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Abstract
Introduction: Thoracic Aortic Endovascular Repair (TEVAR)
is the preferred method for managing Blunt Thoracic Aortic
Injuries (BTAI) but lacks robust long-term data reporting on
potential delayed complications.

Case report: We present a case of a seventeen-year-old
male who developed delayed critical stenosis of a Zenith
Alpha stent-graft by Cook Medical which was used for
treatment of a grade-2 BTAI. This was successfully managed
with endovascular relining using a Zenith TX2 stent-graft.

Discussion: The complication is rare in the literature with
the proposed mechanism being thrombosis secondary to
infolding of the graft material as investigated by the
TRANSFIX study. Endovascular re-lining of the TEVAR was
successful in this patient, however, the long-term durability
of the repair remains uncertain.

Conclusion: Thrombosis of TEVAR stent-grafts used for BTAI
is probably a more common complication than is
appreciated; especially with the Zenith Alpha device and
ongoing surveillance of such patients is therefore
recommended.

Keywords: Thoracic Endovascular Aortic Repair (TEVAR);
Blunt Thoracic Aortic Injury (BTAI); Thoracic Aorta;
endovascular surgery; Cardiothoracic Surgery; Vascular
Surgery.

Statements and Declarations
Informed Consent: The patient who is the subject of the case

report has provided written consent for publication of this
article.

Presentation: This article was presented as an oral
presentation at the Vascular Society of New Zealand (VSNZ)
2021 annual scientific conference.

Introduction
Thoracic Endovascular Aortic Repair (TEVAR) has become the

preferred treatment modality for blunt thoracic aortic injuries
(BTAI) due to the reduced early surgical mortality and a reduced
incidence of spinal cord ischemia compared to open repair. 1
This is especially relevant as these aortic injuries are associated
with other concomitant poly-traumatic injuries in an often
critically unstable patient. Short- to mid-term results in terms of
durability of repair have generally been satisfactory 1 with the
common complications being proximal seal inadequacies, spinal
cord ischemia and groin complications. We report on a rarer
complication where an implanted TEVAR stent-graft developed
thrombotic critical distal stenosis, resulting in symptomatic distal
malperfusion. This complication was successfully managed with
the relatively novel technique of endovascular relining. This case
directs attention to the concerns around the long-term
durability of these repairs and their associated devices, which is
particularly relevant as the demographic of BTAI patients is
generally of a young age

Case Presentation
A seventeen-year-old male was admitted with a BTAI following

a high-speed motor-vehicle accident. His other polytraumatic
injuries included bilateral lower limb compound fractures
requiring operative fixation, multiple intra-abdominal injuries
requiring laparotomy, bilateral lung contusion and multifocal
cerebral contusion. Emergency Computed Tomographic
Angiogram (CTA) showed two individual aortic ulcerations distal
to the left subclavian artery over a 2cm segment as
demonstrated in figure 1. This was followed by a
Transoesphageal Echocardiogram (TOE) which suggested the
presence of aortic Intramural Haematoma (IMH) associated with
the intimal defects. The patient underwent TEVAR given the
grade-2 classification based on the presence of IMH on TOE and
the high force associated with the initial trauma. A 22mm x
105mm Zenith Alpha device by Cook Medical was deployed with
near-complete covering of the left subclavian artery due to its
proximity to the injury at the aortic isthmus. The stent-graft
used was the smallest diameter device that was available to us
which resulted in oversizing by 18%. This was based on a
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measured aortic calibre of 18 mm on the initial CTA prior to
extensive resuscitation. This degree of oversizing remained
within the recommended range in the Instructions For Use (IFU)
set by the manufacturer. Post-completion angiogram showed
successful exclusion of the injury without evidence of an
endoleak. The patient had serial CTA imaging during his three-
month admission which showed no evidence of complications,
however, the patient was lost to follow-up after being
discharged.

Figure 1: Sagittal section of Computed Tomography (CT)
angiogram. Two aortic ulcerations can be seen within the
descending thoracic aorta as indicated by the blue arrows.

Two and a half years later, the patient represented with
recurrent headaches and hypertension diagnosed by his general
practitioner. The patient unusually reported no symptoms of
distal malperfusion which was contrary to his clinical
examination which revealed no palpable femoral pulses, a
radial-femoral pulse delay and a blood pressure of 191/104
mmHg though to be caused by renal malperfusion. CTA showed
a flap of thrombus extending superiorly from the distal edge of
the stent up to the mid-stent level, forming a true and false
lumen as seen in figure 2. This was further evaluated with TOE
which showed significantly elevated velocities through the true
lumen consistent with critical stenosis.

Figure 2: Axial section of Computed Tomography (CT)
angiogram. A flap of thrombus within the TEVAR can be seen
extending up to the mid-stent level, forming a true and a false
lumen.

There was concern that the patient would develop acute
thrombotic occlusion of the stent-graft and therefore was
commenced on therapeutic anticoagulation with enoxaparin. His
hypertension was significantly resistant to medical management,
requiring four agents. After careful consideration, the decision
was made to attempt endovascular re-lining of the stent-graft.
The true lumen was cannulated with a guidewire using intra-
operative TOE for confirmation of entry into the correct lumen.
The severity of the stenosis was more appreciable on
fluoroscopic imaging as can be seen in figure 3A, which shows
virtually no entry of contrast through the stent-graft with the
catheter positioned inferiorly. A 22mm x 115mm Zenith TX2
device by Cook Medical was deployed with both proximal and
distal landing beyond the edges of the pre-existing stent-graft.
The proximal landing partially covered the left common carotid
artery origin, while the distal landing was in the descending
aorta at approximately T8 vertebral level. The new stent-graft
was expanded using balloon angioplasty which initially showed
wasting against the previous stent-graft. Following several
attempts to expand the stent-graft, the post-completion
angiogram showed a widely patent aortic lumen as
demonstrated in figure 3B. All lower limb pulses were
immediately palpable post-operatively. The patient was
discharged on aspirin monotherapy with a plan for ongoing
follow-up with CTA surveillance to ensure the durability of the
repair.
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Figure 3: Intra-operative digital subtraction angiogram (DSA) 
showing pre- and post- deployment of the new Zenith TX2 stent-
graft.

The patient’s hypertension unusually remained refractory 
requiring four agents for control, despite a widely patent graft 
on follow up imaging. A full secondary hypertension screen was 
performed looking for renal, endocrine, and metabolic causes 
which was negative. Specialised imaging in the form of 
radioisotope renography and renal artery duplex 
ultrasonography also showed no abnormalities. The reason for 
ongoing hypertension remains somewhat of a mystery, however, 
may be related to haemodynamic changes from the implanted 
aortic stent-graft.

Discussion
The initial stent-graft used in our patient was the Zenith Alpha 

stent-graft by Cook Medical. This device has had recurrent 
reports of delayed thrombus formation, which eventually led to 
the manufacturer removing BTAI as a suggested indication from 
the IFU on the 22nd of June 2017 (which was after the date of 
deployment in our patient). Additionally, there was a recall of 
the stent-graft sizes between 18 mm and 22 mm. The likely 
cause for this complication has only recently been described in 
the TRANSFIX study. 2 The study was designed to investigate the 
safety of the Zenith Alpha device prospectively over five years in 
a cohort of 50 patients. The study found that 15 of its 50 
patients (30%) developed delayed thrombosis of the distal 
aspect of the stent-graft, particularly in younger patients. None 
of the patients in the study were reported to be symptomatic 
from this, with a single patient undergoing re-intervention 
prophylactically in a similar fashion to our patient with relining 
using a Zenith TX2 stent-graft. The proposed mechanism for the 
complication was a design flaw where the distal aspect of the 
stent-graft developed infolding of the graft material under the 
stent edge. This infolding was particularly exacerbated in 
younger patients for two reasons; firstly, the stent-grafts were 
usually more oversized due to the patients’ small calibre aortas 
and secondly, younger patients have more tapering of the 
descending aorta distally. Both these factors were of relevance 
in our patient.

Contrary to the patients in the TRANSFIX study, our patient
developed a high-grade lesion with significant clinical
complications. There are a few other reported cases in the
literature of TEVAR use for BTAI, which were later complicated
by thrombosis of the stent-graft and leading to severe distal
malperfusion. 3-8 It is important to note that only one these
other cases had a Zenith Alpha stent-graft in-situ, 6 with the
other cases reporting use of a variety of different thoracic aortic
stent-grafts.

Open surgical repair is the most reported technique for the
management of distal TEVAR stenotic or occlusive lesions. This
involves either in-situ reconstruction of the thoracic aorta or
with extra-anatomical bypass using an axillobifemoral bypass.
3-5, 8 In addition to the patient described in the TRANSFIX study,
there are two other reports of endovascular management with a
re-lining TEVAR; Hostalrich et al 6 described use of an Optimed
bare-nitinol-stent and Marino et al 7 described use of Medtronic
Valiant Captiva stent-graft. Both had successful outcomes,
however, Marino et al described distal lower extremity
thromboembolism in their patient post-operatively. We elected
for an endovascular first approach as well due to the obvious
reduced morbidity and mortality. The stent-graft we used was
the Zenith TX2 by Cook Medical which is a stainless-steel stent-
graft that has superior radial strength. It has been reported to
have lower rates of device collapse and thought to be better
suited for healthy aortas in young patients. 9 Intravascular
ultrasound would have been a useful ancillary tool both in terms
of assessment of the initial injury and in assisting with
deployment of the stent-graft in the initial and follow-up
procedures; however, was unavailable to our unit at the time.
Instead, intra-operative TOE was used in the follow-up
procedure to confirm cannulation of the true lumen which may
not have been possible with fluoroscopy alone.

In the short term, the outcome of endovascular repair for the
complication was successful; however given our limited
exposure to this problem in addition to the lack of literature
reporting on use of this technique makes us wary about the
long-term durability of endovascular relining. We will continue
to closely follow up the patient with ongoing CTA, potentially
transitioning to a different modality such as magnetic resonance
imaging or echocardiography down the track.

Conclusion
Based on the literature, thrombosis of TEVAR stent-grafts is

probably more common than is currently appreciated. It is
important that there is awareness regarding this complication
with its propensity to cause critical stenosis or occlusion of these
stent-grafts. This is particularly relevant in patients who have
had previous Zenith Alpha devices for BTAI and we would
suggest if other departments have such patients, to closely
follow them up with serial imaging.
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