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Abstract
Purpose of Review This review aims to highlight the contribution of Interventional Radiology in the setting of vascular trauma
beyond the abdomen and present the latest innovations in this field.
Recent Findings A shift from surgical operative management to endovascular management has occurred over the past decade.
Critically ill patients are treated in hybrid operating rooms, by methods of damage control interventional radiology at the same
time that resuscitation and trauma evaluation take place.
Summary Hemorrhagic shock is one the leading causes of death. Transarterial embolization (TAE), stent graft deployment, and/
or balloon occlusion can expeditiously stop hemorrhage and prevent exsanguination in a patient in extremis. Avoiding the
additional physiological stress of the traditional surgical approach, these minimally invasive methods can be performed under
moderate sedation and are associated with low morbidity and reduced hospital stays. As interventional angiography is rapidly
expanding and evolving, so do its applications in traumatic vascular injuries of the head, neck, thorax, pelvis, and extremities.
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Introduction

Trauma is the main cause of death in people under 40 and
the third cause of death in all age groups. Approximately
31.6 million people require treatment in the emergency de-
partment (ED) for trauma-related injuries annually [1].
Hemorrhagic shock along with central nervous system in-
juries remains the principal cause of death in trauma pa-
tients. Vascular injury is highly morbid and can lead to fatal
exsanguination but life-saving interventions are possible
[2]. Mechanism of traumatic vascular injury varies widely,

with most being caused by high-velocity weapons (70–
80%), followed by stab wounds (10–15%), and finally,
blunt trauma (5–10%) [3]. The last has some unique fea-
tures, making it clinically occult and difficult to diagnose.
After an acute traumatic injury, the early diagnosis of the
extent and the degree of pathology is critical.

The role of radiology in trauma care is constantly
expanding serving as a diagnostic, as well as a therapeutic
modality. Vascular trauma can be classified into five catego-
ries according to the imaging appearance: (1) damage of the
intima and/or media with or without narrowing of the vessel
lumen and creation of a dissection plane, (2) aneurysmal dila-
tation and/or pseudoaneurysm formation, (3) complete vessel
occlusion, (4) arteriovenous (AV) fistula, and (5) complete
vascular transection [4]. Regardless of the mechanism of trau-
ma, these patterns of vascular injury are a challenging problem
in the poly-traumatized patient because open exposure and
surgical repair can often be very difficult. The evolution of
endovascular technology has brought innovative strategies to
manage such complex vascular injuries by temporizing or
providing definitive therapeutic intervention. Integrating a va-
riety of minimally invasive therapies, interventional radiology
has become a fundamental aspect of modern trauma care and
changed the management of vascular trauma over the last
decade.
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Methods of Endovascular Treatment

Initial imaging survey in vascular trauma is completed with
computed tomography angiography (CTA), which offers a
fast, non-invasive method to accurately evaluate pathology.
CT angiography (CTA) can assess large-vessel integrity and
depict arterial occlusions, transections, dissections, and inti-
mal tears [5]. The evolution of non-invasive multidetector CT
(MDCT) angiography has largely limited the use of digital
subtraction angiography (DSA) as a diagnostic tool in trauma.
Modern trauma diagnostic protocols recommend DSA only in
rare cases of dubious CTA diagnosis or in trauma cases in
which accurate surgical planning is required [6]. Positive signs
of acute vascular trauma are frank extravasation of injected
contrast agent, which may be contained as in the case of a
pseudoaneurysm or uncontained with free spill into the sur-
rounding tissues, frank cutoff of a vessel, formation of an
arteriovenous fistula, luminal abnormality consistent with an-
atomical injury, and dissection of a major artery with visible
intimal flap [7•].

In the setting of acute trauma, endovascular intervention
can effectively isolate the arterial injury from the circulation.
Endovascular techniques implicate over-the-wire access to the
arterial or venous system and placement of a sheath. Once
access is achieved, wires and catheters are directed to the
anatomic site of interest, by the aid of fluoroscopy. Moderate
sedation is necessary for procedural comfort, assisting the pa-
tient to remain still and cooperative during angiography.
Under moderate sedation, the patient should be able to re-
spond to verbal commands and no intervention to maintain
the airway is necessary [8]. Midazolam and fentanyl are the
most commonly used drugs for moderate sedation.
Nonetheless, due to the complexity of trauma patients, many
procedures are performed under general anesthesia.

Percutaneous, endovascular access to a given anatomic re-
gion may be required to perform a diagnostic contrast study,
accomplish large-vessel occlusion, or repair a vessel disrup-
tion. A combination of these techniques is also possible during
endovascular approach to injury. More precisely, intervention-
al treatment methods commonly utilized in the trauma setting
are the following:

Transarterial Embolization

First described in 1972, transarterial embolization (TAE) has
become an indispensable tool in the armamentarium for hem-
orrhage control and is widely employed for expeditious con-
trol of bleeding, avoiding extensive tissue disruption resulting
from surgical interventions [9, 10]. TAE has an adjunctive role
in managing polytrauma bleeding and studies have demon-
strated a 91% success rate when it is utilized as a first-line
therapeutic modality [11, 12]. Knowledge of the arterial

anatomy, role of collateral arterial flow, available equipment,
and procedural risks is crucial for effective TAE.

The procedure involves the introduction of particulate mat-
ter into the circulation to mechanically occlude bleeding ves-
sels [13]. A variety of catheters and coaxial microcatheters
designed for smaller vessels is readily available for super-
selective catheterization of most parts of the arterial circula-
tion. The choice of embolic agent is mainly based on the site
and nature of the injury, the desire to maintain adequate col-
lateral flow, and the operator’s experience and preference.
Embolic agents differ according to their permanency and level
of arterial occlusion [5]. Microcoils, glue, microparticles (per-
manent embolic agent), and gel foam slurries (absorbable em-
bolic agent) are most commonly used. Glue and gel foam
slurries may cause proximal vascular occlusion and ischemia
if dislodged from the original site of deployment. The risk of
non-targeted embolization, which may cause ischemic com-
plications, can be eliminated by detachable coils and
microcoils delivered via coaxial microcatheters, which are ex-
cellent for super-selective TAE [14]. Larger vessels require
deployment of larger coils or vascular plugs, while traumatic
AVMs can be treated with Onyx which is a novel liquid em-
bolization agent. Direct comparison of embolic agents has not
shown one to be superior to another [15••]. A frequent com-
plication, which should be anticipated after TAE, is the de-
layed bleeding due to the dislodgment of a thrombus from a
nearby artery or the vasodilation of an artery that was initially
in spasm [16•].

Stent Grafts

While injuries of expendable arteries with well-developed col-
lateral supply can be treated with TAE, management of trau-
matic lacerations of main-donor arteries requires preservation
of vascular luminal patency [17••]. Stent grafts are increasing-
ly being applied for treatment of vessel injuries, avoiding
complex surgical vascular repairs in areas with trauma-
related anatomic distortion. Arterial ruptures, dissections,
pseudoaneurysms, and arteriovenous communications can be
managed by femoral or brachial artery access sites, depending
on the location of the vascular injury. Accurate deployment of
self-expandable stents requires a stiff guide wire for support.
These stents are flexible, can conform to different diameters in
a single vessel, and have a higher resistance to mechanical
fatigue in mobile joint sites (Fig. 1). On the other hand, bal-
loon expandable stents are usually applied in non-mobile
areas such as the big trunk proximal vessels, offering great
precision during deployment [18].

Balloon Occlusion

Inflation of an angioplasty balloon proximal to or at the site of
a major arterial injury may temporally stabilize a patient in
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extremis, stopping life-threatening hemorrhage, and allowing
preoperative planning for surgical or endovascular repair. This
concept is the principle behind REBOA technique.

Evolution of Endovascular Techniques
in Trauma

Themanagement of vascular trauma has changed dramatically
over the last decade. Trauma centers are increasingly endors-
ing a multidisciplinary approach to trauma care that involves
not only surgeons but also interventional radiologists [16•].
The breakthroughs in imaging and device technology com-
bined with the increasing expertise in endovascular techniques
led to significant changes in the treatment algorithm of the
injured patient.

Traditionally, hemodynamically unstable (HU) patients
have been taken straight to OR rather than undergo a CT or
an angiography study to localize and treat the hemorrhage
[7•]. Today, it is widely accepted that even hemodynamically
unstable patients can undergo endovascular treatment in the
angiography suit, especially in cases in which surgery entails a
high mortality risk [19]. Moreover, as hybrid operating rooms
with imaging devices and endovascular equipment are imple-
mented across the world, severely ill patients can now be
treated at the same time that resuscitation and trauma evalua-
tion take place [20•]. Advanced hemodynamic support and
monitoring during angiography can be provided by anesthesi-
ologists; however, in many cases, monitoring and sedation
could also be provided by radiology nurses [21].

Many trauma centers, after the initial patient survey, con-
duct a CT Pan-scan and proceed with damage control inter-
ventional radiology (DCIR); the expansion of TAE into the

Fig. 1 a DSA of a patient with
one large post-endarterectomy
5 cm left common carotid artery
pseudoaneurysm and smaller
2 cm pseudoaneurysm at the level
of the carotid bifurcation.
Following the positioning of a 9Fr
sheath at the right common fem-
oral artery, a sheath was posi-
tioned at the level of the common
carotid artery and a hydrophilic
guide wire was advanced within
the internal carotid artery. b
Following the deployment of an
8 × 60 self-expandable stent graft,
both lesions were excluded from
the circulation, while the common
and internal carotid arteries
remained patent. Hemostasis of
the puncture site was obtained
with the off-label use of the
Starclose extravascular closure
device
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trauma scene that focuses primarily on expeditious control of
hemorrhage in HU patients rather than embolization precision
[22••]. Several studies document this increase in the use of
endovascular therapy for a wide variety of arterial injuries,
including carotid arteries, subclavian and axillary arteries, tho-
racic aorta, iliac arteries, and upper and lower limb systems.

Head and Neck

Common/Internal Carotid Arteries

Neck trauma is frequently accompanied by vascular injury
and carotid arteries are commonly affected [23]. Blunt carotid
artery injury (BCAI) is found in 0.5% of all head trauma cases,
while a combination of head and chest trauma has been re-
ported to be correlated with a 14-fold increase in the likeli-
hood of carotid artery injury [24, 25]. Without prompt diag-
nosis and proper treatment, blunt carotid injuries are associat-
ed with high mortality rates and permanent neurologic impair-
ment in 40–80% of patients [26]. Generally, extracranial
BCAI is asymptomatic and associated with a Glasgow
Coma Scale (GCS) of > 8, while intracranial BCAI is fre-
quently characterized by GCS < 8 and concurrent facial inju-
ries [27]. Clinical manifestations of carotid injury include
craniocervical or thoracic pain, bleeding, dysphagia, hoarse-
ness, hypotension, expanding or pulsatile hematoma and neu-
rologic deficits [28]. Onset of symptoms due to BCAI may
occur immediately; however, many patients exhibit a latent
period that can range from 1 h to several weeks [29].

The implementation of screening protocols, using CT angi-
ography (CTA) to identify BCAI at admission, has significant-
ly reduced diagnostic delay. In most trauma centers, CTA is
routinely performed in patients with suspected neurovascular
injury, including all patients with cervical spine injuries. On the
other hand, DSA, the gold standard for diagnosis of BCAI is
preferred in cases of penetrating neck injuries. Angiography
can also be very useful when neurovascular injury proven on
CTA needs further investigation, when there are acute focal
neurological signs that significantly contradict the presentation
on CT scan and when patients present with lower cranial nerve
neuropathy or Horner’s syndrome.

A grading system of BCAI has been implicated for prog-
nostic and therapeutic purposes. Grade I injury represents
mild intimal injury, grade II injury consists of a dissectionwith
a raised intimal flap or vessel thrombosis resulting in luminal
narrowing greater than 25%, grade III injury is characterized
by the formation of an aneurysm or a pseudoaneurysm, grade
IV injury represents vessel occlusion or thrombosis, and final-
ly, grade V injury is the complete transection of a vessel
(Table 1). All these lesions have an increased risk of progres-
sion to stroke or death [30].

No randomized prospective study has determined optimal
treatment for BCAI yet. The type of arterial injury, the hemo-
dynamic and neurologic status as well as the presence of active
bleeding foci, should all be evaluated before decision-making.
In case of neurologically stable patients with grades I, II, and
IV injuries, commonly accepted first-line treatment regimen is
close surveillance with anticoagulation or antiplatelet medica-
tions [31]. However, administration of these medications may
not always be feasible, as many patients have comorbid con-
traindications to blood thinners. Furthermore, most providers
do not repair small dissecting aneurysms immediately but in-
stead obtain frequent follow-up imaging and proceed with sur-
gical or endovascular reconstruction if the lesion deteriorates
[32]. Although small intimal injuries respond well to conser-
vative measures, grade II injuries or greater are related to a
worse prognosis. Indeed, only 20% of grade II injuries resolve
at follow-up; the rest persists and can even worsen [30].

Carotid injuries are usually located near the base of the
skull; a difficult area to approach and repair surgically.
Extensive exposures, sometimes involving broad dissection,
mandible subluxation, digastric muscle division, and styloid
process removal, are necessary to achieve adequate proximal
and distal vessel control and may result in significant cranial
nerve damage and perioperative stroke [33, 34]. In cases of
acute carotid bleeding, fluoroscopy followed by endovascular
treatment can rapidly establish complete hemostasis. Adequate
collateral cerebral circulation, via the circle of Willis, can be
evaluated by balloon compression angiographic studies with
injection of the contralateral carotid and the vertebral arteries.
ICA can be selectively occluded in actively bleeding patients
with good collateral cerebral circulation [35•]. However, a post
procedural risk of stroke exists [36].

Traumatic ICA dissections can be treated with endovascular
stent deployment especially in cases of hemodynamic compro-
mise to the brain and/or contraindications to anticoagulation
[32]. Stent devices adhere the dissecting intimal flap to the
vessel wall and promote laminar flow through the vessel lu-
men, while the diversion of blood away from the dissection site
promotes stent endothelialization over time. Although covered
stents lack mechanical flexibility, they may be considered in
the setting of frank arterial extravasation [37]. Endovascular
stent reconstruction of carotid arterial dissection has been prov-
en to be safe and technically feasible, with minimal or no
complications [38].

Intracranial grade IV lesions, pseudoaneurysms, that lack a
true vessel wall and are limited by organized hematoma and
fibrosis usually become symptomatic in the following 1–
3 weeks after the initial injury and present with a catastrophic
intracranial hemorrhage or with a massive epistaxis episode
[39, 40]. The mortality rate in this situation can be as high as
50% [41]. Even small pseudoaneurysms (2 cm) are known to
deteriorate over time if managed expectantly as their natural
history is to become bigger, thrombose or rupture [24, 42].
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The surrounding tissues become inflamed and distorted, ren-
dering therapeutic interventions more difficult.

While open surgery in this setting is technically demanding
and associated poor outcomes, endovascular treatment is an ef-
fective and safe alternative with no reported mortality and very
low morbidity [43]. Endovascular methods include TAE for
obliteration of the parent artery of the pseudoaneurysm or bare
stent deployment with or without detachable coil threading
through the stent interstices. Covered ultra-thin PTFE stent grafts,
both self and balloon expandable, can also be used and provide
immediate exclusion of the pseudoaneurysm. However, care
must be taken to ensure appropriate introduction of the stent graft
into the distal carotid injury area due to its anatomic complexity
and tortuosity [44].

Endovascular treatment with stent devices is associated
with satisfactory results concerning short- and mid-term pa-
tency and dual antiplatelet regimen seems to be beneficial
[45]. Nonetheless, questions may arise about the durability
of carotid stenting.

External Carotid Arteries

Patients with traumatic lesions in ECA branches most likely
present with epistaxis.

If conventional techniques fail to stop the bleeding, TAE
using detachable coils, polyvinyl alcohol particles, Gelfoam,
or a combination of these embolic materials is very effective
with low rates of rebleeding or complications. When opting
for TAE of the external carotid artery, meticulous angiograph-
ic work-up evaluating the presence of potential anastomotic
channels between extracranial and intracranial circulation is
crucial, as to avoid embolization of non-expendable vessels.
Another important technical aspect is that the stumps proximal
and distal to the bleeding focus should be identified and
embolized together, as collateral vessels to the distal stump
may cause recurrent bleeding [35•].

Vertebral Arteries

Vertebral artery injuries are rare and caused primarily by pen-
etrating trauma to the neck and less frequently by blunt trauma
[46]. CTA can adequately detect a VA lesion; however, as the
potential for a missed injury must be recognized, DSA should

be used when there is a high clinical suspicion arising from the
trauma mechanism. While mild to moderate VA dissections
can be asymptomatic and have a benign clinical course with
spontaneous healing, VA pseudoaneurysms can progressively
enlarge and lead to embolic or ischemic stroke [46, 47]. The
initial therapeutic approach of the hemodynamically stable
patient is based on anticoagulation with low-dose heparin
for all VAIs except for those with grade V injury, unless ab-
solute contraindications to systemic anticoagulation are pres-
ent [48]. Hemodynamically unstable patients with vertebral
artery transections are treated endovascularly [49].

Endovascular therapy is currently preferred as open surgi-
cal exposure of the V2 segment of the vertebral artery, the
segment that is most prone to injury, appears challenging even
for experienced surgeons due to its anatomic location within
the vertebral column [50]. Vertebral artery injuries that do not
involve the posterior inferior cerebral artery (PICA), can be
safely treated by TAE in patients with adequate posterior ce-
rebral circulation. On the other hand, dominant vertebral ves-
sels should be revascularized by stenting [51•]. Grade III in-
juries can be treated with flow-diverters, a new generation of
flexible self-expanding stent-like devices with high metal-to-
surface coverage area that alters blood flow and promotes
progressive thrombosis. The use of these devices appears
promising, as in a clinical follow-up of 18 months there were
no neurological complications and persistent pseudoaneurysm
occlusion with full arterial patency was observed in all cases
[51•, 52].

Thorax

Innominate Arteries

Innominate artery injuries have a very high morbidity and
mortality, as these injuries are not easily accessible and are
frequently associated with trauma of adjacent tissues. The risk
of stroke and massive hemorrhage is high [53].

Unstable patients must go directly to the OR especially
when bleeding cannot be controlled by endovascular balloon
occlusion or Foley catheter tamponade [54]. A median
sternotomy that may require extension into the neck is the
approach of choice which may appear challenging in the
emergency setting. In certain patients with a common arterial
trunk giving rise to both carotids and to the right subclavian
artery (bovine trunk), the situation becomes even more critical
as deep hypothermic circulatory arrest with cardiopulmonary
bypass must be utilized for cerebral protection [55].

Stable patients with injuries between the clavicle and the
cricoid cartilage should undergo selective exploration with
angiography. Available data indicates that endovascular repair
of innominate artery injuries in patients sufficiently stable to
undergo an angiogram was combined with minimal intensive

Table 1 Blunt carotid artery injury

Grade I Mild intimal injury or irregular intima

Grade II Dissection with raised intimal flap/intramural hematoma
with luminal narrowing > 25%/intraluminal thrombosis

Grade III Aneurysm/pseudoaneurysm

Grade IV Vessel occlusion/thrombosis

Grade V Vessel transection
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care and hospital stay, decreased blood transfusions and re-
duced operative time and morbidity. Stent graft devices are
most commonly used in order to preserve the patency of the
affected vessel [54].

Axillosubclavian Arteries

Axillary and subclavian artery injuries (ASAI) are relatively
rare, most commonly occurring after car accidents or falls
[56]. Although ASAIs account for less than 9% of all vascular
injuries, they are significantly morbid and they usually coexist
with traumatic lesions of adjacent tissues like the brachial
plexus, the aero-digestive tract, the venous and the lymphatic
system and with several bone fractures [57]. Therefore, appro-
priate care must be taken to meticulously rule out ASAI in
every trauma patient in order to avoid poor outcomes.

Findings that should alert the physician to investigate the
possibility of a subclavian artery injury are the following:
diminished radial pulse, fractured first rib, presence of a
supraclavicular hematoma, chest film evidence of a widened
superior mediastinum and finally, indication of a brachial
plexus palsy [58]. CTA is imperative in such injury cases in
order to plan for the optimal therapy and depict the anatomic
relations of the lesion.

Open surgical approach for the management of ASAI is
technically demanding and is associated with mortality rates
ranging from 5 to 30% [57, 59]. Half of these injury cases
require thoracotomy or sternotomy with open exposure of
the clavicle, which poses the risk of damaging the surrounding
neurovascular structures present in high density in the thoracic
outlet [60].

As endovascular techniques have evolved, hemodynami-
cally unstable patients can be expeditiously managed with
balloon tamponade to stop ongoing hemorrhage at the site of
the lesion and simultaneous endograft deployment to provide
definite treatment or to temporize the injury and permit eval-
uation of concomitant injuries [61]. These interventions could
be ideally performed in a hybrid endovascular–surgical suite
under local anesthesia [62]. Complete transection of the axil-
lary artery has no longer been considered as a contraindication
for endovascular treatment as dual brachial and femoral access
can be combined in a through-and-through approach to yield
adequate guidewire manipulation and endograft positioning
[62]. A potential drawback of the use of a stent graft is the
coverage of collateral vessels such as the vertebral or the in-
ternal mammary artery. However, this condition is rare, as
most of the injuries appear to the axillary instead of the prox-
imal subclavian artery and a bare metal stent could be used as
an alternative, if appropriate [63•].

Short- and mid-term results of endovascular revasculariza-
tion are promising but data about long-term patency and du-
rability are currently lacking [63•]. It seems that compliance
with follow-up is critical to prevent ischemic outcomes due to

loss of patency after covered stent placement for ASAI.
Furthermore, additional research is required to clarify the ideal
duration of dual antiplatelet therapy. In a trauma population
that is usually young and active, stent graft durability may be
limited. Nevertheless, stent failure does not preclude future
revascularization, which if needed, may be done under less
urgent circumstances, after the acute injury has been
stabilized.

Breast Trauma

Blunt breast trauma is usually seen in motor vehicle accidents
involving high speed and airbag deployment and results from
direct compression. As breast hemorrhage may be difficult to
control due to the loose areolar tissue, subselective catheteri-
zation and embolization is an excellent alternative to surgery
for the rapid control of the bleeding [64].

Intercostal Arteries

Embolization of intercostal arteries could be a potential ther-
apeutic option for arterial bleeding in blunt chest injury that
involves multiple rib fractures, avoiding the morbid risks of
thoracotomy [65].

Aorta

Blunt traumatic thoracic aortic injury (BTTAI) represents the
second most common cause of death in trauma patients after
intracranial hemorrhage and up to 85% of patients die before
hospitalization [66]. BTTAI is usually caused by abrupt de-
celeration during a motor vehicle accident or a fall from a
significant height that exerts shearing forces to the immobile
aortic isthmus; the junction between the aortic arch and the
descending aorta [67]. The osseous pinch theory is another
mechanism of injury that has been described, according to
which the aorta is crushed between the anterior and posterior
bony thoracic structures [68]. Prognosis is generally depen-
dent on the severity of accompanying injuries and some pro-
viders advocate delayed BTTAI repair, prioritizing hemody-
namic stabilization and care of non-aortic traumatic injuries
[69].

Available data shows that in-hospital mortality in patients
managed non-operatively is high, whereas mortality is signif-
icantly lower for patients treated by surgery or endovascular
repair [70]. Over the last decade, thoracic endovascular aortic
repair (TEVAR) has become the first choice for the manage-
ment of grade II or higher BTTAI and open surgery is current-
ly indicated only for patients with traumatic femoral arteries
and no alternative vascular access site or problematic stent
landing zones [71]. The main reason behind this trend is the
great speed and the significantly reduced invasiveness of
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endovascular repair, which allows concomitant abdominal,
cranial, and orthopedic trauma to be addressed simultaneously
without requiring patients’ spine injuries to be repositioned.
Most physiologic insults involved in traditional surgical repair
are eliminated, as thoracotomy, cardiopulmonary bypass, aor-
tic cross-clamping, and single lung ventilation are not neces-
sary. General anesthesia may possibly be avoided and
heparinization can be minimized [72, 73]. These features of
TEVAR are associated with significantly shorter hospital
stays. Furthermore, the overall incidence of endovascular pro-
cedure adverse events such as aortic perforation or endograft
misalignment is favorably low [74••].

Mid-term TEVAR outcomes are excellent but significant
challenges remain regarding the long-term durability of this
treatment [74••]. Given the lack of prospective randomized
control trials, optimal follow-up surveillance schedule is still
under investigation and remains empirically annual in many
centers [75••]. However, annual CT imaging exposes patients
to significant cumulative radiation dose and intravenous con-
trast agent toxicity. Taking into account that BTAI is more
frequent in young people, these concerns become even stron-
ger [76]. Considering the durability of modern endovascular
devices, some authors propose that annual routine CTA may
not be required and should be avoided after the first years of
follow-up or substituted by alternative imaging modalities
such as MRA [77•].

Pelvis

Pelvic fractures are associated with high mortality due to ac-
companying hemodynamic instability [9]. Despite the imple-
mentation of an early multidisciplinary approach in many
trauma centers and the improved protocols in hemodynamic
resuscitation, some patients do not respond; administration of
more than 20 units of blood is correlated with mortality rates
as high as 64% [78]. One critical priority in the management
of pelvic fractures is to determine the bleeding source. Whole
body CTwith contrast should be the first-line imaging modal-
ity in pelvic trauma patients who respond at least partially to
resuscitation [79•].

Pelvic hemorrhage is usually venous or bony in origin. The
increased pelvic pressure resulting from concomitant hemato-
ma can support hemostasis, especially if combined with pelvic
packing and fixation procedures [80]. On the other hand, pel-
vic bleeding that leads to hemodynamic instability despite
appropriate fluid resuscitation and mechanical stabilization
of the pelvis is most commonly a result of an arterial injury
[81, 82•]. Angiography can carefully evaluate the distal aorta
and the branches of the internal iliac artery, such as the obtu-
rator and the internal pudendal artery and control hemorrhage
by TAE (Fig. 2).

According to modern trauma algorithms, selective emboli-
zation of the internal iliac artery branches is considered as the
first-line treatment for the management of traumatic pelvic
hemorrhage. In the setting of pelvic trauma, hemodynamic
stability, body temperature of more than 36 °C, normal respi-
ratory rate, and associated injuries involving less than two
organ systems are all factors that predict good embolization
outcomes [83•]. The high technical and clinical success rate,
as well as the minimal complications of TAE compare favor-
ably to the risks of open surgery. As pelvic TAE is usually
performed under emergent circumstances, Gelfoam, a non-
permanent embolic agent that does not preclude future vessel
revascularization, is usually preferred. This agent, capable of
migrating distally inside the arterial lumen, is optimal for
cases that do not allow for selective vessel catheterization.
Some authors, however, associate the occlusion of the internal
iliac artery with the risk of ischemic complications such as
pelvic perineal infection, skin necrosis, and nerve damage;
therefore, non-selective TAE of the internal iliac artery should
be employed only in cases where prompt hemodynamic sta-
bilization is required [84].

Angiography can also be very efficient for some special
situations of pelvic trauma. A frequent pelvic anatomic vari-
ant, the direct communication between the obturator and the
external iliac artery, termed Bcorona mortis,^ can be easily
detected in fluoroscopy and treated by embolization if lacer-
ated [85]. Moreover, in case of intertrochanteric or ilium frac-
ture, angiography can carefully evaluate for external iliac ar-
tery (EIA) branch vessel injury; an injury that is frequently
missed as the threshold for bleeding detection directly relates
to the distance of the catheter tip from the bleeding site [86,
87•].

Reboa

Management of vascular injury within the pelvis and the prox-
imal femoral region is challenging [88]. In this anatomic lo-
cation between the torso and the extremities, hemostasis can-
not be achieved by direct pressure or tourniquet application
and generally requires surgical intervention within the abdo-
men [89]. Surgical exposure and occlusion of the terminal
aorta is a rate-limiting step that may impede prompt and ef-
fective resuscitation. Moreover, concurrent hemorrhagic
shock may prevent patient transport to the angiographic suite
for TAE.

An alternative method for hemorrhage control involves
employment of an endovascular aortic balloon; this procedure
has been named resuscitative endovascular balloon occlusion
of the aorta (REBOA) when used in the trauma setting.
Initially described in 1954 during the Korean War, this tech-
nique has been considered of limited application due to diffi-
culties with positional balloon deployment [90]. As technolo-
gy and modern trauma protocols have overcome initial
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technical obstacles, it is found that hemodynamically unstable
patients suffering from blunt or penetrating injuries to the
abdomen or pelvis, that do not respond to standard trauma
resuscitation techniques, are likely to benefit from REBOA
[91]. Currently, REBOA is used to stabilize the patient in
order to perform life-saving surgical or endovascular damage
control procedures or to allow transfer to a specialist trauma
center [92].

REBOA procedure begins with femoral artery cannula-
tion and introduction of a guide wire, atop which the
occlusion balloon is advanced within the aorta. A 7Fr
REBOA catheter was introduced in 2016, reducing com-
plications of former larger sheaths. The diameter reduc-
tion leads to minimal intimal injury to the common fem-
oral artery, improved arterial flow to the lower extremity
and reduced turbulence, associated with a lower rate of
thrombus formation [93•, 94].

Common femoral artery access, percutaneous under ultra-
sound guidance or surgical via a femoral cut-down, accounts
for the majority of the procedural time and can be technically
demanding in the profoundly shocked patient. Central aortic
wire confirmation and accurate balloon inflation and position-
ing are essential in order to minimize adverse outcomes. Zone
III, the location lying between the lowest renal artery and the
bifurcation of aorta, is specifically used for pelvic trauma.
While surgeon-performed FAST can consistently identify the
aorta and the presence of the aortic guide wire, surface anato-
my and the distance between the umbilicus and the femoral
puncture site can provide a quick estimate about the balloon’s
insertion depth [95, 96]. Some providers advocate contrast-
enhanced ultrasonography as an alternative method of moni-
toring precise catheter placement and balloon inflation within
zone III but questions arise concerning the availability and the
additional time required for preparation of contrast material
[97]. After balloon inflation, the disappearance of femoral

pulses indicates appropriate balloon placement and should
be carefully observed [92].

After a successful REBOA, the risk of shock reappearance
due balloon deflation must be emphasized and anticipated as it
can cause hemodynamic instability and sudden afterload re-
duction [92]. Moreover, as REBOA may cause tissue ische-
mia below the level of the occlusion, available procedural time
is limited [98]. Partial REBOA (P-REBOA), a novel tech-
nique that allows controlled blood flow distal to the site of
balloon deployment, can prolong the safe duration of aortic
occlusion [94, 99•].

Although REBOA has already been included in the pre-
hospital trauma management mainly in JAPAN and London
(London’s Air Ambulance’s Physician-Paramedic team), its
exact role in severe trauma remains to be determined as more
data regarding safety and efficacy are required [100].

Extremities

Injuries of the extremity arteries are an unusual albeit serious
consequence of trauma [5]. If not expeditiously treated, these
lesions can result in hemorrhagic shock, limb ischemia, and
neurologic injury with high risk of extremity loss. A delay in
management of more than 6 h is associated with increased
amputation rates [101].

In case of extremity artery injury with hemodynamic insta-
bility, immediate treatment is imperative. Classic surgical ap-
proach involving end-to-end vessel anastomosis or arterial
suture with patch or graft introduction may be challenging in
the emergency setting and can be complicated by several tech-
nical and anatomical factors [102, 103]. Moreover, tissue loss,
hematoma formation, and trauma contamination, combined
with the significant additional stress caused by the surgical
operation, increase procedural morbidity [104].

Fig. 2 An 83-year old male with pelvic fracture and hemodynamically
stable. Following right common femoral artery access, and right internal
iliac artery (IIA) catheterization, active extravasation was noted (circles)
at selective (a) and super-selective (b) DSA using a microcatheter. c, d

Final selective DSA following Gelfoam embolization depicts the occlu-
sion of the feeding vessel (arrows), without active extravasation of con-
trast and preservation of the patency of all main IIA branches
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Endovascular repair is great alternative for patients who
cannot undergo immediate surgery due to concomitant inju-
ries, or patients who are poor candidates for general anesthesia
[105]. It can be used to stabilize the trauma patient temporary
or serve as a bridge to future non-emergent conventional sur-
gical repair [106]. Both TAE and stent grafting achieve very
high immediate clinical success and low complication rates.
Bleeding injuries of lower extremity branch vessels, such as
the profunda femoralis and the infrapopliteal trifurcation can
be safely and efficiently treated by TAE [107].

Endovascular techniques using stent grafts allow for rapid
treatment of non-expendable bleeding arteries and reduce ear-
ly mortality rates [106]. Self-expanding stents are usually pre-
ferred due to their flexibility which facilitates appropriate de-
ployment in tortuous vessels, compared to more rigid balloon-
expandable covered stents which are reserved for larger prox-
imal vessels. The keynote to successful grafting of an extrem-
ity artery is appropriate sizing which certainly requires accu-
rate pre-procedural CTA measurements. Notably, hypovole-
mia could lead to vessel diameter underestimation. As a gen-
eral rule, self-expandable grafts should be oversized by 10–
20% to achieve optimal sealing [17••]. Long-term durability
of stent repair has not yet been established. Some published
reports about long-term outcomes after endovascular repair in
peripheral arterial vessels reveal satisfactory results [106].
However, lack of consensus exists regarding which anatomic
locations may be approached endovascularly [108].

Conclusion

Uncontrolled hemorrhage remains as one of the leading
causes of death in critically ill trauma patients, despite tech-
nological progress in cross-sectional imaging and implemen-
tation of novel transfusion and resuscitation protocols.
Interventional angiography has made non-operative manage-
ment of vascular injuries possible, avoiding the risks of open
surgery. The application of endovascular treatment in the set-
ting of trauma has been relatively belated; however, its effec-
tiveness is rapidly being recognized. Today, many centers
across the world employ interventional angiography methods
for hemorrhage control and as endovascular management of
trauma becomes more common, so do the indications for its
use.
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