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ABSTRACT
Keywords: Aortic valve stenosis (AS) and abdominal aorto-iliac stenosis typically affect elderly patients,
Aortic valve stenosis, Aortic and both are associated with the adverse outcome if not adequately managed. Surgical
bifurcation disease, TAVI, intervention is the first treatment in younger patients without significant comorbidities.
CERAB Notably, these conditions can be present simultaneously. The choice of the optimal treatment

of these patients is challenging, and no clear recommendations are available, but the option of
Received simultaneous treatment by percutaneous intervention, especially in high surgical-risk patients,
07 February 2021 appeared to be attractive. We report a series of 2 cases with severe AS and aorto-iliac stenosis

referred to "Ospedale del Cuore" of Massa (Italy) who could not undergo surgical intervention.
They were treated with transcatheter aortic valve implantation (TAVI) and covered
endovascular reconstruction of aortic bifurcation (CERAB) within the same procedure. Our
case series showed that one-stage intervention is an effective, safe, and feasible treatment of
these two pathologies. In the future, this approach can represent the "gold-standard" for elderly
and frail subjects.
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The degeneration of aortic stenosis (AS) is characterized by progressive fibro-calcific remodeling
and thickening of the aortic valve leaflets that evolve over time to cause severe obstruction to
cardiac outflow. While it is uncommon in patients aged under 65 years in the absence of a
congenital abnormality, severe AS is the second most common valvular lesion in high-income
countries. Studies suggested the incidence to be 3.4% in patients older than 75 years [1]. This
pathology can be managed with transcatheter aortic valve implantation (TAVI), especially in the
elderly or patients with comorbidities or surgical aortic valve replacement (SAVR).

The aortic bifurcation is an important anatomical location of atherosclerosis. Stenosis in this
area could lead to disabling symptoms of peripheral arterial occlusive disease and serious
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consequences on quality of life and life-expectancy. Bilateral iliac artery obstructions involving the
aortic bifurcation or high-grade stenosis of the abdominal aorta are not usually considered an
indication for percutaneous treatment. However, the covered endovascular reconstruction of the
aortic bifurcation (CERAB) technique was introduced in 2009 in order to provide an anatomically
and physiologically optimal endovascular reconstruction of the aortic bifurcation, and the results
observed during follow-up are encouraging [2].

Case Presentation

Case 1

A 73-year-old male patient was affected by hypertension, type 2 diabetes mellitus, chronic kidney
disease, and obesity; in 2004, he was diagnosed with angina pectoris. Therefore a double coronary
artery bypass graft (left internal mammary artery to left anterior descending coronary artery and
venous graft on ottuse marginale branch) was performed. In February 2020, he had an acute
coronary syndrome treated with angioplasty and drug-eluting stent implantation in the right
coronary artery; during this hospital stay, he was diagnosed with moderate aortic valve stenosis
(mean pressure gradient 35 mmHg) (Figure 1). His medical history classified the patient as a
“vascular patient”.

Figure 1. CT scan of aortic valve stenosis.

In December 2020, the patient had a syncope associated with an increase of serum creatinine
level (up to 2.4 mg/dl). An invasive coronary angiography was performed, showing the patency of
coronary bypass and recent stent. An echocardiogram showed aortic valve disease progression from
moderate to severe (mean pressure gradient: 41 mmHg), a normal ejection fraction (60%) with
inferior left ventricular wall hypokinesia. According to his comorbidities and the history of cardiac
surgery, TAVI was preferred to SAVR. The pre-operative CT angiography showed important
stenosis (70%) of the infrarenal aorta with atherosclerotic dissected plaque involving aortic
bifurcation. Since even this lesion could not be treated with an open surgical intervention, we
decided to perform TAVI and CERAB in the same procedure.
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The procedure was performed in mild sedation and started with TAVI: first, ultrasound-guided
left and right common femoral artery accesses were obtained, and two Perclose Proglide closure
system were pre-implanted in the right one; then a pacing catheter was advanced towards the right
ventricle through the left femoral vein access; a 23 mm Sapien 3 Ultra (Edwards) was implanted as
usual and then post-dilated because of the presence of a moderate paravalvular leak; the final
angiography and intra-operative echocardiogram showed a correct position of the aortic valve
prosthesis and a significative reduction of the transvalvular gradient. Then, we performed CERAB:
first, we positioned two endovascular prostheses (12x49 mm and 12x39mm) partially imbricated
in the infrarenal aorta; secondly, we implanted two covered stents (9 x 57 mm) in common iliac
arteries, completing the reconstruction of the aortic bifurcation. The final angiography showed a
resolution of the stenosis and a normal flow towards inferior limbs (Figure 2A and 2B).

Figure 2A. Sagittal CT scan of abdominal aortic stenosis.

Figure 2B. Coronal CT scan of abdominal aortic stenosis.
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Case 2
A 78-year-old male patient was affected by hypertension and dyslipidemia. In 2001, he had an
acute myocardial infarction treated with fibrinolysis strategy and consequent coronary artery
bypass graft (right internal mammary artery to left anterior descending artery, left internal
mammary artery to ottuse marginal branch, radial artery to posterior descending and venous graft
to first diagonal branch). Since 2018, the patient reported effort angina without dyspnoea, but he
refused to perform an invasive coronary angiography. Recently he had an ultrasound diagnosis of
both severe aortic valve stenosis and regurgitation (valve area 0.8 cmg, mean pressure gradient 46
mmHg, PHT 210 ms); the ejection fraction was normal (58%). According to the patient age and
history of surgical coronary revascularization, the choice of treatment option was TAVI.

The pre-operative CT angiography showed atherosclerotic stenosis of the infrarenal aorta
involving iliac arteries. Therefore, in this case, we decided to perform TAVI and CERAB in the
same intervention (Figure 3A and 3B).

Figure 3A. TAVI final result.

Figure 3B. CERAB final result.
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First, an invasive coronary angiography was performed to check the patency of previous
coronary bypass and native coronary arteries. As this exam showed a progression of atherosclerosis
in the left main stem and a circumflex coronary artery, a percutaneous angioplastystenting was
executed. Then a 26 mm Sapien 3 Ultra (Edwards) was implanted as usual, and no leak was
observed in the final angiography. Finally, we performed CERAB as follows: a BeGraft stent was
positioned in the infrarenal aorta, and two other BeGraft stent (8 x 57 mm) was positioned in
common iliac arteries; this stage was followed by multiple balloon post-dilatations to optimize the
final result.

Discussion

Aortic stenosis is the most common valve disease in the elderly. Specifically, 12.4% of subjects
aged >75 years suffered from AS and 3.4% from severe AS [3]. At this age, the prevalence of AAA
is even higher, as it occurs in approximately 5% of men over 50 years [4].

SAVR has been the gold standard treatment for a long time but, the need for less invasive
therapies developed transcatheter aortic valve implantation with an aging and an increasingly
multimorbid population. The aim of surgery is to immediately restore normal aortic valve function,
usually with a low incidence of paravalvular leakage (PVL), patient-prosthesis mismatch (PPM),
atrioventricular blockage (AV block), and peri-operative mortality. TAVI is capable of reducing
surgical trauma and avoiding cardiac arrest and cardiopulmonary bypass. TAVI is non-inferior to
SAVR, and those patients who are suitable candidates for transfemoral access have an additional
benefit. Randomized controlled trials demonstrated that TAV1 is a therapeutic option in inoperable
patients, and recently this therapeutic option has been performed successfully in moderate and low-
risk patients [5,6]. Moreover, TAVI is the treatment option in patients with bioprosthetic valve
failure who face repeat SAVR with its potentially increased surgical trauma.

Aortic bifurcation stenosis prevails in a male patient with multiple cardiovascular risks.
However, highly effective surgical interventions are associated with a substantial procedure-related
risk for the patient. In a meta-analysis, the aggregated operative mortality rate and systemic
morbidity have been attributed to 3.3% and 8.3% [7].

Three main percutaneous techniques can be an alternative to open surgery, including kissing
bare metal stenting, kissing covered stenting, and the recently developed CERAB. In a vitro study,
the CERAB configuration was compared with kissing self-expanding bare stents and kissing
balloon-expandable covered stents [8]. These data showed that the mismatch areas and their
volumes were much lower in CERAB than both kissing stent configurations, even though the stent
conformation of self-expanding stents is higher, supporting the hypothesis that the CERAB
configuration is the most anatomical option.

In CERAB, the time-averaged wall shear stress was two-fold lower when compared with the
control model, and lesions may have a lower tendency to progress in time. The hemodynamic
changes, due to the geometrical mismatches, may lead to the presence of immature mesenchymal
tissue, intimal hyperplasia, and organizing thrombus not only in the space created inferior to the
vertex of the opposing stents but also within the stents and the free-floating portions of the stents
[9]. When comparing the three-year clinical outcome with surgical outcome, it is evident that
CERAB results are very similar to open surgery.

Finding of aortic bifurcation stenotic disease and severe aortic valve stenosis is not uncommon,
especially in elderly patients. According to non-cardiac surgery ESC guidelines, abdominal aorta
open surgical repair is considered a high-risk procedure. When severe AS and aortic bifurcation
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stenosis coexist, this risk becomes unacceptable; therefore, aortic valve replacement should be
considered before elective surgery in symptomatic patients. In patients who are high risk or
contraindicated for aortic valve replacement, balloon aortic valvuloplasty or, preferably, TAVI may
be a reasonable therapeutic option before surgery [10].

In the case report, we showed that it is reasonable and feasible to treat two life-threatening
diseases with one less invasive procedure. Some practical details of this combined procedure need
to be emphasized.

The first and obvious advantage is using the same arterial accesses for both procedures, reducing
vascular complications of two different percutaneous interventions. Furthermore, this approach can
reduce the number of hospitalizations and correlated risks (as nosocomial infections). In our
experience, we performed TAVI first, and then we proceeded with CERAB. This strategy has been
pursued because once the aortic valve prosthesis is implanted, the cardiac output improves and the
risk of cerebral or peripheral hypoperfusion and endovascular prosthesis dislodgement are reduced.
However, it is of great importance that the aortic bifurcation stenosis is not prohibitive to delivery
aortic valve prosthesis from femoral access to the thoracic aorta. Therefore, we stress the
importance of good pre-operative imaging (as CT angiography). The main disadvantage is
iatrogenic renal impairment because of the use of a larger contrast medium quantity.

Conclusion
With the aging of the population, the number of patients with multiple cardiovascular diseases
requiring complex interventions is likely to increase. TAVI and CERAB are two percutaneous
interventional techniques to treat aortic valve stenosis and aorto-iliac bifurcation stenotic disease
(“double aortic stenosis”) in considerable expansion all over the world

For the first time in the literature, we report two cases of TAVI and CERAB performed in a
single procedure, showing a safe and feasible intervention in patients at high surgical risk. In the
next future, this approach could reduce multiple hospitalizations and periprocedural complications.
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