
Původní sdělení | Original research article

Special considerations on TAVI implanted in bicuspid aortic valves. 

Experience of Institute of Cardiology in Warsaw, Poland

Mikołaj Koseka, Jan Jastrzębskia, Krzysztof Kuśmierskib, Maciej Dąbrowskia, 
Piotr Szymańskic, Ilona Michałowskad, Tomasz Hryniewieckic, Marcin Demkowe, 
Janina Stępińskaf, Piotr Michałekg, Zbigniew Chmielaka, Adam Witkowskia 
a Department of Interventional Cardiology and Angiology, Institute of Cardiology, Warsaw, Poland
b Department of Cardiosurgery and Transplantology, Institute of Cardiology, Warsaw, Poland
c Department of Acquired Cardiac Defects, Institute of Cardiology, Warsaw, Poland
d Department of Radiology, Institute of Cardiology, Warsaw, Poland
e Department of Coronary and Structural Heart Diseases, Institute of Cardiology, Warsaw, Poland
f Department of Cardiac Intensive Therapy, Institute of Cardiology, Warsaw, Poland
g Emergency Ward, Institute of Cardiology, Institute of Cardiology, Warsaw, Poland

Cor et Vasa

Available online at www.sciencedirect.com

journal homepage: www.elsevier.com/locate/crvasa

Address: Mikołaj Kosek, MD, Department of Interventional Cardiology and Angiology, The Cardinal Stefan Wyszyński Institute of Cardiology, ul. Alpejska 42, 
04-628 Warszawa, Poland, e-mail: mikolaj_kosek@yahoo.pl
DOI: 10.1016/j.crvasa.2017.01.022

ARTICLE INFO

Article history: 
Received: 30. 11. 2016
Accepted: 12. 1. 2017
Available online: 20. 2. 2017

SOUHRN

Od té doby, co se začala provádět transkatétrová implantace aortální chlopně (TAVI), byly za relativní 
kontraindikaci provedení této metody považovány bikuspidální aortální chlopně (BAV). Pacienti s BAV 
byli vyřazeni z většiny velkých klinických studií TAVI. Rozvoj této implantační techniky a další studie však 
prokázaly, že tato metoda je schůdná a bezpečná také při BAV. V současné době někteří klinici prohlašují, že 
BAV již nemá být kontraindikací k provedené TAVI. Nicméně je třeba vzít v úvahu zvláštní aspekty jedinečné 
anatomie, když vybíráme pacienty vhodné pro tuto metodu. V našem centru od roku 2010 celkově 28 
pacientů s bikuspidální aortální chlopní podstoupilo TAVI. 

© 2017, ČKS. Published by Elsevier sp. z o.o. All rights reserved.

ABSTRACT

Since the advent of transcatheter aortic valve implantation (TAVI), bicuspid aortic valves (BAVs) have been 
considered relative contraindication for this procedure. Patients with BAVs were excluded from the majority 
of large clinical TAVI trials. However, the development of the implantation technique and further studies 
have proven this method feasible and safe also in BAVs. Nowadays some clinicians claim that BAV should 
no longer be a contraindication. Nevertheless special aspects of the unique anatomy need to be taken into 
consideration when qualifying patients for this procedure. In our center since 2010 a total number of 28 
patients with bicuspid aortic valve stenosis underwent TAVI.

Klíčová slova:
Bikuspidální aortální chlopeň
Stenóza aortální chlopně
Stenóza BAV
TAVI
Transkatétrová srdeční chlopeň

Keywords:
Aortic valve stenosis 
BAV stenosis
Bicuspid aortic valve 
TAVI
Transcatheter heart valve 

Please cite this article as: M. Kosek, et al., Special considerations on TAVI implanted in bicuspid aortic valves. Experience of Institute of Cardiology in Warsaw, Poland, Cor et Vasa 59 (2017) 
e29–e34 as publihed in the online version of Cor et Vasa journal available at http://www.sciencedirect.com/science/article/pii/S0010865016301485

036_040_Puvodni sdeleni Koska.indd   36 24/02/2017   12:48:11



M. Kosek et al.  37

Bicuspid aortic valve (BAV) is one of the most common 
congenital heart defects. It is recognized in about 0.8–2% 
of general population [1,2]. Among patients requiring 
treatment for aortic stenosis proportion of those with 
BAV may be as high as 20% [3]. Clinical characteristics of 
patients with BAV dysfunction relevantly differ from pa-
tients with tricuspid aortic valves. 

Degeneration of BAVs occurs earlier in life and sub-
stantially higher percent of patients with BAV develops 
clinically signifi cant stenosis, insuffi ciency or both throu-
gh life. Traditionally patients with BAVs are primarily 
qualifi ed for surgical aortic valve replacement or repair. 
It often occurs as soon as in third to fi fth decade of life. 
Nevertheless, there is an increasing number of patients 
who require less invasive procedure due to severe comor-
bidities and/or advanced age. Many patients with BAVs 
disease stay symptomless until senility and clinically overt 
stenosis reveals so late (e.g. octogenerians) that surgical 
procedure risk is too high. Those may benefi t from TAVI.

From anatomic point of view BAV is not a homogenous 
defect, but a spectrum of several developmental variants. 
In 2007 Sievers and Schmidtke published a classifi cation 
of BAVs based on analysis of 304 surgical specimen. This 
classifi cation was originally created for facilitation of sur-
gical repair techniques; however, it may also be easily 
adapted for TAVI, as it gives a lot of essential information 
on structure of the valve. The main criterion is number 
of raphes, what determines one of the 3 following types: 
type 0 (no raphe); type 1 (1 raphe); and type 2 (2 raphes) 
[4]. Further, this implies the shape of annulus (round or 
elliptic/eccentric), predominating dysfunction (stenosis or 
insuffi ciency) and distribution of calcium. The most com-
mon type (88%) is Sievers 1 with raphe between left and 
right coronary cusps (71%) (Figs. 1 and 2). This type is par-
ticularly related to asymmetric annular geometry (oval 
shape of the annulus) and presents predominantly with 
stenosis (insuffi ciency in about 26–31% of specimen). On 
the other hand Sievers type 0 and type 2 which are quite 
rare (7% and 5 % respectively) present in similar propor-
tion with stenosis and insuffi ciency. Type 2 often demon-
strates extremely narrow orifi ces upon diagnosis.

In general BAV presents with stenosis in 75% and insuffi ci-
ency in 15% of cases. It was documented that stenosis develo-
ps more rapidly if the aortic cusps are oriented asymmetrically 
or in the antero-posterior position. Calcifi c and fi brotic de-
posits are distributed mostly in raphes and at the base of the 
cusp. This process is age-dependent and occurs faster in BAVs 
than in patients with tricuspid aortic valves [5]. 

Bicuspid aortic valves cannot be fully understood wit-
hout assessment of aortic root pathology. Coarctation of 
aorta, aortic dissection and aortic aneurysm frequently 
coexist with BAV [6]. Such pathology may indispensably 
eliminate patient from TAVI and impose surgical inter-
vention [7]. Sievers type 1 LCC-RCC may be connected to 
aortic coarctation which is usually diagnosed in younger 
age [6]. 

Aortic aneurysms are approximately 85 times more fre-
quent in patients with BAVs than in the general populati-
on and account for 8 times higher incidence of dissection.

Furthermore BAV predisposes to some certain coronary 
anomalies. They also need to be taken into consideration 
when qualifying patients for TAVI [8]. For example type 0 

BAV with vertically oriented orifi ce (lateral type with left 
and right coronary cusps) may have a narrow separation 
distance between the right and left main coronary ostia. 
Other anomalies of coronary arteries may involve their 
anomalous origin, shorter length of the main coronary 
arteries and a preponderance of left dominance [9].  

BAVs, especially with bulky leafl ets, enlarged aortic 
roots, dilated ascending aorta and signifi cant aortic in-
competence might cause diffi culties with positioning and 
deploying a valve prosthesis [10]. All of this caused pati-
ents with BAVs to be excluded from major clinical trials 
with TAVI [11–13]. Consequently initial evidence on TAVI 
in BAV was collected owing to case reports and observa-
tional studies, mostly utilizing older generation devices 
[14–17]. 

Nevertheless multiple results show that TAVI is safe 
and effective in this group of patients. Initial concern 
about perivalvular leak seems to fade away with the ad-
vent of new generation devices [18].  

Fig. 1 – An example of BAV type 1 RCC-LCC – TEE image – transverse 
and longitudinal projections.

Fig. 2 – BAV type Sievers 1 RCC-LCC presented in CT. Massive calcifi -
cations within raphe and cusps visible.
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Diagnostic procedures for qualifi cation for TAVI do not 
differ between patients with BAVs and tricuspid aortic val-
ves. All commercially available prostheses may be theore-
tically implanted in BAVs. Widespread utilization of angio-
-CT helped to improve proper device selection and sizing 
in process of minimizing risk of aortic annulus rupture and 
perivalvular leakage [19]. Recent studies enlighten annulus 
eccentricity issue. Surprisingly, in a large study comparing 
CT scans of bicuspid (n = 200) and tricuspid (n = 200) aortic 
valves ellipticity index turned out to be smaller in patients 
with bicuspid aortic valves (1.24 vs. 1.29) while annular area 
was larger (5.21 vs 4.63 cm2) than in tricuspid valves [20]. 
Unfortunately eccentric leafl et and annulus calcifi cations 
are more common in BAVs. They may impose non-circular 
expansion of transcatheter heart valve (THV), higher grade 
of paravalvular leakage and increased risk of pacemaker 
implantation after TAVI [21].  

Procedural technique for THV implantation in BAV 
requires some extra attention compared to tricuspid AV 
– angiographic visualization of annulus level and selec-
tion of proper projection for implantation may be more 
diffi cult due to asymmetric shape of Valsalva sinuses and 
irregular appearance of the cusps [22]. 

The risk of elliptic distortion or non-circular expansion 
seems to be smaller if the prosthesis is implanted deeper 
below the annular level rather than at exactly the annu-
lar level [23]. Non-circular expansion seems to be more 

Table 1 – Baseline clinical characteristics of patients with BAVs qualifi ed for TAVI in Institute of Cardiology, Warsaw, Poland in 2010–2016

Risk factor CAD PCI CABG MI Stroke/ 
TIA

DM2 Obesity/ met. 
syndrome

Ex-card. 
art.-path.

Onc. AF COPD Osteop. Ren.
Ins.

PH EF 
<50%

No of pts 16 8 6 10 6 12 7 11 4 7 7 3 8 9 10

AF – atrial fi brillation of any kind; CABG – previous coronary artery by-pass grafting; CAD – coronary artery disease; COPD – chronic 
obstructive pulmonary disease; DM2 – diabetes mellitus type 2; EF < 50% – left ventricle ejection fraction < 50% at baseline ex-card. 
art.-path. – extracardiac arteriopathy including carotid stenosis, limb arteries atherosclerosis, aortic aneurysm; MI – previous myocardial 
infarction; No of pts – number of patients with given risk factor; obesity/met. syndrome – BMI >30 kg/m2 and/or metabolic syndrome; 
onc. – history of cancer or hematologic disease; osteop. – osteoporosis; PCI – previous percutaneus coronary interventions; PH – pulmonary 
hypertension with pulmonary artery systolic pressure at least 50 mmHg; ren. ins. – renal insuffi ciency understood as eGFR < 50 ml/kg/min; 
stroke/TIA – cerebral stroke or transient ischemic attack in the past. 

Fig. 3 – A visualization (CT) of elliptic distortion of CoreValve im-
planted in BAV.

Fig. 4 – CT scan (cross-section) of Sapien valve implanted in massi-
vely calcifi ed bicuspid aortic valve. The mass of calcium pushed 
aside, but the prosthesis is well aligned.

Fig. 5 – Two stents of prosthetic aortic valves visible upon TEE in 
the ascending aorta.
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more at the time of the procedure. Basic clinical charac-
teristics was not different compared to patients with tri-
cuspid aortic valves (Table 1). All of the patients suffered 
from severe symptomatic aortic valve stenosis (functional 
NYHA class from 2 to 4) with mean aortic valve area of 
0.56 cm2 (0.36–0.9 cm2) calculated by continuity equati-
on and transaortic mean pressure gradient of 63.2 mmHg 
(40–94 mmHg) as measured in TTE or TEE. They were con-
sidered high surgical risk with an average calculated logi-
stic EuroSCORE 1 of 18.59% (4.38–33.09%) and had been 
previously disqualifi ed from surgical aortic valve replace-
ment (SAVR) by institutional Heart Team. Every patient 
routinely underwent pre-procedural diagnostic evaluati-
on, including angio-CT scan.

Written informed consent was given and signed by eve-
ry patient and an operator. Twenty-three self-expandable 
and 5 balloon-mounted valves were used. Twelve THVs 
were newer generation valves. The majority of patients 
(20) received Medtronic devices (Medtronic, Inc., Minnea-
polis, MN, USA) including CoreValve (12 patients) and Evo-
lut R (8 patients) systems. 5 patients received Edwards devi-
ces (Edwards Life Sciences, Inc., Irvine, CA, USA) –2 patients 
– Edwards Sapien, 2 patients – Sapien XT and 1 patient – 
Sapien 3. Another 3 patients received Lotus Valve (Boston 
Scientifi c Corporation, Marlborough, MA, USA). 

Transfemoral access was utilized in 23 patients, whe-
reas the remaining 5 needed transapical (2 patients) or 
transsubclavian (3 patients) approach.  

Twenty-seven out of 28 patients had their prostheses 
implanted successfully. One patient required conversion 
to surgical aortic valve replacement due to pop-up of the 
self-expandable prosthesis to the ascending aorta. Two 
patients needed implantation of another prosthesis (val-
ve-in-valve) immediately after the fi rst one due to severe 
perivalvular leaks (Fig. 5).

Seven patients needed pacemaker implantation due to 
persistent grade 2 or 3 atrioventricular block after TAVI. 
Six patients experienced some access site complications 
and required either surgical intervention or percutaneous 
angioplasty techniques. 

All of the TAVI procedures brought signifi cant reduc-
tion in transaortic gradient (drop of peak gradient from 
102.2 mmHg to 17.6 mmHg approximately). Fifteen pa-
tients achieved excellent result with no, trivial or small 
perivalvular regurgitation, 11 had more than small, but 
less than moderate, or moderate regurgitation, and one 
patient had more than moderate regurgitation (Table 2). 
The latter died in hospital later on from multi-organ fai-
lure. One patient, who ended up with moderate regurgi-
tation, required re-TAVI after 2 years, because of worse-
ning of heart failure symptoms to NYHA III and progress 
of regurgitation to severe. The second TAVI procedure 
brought him an excellent result with no more than small 
aortic insuffi ciency. This time new generation device was 
used (Evolut R).

Table 3 sets together periprocedural complications and 
number of patients who were affected with them in our 
cohort.

There were no deaths within 30 days after the proce-
dure, but 2 patients died in hospital due to time-distant 
complications after the TAVI (infective endocarditis and 
multi-organ failure). Six-month follow-up of 13 patients 

probable with self-expanding valves compared to balloon 
mounted prostheses (Fig. 3) [21].

Previous studies documented higher grade of perival-
vular leakage in patients with BAVs compared to tricu-
spid AVs [14,15,24], however, newer devices with extra 
sealing skirt offer excellent result [18,25]. Still further re-
search is needed.

Furthermore, there is a persistent concern about relati-
vely high proportion of pacemaker implantation in BAV-
-patients after TAVI. According to available data it is as 
high as 17–29% [14–16,18,26]. It seems to be correlated 
with the depth of THV implantation in left ventricle out-
fl ow tract as well as with diffi culty setting exact annulus 
plane on angiography. The fact that the majority of BAVs 
is type 1 R-L with bulky calcifi cations within the raphe 
might also be an important matter – such anatomical 
confi guration may cause protrusion of calcifi c mass into 
proximity of membranous part of interventricular septum 
promoting atrioventricular and/or intraventricular con-
duction block (see Fig. 4). 

Experience of Institute of Cardiology in Warsaw

In our center among all 354 patients, who had undergone 
TAVI between January 2010 and October 2016, 28 pre-
sented with BAVs (7.9%), 15 females. Mean age of the 
patients was 76.6 years. 13 patients were 80 years old or 

Table 2 – Direct outcomes in terms of perivalvular leak grade (PVL). 
Total number of patients, who undergone successful THV 
deployment = 27

No PVL detected 2

Trivial 3

Small 10

More than small but less than moderate 4

Moderate 7

More than moderate 1

Severe 0

Table 3 – Periprocedural complications after TAVI implanted in BAVs

Complication
Number of patients 
affected

Death within 30 days 0

In-hospital death 2

Access site complications 6

Pacemaker implantation 7

Bleeding (clinically signifi cant) 3

Conversion to surgery 1

Malfunction of prosthesis – need for 
another device

2

More than moderate regurgitation 1

Stroke/TIA 1

Periprocedural MI 0
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is available – except those 2 deaths, all remained in good 
clinical condition demonstrating heart failure symptoms 
of class I or II according to New York Heart Association 
(NYHA). We also have 1-year data of 9 of them – all still 
remaining in good clinical condition. Six of them survived 
more than 2 years, but no detailed clinical data is available. 

Our results are similar to those achieved in major clini-
cal registries, although the sample size is relatively small.26

Conclusion

There is an increasing volume of data proving TAVI in BAV 
stenosis feasible and safe for patients with high surgical 
risk. There is still a need for large prospective trials to fully 
evaluate effectiveness of this procedure in a population of 
patients with BAVs. Some special aspects must be taken into 
consideration when qualifying patients with BAV stenosis 
for TAVI. New generation devices compared to older ones 
bring consistently better outcomes not only in patients with 
tricuspid aortic valve disease, but also with bicuspid valve di-
sease. BAV should no longer be considered contraindication 
for TAVI, but through clinical assessment, including CT scan, 
should be performed in every patient so that an individuali-
zed (heart team discussed) decision could be taken.
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