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 Patient: Male, 20-year-old
 Final Diagnosis: Endoleak after endovascular aneurysm repair
 Symptoms: Bleeding
 Medication: —
 Clinical Procedure: Removal of stent graft and stents • repeated TEVAR • TEVAR
 Specialty: Surgery

 Objective: Unusual clinical course
 Background: Traumatic injury of the thoracic aorta is proving to be not only the most lethal of traumatic injuries, but also 

the most urgent reason for vascular intervention among all trauma patients. Endovascular aortic repair is used 
increasingly often to treat traumatic injuries. We report a case of endovascular treatment and its use as a de-
layed correction (two-stage treatment) for a traumatic aortic isthmus rupture.

 Case Report: A 20-year-old Asian male was admitted to our department after a car accident presenting symptoms of isch-
emic shock. Among multiple injuries, a traumatic descending aorta rupture was diagnosed. The patient was 
referred directly to the operating room for a thoracic endovascular aortic repair (TEVAR). The patient’s other 
trauma-related injuries required additional interventions in the following days. Thirty days after the emergent 
TEVAR operation, the patient required reintervention due to a major type-I endoleak. Computed tomography 
angiography revealed a failed stentgraft deployment. We removed the mismatched endovascular equipment 
and deployed an appropriately sized stentgraft during a hybrid procedure, excluding the ruptured aortic wall 
altogether.

 Conclusions: Endovascular treatment of both children and small-framed adults remains a challenge for operating teams. 
First, no dedicated equipment can be found on the market. Second, measuring and fitting endovascular equip-
ment constitutes a sore point in treatment, so in emergency situations, only off-the-shelf tools are accessible. 
We assert that, in such cases, the primary procedure should be understood as a lifesaving intervention, await-
ing a final and long-lasting solution.
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Background

Road traffic accidents, crush injuries, falls from height, and 
other deceleration accidents that occur during sports such as 
skiing are the main causes of aortic trauma [1–4]. The patho-
physiology of blunt thoracic aortic injury (BAI) is compounded 
by its anatomical position. Most thoracic aortic injuries clearly 
result from the aorta’s anatomical position right in the middle 
of the rib cage. The region of the isthmus is especially prone to 
injury. In adults, minimally invasive procedures are nowadays 
a largely accepted method of treatment [5–7]. For most pedi-
atric patients, however, the current standard of care remains 
open surgical repair. A growing body, including the aorta, does 
not function well with stentgraft usage, causing problems in 
this cohort of patients.

The problem persists when we deal with undersized aortas in 
adults. No dedicated endovascular tools exist for these cases, 
which means we have to implement ad hoc solutions [8,9]. 
Measuring and fitting appropriate endovascular equipment 
in hemorrhagic young patients is yet another problem. Their 
aortas are able to shrink due to the autonomic reflex, mak-
ing the computed tomography angiography (CTA) assessment 
far from perfect. 

Case Report

We present a case of a 153-cm tall, 55-kg Asian male taxi 
driver in his twenties, who was wounded in a traffic collision. 
He was diagnosed with trauma to the head with intracranial 
hematoma and maxillofacial fractures, lung and liver contu-
sion, multiple fractures of the ribs, and left pneumothorax and 
pelvic fractures. The CTA revealed an aortic isthmus rupture as 
a major life-threatening bleeding source. This exam also re-
vealed an aortic pseudoaneurysm with associated posterior 
mediastinal hematoma and multifocal pulmonary contusion. 
The patient was transferred to the Department of Vascular 
and Endovascular Surgery of the Trauma Centre (* Military 
Institute of Medicine, Warsaw). Preoperative analysis of the 
chest CTA indicated a 15×10-mm area of focal damage to the 
medial aspect of the descending aorta, located right under-
neath the isthmus, and an associated 60-mm pseudoaneu-
rysm. The aortic arch was 12−12.5 mm in diameter, and lo-
cated distally to the disruption (Figure 1). We focused on this 
aspect of the problem. Since an intracranial hemorrhage was 
detected, we evaluated standard systemic anticoagulation 
to be high risk for the patient. Hence, the whole procedure 
was performed without heparin administration. The available 
stentgraft sizes were approximately 30% larger than our pa-
tient’s aorta size so we had to come up with a different option 
on the spot. Autonomic vasoconstriction of the aorta caused 
by the hemorrhagic shock made our preoperative measuring 

of the main artery difficult. We decided to implant a balloon-
expandable covered stent. We obtained the femoral access and 
put a pigtail catheter through the femoral artery, retrograde 
into the ascending aorta. This was followed by an angiogram. 
Using CTA and the intraoperative angiogram, we fitted a bal-
loon-expandable covered stent (14/80 mm Fluency stentgraft; 
Bard, Murray Hill, USA). The stent was locked in place and the 
next angiogram indicated proper proximal and distal wall ap-
position at the height of the pseudoaneurysm. This is when 
we noticed a bird’s beak deformity and, trying to avoid stent-
graft collapse, we added a Protégé GPS 14/16 mm self-expand-
able stent (Medtronic, Minneapolis, USA) to cover the distal 
part of the aortic arch and the proximal part of the implanted 
covered stent. However, the repair revealed a type-I endoleak. 
We quickly realized that the balloon-expandable covered stent 
could not fit into the curve of the distal segment of the aor-
tic arch. Blindsided by the second failure and left with no al-
ternatives, we decided on an iliac stentgraft (15/16×93 mm; 
Jotec, Evita, Hechingen, Germany), a contralateral limb stan-
dard for abdominal aortic aneurysm repair. This partially cov-
ered the left subclavian artery ostium. However, this required 
access via the iliac artery since the short shaft of this equip-
ment was not tailored for this part of the arterial tree. Next, 
the right common iliac artery was exposed, and from this level 
it was possible to reach the aforementioned position, expand 
the stentgraft, and finally achieve the total exclusion of the 
aortic disruption (Figure 2). To finish our procedure, we did a 

Figure 1.  Trauma scan CTA. BT – brachiocephalic trunk; DN – distal 
neck (12 mm in diameter); LCCA – left common carotid 
artery; LSA – left subclavian artery; PN – proximal neck 
(12.5 mm in diameter); PA – pseudoaneurysm. * See at 
dimensions of vertebra body.
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bilateral chest drainage. After that, the patient was referred 
to the Department of General Surgery, where, due to liver in-
jury, he underwent drainage laparotomy in two stages: first, 
liver packing as a damage-control surgery; and second, remov-
al of gauze after 4 days. The pelvic fractures were managed 
conservatively. No neurosurgical intervention was needed. 
The patient spent 30 days in the Intensive Care Unit (ICU). 
After 30 days, prior to sending him to his country, the CTA 
was repeated. The results surprised us; they were far from an 
optimal result of BAI endovascular treatment. It was obvious 
that the diameters of the stents and stentgraft deployed were 
undersized. Fortunately, none of the elements migrated, but 
the diameter of the aorta was 20−22 mm, resulting in the oc-
currence of type-IA and -IB endoleaks (Table 1, Figure 3). We 
decided to remove the three stents (i.e., two stents and the 
stentgraft) via an endovascular approach, and to deploy a tho-
racic stentgraft in the same session. The left iliac artery was 
dissected retroperitoneally, and a 14F, 80-cm sheath (Cook 
Medical, Bloomington, USA) was deployed. An 18−30 mm en-
dovascular loop (EN Snare Endovascular Snare System, Merit 
Medical, South Jordan, USA) permitted us to remove all the 
stents at the same time. We pulled them through to the re-
gion of aortic bifurcation. Then, after clamping of the aorta 

and common iliac arteries, it was possible to safely remove 
the stents through a 10-mm incision in the distal part of the 
abdominal aorta, just under the aortic bifurcation. We anas-
tomosed an 8/150-mm Dacron conduit (Hemashield, Maquet, 
Rastatt, Germany) end-to-side to this incision with a Prolene 
5/0 running suture. This artificial passageway enabled safe im-
plantation of a 24/105-mm thoracic stentgraft (Cook Medical, 
Bloomington, USA). The final angiography confirmed a total 
exclusion of the pseudoaneurysm (Figure 4). The vascular con-
duit was cut, leaving a 1-cm stump which was ligated with 
Prolene 2/0 suture. Seven days after this procedure, the pa-
tient was ready to fly back to his country.

Discussion

The five main types of endoleaks (see Table 1) have different 
causes and require distinct treatments. In our case, massive 
type-IA and -IB endoleaks were identified (Figure 3). A Type-I 
endoleak develops when there is a mismatch between the 
stentgraft and the aorta wall at proximal or distal lending 
zones. The resulting gap lets blood through into an aneurysm 
sac, increasing the risk of aneurysm rupture. This type of en-
doleak is the most dangerous, and necessitates urgent atten-
tion due to its high risk of aneurysm rupture.

Endovascular treatment of both children and small-framed 
adults remains a challenge for vascular surgeons. Although 
small aortic diameter [10–12] is a feature connecting these 

Figure 2.  Final result of primary endovascular intervention. 
Blue arrows: covered stent (Fluency, 14/80 mm, 
Bard, Murray Hill, USA); Red arrows: iliac stentgraft 
(15/16×93 mm, Jotec, Hechingen, Germany); Yellow 
arrows: self-expandable stent (Protégé GPS, 14/16 mm, 
Medtronic, Minneapolis, USA).

Table 1. Main endoleak types.

Type Endoleak source

I

IA – proximal inadequate seal at stentgraft

IB – distal inadequate seal at stentgraft

IC – inadequate seal at iliac occluder with uni-iliac 
stentgraft

II

IIa – Retrograde flow in branch vessels such as 
inferior mesenteric artery, gonadal artery, medial 
sacral artery, lumbar artery; inflow only into the 
aneurysm sac

IIB – Retrograde flow in branch vessels such as 
inferior mesenteric artery, gonadal artery, medial 
sacral artery, lumbar artery; inflow and outflow 
from aneurysm sac

III
IIIA – separation of modular components in junctions

IIIB – fractures or defects in the stentgraft structure

IV Graft material porosity

V
Endotension – continued sac expansion without 
a confirmed leak source
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two types of patients, this does not help with preoperative 
diagnostics and treatment. Hemorrhagic shock causes strik-
ing autonomic vasoconstriction of the main artery diameter 
in younger patients. This results in unique challenges in these 
patients, compared with larger-framed patients. First, no ded-
icated equipment can be found on the market. Available tho-
racic stentgrafts cover the range of 21–46 mm in diameter 
and are intended for thoracic aortic diameters between 16 
and 42 mm. Therefore, in life-saving procedures, we can only 
adapt existing tools as non-standard solutions.

In the case of pediatric patients, open surgical repair prevails 
as the method of choice [10,13]. Endovascular stentgraft de-
ployment is a universally accepted technique in the adult 
population, but its use in pediatric patients has been rarely 
documented, occurring in just a tiny fraction of their overall 
population. As mentioned, in both these groups of patients – 
small-framed young adults and children – the main problem 
for teams operating endovascularly is the small aortic diam-
eter. There is a lack of dedicated stentgrafts for aortas in this 
size range, allowing only temporal stabilization of the grow-
ing subjects. The second obstacle is the small lumen in the 
femoral and external iliac arteries which, for proper implanta-
tion, require prior surgical exposure of the common iliac artery. 

Figure 3.  Massive type-IA and -IB endoleaks. Red arrow: type-IA endoleak; Blue arrow: type-IB endoleak. Of the five main types of 
endoleaks, a Type I endoleak is the most dangerous, and necessitates urgent attention due to a high risk of aneurysm 
rupture.

Figure 4.  Final result of secondary endovascular treatment 
(* aortic rupture and pseudoaneurysm exclusion). 
LSA – left subclavian artery; PA – pseudoaneurysm; 
TS – thoracic stentgraft.
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