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Introduction
Transcatheter aortic valve implantation (TAVI) is an 

established treatment option for symptomatic severe 
aortic stenosis in high [1] and intermediate risk patients 
[2]. With a prevalence of 1% to 2% in countries outside 
China, bicuspid aortic valve (BAV) disease is a common 
congenital malformation [3] that often results in prema-
ture aortic stenosis. Since BAV represents a  challenge 
for interventional treatment [4], it traditionally has been 
considered as a  relative contraindication against TAVI. 
The Lotus valve (Boston Scientific Corp, Marlborough 
MA) is a  mechanically expandable, fully repositionable 
and retrievable second-generation TAVI prosthesis with 
an outer adaptive seal that facilitates accurate position-
ing, early valve function, and hemodynamic stability 
during deployment, and minimizes paravalvular leakage 
[5]. Therefore, it might be a good treatment option for 
BAV stenosis. 

For planning TAVI procedures, an in-depth analysis 
of multidetector computed tomography (MDCT) images 
is crucial. In most reports of interventional treatment of 
BAV stenosis, preprocedural measurements were done 
according to current guidelines [6]. However, such mea-
surements might lead to inaccurate annular sizing and 
prosthesis selection in BAV disease. Specifically, mea-
surement of the basal ring may lead to the selection of 
too large prostheses, potentially leading to suboptimal 
results, or may make the intervention impossible due to 
non-availability of the necessary large valve sizes. 

Aim
Therefore, an alternative process of measurement 

may be preferred. We therefore aimed to use a new al-
gorithm for MDCT analysis, i.e., supra-annular measure-

ment of the valve opening area at the level of the max-
imal calcification, to assess the correct aortic valve area 
opening, and compared it to the conventional analysis 
algorithm in terms of aortic valve area and diameters in 
a series of patients with severe BAV stenosis undergoing 
TAVI using the mechanically expandable Lotus valve.

Material and methods
Between January 2015 and February 2017, patients 

with severe symptomatic aortic stenosis undergoing 
TAVI at the University Hospital Basel, Switzerland, were 
screened for the presence of BAV. Before the intervention, 
patients underwent transthoracic echocardiography, cor-
onary angiography, and MDCT, and were reviewed by the 
institutional heart team to determine the best treatment 
approach. Bicuspid aortic valve patients underwent TAVI 
using Lotus valves via the transfemoral or transsubclavi-
an route, as indicated. Data were collected prospectively, 
and all patients signed informed consent to be followed 
within a registry. The study was approved by the respon-
sible ethics committee.

The preprocedural MDCT was both ECG-gated and 
contrast-enhanced and acquired following established 
institutional scan protocols. All MDCT datasets were 
evaluated by a single experienced reader for quantitative 
measurements using the 3mensio software (Pie Medical 
Imaging BV, Maastricht, The Netherlands) and by two ad-
ditional readers to define valve morphology. Valve mor-
phology was classified according to the MDCT data [7]. 
Quantitative analysis included measurements of annular 
dimensions by means of planimetry using maximal and 
minimal diameters and perimeter in systole, and was 
performed according to current guidelines [6]. In addition 
to the conventional annular measurement, supra-annular 
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measurement was done measuring the maximal length 
of the valve opening (intercommissural length) and 
a second diameter perpendicular to this maximal diame-
ter at the level of the maximal leaflet calcification, again 
measured in systole. Effective valve size was chosen ac-
cording to the supra-annular measurement. 

Follow-up including clinical assessment and transtho-
racic echocardiography was done after 30 days. Study 
endpoints included the Valve Academic Research Con-
sortium-2 criteria [8] and echocardiographic data such as 
aortic valve gradient, degree of aortic regurgitation, and 
left ventricular ejection fraction. Postprocedural aortic 
regurgitation was defined as the sum of para- and trans-
valvular regurgitation, while the severity was graded as 
none or trivial, mild, moderate, or severe by means of 
qualitative assessment.

Statistical analysis
Statistical analyses were done using the GraphPad 

software (GraphPad Software Inc, La Jolla CA). Contin-
uous variables are presented as mean ± standard devi-
ation and compared with Student’s t test. Categorical 
variables are presented as percentages. All hypothesis 
testing was 2-tailed, and a p-value of < 0.05 was consid-
ered statistically significant.

Results
Baseline characteristics
From 253 patients undergoing TAVI, 108 (42.7%) were 

treated with an Edwards Sapien 3, 73 (28.9%) with a Lo-
tus, 47 (18.5%) with a Portico, 11 (4.3%) with a CoreValve 
Evolut R, 8 (3.2%) with a JenaValve, 5 (2%) with a Direct 
Flow, and 1 (0.4%) with an NVT valve. Overall, there were 
8 (3.2%) patients with BAV, who were treated with a Lo-
tus. These patients had a mean age of 78.8 ±4.9 years 
with a  logistic EuroSCORE II of 3.1 ±2.0% and suffered 
from either dyspnea or angina pectoris. Mean aortic gra-
dient was 51.43 ±12.75 mm Hg with an aortic valve area 
of 0.83 ±0.27 cm2. Anatomy of the valve was in 50% BAV-
RL type 3, in 37.5% BAV-AP type 1, and in 12.5% BAV-RL 
type 4 [7]. The baseline demographic, echocardiographic, 
and MDCT data are summarized in Table I.

Multidetector computed tomography  
measurements
Supra-annular measurement resulted in both smaller 

valve area (436.54 ±72.83 mm2 vs. 536.73 ±88.33 mm2,  
p = 0.0267) and mean diameter (23.49 ±1.98 mm vs. 
26.06 ±2.18 mm, p = 0.0271) compared with annular 
measurement, which resulted in the selection of smaller 
valve sizes or made the use of the Lotus valve possible 
at all, respectively (Figure 1). While Lotus valve implan-
tation was not possible with conventional measurement 
in 37.5% of cases, supra-annular measurement revealed 
a sufficient annular size in all patients.

Table I. Baseline characteristics

Parameter Value

Demographic data:

Age [years] 78.75 ±4.92

Sex female (%) 38

EuroSCORE II (%) 3.05 ±2.01

Patients’ history

Arterial hypertension (%) 88

Hyperlipidemia (%) 50

Diabetes mellitus (%) 38

Family history (%) 0

Current smoking (%) 63

Prior myocardial infarction (%) 13

Prior coronary artery bypass graft surgery (%) 13

Prior stroke (%) 0

Renal failure (%) 13

Atrial fibrillation (%) 50

Echocardiographic data:

Left ventricular ejection fraction (%) 58.0 ±7.82

Maximal aortic gradient [mm Hg] 82.0 ±19.2

Mean aortic gradient [mm Hg] 54.43 ±12.75

Aortic valve area [cm2] 0.83 ±0.27

Clinical data:

Dyspnea (%):

I 0

II 25

III 62.5

IV 12.5

Angina pectoris (%):

1 0

2 37.5

3 0

4 0

Multidetector CT data:

Bicuspid aortic valve type (%):

BAV-AP type 1 37.5

BAV-AP type 2 0

BAV-RL type 3 50

BAV-RL type 4 12.5

BAV-RL type 5 0

Continuous variables are presented as mean ± standard deviation. Categorical 
variables are presented as percentages.
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Outcome
Patients underwent TAVI in 87.5% of cases via the 

transfemoral and in 12.5% of cases via the transsubclavi-
an route. Procedural success was 100%. The implantation 
of a Lotus valve resulted in a decrease of both peak and 
mean gradient to 26.25 ±5.12 and 14.43 ±6.58 mm Hg  
at 30 days, respectively (both p < 0.0001). Regarding clin-
ical endpoints at 30 days, 2 patients underwent perma-
nent pacemaker implantation due a high-degree AV block 
(25%) and one patient suffered from a valve thrombosis 
(12.5%), while no patients suffered from either death or 
stroke. There was no aortic regurgitation at follow-up.

Discussion
Due to its specific anatomic characteristics, BAV ste-

nosis is a challenge for interventional treatment [4]. Reg-
istry data show that TAVI in BAV stenosis compared with 
tricuspid aortic valve stenosis is associated with lower 
rates of procedural success, higher rates of pacemaker 
implantation, and more paravalvular leakage; however, 
long-term mortality was similar [9–11]. While first-gen-
eration TAVI prostheses were associated with higher 
rates of aortic root injury and paravalvular leakage, sec-
ond-generation prostheses showed similar, favorable re-
sults for tricuspid and bicuspid aortic valves, with low 
rates of annular rupture, relevant aortic regurgitation, or 
second valve implantation [10, 12].

Based on its mechanical properties, the Lotus valve 
might be ideal to prevent aortic root injury and regurgi-
tation, specifically in high-risk patients with BAV stenosis. 
Accordingly, early reports of interventional treatment of 
BAV stenosis with the Lotus valve showed a good clinical 
and hemodynamic result without relevant paravalvular 
leakage [13, 14]. The Lotus valve is available in three sizes, 
i.e., 23 mm, 25 mm, and 27 mm. Therefore, it can be used 
for diameters of up to 27 mm only, which limits the use 
in large aortic annuli. Currently, the use of the Lotus valve 
has been suspended due to technical issues, but its return 
to the market is expected soon. Bicuspid aortic valve is 
characterized by the presence of only two functional cusps 
and an oval orifice, and can be classified by different sys-
tems [7, 15]. The number of detected raphes can be used 
to group BAV into the 3 following types: type 0 (no raphe); 
type 1 (1 raphe); and, type 2 (2 raphes) [15]. Other classi-
fication systems use imaging modalities such as MDCT for 
phenotypic classification that has been used in the cur-
rent analysis. In this classification system, two main types 
are defined, i.e., fusion of the right and left coronary cusp 
(type BAV-AP) and fusion of the right or left coronary cusp 
and the non-coronary cusp (BAV-RL) with a subdivision in 
types 1 and 2 in BAV-AP and 3 to 5 in BAV-RL [7].

Current guidelines for preprocedural MDCT require 
that annular sizing and prosthesis selection are based on 
a basal ring that is measured at the level immediately be-
low the 3 lowest insertion points of the aortic cusps in sys-

tole [6]. In the current analysis, an additional supra-annu-
lar measurement of the valve opening area at the level of 
maximal leaflet calcification was performed and showed 
a  considerable lower valve area, which resulted in the 
choice of smaller valves and allowed the Lotus valve to be 
used in all cases, which was not possible with convention-
al measurement only. Of note, the unique properties of 
repositionability and retrievability combined with the leak 
tightness of the Lotus valve made it possible to choose 
smaller valves without risk of embolization and aortic re-
gurgitation, which resulted in favorable clinical outcomes. 

This analysis has some limitations. In the present 
study, we did not compare tricuspid vs. bicuspid valves 
from our database. Therefore, there is no formal compar-
ison between the two anatomical groups. In addition, the 
small number of patients in the present case series does 
not allow the results to be generalized to a larger number 
of patients and precludes definitive conclusions regard-
ing the comparison of the two MDCT measurement algo-
rithms regarding outcome. 

Conclusions
Bicuspid aortic valve stenosis may be treated with 

good success with TAVI in a wide array of patients if MDCT 
measurements are performed accurately. Supra-annular 
measurements in combination with conventional annu-
lar measurements might optimize the pre-interventional 
evaluation of the patients, and second generation TAVI 
prostheses such as the Lotus valve might be a good solu-
tion to accommodate BAV anatomy.

Acknowledgments
Funding – Cardiology, University Hospital Basel, Swit-

zerland.

 Annular measurement Effective valve size

 Too large for Lotus         Lotus 27 mm
 Lotus 25 mm         Lotus 23 mm

Figure 1. Valve size selection according to annular 
and supra-annular measurements
Black – too large for Lotus, dark gray – Lotus 27 mm, light gray – Lotus 
25 mm, white – Lotus 23 mm.
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