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Abstract 

Background: The bicuspid aortic valve (BAV) represents a complex anatomic entity for transcatheter aortic valve 
replacement (TAVR) because of its unique technical challenges. All the randomized clinical trials comparing outcomes 
of TAVI with surgery till date, have excluded patients with bicuspid aortic valve. The only data in literature come from 
empirical observations, with large variability in implantation techniques across different centers and operators. 

Objective: These case reports describe the results of transcatheter aortic valve replacement (TAVR) in bicuspid aortic 
valve stenosis (BAV) using self-expandable valves with their clinical, imaging, procedural, and follow-up settings. 

Case reports: We report 3 cases of TAVR with BAV. The patients were at high risk of surgery. Baseline cardiac computed 
tomography (CT) was analyzed by interventional cardiologists. We used self-expandable valves in all the procedures. 
There were no cases of valve embolization or need for a second valve, no post-dilatation, no cases of moderate or severe 
aortic regurgitation, and none of the cases required a permanent pacemaker        implantation.  

Conclusion: With the available observational data, it seems that TAVI is indeed technically feasible in selected BAV 
patients with acceptable results. Self-expandable valves can be safe and effective devices for these procedures. Most of 
the current data studies highlight the importance of preprocedural imaging determining the outcome of TAVI in    BAV 
patients. Advancements device iterations and procedural refinements will continue to improve the outcomes of these 
patients treated by TAVR. 
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1. Introduction

The bicuspid aortic valve (BAV) represents a complex anatomic entity for transcatheter aortic valve replacement 
(TAVR) because of its unique technical challenges. All the randomized clinical trials comparing outcomes of TAVI with 
surgery till date, have excluded patients with bicuspid aortic valve. The only data in literature come from empirical 
observations, with large variability in implantation techniques across different centers and operators. 

2. Case reports

2.1. Case 1 

Seventy year-old female patient with the medical history of diabetes, hyperlipidemia on statins, and high blood pressure 
on ACE inhibitors was referred to our department for severe symptomatic aortic stenosis. She endorses that her 
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condition has deteriorated over past year. She started noticing lower extremity swelling, two pillow orthopnea and 
fatigue on exertion. Echocardiogram showed severe aortic stenosis with a peak velocity of 5.04 m/sec, mean gradient 
56 mmHg, and AVA 0.8 cm2 (Figure 1). It was not clear that the patient has bicuspid or tricuspid aortic valve from the 
echocardiogram. After heart team discussion, it was decided that the patient is not a candidate for open surgical valve 
replacement because of her age and frailty. CT scan showed done as a part of TAVI work up showed: Bicuspid aortic 
valve (Type 1 N-R) with massive calcifications extending to the LVOT. The annulus was elliptical with a perimeter of 
64.7mm. Left and right coronary ostia height were respectively 16.8 and 11.6 mm. (Figure 2) 

The details of the TAVI procedure, especially drawbacks of this technique for patients with BAV were described for the 
patient and her family, followed by written consents from them. General anesthesia, and right ventricular pacing were 
carried out as a routine standard protocol. Arteriotomy was performed to obtain an appropriate femoral access. Pre-
implantation balloon aortic valvuloplasty was performed with a 18*30mm balloon. An 14 French 26 mm CoreValve 
EVOLUT (Medtronics) was selected. We used the cusp overlap view for valve positioning and targeted the virtual basal 
ring level (Figure 3). No obvious aortic insufficiency was detected, nor under-expansion of the valve. The mean pressure 
gradients (MPG) accessed by echocardiography decreased from 56 mm Hg to 13 mm Hg. A 30 day follow-up showed 
significant improvement in clinical and hemodynamic findings in that the patient who had milder dyspnea (NYHA Class 
II), prosthetic aortic valve MPG of 6.5 mm Hg, mild tricuspid regurgitation, and systolic pulmonary artery pressure of 
35 mm Hg. No conduction abnormalities were noted on her ECG. 

2.2. Case 2 

Fourty-five-year-old male patient with the medical history of diabetes, hyperlipidemia on statins, high blood pressure, 
end-stage renal disease under dialysis, and respiratory insufficiency secondary to pulmonary tuberculosis was referred 
to our department for severe symptomatic aortic stenosis. He reported shortness of breath (NYHA IV) and typical 
angina. Echocardiogram showed a bicuspid aortic valve with severe stenosis with a peak velocity of 5.63 m/sec, mean 
gradient 80 mmHg, and AVA 0.6 cm2. Coronary angiogram showed multiple non-significant stenoses. After heart team 
discussion, it was decided that the patient is not a candidate for open surgical valve replacement because of his very 
high surgical risk and comorbidities. CT scan showed done as a part of TAVI work up showed: tricomissural valve with 
total commissural fusion between the LCC and RCC and heavy calcifications (Figure 4). The annulus was elliptical and 
his perimeter measured 83.3mm . 

The details of the TAVI procedure, especially drawbacks of this technique for patients with BAV and end stage renal 
disease and the inherent risk of prosthesis degeneration were described for the patient and his family, followed by 
written consents from them. General anesthesia, and right ventricular pacing were carried out as a routine standard 
protocol. Arteriotomy was performed to obtain an appropriate femoral access. Pre- implantation balloon aortic 
valvuloplasty was performed with a 22*40 mm balloon (Figure 5). An 14 French 34 mm CoreValve EVOLUT 
(Medtronics) was selected. We used the cusp overlap view for valve positioning and aim to reach a high positioning, 
than the coplanar view for final valve deployment (Figure 6). 

No obvious aortic insufficiency was detected, nor under-expansion of the valve, and no pericardial effusion on TTE were 
noted. The mean pressure gradients (MPG) by echocardiography decreased from 80 mm Hg to 19 mm Hg. A 30 day 
follow-up showed significant improvement in clinical and hemodynamic findings in that the patient had milder dyspnea, 
prosthetic aortic valve PPG of 21 mm Hg, MPG of 10 mm Hg, mild tricuspid regurgitation, and systolic pulmonary artery 
pressure of 38 mm Hg. No conduction abnormalities were noted on his ECG. 

2.3. Case 3 

Seventy-three year-old male patient with the medical history of diabetes was referred to our department for severe 
symptomatic aortic stenosis. He reported shortness of breath (NYHA IV). Echocardiogram showed severe aortic 
stenosis with a peak velocity of 4,5 m/sec, mean gradient 58 mmHg, and AVA 0.7 cm2. It was not clear that the patient 
has bicuspid or tricuspid aortic valve from the echocardiogram. After heart team discussion, it was decided that the 
patient is not a candidate for open surgical valve replacement because of his age and frailty. CT scan showed done as a 
part of TAVI work up showed: tricommissural valve with total commissural fusion between the NCC and LCC. The 
annulus was elliptical with a perimeter of 77.1 mm. Left and  right coronary ostia height were respectively 15 and 20 
mm from the annulus (Figure 7). 

As for the two previous patients, the details of the procedure and the consent were obtained before the intervention. 
We carried out the same routine protocol. A 14 French 29 mm CoreValve EVOLUT (Medtronics) was selected. No 
predilatation was performed. We used the cusp overlap view for valve positioning and aim to reach a high positioning, 
then we used to the coplanar view for final valve implantation (figure 8). No obvious aortic insufficiency was detected, 
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nor under-expansion of the valve. The mean pressure gradients (MPG) by echocardiography decreased from 58 mm Hg 
to 11 mm Hg. A 30 day follow-up showed significant improvement in clinical and hemodynamic findings: prosthetic 
aortic valve gradient decreased significantly PPG of 12 mm Hg, MPG of 6.7 mm Hg, trivial tricuspid regurgitation, and 
systolic pulmonary artery pressure of 29 mm Hg. No conduction abnormalities were noted on his ECG. 

3. Discussion 

3.1. Anatomic settings 

Outcomes of TAVR in bicuspid patients are strictly related to the BAV phenotype. The specific concerns regarding TAVR 
for BAV include: 

 An elliptically shaped annulus that may impair valve positioning and sealing. 
 Asymmetrical and heavy calcification of leaflets may impede valve expansion and valve hemodynamics 
 Presence of aortic disease increases the risk of dissection or rupture during valvuloplasty, postdilatation, or 

implantation of balloon-expandable valves. 
 Fused commissures are susceptible to disruption during balloon valvuloplasty, resulting in severe aortic 

regurgitation. 
 Underexpansion and/or a non-circular shape of the transcatheter heart valve may affect long- term durability. 

The characterization of BAV phenotypes by multislice computed tomography (CT) plays a key role in TAVR planning. As 
BAV includes a variety of morphological abnormalities (1). 

More recently, a TAVR-specific classification was suggested by Jilaihawi et al, depicting 3 BAV phenotypes based on the 
presence or absence of raphe and the number of commissures (2): bicommissural nonraphe type (like Sievers type 0); 
bicommissural raphe-type (equivalent to Sievers type 1); and tricommissural BAV, a morphology with some anatomic 
features similar to Sievers type 1 and others similar to tricuspid aortic valve (TAV), often described as acquired 
(indeterminate Sievers class) (3) . 

There have been conflicting reports on the impact of different anatomical BAV variants on clinical outcomes. Mylotte et 
al. (4) found type 1 BAV to be associated with a higher rate of moderate–severe aortic regurgitation compared to other 
BAV anatomies after TAVR, whereas Yousef et al. (5) showed that type 1 BAV anatomy (particularly L–R subtype), was 
associated with significantly lower 30-day and 1-year mortality and a higher device success, and lower rate of 
moderate–severe aortic regurgitation after TAVR. Studies have showed that type 0 BAV was strongly associated with a 
higher residual transprosthetic pressure gradient than other BAVs after TAVR. As observed, type 0 BAV had no raphe 
with extensive calcification on the leaflet than the aortic annulus. Therefore, THVs were less prone to expand, resulting 
in higher gradients secondary to valve asymmetrical expansions (6) (7). All of our patients had Type 1 or equivalent 
type 1 BAV, we didn’t observe any of the complications above. 

 

Figure 1 Doppler echocardiography before TAVR showed peak pressure gradient: 101 mean pressure gradients: 58 
mmHg 



World Journal of Advanced Research and Reviews, 2024, 22(02), 298–305 

301 

 

Figure 2 CT-scan showed a type 1 bicuspid aortic valve 

 

 

Figure 3 Implantation of CoreValve 26 mm 
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Figure 4 CT-scan showed tricomissural valve with total comissural fusion between the LCC and RCC 

 

 

Figure 5 Ballon annuloplasty with 22*40 mm balloon Figure 6 Implantation of CoreValve 34 mm 
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Figure 7 CT-scan showed tricomissural valve with total comissural fusion between the NCC and LCC 

 

Figure 8 Implantation of CoreValve 29 mm 

3.2. Imaging assessment 

In tricuspid AS, the so-called virtual basal ring (VBR) is the tightest part of the aortic root, where the THV will anchor 
and seal (8). Therefore, this virtual structure, bounded by 3 anatomic hinge points at the nadir of each of the aortic cusp 
insertions, represents the appropriate reference plane for prosthesis sizing and implantation height. However, in BAV, 
the anatomic definition of the VBR may be more difficult: 

In BAV without raphe, the definition of a 3-dimensional structure (ie, the VBR) is challenging because of the presence of 
only 2 anatomic hinge points. Manual multislice CT assessment of annulus should be chosen over automatic detection 
since it is more accurate in alignment of the cusps 

In bicommissural raphe-type and in tricommissural BAV, the VBR definition is more accurate as 3 cusps are easily 
recognizable. Nevertheless, the detection of the cusps nadir might be difficult because of their typical unequal size (fused 
versus nonfused cusp). 

Recently, some authors suggested a supraannular plane, the virtual raphe ring (VRR) in analogy with the VBR, for 
prosthesis sizing in BAV. They suggest that the supraannular plane should be sited at 4 to 5 mm from the annular plane 
(9). 

However, the selection of an identical VRR height for all BAVs should be considered arbitrary, as the extension of 
commissural fusion is variable. Rather, it seems preferable to consider the plane where the supraannular structure has 
the tightest dimensions (10). In support of this, a post-TAVR CT scan study in raphe-type BAVs showed that the level of 
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maximal THV constriction matches that of highest protrusion of raphe along the aortic root (11).In  case 2 and 3, as we 
observe a VBR> VRR in tricomissural valves with cusp fusions, we chose a supra-annular plane for valve implantation. 

3.3. Prosthesis selection 

Balloon-expandable THVs: The new-generation Sapien 3 valve is characterized by an external skirt that improves 
sealing in complex anatomies, such as irregularly shaped and calcific landing zone of BAV, reducing the need for 
oversizing. The high radial strength might theoretically prevent major valve underexpansion, as well as minimize the 
gap at the intercommissural triangles. This feature should be balanced with the risk of aortic injury in high-risk BAV 
phenotype or preexisting aortopathy. 

Self-expandable THVs: These devices might better adapt to the irregularly shaped landing zone of BAV. Moreover, the 
supraannular valve design may provide a better THV hemodynamic even in the presence of major under or 
asymmetrical expansion at the inflow portion (9) (12). Finally, the repositioning and recapturing features of some of 
them might allow a more accurate positioning. The majority of evidence is available for the Evolut TAVR systems (12) 
(13). In the recently published nonrandomized Low-Risk Bicuspid study (13) TAVR with the Evolut R/PRO THVs 
achieved favorable 30-day results, with low rates of death and stroke and high device success rate. 

With regard to THV choice in bicuspid anatomy, in the BEAT registry (Balloon Versus Self-Expandable Valve for the 
Treatment of Bicuspid Aortic Valve Stenosis), the balloon-expandable Sapien 3 (Edwards Lifesciences) had higher 
residual gradients and a trend towards higher rates of annular rupture, while the self-expanding CoreValve Evolut 
R/PRO (Medtronic) valves had higher rates of moderate or severe percutaneous paravalvular leak (14). 

3.4. Procedural techniques 

3.4.1. Balloon valvuloplasty 

Specifically, balloon aortic predilation allows to facilitate THV crossing, proper positioning, and expansion; test raphe’s 
resistance, predicting THV expansion; and define device size for borderline/uncertain CT-based sizing. We realized 
balloon valvuloplasty in two of our patients 

3.5. Prosthesis Implantation Technique 

According to the 3 aortic root configurations for THV sizing, the operator can aim for one of 2 different landing zones: 

In codominant and VBR-dominant scenarios, the VBR is the proper landing zone. 

In VRR-dominant pattern, a supra-annular landing zone is advisable based on raphe characteristics. When the VRR is 
the selected landing zone, THV implantation height should be targeted for optimal        supraannular sealing 

It is important to note that determining the optimal angiographic projection for THV deployment may be complex in 
BAV, as the leaflets appear irregular at fluoroscopy. Therefore, correct coaxial alignment of the THV frame should be 
based on the combination of CT-derived orthogonal view and orientation of the valve at fluoroscopy. We used both co-
planer and cusp-overlap view for valve positioning. 

3.6. Balloon post-dilatation 

In the BEAT registry, the rate of postdilatation was significantly higher with the self-expandable Evolut R/PRO THVs 
compared with balloon-expandable Sapien 3 valve (14). Although postdilatation might mitigate BAV- related THV 
distortion, it should be limited to those cases with residual significant PVL or transvalvular gradient due to the potential 
increase of balloon-related complications. None of our cases needed post-dilatation. 

4. Conclusion 

With the available observational data, it seems that TAVI is indeed technically feasible in selected BAV patients with 
acceptable results. Self-expandable valves can be safe and effective devices for these procedures. Most of the current 
data studies highlight the importance of preprocedural imaging determining the outcome of TAVI in BAV patients. 
Advancements device iterations and procedural refinements will continue to improve the outcomes of these patients 
treated by TAVR. 
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