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Title: Outcomes of Transcatheter vs. Surgical Aortic Valve Replacement in Bicuspid Aortic Valve Stenosis: A

Systematic Review and Meta-Analysis

Abstract

Purpose

This meta-analysis compared peri-procedural and short-term outcomes of transcatheter aortic valve replacement
(TAVR) versus surgical aortic valve replacement (SAVR) in severe bicuspid aortic valve (BAV) stenosis,
addressing TAVR’s debated efficacy in this context.

Methods

A systematic search of PubMed, ScienceDirect, and Embase up to January 2025. Pooled odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated using a random-effects model. Heterogeneity was assessed with the I
statistic, with p<0.05 as significant.

Results

9 observational studies with 148,401 patients (TAVR: 16,397; SAVR: 132,004) were included. TAVR showed
lower odds of acute kidney injury (OR = 0.58, 95% CI: 0.35-0.97; p = 0.04), major bleeding (OR = 0.29, 95% CI:
0.12-0.69; p = 0.005), and pulmonary complications (OR = 0.44, 95% CI: 0.34-0.57; p <0.00001) versus SAVR.
However, TAVR increased risks of paravalvular leak (OR =2.15, 95% CI: 1.20-3.88; p = 0.01) and permanent
pacemaker implantation (OR = 2.08, 95% CI: 1.39-3.10; p = 0.0004). No significant differences were noted in in-
hospital mortality (OR = 1.01, 95% CI: 0.53-1.92; p = 0.98), stroke (OR = 1.03, 95% CI: 0.84-1.26; p = 0.77), or
vascular complications (OR = 0.67, 95% CI: 0.18-2.52; p = 0.55).

Conclusion

TAVR reduces risks of acute kidney injury, major bleeding, and pulmonary complications in BAV stenosis but
raises paravalvular leak and pacemaker implantation risks compared to SAVR. Mortality and stroke rates are
similar. TAVR may suit selected patients, but long-term data is needed

Keywords: Transcatheter aortic valve replacement, Surgical aortic valve replacement, Bicuspid aortic valve

stenosis.



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Introduction

1-2% of people have bicuspid aortic valve (BAV) disease, a common congenital heart condition in which the aortic
valve has two leaflets rather than the typical three [1]. Individuals with this congenital anomaly are at higher risk of
developing aortic stenosis (AS), which restricts left ventricular outflow [2]. Increased mechanical stress from the
aberrant valve architecture in BAV causes calcification and fibrosis, which hastens the development of AS [3].
Severe AS may lead to syncope, dyspnea, and chest pain, increasing the risk of heart failure if left untreated. [4].
Given that severe stenosis can result in substantial morbidity and mortality, it is imperative to comprehend the
pathophysiology and natural history of AS associated with BAV to diagnose and treat the condition promptly [5].
Given the unique anatomical challenges associated with BAV, selecting the optimal treatment approach remains a
subject of debate.

Traditionally, surgical aortic valve replacement (SAVR) has been the gold standard for treating AS. However, with
advances in transcatheter technologies, there has been a shift in the treatment landscape, raising the question of
whether transcatheter aortic valve replacement (TAVR) could be a viable alternative for BAV patients. Initially,
TAVR was reserved for high-risk patients who were not candidates for SAVR, but subsequent studies have shown
that TAVR is non-inferior to SAVR in patients with intermediate surgical risk [6,7]. BAV, characterized by its
distinctive valve structure, poses difficulties for TAVR. These challenges include the presence of a calcified raphe,
asymmetric calcification, and an enlarged annulus, all of which can hinder proper valve implantation. These
anatomical peculiarities increase the risks of complications such as paravalvular regurgitation, annular rupture, and
other procedural difficulties, which are of greater concern in BAV patients compared to those with tricuspid valves
[8]. The presence of aortopathy, a common co-occurrence in BAV patients, further complicates treatment decisions,
especially when considering the possibility of aortic dissection or rupture during the procedure [9]. Despite these
challenges, advancements in TAVR technology, including the development of new-generation valves, have reduced
some of the complications associated with the procedure, such as pacemaker implantation and paravalvular leak.
Nevertheless, some issues, such as annular rupture and stroke, persist, and the long-term durability of TAVR in
BAYV patients remain uncertain [10]. This uncertainty stems from the limited data available on the outcomes of
TAVR in this specific patient population. Although there is a growing body of research exploring TAVR's use in
lower-risk patients, no direct randomized trials have compared TAVR and SAVR outcomes in BAV patients.

Studies that focus on specific BAV morphologies, like Sievers type 0, and their impact on procedural success and
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outcomes are crucial for better understanding the viability of TAVR in this patient group [10,11]. Further
complicating the landscape is the increasing prevalence of BAV among younger individuals, especially as studies
show that a significant proportion of excised stenotic aortic valves from individuals aged 61-70 are bicuspid [12].
This demographic shift highlights the need for treatment strategies tailored to younger patients, who may have a

longer life expectancy and thus require long-term treatment considerations.

At present, clinical guidelines do not endorse the routine use of TAVR in BAV patients, restricting its application to
cases where SAVR is contraindicated. Despite some evidence suggesting comparable outcomes between TAVR in
BAYV patients and those with tricuspid aortic valves, a direct comprehensive comparison between TAVR and SAVR
in BAV patients with AS is necessary. The growing off-label use of TAVR in this population underscores the need
for more rigorous data. This meta-analysis seeks to bridge this gap by offering a comprehensive comparison of early
and mid-term outcomes between TAVR and SAVR in BAV patients. By examining procedural success rates,
complication profiles, and the long-term durability of the procedures, this analysis aims to provide crucial insights

that could guide treatment decisions in this challenging cohort of patients.

2. METHODS

This systemic review and meta-analysis were conducted in accordance with the Preferred Reporting Items for
Systemic analysis and Meta-analysis (PRISMA) guidelines [13,14], aiming to assess the peri-procedural and short-
term clinical outcomes of TAVR and SAVR among patients with bicuspid aortic stenosis. The protocol for this

study is registered on PROSPERO (CRD42025649916).

2.1 Search Strategy

A comprehensive electronic search of PubMed, Embase and ScienceDirect was performed from their inception to
January 2025. The search strategy incorporated a combination of Medical Subject Headings (MeSH) terms and free-
text keywords. The search terms included: 'Bicuspid Aortic Valve' AND 'Aortic Stenosis,' "Transcatheter Aortic
Valve Replacement' OR 'Surgical Aortic Valve Replacement'. These terms were applied to the above-mentioned
databases with appropriate search strings to identify relevant studies based on predefined population, intervention,

comparison and outcome criteria.
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To ensure comprehensive data collection for additional references, manual search was conducted across

bibliographies, and grey literature including conferences proceedings, abstracts and pre-prints.

2.2 Eligibility Criteria

We included observational cohort studies involving patients with bicuspid aortic valve stenosis who underwent
either TAVR or SAVR, ensuring comparability between the two groups. Studies had to report at least one of the
following outcomes: primary (in-hospital mortality, stroke.) or secondary (acute kidney injury, major bleeding,
pulmonary complications, vascular complications).

We excluded studies that focused exclusively on tricuspid aortic valve stenosis or mixed valve pathologies without
comparable data between TAVR and SAVR. Additionally, case reports, editorials, expert opinions were excluded,

including duplicates.

2.3 Study selection

Studies were selected through a screening process based on the inclusion and exclusion criteria. Two independent
reviewers ([AD, AG]) performed the initial screening of titles and abstracts to exclude irrelevant studies. Full-text
articles were retrieved for all potentially eligible studies and systematically assessed for inclusion. Disagreements

between reviewers were resolved by discussion, and if necessary, a third reviewer ([LR]) was consulted.

2.4 Data extraction

For each included study, the following data were extracted using a standardized data collection form. These included
study characteristics, such as first author, publication year, country, study design, total sample size. Patient
demographics, such as the mean age, gender distribution, baseline comorbidities, were also included. The outcomes
measured were the rates of mortality, stroke, acute kidney injury, major bleeding, pulmonary complications,
pacemaker implantation, paravalvular leak, and vascular complications. To ensure accuracy, the extracted data were
cross verified by two other independent reviewers. This helps to prevent any potential discrepancies between the raw

and extracted data.

2.5 Quality Assessment
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The Newcastle-Ottawa Scale (NOS) was used by two independent reviewers (DA, MP) to assess the methodological
quality of the included studies. The scale evaluates three domains: selection (4 items), comparability (1 item, up to 2
stars), and outcome assessment (3 items), with a maximum possible score of 9 stars. Discrepancies were resolved

through discussion with a third reviewer (MMK). [15].

2.6 Statistical Analysis

All statistical analyses were conducted using Review Manager 5.3 (Cochrane Collaboration) [16]. Since all included
outcomes were dichotomous variables, effect estimates were calculated using odds ratios (ORs) with 95%
confidence intervals (Cls). A random-effects model was applied throughout the analysis to account for potential
heterogeneity among studies. For According to the Cochrane Handbook (chapter 9), heterogeneity was considered
significant if the alpha value of the chi-square test is below 0.1, whereas the interpretation of the I-square test is as
follows: 0% to 40% not significant, 30% to 60% moderate heterogeneity, 50% to 90% substantial heterogeneity, and
75% to 100% considerable heterogeneity [17,18]. For each outcome, a forest plot was constructed to visually
analyze the data and funnel plots were generated to check the publication bias. Sensitivity analyses, including leave-
one-out approaches, were conducted to explore the impact of individual studies on heterogeneity and model choice.
Following the statistical analysis, the quality of evidence for each outcome was evaluated using the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) approach, assessing domains such as risk

of bias, inconsistency, imprecision, indirectness, and effect size to determine the certainty of evidence.

3. RESULTS

3.1 Study selection

The PRISMA statement flowchart (Fig.1) outlines the literature screening process and study selection. The initial
search yielded 1692 articles, from which 36 full-text articles were retrieved for assessment. Ultimately, 9 [27,34-41]

studies met the eligibility criteria and were included in both the qualitative and quantitative meta-analyses.

3.2 Study characteristics:
The included studies were nine retrospective cohort studies published between 2019 and 2024, with follow-up
periods ranging from hospitalization to 2.86 years. The mean age of patients undergoing TAVR ranged from 58.67

to 75.8 years, while for SAVR, it ranged from 51.5 to 75.7 years. The proportion of female patients varied across

5
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studies (30.8% to 46% in TAVR vs. 27.9% to 45.3% in SAVR). Hypertension prevalence was generally higher in

TAVR (60.4%—78.8%) compared to SAVR (33%—75.6%), while diabetes was reported in 15.6%—-33.3% of TAVR

patients and 6%—-30.8% of SAVR patients. COPD rates varied across studies, with TAVR patients showing 12.2%—

31.3% prevalence and SAVR patients 10%—29.1%. (Table 1)

3.3 Clinical outcomes

In-hospital mortality: No significant difference was observed between the two surgical approaches. The
pooled OR was 1.01 (95% CI 0.53-1.92; p = 0.98). The I value was 84%, indicating considerable
heterogeneity. (Fig.2) After excluding Sanaiha 2023, heterogeneity dropped to I = 64%.

Acute Kidney Injury: TAVR was associated with significantly lower AKI compared to SAVR. The
pooled OR was 0.58 (95% CI 0.35-0.97; p = 0.04). The I? value was 94%, indicating considerable
heterogeneity. (Fig.2) After excluding Sanaiha 2023 and Elbadawi 2019, heterogeneity dropped to I =
48%.

Pulmonary complications: TAVR was associated with significantly lower pulmonary complications
compared to SAVR. The pooled OR was 0.44 (95% CI 0.34-0.57; p < 0.00001). The I* value was 0%,
indicating no heterogeneity. (Fig.2)

Vascular complications: No significant difference was observed between TAVR and SAVR. The pooled
OR was 0.67 (95% CI 0.18-2.52; p= 0.55). The I value was 85%, indicating considerable heterogeneity.
(Fig.2) After excluding Mehaffey 2024, heterogeneity dropped to I? = 62%.

Major bleeding: TAVR was associated with significantly lower risk of major bleeding compared to
SAVR. The pooled OR was 0.29 (95% CI 0.12-0.69; p = 0.00001). The I? value was 99%, indicating
considerable heterogeneity. (Fig.3) After excluding Sanaiha 2023 and Mehaffey 2024, heterogeneity
dropped to I? = 67%.

Stroke: No significant difference was observed between the two surgical approaches. The pooled OR was
1.03 (95% CI1 0.84-1.26; p = 0.77). The I* value was 1%, indicating no heterogeneity. (Fig.3)

Permanent Pacemaker Implantation: TAVR was associated with a higher rate of permanent pacemaker

implantation compared to SAVR. The pooled OR was 2.08 (95% CI 1.39-3.10; p <= 0.0004). The I* value
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was 91%, indicating considerable heterogeneity. (Fig.3) After excluding Mehaffey 2024, heterogeneity
dropped to I? = 65%.

e Paravalvular leak: TAVR was associated with a significantly increased risk of paravalvular leak
compared to SAVR. The pooled OR was 2.15 (95% CI 1.20-3.88; p = 0.01). The I? value was 16%,

indicating it may represent moderate heterogeneity. (Fig.3)

3.4 Quality Assessment

Most studies scored between 8 and 9 stars, indicating high methodological quality. Specifically, Husso 2021 and
Mehaffey 2024 achieved the highest score of 9 stars, while the other studies (Elbadawi 2019, Gibson 2022,
Majmunder 2022, Mentias 2020, Sanaiha 2023, Tsai 2021) received 8 stars. Soud 2021 received the lowest score of

6 stars. The discrepancies in ratings were resolved through discussion with a third reviewer. (Supplementary Table

1)

3.5 Publication Bias

Publication bias was assessed using funnel plots for the outcomes of transcatheter vs. surgical aortic valve
replacement in bicuspid aortic valve stenosis. No evidence of publication bias was observed for in-hospital
mortality, acute kidney injury, vascular complications, major bleeding, and permanent pacemaker implantation, with
symmetrical distributions. Stroke, pulmonary complications, and paravalvular leak showed evidence of publication
bias, indicated by asymmetrical plots with gaps in the lower left quadrant, suggesting potential underrepresentation

of smaller studies with non-significant or negative results. (Supplementary Fig.1,2)

3.6 GRADE Assessment

The certainty of evidence across the assessed outcomes varied, predominantly reflecting moderate risk of bias due to
observational study designs with 8-9 stars. Several outcomes exhibited serious inconsistency, indicated by high
heterogeneity (I* values ranging from 85% to 99%), and moderate imprecision due to wide confidence intervals.
Despite no serious concerns of indirectness, the overall certainty ranged from very low to moderate. Outcomes such
as pulmonary complications and paravalvular leak demonstrated moderate certainty, while others like in-hospital

mortality, vascular complications, major bleeding, and permanent pacemaker implantation were rated very low due



182 to heterogeneity and imprecision. This variation underscores the need for cautious interpretation of effect sizes and

183  highlights areas requiring more robust evidence. (Supplementary Table 2)

184 4. DISCUSSION

185 The optimal treatment strategy for BAV stenosis remains a topic of debate, with both TAVR and SAVR having their
186 proponents. Unlike tricuspid aortic valves, BAV present unique challenges, including irregular annular shapes,

187 increased calcification, and a higher risk of complications such as paravalvular leak and pacemaker implantation.
188 Given these challenges, understanding the comparative effectiveness of TAVR and SAVR in managing BAV

189 stenosis is crucial for refining clinical practice. This meta-analysis synthesizes data from multiple studies to assess
190 in-hospital mortality, procedural risks, and complications, providing a clearer understanding of the outcomes

191  associated with each approach

192 The primary outcome of this analysis was in-hospital mortality, which serves as a key measure of procedural safety
193 and immediate postoperative risk. Our findings indicate no significant difference in in-hospital mortality between
194 TAVR and SAVR, suggesting that TAVR does not confer an increased early mortality risk in appropriately selected
195 BAYV patients. However, significant heterogeneity (I = 84%) underscores the complexity of patient selection and
196 procedural execution, highlighting the need for individualized treatment decisions. Future studies should refine

197 patient selection criteria and investigate long-term outcomes to guide the optimal management of BAV stenosis.

198 In our meta-analysis, TAVR was associated with a significantly lower risk of AKI compared to SAVR indicating
199 that TAVR patients had a 42% lower risk of AKI compared to SAVR patients. This finding aligns with the meta-
200 analysis by Kang et al. (2024), which reported a lower incidence of AKI in TAVR patients [19]. Additionally,
201 TAVR’s avoidance of cardiopulmonary bypass plays a significant role in reducing AKI risk, as cardiopulmonary
202 bypass is known to contribute to renal injury due to non-pulsatile blood flow and systemic inflammatory responses
203  [20]. Studies by Bagur et al. (2012) and Van Mieghem et al. (2014) further support our results by highlighting
204 TAVR's reduced risk of contrast-induced nephropathy and better hemodynamic stability, especially in high-risk
205 populations [21, 22]. The high heterogeneity observed in our analysis (I = 94%) suggests variability in patient
206 populations, procedural techniques, and AKI definitions across studies, reinforcing the need for caution when

207  interpreting these results.
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Based on the results of individual retrospective studies, there seemed to be a lower risk of major bleeding in TAVR
compared to SAVR. Similar results were also observed in previous studies, where a lower risk of major bleeding
was present in TAVR compared to SAVR [19]. Consistent results observed across studies could be attributed to
TAVR being a less invasive procedure compared to SAVR [23]. TAVR, performed via a catheter-based approach,
avoids the large surgical incisions and open-heart surgery required for SAVR, thus reducing trauma to the body and

the potential for major blood loss. [24, 25]

TAVR also demonstrated a significantly lower risk of pulmonary complications compared to SAVR, consistent with
previous findings. The reduced need for sternotomy and cardiopulmonary bypass in TAVR patients is associated
with fewer pulmonary complications, including a reduced mechanical ventilation time and faster recovery [26,27]. A
prior meta-analysis also found that TAVR had fewer postoperative respiratory complications compared to SAVR,

with pooled estimates favoring TAVR [19].

Our analysis demonstrated that TAVR is associated with a significantly increased risk of paravalvular leak when
compared to SAVR. This finding is consistent with prior studies, where PVL was more commonly observed
following TAVR, particularly in patients with complex valve anatomies such as BAV stenosis. The higher incidence
of PVL following TAVR can be attributed to technical challenges, such as valve seating, annular size mismatch, and
calcification in the aortic annulus [28,29]. While mild PVL may be clinically insignificant, more severe forms can
have long-term implications for patient outcomes, potentially contributing to heart failure or requiring additional

interventions [30].

In contrast, our analysis did not reveal a significant difference in stroke rates between TAVR and SAVR. This result
aligns with other studies that have shown no substantial disparity in stroke risk between the two procedures. While
stroke remains a major concern in both interventions, the lack of a significant difference in stroke rates in our meta-
analysis is reassuring. However, it is important to recognize that the mechanisms leading to stroke may differ
between the two procedures. TAVR is associated with an increased risk of peri-procedural embolization due to the
placement of the valve, while SAVR may carry a stroke risk related to embolic events from surgical manipulation of

the aorta or valve [31]. Despite these differences in etiology, the overall incidence of stroke did not vary
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significantly between the two interventions in our pooled analysis, suggesting that stroke risk, while concerned, may

not be inherently higher with TAVR.

Our analysis also found no significant difference in vascular complications between TAVR and SAVR, consistent
with previous studies. TAVR is associated with potential vascular access injuries due to the use of large-bore
sheaths, while SAVR’s vascular complications are influenced by factors like advanced age, pre-existing vascular
disease, and cardiopulmonary bypass [32,33].

Overall, the findings from this meta-analysis contribute to understanding the comparative risks and benefits of
TAVR and SAVR in managing BAV stenosis. The results suggest that while TAVR may offer advantages in terms
of renal, pulmonary, and bleeding outcomes, it also carries an increased risk of paravalvular leak. Future studies
with larger sample sizes and longer follow-up periods are needed to further clarify the long-term outcomes of these

interventions in BAV stenosis.

Clinical Implications

This meta-analysis demonstrates that both TAVR and SAVR offer comparable in-hospital mortality rates for BAV
stenosis, suggesting that TAVR is a viable alternative to SAVR in appropriately selected patients. TAVR is
associated with lower risks of acute kidney injury, major bleeding, and pulmonary complications, making it
particularly beneficial for high-risk patients with comorbidities. However, the increased risk of paravalvular leaks
with TAVR highlights the importance of careful patient selection and procedural planning. These findings support
the use of TAVR, especially in older or frailer patients, while emphasizing the need for individualized treatment

strategies.

Limitations

This meta-analysis is limited by the retrospective design of the included studies, which may introduce bias and limit
causal inference. Significant heterogeneity across studies (I? values up to 94%) suggests variability in patient
populations and procedural methods, which impacts the generalizability of the results. Additionally, the analysis

focuses on in-hospital outcomes, lacking long-term follow-up data to assess the durability of TAVR versus SAVR.

10
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The absence of standardized reporting on patient characteristics and the potential for publication bias further limit

the robustness of the findings.

Conclusion

This meta-analysis provides strong evidence that TAVR is a safe and effective alternative to SAVR for treating
BAYV stenosis, particularly in high-risk patients. While both procedures show similar in-hospital mortality rates,
TAVR is associated with lower risks of acute kidney injury, major bleeding, and pulmonary complications.
However, the increased risk of paravalvular leak with TAVR necessitates careful patient selection. Despite some
limitations, including the retrospective design and lack of long-term data, the findings support the growing use of

TAVR in clinical practice for BAV stenosis, with the need for further studies to confirm these results over time.

References:

1. Michelena HI, Della Corte A, Evangelista A, Maleszewski JJ, Enriquez-Sarano M, Bax JJ, et al. Speaking a
common language: introduction to a standard terminology for the bicuspid aortic valve and its aortopathy.
Prog Cardiovasc Dis. 2020;63:419-24.

2. Tzemos N, Therrien J, Yip J, Thanassoulis G, Tremblay S, Jamorski MT, et al. Outcomes in adults with
bicuspid aortic valves. JAMA. 2008;300:1317-25.

3. Yasuda H, Nakatani S, Stugaard M, Tsujita-Kuroda Y, Bando K, Kobayashi J, et al. Failure to prevent
progressive dilation of ascending aorta by aortic valve replacement in patients with bicuspid aortic valve:
comparison with tricuspid aortic valve. Circulation. 2003;108:11291-6.

4. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017 ESC/EACTS Guidelines for
the management of valvular heart disease. Pol Heart J. 2018;76:1-62.

5. Siu SC, Silversides CK. Bicuspid aortic valve disease. ] Am Coll Cardiol. 2010;55:2789-800.

6. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al. Transcatheter or surgical
aortic-valve replacement in intermediate-risk patients. N Engl J Med. 2016;374:1609-20.

7. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sendergaard L, Mumtaz M, et al. Surgical or
transcatheter aortic-valve replacement in intermediate-risk patients. N Engl J Med. 2017;376:1321-31.

11



285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

10.

11

12.

13.

14.

15.

16.

Philip F, Faza NN, Schoenhagen P, Desai MY, Tuzcu EM, Svensson LG, et al. Aortic annulus and root
characteristics in severe aortic stenosis due to bicuspid aortic valve and tricuspid aortic valves: implications
for transcatheter aortic valve therapies. Catheter Cardiovasc Interv. 2015;86:E88-98.

Montalto C, Sticchi A, Crimi G, Laricchia A, Khokhar AA, Giannini F, et al. Outcomes after transcatheter
aortic valve replacement in bicuspid versus tricuspid anatomy: a systematic review and meta-analysis.
JACC Cardiovasc Interv. 2021;14:2144-55.

Lee AJ, Baig I, Harrington KB, Szerlip M. Bicuspid aortic stenosis with and without aortopathy:
considerations for surgical aortic valve replacement versus transcatheter aortic valve replacement. US
Cardiol Rev. 2022;16:e21. https://doi.org/10.15420/usc.2021.25

Waksman R, Craig PE, Torguson R, Asch FM, Weissman G, Ruiz D, et al. Transcatheter aortic valve
replacement in low-risk patients with symptomatic severe bicuspid aortic valve stenosis. JACC Cardiovasc
Interv. 2020;13:1019-27.

American College of Cardiology. TAVR for severe bicuspid aortic valve stenosis. In: Latest in cardiology.
American College of Cardiology. 2018. http://www.acc.org/latest-in-
cardiology/articles/2018/01/19/08/14/tavr-for-severe-bicuspid-aortic-valve-stenosis. Accessed 12 Feb 2025.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. Int J Surg. 2010;8:336-41.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
https://doi.org/10.1136/bmj.n71

Lo CK, Mertz D, Loeb M. Newcastle-Ottawa Scale: comparing reviewers’ to authors’ assessments. BMC
Med Res Methodol. 2014;14:45. https://doi.org/10.1186/1471-2288-14-45

Nauffal V, Bay C, Shah PB, Sobieszczyk PS, Kaneko T, O’Gara P, et al. Short-term outcomes of
transcatheter versus isolated surgical aortic valve replacement for mediastinal radiation-associated severe
aortic stenosis. Circ Cardiovasc Interv. 2021;14:¢010009.

https://doi.org/10.1161/CIRCINTERVENTIONS.120.010009

12



311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.
https://doi.org/10.1136/bmj.d5928

Reyman J. Book review: St. Amant, Kirk, & Zemliansky, Pavel (Eds.). Internet-based workplace
communications: industry and academic applications. J Bus Tech Commun. 2007;21:456-60.

van Tulder MW, Assendelft WJ, Koes BW, Bouter LM. Method guidelines for systematic reviews in the
Cochrane Collaboration Back Review Group for spinal disorders. Spine. 1997;22:2323-30.

Kang JJ, Fialka NM, El-Andari R, Watkins A, Hong Y, Mathew A, et al. Surgical vs transcatheter aortic
valve replacement in bicuspid aortic valve stenosis: a systematic review and meta-analysis. Trends
Cardiovasc Med. 2024;34:304-13. https://doi.org/10.1016/j.tcm.2023.04.004

Pickering JW, James MT, Palmer SC. Acute kidney injury and prognosis after cardiopulmonary bypass: a
meta-analysis of cohort studies. Am J Kidney Dis. 2015;65:283-93.
https://doi.org/10.1053/j.ajkd.2014.09.008

Bagur R, Webb JG, Nietlispach F, Dumont E, De Larochelli¢re R, Doyle D, et al. Acute kidney injury
following transcatheter aortic valve implantation: predictive factors, prognostic value, and comparison with
surgical aortic valve replacement. Eur Heart J. 2010;31:865-74. https://doi.org/10.1093/eurheartj/ehp552
Van Mieghem NM, Tchetche D, Chieffo A, Dumonteil N, Messika-Zeitoun D, van der Boon RM, et al.
Incidence, predictors, and implications of access site complications with transfemoral transcatheter aortic
valve implantation. Am J Cardiol. 2012;110:1361-7. https://doi.org/10.1016/j.amjcard.2012.06.042
Elmaraezy A, Ismail A, Abushouk Al, Eltoomy M, Saad S, Negida A, et al. Efficacy and safety of
transcatheter aortic valve replacement in aortic stenosis patients at low to moderate surgical risk: a
comprehensive meta-analysis. BMC Cardiovasc Disord. 2017;17:234. https://doi.org/10.1186/s12872-017-
0668-1

Kaur J, Alex, Bykersma E. Benefits and limitations of transcatheter vs. surgical aortic valve replacements.
Interv Cardiol. 2020;12:176-82. https://doi.org/10.37532/1755-5302.2020.12(7).176-182

Dweck A, Ferrell BE, Guttman D, Spindel SM, Sugiura T. Treatment of the aortic valve in the modern

era—a review of TAVR vs. SAVR. Surgeries. 2024;6:4-17.

13



338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364

27.

28.

29.

30.

31.

32.

33.

34.

35.

Improta R, Di Pietro G, Kola N, Birtolo LI, Colantonio R, Bruno E, et al. A meta-analysis of short-term
outcomes of TAVR versus SAVR in bicuspid aortic valve stenosis and TAVR results in different bicuspid
valve anatomies. J Clin Med. 2023;12:7371. https://doi.org/10.3390/jcm 12237371

Mentias A, Sarrazin MV, Desai MY, Saad M, Horwitz PA, Kapadia S, et al. Transcatheter versus surgical
aortic valve replacement in patients with bicuspid aortic valve stenosis. J Am Coll Cardiol. 2020;75:2518-
9.

Pollari F, Dell’Aquila AM, S6hn C, Marianowicz J, Wichofsky P, Schwab J, et al. Risk factors for
paravalvular leak after transcatheter aortic valve replacement. J Thorac Cardiovasc Surg. 2019;157:1406-
15. https://doi.org/10.1016/].jtcvs.2018.08.085

Hagar A, Li Y, Wei X, Peng Y, Xu Y, Ou Y, et al. Incidence, predictors, and outcome of paravalvular leak
after transcatheter aortic valve implantation. J Interv Cardiol. 2020;2020:8249497.
https://doi.org/10.1155/2020/8249497

Khodaei S, Garber L, Bauer J, Emadi A, Keshavarz-Motamed Z. Long-term prognostic impact of
paravalvular leakage on coronary artery disease requires patient-specific quantification of hemodynamics.
Sci Rep. 2022;12:21357. https://doi.org/10.1038/s41598-022-21104-8

Grabert, Lange, Bleiziffer. Incidence and causes of silent and symptomatic stroke following surgical and
transcatheter aortic valve replacement: a comprehensive review. [No journal or publication details
provided; incomplete reference.]

Mach M, Okutucu S, Kerbel T, Arjomand A, Fatihoglu SG, Werner P, et al. Vascular complications in
TAVR: incidence, clinical impact, and management. J Clin Med. 2021;10:5046.
https://doi.org/10.3390/jcm 10215046

Elbaz-Greener G, Rozen G, Kusniec F, Marai I, Carasso S, Ko DT, et al. Comparing trajectory of surgical
aortic valve replacement in the early vs. late transcatheter aortic valve replacement era. Front Cardiovasc
Med. 2021;8:680123. https://doi.org/10.3389/fcvm.2021.680123

Elbadawi A, Saad M, Elgendy 1Y, Barssoum K, Omer MA, Soliman A, et al. Temporal trends and
outcomes of transcatheter versus surgical aortic valve replacement for bicuspid aortic valve stenosis. JACC

Cardiovasc Interv. 2019;12:1811-22. https://doi.org/10.1016/j.jcin.2019.06.037

14



365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

36.

37.

38.

39.

40.

41.

42.

Gibson B, Tanner R, Traynor B, Casserly 1. Short term outcomes following transcatheter versus surgical
aortic valve replacement for the treatment of bicuspid aortic valve stenosis. [No journal or publication
details provided; incomplete reference.]

Husso A, Airaksinen J, Juvonen T, Laine M, Dahlbacka S, Virtanen M, et al. Transcatheter and surgical
aortic valve replacement in patients with bicuspid aortic valve. Clin Res Cardiol. 2021;110:429-39.
Majmundar M, Kumar A, Doshi R, Shariff M, Krishnaswamy A, Reed GW, et al. Early outcomes of
transcatheter versus surgical aortic valve implantation in patients with bicuspid aortic valve stenosis.
Eurolntervention. 2022;18:23-32.

Mehaffey JH, Jagadeesan V, Kawsara M, Hayanga JA, Chauhan D, Wei L, et al. Transcatheter vs surgical
aortic valve replacement in bicuspid aortic valves. Ann Thorac Surg. 2024;118:1418-26.

Sanaiha Y, Hadaya JE, Tran Z, Shemin RJ, Benharash P. Transcatheter and surgical aortic valve
replacement in patients with bicuspid aortic valve stenosis. Ann Thorac Surg. 2023;115:611-8.

Soud M, Al-Khadra Y, Darmoch F, Pacha HM, Fanari Z, Alraies MC. Transcatheter aortic valve
replacement in patients with bicuspid aortic valve stenosis: national trends and in-hospital outcomes.
Avicenna J Med. 2020;10:22-8.

Tsai HY, Lin YS, Wu IC, Kuo LY, Chen BY, Shen SL, et al. Major adverse cardiac events and functional
capacity in patients at intermediate risk undergoing transcatheter versus surgical aortic valve replacement

for aortic stenosis with bicuspid valves. J Card Surg. 2021;36:828-33.

15



386
387
388
389
390
391
392
393

LEGEND

Fig.1: PRISMA flowchart outlining the literature screening process, study selection, and exclusion criteria.
Fig.2: Forest plot comparing a) in-hospital mortality; b) acute kidney injury; c) pulmonary complications;
d) vascular complications between TAVR and SAVR in patients with BAV stenosis.

Fig.3: Forest plot comparing a) major bleeding; b) stroke; c) permanent pacemaker implantation; d)
paravalvular leak between TAVR and SAVR in patients with BAV stenosis.

Table 1: Detailed characteristics of included studies and baseline characteristics.
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399 Fig.2: Forest plot comparing a) in-hospital mortality; b) acute kidney injury; c) pulmonary complications;
400 d) vascular complications between TAVR and SAVR in patients with BAV stenosis.
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403 Legend: Transcatheter Aortic Valve Replacement (TAVR), Surgical Aortic Valve Replacement (SAVR), Mantel-
404 Haenszel (M-H), Confidence Interval (Cl), Chi-squared test (Chi?), Degrees of Freedom (df), P-value, Heterogeneity
405 statistic (1), Test statistic for heterogeneity (Z), Test for overall effect (Z).
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408

Fig.3: Forest plot comparing a) major bleeding; b) stroke; c) permanent pacemaker implantation; d) paravalvular

409  leak between TAVR and SAVR in patients with BAV stenosis.
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d) Paravalvular leak
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412 Transcatheter Aortic Valve Replacement (TAVR), Surgical Aortic Valve Replacement (SAVR), Bicuspid Aortic Valve
413 (BAV), Mantel-Haenszel (M-H), Confidence Interval (Cl), Chi-squared test (Chi?®), Degrees of Freedom (df), P-value
414 (P), Heterogeneity statistic (I?), Test statistic for heterogeneity (Z), Test for overall effect (Z).
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Table 1: Detailed characteristics of each included study

Author Year Sample Size Study design Age (Mean + SD) Female (%) Hypertension (%) Diabetes (%) COPD (%)
TAV S TAVR SAVR TAVR TAVR SA TAVR S TAVR $
R A VR A 4
\Y% \Y \
R R 1
Elbadawi et 2019 9 Retrospective 65.70 65.20 40 64.6 64. 29.7 3 NA )
al. (34) 975 7 Cohort + + 6 0 1
5 16.53 11.52
8
Gibson et al. 2022 39 5 Retrospective 71£13 53+ 46 49 33 31 6 18
(35) 1 Cohort 15
Husso et al. 2021 75 7 Retrospective 75.8 £ 75.7+ 44 NA NA 21.3 1 21.3 y
(36) 5 Cohort 8.4 6.3 4 ]
7 ]
Majmunder 2022 1393 1 Retrospective 68.3 £ 68.1+ 37.8 78.8 75. 28 2 313 y
etal. (37) 3 Cohort 10.1 8.6 6 9 &
9
3 4 ]
Mehaffey et 2024 3166 8 Retrospective 71+ 69 + 42.2 NA NA 26.9 1 NA )
al. (38) 1 Cohort 5.93 4.45 9 4
2
3 8
Mentias et 2020 699 6 Retrospective 74.7 £ 69.9 + NA NA NA NA N NA )
al. (27) 9 Cohort 9.4 6.8 A 4
9
Sanaiha et 2023 3855 5 Retrospective 58.67 69 + 30.8 NA NA 15.6 2 17.3 y
al. (39) 2 Cohort + 10.38 6 ¢
4 11.12




420
421
422

423
424

425

426

Soud et al. 2021 68 Retrospective 65.0 £ 64.6 £ 324 72.1 36. 23.5 25
(40) Cohort 14.8 12.4 8

Tsai et al. 2021 48 Retrospective 65.7 515+ 41.7 60.4 48. 333 NA
(41) Cohort 7.8 323 8

Legend: Transcatheter Aortic Valve Replacement (TAVR), Surgical Aortic Valve Replacement (SAVR), Standard Deviation (SD), Chronic Obstructive Pulmonary Disease (COPD), and Not Available (NA).
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