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Endovascular interventions in trauma, an introduction

Introduction

In the United States, trauma is the 3rd leading cause of death and is the leading cause of death in patients under 45 (1). It 
can be broadly divided into two categories. Blunt trauma, also known as non-penetrating trauma is most often secondary to 
motor vehicle collisions, falls, and sports related injuries. Penetrating trauma involves piercing injury of the skin. It is broken 
down into two categories, projectile (e.g., gunshot wounds) and non-projectiles (e.g., stabbings). Initial triage of patients and 
approach to operative and endovascular interventions depend on whether injuries are blunt or penetrating (2). For example, 
in abdominal trauma, most patients with significant penetrating injury require urgent laparotomy whereas hemodynamically 
stable patients without peritoneal signs can potentially be managed non-operatively. 

Growing role of endovascular procedures 

The first published report of endovascular treatment in trauma was a case of hematuria and arterio-venous fistula caused by 
a renal biopsy which was treated with autologous blood clot embolization (3). Since this 1973 report, endovascular tools, 
equipment and techniques have markedly advanced (Figure 1). Likewise, endovascular interventions have come to play a 
pivotal role in treatment of trauma patients. The goal of endovascular embolization or other interventions is to stop bleeding 
without subjecting patients to the physiologic stress of surgery while often preserving normal organ tissue and function. 
There has been a global shift towards non-operative and often endovascular management of splenic, liver and renal trauma 
(4-6) and successful endovascular embolization is a key component in non-operative management. Studies have shown clear 
benefit of endovascular interventions in thoracic aortic (7), pelvic (8), splenic (9) and renal (10) trauma. Embolization can also 
be used on a case by case basis outside of these well studied locations (Figure 2). 

The shift from open to endovascular interventions in trauma patients is exemplified by the use of stent graft in traumatic 
injury to the thoracic aorta. Traumatic thoracic aortic injury is thought to be the second leading cause of death in trauma with 
about 85% of patients dying before arrival (11,12). Open repair of blunt thoracic aortic injury was a highly morbid procedure 
with a peri-operative mortality of 32% and paraplegia rates of almost 10% (13). But, with endovascular repair there is a >95% 
survival and 0% paraplegia rate (14).

Overview of peri-procedural care of trauma patient

Initial work-up

Interventional radiologists and other endovascular specialists treating trauma patients need to understand the treatment 
framework, underlying pathophysiology, surgical alternatives to endovascular procedures in order to be useful members 
of the trauma team. Familiarity with Advanced Trauma Life Support (ATLS), which is both an educational program and 
a standardized framework for work-up of trauma patients is important. The first step in evaluation of a trauma patient is 
the primary survey, during which time concurrent efforts are made to identify and treat life threatening injuries using the 
ABCD (Airway, Breathing, Circulation, Disability) mnemonic. During airway assessment, for example, if a neck hematoma is 
compressing the airway, immediate endotracheal intubation is performed. Breathing assessment focuses on major disruptions 
in gas exchange. For example, if a significant pneumothorax is diagnosed, a chest tube is immediately placed. In evaluation of 
circulation, the trauma team identifies and treats causes of shock. Control of ongoing hemorrhage is the next most pressing 
concern; if left untreated it will progress to shock and subsequent death (15). Hemorrhagic shock does not just manifest with 
hypotension but rather a derangements of multiple clinical parameters including pulse rate, decreased pulse pressure (systolic 
blood pressure-diastolic blood pressure), increased respiratory rate, alterations in mental status and decreased urine output (16). 
Changes in these clinical parameters often precede hypotension and should all be considered with assessing for the presence 
and grade of hemorrhagic shock. With the loss of less than 15% of circulating blood volume (<750 cc, assuming circulating 
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blood volume of 5 L), vital signs often remain normal. While blood pressure may remain stable with loss of between 15–30% 
of circulating blood volume (750–1,500 cc), pulse rate increases to about 100–120 beats per minute (bpm). With blood loss of 
greater than 30% of circulating blood volume (>1,500), hypotension will now be evident. Worsening tachycardia (>120 bpm),  
significant tachypnea (respiratory rate >30), diminished urine output and significantly altered mental status (confusion or 
lethargy) are also frequently seen (16). With severe hemorrhagic shock, bradycardia can paradoxically be seen (17). While 
most causes of hypotension in trauma patients are secondary to hemorrhage (18), other causes to consider include neurogenic 
shock (19), pericardial tamponade (20) and tension pneumothorax (21). D focuses on neurologic disability, which is most 
commonly assessed and graded using the Glasgow Coma Scale.

Timing of endovascular interventions

Trauma embolization needs to occur expeditiously. The recent position statement from the Society of Interventional Radiology 
states that endovascular procedures for trauma should be available 24 hours a day and performed within 60 minutes of the 
decision to perform angiography (22). Rapid response time for hemorrhage control is imperative; the so called “golden 
hour”, which is likely erroneously attributed to the famed founder the Shock Trauma Institute, Dr. Lerner (23), none-the-less 

Figure 1 A 35-year-old male police officer shot multiple times by perpetrator. (A) Initial CTA shows multiple bullet fragments and left 
neck/chest hematoma with evidence of extravasation from the left subclavian artery (black arrow); (B) (early) and (C) (late) images from left 
subclavian angiogram showed irregularity and extravasation; (D) a covered stent (Gore® Viabahn® W.L. Gore Newark, DE, USA) was placed 
with resolution of irregularity and extravasation.
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underscores the importance of early and definitive care especially in cases of ongoing blood loss. The pinnacle of this shifting 
paradigm to reliance on endovascular procedures and expeditious embolization is creation of combination triage, computed 
tomography, operating and endovascular rooms without need for patient transfer or different tables (24,25) (Figures 3,4).

Resuscitation in the angiography suite

Permissive hypotension, is a controversial but promising strategy in which aggressive fluid resuscitation and aggressive 
blood transfusion is avoided and replaced with interventions only to reach a target MAP of 65 mmHg. This has been found 
to have higher rates of overall survival in the trauma setting and less blood loss (26). Normal saline boluses can lead to 
hemodilution, fluid overload and clot disruption. In the setting of concurrent brain injury, permissive hypotension is avoided 

Figure 2 A 60-year-old male on Clopidogrel for coronary artery disease who fell 8 feet and has expanding right back hematoma. (A) Initial 
CT showing hematoma with active extravasation. (B) L2 lumbar artery selection with a reversed curve (Simmons-1) catheter and sub-
selection with a microcathter to the branch feeding the extravasation. (C) A combination of coils (black circle) and gelfoam were used to 
embolize this branch. Patient’s hematocrit stabilized and Clopidogrel was able to be restarted. 

Figure 3 Multifunctional trauma room. The same table can be used for initial assessment, CT scanning, endovascular procedures and 
emergency surgeries [from (25); written permission obtained from corresponding author, Dr. Kazuma Yamakawa, MD, PhD].
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as increased MAP is needed to maintain adequate cerebral perfusion pressure. When needed, transfusions should be should be 
administered at a 1:1:1 ratio of red blood cells, fresh frozen plasma and platelets in order to match whole blood components. 
Hypothermia should be avoided as it exacerbates underlying trauma induced coagulopathy (27). 

Conclusions 

Trauma is a leading cause of death and disability and predominately effects young patients. Trauma teams include many health 
care professionals from many subspecialties. Endovascular specialists such as interventional radiologists and vascular surgeons 
play an ever growing role in this team and in the care of these patients. In this focused series on endovascular interventions in 
trauma, articles will discuss the endovascular treatment of traumatic aortic injury, splenic, hepatic, renal pelvic and extremity 
trauma. Additionally, we include an article on the emerging technology of resuscitative endovascular balloon occlusion of the 
aorta (REBOA).
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