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Gr   upSM
Endovascular Management of Vascular Trauma

ABSTRACT
Vascular trauma accounts for 1.6 million injuries to vascular structures every year at trauma 

centers in the United States. Over the last five decades, the diagnosis and treatment of these 
injuries has been evolving. Endovascular therapies used for atherosclerotic disease have been 
adopted and used in the treatment of vascular injuries. This modality has revolutionized the way 
we think about and treat vascular trauma. Certain injuries, such as blunt thoracic aortic injuries, 
are now almost exclusively treated via endovascular methods. Improvements in delivery systems 
and imaging modalities have resulted in a significant interest in the application of endovascular 
techniques to vascular injuries throughout the body. Herein we will discuss the beginnings of 
endovascular techniques, its application and complications. 

INTRODUCTION
Rogerius Salernitabus, an Italian surgeon, first described the treatment of a jugular venous 

injury created by a sword. In his medical text Practica Chirurgiae he repaired the vessel with a 
needle and thread to achieve hemostasis without ligating the vessel. Since that time in the late 
tenth century, vascular trauma surgery has matured beyond ligations and simple arterial and 
venous repairs. 
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There are approximately 40 million emergency room visits made every year for the evaluation 
of traumatic injuries [1]. Most of the injuries sustained after trauma occur after a blunt trauma 
from motor vehicle collision, falls and or penetrating trauma secondary to firearms or piercing 
weapons. Vascular trauma is estimated to account for 0.2% to 4% of all traumatic injuries. More 
than 80% of vascular trauma is confined to the peripheral vascular system. Most of these injuries 
are to the lower extremities; 75% are secondary to firearms, 15% secondary to stabbings, and 
10% secondary to blunt force trauma [2]. 

Recently, the use of endovascular technology has become more frequently reported for 
management of vascular trauma.. Although its use is becoming more frequent in emergency 
scenarios, there is still no generalized consensus for the therapeutic role of endovascular 
techniques in the setting of trauma. Herein, we will go over a brief history of endovascular 
techniques and its use with respect to specific injury patterns. 

DEVELOPMENT OF ENDOVASCULAR TECHNIQUES
Endovascular techniques have changed the landscape for management of vascular injuries. 

Historically, open surgical repair or ligation and medical therapies were the only options for 
treatment. With the evolution of endovascular therapies, treatment options have significantly 
expanded to help in dealing with these injuries. The evolution of endovascular management 
of vascular injuries required three major developments to occur in the field of catheter-based 
therapeutics. These were the development of percutaneous transluminal balloon angioplasty, 
the deployment of endovascular stent grafts and the development of distal protective devices to 
prevent embolism of atherothrombotic materials. 

Catheter based therapy was initially described for the treatment of atherosclerotic disease. 
Dotter and Judkins initially described the transluminal treatment of atherosclerotic lesions by 
placing sequentially larger dilators to relieve arterial stenosis and then Dotter described the use of 
transluminal placement of coilspring arterial tube grafts to restore patency to blood vessels [3,4]. 
The method of balloon angioplasty was shown to be a viable option for stenosed blood vessels 
by Gruntzig some ten years later. In this method he developed a technique to pass a polyvinyl 
chloride balloon, percutaneously through an atherosclerotic lesion to break up the plaque found 
in the artery and stretches the adventitia and media of the vessel, thereby increasing the vessels 
diameter and relieving the stenosis [5]. 

Dotter was the first to report percutaneous placement of an endoluminal tube graft to restore 
arterial patency. This event ushered in an age of rapid growth in the development of endoluminal 
stent grafts. In the early 1980s the use of nitinol stents and wires was becoming more prevalent 
and this lead to the development of balloon expandable stents which were found to give better 
vascular patency rates than balloon angioplasty alone [6-9]. There are a variety of endoluminal 
stent grafts available and they are roughly divided into balloon expandable and self-expanding 
stent grafts. Balloon expandable stents conform to the arterial wall and are kept in place due 



3Vascular Surgery | www.smgebooks.com
Copyright  Nagarsheth KH.This book chapter is open access distributed under the Creative Commons Attribu-
tion 4.0 International License, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited. 

to friction between the metal of the stent and the intima of the artery and by subsequent 
endothelialization. These stents are most useful in protected regions of the body and for lesions 
at the ostia of vessels that are calcified due to blood flow characteristics. They are usually quite 
malleable because they are made of stainless steel alloys and have a high radial strength. Another 
advantage of balloon expandable stents is the ability to place them with great precision and 
accuracy, making them invaluable in delicate areas [10]. 

When placed, self-expanding stents convert the potential energy stored in their closed state 
to kinetic energy in the form of outward force. The opposition of this kind of stent to the vessel 
wall is a function of this outward force and the elasticity of the vessel wall. The outward force on 
the blood vessel and the natural tendency of the arterial wall to recoil inward create equilibrium 
of balanced forces, thereby keeping the stent stationary against the intimal surface. Many self-
expanding stents are made of nitinol, which is a metal alloy that is made of equal parts titanium 
and nickel. Nitinol affords a greater degree of flexibility than balloon expandable stents, therefore 
they are better suited for tortuous vessels. However, these stents exert less radial force on the 
blood vessel and have a less precise deployment. The decreased accuracy in deploying these stent 
grafts can lead to inadequate coverage of lesions and result in distal scattering of embolic material. 

Endovascular interventions can result in distal embolization of atherothrombotic debris that 
are sometimes clinically silent, but can have devastating consequences such as cerebrovascular 
accidents and ischemia. Experimental models have shown that atherothrombotic debris are 
embolized distally during carotid artery angioplasty [11]. This work spurred the development 
of distal protection devices. These devices are either occlusion balloons, filter devices and flow 
reversal devices. Although placement of these devices requires traversing the lesion or injury 
and adds to the complexity and length of the procedure, their proper use can prevent adverse 
outcomes. In trauma situations, distal filter devices provide protection from emboli and allows 
for passage of contrast past the injured area, so the distal vasculature can be evaluated. Distal 
occlusion balloons are not usually utilized in these situations as they completely occlude blood 
flow and thus filling distally is heavily dependent on collateral circulation. Additionally, distal 
occlusion balloons may gradually deflate over the course of the procedure and allow antegrade 
blood flow to occur; facilitating embolization of debris and thrombus. Over-distention of the 
balloon can cause arterial dissection and vasospasm that can also have adverse outcomes for the 
patient. Although these devices are more flexible and may cross injuries and lesions easier than 
filter devices, there have been reports of up to 5.2% adverse neurologic outcomes when using 
distal occlusion balloons [12]. 

As mentioned previously, distal filter devices have the advantage of allowing blood and contrast 
to flow antegrade past the device as facilitated by pores in the filter. These devices must, however, 
also be maneuvered past the lesion in question to be adequately positioned and are associated 
with subsequent distal embolization risk. A problem inherent in the design of these filters is that 
though the pores are made to prevent large emboli, small debris and fibrin can still get through; 
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resulting in microemboli to the distal vasculature. Another concern is that these devices can also 
develop what is known as filter thrombosis from debris plugging the pores, which makes their 
removal more difficult and obstructs distal blood flow [13]. 

THORACIC AORTIC INJURIES
Thoracic Endovascular Aortic Repair (TEVAR) has been touted as the new standard of care 

for many traumatic aortic injuries that were traditionally treated by open surgical means [14-
18] . The American Association for the Surgery of Trauma (AAST) Thoracic Aortic Injury Study 
Group has conducted the largest prospective observational trial of blunt thoracic aortic injuries 
[19,20]. The investigators found that 65% of the 193 patients with Thoracic Aortic Injury (TAI) 
underwent TEVAR. The remaining 35% of patients had a standard open repair performed. The 
TEVAR group was transfused significantly fewer blood products and had a significantly lower 
mortality than open surgical counterparts (adjusted odds ratio: 8.42; 95% CI: [2.76-25.69]; 
adjusted p value < 0.001). They also found that 20% of TEVAR patients developed some form of 
device-related complications. These complications were fewer in centers that were deemed high 
volume TEVAR centers.

The AAST group on thoracic aortic injuries reported on the trends in utilization of TEVAR 
between two phases of study over the course of ten years (AAST1, competed in 1997 and spanning 
30 months and AAST2, completed in 2007 and lasting 26 months). The group noted a trend 
favoring the use of TEVAR when comparing these two time periods. During the AAST1 study all 
TAI were repaired utilizing open means. In contrast, by the time of the 2007 study conclusion, 
only 35.2% were managed with an open surgical procedure. The majority of patients underwent a 
TEVAR. There was also a significant decrease in TAI-associated mortality (22% vs. 13%, p = 0.02) 
and incidence of procedure-related paraplegia (8.7% vs. 1.6%, p = 0.001).

There are still some unanswered questions about the use of TEVAR to repair blunt aortic 
injury. Further research is required to better define the natural history and problems that can 
arise over the course of a patient’s lifetime after having a TEVAR performed for aortic injury. 
Although more sophisticated endovascular technologies and improved management algorithms 
have attempted to reduce the risks associated with graft deployment, graft failure, migration and 
inadvertent coverage of arch great vessels, further research is required. The relative younger 
age of many trauma patients and their smaller, non-aneurysmal thoracic aortas may increase the 
potential for stent malfunction, migration or other complications over time. 

BLUNT CEREBROVASCULAR INJURIES
Blunt Cerebrovascular Injury (BCVI) has been proposed as being due to any combination of 

the following four mechanisms: a direct blow to the neck, hyperextension injury with contralateral 
rotation of the head, intra-oral injury and arterial injury from adjacent boney fractures in the neck 
or at the base of the skull [21]. The reported incidence of BCVI was in the realm of 0.1% but as 
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Miller and Fabian found, the incidence was actually 1-2% [22]. This was likely not due to a real 
increase in the incidence of this injury pattern, but more likely due to a more rigorous screening 
process implemented in many high volume institutions and the higher depth of detail afforded by 
modern day multidetector computed tomographic (MDCT) scanners [23].

The Western Trauma Association (WTA) has proposed diagnostic and treatment algorithms 
for BCVI [24]. This work identifies which patients are deemed high risk for a BCVI and which ones 
should be screened to identify an injury. The following patients should be felt to have a BCVI until 
definitely ruled out: trauma patients who have arterial hemorrhage from the neck, mouth, nose; 
a large cervical hematoma; a cervical bruit in younger patients; focal or lateralizing neurologic 
deficits; cerebral infarction on advanced imaging; or a patient who has neurologic deficits not 
explained by advanced imaging. The group recommends that prompt diagnostics and treatment 
should be pursued to avoid potentially catastrophic consequences of BCVI.

The gold standard for diagnosis of BCVI has long been the four vessel biplanar cerebral 
angiogram. This imaging modality has a very high sensitivity for BCVI, but is invasive and carries 
certain risks. Catheter related complications, such as hematoma, retroperitoneal bleeding and 
arterial pseudoaneurysm formation is reported to be 1-2%. Renal dysfunction and acute kidney 
injury from contrast material occurs in 1-2% of cases. Development of a stroke from this procedure 
occurs in less than 1% of patients [25].

The most commonly utilized grading scale for BCVI was devised by Biffl and colleagues [26]. A 
comprehensive grading scale is important because most treatment recommendations are tailored 
to the grade and severity of the injury. Grade I is said to be intimal irregularity with < 25% 
luminal narrowing. Grade II injuries involve a dissection or intramural hematoma with >25% 
luminal narrowing. Grade III injuries have a pseudoaneurysm that has developed, and grade IV 
injuries have resulted in complete occlusion of the vessel. Grade V injuries are defined as arterial 
transection and extravasation.

As alluded to by this grading system, there are BCVI that do undergo operative intervention based 
on signs of hemorrhage or expanding hematoma. Intimal flaps, dissections and pseudoaneurysms 
(Grade I, II, and III injuries) do not routinely undergo operative intervention. Although the natural 
history of these injuries is not well known, the current treatment recommendations for them 
include anticoagulation and observation. It has been reported, however, that up to 40% of these 
patients may require endovascular intervention for their injuries [27]. Based on the endovascular 
experience with angioplasty and stents for cerebrovascular disease, experience with carotid 
stenting for some high extracranial internal carotid injuries has grown. Endovascular approaches 
are useful in regions that are anatomically inaccessible and unsuited for surgical exploration 
and intervention. Endovascular techniques may be helpful in the treatment of grade III or higher 
BCVI. The potential of these less invasive modalities is important, as surgical exploration and 
treatment of these pseudoaneurysms may be associated with high rates of mortality and cerebral 
complications. 
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DuBose and colleagues performed an extensive review of the literature from 1994 to 2008 
and identified 113 patients undergoing carotid stenting for trauma [28]. The injury types 
treated by stenting included pseudoaneurysm (60.2%), arteriovenous fistula (16.8%) dissection 
(14.2%), partial transection (4.4%), occlusion (2.7%), intimal flap (0.9%) and aneurysm (0.9%). 
Over radiographic and clinical follow-up periods ranging from 2 weeks to 2 years, a follow-up 
patency of 79.6% was documented. New neurologic deficits after stent placement occurred in 
only 3.5% of patients. This was better than was historically reported and accepted after open 
surgical intervention. There is still no large prospective study looking at endovascular versus 
open treatment of BCVI. More research is warranted in this area before recommendations can 
definitively be made.

SUBCLAVIAN AND AXILLARY ARTERY INJURIES
Subclavian and axillary artery injuries are associated with high rates of morbidity and 

mortality. Demetriades and colleagues examined penetrating subclavian and axillary injuries, 
identifying 79 patients with these injuries over approximately 4 years [29]. The overall mortality 
was 34.2%. Mortality was still 14.8% when patients arriving in extremis and those needing 
resuscitative thoracotomy were selected out. The anatomy of the thoracic inlet is such that there 
is a large number of vital organs and structures in a very small and difficult to access area of the 
body. This contributes to the difficulty open surgical treatment of axillo-subclavian trauma. For 
these reasons, endovascular therapy has been a very attractive alternative to open techniques for 
these challenging injuries.

In the largest review of this topic, investigators identified 32 published reports of endovascular 
treatment of subclavian or axillary artery injuries with sufficient information for review [30]. 
They found 160 patients (150 subclavian; 10 axillary), the majority of which (56.3%) were due to 
penetrating injuries. Lesions treated included pseudoaneurysm, arteriovenous fistula, perforation, 
occlusion, partial or complete transection and dissection. They identified six complications 
associated with the endovascular treatment and one death in the endovascular suite after the 
stent was deployed. Overall, radiographic and clinical follow-up periods ranging from hospital 
discharge to 70 months were reported. There were no reports of device-related infections, 
migrations or acute limb threatening ischemic events reported among the 160 identified cases. 
An asymptomatic patency rate of 84.4% was identified on follow-up. This report highlights that, 
while early results of endovascular treatment for selected subclavian and axillary injuries are 
promising, further research is needed to identify which patients and which injury patterns are 
ideally suited to this form of management.

Hybrid Procedures: Combining Open and Endovascular Techniques for 
Hemorrhage Control:

There has been a realization in recent years that endovascular and open techniques may 
be able to coexist and work in conjunction to obtain hemorrhage control and facilitate repair. 



7Vascular Surgery | www.smgebooks.com
Copyright  Nagarsheth KH.This book chapter is open access distributed under the Creative Commons Attribu-
tion 4.0 International License, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited. 

So called “hybrid approaches” may prove to be very helpful in the treatment of vascular injury. 
Endovascular balloons have been effectively utilized for proximal occlusion, dilation and stent 
deployment in the treatment of atherosclerotic disease. Increasingly, their use in hybrid vascular 
trauma applications has also been examined. 

The use of endovascular occlusion for trauma indications was described by Scalea and 
Scalafani from Kings County Hospital of Brooklyn New York in 1991 [31]. This concept has been 
evaluated in numerous animal models looking at aortic occlusion to control hemorrhage [32-34]. 
This approach appears to be a natural progression in the realm of hemorrhage control for trauma. 
There have been reports of success with aortic cross clamping for exsanguinating hemorrhage 
associated with abdominal injuries [35]; and endovascular aortic balloon occlusion has been used 
in the area of aortic aneurysm rupture to control hemorrhage for some time [36]. The use of 
proximal endovascular balloon occlusion use in traumatic hemorrhage has, however, revealed 
mixed results. For this reason, the utilization of endovascular balloons in trauma and the ideal 
manner in which to employ them remains a matter of active investigation.

Avaro and colleagues have reported the feasibility of placing aortic balloons without 
radiographic guidance. In their animal model, they found that aortic balloon occlusion significantly 
improved survival in hemorrhagic shock. Mean arterial blood pressures were increased, blood 
loss was decreased and fluid resuscitation needed to restore normal physiology was decreased. 
As expected, they noted that metabolic acidosis worsened with increased duration of aortic 
balloon occlusion [37]. The limitations of this study and others like it include inherent differences 
in the methods of hemorrhage control. Aortic cross clamping, hemostatic agents and envascular 
aortic balloon occlusion are all very different methods of control and all have different effects on 
a subject’s physiology. Additionally, the hemorrhagic shock and coagulopathy created in these 
animal studies is artificial and may not directly mimic that which is found in the trauma victim. 
The trauma victim may experience a more profound coagulopathy and metabolic derangement 
than is created in these models. That being said, these are important building blocks to bring this 
technique for hemorrhage control into effective trauma practice. Future study on these types of 
hybrid approaches is likely to demonstrate the complementary nature of endovascular and open 
surgical interventions for vascular trauma. 

COMPLICATIONS OF ENDOVASCULAR TECHNIQUES
Endovascular techniques may prove to be very useful in the control of hemorrhage secondary 

to vascular injuries, but it is important to recognize potential complication of this mode of 
management as it becomes more prevalent in trauma care. Complications are divided into local 
and systemic complications. Systemic complications usually involve derangements in physiology 
affecting the cardio-pulmonary and renal systems. In this section we will discuss the local 
complications associated with endovascular therapies.
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Most data present on access site injury is based on data from Percutaneous Coronary 
Interventions (PCIs) and ranges between 2.1% and 6.6% [38-40]. These complications are 
those that require either medical, surgical or transfusion related interventions. Complications 
after endovascular interventions include bleeding, hematoma formation, pseudoaneurysm, 
arteriovenous fistulas, arterial dissections, distal embolism of atherosclerotic debris or air and 
arterial thrombosis. Risk factors for access site injury include the use of larger access sheaths, the 
site of arteriotomy, previous catheterization at that site, smaller body mass index, coagulopathy, 
female gender, anti-platelet therapy and uncontrolled hypertension [41-43]. 

Hematomas are the most common complication noted after endovascular therapies. They are 
divided into access site hematomas and retroperitoneal hematomas. They is often noted when 
multiple punctures or attempts have been made in gaining access. The developing hematoma can 
obscure the pulsation and make access even more challenging. In the aging population, calcified 
arterial plaques are more of a problem. These plaques make access not only difficult but result 
in an irregular puncture site that can extravasate around the sheath and not completely seal 
even with appropriate pressure. Retroperitoneal hematomas occur most often because of a high 
puncture in the groin. The danger here is that these hematomas are not as obvious as groin or 
access site hematomas and the retroperitoneum is a large compartment that can accommodate 
a massive volume of blood before clinical signs are present. The diagnostic test of choice for this 
complication is a CT scan of the abdomen and pelvis. Most of these hematomas can be observed 
and monitored with serial hematocrit levels and correction of coagulopathy. Occasionally 
surgical intervention is needed in which case the site of arterial puncture on the vessel should be 
interrogated. 

In the groin, Arteriovenous Fistula (AVF) formation occurs when an iatrogenic communication 
between the femoral artery and vein is created by a puncture to the bifurcation of the common 
femoral artery or profunda femoral artery. In most cases AVFs are identified on physical exam 
when a palpable thrill or audible bruit is found. Duplex ultrasound is the imaging of choice to 
characterize this complication. The incidence of AVF is typically felt to be less than 1%, but ranges 
from 0.05% to 2.8% in the literature [44,45]. The management of these fistulas has been an area 
of controversy. Historically they were treated with ultrasound guided compression with rather 
poor results. Some works have found that most of these AVFs will resolve spontaneously between 
four months and one year, and these patients are very unlikely to have any adverse physiologic 
events [46]. There has also been interest in the use of covered stents to exclude the AVF and 
prevent any further flow into the low pressure venous system, but this is not yet a recommended 
treatment in asymptomatic patients.

Pseudoaneurysms (PSA) occur when the arteriotomy does not seal completely when the 
sheath is removed after a puncture. Blood spills out of the vessel and the surrounding soft tissue 
contains this blood. Occasionally a fibrinous capsule will form around the PSA. This entity has 
arterial blood flow within it, which is why it is not considered a hematoma. There are several 
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risk factors that can predispose a patient to having a PSA after an endovascular procedure. 
These include obesity, large arterial sheath, inadequate compression after removal of the sheath, 
hypertension, calcified vessels and low arterial puncture, defined as below the bifurcation of the 
common femoral artery. They present as a pulsatile mass one to two days after the endovascular 
procedure. Duplex ultrasound is again the test of choice to characterize the PSA and its neck. 
Treatment of these injuries can be with simple observation in small PSA, ultrasound guided 
compression, ultrasound guided thrombin injection if there is a long well defined neck, and 
surgical intervention with repair of the arteriotomy in patients with rupture of the PSA. Currently 
ultrasound guided thrombin injection is the therapy of choice. 

Dissection of the intima and media of the vessel wall can occur with percutanous endovascular 
procedures. Angioplasty causes stretching of the blood vessel and if there is an atherosclerotic 
plaque present, it will cause disruption of the intima and the underlying plaque. If pulsatile flow 
gets into this disruption a dissection can occur and propagate distally. These complications are 
usually noted at the time of intervention. Most times sustained inflation of a low pressure balloon 
at the site of dissection will seal the dissection, but if this does not work or if the dissection limits 
flow distally and vascular stent can be used to collapse the dissection and restore blood flow. 
Subintimal dissection planes can be created by inappropriate passage of guidewires or catheters. 
Under fluoroscopic guidance the wire will tend to coil and advancing will be difficult. At this point 
a contrast angiogram will confirm a dissection plane, and if flow limiting a stent can be placed to 
resolve the dissection and prevent propagation. 

Distal embolization is a well documented phenomenon in endovascular therapy of all vessels. 
The reported incidence is in the realm of 3% to 5 % but often times clinically silent [47]. The 
most feared complications of distal embolization include cerebrovascular accident and ischemia 
during aortic or carotid stent graft placement and critical limb ischemia in control peripheral 
arterial hemorrhage. Prevention of this complication can be achieved by adequate heparinization 
of the patient prior to vessel occlusion, though this is not often possible in the trauma patient, and 
using distal protection devices that were discussed earlier. 

Thrombosis of an artery after endovascular therapy is uncommon and typically preventable. 
The factors that increase the risk of thrombosis include overly large sheath placed in a smaller 
artery, such as the brachial artery and excessive compression of the artery after sheath removal. 
These patients will present with signs of distal ischemia and prompt intervention is needed to 
remove the thrombus or restore distal flow. 

CONCLUSION
Endovascular management of vascular injuries and hemorrhage control is an ever evolving 

field. As noted earlier these techniques are helpful either on their own or when combined with 
open surgical procedures. Further research into the appropriate use of this technology is needed 
to create lucid treatment algorithms. Additionally long term follow up data is needed to help 
define the optimal use of endovascular techniques in the setting of trauma. 
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