (M(CA) stroke. Attempted closure device placement led to significant injury to the CFA with rapidly expanding
pulsatile hematoma. Contralateral access was obtained and angiography while holding pressure, showed extravasation from the CFA
puncture site (A). Stent graft (Gore Viabahn W.LL Gore & Associates Flagstaff, AZ) was placed with hemostasis achieved (B). Placing stents
across the hip joint should only be done in extraordinary cases given risk of stent fatigue and fracture.
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