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Background: There is mounting evidence at experienced centers that aortic annular enlargement (AAE)
procedures are safe adjuncts to surgical aortic valve replacement (SAVR) that do not increase perioperative
morbidity and mortality. This systematic review and meta-analysis aims to assess the impact of AAE
procedures on mid-term outcomes after SAVR.

Methods: OVID MEDLINE, OVID Embase, and Cochrane Library were searched comprehensively.
Comparative studies examining adult patients undergoing SAVR with and without AAE were eligible for
inclusion. Studies involving aortic root replacement, Ross procedures, and Ozaki procedures were excluded.
The risk of bias was assessed according to Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I), and the quality of evidence was evaluated according to Grading of Recommendations
Assessment, Development and Evaluation (GRADE). Random effects meta-analysis facilitated the
quantitative synthesis.

Results: A total of 2,765 records were retrieved. After full-text review, 15 eligible studies were identified
for data extraction and synthesis. The dataset included a total of 216,654 patients (AAE: 7,967; no AAE:
208,687). Only mid-term outcomes were available. In unmatched and unadjusted studies, perioperative
mortality was noted to be higher in the AAE group. However, this difference was not observed in studies
with matching or adjusted outcomes. In both the unmatched and unadjusted studies, and the matched and
adjusted studies, there were no statistically significant differences identified regarding perioperative stroke,
myocardial infarction, or permanent pacemaker implantation. Similarly, there were no statistically significant
differences identified in mid-term mortality [hazard ratio (HR), 1.03; 95% confidence interval (CI): 0.95 to
1.11; P=0.49; I’=20% (matched/adjusted studies)], aortic valve reintervention [HR, 0.98; 95% CI: 0.75 to 1.27;
P=0.86; I'=0% (matched/adjusted studies)], or heart failure [HR, 1.06; 95% CI: 0.86 to 1.30; P=0.58; I’=25%
(matched/adjusted studies)].

Conclusions: SAVR with AAE does not appear to be associated with increased perioperative morbidity
or mortality. There is no conclusive indication that AAE enhances mid-term survival, freedom from

reoperation, or freedom from heart failure after SAVR.
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Introduction

Patient-prosthesis mismatch (PPM) is widely recognized as
a significant factor impacting clinical outcomes following
prosthetic valve implantation. In the context of surgical
aortic valve replacement (SAVR), PPM, whether moderate
or severe, has been shown to increase both all-cause
mortality and cardiac-related mortality (1). In the current
era, patients with PPM continue to have reduced long-term
survival, as well as an increased risk of rehospitalizations
for heart failure (2,3), with some studies also suggesting an
increased risk of re-replacement of the aortic valve (3).

To minimize the risk of PPM, the largest possible
prosthetic valve should be implanted in each patient. When
the native aortic root is small, i.e., at increased risk of PPM,
an important approach is to enlarge the aortic annulus
before implanting a prosthetic valve. This technique is
referred to as aortic annular enlargement (AAE) and includes
a variety of techniques, each differing in terms of either the
location of the annular incision or the extent of the incision.
These techniques include the posterior incisions of Nicks
(4,5), Manouguian (5,6), the Nunez modification to the
Manouguian (5,7), and the Y-incision described by Yang
et al. (8). Additionally, the anterior annular incision with a
right ventricular outflow tract (RVOT) incision, the Konno
procedure (9), is often reserved for congenital heart disease
and adult congenital heart disease applications. Despite the
increasing importance of addressing PPM, the most recent
valvular heart disease guidelines do not address when or if
AAE should be performed (10,11).

There is mounting evidence at experienced centers
(8,12,13) that AAE procedures are safe adjuncts to SAVR
that do not increase perioperative morbidity and mortality
(8,12-15). Despite the increasing experience with AAE at
high-volume centers, there is an absence of high-quality
evidence related to the long-term results of AAE. There
are no comparative studies of AAE versus SAVR without
AAE that report mean follow-up periods of 10 years
or more. With the literature available, it is unclear how
AAE influences the mid- and long-term outcomes of
SAVR (14,16).

The most recent meta-analysis examining mid-term
survival after AAE was completed by Si ez 4. in 2022 (16).
Kaplan-Meier curves were required for their quantitative
synthesis to generate individual patient data (IPD) using
one method of IPD extraction by Liu and colleagues (17).
Therefore, their review excluded seven studies due to the
absence of Kaplan-Meier curves (16). The other relevant
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meta-analyses were completed by Yu ez /. in 2019 (14) and
Sa et al. in 2021 (15). While Yu ez al. (14) examined mid-
term mortality with five studies published up to 2018, S
et al. (15) limited their analysis to the perioperative
outcomes of AAE. Thus, this systematic review features the
most up-to-date and inclusive meta-analysis on the impact
of AAE on both the perioperative and mid-term outcomes
after SAVR.

Methods

This systematic review is based on a protocol registered
in the International Prospective Register of Systematic
Reviews (PROSPERO; CRD 42023461543). The protocol
was developed according to the Cochrane Handbook for
Systematic Reviews of Interventions (18), and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
for Protocols 2015 (PRISMA-P 2015) statement (19), with
consultation from a health sciences librarian at the Gerstein
Science Information Centre at the University of Toronto.

Literature search strategy

OVID MEDLINE, OVID Embase, and Cochrane
Library were searched comprehensively with no limits
on the publication time period or language. The search
was completed on August 3, 2023. Search terms included
“aortic annular enlargement, aortic root enlargement, and
aortic valve replacement”, along with relevant synonyms.
The reference lists of included studies were reviewed to
retrieve additional eligible studies. Grey literature sources
were not searched. The search strategy was developed in
collaboration with a health sciences librarian at the Gerstein
Science Information Center.

Eligibility criteria

Randomized controlled trials (RCTs), controlled (non-
randomized) clinical trials, and comparative observational
studies were eligible for inclusion. Non-comparative
observational studies, case reports, conference proceedings,
abstracts, commentaries, letters to the editor, and
unpublished work were excluded. The population was
limited to adult patients, 18 years or older, who underwent
SAVR. Studies that included concurrent procedures were
eligible for inclusion, except those that included aortic
root replacement with bioprosthetic or mechanical valves,
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homograft root replacement, the Ozaki procedure, and the
Ross procedure. Any study that included patients with a
prior aortic root replacement or Ross procedure was also
excluded. To be eligible for inclusion, each comparative
study needed to have a clearly defined intervention group
that underwent SAVR with AAE, and a clearly defined
comparator group that underwent SAVR without AAE.
Eligible AAE procedures included the following techniques:
Nicks (4,5), Manouguian (5,6), Nunez modification to
the Manouguian (5,7), Y-incision (8), Konno (9), and any
other aortic annular incision that did not require coronary
button mobilization and reimplantation. To be eligible
for inclusion, each study needed to report on at least one
of the outcomes of interest through at least 5 years of
follow-up. This was confirmed through a full-text review
of the potentially eligible studies by two independent
reviewers. The primary outcome of interest was all-cause
mortality. Relevant secondary outcomes included cardiac
mortality, aortic valve reintervention, structural valve
deterioration and non-structural valve dysfunction, valve
thrombosis, infective endocarditis, major bleeding, stroke,
and rehospitalization for heart failure. While this review
intended to examine the long-term results following AAE,
due to the absence of studies with mean follow-up lengths
beyond 10 years, only mid-term outcomes were assessed.

Data extraction and critical appraisal

Search results were de-duplicated in EndNote (Berkeley,
California, USA) and were uploaded to Covidence
(Covidence, Melbourne, Australia), an online platform
that facilitates de-duplication, record screening, and
data extraction for systematic reviews. Title and abstract
screening were performed in Covidence by two independent
reviewers. Disagreements were resolved by consensus,
involving a third reviewer if consensus could not be
reached. The records that remained after title and abstract
screening underwent a full-text review by two independent
reviewers. Data were extracted by two independent
reviewers and included study design, patient demographics,
surgical techniques, perioperative surgical outcomes, and
long-term outcomes of interest. The data extraction form is
available on request. Two of the included studies contained
Kaplan-Meier curves that required digitization (20,21).
This was performed using a web-based Shiny application
previously developed by Liu and colleagues to facilitate
the digitization and reconstruction of IPD from published
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Kaplan-Meier curves (17). Risk of bias was assessed in
duplicate according to the Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool, as all the
eligible studies were of non-randomized design (18,22,23).
An overall rating of low risk of bias is uncommon within
the ROBINS-I methodology as this would mean that the
observational study being evaluated would be comparable
to a well-designed RCT examining the same question. The
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework was used to determine
the overall quality of evidence (24,25). This was completed
by two reviewers based on consensus. Results are reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement (26).

Statistical analysis

Analyses were performed using Review Manager (RevMan
version 5.4; Cochrane Collaboration, Oxford, UK) and
random effects models, which incorporated between-trial
heterogeneity and provided wider and more conservative
confidence intervals (CIs) when heterogeneity was
present (27). We assessed statistical heterogeneity among
trials using I’, which is defined as the percentage of total
variability across studies attributable to heterogeneity rather
than chance. Published guidelines categorized I* values
as low (25% to 49%), moderate (50% to 74%), and high
(275%) heterogeneity (28). For peri-operative outcomes,
relative risks (RRs) were used to pool binary outcomes, and
the mean difference (MD) was employed for continuous
outcomes. When required, the method of Wan et al. (29)
was used to convert continuous variables reported as
medians and interquartile ranges, or ranges to means and
standard deviations. For mid-term outcomes with different
follow-up periods between groups, we pooled hazard ratios
(HRs) or, if not provided, incidence rate ratios (IRRs) as
approximations of the HR on the logarithmic scale using
the generic inverse variance method in Review Manager.
IRRs for each study were calculated either (I) as the ratio
of the Kaplan-Meier survival-curve mortality estimates
for each group, with standard error estimated using either
the log-rank survival curve P value when available, or
alternatively using the standard errors of the survival-curve
mortality estimates and the ratio of means method (30,31);
or otherwise (II) as the ratio of reported events divided
by the group-specific patient-years of follow-up when the
group-specific mean follow-up durations were provided,
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Figure 1 Preferred reporting items for systematic reviews and
meta-analyses flow diagram. AAE, aortic annular enlargement;

SAVR, surgical aortic valve replacement.

with standard error on the logarithmic scale estimated as
the square root of the sum of the reciprocals of the event
rates (32). Individual trial and pooled summary results were
reported with 95% Cls. Separate sub-groups were created
for propensity-score matched or risk-adjusted observational
data and unmatched/unadjusted observational data. The
a priori-determined sensitivity analyses included studies at
moderate versus serious and critical risk of bias, studies with
both moderate and serious risk of bias versus critical risk of
bias, and studies with and without concomitant procedures.
An additional sensitivity analysis was performed to assess
the impact of the Rao ez al. study, as the procedures used
in the AAE cohort were markedly heterogeneous (12).
Uncertainty for the pooled binary and continuous outcomes
is represented by 95% ClIs. Differences between subgroups
were assessed using Z-tests. P<0.05 was taken as statistically
significant.
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Results
Literature search

The search strategy retrieved 2,765 records. After de-
duplication, 2,210 unique records remained. Title and
abstract screening were performed in duplicate, identifying
139 potentially eligible studies that underwent full-text
review by two independent reviewers. Overall, 32 potentially
eligible studies (12,13,20,21,33-51) were identified (52-60),
including 17 studies (13,45-60) that were excluded because
they did not include any information on at least one of the
mid-term outcomes of interest through 5 years of follow-
up. Consequently, 15 unique studies (12,20,21,33-44)
remained and were included in data extraction and
quantitative synthesis. The screening process is summarized
in the PRISMA trial flow diagram (Figure I).

Quality of evidence

All 15 included studies are observational and non-
randomized (12,20,21,33-44). Of the included studies, five
compared propensity-matched groups (34,36,38,41,43),
two employed case-control designs to define their reference
SAVR groups (34,42), and four reported adjusted mid-
term outcomes of interest (21,37,43,44). Notably, Tam and
colleagues described two distinct cohorts of patients within
the same study—patients who underwent isolated SAVR
with or without AAE, and patients who underwent SAVR
combined with coronary artery bypass grafting (CABG)
with or without AAE (43). As a result, these cohorts were
extracted independently, and then combined in the pooled
analyses. Only three studies were based on multicentre
patient data (12,21,43); the rest reported single-center
outcomes (20,33-42,44).

Risk of bias was assessed for each outcome of interest
within the included studies according to the ROBINS-I
framework (Figure 2 and Figure S1, and Appendix 1)
(18,22,23). None of the included studies within our
systematic review were deemed to have an overall low risk
of bias. Only three included studies reported on outcomes
at moderate risk of bias (38,41,43). Mid-term mortality
was deemed to be at moderate risk of bias in the studies
by Shih ez al., Tam et al., and Okamoto er al. (38,41,43).
Cumulative incidence of aortic valve reintervention was
assessed to be at moderate risk of bias in the study reported
by Tam and colleagues (43). All five studies that reported
on heart failure-related endpoints were at serious or
critical risk of bias for that outcome (12,21,37,38,43). The
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. . Domain D°'T’a.i” " Domain Domain Domain Overall
First author Year Domain " Domalp 3-classification 4-dey|at|cns Outcome-_spemflc 5-missing 6-outcome 7-reported | risk of Outcome
T-confounding | 2-selection of interventions f.r om |nter{1ded domains data measurement results bias
interventions
Matched or adjusted observational studies
Yousef 2023 Mortality M “ Mortality
AoV reintervention M ““ AoV reintervention
Shih 2022 M M Mortality
“ M M AoV reintervention
Mehaffey 2021 “ Mortality
“ CHF rehospitalization
Tam 2020 M Mortality
“ M AoV reintervention
“ CHF rehospitalization
Tam* 2020 “ Mortality
Okamoto 2016 Mortality “ Mortality
CHF “ CHF
Kulik 2008 Mortality M “ Mortality
CHF composite M “ CHF composite
Sommers 1997 Mortality “ Mortality
Unmatched/unadjusted observational studies ----
Rao 2023 Mortality
“ AoV reintervention
NYHA llI-IV
Beckmann 2016 “ Mortality
Correia 2016 “ Mortality
Prifti 2015 Mortality Mortality
AoV reintervention “ AoV reintervention
Penaranda | 2014 Mortality M “ Mortality
Sakamoto 2006 NI Mortality NI NI M Mortality
Reoperation** NI M M Reoperation**

Figure 2 ROBINS-I assessment for mortality, aortic valve reintervention, and heart failure. *, distinct secondary cohort reported within

the same publication; **, long-term reoperation outcome was assumed to be related to aortic valve reintervention. L, low risk of bias; M,

moderate risk of bias; S, serious risk of bias; C, critical risk of bias; NI, no information; AoV, aortic valve; CHF, congestive heart failure;
NYHA, New York Heart Association; ROBINS-I, Risk Of Bias In Non-randomized Studies of Interventions.

remaining studies and their other reported outcomes of
interest were at serious or critical risk of bias (12,20,21,33-
37,39,40,42,44).

Publication bias was assessed with visual analysis of the
funnel plot for the primary outcome, mid-term mortality

(Figure 3), with no indication of significant asymmetry.

Baseline demographics
Meta-analyses of baseline characteristics (Zi#ble 1 and Table S1)
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Figure 3 Funnel plot for mid-term mortality. SE, standard error.

were performed to assess for differences between groups
and the effectiveness of matching in the relevant studies
(Figures S2-S31). Prior to adjustment or matching, patients
who underwent AAE at the time of SAVR were younger
(MD, -1.72 year; 95% CI: -2.61 to -0.82), less likely to be
male sex (RR, 0.72; 95% CI: 0.63 to 0.81), and had higher
body mass index (BMI; MD, 1.80 kg/m’; 95% CI: 0.44 to
3.16), at the same body surface area (BSA; MD, -0.01 m’;
95% CI: -0.03 to 0.01). They were less likely to have
chronic renal failure (RR, 0.87; 95% CI: 0.77 to 0.99),
coronary artery disease (RR, 0.92; 95% CI: 0.86 to 0.98),
and preoperative atrial fibrillation (RR, 0.77; 95% CI: 0.69
to 0.86). They were more likely to have diabetes (RR, 1.13;
95% CI: 1.10 to 1.16), and a history of prior SAVR (RR,
4.54; 95% CI: 2.45 to 8.44). Despite having a slightly higher
preoperative left ventricular ejection fraction (LVEF; MD,
0.87%; 95% CI: 0.11% to 1.62%), they tended to have a
smaller preoperative aortic valve area (MD, -0.05 cm’; 95%
CI: -0.08 to -0.02), including when indexed to BSA [indexed
effective orifice area (EOA); MD, -0.03 cm’/m’, 95% CI:
-0.05 to -0.01], a smaller aortic annular diameter (MD,
-1.36 mm; 95% CI: -2.12 to -0.59), and were more likely
to present with predominantly stenotic aortic valve disease
(RR, 1.03; 95% CI: 1.01 to 1.05). There were no significant
differences regarding BSA, cerebrovascular disease,
chronic obstructive pulmonary disease (COPD), smoking,
dialysis, hypertension, dyslipidemia, peripheral vascular
disease, congestive heart failure/reduced LVEF, New York
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Heart Association (NYHA) class III-IV, mean NYHA
class, elective versus urgent/emergent surgery, Society of
Thoracic Surgeons (STS) risk score, prior cardiac surgery,
peak aortic gradient, mean aortic gradient, or bicuspid aortic
valve. When examining only the studies with matching or
adjusted outcomes, almost all significant baseline differences
disappeared, with the only exceptions being that patients
undergoing AAE had higher preoperative BMI (MD,
1.24 kg/m’*; 95% CI: 0.18 to 2.31), with no significant
difference in their BSA, and were less likely to have a
bicuspid aortic valve (RR, 0.64; 95% CI: 0.43 to 0.95).

Of the 15 included studies, only five described attempting
to standardize the size of the native aortic annulus between
the SAVR with AAE and SAVR without AAE groups,
including two matched/adjusted studies (37,41) and three
unmatched and unadjusted studies (33,35,39). Kulik ez a/.
described both groups as having a native annulus that would
have necessitated a size 21 prosthesis or smaller (37). Shih
et al. incorporated the aortic valve area into their propensity
score matching model (41). Beckmann er /. defined both
groups as having a projected iEOA <0.89 cm’/m’ when
measured intraoperatively (33). Correia et 4. defined both
groups as having an implanted prosthesis size of 21 mm
or smaller (35). Penaranda et a/. defined both groups as
having an annulus that would only accept a maximum valve
size of 19 mm prior to any annular enlargement being

performed (39).

Intraoperative details

AAE was performed through a variety of techniques (Zable 2).
The most common approaches were the Nicks, and the
Manouguian procedures. Only one study (20) described the
use of the Nunez technique in combination with the Nicks
root enlargement. None of the included studies described
the use of the Konno or Y-incision techniques. Importantly,
two of the three largest multicentre studies did not capture
the AAE technique within their study data (21,43). In
both cases, this was due to limitations of the databases
used in each of these studies; Mehaffey and colleagues
used the STS Adult Cardiac Surgery Database (21), while
Tam and colleagues used the CorHealth Ontario Cardiac
Registry in combination with the Canadian Institute
of Health Information Discharge Abstract Database to
collect procedural data for each patient (43). Finally, in the
multicentre study reported by Rao and colleagues, there
was marked heterogeneity within the proposed aortic root
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AAE group No AAE group i
First author  Year Cohort Concomitant AAE technique

size N Description N Description procedure(s)

Unmatched/unadjusted observational studies

Rao 2023 602 90"  Aortic root, STJ, or 512 Medtronic Avalus Yes Of patients with
annular enlargement bioAVR confirmed ARE**:
+ Medtronic Avalus 70% Nicks; 15%
bioAVR Manouguian; 15% other
Beckmann 2016 128 36 AAE + bioAVR in SAR 92 Corcym Perceval Yes Nicks
biocAVR in SAR
Correia 2016 1,006 239  AAE + AVR in SAR 767 AVR in SAR Yes Nicks
Prifti 2015 55 85 AAE + 19 mm 20 17 mm Yes 77% Nicks-Nunez; 23%
supraannular AVR supraannular AVR Manouguian
Penaranda 2014 117 30 AAE + 21 mm AVR 87 19 mm AVR Yes Nicks
Sakamoto 2006 128 24 AAE + St Jude 104 St Jude mechAVR  NR 25% Nicks; 75%
mechAVR Manouguian

enlargement group (12). Only 27 of the 90 patients in a sinotubular junction (STJ) enlargement or a sinus of
the group underwent a confirmed AAE, with three other Valsalva patch augmentation.
patients undergoing an aortic root replacement within The indication(s) for AAE were infrequently reported

the group, and others within the group undergoing either within the included studies (7zble 3). When indications were
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First author  Year C.ohort AAE AAE indication AAE technique Annular size increase
size group

Unmatched/unadjusted observational studies

Rao 2023 602 90™* Surgeon discretion Of patients with confirmed NR
ARE**: 70% Nicks; 15%
Manouguian; 15% other

Beckmann 2016 128 36 Surgeon discretion: small EOA Nicks At least 1 valve size larger
relative to BSA than native annulus

Correia 2016 1,006 239 Surgeon discretion: SAR relative  Nicks 1-2 valve sizes larger than
to BSA; at least 21 mm prosthesis native annulus

could not be used

Prifti 2015 55 35 Surgeon discretion: SAR <19 mm; 77% Nicks-Nunez; 23% 1 valve size larger
severe LVH; severe LVH in LVOT;  Manouguian (supraannular
extensively calcified SAR implantation)
Penaranda 2014 117 30 NR Nicks NR
Sakamoto 2006 128 24 Small aortic annulus (<21 mm 25% Nicks; 75% Manouguian Manouguian technique
when measured with valve sizer) gained 2 valve sizes
reported, they were often listed as possible considerations smaller than a size 21 valve sizer, without indicating that the
that could be weighed at the surgeon’s discretion at the decision could also be influenced by surgeon preference (40).
time of the operation. Only the study by Sakamoto and Correspondingly, the intraoperative results of the AAE
colleagues described an objective criterion, aortic annulus procedures, i.e., the extent of annular enlargement
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achieved, were also infrequently described. The studies
that did report the extent of annular enlargement described
an implanted valve, at most, one-to-two valve sizes larger
than the initial intraoperative measurement of the aortic
root (20,33,35,37,40,42).

Operative details, including valve type, sizing, and rates
of concomitant procedures, were pooled (Figures S32-S39).
In the matched or adjusted studies, there were notable
procedural differences between the AAE and SAVR groups.
The patients undergoing AAE were less likely to receive
a mechanical valve (RR, 0.80; 95% CI: 0.68 to 0.93),
and required both longer cardiopulmonary bypass (MD,
21.33 min; 95% CI: 9.69 to 32.97) and aortic cross-clamp
(MD, 19.25 min; 95% CI: 10.17 to 28.33) times. In the
unmatched and unadjusted studies, patients receiving AAE
were less likely to receive both concomitant mitral valve
surgery (RR, 0.55; 95% CI: 0.39 to 0.78) and concomitant
tricuspid valve surgery (RR, 0.27; 95% CI: 0.10 to 0.73).
Implanted valve size in the AAE group was lower, but only
in the matched/adjusted studies (MD, -0.67 mm; 95%
CIL: -1.09 to -0.25). Only one matched study described
concomitant mitral and tricuspid valve surgeries, and
these were well-balanced after propensity matching (38).
Notably, there was no significant difference in the rate of
concomitant CABG observed between groups, in either
the matched/adjusted studies or the unmatched/unadjusted
studies.

Perioperative outcomes

Perioperative outcomes were also assessed via meta-analyses
(Figures S40-S55). In the unmatched and unadjusted
studies, AAE patients were less likely to have severe PPM
(GEOA <0.65 cm’/m’; RR, 0.61; 95% CI: 0.40 to 0.93),
moderate or severe PPM (defined as iEOA <0.85 cm®/m’
in most studies; RR, 0.70; 95% CI: 0.58 to 0.84), and were
at increased risk of chest reopening (RR, 1.10; 95% CI:
1.01 to 1.20). Notably, they were also at increased risk of
perioperative mortality (RR, 1.34; 95% CI: 1.02 to 1.76),
and prolonged mechanical ventilation/other respiratory
complications (RR, 1.67; 95% CI: 1.23 to 2.26). However,
when only the matched or adjusted studies were considered,
the risks of perioperative mortality (RR, 1.06; 95% CI:
0.69 to 1.61), and prolonged ventilation/other respiratory
complications (RR, 1.61; 95% CI: 0.75 to 3.47) were
not significantly higher in the AAE group. In both the
unadjusted/unmatched and the matched/adjusted studies,
there were no significant differences identified regarding

Tanaka et al. Mid-term outcomes of annular enlargement

the risk of perioperative stroke, myocardial infarction,
permanent pacemaker implantation, intensive care unit
(ICU) length of stay, hospital length of stay, deep sternal
wound infection, postoperative iEOA, moderate PPM, peak/
mean transprosthetic gradient at discharge or paravalvular
leak. The only perioperative complication that was found
to be statistically significant in the matched and adjusted
studies, was an increased risk of chest reopening in the AAE
group (RR, 1.58; 95% CI: 1.13 to 2.21). This was primarily
due to the results of Tam er 4/. (43), which accounted
for 89% of the weighting for this matched/adjusted
pooled outcome. Without the study from Tam ez al. (43),
the pooled outcome for the risk of chest reopening in
the remaining matched/adjusted studies was no longer
statistically significant (RR, 0.97; 95% CI: 0.36 to 2.65).

Assessment of primary and secondary endpoints

The only outcomes of interest with sufficient data to allow
for pooled analysis were the mid-term mortality (Figure 4),
aortic valve reintervention (Figure 5), and heart failure
(Figure 6). The other outcomes of interest were reported by
too few studies to provide meaningful pooled estimates of
effect (Figures S56-S61).

Mid-term mortality was reported by nine studies with
matched groups or adjusted outcomes (21,34,36-38,41-44)
and six studies without matching or adjustment
(12,20,33,35,39,40). The unmatched/unadjusted cohorts
within six of the studies with matching/adjustment were also
available and were included in the synthesis of unmatched/
unadjusted studies (21,36,37,42-44). Of note, the study
by Tam and colleagues yielded an independent secondary
cohort, SAVR with CABG both with and without AAE,
that contained both matched/adjusted and unmatched/
unadjusted outcome data for mid-term mortality (43). The
estimates from the primary and secondary cohorts were
combined in the pooled analyses for mid-term mortality.
The study by Mehaffey and colleagues, with a median
follow-up of 3.3 years, provided two separate HRs for mid-
term mortality, up to 3 years of follow-up, and greater than
3 years of follow-up (21). As the primary interest of the
review was mid-term mortality, we elected to consolidate
the two HRs into an average HR. Importantly, the pooled
HR was unchanged when the two HRs were replaced by the
average HR. Overall, there was no significant difference in
the mid-term mortality observed between groups in either
the unmatched/unadjusted (HR, 0.91; 95% CI: 0.80 to 1.03;
P=0.12; ’=63%) or matched/adjusted (HR, 1.03; 95% CI:
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Hazard/Incident Rate Ratio

Study or group log[t Rate Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Rand 95% CI
1.56.1 Matched or Adjusted Observational Studies
Sommers (4.2 y [10y KM, RoM]) 1997 0.2776 04205 94 94 09% 1.32(0.58,3.01]
Kulik (5.2 ¥ 5.1 y [HR]) 2008 0.0583 0.2254 172 540  31% 1.06 [0.68, 1.65] . Re—
Okamoto (4.6 v 4.2y [5y KM]) 2016 -0.2336 0.3234 58 58 1.6% 0.79(0.42,1.49] e
Okamoto (4.6 v 4.2y [10y KM]) 2016 -1.1541 1.5974 58 58 0.0% 0.32(0.01,7.22]
Haunschild (3.1y, [5y KM]) 2019 0.2175 0.2426 169 169  2.7% 1.24(0.77,2.00] =
Chauvette (redo; 6.4y [HR]) 2020 -0.3711 03391 il 104 1.4% 0.69[0.35,1.34] —
Tam (no CABG; [8y KM; HR]) 2020 0.2107 0.1566 809 809 0.0% 1.23(0.91, 1.68]
Tam (yes CABG, [8y KM; HR]) 2020 -0.0305 0.1601 525 525 0.0% 0.97[0.71,1.33]
Tam ([8y KM; HR]) 2020 01158 0.158 1334 1334 6.1% 1.12[0.82,1.53] i pne—
Mehaffey (3.3 v 3.4y, [s3y HR]) 2021 0.0953 0.0393 5412 183856 39.1% 1.10[1.02,1.19] el
Mehaffey (3.3 v 3.4y [=3y HR]) 2021 -0.0619 0.0406 5412 183856 38.2% 0.94[0.87,1.02] i
Mehaffey (3.3 v 3.4y, average) 2021 0.0167 0.0565 5412 183856  0.0% 1.02(0.91,1.14]
Shih (1 ¥ 2.1y [y KM]) 2022 01503 0.8521 54 162 0.2% 1.16[0.22,6.17) ¢ +
Yousef (4.1 y [HR]) 2023 0.0862 0.1503 131 2240 6.6% 1.09[0.81,1.46] —p—
Subtotal (95% ClI) 12857 372413 100.0% 1.03[0.95,1.11] <
Heterogeneity: Tau®= 0.00; Chi*=11.31, df= 8 (P = 0.25); F= 20%
Test for overall effect: Z= 0.69 (P = 0.49)
1.56.2 Unmatched/Unadjusted Observational Studies
Sommers (4.2 y [10y KM, RoM]) 1997 -0.1452 0.2842 98 432 41% 0.86 [0.50,1.51] ——y
Sakamoto (St. Jude only [10y KM, RoM]) 2006 -0.4339 06723 24 104  0.0% 0.65[0.17,2.42]
Sakamoto ([10y KM]) 2006 -0.5276 0.4117 24 157 22% 059(0.26,132) ¥—————————
Kulik (5.2v 5.1 y [HR]) 2008 -0.1744 02109 172 540 B5% 0.84 [0.56,1.27] —
Penaranda (5.2 v 4.3y [Sy KM]) 2014 -0.1738 0.1386 30 87 10.7% 0.84[0.64,1.10] I
Prifti (6.75y [Sy KM]) 2015 1.3622 1.1348 35 20 03% 3.90(0.42,36.10]
Beckman (4.4 v 2.9y [Sy KM, events]) 2016 -0.5707 0.4488 36 92 1.9% 0571023130 —————|——
Correia (7.5v 7.4y [10y KM]) 2016 -0.0526 0.1591 239 767  9.2% 0.95(0.69, 1.30] —
Correia (7.5v 7.4y [15y KM]) 2016 0.0382 0.1156 239 767  0.0% 1.04[0.83,1.30]
Haunschild (3.1y, [5y KM]) 2019 -0.1846 0.4964 17 3943 1.5% 0.83(0.31,2.20]
Tam (no CABG; [8y KM]) 2020 -0.2388 0.1269 850 8764 0.0% 0.79(0.61,1.01]
Tam (yes CABG; [8y KM]) 2020 -0.1697 0.073 546 6947 0.0% 0.84(0.73,0.97]
Tam ([8y KM]) 2020 -0.2085 0.1067 1396 15711 13.5% 0.81 [0.66, 1.00] =
Mehaffey (3.3 v 3.4y, [s3y HR]) 2021 0.131 0.0335 5412 183856 20.3% 1.14[1.07,1.22] -
Mehaffey (3.3 v 3.4y [=3y HR]) 2021 -0.0943 0.0419 5412 183856 19.7% 0.91[0.84,0.99] =
Mehaffey (3.3 v 3.4y, [5y KM, RoM) 2021 0.0566 0.0414 5412 183856  0.0% 1.06(0.98,1.15]
Rao ([5y KM]) 2023 -0.2165 0.2931 90 512 3.9% 0.81[0.45,1.43] —_—
Yousef (4.1 y [HR]) 2023 -0.1393 0.2161 131 2240 6.2% 0.87(0.57,1.33] S
Subtotal (95% CI) 13246 392219 100.0% 0.91[0.80, 1.03] <>
Heterogeneity: Tau?= 0.02; Chi*= 32.44, df=12 (P = 0.001); F=63%
Testfor overall effect: Z=1.54 (P=0.12)
05 07 15 2

. ; AAE+SAVR Lower AAE+SAVR Higher

Test for subaroup differences: Chi*= 2.77. df=1 (P=0.10). F= 63.9%

Figure 4 Meta-analysis for mid-term mortality. Mean duration of follow-up in round brackets for AAE + SAVR vs. SAVR groups; method
used to calculate hazard ratio or incident rate ratio in square brackets. The <3 and >3 years HRs provided in Mehaffey et al. were replaced
with an average HR as the pooled HR is essentially unchanged. AAE, aortic annular enlargement; SAVR, surgical aortic valve replacement;
SE, standard error; IV, inverse variance; CI, confidence interval; KM, Kaplan-Meier; HR, hazard ratio; CABG, coronary artery bypass graft;

RoM, ratio of means.

AAE+SAVR SAVR

Hazard/Incident Rate Ratio

Hazard/Incident Rate Ratio

Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total _ Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.65.1 Matched or Adjusted Observational Studies

Tam (no CABG; [8y KM; HR]) 2020 -0.1054 0.3536 809 809 13.9% 0.90[0.45, 1.80)

Mehaffey (3.3 v 3.4y; [HR]) 2021 -0.0101 0.1423 5412 183856 86.1% 0.99(0.75,1.31)

Subtotal (95% CI) 6221 184665 100.0% 0.98 [0.75, 1.27]

Heterogeneity: Tau®= 0.00; Chi*= 0.06, df=1 (P = 0.80); F= 0%

Test for overall effect. Z= 0.18 (P = 0.86)

1.65.2 j Ol i Studies

Sakamoto (St. Jude only [1 v 0 reintervent]) 2006 25491 16175 24 104 0.0% 12.80 [0.54, 304.70]

Sakamoto ([1 v 1 reinterventions]) 2006 1.8782 1.3971 24 157 0.8% 6.54[0.42,101.14]

Prifti (6.75y [3 v 0 reinterventions]) 2015 1.3968 1.4862 35 20 07% 4.04[0.22,74.42] ¢ p:
Tam (no CABG; [8y KM]) 2020 -0.2666 0.3306 850 8764 14.7% 0.77[0.40, 1.46) S Fe—

Mehaffey (3.3 v 3.4y, [HR]) 2021 0.0953 0.1472 5412 183856 73.9% 1.10[0.82,1.47) —ii—

Shih (1v2.1y[0v 2 reinterventions]) 2022 1.8366 1.5492 54 814 07% 6.28[0.30,130.71) + +
Rao ([5y KM]) 2023 0.1495 1.0812 90 512 1.4% 1.16[0.14,9.67)

Yousef (4.1 y [5 v 76 reinterventions]) 2023 01177 04529 131 2240 7.8% 1.12(0.46,2.73)

Subtotal (95% CI) 6596 196363 100.0% 1.08 [0.85, 1.39] <

Heterogeneity: Tau®*= 0.00; Chi*= 4.85, df= 6 (P = 0.56), F=0%

Test for overall effect: Z= 0.64 (P = 0.53)

Testfor subaroup differences: Chi*= 0.32, df=1 (P=0.57). F= 0%

05 07 15 2
AAE+SAVR Lower AAE+SAVR Higher

Figure 5 Meta-analysis for aortic valve reintervention. Mean duration of follow-up in round brackets for AAE + SAVR vs. SAVR groups;
method used to calculate hazard ratio or incident rate ratio in square brackets. Tam ez al., Mehaffey er al., and Rao et al. provided hazard
ratios, and Shih et 4/. provided group-specific follow-up. For Sakamoto et 4l., Prifti ez al., and Yousef et 4l., where no group-specific follow-up
or hazard ratio was provided, equal follow-up was assumed to calculate incident rate ratios. AAE, aortic annular enlargement; SAVR, surgical
aortic valve replacement; SE, standard error; IV, inverse variance; CI, confidence interval; CABG, coronary artery bypass graft; KM, Kaplan-
Meier; HR, hazard ratio.
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AAE+SAVR
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SAVR Hazard/Incident Rate Ratio Hazard/incident Rate Ratio

Study or logll Rate Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.72.1 Matched or Adjusted Observational Studies
Kulik (5y;NYHA llI-IV or CHF montality, [HR]) 2008 -0.5108 03741 172 540 7.0% 0.60[0.29,1.29) =
Okamoto (4.6 v 4.2y, 2v 1 patients) 2016 05892 1.2247 58 58  07% 1.80(0.16,19.88] +
Tam (no CABG,CHF Hospitalization;[8y KM; HR]) 2020 0.2776 0.185 809 809 224% 1.32(0.92,1.90] ! [
Mehaffey (3.3y; CHF Hospitalization; [HR]) 2021 0.0392 0.0367 5412 183856 69.8% 1.04[0.97,1.12) =
Subtotal (95% Cl) 6451 185263 100.0% 1.06 [0.86, 1.30]
Heterogeneity: Tau®= 0.01; Chi*= 4.01, df= 3 (P = 0.26), F= 25%
Test for overall effect: Z= 0.56 (P = 0.58)
1.72.2 Unmatched/Unadjusted Observational Studies
Kulik (8y;NYHA llI-IV or CHF mortality, [HR]) 2008 0 0.3268 172 540  23% 1.00(0.53, 1.90] —
Tam (no CABG,CHF Hospitalization;[8y KM]) 2020 0.153 12.2093 821 8506 0.0% 1.17[0.00, 2.878E10]
Mehaffey (3.3y; CHF Hospitalization; [HR]) 2021 0.0953 0.05 5412 183856 97.4% 1.10 [0.998,1.21] .
Rao (all 5y,NYHA llI-IV(all lll);[2 v 4 pts]) 2023 0.4484 0.866 38 119 0.3% 1.57[0.29, 8.55)
Subtotal (95% CI) 6443 193021 100.0% 1.10[1.00, 1.21] <>
Heterogeneity: Tau*= 0.00; Chi*= 0.25, df=3 (P=0.97), F= 0%
Test for overall effect: Z=1.91 (P = 0.06)

05 0.7 15 2

Test for subaroup differences: Chi*= 0.10, df=1 (P = 0.75), F= 0%

AAE+SAVR Lower AAE+SAVR Higher

Figure 6 Meta-analysis for heart failure. Mean duration of follow-up in round brackets for AAE + SAVR vs. SAVR groups; method used to

calculate hazard ratio or incident rate ratio in square brackets. AAE, aortic annular enlargement; SAVR, surgical aortic valve replacement;

SE, standard error; IV, inverse variance; CI, confidence interval; NYHA, New York Heart Association; CHEF, congestive heart failure; HR,

hazard ratio; CABG, coronary artery bypass graft; KM, Kaplan-Meier; pts, patients.

0.95 to 1.11; P=0.49; ’=20%) studies.

Unmatched/unadjusted aortic valve reintervention was
reported by seven studies (12,20,21,40,41,43,44). Two of
the seven studies also reported matched or adjusted results
(21,43). There was no significant difference in aortic valve
reintervention observed between groups in either the
unmatched/unadjusted studies (HR, 1.08; 95% CI: 0.85 to
1.39; P=0.53; I’=0%) or the matched/adjusted studies (HR,
0.98;95% CI: 0.75 to 1.27; P=0.86; '=0%).

Unadjusted/unmatched congestive heart failure was
reported by four studies (12,21,37,43). Three of the four
studies also reported matched or adjusted results (21,37,43),
along with another study that reported only propensity-
matched results (38). There was no significant difference
in heart failure observed between groups in either the
unmatched/unadjusted studies (HR, 1.10; 0.998 to 1.21;
P=0.06; ’=0%) or the matched/adjusted studies (HR, 1.06;
95% CI: 0.86 to 1.30; P=0.58; I'=25%).

The overall quality of evidence for each outcome of
interest was assessed using the GRADE methodology and
is presented in the summary of findings table (Tuble 4)
(24,25). For both mid-term mortality and aortic valve
reintervention, the quality of evidence was low and very
low in the matched/adjusted and the unmatched/unadjusted
subsets, respectively. For heart failure, the quality of
evidence was very low in both the matched/adjusted and the
unmatched/unadjusted subsets. In the case of the matched
or adjusted subsets, their ratings resulted from the inherent
limitations of unblinded and non-randomized study
designs. While for the unmatched and unadjusted subsets,

the serious and critical risk of bias associated with multiple
included studies warranted an additional downgrade to very
low-quality evidence. Importantly, the matched/adjusted
subset for heart failure was also downgraded to very low
quality due to the presence of studies at serious and critical
risk of bias (1able 4 and Table S2).

Sensitivity analyses

Sensitivity analyses were performed to assess the impact
of the Rao 2023 study (12), the inclusion of concomitant
procedures, and the studies at various risk of bias levels
(1ables 5,6 and Figures S62,563). The sensitivity analyses
were limited to mid-term mortality and aortic valve
reintervention, as there were too few included studies in
the heart failure outcome to warrant additional hypothesis
testing. The pooled results for both mid-term mortality
and aortic valve reintervention did not differ with regards
to the presence or absence of the Rao 2023 study (12),
concomitant procedures, or the removal of either studies
only at critical risk of bias or studies at both serious and
critical risk of bias.

Discussion

As is consistent with the current understanding of AAE
procedures, the results of this meta-analysis attest to their
perioperative safety. The findings of no increased risk of
perioperative mortality, myocardial infarction, permanent
pacemaker implantation, or stroke when AAE is performed
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Table 4 GRADE summary of findings table for pooled mid-term mortality, aortic valve reintervention, and heart failure outcomes

199

Outcome SAVR + SAVR Studies Pooled estimate, P value Heterogeneity GRADE
AAE group group HR (95% ClI) (1® quality

Mid-term mortality —matched or adjusted 7,445 188,557 9* 1.03 (0.95,1.12) 0.45 20% Low?*

Mid-term mortality —unmatched/unadjusted 7,834 208,363 12* 0.91(0.80,1.03) 0.12 63% Very low®”

Aortic valve reintervention—matched or 6,221 184,665 2 0.98 (0.75,1.27) 0.86 0% Low?

adjusted

Aortic valve reintervention—unmatched/ 6,596 196,363 7 1.08 (0.85,1.39) 0.53 0% Very low®”

unadjusted

Heart failure—matched or adjusted 6,451 185,263 4 1.06 (0.86, 1.30) 0.58 25% Very low™”

Heart failure —unmatched/unadjusted 6,443 193,021 4 1.10 (0.998, 1.21) 0.06 0% Very low®”

GRADE Working Group grades of evidence—high quality: further research is very unlikely to change our confidence in the estimate of
effect; moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate; low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely
to change the estimate; very low quality: we are very uncertain about the estimate. ¢, quality limited by the absence of randomized and
blinded study designs; °, quality limited by the inclusion of studies at critical risk of bias; *, separate estimate from a secondary cohort of
Tam et al. counted as the same study. GRADE, Grading of Recommendations Assessment, Development and Evaluation; SAVR, surgical
aortic valve replacement; AAE, aortic annular enlargement; HR, hazard ratio; Cl, confidence interval.

in appropriately matched patients, align with the previous
work of Yu er /. (14) and S4 er al. (15). Similarly, this
synthesis is aligned with the previous work of Yu ez al. (14)
and Si et 4l. (16) that did not demonstrate a difference in
mid-term mortality in appropriately matched patients.
However, this review is the first to describe the mid-term
risks of aortic valve reintervention and heart failure after
AAE. It is also the first synthesis to identify an increased
risk of chest reopening after AAE procedures that were
present within matched groups. This finding was primarily
driven by the increased risk of chest reopening in the
secondary cohort of one study, i.e., SAVR with CABG with
or without AAE (43). While Tam ez 4l. (43) have theorized
that this may have been due to the addition of AAE to
a more complex operation, i.e., SAVR with CABG, this
finding warrants further exploration, ideally through well-
matched comparative studies with detailed descriptions of
concomitant procedures.

Despite the increasing use of AAE during SAVR, there
remains a paucity of long-term data concerning the impact
of AAE on SAVR. For the studies that do have a mid-term
follow-up, the reported outcome domains are sparse, with
only enough data at this time to derive pooled estimates
for all-cause mortality, aortic valve reintervention, and
heart failure. A few of the many mid- and long-term
outcomes that can factor into the decision to perform an

AAE include cardiac mortality, stroke, and structural valve
deterioration. Outcomes such as these are not available
to patients and their surgeons in the context of AAE. At
best, there is indirect evidence of the long-term viability
of AAE procedures. When performed in high-volume
centers of expertise or examined in syntheses (14,15)
with appropriate adjustment to account for meaningful
differences in baseline risks between patient populations,
there appears to be no added perioperative morbidity or
mortality due to AAE (8,12-15). When these procedures
are successfully performed, the iEOA is either restored
to that of a comparator group with a native annulus that
can accommodate the same valve size without requiring
augmentation, or the annular enlargement cohort exceeds
the iEOA of a comparator group that received a valve that
was sized too small relative to their BSA. Given the growing
understanding of the risks posed by PPM, i.e., increased
risk of mortality (2,3), heart failure rehospitalization (2,3),
and aortic valve reintervention (3), a successful AAE cohort
would be expected to either reach the equivalent survival
to a comparator group with an appropriately sized valve or
superior survival versus one with significant PPM.

The overall literature regarding AAE is poorly defined.
Most studies do not report preoperative aortic annular
dimensions, including the high-powered database studies
that are often limited in that they lack the granularity of
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Table 5 Sensitivity analyses for subgroup differences in mid-term mortality
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Mid-term mortality RR (95% Cl) N Interaction P value
Matched/adjusted studies
Primary analysis 1.03 (0.95, 1.11) 9
Subgroup analyses: risk of bias
Moderate vs. serious/critical 1.05 (0.80, 1.38) vs. 1.03 (0.93, 1.14) 3vs. 6 0.89
Moderate/serious vs. critical 1.03 (0.94, 1.13) vs. 1.06 (0.68, 1.65) 8vs. 1 0.90

Subgroup analysis: concomitant procedures
Yes vs. not reported vs. no
Unmatched/unadjusted studies

Primary analysis 0.91 (0.80, 1.03)

1.02 (0.92, 1.13) vs. 0.91 (0.49, 1.71) vs. 1.16 (0.94, 1.43) 5vs. 2vs. 3 0.51 (0.28%)

Subgroup analyses: excluding Rao 2023 (reported only unmatched/unadjusted data)

Excluding Rao 2023 vs. Rao 2023 only
Subgroup analyses: risk of bias
Moderate vs. serious/critical
Moderate/serious vs. critical
Subgroup analysis: concomitant procedures

Yes vs. not reported vs. no

0.91 (0.80, 1.04) vs. 0.81 (0.45, 1.43)

0.81 (0.66, 1.00) vs. 0.99 (0.91, 1.08)
0.92 (0.80, 1.06) vs. 0.85 (0.69, 1.06)

12

11vs. 1 0.69
1vs. 11 0.08
6vs. 6 0.55

0.92 (0.81, 1.04) vs. 0.76 (0.48, 1.21) vs. 0.81 (0.65, 1.00) 9vs. 2vs. 2  0.50 (0.31%)

All studies (prioritizing matched/adjusted if unmatched/unadjusted also reported)

Primary analysis (all studies) 1.00 (0.92, 1.08)

Subgroup analyses: risk of bias
Moderate vs. serious/critical
Moderate/serious vs. critical
Moderate vs. serious vs. critical

Subgroup analysis: concomitant procedures

Yes vs. not reported vs. no

1.05 (0.80, 1.38) vs. 0.99 (0.90, 1.09)
1.02 (0.93, 1.11) vs. 0.88 (0.72, 1.08)

15
3vs. 12 0.67
8vs. 7 0.21

1.05 (0.80, 1.38) vs. 1.02 (0.91, 1.13) vs. 0.88 (0.72,1.08) 3vs.5vs. 7 0.44

0.99 (0.90, 1.08) vs. 0.79 (0.50, 1.25) vs. 1.16 (0.94, 1.43) 10vs. 3vs. 3 0.23 (0.17%

*, interaction P value for yes vs. no concomitant procedures only (i.e., excluding studies in which concomitant procedures were not

reported). RR, relative risk; Cl, confidence interval.

individual patients’ echocardiographic data. Matching
patients in the annular enlargement and comparator groups
by their native aortic annular dimensions is also rarely
described. As such, it is rarely possible to determine whether
the expected outcome is for the annular enlargement
cohort to reach equivalence to an appropriately sized
comparator or exceed the performance of a group with a
significant PPM. The decision of when to perform AAE
is similarly unclear. Although the adverse effects of PPM
continue to be recognized, most studies either do not list

objective decision-making criteria, such as predicted PPM,
or when they do, they qualify the criteria with the decision
remaining subject to surgeon discretion. When even the
best available studies are subjected to this uncertainty, the
possibility of unmeasured known and unknown confounders
multiplies. The finding that patients undergoing AAE are
less likely to receive mechanical valves within the matched
and adjusted studies is perhaps a signal that alternate means
of avoiding the unfavorable hemodynamics of a mismatched
bioprosthesis are being employed in comparator groups,
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Table 6 Sensitivity analyses for subgroup differences in aortic valve reintervention
Aortic valve re-intervention RR (95% Cl) N Interaction P value

Matched/adjusted studies

Primary analysis 0.98 (0.75, 1.27) 2
Unmatched/unadjusted studies
Primary analysis 1.08 (0.85, 1.39) 7
All studies (prioritizing matched/adjusted if unmatched/unadjusted also reported)
Primary analysis (all studies) 1.03 (0.80, 1.31) 7
Subgroup analyses: excluding Rao 2023 (reported only unmatched/unadjusted data)
Excluding Rao 2023 vs. Rao 2023 only 1.03 (0.80, 1.31) vs. 1.16 (0.14, 9.67) 6vs. 1 0.91
Subgroup analyses: risk of bias
Moderate vs. serious/critical 1.832 (0.29, 6.04) vs. 1.03 (0.79, 1.34) 2vs. 5 0.75
Moderate/serious vs. critical 1.00 (0.78, 1.28) vs. 2.58 (0.60, 11.01) 4vs. 3 0.21

Moderate vs. serious vs. critical
Subgroup analysis: concomitant procedures

Yes vs. not reported vs. no

1.01 (0.76, 1.32) vs. 6.54 (0.42, 101) vs. 1.04 (0.61, 1.78)

1.32 (0.29, 6.04) vs. 1.00 (0.77, 1.31) vs. 2.58 (0.60, 11.01) 2vs. 2vs. 3 0.43

3vs. 1vs. 3 0.41(0.92%

*, interaction P value for yes vs. no concomitant procedures only (i.e., excluding studies in which concomitant procedures were not

reported). RR, relative risk; Cl, confidence interval.

thereby diminishing the potential benefits seen with AAE
procedures. Finally, the definition of a successful AAE is
equally uncertain. In the rare studies where the annular
increase is reported, it is often conservative, with one to
two valve sizes at most (20,33,35,37,40,42). With new
techniques (8,61) yielding annular enlargement to the extent
of three to five valve sizes, one must wonder whether a
single valve size increase is enough, and whether the studies
that do not report their annular dimensions are achieving
any annular increase at all. An illustration of this technical
variability can be seen wherein patients undergoing AAE in
the matched or adjusted studies were more likely to receive
a smaller valve size. Importantly, the same AAE methods
were described in both subsets. Despite the numerous
techniques described for AAE, their central principle is
the alleviation of PPM, and it is this principle that is often
unable to be assessed within the existing literature.

There are inherent methodologic limitations within
this systematic review. Firstly, all the included studies
were non-randomized, leaving a significant possibility of
confounding, particularly with regard to the selection of
patients undergoing AAE. While some studies reported
mid-term secondary outcome data for stroke, structural

valve deterioration, non-structural valve dysfunction,
infective endocarditis, or major bleeding, they lacked the
specificity in terms of the outcome descriptions and the
requisite breadth of data across the dataset to be able to
enter quantitative syntheses. As the included studies were
published from 1997 to 2023, there is additionally an era
effect that can be expected in terms of both the evolution of
prosthetic aortic valve technologies, as well as the surgical
volumes and technical developments with the various AAE
techniques at both the center and surgeon levels.

The quality of available observational studies remains
poor and randomized trials are unlikely. Collaborative
multicentre prospective studies with clear decision-making
criteria for AAE and # priori determined benchmarks of
technical success, including the number of valve sizes
gained, and the expected post-operative transprosthetic
gradients, would be able to better assess the impact of AAE
procedures on the long-term outcomes of SAVR. It is likely
that the exact technique of AAE is less important than the
successful upsizing of the prosthetic valve and avoidance
of PPM. With regards to propensity matching, selecting
comparator patients based on preoperative annular size may
yield a much more informative comparison than matching
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based on the size of the prosthetic valve implanted. Patients
matched by implanted valve size would also likely be
matched to BSA, and thus would not be expected to have
a meaningful difference in PPM, a potential driver of their
mid- and long-term outcomes (2,3).

Conclusions

Despite the variability in technical success amongst the
studies reviewed and inherent issues with generalizability
from single-center, non-randomized, observational studies,
particularly those that select patients for AAE without
formal criteria, AAE remains an important technique to
address the challenge of SAVR in the small aortic root.
SAVR with AAE does not appear to be associated with
increased perioperative morbidity or mortality. There is
no conclusive indication that AAE enhances mid-term
survival, freedom from reoperation after SAVR, or freedom
from heart failure. When considering mid- to long-term
outcomes, it is important to consider what the definition
of success would be for AAE procedures. It is critical to
be able to understand whether an AAE has succeeded in
alleviating PPM, and what the natural history of a particular
comparator group is, to contextualize the technical
innovations and refinements of AAE to come.
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Mortality
Cardiac Mortality
SVD
IE
Major Bleeding
Stroke
CHF
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Unmatched/Unadjusted Observational Studies
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AoV Reintervention

Mortality

AoV Reintervention

SVD
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Non-Structural Dysfunction

Non-Structural Dysfunction

Valve Thrombosis
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Major Anticoagulant-Related Hemorthage
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Rao 2023

Valve Thrombosis
NYHA 11-IV
1E
Major Anticoagulant-Related Hemorthage
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Beckmann | 2016 Mortality Mortality
Cormreia | 2016 Mortality Mortality
Mortality Mortality
Priiti 2015
AoV Reintervention AoV Reintervention
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Reoperation**
Prosthetic Valve IE
Thromboembolism

Sakamoto 2006

Figure S1 ROBINS-I assessment for all reported outcomes within each of the included studies.

Reoperation**
Prosthetic Valve IE
Thromboembolism

Legend for ROBINS-I assessment: L, low risk of bias; M, moderate risk of bias; S, serious risk of bias; C, critical risk of bias; NI, no

information.

Abbreviations: AoV, aortic valve; CHE, congestive heart failure; IE, infective endocarditis; NYHA, New York Heart Association functional

class; PVL, paravalvular leak; SVD, structural valve deterioration.

* Distinct secondary cohort reported within the same publication.

** Long-term reoperation outcome was assumed to be related to aortic valve reintervention.
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Figures S2-S31. Meta-analyses for baseline characteristics

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Matched or Adjusted Observational Studies
Okamoto 2016 7i4 118 58 747 8.5 58 4.1% -1.30 [-9.06, 2.48] —
Haunschild 2015 67.48 10 169 B7.58 el 169 14.0% -0.10[F2.13,1.83] 1
Chauvette {redo) 2020 63 14 21 63 14 104 1.3% 0.00 [-6.56, f.56]

Tam {no CABG) 2020 G557 1236 809 6548 13.38 809 0.0% 0.08[1.17,1.35]
Tam {yes CABG) 2020 7212 88 525 7236 BEB 525 00%  -0.24[-1.30,082)

Tarm 2020 6815 111 1334 BBA9 1178 1334 765% -0.04[-0.91,083 -
Shih 2022 6302 1263 54 6404 10.84 162 41%  -1.02[4.78,274 ——
Subtotal (95% CI) 1636 1827 100.0%  -0.14 [-0.90, 0.62] &>

Heterogeneity: Tau®= 0.00; Chi*= 0.63, df=4 {P = 0.96); F=0%
Testfor overall effect Z=036 (P=072)

1.1.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 B4 13 ek} G4 12 4327 AT% 0.00[F2.81,2.81] 1
Kulik 2008 G668 123 172 681 118 540 77%  -230[4.39,-0.21) —
Penaranda 2014 853 32 30 853 28 87 10.4% 0.00 [1.27,1.27] I

Prifti 2015 B7.6 10 35 6975 7.4 200 28%  -215[6.79,2.49]  —
Eeckmann 2016 63 13 36 715 11 92 27% -850F13.30,-370) 44—

Correia 2016 0.4 125 239 689 9.8 TG 898% 0.50[-1.22,2.22] -1
Okamaota 2018 734 119 58 728 a6 531 5.0% 0.60[-2.55,3.74] I —
Haunschild 2019 67.4 10 171 6B 11 3949 95%  -1.50[3.04,004] I

Tam {no CABG) 2020 BA.E4 1224 B850 B354 1168 a4 00%  -290[3.76 -2.04
Tamiyes CABG) 2020  71.97 9.04 546 7366 BEE 6947 00%  -1.68[2.47 -0.91]

Tam 2020 G212 111 1386 708 1042 158711 125% -2.68[3.28 -2.08) -
Mehaffey 2021 7h T h412 76 7183856 131%  -1.00[-1.19,-0.81] -
Shih 2022 6392 12.63 54 BE13 119 B14  44%  -2.21[568,1.26) —
Rao 2023 67.9 7.2 90 68.3 a4 812 90%  -1.40[3.08,028 /T
Yougel 2023 62 1M 1A o] 12 2240 81%  -B.00[-7.95 -4.08) I

Subtotal (95% CI) 7922 209551 100.0% -1.72[-2.61,-0.82] <

Heterageneity: Tau®=1.58; Chi®=70.25 df=12 (P < 0.00001}; F= 83%
Test for averall effect =3 76 (P = 0.0002)

I
-0 -5 i 10
AAE+SAVR Lower AAE+SAVR Higher

Test for subaroup differences: Chi®= 6.94, df=1 (P = 0.008), "= 85.6%

Figure S2 Forest plot for age at time of operation (years).

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Matched or Adjusted Observational Studies
Okamoto 2016 11 58 (A 58 1.1% 1.00[0.47, 2.13]
Haunschild 2019 57 169 a7 169 T7.0% 1.00[0.74, 1.38] 1
Chauvette {reda) 2020 [ 21 44 104 1.2% 0.68[0.33,1.38] -1
Tam tho CABG) 2020 350 209 349 209 0.0% 0.97 [0.87, 1.09]
Tam (yes CABG) 2020 241 525 244 535 0.0% 0.99 [0.87,1.13]
Tam 2020 581 1334 603 1334 879% 0.98 [0.90, 1.07] .
Shih 2022 16 54 47 162 2.8% 1.02 [0.63, 1.64] D S
Subtotal {(95% CI) 1636 1827 100.0% 0.98 [0.90, 1.06] L
Total events 681 TE2

Heterogeneity Tau®= 0.00; Chi*=110,df= 4 (P =0.89); F=0%
Test for overall effect Z=0.54 (P = 0.59)

1.2.2 Unmatched/Unadjusted Observational Studies

Heterogeneity: Tau®=0.03; Chi®= 86.99, df=12 (P = 0.00001), F= 86%
Testfor overall effect 2= 5.14 (P =< 0.00001)

Sommers 1997 54 98 a8 432 11.2% 0.683[0.52,0.76] -

Kulik 2008 53 172 136 540 B.8% 1.22[0.94,1.60] T

Fenaranda 2014 4 30 2 a7 0E6% 5.80[1.12,30.08] _—
Prifti 2015 3] 34 2 20 07% 1.71[0.38,7.71] >
Eeckmann 2016 B 36 17 92 1.9% 0.901[0.39,2.10]

Correia 2016 44 239 a2 TET  7.3% 1.53[1.10,2.13] -

Okamoto 2016 11 58 268 531 4.0% 0.38[0.22, 0.64] -

Haunschild 2019 57 17 2274 3949 10.3% 0.58[0.47,0.72] I

Tam {no CABG) 2020 387 @80 5137 8764 0.0% 0.74 [0.68,0.80]

Tam iyes CABG) 2020 00 546 5121 6947 0.0% 0.75 [0.69, 0.81]

Tam 2020 BET 1398 10288 16711 14.2% 0.73[0.69,0.77] -

Mehaffey 2021 2163 5412 113896 183856 14.5% 0.64 [0.62, 0.67] -

Shih 2022 16 54 549 414 57% (0.44[0.29, 0.68] —

Rao 2023 56 a0 401 512 116% 0.79[0.67,0.94] -

fousef2023 a2 13 1425 2240 8.2% 0.50[0.39, 0.65] I

Subtotal (95% CI) 7922 209551 100.0% 0.72 [0.63, 0.81] L g

Total events 317y 129793

0z [ 2 5
AAE+SAVR Lower AAE+SAVR Higher

Test for subaroup differences: Chi*=16.54, df=1 (P < 0.0001), = 94.0%

Figure S3 Forest plot for male sex.
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AAE+SAVR SAVR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.3.1 Matched or Adjusted Observational Studies

Okarnoto 2016 145 016 58 1.38 016 58 16.3% 0.07 [0.01,0.13] e —
Haunschild 20149 1.9 02 169 1.9 02 169  251% 0.00 [0.04, 0.04] —

Tam ino CABG) 2020 192 027 809 1.91 026 809 0.0% 0.01 [-0.02, 0.04]
Tam {yes CABG) 2020 194 024 525 194 025 525 0.0% 0.00[-0.03,0.03]

Tam 2020 193 026 1334 192 026 1334 496% 0.01 [0.01, 0.03]
Shih 2022 1.89 028 54 191 025 162 9.0% -0.02[0.10,0.08]
Subtotal (95% Cl) 1615 1723 100.0% 0.01 [-0.01, 0.04]

Heterogeneity: Tau®= 0.00; Chi*=4.71, df= 3 (P=0.19), F= 36%
Test for overall effect: Z=1.06 (P =0.29)

1.3.2 Unmatched/Unadjusted Observational Studies

Sommers 1897 1.79 022 98 1.83 019 432 93%  -0.04[-0.09,001] EE—
Penaranda 2014 1.75 0135 30 1.63 018 87 6.8% 0.12([0.05 0149]

Prifti 2015 1.68 016 35 167 02 20 3.8% 0.01 [0.09, 0.11] -
Beckmann 2016 18 02 36 18 02 92 5E6% 0.00[-0.08, 0.08] -1
Correia 2016 149 015 239 147 013 TEY  136% 0.02 [-0.00,0.04] =
Okamoto 2016 1.45 016 58 1.48 017 431 9.9%  -0.03[0.07, 0.01] -
Haunschild 20189 19 02 171 19 02 3949 121% 0.00 [-0.03, 0.03] I

Tam ino CABG) 2020 195 025 850 196 026 8764 0.0%  -0.01[0.03, 0.01]
Tam {yes CABG) 2020 196 026 546 195 025 6947 0.0% 0.01 [0.01, 0.03]

Tam 2020 195 025 1396 1.96 026 15711 146%  -0.01 [0.02, 0.00] -

Shih 2022 1.89 028 54 203 024 814 57%  -014[022-008) ——

Rao 2023 20 40 2 022 812 9.3% 0.00 [-0.05, 0.05] I
Yousef 2023 199 027 131 203 027 2240 93%  -0.04[0.08,0.01] T
Subtotal (95% Cl) 2338 25155 100.0%  -0.01 [-0.03, 0.01] <

Heterogeneity: Tau?= 0.00; Chi*= 37.48, df= 10 (P < 0.0001); F= 73%
Testfor overall effect Z=073(P=047)

0.2 -0.1 0 0.1 02
AAE+SAVR Lower AAE+SAVR Higher

Test for suboroun differences: Chi®=1.63. df=1{P=0.200. F=38.8%

Figure S4 Forest plot for preoperative body surface area (m?).

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.4.1 Matched or Adjusted Observational Studies
Haunschild 2019 3 6 1g849 29 B 169 BY95% 1.00 [-0.28, 2.28] il
Chauvette (reda) 2020 281 32 21 263 71 104 305% 1.80[013,3.73] T
Subtotal (95% Cl) 190 273 100.0% 1.24 [0.18,2.31] -

Heterageneity: Tau®= 0.00; Chi*= 046, df=1 (P = 0.50), F= 0%
Test for overall effect £=2.29 (P =0.02)

1.4.2 Unmatched/Unadjusted Observational Studies

Kulik 2008 282 B4 172 273 B5 540 250% 0.90 [-0.20, 2.00] T

Penaranda 2014 279 41 a0 261 43 ar  20.2% 1.80[0.08, 3.52] =

Frifti 2015 26.4 ] i 26 & 20 135% 0.40[-2.35 3.15] T

Eeckmann 2016 24 7 36 28 4 492 149% £.00[3.50, 8.50] -
Haunschild 2019 a0 6 171 29 56 3949 264% 1.00[0.09,1.91] =

Subtotal (95% Cl) 444 4688 100.0% 1.80 [0.44, 3.16] -

Heterogeneity: Tau®=1.62; Chi*= 1517, df= 4 (P = 0.004); F=74%
Testfor overall effect Z=259 (P=0.010)

=t

-0 -5 0 5 1
) ) AAE+SAVR Lower AAE+SAVR Higher
Testfar subaroup differences: Chi*= 040, df=1 (P=0.53), F=0%

Figure S5 Forest plot for preoperative body mass index (kg/m”).
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Test for subgroup differences: Chi®=0.31, df=1 (P = 0.57), F= 0%
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Figure S7 Forest plot for chronic obstructive pulmonary disease (COPD).
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AME+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Matched or Adjusted Observational Studies
Okamoto 2016 0 58 1] 58 Mot estimable
Chauvette (redo) 2020 ] il 0 104 Mot estimable
Tam {no CABG) 2020 33 809 40 809 0.0% 0.82[0.53,1.29]
Tam {yes CABG) 2020 31 525 34 523 0.0% 0.91 [0.57, 1.46]
Tam 2020 B4 1334 74 1334 94.8% 0.86 [0.62,1.20] —.'—
Shih 2022 3 54 5 162 5.2% 1.80[0.44, 7.28] +
Subtotal {95% CI) 1467 1658 100.0% 0.90 [0.65, 1.24] -
Total events lirs 79
Heterogeneity: Tau*=0.00; Chi*=1.00, df=1 (F=032; F=0%
Testfor overall effect Z= 065 (P=0.51)
1.5.2 Unmatched/Unadjusted Observational Studies
Penaranda 2014 3] 30 11 87 549% 1.58 [0.64, 3.91]
Prifti 2015 3 35 4 20 2.8% 043[0.11,1.72 4
Carreia 2016 12 239 48 TET  10.4% 0.80[0.43, 1.49] e m—
Okamoto 2016 i 58 36 531 0.8% 012[0.01,1.99] 4
Tam {no CABG) 2020 34 Ba0 484 8764  0.0% 0.72[0.52,1.02]
Tarm {yes CABG) 2020 32 A4B 557 6947 0.0% 0.73[0.52,1.03]
Tam 2020 B6 1396 1041 18711 23.4% 0.71 [0.56, 0.81] —a
Mehaffey 2021 1137 5412 35824 183856 29.9% 1.08[1.02,1.14] bl
Shih 2022 3 54 41 314 40% 1.10[0.35, 3.45)
Rao 2023 3 90 53 512 T.0% 0.64 [0.29, 1.45] e
Yousef 2023 19 13 404 2240 159% 0.80[0.53,1.23] —
Subtotal {95% CI) 7445 204538 100.0% 0.86 [0.67, 1.10] . .u
Tatal events 12582 37462
Heterogeneity: Tau®=0.058; Chi*=19.01, df= 8 (P =0.01); F=58%
Testforoverall effect Z=1.22 (P =022

} } t }
0.z 0.5 2 ]
) ) AAE+SAVR Lower AAE+SAVR Higher
Test for subgroup differences: Chif= 005, df=1 {P=0.82), F=0%
Figure S6 Forest plot for cerebrovascular disease.

AME+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Matched or Adjusted Observational Studies
Okamoto 2016 ] a8 2 58 0.2% 0.20100.01,4.08 +
Haunschild 2019 7169 [ 169 1.6% 1.17 [0.40, 3.40]
Chauvette (redo) 2020 1 21 5 104 DA% 098012, 8.08) 4 +
Tam {no CABG) 2020 194 809 181 803 0.0% 1.07 [0.80, 1.28]
Tarm {yes CABG) 2020 121 525 128 525 0.0% 0.95[0.76,1.17]
Tam 2020 315 1334 309 1334 97.1% 1.02[0.89,1.17] l
Shih 2022 2 54 5 162 07% 1.20[0.24, 6.01]
Subtotal (95% CI) 1636 1827 100.0% 1.02 [0.89, 1.17] ‘
Total events 325 azr
Heterogeneity: Tau®=0.00; Chi*=1.22, df=4 (F=087), F=0%
Testfor overall effect Z=028 (P =0.78)
1.6.2 Unmatched/Unadjusted Observational Studies
Penaranda 2014 g 30 11 87 0.8% 211 [0.94, 4.74] b
Prifti 2014 5 35 5 20 04% 087019, 1.74]
Beckmann 2016 3 3B 5 92 0.3% 1.3 [0.39, 6.09]
Carreia 2016 16 239 44 BT 1.8% 1.17 [0.67, 2.03] —
Okamoto 2016 i 58 13 531 0.1% 0.32[0.02,5.55) 4
Haunschild 2019 T 248 3949 1.0% 0.64[0.31, 1.36] I
Tam {no CABG) 2020 205 8BS0 2044 8764  0.0% 1.03[0.91,1.17]
Tarm {yes CABG) 2020 131 546 1880 6947  0.0% 0.88 [0.76, 1.03]
Tam 2020 336 1386 3934 15711 A7.B% 0.96 [0.87, 1.06] »n
Mehaffey 2021 221 8412 TT35 183856 M T% 0.97 [0.85, 1.11] -
Shih 2022 2 a4 a0 814 0.3% 060015, 2.41]
Yousef 2023 33 1N 508 2240 549% 1.11 [0.82, 1.51] T
Subtotal (95% CI) 7562 208067 100.0% 0.98 [0.91, 1.05] *
Total events 631 12553
Heterogeneity: Tau*=0.00; Chi*=815,df =9 (F=052F=0%
Test for overall effect Z= 066 (P =0.51)
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AAE+SAVR SAVR Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 5% CI IV, Random, 95% CI
1.7.1 Matched or Adjusted Observational Studies

Okamaoto 2016 7 58 a 28 0.7% 0.881[0.34, 2.26]

Haunschild 2019 44 169 43 168 4.9% 1.02[0.71,1.47] I —
Tam {no CABG) 2020 350 BO9 343 808 0.0% 1.02[0.91,1.14]

Tam {yes CABG) 2020 274 535 260 525  0.0% 1.05[0.94,1.18]

Tam 2020 624 1334 603 1334 94.0% 1.03[0.95,1.12] -

Shih 2022 3 54 10 162 0.4% 0.80 [0.28, 3.14]

Subtotal (95% CI) 1615 1723 100.0% 1.03 [0.95,1.12] ‘

Total events 678 664

Heterogeneity: Tau*=0.00; Chi*=017, df = 3(F=0.98); F=0%
Testfor overall effect Z=0.78 (P =0.43)

1.7.2 Unmatched/Unadjusted Observational Studies

Kulik 2008 12 172 56 540 2.0% 0.67 [0.37,1.23] — —
Prifti 2015 11 35 G 20 11% 1.05[0.48, 2.40] —
Okamoto 2016 7 58 194 531 1.5% 0.33[0.18, 0.67]

Haunschild 2015 45 171 1188 3948 9.4% 087 067,112 I
Tam {no CABG) 2020 364 BE0 3956 764 0.0% 0.95[0.87,1.03]

Tam {yes CABG) 2020 287 8546 3776 6947  0.0% 0.87 [0.89, 1.08]

Tam 2020 G591 1386 7732 15711 41.5% 0.85[0.59, 1.00] :
Mehaffey 2021 1261 5412 44047 183856 44.0% 0.87 [0.93,1.02]

Shih 2022 3 54 63 814 06% 0.72[0.23,2.21]

Subtotal (95% CI) 7298 205421 100.0% 0.93 [0.85, 1.01] L
Total events 1390 53287

Heterogeneity: Tau® = 0.00; Chi*=11.590, df= 6 (P = 0.07), F= 48%
Testfor overall effect Z=1.67 (P=0.10)

02 05 2 5
AAE+SAVR Lower AAE+SAVR Higher

Testfor subgroup differences: Chif=3.09, df=1(P=0.08), F=67.7%

Figure S8 Forest plot for smoking.

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 Matched or Adjusted Observational Studies
Okamoto 2016 4 58 G 58 36% 0.67 [0.20, 2.24]
Tarn {no CABG; Cr =120 pM) 2020 56 809 69 809 0.0% 0.81 [0.58,1.14]
Tarn {yes CABG; Cr=120 ph) 2020 58 525 72 525 0.0% 0.81 [0.58,1.11]
Tarn (Cr =120 pM) 2020 114 1334 141 1334 96.4% 0.81 [0.64,1.02] -'
Tarn {no CABG; Cr =180 pM) 2020 17 809 22 809 0.0% 077 [0.41,1.44]
Tarn {yes CABG; Cr=180 pM) 2020 15 525 19 525 0.0% 0.79[0.41,1.54]
Tarn {(Cr =180 pM) 2020 32 1334 41 1334 0.0% 0.78[0.49,1.23]
Subtotal (95% Cl) 1392 1392 100.0% 0.80 [0.64, 1.01] S o
Total events 118 147

Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 {P=0.76); F=0%
Test for overall effect. Z2=1.87 (P = 0.08)

1.8.2 Unmatched/Unadjusted Observational Studies

Penaranda 2014 0 30 3 87 0.2% 0.41[0.02, 763 +

Prifti 2015 2 35 a 20 0.2%  2.92[0.15 57.90] 4
Beckmann 2016 7 36 15 92 23% 1.19[0.53, 2.68] e E—
Correia 2016 64 239 227 BT 274% 0.90 [0.71,1.15] —m
Okamoto 2016 4 58 61 531 1.6% 0.60[0.23,1.59] B

Tarn {no CABG; Cr =120 pM) 2020 98 850 1117 &764  0.0% 0.90 [0.74,1.10]

Tarn {ves CABG; Cr=120 pM) 2020 62 546 949 G947 0.0% 0.83 [0.65,1.08]

Tarn (Cr =120 pM) 2020 160 1396 2066 15711 G6.8% 0.87 [0.75,1.01] i

Tarn {no CABG; Cr =180 pM) 2020 30 850 272 8764 0.0% 1.14[0.79, 1.65]

Tam {ves CABG; Cr=180 phf) 2020 19 546 234 6947 0.0% 1.03 [0.65, 1.64]

Tarn (Cr =180 pM) 2020 49 1396 506 15711 0.0% 1.09 [0.82,1.45]

Rao 2023 4 90 47 512 1.5% 0.48[0.18,1.31] — 1
Subtotal (95% Cl) 1884 17720 100.0% 0.87 [0.77, 0.99] L

Total events 24 2419

Heterogeneity: Tau®= 0.00; Chi*= 346, df =6 {P=0.758), F=0%
Testfor overall effect Z=213 (F=0.03)

0z 05 &
. i AAE+SAVR Lower AAE+SAVR Higher
Test for subaroup differences: Chi*= 041, df=1 (P=052), F=0%

Figure S9 Forest plot for chronic renal failure.
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AAE+SAVR SAVR Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI

1.9.1 Matched or Adjusted Observational Studies

Haunschild 2019 3 168 4 168  5.6% 0.75[0.17,3.30]

Tam ino CABG) 2020 28 B09 36 808  0.0% 0.78[0.48,1.26]

Tam fyes CABG) 2020 24 525 25 525  0.0% 0.96 [0.56, 1.66]

Tam 2020 57 1334 61 1334 932%  0.85[0.59,1.27 —.|—

Shih 2022 i] 54 1 162 1.2% 099004, 2390 * s
Subtotal (95% CI) 1557 1665 100.0% 0.85 [0.60, 1.20] d*

Total events G4 66

Heterogeneity: Tau®= 0.00; Chi*=0.04, df= 2 (F=0488), F=0%
Test for overall effect: Z=0.92 (P = 0.35)

1.9.2 Unmatched/Unadjusted Observational Studies

Correia 2016 6 239 9 767 13.4%  214[077,5.95] —_
Haunschild 2019 317 50 3949 11.4%  1.39(0.44, 4.40]

Tam {no CABG) 2020 30 850 574 G764 00% 054 [0.38,0.77]

Tam (yes CABG) 2020 25 G465 579 BO47  00%  0.55([0.37,0.81]

Tam 2020 55 1396 1183 18711 33.2%  0.54 [0.41,0.70] —a—

Mehaffey 2021 93 412 3230 183866 347%  0.98 [0.80,1.20] -

Shih 2022 0 54 B 914 28%  1.14[0.07,19.97] * >
Yousgef 2023 113 40 2240 49%  0.43[0.06, 3.00) 4

Subtotal (95% CI) 7403 207337 100.0%  0.89 [0.56, 1.42] -

Total events 158 4488

Heterogeneity: Tau®= 014, Chi*=17.28, df=5{P=0.004); F=71%
Testfor averall effect Z=048 (P =0.63)

0.2 05 2 5
AAE+SAVR Lower AAE+SAVR Higher

Testfor subaroup differences: Chi®=0.03, df=1 (P=0.86), F= 0%

Figure S10 Forest plot for dialysis.

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.10.1 Matched or Adjusted Observational Studies
Okamoto 2016 39 58 3T 58 1.5% 1.05[0.81,1.37]
Haunschild 2019 180 169 144 169 19.5% 1.04 [0.96,1.13] I
Chauvette {redo) 2020 13 21 61 104 0.8% 1.06 [0.73,1.53]
Shih 2022 44 54 128 162 47% 1.03[0.88,1.20] I R —
Tam {ho CABG) 2020 B13 809 512 809 0.0% 1.00[0.95, 1.08]
Tam (yes CABG) 2020 461 525 470 525 0.0% 0.98[0.94,1.02]
Tarn 2020 1074 1334 1082 1334 T7.5% 0.98 [0.95, 1.03] t
Subtotal (95% CI) 1636 1827 100.0% 1.00 [0.97, 1.04]
Total events 1320 1452

Heterogeneity: Tau®= 0.00; Chi*=1.45 df= 4 (P =0.84), F=0%
Testfor overall effect: Z= 020 (P = 0.84)

1.10.2 Unmatched/Unadjusted Observational Studies

Penaranda 2014 23 30 B4 87 2.9% 1.03[0.81,1.29]

Prifti 2014 16 35 10 0 0.5% 0.91[0.52,1.61] * s
Beckmann 2016 24 36 67 92 2.3% 0.92[0.70,1.19]

Correia 2016 138 239 338 76T TA% 1.31[1.15,1.50] I —
Okamoto 2016 39 58 324 531 4.0% 1.101[0.91,1.34] e —
Haunschild 2014 182 171 3400 3949 18.3% 1.03 [0.98, 1.09] T

Tam {no CABG) 2020 643 850 G841 8764  0.0% 097 [0.93,1.01]

Tarmn (yes CABG) 2020 473 546 6211 6947  0.0% 0.97 [0.94, 1.00]

Tam 2020 1116 1396 13052 15711 23.8% 0.96 [0.94, 0.59] -

WMehaffey 2021 47659 5412 159034 183856 26.1% 1.02[1.01,1.03] L}

Shih 2022 44 54 £33 814 TA% 0.96 [0.84, 1.09] I E—

Rao 2023 67 40 384 512 7.4% 0.98[0.87,1.13] I —

Subtotal (95% CI) 7521 206339 100.0% 1.02 [0.98, 1.06] <

Total events G384 177368

Heterogeneity: Tau®= 0.00; Chi*= 31.37, df=9 (P = 0.0003); F=71%
Test for overall effect Z= 087 (P =0.38)

} } } }

07 0.85 1.2 1.5

AAE+SAVR Lower AAE+SAVR Higher

Test for subaroup differences: Chif=0.32, df=1 {(F=057), F= 0%

Figure S11 Forest plot for hypertension.
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Study or Subgroup

AAE+SAVR
Events Total

SAVR

Events

Risk Ratio

Total Weight IV, Random, 95% Cl

Risk Ratio
IV, Random, 95% CI

1.11.1 Matched or Adjusted Observational Studies

Okamoto 2016
Haunschild 2019
Chauvette {redo) 2020
Tam {no CABG) 2020
Tam iyes CABG) 2020
Tarm 2020

Shih 2022

Subtotal (95% CI)
Total events

13
54
G
an
267
578
18

669

a8
169
21
209
528
1334
54
1636

738

58 1.2%
168  6.49%
104 1.0%
808  0.0%
525  0.0%

1334 87.5%
162 3.5%
1827 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 310, df= 4 (F=0.584); F= 0%
Testfor overall effect: Z=0.62 (P =0.53)

1.11.2 Unmatched/Unadjusted Observational Studies

Penaranda 2014
Prifti 2014
Beckmann 2016
Correia 2016
Okamoto 2016
Haunschild 2019
Tam {no CABG) 2020
Tam iyes CABG) 2020
Tarm 2020

Mehaffey 2021

Shih 2022

Yousef 2023
Subtotal (95% CI)
Total events

]
a

2946

30
35
36
239
a8
171
240
546
1396
5412
a4
131
7562

14

72643

27 0%

20 01%

92 02%
TEY  08%
a3 0.3%
3949 1.6%
a7e4  0.0%
6947 0.0%
18711 21.0%
183856 73.9%
214 05%
2240 1.5%

208067 100.0%

Heterogeneity: Tau®=0.00; Chif= 5498, df=9(P=0.74); F= 0%
Testfor overall effect Z=85.15 (P = 0.00001}

1.30[0.62, 2.72]
0.85 [0.70, 1.28]
1.86 [0.82, 4.18]
0.88 [0.67, 1.11]
0.9 [0.85, 1.08]
0.87 [0.58, 1.05]
0.83 [0.61,1.43]
0.97 [0.90, 1.06]

1.04[0.41, 2.63]
0.91[0.35, 2.42]
0.68[0.35,1.34]
1.36 [0.98, 1.89]
1.05 [0.64, 1.75]
0.99[0.79, 1.24]
142[1.02,1.22]
141 [1.02,1.21]
1.40[1.03,1.17]
1.14[1.10,1.18]
1.12[0.76, 1.66]
1.13[0.88, 1.43]
1.13[1.10,1.16]

Test for subgroup differences: Chi=11.18,df=1 (P =00008), F=91.1%

-

-
-

+*

Oy

048 0z 1.4 2
AAE+SAVR Lower AAE+SAVR Higher

Figure S12 Forest plot for diabetes.

AAE+SAVR SAVR
Study or Subgroup Events Total Events
1.12.1 Matched or Adjusted Observational Studies

Risk Ratio
Total Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

Okamoto 2016 18 53 10 58 5.4% 1.80[0.91, 3.56] 4
Haunschild 2019 97 169 86 169  34.2% 1.13[0.83,1.37] I e —

Tam {no CABG) 2020 443 809 443 809  0.0% 1.00[0.92,1.09]

Tam {yes CABG) 2020 353 525 355 525 0.0% 0.99[0.91,1.08]

Tam 2020 796 1334 798 1334 B0A4% 1.00[0.94, 1.06] z

Subtotal {(95% CI) 1561 1561 100.0% 1.07 [0.91,1.27]

Total events 4911 a94

Heterogeneity: Tau®=0.01; Chi*=4.11, df=2{FP=013); F=51%
Testfor overall effect, 2= 0.85 (P = 0.40)

1.12.2 Unmatched/Unadjusted Observational Studies

Prifti 2014 ih 35 4 20 1.9% 1.487 [0.58, 4.249] +
Ckamoto 2016 18 58 104 531 8.9% 1.58[1.04, 2.41] _—*
Haunschild 2019 97 17 2060 3945 283% 1.08[0.95,1.24] T
Tam {no CABG) 2020 468 B850 4268 BVE4 0.0% 1.13[1.06,1.21]
Tam (yes CABG) 2020 36T 845 4228 B94T 0.0% 1.10[1.04,1.17]
Tam 2020 835 1396 8496 15711 3I79% 1.11[1.06, 1.16] -
Ran 2023 48 a0 336 512 21.9% 0.81 [0.66, 1.00] — &
Subtotal (95% CI) 1750 20723 100.0% 1.07 [0.93,1.23] .
Total events 1008 11000
Heterogeneity: Tau®=0.01; Chi®=11.94, df= 4 (F=0.02);, F= 66%
Testfor overall effect 2= 0.92 (P = 0.36)
, , , ,
05 07 15 2

) ) AAE+SAVR Lower AAE+SAVR 'Higher
Testfor subaroup differences: Chi*= 000, df=1 (P=097), F= 0%

Figure S13 Forest plot for dyslipidemia.
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Risk Ratio
IV, Random, 95% CI

AAE+SAVR SAVR Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI
1.13.1 Matched or Adjusted Observational Studies

Okamota 2016 g 58 g 58 0.3% 1.00[0.34, 2.82]
Chauvette (reda) 2020 2 21 11 104 0.2% 0.80[0.22, 377
Tam (no CABG) 2020 283 808 306 3089 0.0% 0.892[0.81,1.08]
Tarn fyes CABE) 2020 816 525 a06 525 0.0% 1.02[1.00,1.04]
Tarn 2020 Ta8 1334 a1z 1334 99.4% 0.98[0.93,1.09]
Subtotal (95% CI) 1413 1496 100.0% 0.98 [0.93, 1.05]
Total events aor 824

Heterogeneity, Tau*= 0.00; Chi®*= 002, df=2 (P =099, F=0%
Test for averall effect Z=052 (P = 0.60)

1.13.2 Unmatched/Unadjusted Observational Studies

Sarnmers 1997 3r 93 172 432 52%
Prifti 20114 3 35 4 0 0.3%
Correia 2016 Bs 234 185 YEY  BT%
Okamota 2016 g 58 130 531 0.8%
Tam (no CABGE) 2020 295 840 3541 8764 0.0%
Tam fyes CABG) 2020 36 546 Ga44 5947 0.0%
Tam 2020 835 1396 10385 15711 35.0%
M ehaffey 2021 3000 5412 108047 183856 44.2%
Rao 2023 7 90 242 512 39%
Subtotal (95% CI) 7328 201829 100.0%
Total events 3976 119164

Heterogeneity, Tau®= 0.00; Chi*=14.30, df= 6 {F = 0.03); F= 538%
Test for averall effect Z=2 44 (P=0.01)

Testfor subgroup differences: Chi*= 213, df=1 (P=014), F=53.0%

Figure S14 Forest plot for coronary artery disease.

0.95[0.72,1.24]
0.86[0.27, 2.68]
1.13[0.88, 1.44]
0.42 [0.20, 0.91]
0.7 [0.79, 0.96]
1.00[0.98, 1.01]
0.90 [0.57, 0.95]
0.94 [0.92, 0.97]
0.63 [0.46, 0.88]
0.92 [0.86, 0.95]

02 05 2
AAE+SAVR Lower AAE+SAVR Higher

-

Risk Ratio
IV, Random, 95% Cl

AAE+SAVR SAVR Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl
1.14.1 Matched or Adjusted Observational Studies

Haunschild 2019 23 168 il 168 18.3% 1.38[0.82,2.37
Okamato 2016 fi 58 q 58 T.0% 067 [0.25,1.758]
Chauvette (redoy 2020 3 21 40 104 58% 0.37[0.13,1.09]
Tam {no CABE) 2020 118 809 122 805  00% 088077, 1.23]
Tarm fyes CABG)Y 2020 a1 525 a5 525 00% 095 [0.72,1.26]
Tam 2020 200 1334 207 1334 528% 0487 [0.81,1.16]
Shih {arrbythmia) 2022 11 54 Kl 162 150% 1.06 [0.58,1.97]
Subtotal {95% CI) 1636 1827 100.0% 0.97 [0.74, 1.27]
Tatal events 248 308

Heterogeneity: Tau*=0.03; Chi*=550, df=4 (P=024), F=27%
Testfor averall effect Z=023 (F=082)

1.14.2 Unmatched/Unadjusted Observational Studies

kulik 2008 G172 34 540 17%
Frifti 2015 2 35 1 20 0.2%
Correia 2016 25 238 17 TEY  T3%
Okamoto 2016 G 58 a4 a1 2.0%
Haunschild 2014 29 17 G32 3949 105%
Tam {no CABG 2020 125 850 1698 874 00%
Tam fyes CABG) 2020 83 546 1404 ER4T 00%
Tam 2020 208 1396 300 18711 T14%
Shih {arrhythmia) 2022 11 54 2m 8314 41%
Fao 2023 G g4 a1 507 1.8%
Subtotal (95% CI) 2214 22839 100.0%
Total events 293 4220

Heterogeneity: Tau®= 0.00; Chi*=4 .82 dof =7 (P = 0.68), F=0%
Test for overall effect 2= 4.60 (P < 0.00001)

Testfor subaroup differences: Chi®=2.32, df=1 (F=013), F=57.0%

Figure S15 Forest plot for preoperative atrial fibrillation.
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0.55 [0.24, 1.30]
144 [0.11,11.83]
0.69 [0.46, 1.03]
0.65 [0.30, 1.43]
1.06 [0.75, 1.48]
0.76 [0.64, 0.80]
0.75 [0.61, 0.92]
0.75 [0.66, 0.86]
0.52 [0.48, 1.42]
0.67 [0.30,1.51]
0.77 [0.69, 0.86]
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AAE+SAVR SAVR

Study or Subgroup Events Total Events Total Weight IV,

Risk Ratio
Random, 95% Cl

Risk Ratio
IV, Random, 95% Cl

1.15.1 Matched or Adjusted Observational Studies

Chauvette {redo) 2020 1 21 B 104 2.2%
Haunschild 20149 23 169 19 169  29.4%
Tarm (no CABG) 2020 21 204 26 209 0.0%
Tam (yes CABG) 2020 32 a5 27 6248 0.0%
Tam 2020 53 1334 a3 1334 BEA%
Subtotal (95% CI) 1524 1607 100.0%
Total events T 78

Heterogeneity: Tauw®= 0.00; ChifF= 036, df= 2 (F=0.84), F= 0%
Testfor overall effect Z=033(F=0.74)

1.15.2 Unmatched/Unadjusted Observational Studies

Fenaranda 2014 9 3o 20 ar G.4%
Prifti 2015 I 35 2 20 0.4%
Haunschild 20149 2317 a71 3949 149%
Tam (no CABG) 2020 24 880 332 ar64 0.0%
Tam (yes CABG) 2020 33 A4E A28 G947 0.0%
Tarm 2020 57 1386 860 15711 234%
tehaffey 2021 FIToA412 25212 183856 431%
Yousef 2023 17 13 286 2240 11.8%
Subtotal (95% CI) 7175 205863 100.0%
Total events 283 269451

Heterageneity: Tau®=0.02; Chi*=8.81, df=8(F=0.12); F=43%
Testfor overall effect: 2= 052 (F = 0.60)

Testfor subgroup differences: Chif= 030, df=1 (F=0.43), F=0%

Figure S16 Forest plot for peripheral vascular disease.

0.83[0.10,6.50] *
1.21[0.69, 2.14]
0.81 [0.46, 1.42]
1.19[0.72,1.99]
1.00[0.69, 1.45]
1.05[0.77,1.43]

1.30[0.67, 2.59]

s

0.12[0.01,2.33]
0.93[0.63, 1.37]
0.75[0.50,1.13]
0.80[0.47, 1.13]
0.75[0.47, 0.97]
1.051[0.98,1.12]
1.02 [0.64, 1.60]
0.95[0.79, 1.14]

T
-I_I—
-

0 07 1

5
AAE+SAVR Lower AAE+SAVR Higher

2
e

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.16.1 Matched or Adjusted Observational Studies
Okamaota 2016 631 78 ag  G2¥ 72 58 23.0% 040 [F2.33 313] =
Haunschild 2019 g0 11 164 B0 11 163 31.2% 0.00[2.35 2.358] b
Chauvette {reda) 2020 g2 A il B0 10 104 208% 2.00[0.88 4.88] +
Shih 2022 5916 8.81 a4 5833 TE 162 249% 0.83 [1.80, 3.456] -
Subtotal (95% CI) 302 493 100.0% 0.71 [-0.60, 2.03] —=el——
Heterogeneity: Tauw®= 0.00; Chi*=118, df= 3 (P =0.76), F=0%
Test for overall effect: Z=1.07 (P =0.24)
1.16.2 Unmatched/Unadjusted Observational Studies
Fenarands 2014 59 12 29 a7 10 g4 24% 2.00 [2.86, 6.96] »
Frifti 2014 58 13 L T S 20 2.0% 3.30 [2.09, 8.69] *
Eeckmann 2016 58 7 36 a3 13 92 46%  -1.00[4.51, 251 *
Coarreia 2016 B53 158 239 G465 168 TEY 106% 070 F1.61,3.01]
Haunschild 2019 g0 11 17 58 12 3949 198% 1.00 [0.69, 2 58] B
Shih 2022 2916 8.81 a4 5682 Q.62 814 945% 234 010, 4.78] »
Yousef2023 893 6 131 a887F 589 2240 91.0% 0.60 [0.46, 1.66] —T
Subtotal (95% Cl) 695 7966 100.0% 0.87 [0.11,1.62] e
Heterogeneity: Tau®= 0.00; Chi*= 377, df=6(F=0.71), F=0%
Test for overall effect: Z= 226 (P=0.02)

o 2 0 2

Test for subgroup differences: Chif= 004, df=1 (P =084, F= 0%

Figure S17 Forest plot for left ventricular ejection fraction (LVEE, %).
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AAE+SAVR SAVR Risk Ratio Risk Ratio

Study or Subgroup Events Total Evenis Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.17.1 Matched or Adjusted Observational Studies

Okamota {LYEF =40%) 2016 0 58 2 58 26% 0.20[0.01, 4.08]

Tarm (no CAEG) 2020 347 BO9 363 809 0.0% 0.96 [0.86, 1.07]

Tamn (yes CABG) 2020 255 525 2587 525 0.0% 0.99[0.88,1.12]

Tam 2020 BO2 1334 620 1334 97.4% 0.97 [0.89, 1.08] .
Tam (no CABG, LVEF =50%) 2020 83 8049 a4 809 0.0% 0.89[0.74,1.33]

Tam {yes CABG; LVEF =50%) 2020 T8 625 64 525 0.0% 1.22[0.90, 1.6E]

Tam (LVEF =50%) 2020 161 1334 148 1334 0.0% 1.09[0.88,1.34]

Tarm (no CABG; LVEF <35%) 2020 30 8049 33 809 0.0% 0.31 [0.56, 1.48]

Tarn fyes CABG; LVEF =35%) 2020 27 625 21 525 0.0% 1.29[0.74, 2.24]

Tam (LVEF =35%) 2020 57 1334 54 1334 0.0% 1.06[0.73,1.53]

Subtotal (95% CI) 1302 1392 100.0% 0.93 [0.57, 1.53] ~
Total events 602 622

Heterogeneity: Tau? = 0.06; Chi®=1.08, df=1 (P=0.30%; P=4%
Testfor overall effect Z=0.28 (P=078)

1.17.2 Unmatched/Unadjusted Observational Studies

Sommers (LVEF =40%) 1997 14 82 109 340 8.0% 0.54[0.32,0.91] —_—

Kulik (LVEF <50%) 2008 24 172 66 540 9.7% 1.14 [0.74,1.76] B
Prifti 2014 7 35 1 20 0.7% 4.00 [0.53, 30.21] >
Prifti {LVEF =35%;) 2015 7 35 1 20 0.0% 4.001[0.53, 30.21]

Tam {no CABG) 2020 354 Ba0 45837 o764 0.0% 0.80[0.74, 0.87]

Tam (yes CABG) 2020 260 G546 3840 6347 0.0% 0.86 [0.78, 0.94]

Tam 2020 B14 1386 8396 15711 27.0% 0.82[0.77,0.87] L

Tam ino CABG; LVEF =50%) 2020 198 880 1580 8764 0.0% 1.08[0.91,1.23]

Tam (yes CABG, LVEF =50%) 2020 96 646 1232 6347 0.0% 0.89[0.82,1.20]

Tam {LVEF <50%) 2020 254 1396 27BZ2 15711 0.0% 1.03[0.91,1.149]

Tam (no CABG, LVEF =35%) 2020 87 8a0 412 2ved 0.0% 1.14[0.88, 1.50]

Tam (yes CABG, LVEF =35%) 2020 30 546 408 6347 0.0% 0.54 [0.65, 1.34]

Tam {LVEF =35%) 2020 97 1396 920 15711 0.0% 1.06 [0.96, 1.32]

Mehaffey 2021 2308 5412 72317 183856 27.T% 1.04[1.00,1.07] -

Ran 2023 17 90 92 912 g.8% 1.05 [0.66, 1.68] I —
Yousef 2023 48 1 GEE 22400 181% 1.20[0.95,1.51] el
Subtotal (95% CI) 7318 203229 100.0% 0.97 [0.82,1.15] L 2
Total events 2932 81667

Heterogensity, Tau?= 0.03; Chi®= 53.24, tf = 6 (P = 0.00001}; F= 89%
Testfor overall effect Z=0.37 (P=071)

ot

Testfor subgroup diferences: Chif= 0.02, df=1 (P = 0.88), F=0%

Figure S18 Forest plot for CHF or low LVEFE

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.17.1 Matched or Adjusted Observational Studies
Okarnoto (NYHA V) 2016 0 58 0 58 Mot estimable
Haunschild 2019 85 158 T8 137 16.1% 0.94 [0.77,1.16] —
Chauvette (redo) 2020 14 21 63 104 B1% 1.02[0.73,1.42] 1
Tarn {no CABG) 2020 311 809 305 809 0.0% 1.02 [0.90,1.15]
Tam iyes CABG) 2020 215 525 216 525 0.0% 1.00[0.86, 1.15]
Tarn 2020 526 1334 521 1334 TE2% 1.01[0.92,1.11] |
Shih 2022 10 54 24 162 1.5% 1.25[0.64, 2.44] ]
Subtotal (95% CI) 1625 1795 100.0% 1.00[0.92, 1.09] L J
Total events 635 691

Heterogeneity: Tau®= 0.00; Chi*= 0.77, df= 3 (P = 0.86); F= 0%
Testfor overall effect: Z=0.06 (P = 0.95)

1.17.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 74 98 314 432 15.2% 1.05[0.93,1.19] T
Kulik 2008 66 172 221 540 10.9% 0.94 [0.76, 1.16] T
Fenaranda 2014 24 30 [t 87 111% 1.02 [0.83,1.26] T
Beckmann 2016 10 36 77 92 34% 0.33[0.19, 0.57] e —

Carreia 2016 118 238 444 TET  14.3% 0.85[0.74, 0.98] -
Okamoto (NYHA V) 2016 a 58 24 531 0.2% 0.181[0.01, 2.99] *

Haunschild 2019 86 160 1534 3061 14.0% 1.07[0.92,1.24] ™
Tam {no CABG) 2020 300 850 3178 8764 0.0% 0.97 [0.88,1.07]

Tam fyas CABG) 2020 189 446 2522 6947 0.0% 0.95[0.85, 1.07]

Tam 2020 489 1396 5700 18711 17.4% 0.97 [0.90, 1.04] -
Shih 2022 10 a4 223 814 3.0% 0.68 [0.38, 1.20] e —
Rao 2023 46 40 221 512 10.5% 1.18[0.95,1.48] T
Subtotal (95% Cl) 2333 22547 100.0% 0.95[0.85, 1.06] L
Total events 924 g4827

Heterogeneity, Tau®=0.02; Chi®= 28.21, df= 8 (P = 0.0004), F= 68%
Testfor overall effect: Z=0.91 (P = 0.36)

0z 05 2 5
AAE+SAVR Lower AAE+SAVR Higher

Testfor subgroup differences: Chi®= 0.58, df=1 (P = 0.48), F=0%

Figure S19 Forest plot for NYHA III or IV.
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AAE+SAVR SAVR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI|
1.18.1 Matched or Adjusted Observational Studies
Haunschild 2019 251 067 158 253 075 137 13.6%  -0.02[-0.18 0.14] [ —

Tarn (ho CABG) 2020 221 083 809 218 085 a0y 0.0% 0.02 [-0.06,0.10]
Tarn (yes CABG) 2020 222 087 4625 221 088 525 0.0% 0.01 [-010,012]
Tarn 2020 221 085 1334 22 08B 1334 BEA% 0.01 [-0.05, 0.07] !
Subtotal (95% CI) 1492 1471 100.0% 0.01 [-0.05, 0.07]

Heterogeneity: Tau®= 000, Chi*=0.11, di=1(F=0.74), F=0%
Test for averall effect Z= 015 (P = 0.85)

1.18.2 Unmatched/Unadjusted Observational Studies

Sommers 1957 285 073 98 305 083 432 17.6%  -0.10[-0.26, 0.06] — 1
Prifti 2014 259 0481 35 275 086 20 6.9%  -0.25F0.71, 0.21]

Beckmann 2016 23 08 36 29 05 82 14.9% -0.60}0.82,-038 +———

Haunschild 2019 2581 067 160 245 072 3061 Z02% 0.06 [-0.05,0.17] T

Tam (ho CABG) 2020 207 092 8580 208 082 8764 00%  -0.01 [-0.07, 0.08]
Tam (yes CABG) 2020 206 092 4546 209 097 64947 00%  -0.03[011,0.058]

Tam 2020 207 092 1396 208 092 15711 221%  -0.01 0.0, 0.04] -+
Rao 2023 245 067 80 234 071 512 18.2% 011 [0.04,0.26] =
Subtotal (95% CI) 1815 19828 100.0%  -0.09 [-0.24, 0.05] .

Heteragenaity: Tau®= 0.02; Chi®= 33.44 df=5(F = 0.00001); F= 85%
Test for overall effect Z=1.27 {(P=0.20)

.05 028 0 028 05
. . AAE+SAVR Lower AAE+SAVRE Higher
Testfor subgroup differences: Chi*=1.55, df=1 (P=021), F=356%

Figure S20 Forest plot for mean NYHA grade.

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 85% Cl
1.20.1 Matched or Adjusted Observational Studies
Okamoto 2016 0 58 1 58 0.3% 0.33[0.01,8.02 + »
Haunschild 2019 18 169 18 1649 T1% 1.00[0.54, 1.85]
Chauvette {reda) 2020 4 21 14 104 27% 1.41[0.52, 3.87] s
Tarm {ho CABG) 2020 94 809 101 204 0.0% 083072, 1.21]
Tam {yes CABG) 2020 110 525 111 625 0.0% 0.89[0.78,1.25]
Tarm 2020 204 1334 22 1334 B7.0% 086[0.81,1.158] —-—
Shih 2022 B 54 10 162 2.9% 1.80[0.69, 473 +
Subtotal (95% CI) 1636 1827 100.0% 0.99 [0.84,1.17] -‘-
Total events 232 254

Heterogeneity: Tau®*=0.00, Chi*= 251, df= 4 (F = 0.64), F=0%
Testfor overall effect Z=012 (F=0.81)

1.20.2 Unmatched/Unadjusted Observational Studies

Penaranda 2014 2 30 ] a7 1.1% 087 [0.21,453] + +
Haunschild 2019 200 17 343 3948 111% 1.35[0.88, 2.08]

Mehaffey 2021 1178 5412 44569 183856 38.4% 0.80[0.85, 0.95] =

Tarm {ho CABG) 2020 101 as0 1481 a764 0.0% 0.70[0.58, 0.85]

Tam {yes CABG) 2020 114 546 1473 6947 0.0% 074062, 0.87]

Tam 2020 225 1396 3454 15711 32T% 0.73[0.65, 0.83] ——

Yougef 2023 321N 538 2240 16T7% 1.021[0.75,1.39] S C—

Subtotal (95% CI) 7140 205843 100.0% 0.90 [0.76, 1.06] e

Total events 1457 43910

Heterogeneity: Tau®= 0.02; Chi®=13.74, df= 4 (F = 0.008}; F=71%
Testfor overall effect: Z=1.26 (P = 0.21)

0.5 0r 15 b
AAE+SAVR Lower AAE+SAVR Higher

Testfor subaroup differences: Chi*=0.66, df=1{P=0.42),F=0%

Figure S21 Forest plot for non-elective surgery.
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AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.22.1 Matched or Adjusted Observational Studies
Shih 2022 21 16 a4 2021 162 100.0% 010 [0.44, 0.64] I
Subtotal (95% Cl) 54 162 100.0% 0.10 [-0.44, 0.64]
Heterogeneity: Mot applicable
Testfor averall effect Z=0.37 (P =071}
1.22.2 Unmatched/Unadjusted Observational Studies
Mehaffey 2021 299 41 5412 287 42 183856 525% 0.02[F0.08, 013 —a—
Shih 2022 21 16 54 19 1.7 g14 6.8% 0.20 [0.24, 0.64]
Rao 2023 1.6 1 40 18 1.2 512 2089%  -0.20[-0.43, 003 e —
Yousef 2023 18 135 131 1497 148 2240 1898%  -0.07 031,017 s I
Subtotal (95% CI) 5687 187422 100.0%  0.03 [-0.15,0.09] i

Heterogeneity: Tau®= 0.00; Chi®= 3.94, df=3 (P = 0.27), F= 24%
Testfor overall effect £=0.52 (P = 0.60)

.05  -0.25 0 025 05
. ) AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup differences: Chi®=0.22, df=1 (P =064}, F=0%

Figure S22 Forest plot for Society of Thoracic Surgeons (STS) score (%).

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.23.1 Matched or Adjusted Observational Studies
Okamoto 2016 3 a8 I 58 0.0% 7.00([0.37,132.56] »
Haunschild 2019 1] 169 0 164 Mot estimable
Chauvette {redo) 2020 21 21 104 104 95.2% 1.00[0.94, 1.07] .
Shih 2022 g a4 26 162 0.8% 0.92[0.44,1.92] E—
Subtotal {95% CI) 302 493 100.0% 1.00 [0.94, 1.07] 4
Total events 3z 130
Heterogeneity: Tau®= 0.00; Chi*=1.73, df=2 (P=042), F=0%
Testfor overall effect: Z=0.01 (P = 0.99)
1.23.2 Unmatched/Unadjusted Observational Studies
Prifti 2015 B 35 I 20 0.7% T7.581[0.45 127.54] *
Beckmann 2016 5 36 2 92 2.0% B.39[1.30, 31.45] *
Coarreia 2016 21 239 K] TEY 157% 1.27 [0.78, 2.08] I
Haunschild 20149 a 171 1} 39489 Mot estimable
tehaffey 2021 TO5 5412 21380 183856 49.4% 1.12[1.04,1.20] L |
Shih 2022 g a4 1245 814 9.8% 0.96 [0.50, 1.87] e E—
Rao 2023 1 a0 21 5812 1.3% 0.27[0.04,1.99] *
Yousef 2023 313 34 2240 21.2% 1.15[0.78, 1.69] —T
Subtotal {95% CI) 6168 192250 100.0% 1.17 [0.93, 1.47] -
Total events TE9 21922
Heterogeneity: Tau*=0.03; Chi*= 876, df=6(P=0.19); F=31%
Testfor overall effect Z2=1.21 (FP=0.19)

0.2 05 2 5

) ) AAE+SAVR Lower AAE+SAVR Higher
Test for subgroup differences: Chi*=1.59,df =1 (P =021, F=37.0%

Figure S23 Forest plot for prior cardiac surgery.
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AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.24.1 Matched or Adjusted Observational Studies
Okamaota 2016 1 58 ] 58 8.9% 3000012, 72.145] 4
Chauvette {redad) 2020 21 21 104 104 52.2% 1.00[0.54, 1.07] I
Shih {replacement or repairy 2022 10 54 9 162 389% 333143, 7.77)] —
Subtotal (95% CI) 133 324 100.0% 1.76 [0.62, 5.00]
Total events 3z 113
Heterogeneity: Tau*=0.54; Chi*= 818, df=2(P=002); F=76%
Testfor overall effect Z=1.06 (P=0.29)
1.24.2 Unmatched/Unadjusted Observational Studies
Prifti 2014 0 35 0 20 Mot estimahble
Correia 2016 1 239 0 767 3.7% 9.60[0.39 234.88] +
Shih (replacement or repair) 2022 10 54 a0 814 E7.8% 5.07 [2.60, 9.73] —B—
Rao 2023 1 490 5 512 84% 1.14 013, 9.63]
Subtotal (95% CI) 418 2113 100.0% 4,54 [2.45, 8.44] ~li--
Total events 12 35
Heterogeneity: Tau®= 0.00; Chi®=1.91, df= 2 (P = 0.38); "= 0%
Testfor overall effect Z= 478 (P = 0.00001)

01 02 05 2 510

Testfor subgroup diffierences: Chif=2.34, df=1 (P=013, F=57.4%

Figure S24 Forest plot for prior SAVR.

AAE+SAVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.26.1 Matched or Adjusted Observational Studies
Okamoato 2016 427 248 58 B51 249 58 A52%  T.BO[-2.40 17.60 L
Chauvette {reda) 2020 569 179 21 545 418 104 448%  240[-8.70,13.80 B
Subtotal (95% CI) 79 162 100.0% 5.27 [-2.16,12.70] —enli———
Heterageneity: Tau®= 0.00; Chi*= 047, df=1 {P=0.480); F=0%
Testfar overall effect: Z=1.39(F =0.16)
1.26.2 Unmatched/Unadjusted Observational Studies
Kulik 2008 BY.7 251 172 6BB8 289 540 381% -1.10 [-5.57, 3.37] b E—
Prifti 2015 101 22 3| 118 387 20 B.6% -15.00[33.46 346 +
Eeckmann 2016 T 29 36 7730 92 146% -2.00[13.28 9.28]
Coarreia 2016 96,4 282 239 923 245 TFEY 407% 41010013, 8.07] —
Subtotal (95% CI) 482 1419 100.0% -0.03 [-5.08, 5.02] ——aailii—
Heterogeneity: Tau®=12.19; Chi*= 6.33, df= 3 (P =0.10; "= 53%
Testfar overall effect: 2= 0.01 {F = 0.99)

0 -5 D & 10

Testfor subaroup differences: Chi*=1.34 df=1 (P =025, F=253%

Figure S25 Forest plot for peak aortic gradient (mm Hg).
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AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Random, 95% CIl IV, Random, 95% CI
1.25.1 Matched or Adjusted Observational Studies
Chauvette (redo) 2020 A 11 XM 301 255 104 3TE% 1.80[-4.99, 3.59] =
Shih 2022 4584 1711 a4 4215 1714 162 B24% 380 [-1.47, 9.07] il
Subtotal (95% CI) 75 266 100.0% 3.05[1.12,7.21] —renli———
Heterogeneity: Tau®= 0.00; Chi*=0.21,df=1 (P = 0.65); F=0%
Testfor owverall effect Z=1.43 (P =0.19)
1.25.2 Unmatched/Unadjusted Observational Studies
kulik 2008 391 18 172 484 254 540 18.3% -0.30F12.74,-5.86 +—=—
Frifti 2015 A3.3 17 35 BE 127 20 137%  -2F0[1062 527
Beckmann 2016 48 20 36 48 19 91 14.0% 0.00 [-¥.60, 7.60]
Coarreia 2016 G32 202 239 AB8 167 TFET 18.8% 440101588, 7.27] e —
Shih 2022 4584 1711 a4 4431 16892 814 172% 1.64 [-3.07, 6.34] e
Rao 2023 457 168 ar 4.7 1749 502 18.0% 4.00100.14, 7.56] —
Subtotal {95% Cl) 623 2735 100.0%  -0.25[-5.49, 4.99] ——e i ——
Heteragenaity: Tau®= 35.93; Chi*= 4243, df=5 (P = 0.00001}, F= 88%
Test for overall effect Z=0.09 (P=0.93)

10 -5 0 5 10

Testfor subgroup diferences: Chit= 093, df =1 (P=033), F=0%

Figure S26 Forest plot for mean aortic gradient (mm Hg).

AAE+SAVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.27.1 Matched or Adjusted Observational Studies
Okamoto 2016 0.61 0.z a8 072 024 a8 3249%  -011[018,-0.03] —
Chauwetts {reday 2020 0.ar 014 21 118 014 104 337%  -0.31[0.38,-024 —E—
Shih 2022 0.7 0229 84 072 026 162 33.3%  -0.02[0.09 0.048] —
Subtotal (95% CI) 133 324 100.0%  -0.15[-0.32,0.03] ——ee——
Heterogeneity: Tau®= 0.02; Chi®= 3566, df=2 (P = 0.00001%; F= 94%
Testfor averall effect Z=1.63 (P=010)
1.27.2 Unmatched/Unadjusted Observational Studies
kulik 2008 07 017 172 072 034 540 285%  -0.02[0.06, 0037 —-
Beckmann 2016 or 0.3 36 0y 0.2 g2 9% 0.00 0.1, 0.11] . E—
Carreia 2016 04as 023 238 06 02 TAY 333% -0.04[0.08,-0.02 —-—
Shih 2022 0¥ 023249 a4 075 036 814 164%  -008[012, 003 —
Rao 2023 081 028 90 084 06 512 1289% -013[F0.21,-0.08] e
Subtotal {95% CI) 501 2725 100.0% -0.05[-0.08, 0.02] <
Heterogeneity: Tau®= 0.00; Chi*=7.03, df= 4 (P=013) F=43%
Testfor overall effect Z=2.87 (P=0.004)

02 -01 0 01 02

Test for subgroup differences: Chif=118,df=1(F=028) F=150%

Figure S27 Forest plot for aortic valve area (cm’).
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AAE+SAVR SAVR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.28.1 Matched or Adjusted Observational Studies

Clkamaoto 2016 042 014 88 0452 047 53 39.5% -010[-0.16,-0.04] — &

Chauvette reda) 2020 049 0327 21 066 061 104 168% -0417[0.33,-0001] 4

Shih 2022 0.37 012 a4 038 014 162 437%  -0.01[-0.05,0.03] ——
Subtotal (95% CI) 133 324 100.0%  -0.07 [0.16, 0.01] el
Heterogeneity, Tau®= 0.00; Chi®=8.98, df=2 (P=0.01); F=78%

Test for overall effect Z=1.70 (P = 0.09)

1.28.2 Unmatched/Unadjusted Observational Studies

FPenaranda 2014 0.3r 01 29 041 01 a4 16.0%  -0.04 008, 0.00] I
Beckmann 2016 0.38 017 3/ 038 01 92 9.3% 0.00 [-0.06, 0.06] S
Correia 2016 035 014 239 038 013 FBF  3587%  -0.03[0.05 -001] -

Shih 2022 0.3r 012 a4 037 018 314 M1% 0.00 003, 0.03] B —
Fao 2023 041 014 90 047 03 512 178%  -0.06[-010,-0.03] —
Subtotal (95% CI) 448 2269 100.0% -0.03 [-0.05, -0.01] -
Heterogeneity, Tau®=0.00; Chif=6.35 df=4 (P=017), F=3T%

Testfar averall effect: £= 273 (P = 0.008)

02 -0.1 0 01 02
, , AME+SAVRE Lower AAE+SAVR Higher
Test for subaroup differences: Chif=1.03, df=1 (P=0311F=31%

Figure S28 Forest plot for indexed effective orifice area (cm’/m”).

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.29.1 Matched or Adjusted Observational Studies
Okamoto 2016 183 18 58 1497 1.8 55 489%  -040[1.07 027 ——T
Shih 2022 221 14 54 234 23 162 511%  -1.30[1.92 -0.68] ——
Subtotal {95% CI) 112 220 100.0%  -0.86 [-1.74,0.02] ——aulii——

Heterogeneity: Tau*=0.30; Chi*=3.72, df=1 (F=0.048); F=73%
Test for averall effect £=1.91 (F = 0.08)

1.29.2 Unmatched/Unadjusted Observational Studies

Beckmann 2016 19 1 36 20 1 92 349% -1.00[-1.39 -0.61] —
Shih 2022 221 149 54 243 23 814 32.4% -220[2.73,-167] = —

Rao (barrel end of sizer) 2023 232 11 82 241 232 511 327%  -0.90[-1.41,-0.39] —
Raoireplica end of sizer) 2023 231 21 62 237 21 494 00% -0.60[1.15 -0.04]

Subtotal (95% CI) 172 1417 100.0% -1.36[-2.12, -0.59] ot

Heterageneity: Tau®= 0.40; Chi*= 1567, df= 2 (P = 0.0004); F= 87%
Testfor overall effect: 2= 3.47 (P = 0.000%5)

-2 -1 0 1 2
AAE+SAVR Lower AAE+SAVR Higher

Testfor subgroup differences: Chi*= 069, df=1 (F =041, F=0%

Figure S29 Forest plot for aortic annular diameter (mm).
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AAE+SAVR

Study or Subgroup Events

Total Events

SAVR

Risk Ratio

Total Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

1.30.1 Matched or Adjusted Observational Studies

COkamoto 2016 58 58
Haunschild 2019 161 166
Chauvette (redo) 2020 17 21
Tam {no CABG) 2020 688 809
Tam (yes CABG) 2020 460 425
Tarm 2020 1148 1334
Shih 2022 49 54
Subtotal (95% Cl) 1633
Total events 1433

Heterogeneity, Tau®=0.00; Chi®=1.07, df=4 (P =090}, F=0%
Testfor overall effect: £=0.59 (P = 0.56)

1.30.2 Unmatched/Unadjusted Observational Studies

Sommers 1987 a4 98
Penaranda 2014 a0 a0
Prifti 2014 35 35
Beckmann 2016 36 36
Correia 2016 170 238
Caorreia (incl mixed stenosis+insufficiency) 2016 223 2389
Haunschild 2019 163 168
Tam {no CABG) 2020 727 850
Tam (yes CABG) 2020 479 546
Tam 2020 1206 1386
Shih 2022 49 54
Rao 2023 88 30
Yousef 2023 118 1N
Subtotal (95% Cl) 2278
Total events 2032

Heterogeneity: Tau®=0.00; Chi*=16.14, df= 9 (P = 0.06);, F= 44%

Testfor overall effect 2= 315 (P =0.002

58 58
161 166
77 104
679 809
457 525
1136 1334
142 162
1824

1674
36 432
a7 a7
2020
91 92
528 767
710 767
3513 3329
7486 8764
5770 G947
13256 156711
630 814
474 512
1937 2240
24504

21095

Testfor subaroun differences: Ghi®= 3.26, df=1 (P =0.07). F= 69.4%

32.8% 1.00[0.97,1.03]
26.4% 1.00 [0.96, 1.04]
0.7% 1.09 [0.86, 1.39]
0.0% 1.01 [0.97, 1.08]
0.0% 1.01 [0.96, 1.08]
T T% 1.01 [0.98, 1.04]
2.4% 1.04[0.93,1.14]
100.0% 1.01 [0.99, 1.03]
3.2% 1.17 [1.06, 1.29]
9.8% 1.00[0.95, 1.05]
4.9% 1.00[0.93,1.08]
11.9% 1.00 [0.96, 1.04]
0.0% 1.03[0.94,1.13]
12.2% 1.01 [0.97,1.08]
16.5% 1.06[1.02,1.08]
0.0% 1.00[0.97, 1.03]
0.0% 1.06[1.02,1.08]
19.1% 1.02[1.00, 1.08]
3.8% 1.07 [0.98,1.17]
121% 1.06[1.02,1.10]
7.4% 1.04 [0.98,1.11]
100.0% 1.03 [1.01, 1.05]

— .
JE N—

_—F
S
—-—
>
1 t t t
085 04 1.1 1.2

AAE+SAVR Lower AAE+SAVR Higher

Figure S30 Forest plot for aortic stenosis [including mixed stenosis and insufficiency] vs insufficiency.

AAE+SAVR
Events Total

SAVR
Study or Subgroup

Events Total

Risk Ratio

Weight IV, Random, 95% ClI

Risk Ratio
IV, Random, 95% CI

1.31.1 Matched or Adjusted Observational Studies

Okamoto 2016 a a8 g
Shih 2022 16 a4 a1 1
Subtotal (95% CI) 112 2
Total events 24 an

ag
62
20

19.9%
80.1%
100.0%

Heterogeneity, Tau®= 0.00; Chi*=0.65 df=1 (P=042, F=0%

Testfor overall effect: £= 221 (P=0.03)

1.31.2 Unmatched/Unadjusted Observational Studies

Prifti 20145 g a5 g 20
Shih 2022 16 a4 320 814
Rao 2023 ar 40 179 &12
Subtotal (95% CI) 179 1346
Total events A2 a08

19.9%
35.4%
44.8%
100.0%

Heterogeneity, Tau*=0.08; Chi*=5.23 di=2 (P=007), F=62%

Test for overall effect: £= 0.66 (F=0.51)

0.89[0.37, 2.14]

0.59 [0.28, 0.97]
0.64 [0.43, 0.95]

e

i
e

0.57 [0.27, 1.20]
0.75 [0.50, 1.15]
1.18[0.89, 1.55]
0.87 [0.58, 1.32]

Testfor subaroup differences: Chif=1.09, df=1{F=030, F=85%

Figure S31 Forest plot for bicuspid aortic valve.
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Figures S32-S39. Meta-analyses for operative outcomes

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.32.1 Matched or Adjusted Observational Studies
Okamoto 2016 18 A8 21 A8 8.8% 0.86 [0.51,1.43] —
Haunschild 2019 12 164 11 164 38% 1.09 [0.50, 2.40]
Tam (no CABG) 2020 178 804 281 804 0.0% 0.71 [0.60, 0.84]
Tam (yes CABG) 2020 73 825 79 535 0.0% 0.92 [0.69, 1.24]
Tam 2020 251 1334 330 1334 B28% 0.76 [0.66, 0.88] ‘.‘
Shih 2022 9 54 20 162 4.5% 1.35[0.65, 2.78] —
Subtaotal (95% CI) 1615 1723 100.0% 0.80 [0.68, 0.93] L
Total events 290 382
Heterogeneity: Tau®=0.00; Chi*= 310, df= 3 {F=0.38); F=3%
Test for overall effect: Z=2.83 (P = 0.004)
1.32.2 Unmatched/Unadjusted Observational Studies
Sommers 1997 1] ag 1] 432 Mot estimahle
Sakarmoto (5t Jude only) 2008 24 24 104 104 204% 1.00[0.94, 1.08] *
Sakamoto 2006 24 24 167 167 205% 1.00[0.94, 1.08] *
lkulik 2008 74 172 A 540 10.8% 1.07 [0.88,1.31] -
Penaranda 2014 i 30 3 87 01% 0.41[0.02, 7.63] * +
Prifti 20145 35 35 20 20 19.2% 1.00[0.93,1.08] "
Beckmann 2016 a 36 i] 92 Mot estimahle
Correia 2016 57 239 366 TGY  9.0% 0.50[0.39, 0.63] I
Haunschild 2019 12 171 328 3949 2.5% 0.84[0.48,1.47] —
Tam {no CABG) 2020 218 850 2384 8764 0.0% 0.94 [0.54, 1.08]
Tam {yes CABG) 2020 492 546 1166 6947  00% 1.00[0.83,1.22]
Tarn 2020 310 1386 3550 15711 17.5% 0.98 [0.59, 1.08] -
Rao 2023 1] a0 1] 512 Mot estimahble
Subtotal (95% CI) 2315 22371 100.0% 0.94 [0.86, 1.03] "
Total events 536 4746
Heterogeneity, Tau®= 0.01; Chi*= 33.13, df= 7 (P = 0.0001); F=79%
Testfor overall effect: Z=1.33 (F=10.18)
02 05 2 5
. . AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup diferences: Chi*= 3.04, df=1 (P=0.08), F=67.1%
Figure S32 Forest plot for mechanical vs. bioprosthetic aortic valve replacement.

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.34.1 Matched or Adjusted Observational Studies
Okamoto 2016 g ag g a3 100.0% 1.00[0.34,2.92] ¢ *
Haunschild 2019 0 169 1] 169 Mot estimable
Shih 2022 i a4 i 162 Mot estimable
Subtotal (95% CI) 281 389 100.0% 1.00 [0.34, 2.92]
Total events 3] 3]
Heterogeneity: Mat applicable
Testfor overall effect Z=0.00 (P =1.00)
1.34.2 Unmatched/Unadjusted Observational Studies
Kulik 2008 TE 172 214 540 13.2% 1.10[0.80, 1.34] T
Penaranda 2014 13 30 14 ar 2.9% 0.86 [0.54, 1.36]
Prifti 2014 g 34 4 20 0.5% 0.86[0.27, 2.698] + *
Carraia 2016 41 2349 104 76T 5.4% 1.25[0.80,1.74]
Haunschild 2019 o 17 i 3949 Mot estimable
Mehaffey 2021 2307 5412 83094 183836 T3E% 0.94 [0.81, 0.497] n
Shih 2022 a a4 a a14 Mot estimable
Rao 2023 24 el ] 164 412 1.4% 0.83[0.58,1.20]
Subtotal {95% CI) 6203 190545 100.0% 0.97 [0.90, 1.05] -
Total events 2466 A3625
Heterogeneity: Tau®=0.00; Chi*= 569, df =8 (P=034), F=12%
Testfor overall effect Z=078 (P=0.43)

07 085 12 15

) ) AAME+SAVR Lower AAE+SAVR Higher
Test for subgroup diferences: Chi®*= 0.00, df=1 (P=0495), F= 0%

Figure S33 Forest plot for concomitant CABG.
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AAE+SAVR SAVR Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.35.1 Matched or Adjusted Observational Studies

Okamoto 2016 5 58 13 58 100.0% 1.00[0.31, 3.27]

Haunschild 2019 o 169 o 169 Mot estimahle

Subtotal (95% CI) 227 227 100.0% 1.00 [0.31, 3.27]

Total events a a

Heterogeneity: Mot applicable
Test far averall effect £=0.00{F = 1.00)

1.35.2 Unmatched/Unadjusted Observational Studies

Kulik 2008 12 172 73 840 353% 0.52[0.29, 093] L

Prifti 2014 7 34 A 20 11.89% 0.80[0.29, 2.19]

Coarreia 2016 18 239 108 TE7  53.0% 0.53[0.33, 0.86] ——
Haunschild 2019 o1 0 35449 Mot estimahle

Subtotal (95% Cl) 617 5276 100.0% 0.55[0.39, 0.78] o
Total events kr 186

Heterogeneity: Tau*=0.00; ChF=05%9, df=2 (P=0.748); F= 0%
Test for overall effect; £= 3.33 (P = 0.000&)

05 0.7 15 2
AAE+SAVR Lower AAE+SAVR Higher

Testfor subaraup differences: Chi®= 088, df=1 (P =0.38), F= 0%

Figure S34 Forest plot for concomitant mitral valve surgery.

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.36.1 Matched or Adjusted Observational Studies
Okarmoto 2016 a8 lit:] g 58 100.0% 0.89[0.37, 2.14]
Haunschild 2019 a 164 o 1649 ot estimable
Subtotal (95% CI) 227 227 100.0% 0.89 [0.37, 2.14]
Total events a8 g

Heterogeneity: Mot applicahle
Test for averall effect £= 026 (P = 0.79)

1.36.2 Unmatched/Unadjusted Observational Studies

Kulik 2008 1172 29 540 73.4% 0.11 [0.01, 0.79] =
Correia 2016 4 739 36 TET TH.6% 0.36 [0.13, 0.89] —l—
Haunschild 2018 0 171 0 3949 Mot estimahle

Subtotal (95% CI) 582 5256 100.0%  0.27[0.10, 0.73] ~-—
Total events ] [5la]

Heterogeneity, Taw®= 006, ChiF=1.09, df=1 (P =030}, F= 9%
Test for averall effect £= 2.60 (P = 0.009)

0.0z 04 10 50
AAE+SAVR Lower AAE+SAVR Higher

Test for subgroup differences: Chif=3.12, dfi= 1 (F=0.08), F= 67 9%

Figure S35 Forest plot for concomitant tricuspid valve surgery.
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AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.37.1 Matched or Adjusted Observational Studies
Okamoto 2016 177 42 a8 1a7 k] 88 224%  20.00([5.25, 34.758] —
Haunschild 2018 10118 274 169 FEYZ 227 169 326% 24461910, 29.82] -
Chauvette (reda) 2020 146 32 hal 140 T 104 17.8% -4.00[23.3315.33] I
Shih 2022 13817 343 54 10286 33.04 162 271% 3531 [24.70, 45.97] —
Subtotal (95% CI) 302 493 100.0% 21.33 [9.69, 32.97] -
Heterogeneity: Tau®= 10067, Chi®=12.70, df= 3 (P = 0.008); F=76%
Testfor overall effect 2= 359 {F = 0.0003)
1.37.2 Unmatched/Unadjusted Observational Studies
Kulik 2008 1375 456 172 1299 444 540 0.0% T.60[-0.18,15.38]
Kulik {excl concom proceduras) 2008 11893 445 94 10649 308 252 11.2% 12.40[263, 2217] ——
Fenaranda 2014 145 T a0 a8 kil ar 3.2% A7.00[29.03, 84.97] —_—
Prifti 20145 1149.3 43 ki a9 25 20 B1% 30.30[12.33, 48.27] E—
EBeckmann 2016 105 28 36 67 26 92 10.3% 38.00[27.14, 48.86] I
Carreia 2016 a3 21234 3.8 203 TEY 0.0% 142001117, 17.23]
Correia {excl concom proceduras) 2016 774 155 178 857 11 520 16.6% 21.70[19.23, 2417] -
Haunschild 2018 101,23 273 171 8127 238 3949 156% 1996 [15.80,2412] -
Mehaffey 2021 128 a1 5412 114 43 183856 17.0% 14.00[12.63 15.37] =
Fao 2023 1228 527 90 1057 40.3 512 9.9% 17.10[59.67, 28.53] -
Yousef 2023 138 64 131 96 33 2240 10.2% 42.00([30.96, 53.04] —_—
Subtotal (95% CI) 6177 191528 100.0% 24.02 [18.50, 29.55] L 2
Heterogeneity: Tau®= 46.36; Chi®= 78.88, df=8 (P = 0.00001); F= 90%
Testfor averall effect Z=8.52 (P = 0.00001)

80 .25 0 25 50

Testfor subgroup differences: Chi*= 017, df=1{P = 0.68), F=0%

Mean

Figure S36 Forest plot for cardiopulmonary bypass time (min).

SD Total Weight

Mean Difference
IV, Random, 95% Cl

AAE+SAVR Lower AAE+SAVR Higher

Mean Difference
IV, Random, 95% Cl

AAE+SAVR

Study or Subgroup Mean SD Total
1.38.1 Matched or Adjusted Observational Studies

Okamoto 2016 126 32 58
Haunschild 2019 TP 2003 169
Chauvette {reda) 2020 114 23 i
Shih 2022 11379 26.73 54
Subtotal (95% CI) 302

110
55.67
12
8298

Heterogeneity: Tau®=62.11; Chi*=13.17, df= 3 (P = 0004}, F=77%

Testfor overall effect Z=4.15 (P = 0.0001}

1.38.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 78 26
Kulik 2008 941 267
Kulik {excl concom procedures) 2008 821 1.3
Fenaranda 2014 T4 27
Prifti 2014 93 32
Eeckmann 2016 7a 19
Correia 2016 S6.6 124
Correia {excl concom procedures) 2016 605 144
Haunschild 2019 TPT 202
Rao 2023 931 388
Yousef 2023 111 51
Subtotal (95% CI)

43
172
94
a0
35
36
229
178
171
40
1
863

Heterogeneity: Tau®= 25.40; Chi®= 37.91, df= 8 (P = 0.00001}); F=79%

Testfor overall effect: Z=8.61 (P = 0.00001)

Testfor subaroup differences: Chi®=0.09, df=1 {P=0.76), F=0%
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Figure S37 Forest plot for aortic cross clamp time (min).
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19.38 [16.30, 22.46]
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AAE+SAVR SAVR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.39.1 Matched or Adjusted Observational Studies

Okarmoto 2016 194 16 58 183 1.3 58 21.8% 010 [0.43,0.63] —
Haunschild 2019 217 15 168 223 1.5 169 279% -0.60[0.92-0.28] —=—

Chauvette (redo) 2020 212 04 21 221 04 104 311%  -0.90[1.09,-0.71] =

Shih 2022 2213 1.94 54 2339 228 162 19.2% -1.26 [1.89,-0.63] —

Subtotal {(95% CI) 302 493 100.0% -0.67 [1.09, -0.25] -

Heterageneity: Tau®=0.14; Chi*= 1562, df= 3P =0.001), F=81%
Test for overall effect 2= 310 (P = 0.002)

1.39.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 238 1.94 98 253 207 432 1068% -1.50[1.93,-1.07] —

Kulik 2008 22 1 172 207 06 540 1M14% 1.30[1.14,1.46] -
Penaranda (all same in each group) 2014 21 041 a0 19 041 a7 11.5% 2.001[1.96, 2.04] =
Prifti (all same in each group) 2015 19 04 35 17 04 20 11.5% 2.00[1.95 2.05] =
Beckmann 2016 249 045 20 233 13 92 11.0% 1.60[1.27,1.93] —
Correia 2016 218 1238 207 05 767 1MA% 1.10[0.87,1.23] -
Haunschild 2019 217 15 A7 237 1.5 3849 11.3%  -200[F2.23,-1.77] -

Rao 2023 231 18 90 237 21 512 108% -0.60[1.03,-017] —

Yousef 2023 23 313 237 15 2240 105%  -070[1.22,-0.18] I

Subtotal (95% CI) 986 8639 100.0% 0.38 [-0.19, 0.95] -

Heterogeneity: Tau®= 0.74; Chi*= 1773.65, df= 8 (P < 0.00001}; *=100%
Test for averall effect Z=1.32 (P=0.149)

2 a0 1z
_ _ AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup differences: Chi®=8.43, df=1 (P =0.004), F= 88.1%
Figure S38 Forest plot for aortic prosthesis size (mm) with arbitrary small standard deviation of 0.1 imputed for Penaranda 2014 and Prifti
2015 to allow inclusion in the pooled analysis. These studies would otherwise be excluded in the pooled analysis as each group received only

one prosthesis size for these two studies resulting in zero standard deviations.

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.39.1 Matched or Adjusted Observational Studies
Okamota 2016 194 16 58 193 13 58 21.8% 0.10 [0.43, 0.63] I
Haunschild 2019 217 14 169 223 15 169 279% -060[-052-0.28 —
Chauvette (reday 2020 212 04 21 221 04 104 311%  -0.80[-1.09,-0.71] -
Shih 2022 2213 184 54 2338 228 162 192% -1.26[-1.89,-063] I —
Subtotal (95% CI) 302 493 100.0% -0.67 [-1.09, -0.25] ’

Heterogeneity: Tau*= 014, Chi*= 1562, df=3 (P=0001); F=81%
Testfor averall effect: 2= 310 (P =0.002)

1.39.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 238 194 98 253 207 432 142%  -1.50[-1.93,-1.07] —_—

Kulik 2008 22 1 172 207 06 540 145% 1.30[1.14, 1.46] -
Fenaranda (all same in each group) 2014 21 0 30 19 1] ar Mot estimahle

Frifti {all same in each group) 2015 14 0 35 17 1] 20 Mot estimahle

Beckmann 2016 249 045 20 233 1.3 92 14.3% 1.60[1.27,1.93] —
Correia 2016 21.8 1 238 207 05 TET 145% 1.10[0.97,1.23] -
Haunschild 2019 217 15 171 237 1.5 3949 144%  -200[2.23-1.77] -

Rao 2023 231 14 90 237 21 512 142%  -0.60[-1.03,-017] —_—

Yousef2023 23 3131 237 1.5 2240 140% -0F0[1.22-0.18] —_—

Subtotal (95% CI) 986 8639 100.0%  -0.11[-1.17,0.96] —eli—

Heterogeneity: Tau®=2.04; Chi*= 802.72, df = 6 (P = 0.00001); F=99%
Testfor overall effect: 2= 0.20 (F = 0.84)

2 0 1 2
AAE+SAVR Lower AAE+SAVR Higher

Testfar subaroun differences: Chi*= 092, df=1 (P =034, F=0%

Figure S39 Forest plot for aortic prosthesis size (mm) without imputed standard deviations from (thereby excluding) Penaranda 2014 and
Prifti 2015.
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Figures S40-S55. Meta-analyses for early postoperative outcomes

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.40.1 Matched or Adjusted Observational Studies
Okamoto 2016 083 018 58 103 027 58 #M.T%  -010[0.8,-002) —
Haunschild 20149 177 022 169 177 022 165 440% 0.00[-0.05, 0.08] —
Chauvette {reda) 2020 076 018 21 085 041 104 243%  -0.09[0.20,0.03 =
Subtotal (95% Cl) 248 331 100.0%  -0.05[-0.13,0.02] —aaii———
Heterogeneity: Tau*=0.00; Chi*= 540, df=2 (F=0.07), F=G3%
Testfor averall effect Z=1.43 (F=015)
1.40.2 Unmatched/Unadjusted Observational Studies
Sommers 1987 0.853 0.097 598 0982 0098 432 136% -0.03[0.05 -0.01] —_—
Kulik 2008 089 018 172 079 016 540 132% 00[0.07,013] I
Penaranda 2014 114 036 24 08 026 72 A0% 0.34[0.19,0.48] —*
Prifti fup to 1) 2015 0ga  04r 31 076 0.z 19 T.4% 0.09[-0.02, 0.20]
Beckmann 2016 0.81 0.2 26 083 014 7 81% 0.08 [-0.00,0.18] ———
Correia 2016 082 011 2339 086 008 TEY 138% 0.06 [0.04, 0.08] -
Haunschild 20149 177 022 171 1.8 022 3949 12.9%  -0.03[-0.06,0.00] I
Rao 2023 0rya 018 73 08 0205 438 121%  -0.02[-0.07,0.03] —
Fao (1) 2023 079 022 g4 078 047 437 0.0% 0.04 [-0.01, 0.08]
Yousef 2023 0.95 0.2 13 096 02 2240 12.8% 0.00[-0.04, 0.04] —
Subtotal (95% Cl) 966 8530 100.0% 0.04 [-0.00, 0.08] e
Heterogeneity: Tau®= 0.00; Chi*= 103.35, df= 8 (P = 0.00001); F= 92%
Testfor overall effect Z=1.94 (P=0.058)
} } } }
-0z -0 a 0.1 0.2

Testfor subdroup diferences: Chi*= 487, df=1(FP=003), F=7

9.5%

Figure S40 Forest plot for postoperative indexed effective orifice area (cm’/m’).

AAE+SAVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.41.1 Matched or Adjusted Observational Studies
Okamoto (EOI <0.65 crn®m®) 2016 i 58 3 58 35.5% 014001, 2.71] L
Haunschild (EQl <0.65 crm™m®) 2019 1 164 4 165 (4.9% 0.25[0.03, 2.23] — i
Subtotal (95% CI) 222 223 100.0% 0.21 [0.04, 1.19] -*-—
Total events 1 7
Heterogeneity: Tau®=0.00; Chi®= 0.09, df=1 (P =0.76); F= 0%
Testfor overall effect: Z=1.77 (P = 0.08)
1.41.2 Unmatched/Unadjusted Observational Studies
Penaranda (EOI =<0.65 cr®m?) 2014 3 25 23 71 14.9% 0.38[012,1.14] [ —
Prifii fup to 1y, iEQI 5 0.65 crm™m™) 2015 2 il 4 19 7.2% 0.31[0.06,1.52] —
Beckmann (EQI =0.65 cm®m™ 2016 2 26 a 72 BA4A% 0.69[0.16, 3.08] [ E—
Correia (EQI <065 crm®m™ 2016 o 239 0 FEY Mot estimable
Haunschild (EQI =0.65 cm®m® 2019 1 166 124 3861 4.8% 0.19[0.03,1.33] ~
Rao {1v) 2023 13 a4 86 437 GB4T% 0.79[0.46,1.34] -
Subtotal {95% CI) 571 5228 100.0% 0.61 [0.40, 0.93] L
Total events 21 245
Heterageneity: Tau*=0.00; Chi*= 372, df=4 {P=044); F=0%
Testfor overall effect: £= 2.27 (P = 0.02)
0.01 0 10 100
. . AAE+SAVR Lower AAE+SAVR Higher
Testfor subgroup differences: Chi®=1.38, df=1 (P = 0.24), F= 27.8%

Figure S41 Forest plot for severe patient-prosthesis mismatch (PPM).
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AAME+SAVR
Study or Subgroup Events Total

SAVR
Events Total

Weight IV, Random, 95% CI

1.42.1 Matched or Adjusted Observational Studies

Okamoto (EOI0.65-0.85 cm™m™ 2016 15 58
Haunschild (EOI 0.66-0.85 cm™m™ 2019 41 164
Subtotal (95% CI) 222

Total events a6
Heterogeneity: Tau®= 0,19, Chi*= 2,69, df=1 {P=0.10); F= 62%
Test for overall effect Z=027 (P=0.79)

1.42.2 Unmatched/Unadjusted Observational Studies

FPenaranda (JEQI 0.66-0.85 crm™m™) 2014 2 25

Prifti (up to 1y, iIEQI 0.66-0.75 crn®™m™ 2015 10 kil
Caorreia (IEQI 0.65-0.89 cm®im® 2016 71239 3
Haunschild (iEOI 0.66-0.85 crm™m™ 2019 41 166 10
Rao (1y) 2023 32 a4 1
Subtotal (95% CI) 545

Total events 156 16

Heterogeneity: Tau®= 0.08; Chi*=13.40, df= 4 (P =0.009); *=T0%
Testfor overall effect Z=1.56 (F=012)

Test for subgroup differences: Chi®=0.86, df=1 (P =0.35), F= 0%

9 58 38.1%
49 169 B1.9%
223 100.0%

58
26 T2 4T%
] 19 91%
24 Fe7  30.8%
28 3861 28.2%
79 437 7%
5156 100.0%

22

Figure S42 Forest plot for moderate patient-prosthesis mismatch (PPM).

Risk Ratio Risk Ratio

IV, Random, 95% CI
167 [0.79, 2.50] N B
0.84[0.59,1.20] ——
1.09 [0.57, 2.09] ———
0.22[006 087 +———————
1.23[0.49, 2.04]
050048, 073 ——
083 [0.71,1.23] —a—
093 (069, 1.25] o
0.78 [0.56, 1.07] -

02 05 2 g

AME+SAVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.43.1 Matched or Adjusted Observational Studies
Okamato (JEOI =0.85 crm®m™) 2016 15 58 12 58 29.0% 1.25[0.64, 2.43] ol
Haunschild (IEQI =0.85 cm®m® 2019 42 164 53 165 T1.0% 0.80([0.57,1.12] ——
Subtotal (95% CI) 222 223 100.0% 0.91[0.61, 1.35] ~—e——
Total events 57 2141
Heterogeneity: Tau®=0.03; Chi*=1.38, df= 1 (FP=024);, F= 28%
Testfor overall effect: Z= 047 (P = 0.64)
1.43.2 Unmatched/Unadjusted Observational Studies
Sakamaoto (St Jude anly, iIECQI =0.85 cr®im™ 2006 0 24 0o 104 Mot estimable
Sakamoto (EOI =0.85 crm™m™ 2006 0 24 2 157 04% 1.26 [0.08, 25.56] * *
Kulik (iIEQI =0.85 crm®m® 2008 T3 172 375 540 223% 0.61 [0.51, 0.73] —
Fenaranda (iIEQI =0.85 crm®m™) 2014 g 25 44 72 4 6% 0.29[0.13, 0.65]
Frifti (up ta 1y, IEQI =0.75 crm¥m™ 2014 12 N 9 19 6.4% 0.82[0.43,1.56]
Correia (EQI £0.85 cm™m™ 2016 7239 384 TET 209% 0.589[0.48 0.73] — =
Haunschild (IEQI =0.85 cm®m® 2019 42 166 1152 3BE1 1T748% 0.85[0.65,1.11] —
Rao {1y) 2023 45 84 265 437 206% 0.88[0.71,1.06] —
Yousef JECI =0.85 cm™m™ 2023 10 13 224 2240 0% 0.76 [0.42,1.40] e E—
Subtotal (95% CI) 896 8197 100.0% 0.70 [0.58, 0.84] *
Total events 258 2460
Heterogeneity: Tau®= 003, Chi*=16.09, df=7 (P = 0.02); F= 56%
Testfor overall effect: £=3.79 (P = 0.0003)

t t t 1
0s 07 148 2

Testfor subagroup differences: Chi*=1.38,df=1{P =024}, F=27.3%
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Figure S43 Forest plot for moderate or severe patient-prosthesis mismatch (PPM).
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AAE+SAVR
Study or Subgroup Events Total

Risk Ratio
IV, Random, 95% CI

1.44.1 Matched or Adjusted Observational Studies

Okamoto {30d ar hospital) 2016 1 58
Haunschild {30d or hosp) 2019 3 1649
Chauvette {redo; hosp & 30d) 2020 2 21
Tam (ho CABG; 30d) 2020 16 809
Tam (yes CABG, 30d) 2020 19 525
Tam (30d) 2020 38 1334
Shih {30d) 2022 a a4
Subtotal (95% CI) 1636
Total events 41

Heterogeneity, Tau®=0.00; Chi*=0.54, df=4 (P =0.87), F=0%

Test for overall effect, Z2=0.26 (P = 0.79)

1.44.2 Unmatched/Unadjusted Observational Studies

Sommers 1997 7 98
Kulik 2008 12 172
Fenaranda 2014 3 30
Frifti thospitaly 20145 4 35
Beckmann {30d) 2016 2 36
Carreia thospitaly 2016 2 234
Haunschild {30d or hosp) 2019 3171
Tam {no CABG; 30d) 2020 15 850
Tam {yes CABG; 30d) 2020 21 546
Tam (30d) 2020 36 1396
Mehaffey {30d ar hospital) 2021 290 5412
Fao (30d) 2023 2 =i
Yousef 2023 5 13

Subtotal {95% Cl)

Total events 366

SAVR Risk Ratio
Events Total Weight IV, Random, 95% CI
2 58 3.2% 0.50[0.05, 5.36]
2 168 57% 1.50[0.25, 8.86]
] 104 84% 1.10[0.26,4.73]
17 809 0.0% 0.94[0.48,1.85]
16 525  00% 1.19[0.62, 2.28]
33 1334 81.0% 1.06 [0.66, 1.70]
1 162 1.8%  089[0.04, 23.90]
1827 100.0% 1.06 [0.69, 1.61]

47
15 432 FT7% 2.06[0.86, 4.91]
35 540 121% 1.08[0.57,2.03]
7 a7 40% 1.24[0.34, 4.50]
1 20 1.6%  2.29[0.27,19.07]
2 92 1.8%  256[0.37,17.46]
4 TET  24% 1.60[0.30, 8.71]
55 3948 48% 1.26[0.40, 3.99]
201 a7ve4  0.0% 0.77[0.46,1.29]
294 6947 0.0% 0.91[0.59,1.40]
495 15711 23.0% 0.82[0.59,1.14]
6303 183856 33.0% 1.86([1.39,1.74]
3 512 22%  379[0.64,22.38]
52 2240 73% 1.64 [0.67, 4.05]
208206 100.0% 1.34 [1.02,1.76]
6972

Heterogeneity, Tau®=0.06; Chi®=16.20, df=10 (P = 0.09); F= 38%

Test for averall effect Z2=2.11 (P = 0.04)

Test far subaroup differences: Chi*=0.84, df=1 (P =0.36), F=0%

Figure S44 Forest plot for perioperative mortality.
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AAE+SAVR SAVR
Study or Subgroup Events Total Events

Risk Ratio

Total Weight IV, Random, 95% Cl

Risk Ratio
IV, Random, 95% CI

1.45.1 Matched or Adjusted Observational Studies

Haunschild 2019 5 169 ] 169 7.4%
Chauvette {redo) 2020 1 21 3 104 2.3%
Tam (no CABG) 2020 41 809 30 809 0.0%
Tam (yes CABG) 2020 3| 525 17 525 0.0%
Tarm 2020 91334 47 1334 89.0%
Shih 2022 o 54 4 162 1.3%
Subtotal (95% CI) 1578 1769 100.0%
Total events a5 a8

Heterogeneity: Tau®= 0.00; Chi®=1.78, df= 3 (P = 0.62); F= 0%
Test for overall effect £=2.70 (P = 0.007)

1.45.2 Unmatched/Unadjusted Observational Studies

Sammers 1997 10 98 29 432 1.5%
Kulik: 2008 9 172 33 540 1.4%
Fenaranda 2014 1 30 4 ar 0.2%
Prifti 2015 B 35 1 20 0.2%
Beckmann (30d) 2016 2 36 2 92 0.2%
Haunschild 2019 5 171 140 3949 0.9%
Mehaffey 2021 406 5412 12770 183856 7Ta49%
Tarm (ho CABG) 2020 41 850 365 8764 0.0%
Tam (yes CABG) 2020 41 546 415 6347 0.0%
Tam 2020 82 1396 T80 18711 14.6%
Rao 2023 o 40 3 512 0.1%
Yousef 2023 11 131 146 2240 21%
Subtotal {(95% CI) 7571 207439 100.0%

Total events 532 13918
Heterogeneity: Tau*=0.00; Chi*=4.91, df =9 (P =084}, F= 0%
Testfor overall effect Z=2.22 (P =0.03)

Testfor subaroup differences: Chi*=4.30, df=1 (P =0.04), F=76.7%

1.00[0.29, 3.39]
1.85[0.18,15.11]
1.37 [0.86, 2.17]
2.24[1.28, 3.91]
1.68[1.18, 2.309]
0.33[0.02, 6.02]
1.58 [1.13, 2.21]

1.52[0.77, 3.01]
0.6 [0.42, 1.75]
0.72[0.08, 6.23]

2.43[0.44, 26.49]

256 [0.37, 17.46]
0.77 [0.32, 1.84]
1.08 (0.9, 1.19]
1.16 [0.85, 1.50]
1.26[0.92,1.71]
1.15[0.95, 1.48]

0.81 [0.04, 15.46]
1.29(0.72, 2.37)
1.10 [1.01, 1.20]

Fs

.3
>

L2

0.04

0.2

5 20

AAE+SAVR Lower AAE+SAVR Higher

Figure S45 Forest plot for perioperative chest reopening. Increased risk of perioperative chest reopening among the matched/adjusted

studies was primarily due to the results of Tam 2020 which accounted for 89% of the weighting. Excluding Tam 2020, the pooled risk of

chest reopening in the remaining matched/adjusted studies was no longer statistically significant (RR 0.97 [0.36, 2.65]).
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AAE+SAVR SAVR
Study or Subgroup

Risk Ratio

Events Total Events Total Weight IV, Random, 95% Cl

Risk Ratio
IV, Random, 95% CI

1.46.1 Matched or Adjusted Observational Studies
Okamoto 2016 2 a8 ] 58 241% 5.00[0.25,101.93] ol *
Chauvette {redo) 2020 1 2 1 104 29.4% 4.95[0.32, VE6.08] = *
Shih 2022 1 a4 4 162 4B.5% 0.75[0.09, 6.57] L
Subtotal (95% CI) 133 324 100.0% 2.06 [0.47, 8.08] — e ——
Total events 4 ]
Heterogeneity: Tau®=0.00; Chi®=1.486, df= 2 (F = 0.46) F= 0%
Test for overall effect: £=0.86 (P = 0.34)
1.46.2 Unmatched/Unadjusted Observational Studies
Sommers 1987 2 98 12 432 1.3% 073017, 3.23]
kulik 2008 1 172 4 540 0.6% 0.78[0.09, 6.98]
Fenaranda 2014 1 30 1 a7 0.4% 2900019, 44.94] +
Mehaffey 2021 127 5412 3844 183856 96.0% 1.12[0.94,1.34] .‘
Rao 2023 2 a0 3 512 0.9% 3.79[0.64,22.38] *
Yousef 2023 1 13 39 2240 0.7% 0.44 (006,317 4
Subtotal (95% CI) 5933 187667 100.0% 1.12 [0.95, 1.33] *»
Total events 134 3803
Heterogeneity: Tau®=0.00; Chi®= 3.95, df= 5 (P = 0.62) F= 0%
Test for overall effect £=1.32 (P =0.149)

} } } } } }

01 0.2 0.5 2 A 10

. . AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup diferences: Chi*= 064, df=1 (F=042, F=0%
Figure S46 Forest plot for perioperative stroke.
AAE+SAVR SAVR Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.47.1 Matched or Adjusted Observational Studies
Okamaoto 2016 a lit:] 1 a8 13.2% 0.33[0.01, 8.02]
Chauvette (redo; =72h) 2020 3 21 8 104 B6E% 1.86 [0.54, 6.43] i
Subtotal {95% CI) 79 162 100.0% 1.48 [0.47, 4.70]
Total ewents 3 9
Heterageneity: Tau®=0.00; Chi®=097, df=1 (P =032, F=0%
Test for overall effect: £ =066 (F=051)
1.47.2 Unmatched/Unadjusted Observational Studies
Sommers 1997 7 o8 8 432 1000%  1.10[024, 611] i
Subtotal {95% CI) 98 432 100.0% 1.10 [0.24, 5.11]
Total ewents 2 a
Heterageneity: Mot applicable
Testfor overall effect Z=0.12 {F = 0.90)

0.01 0.1 10 100

Testfor subgroup differences: Chi®= 009, df=1 (P =0.76), F= 0%

Figure S47 Forest plot for perioperative myocardial infarction.
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Risk Ratio

Total Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

AMAE+SAVR SAVR
Study or Subgroup Events Total Events
1.48.1 Matched or Adjusted Observational Studies
Ckamaoata {complete heart blacky 2016 0 a8 2 a8 1.0%
Chauvette (reda) 2020 3 21 12 104 B.A%
Tam (no CABG) 2020 38 809 54 808  0.0%
Tarm (yes CABG) 2020 28 525 28 525  0.0%
Tam 2020 67 1334 a2 1334 91.4%
Shih 2022 i 54 8 162 1.1%
Subtotal {95% CI) 1467 1658 100.0%
Total events 70 104
Heterogeneity: Tau®= 0.00; Chi®= 2.46, df= 3 (P = 0.48); F= 0%
Testfor overall effect Z=1.35(FP=018)
1.48.2 Unmatched/Unadjusted Observational Studies
Sommers 19497 ] 98 248 432 154%
Penaranda {camplete heart block) 2014 0 an 3 ar 3T%
Prifti 2015 1 35 1 20 4.2%
Beckmann (30d) 2016 2 36 14 92 10.4%
Tarm (ho CABG) 2020 41 850 439 8764  0.0%
Tam (yes CAEG) 2020 30 946 344 6347 0.0%
Tam 2020 71 1396 T8I 18711 231%
iehaffey 2021 303 5412 3861 183856 23.7%
Mehaffey (using published %) 2021 303 5412 9928 1838568  0.0%
Yougef 2023 11 131 107 2240 19.5%
Subtotal (95% CI) 7138 202438 100.0%
Total events 393 4754

Heterogeneity: Tau®= 0.41; Chi*= 63.80, df= & (P = 0.000013; F= 91%

Testfor overall effect 2= 0.53 (F = 0.59)

0.20 [0.01, 4.08]
1.24 [0.38, 4.01]
0.72[0.48, 1.08]
1.00 [0.60, 1.66]
0.82 [0.60,1.12]
047 [0.01, 2.97]
0.81 [0.60, 1.10]

0.85 [0.35, 2.24]
0.41 [0.02, 7.63]
0.57 [0.04, 8.65]
0.37 [0.09, 1.53]
0.96 [0.70, 1.32]
111 [0.77, 1.59]
1.02[0.81,1.29]
267 [2.38, 2.99]
1,04 [0.93, 1.18]
1.760.97, 3.19]
1.18 [0.64, 2.18]

]
.

01 10

0.0 100
) ) AAE+SAVR Lower AAE+SAVR Higher
Testfor subgroup differences: Chif=1.14, df=1 (P =0.28), F=12.6%
Figure S48 Forest plot for perioperative new permanent pacemaker.
AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.49.1 Matched or Adjusted Observational Studies
Okamoto 2016 1 58 0 58 5.6% 300012, 72.158]
Haunschild (respiratory failure) 2019 A | 169 16 169  B0.8% 1.94 [1.10,3.41] _._
Chauvette (redo; pulmonary infection) 2020 1 | 12 104 13.6% 0.41 [0.06, 3.01] e
Subtotal (95% CI) 248 331 100.0% 1.61 [0.75, 3.47] -“-
Total events 33 28
Heterogeneity: Tau®=0.11; Chi*= 227 df= 2 (P =0.32), F=12%
Testfor overall effect £=1.21 (P =0.23)
1.49.2 Unmatched/Unadjusted Observational Studies
Penaranda 2014 4 an 11 87  6.8% 1.05[0.38, 3.06] I —
Prifti (reintubation) 2015 4 35 0 20 1.1% 5.25[0.30, 92.76]
Haunschild (respiratory failure) 2018 31 17 389 3949 2F9% 1.84[1.32, 2.57] -
Mehafiey 2021 904 5412 22825 183856 41.0% 1.35[1.27,1.43] u
Yousef2023 21 13 153 2240 23.21% 2.35[1.54, 3.47] —&—
Subtaotal (95% CI) 5779 190152 100.0% 1.67 [1.23, 2.26] <
Tatal events 964 23378
Heterogeneity: Tau®= 0.06; Chi*=10.73, df=4 (P = 0.03); F= 63%
Testfor overall effect Z=3.29 (P = 0.001)
0.01 0.1 10 100

Test for subaroup differences: Chi*=0.01, df=1 (P =093, F=0%

AAE+SAVR Lower AAE+SAVR Higher

Figure S49 Forest plot for prolonged mechanical ventilation (>24 hours) or other respiratory complications.
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AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.50.1 Matched or Adjusted Observational Studies
Carreia 2016 0 1 0 104 Mot estimatle
Okamoto 2016 1 lit:] a 88 261% 3000012, 72.18] ol 4
Haunschild 2019 2 1649 5 168 73.9% 0.40 [0.08, 2.03] —l—
Subtotal (95% CI) 248 331 100.0% 0.68 [0.12, 3.83] ——e
Total events 3 A
Heterageneity: Tau®=0.27; Chi*=1.22, df=1 (P=027) F=18%
Test for overall effect: £=0.44 (P = 0.66)
1.50.2 Unmatched/Unadjusted Observational Studies
Haunschild 2019 217 389 3949 35T% 0.12[0.03, 0.47] —
Mehaffey 2021 14 5412 468 183856 458% 1.02 [0.BD, 1.73] —T—
Rao 2023 1] 40 3 512 18E% 0.81[0.04, 15.48]
Subtotal (95% CI) 5673 188317 100.0% 0.45 [0.09, 2.29] —-‘-—
Total events 16 260
Heterogeneity: Tau®=1.43; Chi*=8.09, df= 2 (P =002}, F=75%
Test for overall effect: £= 0496 (F=0.34)

0.02 0.1 110 50

Testfor subaroup differences: Chif=011, df=1 (FP=0.74), F=0%

Figure S50 Forest plot for deep sternal wound infection.

AAE+SAVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.51.1 Matched or Adjusted Observational Studies
Haunschild 2018 143 15 164 15 142 169 131%  -07F0[3.81,2.41]
Shih 2022 231 448 54 189 125 162 8649% 042079, 1.63] i
Subtotal (95% CI) 223 331 100.0% 0.27 [-0.86, 1.40]
Heterogeneity: Tau®= 0.00; Chi*=043, df=1(P=0481) F=0%
Testfor averall effect: Z= 047 (F =064
1.51.2 Unmatched/Unadjusted Observational Studies
Frifti 2014 445 34 /1484 272 20 27.2% 2.86 [0.95 417] - &
Beckmann 2016 11 44 36 11 81 92 125% 0.00[-3.52, 3.52]
Haunsgchild 2019 143 15 171 16 14.8 3949 206%  -1.70[4.00 0.60]
Mehaffey 2021 ¥ 2Aa 5412 24 21 183836 396% 0.301[0.23, 037 u
Subtotal (95% CI) 5654 187917 100.0% 0.47 [1.04,1.97] i
Heterageneity: Tau®= 149, Chi*= 1049, df= 3 (P =001}, F=71%
Testfor averall effect: Z= 061 (F=0.54)
N 3 ] : ]

Testfor subaroup differences: Chif=0.04, df=1 (P=0.84), F= 0%

Figure S51 Forest plot for ICU length of stay (days).
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AAE+SAVR SAVR Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.52.1 Matched or Adjusted Observational Studies

Shih 2022 722 813 54 BES 3349 162 14.9% 0.67 [0.89, 2.03] I B —
Tam (no CABG) 2020 8 37 B804 8 ar 08 0.0% 0.00 [0.38, 0.36]

Tam (yes CABG) 2020 93 448 525 10 a2 525  00% -0.F0[-1.29-0.11]

Tam 2020 8.5 4 1334 88 44 1334 851%  -0.30[0.62 002 i
Subtotal (95% CI) 1388 1496 100.0%  -0.17 [-0.78, 0.44]

Heterogeneity: Tau®= 0.09; Chi*=1.29, df= 1 (P = 0.26), F= 23%
Testfor overall effect: 2= 0.55 (P = 0.58)

1.52.2 Unmatched/Unadjusted Observational Studies

kulik 2008 138 242 172 108 7.8 240 21.9% 3.20[0.48, 6.89] *
Tam (ho CABG) 2020 8 37 8al 8.3 44 8r64  00% -0.30[0.47,-0.03]

Tam {yes CABG) 2020 9 52 546 11 67 6947 0.0% -2.00[-2.46, -1.54]

Tam 2020 8.4 44 1396 9.5 545 15711 402% -1.10[-1.35,-0.89] =

Yousef 2023 87 a2 131 737 2240 38.3% 1.70[0.80, 2.60] ——

Subtotal (95% CI) 1699 18491 100.0% 0.90 [-1.59, 3.39] —— R —

Heterageneity: Tau®= 4.00; Chi*= 35811, df= 2 (P = 0.00001); F= 95%
Testfor overall effect Z=0.71 (P = 0.48)

R TS S
. ) AAE+SAVR Lower AAE+SAVR Higher
Testfor subgroup differences: Chif= 067, df=1 (P=0417, F=0%

Figure S52 Forest plot for hospital length of stay (days).

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.53.1 Matched or Adjusted Observational Studies
Okamoto 2016 253 94 58 X6 104 58 FAT%  -0TO[4.31,2.91]
Chauvette {reda) 2020 302 1048 21 281 2348 104 243% 210 [-4.27, 8.47] =
Subtotal (95% CI) 79 162 100.0%  -0.02[-3.16,3.12] -*—

Heterogeneity: Tau®= 0.00; Chi*= 056, df=1(P=048) F=0%
Testfor overall effect £=0.01 (P = 0.99)

1.53.2 Unmatchedi/Unadjusted Observational Studies

Kulik 2008 283 14 172 342 151 540 424% -550[8.35 -3.45] —a—

Prifli (up to 190 2015 a0 12 3 29 BB 19 251% 100 [F4.21,6.21] =
Beckmann 2016 24 8 26 28 8 72 325% -400[7.92 -0.08 —a—
Subtotal (95% CI) 229 631 100.0%  -3.55[-7.17,0.07] e

Heterogeneity: Tau®= 6.48; Chi*=559 df=2 (P = 0.06), F=64%
Testfor overall effect £=1.92 (P = 0.05)

-10 -4 0 5 10
AAE+SAVR Lower AAE+SAVR Higher

Testfor subgroup differences: Chif= 2.08, df=1 (P=015), F=52.0%

Figure S53 Forest plot for peak transprosthetic gradient at discharge (mm Hg).
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Test for subgroup differences: Chi®=0.35,df=1 {P=0485), F=0%

© Annals of Cardiothoracic Surgery. All rights reserved.

Figure S55 Forest plot for paravalvular leak at discharge and during follow up.

AAE+SAVR SAVR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.54.1 Matched or Adjusted Observational Studies
Chauvette (redao) 2020 148 7.8 21 152 153 104 100.0% -0.40 [-4.85, 4.08]
Subtotal (95% CI) 21 104 100.0%  -0.40 [-4.85, 4.05]
Heterageneity: Mot applicahle
Testfor overall effect: Z= 018 (F = 0.86)
1.54.2 Unmatched/Unadjusted Observational Studies
kulik 2008 154 78 172 183 88 540 Z22%  -290[4.28-1.57] —
Frifti fup to 14 2015 17 64 N 17aE 44 18 14.0% -0.80 [-3.53, 2.47] - T
Beckmann 2016 13 5} 26 16 a 72 161% -3.00[5.488 -0.47] -
Rao 2023 13.8 a 83 1289 47 488 Z33% 0.60[-0.85,1.74] =
Rao {1y 2023 126 446 a5 13 4.8 454 0.0% -0.40[-1.47, 0.67]
Yousef (1v) 2023 449 45 108 9.3 52 1845 244% 0.60[-0.28,1.48] ™
Subtotal (95% CI) 420 2064 100.0%  -0.91[-2.57,0.75] -‘-
Heterogeneity: Tau?= 273, Chi®= 2417 df=4 (P = 0.0001); F= 83%
Testfor overall effect: £=1.07 (P =0.28)
-10 -5 0 5 10
) . AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup differences: Chif=0.04, df=1 {P=083,F=0%
Figure S54 Forest plot for mean transprosthetic gradient at discharge (mm Hg).
AAE+SAVR SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.55.1 Matched or Adjusted Observational Studies
Subtotal (95% CI) 0 0 Not estimable
Total events 1] 1]
Heterogeneity: Mot applicahle
Test far overall effect: Mot applicable
1.55.2 Unmatched/Unadjusted Observational Studies at Discharge
Beckmann 2016 a 26 3 72 20.8% 0.38[0.02, 7.23]
Rao {mild only, no moderate or sevare) 2023 2 a3 10 478 79.2% 114 [0.26,513] i
Subtotal (95% CI) 109 547 100.0% 0.91 [0.24, 3.47]
Total events 2 13
Heterogeneity. Taw®= 0.00; Chi*= 042, df=1 (P =0.582); F= 0%
Test for overall effect. £= 013 (P =0.89)
1.55.3 Unmatched/Unadjusted Observational Studies During Follow Up
Yousef (1y; mild-severs) 2023 5 88 49 1785 BT.4% 2.07 [0.85, 5.07) ——
Yousef {1y, mod-severe) 2023 0 a8 14 1785 0.0% 0.69[0.04, 11.51]
Rao {1y, mild-moderate anly, no severe) 2023 2 a5 14 442 326% 0.76[0.18, 3.28] e —
Rao (9y; mild only, no moderate or severe) 2023 0 33 3 91 0.0% 0.39[0.02, 7.29]
Subtotal (95% CI) 173 2237 100.0% 1.49 [0.59, 3.75] -l
Total events 7 63
Heterogeneity: Tau®=0.12; Chi*=1.31,df=1 (P =0.25); F= 24%
Test for overall effect Z=0.85 (P = 0.35)
oo 0. | 100

A 10
AAE+SAVR Lower AAE+SAVR Higher
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Figures S56-S61. Meta-analyses of secondary outcomes lacking sufficient data

AAE+SAVR SAVR

Hazard/Incident Rate Ratio

Hazard/incident Rate Ratio

Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.71.1 Matched or Adjusted Observational Studies |
Okamoto (4.6 4.2y, 0 1 deterioration) 2016 -1.2026 1.633 a8 458 100.0% 0.30[0.01,7.37]
Subtotal (95% CI) 58 58 100.0% 0.30 [0.01,7.37]
Heterogeneity: Mot applicakle
Test for overall effect. Z= 0.74 (P = 0.46)
1.71.2 Unmatched/Unadjusted Observational Studies
Ra0 ([5y KM]) 2023 ] ] an 512 Mot estirnable
Subtotal {95% CI) ap 512 Not estimable
Heterageneity: Not applicable
Test for overall effect: Not applicable
Total {95% CI) 148 570 100.0% 0.30 [0.01,7.37]
0z 01 1 1

Heterogeneity. Mot applicable
Testfor overall effect: Z= 0.74 (P = 0.46)
Testfor subaroun diferences: Mot apnlicable

Figure S56 Forest plot for structural valve deterioration during follow-up.

AMAE+SAVR SAVR

Hazard/Iincident Rate Ratio

X 1} a0
AAME+SAVR Lower AAE+SAVR Higher

Hazard/Incident Rate Ratio

Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.73.1 Matched or Adjusted Observational Studies
Okamoto (4.6v 4.2y, 1v1 CHBE) 2016 -0.104 1.4142 a8 a8 18.1% 0.80 [0.06, 14.41]
Subtotal {95% CI} 58 58  18.1% 0.90 [0.06, 14.41]
Heterogeneity: Mot applicable
Testfor overall effect Z=0.07 (P=10.94)
1.73.2 Unmatched/Unadjusted Observational Studies
Rao (PPM; [5y KM]) 2023 -0.2744 0.6854 90 512 81.9% 0.76[0.21, 2.80]
Subtotal (95% CI) 90 512 81.9% 0.76 [0.21, 2.80]
Heterogeneity: Mot applicable
Test for overall effect Z=0.41 {F = 0.68)
Total (95% CI) 148 570 100.0% 0.78 [0.24, 2.55]
00z 01 1 10 50

Heterogeneity: Tau®= 0.00; Chi®=0.01, df=1 (P=0.91); F=0%
Testfor overall effect Z= 040 (P =069
Testfor subaroun diferences: Chi®=0.01. df=1 (P =091 F=0%

Figure S57 Forest plot for complete heart block or permanent pacemaker insertion.

AAME+3AVR Lower AAE+SAVR Higher

AAE+SAVR SAVR Hazard/Incident Rate Ratio Hazard/Incident Rate Ratio
Study or Subgroup Hazard/Incident Rate Ratio SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.74.1 Matched or Adjusted Observational Studies
Subtotal {95% CI) 0 0 Not estimable
Heterogeneity: Mot applicahble
Testfor overall effect: Mot applicable
1.74.2 Unmatched/Unadjusted Observational Studies
Sakamato (St Jude only [1 v 5 events]) 2008 -0.1431 1.0718 24104 0.0% 014 [-2.24,1.95]
Sakamoto {1 v 5 events]) 2006 0.2688 1.0733 24 187 27.3% 0.27 [1.83,2.37] Ll
Ran {[5y K] 2023 -0.3448 0.B576 a0 512 727% -0.34 [-1.63,0.94] —
Subtotal {95% CI} 114 669 100.0% -0.18[1.28,0.92] ——e
Heterogeneity, Tau®= 0.00; Chi*= 024, df=1 (P=0.63); F=0%
Testfor overall effect: 2= 0.33 (P = 0.75)
t t t t
-2 -1 1 2

Testfor suboroup differences: Mot applicahle

AAE+SAVR Lower AAE+SAVR Higher

Figure S58 Forest plot for thromboembolism during follow-up. Assumed equal follow-up lengths between groups if only overall follow-up

was provided.
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AAE+SAVR  SAVR Hazard/Incident Rate Ratio Hazard/ncident Rate Ratio
Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.75.1 Matched or Adjusted Observational Studies
Okamata (4.6 v 4.2y; 0v 0 strokes) 2016 -0.104 2 58 58 01% 0,90 [0.02, 45.43)
Mehaffey (3.3 v 3.4y, [HR]) 2021 -00101  0.054 5412 183856 99.9% 0.89[0.89,1.10]
Subtotal (95% CI) 5470 183914 100.0% 0.99 [0.89, 1.10]
Heterogeneity: Tau® = 0.00; Chif= 0.00, df=1 (P = 0.96); F= 0%
Testforoverall effect: Z=0.18 (F = 0.85)
1.75.2 Unmatched/Unadjusted Observational Studies
Mehaffey (3.3 v 3.4y, [HR] 2021 001 0.0552 5412 183856 100.0% 1.01 [0.91,1.173]
Subtotal (95% CI) 5412 183856 100.0% 1.01 [0.91,1.13]

Heterogeneity, Mot applicable
Testfor overall effect: Z=0.18 (P = 0.86)

Test for overall effect Z= 0.63 (P = 0.53)
Testfor subaroun diferences: Chi*=1.04. df=1{P=0.31.F=3.5%

Figure S61 Forest plot for endocarditis during follow-up.

© Annals of Cardiothoracic Surgery. All rights reserved.

07 0.5 1 . 15
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Figure S59 Forest plot for stroke during follow-up.
AAE+SAVR SAVR Hazard/incident Rate Ratio Hazard/Incident Rate Ratio
Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.76.1 Matched or Adjusted Observational Studies
Okamoto (4.6 v 4.2y; 0w 0 bleeds) 2016 -0.104 2 58 58 37% 0.901[0.02, 45.42]
Subtotal (95% CI} 58 58 37% 0.90 [0.02, 45.42]
Heterogeneity. Mot applicable
Testfor overall effect: 2= 0.05 (P = 0.96)
1.76.2 Unmatched/Unadjusted Observational Studies
Rao(all bleeds [Gy K[y 2023 -0.2174 0.2929 a0 512 96.3% 0.80[0.37,1.74]
Ran {major bleeds [5y KM]) 2023 -01752 0.4888 a0 512 0.0% 0.84 [0.32, 2.19)
Subtotal (95% CI) 90 512 96.3% 0.80 [0.37, 1.74]
Heterogeneity Mot applicable
Testfor overall effect: £=0.55 (P = 0.58)
Total {95% CI) 148 570 100.0% 0.81[0.38, 1.72]
Heterogeneity Tau’=U_EIU,ChI’=_EI.EIEI‘dT=1 (P =0.96); F=0% 00z 01 i e a0
Testfor overall effect: Z= 0.55 (F = 0.58) AAE+SAVR Lower AAE+SAVR Higher
Testfor subaroup diferences: Chi*=0.00, df=1 (P=096). F=0%
Figure S60 Forest plot for bleeding during follow-up.
AAE+SAVR SAVR Hazard/Incident Rate Ratio Hazard/incident Rate Ratio
Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.77.1 Matched or Adjusted Observational Studies |
Okamoto (4.6 4.2y, Ov 1 patients) 2016 -1.2026  1.633 58 58 11.7% 0.30[0.01, 7.37]
Subtotal {95% CI) 58 58 11.7% 0.30 [0.01, 7.37] ——-#———
Heterageneity: Mot applicable
Testfor overall effect: 7= 0.74 (P = 0.46)
1.77.2 Unmatched/Unadjusted Observational Studies
Sakamoto (St. Jude only [1 v 5 events]) 2008 1.4663 04974 24 104 0.0% 433 [0.64, 20.23]
Sakamoto {1 v & events]) 2006 1.4727 0.8862 24 157 341% 436 [0.77, 24.77] T &=
Prifti (6.78y [2 v 0 patients]) 2015 1.0603 1.5242 38 200 13.3% 2.89[0.15, 57.26]
Rao ([Gy kb 2023 -0.3365 0.7896 90 512 40.9% 0.71[0.15, 3.36] —
Subtotal {(95% CI) 149 689 88.3% 1.78 [0.52, 6.08] —i—
Heterogeneity: Tau® = 0.23; ChiF= 2 46, df= 2 (P = 0.29); F= 19%
Testfor overall effect: Z= 0.92 (P = 0.36)
Total (95% CI) 207 TAT 100.0% 1.44 [0.46, 4.48] -’—
Heterogeneity: Tau®= 0.20, Chi*= 3.48 df= 3 (P = 0.33), F=14% 05.01 t 1 t 106

01 10
AAE+SAVR Lower AAE+SAVR Higher
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Figures $62-S63. Summaries of sensitivity analyses

AAE+SAVR Studies Hazard/Incident Rate Ratio Hazard/Incident Rate Ratio
Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total IV, Random, 95% CI IV, Random, 95% CI
1.64.1 Primary Analysis-Matched/Adjusted Studies
All Studies 0.0281 0.041046 9 1) 1.03[0.95,1.11] —Tt

1.64.2 Moderate vs Serious/Critical Risk of Bias-Matched/Adjusted Studies (Interaction p=0.89)

Moderate Risk of Bias 0.0512 014 3 1) 1.05[0.80,1.38] t

SeriousiCritical Risk of Bias 0.0298 0.0528 G 1] 1.03[0593,1.14] —Tt—

1.64.3 Moderate/Serious vs Critical Risk of Bias-Matched/Adjusted Studies {Interaction p=0.90)

MaoderaterSerious Risk of Bias 0.0286 0.0464 8 1] 1.03[0.94,1.13] —rt—

Critical Risk of Bias 0.0583 0.2254 1 1] 1.06 [0.68, 1.65] t >
1.64.4 Yes vs N/IR vs No Concomitant-Matched/Adjusted Studies (Interaction p=0.51 [0.28])

Yes Concomitant Procedures 0.0173 0.053 5 1] 1.02[092,1.13] —t—

MR Concomitant Procedures -0.0944 0.3z08 2 o 0.91[049,1.71] + 1 +
Mo Concomitant Procedures 0.146 0.1076 3 1] 146094, 1.43] L —

1.64.5 Primary Analysis-Unmatched/Unadjusted Studies
All Studies -0.0987 0.0641 12 1) 0.91[0.80,1.03] O ——

1.64.6 Excluding Rao 2023-Unmatched/Unadjusted Studies (Interaction p=0.69)

Excluding Rao 2023 -0.0948 0.0661 " 1) 0.91[0.80,1.04] —t
Rao {[5y KM]) 2023 -0.2165  0.2831 1 0 0.81[0.45,1.43] + +

1.64.7 Moderate vs Serious/Critical Risk of Bias-Unmaiched/Unadjusted Studies (Interaction p=0.08)

Moderate Risk of Bias -0.2085 0.1067 1 1] 0210661000 ——+——
SeriousiCritical Risk of Bias -0.0096 0.0423 1 1] 0.991[0.91,1.08] ——
1.64.8 Moderate/Serious vs Critical Risk of Bias-Unmatched/Unadjusted Studies (Interaction p=0.55)

ModeratelSerious Risk of Bias -0.0794 0.0714 i} u] 0.92 [0.80,1.06] —_— T
Critical Risk of Bias -0.14672 01083 B o 0.85 [0.69, 1.08] —

1.64.9 Yes vs N/IR vs No Concomitant-Unmatched/Unadjusted Studies (Interaction p=0.50 [0.31])

“es Concomitant Procedures -0.0861 0.0635 9 o 092 [081,1.04] e ——
MNIR Concomitant Procedures -0.2686 0.23349 2 1] 0.76[0.48,1.21] + t

Mo Concormitant Procedures -0.2133 0.1094 2 1] 0810651000 —————+H—
1.64.10 Primary Analysis-All Studies (Prioritizing Matc i when Unmatched/L j also reported)

All Studies -0.0033 0.0411 14 1] 1.00[0.92,1.08] —
1.64.11 Moderate vs Serious/Critical Risk of Bias-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.67)

Moderate Risk of Bias 0.0512 0.14 3 1] 1.051[0.80,1.39] t
SeriousiCritical Risk of Bias -0.0126 0.0484 12 1] 0.991[0.90,1.09] ——
1.64.12 Moderate/Serious vs Critical Risk of Bias-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.21)

ModeratelSerious Risk of Bias 0.018 004607 g u] 1.02[0.93,1.11] ——
Critical Risk of Bias -01269 010472 T o 0.88[0.72,1.08] —

1.64.13 Moderate vs Serious vs Critical Risk of Bias-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.44)

Maoderate Risk ofEias 0.0512 014 3 o 1.06[0.80, 1.38] t
Serious Risk of Bias 0.0158 0.0565 ] 1] 1.02[0.591,1.13] L —
Critical Risk of Bias -0.1269 010472 7 1] 0.881[0.72,1.08] e E— —
1.64.14 Yes vs NIR vs No Concomitant-All Studies (Prioritizing Matched/Adjusted) {Interaction p=0.23 [p=0.17 excl NIR])
Yes Concomitant Procedures -0.0146 0.0471 10 1] 0.99[0.90, 1.08] —H—
MR Concomitant Procedures -0.2334 0.z 3 u] 0.79[0.50,1.25] + 1
Mo Concormitant Procedures 0.7146 010768 3 1) 1.16[0.94,1.43] N B E—
t t t t
0y 0.85 1.2 1.8

AAE+SAVR Lower AAE+SAVR Higher

Figure S62 Sensitivity analyses for mid-term mortality.
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AAE+SAVR Studies Hazard/Incident Rate Ratio Hazard/Incident Rate Ratio

Study or Subgroup log[Hazard/Incident Rate Ratio] SE Total Total IV, Random, 95% CI IV, Random, 95% CI
1.70.1 Primary Analysis-Matched/Adjusted Studies

All Studies -0.0235 0132 2 1] 0.98 [0.75,1.27] —i
1.70.5 Primary Analysis-Unmatched/Unadjusted Studies

All Studies 0.0804 01266 7 1] 1.08 [0.85, 1.39] —t—
1.70.9 Primary Analysis-All Studies (Prioritizing Matc when Unmatchedil also reported)

All Studies 0.0267 01245 7 1] 1.03 [0.80,1.31] I

1.70.10 Excluding Rao 2023-All Studies (Priotitizing Matched/Adjusted) (Interaction p=0.91)

Excluding Rao 2023 0.025 01254 B 1] 1.03 [0.80,1.31] —

Fao ([9y ki) 2023 01495 1.0812 1 1] 1161014, 9.67] ¢ t +
1.70.11 Moderate vs Serious/Critical Risk of Bias-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.75)

Maoderate Risk of Bias 0.2799 0.7744 2 1] 1.32 [0.29, 6.04] t s
SeriousiCritical Risk of Bias 00321 01335 5 1] 1.03[0.79,1.34] —t—

1.70.12 Moderate!/Serious vs Critical Risk of Bias-All Studies {Prioritizing Matched/Adjusted) {Interaction p=0.21)
ModeratefSerious Risk of Bias 0 01263 4 1] 1.00 [0.78, 1.28] —
Critical Rigk of Bias 0.9452 0.7411 3 1] 2.58 [0.80, 11.01] t

+*

1.70.13 Moderate vs Serious vs Critical Risk of Bias-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.43)

Moderate Risk of Bias 02799 0.7744 2 0 1.32 [0.29, 6.04] t +
Serious Risk of Bias 00014 01358 2 0 1.00 [0.77,1.31] —
Critical Risk of Bias 0.9462 0.7411 3 0 2.58 [0.60, 11.01] t *

1.70.14 Yes vs N/R vs No Concomitant-All Studies (Prioritizing Matched/Adjusted) (Interaction p=0.41 [p=0.92 excl N/R]}

Yes Concomitant Procedures 0.0052 0.1404 3 1] 1.01 [0.76, 1.32] i —
MR Concomitant Procedures 1.8782 1.3871 1 1] 6.54[0.42, 101.14] >
Mo Concomitant Pracedures 0.0373 0.2743 3 1] 1.04 [0.61, 1.78]  —

02 05 2 5
AAE+SAVR Lower AAE+SAVR Higher

Figure S63 Sensitivity analyses for aortic valve reintervention.
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Supplemental Tables:

Cerebrovascular

0, 0,
Cohort Group Group number, n (%) Age (year) Male sex (%) Body surface area (m?) disease (%)

First author  Year

size
AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE

Unmatched/unadjusted observational studies

Rao 2023 602 Aortic root, STJ, or annular Medtronic Avalus AVR 90 (15.0%)** 512 (85.0%) 67.9+7.2 69.3+8.9 62.2 78.3 2.00+0.21 2.00+0.22 1.1 4.7
enlargement + Medtronic Avalus AVR
Beckmann 2016 128 AAE + bioAVR in SAR Corcym Perceval bioAVR 36 (28.1%) 92 (71.9%) 62 (37-92) 79 (37-91) 16.7 18.5 1.8+0.2 1.8+0.2 - -
in SAR

Correia 2016 1006 AAE + AVR in SAR AVR in SAR 239 (23.8%) 767 (76.2%) 70.4+12.5 69.9+9.6 18.4 12.0 1.59+0.15 1.57+0.13 5.0 6.3
Prifti 2015 55 AAE + 19 mm supraannular AVR 17 mm supraannular AVR 35 (63.6%) 20 (36.4%) 67.6+10 69.75+7.4 17.0 10.0 1.68+0.16 1.67+0.2 8.6 20.0
Penaranda 2014 117 AAE + 21 mm AVR 19 mm AVR 30 (25.6%) 87 (74.4%) 83.8 (80.2-93.4) 84.1(80.1-92.7) 13.0 2.0 1.7 (1.5-2.1) 1.6 (1.2-2.1) 20.0 13.0
Sakamoto 2006 128 AAE + St Jude mechAVR St Jude mechAVR 24 (18.75%) 104 (81.25%) 52.6+11.9" 72.7" 1.60+0.15" - -
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. L Coronary artery . . . Urgent Emergent Urgent/Emergent
0, () 0, 0, 0, 0,
First author  Year Renal failure (%) Dialysis (%) disease (%) COPD (%) Smoking (%) Diabetes (%) Hypertension (%) status (%) Status (%) Status (%)
AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE  AAE No AAE

Unmatched/unadjusted observational studies

Rao 2023 4.4 9.2 - - 30.0 47.3 - - - - - - 74.4 75.2 - - - - - -
Beckmann 2016 19.0 16.0 - - - - 8.0 5.0 - - 22.0 33.0 66.0 73.0 - — - - - -
Correia 2016 26.8 29.6 25 1.2 27.2 241 6.7 8.7 — — 17.6 12.9 57.7 441 — — — — — —
Prifti 2015 5.7 0.0 = = 171 20.0 14.3 25.0 31.4 30.0 23.0 25.0 46.0 50.0 = = = = = =
Penaranda 2014 0.0 3.0 - - - - - - - - 17.0 16.0 77.0 75.0 - - - - 7.0 7.0

Sakamoto 2006 - - - - - - - - - - - - - - - - - - - -
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Previous cardiac . . Preoperative Preoperative
0, 0, 0, 0,
First author Vear EuroSCORE Il (%) STS score (%) e Previous SAVR (%) Preoperative LVEF (%) LVEF (< 35%) (%) NYHA 23 (%)
AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE

Unmatched/unadjusted observational studies

Rao 2023 - - 1.6+1.0 1.8+1.2 1.1 4.1 1.1 1.0 - - - - 51.1 43.1
Beckmann 2016 - - - - 14.0 2.0 - - 60 (42-70) 60 (25-90) - - 28.0 84.0
Correia 2016 - - - - 8.8 6.9 0.4 0.0 65.3+15.9 64.6+16.0 - - 49.4 57.9
Prifti 2015 - - - - 171 0.0 0.0 0.0 58+13 54.7+7.4 20 5 - -
Penaranda 2014 = = NS 10.0 8.0 = = 64 (30-78) 63 (13-78) = = 80.0 78.0
Sakamoto 2006 - - - - - - - - - - - - - -
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Preoperative mean aortic gradient (mmHg) Preoperative iEOA (cm”2/mA2) Preoperative aortic annulus diameter (mm) Aortic stenosis (%) Aortic insufficiency (%) Mixed aortic valve disease (%)

First author Year

AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE AAE No AAE

Unmatched/unadjusted observational studies

Rao 2023 46+17 42+18 0.41+0.14 0.47+0.30 23.2 241 88.9 82.2 2.2 7.0 8.9 10.4
Beckmann 2016 48+20 48+19 0.38+0.17 0.38+0.11 19 (17-21) 20 (17-22) 100.0 100.0 - - - -
Correia 2016 63.2 +20.2 58.8+16.7 0.35+0.14 0.38+0.13 - - 711 68.8 6.3 7.4 22.2 23.7
Prifti 2015 63.3+17 66+12.7 - - - - 100.0 100.0 - - - -
Penaranda 2014 - - 0.40 (0.14-0.53)  0.41 (0.16-0.64) 19 19 100.0 100.0 - - 30.0 17.0
Sakamoto 2006 - - - - - - 8.6" 50" 33.6"
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First author

Unmatched/unadjusted observational studies

Rao
Beckmann
Correia
Prifti
Penaranda

Sakamoto

Year

2023
2016
2016
2015
2014
2006

BAV (%)

Mechanical valve (%)

Mean implanted valve size (mm)

Concomitant valve surgery (%)

Concomitant CABG (%)

Concomitant other procedure(s) (%)

AAE

411

15.3"
25.7

No AAE AAE No AAE AAE

35.0

45.0

0.0 0.0 23.1£1.9
0.0 0.0 =

23.8 47.7 21.8+1.0
100.0 100.0 19

0.0 3.0 21

100.0 100.0 241"

No AAE

23.7+2.1
23.07
20.7+0.5
17

19

AAE

9.2
20.0

28.9"

No AAE

18.8
25.0

AAE

17.2
171
43.0
0.0

No AAE

13.7
20.0
51.0
0.0

AAE

46.7
6.0
59.0

16.7
3.1"

No AAE

31.6
33.0
68.2

21.8
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Qutcome AAE + SAVR Studies Design Risk of bias Unexplalneg Indirectness Imprecision P.u blication Large effect Dose Plausible r esidual Overall quality
SAVR heterogeneity bias response confounding
Aortic valve reintervention
Matched or adjusted 6221 184,665 2 Low quality - = - - - N/A N/A N/A Low
Unmatched/unadjusted 6596 196,363 7 Very low quality Downgrade = - - - N/A N/A N/A Very low

GRADE Working Group grades of evidence—high quality: further research is very unlikely to change our confidence in the estimate of effect; moderate quality: further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate; low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality: we are very uncertain about the estimate.
*, separate estimate from secondary cohort of Tam et al. considered as same study; **, the vast majority of heterogeneity was felt to be explained by the risk of bias observed within each of the subsets of examined studies. GRADE, Grading of
Recommendations Assessment, Development and Evaluation; AAE, aortic annular enlargement; SAVR, surgical aortic valve replacement; N/A, not applicable; —, no change to overall quality rating.
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Appendix 1: Detailed risk of bias assessment

Only three included studies reported on outcomes at
moderate risk of bias (1-3). All three studies were designed
with extensive propensity score matching that addressed the
relevant a priori-specified baseline confounders that could
bias the selection of patients for or against receiving an AAE
procedure at the time of SAVR. The remaining studies and
their reported outcomes of interest were either at severe
or critical risk of bias (4-15). These ratings were primarily
driven by unclear or incomplete accounting methods for
confounding variables or the complete absence of matching
or adjustment of outcomes. Notably, in the studies by
Rao et al. (12) Beckmann et al., (4) Correia et al. (6), and
Kulik et al. (8), there were also critical issues regarding
the composition of the intervention group (12) and the
imbalance of important concomitant procedures (4,6,8,12).

The study by Sakamoto et al. did not provide information
regarding baseline characteristics, intraoperative details
and perioperative outcomes to be able to compare the
characteristics of the St. Jude mechanical AVR with AAE
versus St. Jude mechanical AVR without AAE groups (13).
However, the data regarding mid-term mortality and aortic
valve reintervention are described by Sakamoto et al. These
outcomes are reported for the distinct groups of interest, i.e.,
AAE and St. Jude mechanical AVR and St. Jude mechanical
AVR without AAE (13). As such, these estimates remain in
the mid-term outcomes syntheses.
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