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1 | INTRODUCTION
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Background: Transcatheter aortic valve replacement (TAVR) has become an alternative treat-
ment to surgery in patients with severe aortic stenosis. However, patients with bicuspid aortic
stenosis (BAV) are usually excluded from major TAVR studies. The aim of this study is to reexa-
mine current evidence of TAVR in patients with severe aortic stenosis and BAV compared with
tricuspid aortic valve (TAV).

Hypothesis: There might be differences in outcomes post TAVR between patients with BAV
comparing to TAV.

Method: Databases were systematically searched for relevant articles featuring cohort studies
that included patients with BAV and TAV who underwent TAVR studies, of which reported out-
comes of interest included mortality and complications in both groups. Pooled effect size was
calculated with a random-effect model and weighted for the inverse of variance, to compare
outcomes post-TAVR between BAV and TAV.

Results: Nine studies were included in the meta-analysis. There was no difference in 30-day
mortality rate in patients with BAV compared with TAV (OR: 1.27, 95% Cl: 0.84-1.93, I = 0).
Patients with BAV were more likely to have a moderate to severe paravalvular leak (9 studies;
OR: 1.42, 95% Cl: 1.08-1.87, I> = 0) and conversion to surgery (5 studies; OR: 5.48, 95% ClI:
1.74-17.27, I? = 0), and less likely to have device success compared with patients with TAV
(5 studies; OR: 0.57, 95% Cl: 0.40-0.81, I? = 0%).

Conclusions: There was no difference in mortality post-TAVR in patients with BAV compared
with TAV. Further randomized studies should be done in newer-generation prostheses to assess

this association.
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with BAV are usually excluded from major TAVR studies. Patients with

BAV undergoing TAVR are at risk of developing valve malposition, causing

Bicuspid aortic valve (BAV) is one of the most common valvular abnormali-
ties in adults, with an estimated prevalence of 0.5% to 2%.*? Individuals
with BAV are at risk for rapidly progressing to aortic stenosis (AS) and ulti-
mately requiring aortic valve surgery.® Transcatheter aortic valve replace-
ment (TAVR) has become an alternative treatment to surgery in patients
with severe AS who are at intermediate to high risk for surgical interven-

tion.* However, BAV is a relative contraindication to TAVR, and patients

severe paravalvular leak, due to the asymmetrical structures of this
valve.>® Although studies’”® have shown that using newer-generation
devices in TAVR® may be safe and feasible in some patients with BAV,
there is a lack of strong evidence to suggest routine use in clinical practice.

A recent meta-analysis of 7 observational studies® has shown
that there was no difference in midterm mortality in patients with tri-
cuspid aortic valve (TAV) and BAV undergoing TAVR. However, more
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studies?* ** have emerged since this previous meta-analysis, which
now suggest that these patients might have lower success rate and
increased paravalvular leak after TAVR. The aim of this study is to
reexamine the current evidence of TAVR in patients with severe AS
and BAV compared with TAV.

2 | METHODS
Studies were systematically acquired from the MEDLINE and Embase
electronic databases. The search terms were “Transcatheter aortic valve
implantation” or “transcatheter aortic valve replacement” or “TAVR” or
“TAVI” and “Bicuspid” or “Bicuspid aortic valve.” The search was per-
formed from the day of inception through December 20, 2017. The
search was limited to studies that were in English. References sections
of published studies were also manually scanned for potential relevant
articles. Full-text articles of all relevant studies were reviewed. Any dis-
crepancies were resolved through consensus. Studies that met these
eligibility criteria were included in the meta-analysis: (1) cohort studies
that included patients with BAV who underwent TAVR; (2) studies that
reported outcomes of interest including mortality, paravalvular leak,
pacemaker implantation, or other TAVR complications; and (3) studies
in which outcomes were compared in patients with TAV.

Two independent investigators performed data extraction using a
standardized data-collection form. Primary author's last name, year of

J

publication, demographics, and crude outcome data were extracted
from all studies.

Quality of the studies was evaluated by the Newcastle-Ottawa
scale (NOS). The criteria are sample selection (S), comparability (C),
and outcome assessment (O). Each domain could be scored from O to
9; higher scores represent higher study quality. A total score of 27
was considered good quality.

BAV was defined according to the classification by Sievers and
Schmidtke®® by the number of cusps, presence of raphe, and spatial
position and symmetry of raphe and cusps. Outcomes including mor-
tality, device success, complications including paravalvular leak (PVL),
and major bleeding were defined according to the Valve Academic
Research Consortium (VARC 2) or as defined in each study.'® Due to
differences in follow-up time among the studies, we defined mid-term
mortality as mortality at 1 to 3 years postprocedure.

Random-effect meta-analyses were performed for each outcome
of interest from all studies using the generic inverse variance method
of DerSimonian and Laird.2”"*? Crude outcome events were used to
estimate odds ratio (OR) and 95% confidence interval (Cl) for each
outcome. The heterogeneity of effect estimates across the studies
was assessed using 2. I? values were defined as I? < 25%, low hetero-
geneity; I? = 25% to 50%, moderate heterogeneity; and ? > 50%,
substantial heterogeneity.2® Publication bias was assessed with funnel
plots.2* Funnel-plot asymmetry was further confirmed with the Egger

test if there were > 10 available studies.?? Statistical analyses were

Identification

Studies identified through MEDLINE (n= 203)
Studies identified through EMBASE (n= 264)

Studies identified through reference search (n=5)

[

)

Duplicates excluded (n = 321)
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Title and Abstract reviewed (n=151)

Irrelevant study excluded

v

F Full-text articles
3 reviewed (n = 19)
-
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(n=132)

Study did not report outcome of
interest (n=1)
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—

FIGURE1 Outline of the search strategy

Study did not include patients
with tricuspid aortic valve (n=7)
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performed using Review Manager, version 5.3 (Nordic Cochrane Cen-
tre, the Cochrane Collaboration, Copenhagen, Denmark) and Stata

software, version 13 (StataCorp LP, College Station, TX).

3 | RESULTS

Our search strategy yielded 472 potentially relevant studies (203 from
MEDLINE, 264 from Embase, and 5 from reference search). Dupli-
cates and irrelevant studies were excluded by abstract review.
Nineteen studies underwent full-text review. Finally, a total of 9 stud-
ies with 854 BAV and 3615 TAV patients were included in this meta-
analysis.?*"1423-27 An outline of our search strategy is shown in
Figure 1.

The NOS was used to evaluate the quality of the 9 included stud-
ies in selection (S), comparability (C), and outcomes (O). Six out of the
9 studies received a score of 7 to 9, which reflected high quality.
Three studies received a score of 6, which indicated moderate quality.

Nine studies were included in the final analysis. Baseline charac-
teristics of patients in each study are reported in the Table 1. All
9 studies reported 30-day mortality. There was no difference in
30-day mortality rate in patients with BAV compared with patients
with TAV (OR: 1.27, 95% Cl: 0.84-1.93). The analysis showed minimal
heterogeneity (12 = 0%). Only 5 studies reported mid-term mortality.

13.24-26 venorted a 1-year follow-up time, and 1 study**

Four studies
had a 3-year follow-up time. There was no difference in mid-term
mortality between patients with BAV compared with patients with

TAV (OR: 1.12, 95% Cl: 0.76-1.64). There was moderate

WILEY (e

heterogeneity in this analysis (I = 27%). Forest plots are shown in
Figure 2. Funnel plots (Figure 3) and the Egger test did not suggest
publication bias for 30 days (P = 0.84) and mid-term mortality
(P = 0.97). Funnel plots are shown in the Supporting Information,
Figures A and B, in the online version of this article.

Eight studies reported PVL; 6 of the studies*>1223-27 defined
PVL as postoperative aortic regurgitation grade > 2, and 2 studies'®14
reported at least moderate PVL using the VARC 2 definition. PVL was
more common in BAV than in TAV (OR: 1.42, 95% CI: 1.08-1.87,
I? = 0). Subgroup analysis of 5 studies defining PVL using postopera-
tive aortic regurgitation showed that there was no difference in PVL
(OR: 1.44, 95% Cl: 0.98-2.1, I? = 0%). Further subgroup analyses
showed that the difference is mainly driven by a single large study by
Yoon et al.2

Patients with BAV were more likely to have conversion to open
aortic valve replacement (5 studies; OR: 5.48, 95% Cl: 1.74-17.27,
I? = 0) and less likely to have device success compared with patients
with TAV (5 studies; OR: 0.57, 95% Cl: 0.40-0.81, I? = 0%). There was
a similar incidence of pacemaker placement, major bleeding, and major
vascular complications in BAV and TAV. Forest plots are shown in

Figure 3.

4 | DISCUSSION

This study reported no significant difference in 30-day mortality and
mid-term mortality in patients with BAV who underwent TAVR, com-

pared with patients with TAV. Our study found that there was no

(a) BIAV TriAv 0dds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
Arai, T., et al. (2017). 0 10 1 143 1.6% 4.52[0.17, 118.01]
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Kochman, J., et al. (2014). 1 28 6 84 3.7% 0.48 [0.06, 4.18]
Liao, Y. B., et al. (2017) 8 87 3 70 9.3% 2.26 [0.58, 8.87] i
Liu, X. B., et al. (2015). 1 15 2 25 2.8% 0.82 [0.07, 9.91]
Sannino, A., et al. (2017). 3 88 23 735 11.6% 1.09 [0.32, 3.72] —_—
Yoon, S. H., et al. (2017) 20 546 18 546 41.3% 1.12 [0.58, 2.13]
Total (95% Cl) 854 3615 100.0% 1.27 [0.84, 1.93] T
Total events 41 235
Heterogeneity: Tau? = 0.00; Chi® = 6.77, df = 8 (P = 0.56); I = 0% B 505 051 1*0 200’

Test for overall effect: Z = 1.14 (P = 0.26)

(b)

Tricuspid aortic valve Bicuspid aortic valve

BiAV TriAv Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bauer, T., et al. (2014). 5 38 271 1357 13.2% 0.61 [0.23, 1.57] —
Costopoulos, C., et al. (2014). 6 19 52 378 11.9% 2.89[1.05, 7.95]
Kochman, J., et al. (2014). 5 23 14 70 9.5% 1.11 [0.35, 3.51] R —
Sannino, A., et al. (2017). 7 88 68 735 16.9% 0.85 [0.38, 1.91] —=
Yoon, S. H., et al. (2017) 106 546 94 546 48.5% 1.16 [0.85, 1.57]
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Test for overall effect: Z = 0.58 (P = 0.56)

0.01 0.1 1 10 100
Tricuspid aortic valve Bicuspid aortic valve

FIGURE 2 Forest plot of included studies comparing (a) 30-day mortality and (b) mid-term mortality in patients with BAV and TAV. Horizontal
lines represent the 95% Cls, with marker size reflecting the statistical weight of the study using random-effects model. A diamond data marker
represents the overall OR and 95% ClI for the outcome of interest. Abbreviations: BiAV/BAV, bicuspid aortic valve; Cl, confidence interval; df,

degrees of freedom; OR, odds ratio; TriAV/TAV, tricuspid aortic valve
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FIGURE 3 Forest plot of included studies comparing post-TAVR complications including (a) PVL, (b) conversion to surgery, (c) device success,

(d) pacemaker implantation, (e) major bleeding, and (f) major vascular

complication in patients with BAV and TAV. Horizontal lines represent the

95% Cls, with marker size reflecting the statistical weight of the study using random-effects model. A diamond data marker represents the overall
OR and 95% ClI for the outcome of interest. Abbreviations: BiAV/BAV, bicuspid aortic valve; Cl, confidence interval; df, degrees of freedom; OR,
odds ratio; PVL, paravalvular leak; TAVR, transcatheter aortic valve replacement; TriAV/TAV, tricuspid aortic valve
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difference in pacemaker implantation, major bleeding, and major vas-
cular complication. However, we did find that patients with BAV had
lower success rates, more PVL, and conversion to open aortic valve
replacement post-TAVR. To the best of our knowledge, this system-
atic review and meta-analysis incorporated the largest and most
updated data on patients with BAV and TAV who underwent TAVR.
After the previous meta-analysis by Phan et al'® was published,
more recent studies have also shown no difference in mortality
between BAV and TAV undergoing TAVR. Thus, our findings on
30-day mortality and mid-term mortality are similar to this prior study.
We reported lower success rates, higher rates of PVL, and higher rates
of conversion to open aortic valve replacement. This finding is mainly

driven by a large observational study by Yoon et al'*

reporting higher
incidence of these complications in BAV patients. The mechanism of
PVL post-TAVR in BAV patients is unclear. BAV was believed to be
more elliptical and would not fit well with prostheses, but a recent
study has found that BAV is actually not more elliptical than TAV and
should be able to fit commercially available prostheses.”?® Other pos-
sible hypotheses include asymmetrical leaflet calcification and resis-
tance to valve expansion.”?82? BAV is known to be associated with
higher rates of pacemaker implantation in BAV cohorts compared with
TAV cohorts.” However, we found no difference in pacemaker
implantation in the BAV group when directly compared with the TAV
group from the same cohort.

Newer-generation prostheses are associated with fewer postpro-
cedural complications. Yoon et al'* reported subgroup analyses of
newer-generation devices (SAPIEN 3, Edwards Lifesciences, Irvine,
CA; Lotus, Boston Scientific, Marlborough, MA; and CoreValve
Evolut R, Medtronic, Minneapolis, MN) showing a similar rate of para-
valvular leaks, device success rate, and conversion to open surgery
between BAV and TAV patients. Higher rates of PVL and conversion
to open heart surgery in our study could be driven by the fact that the
majority of studies included in our meta-analysis were done using
older-generation rather than newer-generation devices. Further stud-
ies are needed to assess the effect of prosthesis types on outcome
post-TAVR in patients with BAV.

Currently, several randomized studies are being done to evaluate
TAVR in patients with BAV. A randomized controlled trial (http://
www.ClinicalTrials.gov NCT03163329) is taking place to compare
TAVR and surgical aortic valve replacement in patients with BAV.
Another randomized controlled trial is also being done to evaluate the
appropriate valve sizing for BAV patients undergoing TAVR (http://
www.ClinicalTrials.gov NCT02541877). Results from these trials will
be important in the future management of patients with BAV.

4.1 | Study limitations

There are several limitations to our study. Baseline characteristics of
patients with BAV and TAV are different within each of the cohorts
included. Multivariate analyses adjusting for potential confounders
were not reported. We could not perform a pool analysis of adjusted
OR; thus, we could not conclude that the associations we found are
independent of potential confounders. The studies included did not
report specific outcomes in newer-generation devices; therefore, sub-

group analysis comparing outcomes and complications between BAV

and TAV patients undergoing TAVR with newer-generation prosthe-
ses could not be done. Studies also did not report outcomes within
subtypes of BAV. As a result, pooled analysis could not be performed
to compare outcomes within each subtype of BAV.

Although studies defined outcomes based on the VARC 2 defini-
tion, there are still differences in outcome definition. PVL was defined
according to VARC 2 (mild, moderate, and severe) in only 2 studies,
whereas other studies still used postoperative aortic regurgitation
(trace, mild, moderate, and severe). This difference resulted in
increased heterogeneity among the studies.

There is a lack of studies with a longer follow-up time to further
evaluate the difference in long-term mortality between BAV and TAV
patients undergoing TAVR. Quality of life is also an important out-
come post-TAVR; however, the studies included in this meta-analysis

did not include quality of life as one of the outcomes.

5 | CONCLUSION

Current evidence has shown that there was no difference in mortality
post-TAVR in patients with BAV compared with TAV. However, there
might be higher rate of PVL, lower success rate, and higher conversion
to surgery in patients with BAV. Further randomized studies should

be done in newer-generation prostheses to assess this association.
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