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Transcatheter aortic valve replacement (TAVR) has replaced sur-
gical aortic valve replacement (SAVR) as a standard of care in aortic
stenosis among high and intermediate surgical risk subjects. Recent
studies have also reported the efficacy and safety of TAVR in low
surgical risk patients. As annular ring represents the narrowest
part of the aortic root in a tricuspid aortic valve, multidimensional
computed tomography with annular sizing is conventionally used
to determine the size of the valve. With the prevalence of bicuspid
aortic valve (BAV) being around 1e2% and it's complex aortic root
morphology, the role of supra annular sizing has been suggested
by various authors. Also, most large randomised control trials
studying TAVR in aortic stenosis exclude BAV, and hence, the proce-
dural techniques and clinical outcomes cannot be generalized. In a
propensity score matched retrospective study, TAVR in BAV was
associated with no difference in survival, whereas it was associated
with higher incidence of stroke, annulus rupture and need for per-
manent pacemaker implantation (PPI).1 While increased incidence
of stroke can be attributed to embolic ethology from the calcified
BAV, increased incidence of annulus rupture and need for perma-
nent pacemaker implantation can be accredited to potential over-
sizing of bio-prosthetic valves in BAV. Hence, an updated meta-
analysis of studies reporting the annular and supra annular diam-
eter in patients with BAV, with clinical outcomes following supra-
annular sizing in TAVR was conducted.

A comprehensive electronic search across PubMed/Medline and
Cochrane database for relevant articles was conducted using the
keywords“Bicuspid aortic valve”, BAV, “Supra-annular sizing”,
“Transcatheter aortic valve replacement”, TAVR, TAVI, “Transcath-
eter aortic valve implantation”. The database search was
augmented with a bibliographic search of relevant articles. A study
was included if it reported annular and supra-annular measure-
ments of the aortic root in a patient with BAV. Title and abstracts
were screened by two individual authors followed by data extrac-
tion. Data affiliated to event rates among patients treated with
TAVR in compliance with supra-annular sizing was also extracted.
Since individual studies had ethical review board approval, no addi-
tional ethical clearance was deemed necessary for this meta-
blished by Elsevier B.V. This is an
We used inverse variance method with fixed effect model
ean annular and supra-annular diameter. Heterogeneity

was measured using the I2 value, and defined as I2> 50%. In studies
reporting median and inter quartile range instead of mean and
standard deviation, we used the method provided by Luo et al.
and Wan et al. to calculate the same.2,3 The perimeter derived
diameter was used for pooled estimate whenever possible. We
used 0.5 as the correction factor for studies with zero event rates.
All analyses were carried out using R (R Core Team (2013). R: A lan-
guage and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL http://www.R-project.
org/.)

Database search revealed a total of four articles, of which three
were included. One study was included following manual search.
Finally, four studies which included a total of 240 BAV were ana-
lysed. Two studies used mechanically expanding valves, one study
used self-expanding valves and one study a combination of self-
expanding and balloon expanding valves. The pooled mean
annular diameter was 25.12 mm [95% confidence interval
24.82e25.43] (Fig. 1, Panel A), whereas the pooled mean supra-
annular diameter was 24.12 mm [95% confidence interval
23.8e24.43](Fig. 1, Panel B). Mortality was not reported in any trial
(two offour included trials which reported clinical outcomes)
among patients treated with TAVR with supra-annular sizing.
The pooled incidence of stroke among patients treated with
TAVR with supra-annular sizing was 0.069[95% confidence interval
�0.039e0.117](Fig. 2, Panel A). The pooled incidence of permanent
pacemaker implantation among patients treated with TAVR with
supra-annular sizing was 0.097[95% confidence interval
�0.088e0.280](Fig. 2, Panel B). There was no heterogeneity asso-
ciated with any of the pooled estimates.

To the best of our knowledge this is the first meta-analysis
studying supra annular sizing for TAVR in BAV. Though, our meta-
analysis reported a statistically significant difference in annular
and supra-annular diameter, the difference was not of any clinical
significance with respect to choice of TAVR size.4 Our result was
consistent with the study from the BAVARD multicentre registry
which concluded that annular sizing in BAV is appropriate with
minimal oversizing.5 Determining optimal sizing is crucial for
improved clinical outcomes following the procedure, mostly
related to para-valvular leak, risk of embolism, rate of permanent
pacemaker implantation and to increase the overall performance
of the prosthetic valve. Several studies have reported overstretch-
ing with a prosthetic valve as one of the important cause of conduc-
tion block resulting in PPI. Moreover, studies have reported
increased in-hospital mortality, and length of hospital stay in
patient's undergoing PPI following TAVR. The incidence of PPI has
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Fig. 1. PANEL A - Forest plot for pooled mean annular diameter using inverse variance method with fixed effect model. PANEL B- forest plot for pooled man supra-annular diameter
using inverse variance method with fixed effect model. All measures in millimeter (mm).

Fig. 2. PANEL A - Pooled incidence of stroke following supra-annular sizing of TAVR in BAV. PANEL B- Pooled incidence of permanent pacemaker implanation following supra-
aanular sizing of TAVR in BAV. Der-Simonian and Laird method was used to pool event rates.
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varied tremendously in the literature depending on the type of
valve used (variation with valve generations and Self expanding/
Balloon expanding valves). Our analysis reported an incidence of
PPI to be 9.6% in BAV with supra-annular sizing. This incidence
was similar to that reported from Society of Thoracic (STS)/Amer-
ican College of Cardiology (ACC) Transcatheter Valve Therapies
(TVT) registry comprising of BAV subjects treated with annular
size TAVR. The incidence of stroke as per our analysis was 6.9%,
while registry consisting of BAV treated with annular sizing TAVR
reported a stroke incidence of 2.4%.1

There are several limitations for our analysis. All included trials
and our meta-analysis do not have the required power for a sturdy
conclusion. The cardiac cycle and procedure used for measure-
ments of the diameters are heterogeneous among studies. The
studies reporting clinical outcomes following TAVR implantation
with supra-annular size are few.

In conclusion, the present meta-analysis provides a pooled esti-
mate of a treatment option of a rare entity. The analysis did not find
a clinical significant difference in annular and supra-annular diam-
eter. The incidence of PPI in our analysis was identical to the re-
ported PPI among BAV subjects undergoing TAVR with annular
sizing. Further trials studying the two sizing techniques in TAVR
for BAV are required.
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