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Aims Owing to new evidence from randomized controlled trials (RCTs) in low-risk patients with severe aortic stenosis,
we compared the collective safety and efficacy of transcatheter aortic valve implantation (TAVI) vs. surgical aortic
valve replacement (SAVR) across the entire spectrum of surgical risk patients.

Methods The meta-analysis is registered with PROSPERO (CRD42016037273). We identified RCTs comparing TAVI with

and results SAVR in patients with severe aortic stenosis reporting at different follow-up periods. We extracted trial, patient,
intervention, and outcome characteristics following predefined criteria. The primary outcome was all-cause mortal-
ity up to 2 years for the main analysis. Seven trials that randomly assigned 8020 participants to TAVI (4014 patients)
and SAVR (4006 patients) were included. The combined mean STS score in the TAVI arm was 9.4%, 5.1%, and
2.0% for high-, intermediate-, and low surgical risk trials, respectively. Transcatheter aortic valve implantation was
associated with a significant reduction of all-cause mortality compared to SAVR {hazard ratio [HR] 0.88 [95% confi-
dence interval (Cl) 0.78-0.99], P=0.030}; an effect that was consistent across the entire spectrum of surgical risk
(P-for-interaction = 0.410) and irrespective of type of transcatheter heart valve (THV) system (P-for-inter-
action =0.674). Transcatheter aortic valve implantation resulted in lower risk of strokes [HR 0.81 (95% Cl 0.68—
0.98), P=0.028]. Surgical aortic valve replacement was associated with a lower risk of major vascular complications
[HR 1.99 (95% CI 1.34-2.93), P=0.001] and permanent pacemaker implantations [HR 2.27 (95% Cl 1.47-3.64),
P <0.001] compared to TAVI.

Conclusion Compared with SAVR, TAVI is associated with reduction in all-cause mortality and stroke up to 2 years irrespective
of baseline surgical risk and type of THV system.

Keywords Aortic stenosis e Low surgical risk e Transcatheter aortic valve replacement e Transcatheter aortic valve
implantation e Surgical aortic valve replacement e Meta-analysis
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Introduction

Within the last decade, transcatheter aortic valve implantation
(TAVI) has emerged as a valuable alternative to surgical aortic valve
replacement (SAVR) in an increasingly wide spectrum of patients
with severe symptomatic aortic stenosis (AS).1'2 The safety and effi-
cacy of TAVI was initially established in patients at high surgical risk
[Society of Thoracic Surgeons Predicted Risk of Mortality (STS)
score >8-15%] in the PARTNER 1A% and US CoreValve high-risk
trials®? showing comparable clinical outcomes compared to SAVR.
A role for TAVI in patients at intermediate surgical risk (STS score
4-8%) has been subsequently investigated in the PARTNER 2A' and
SURTAVI' trials, demonstrating non-inferiority of TAVI in this pa-
tient population. Furthermore, these trials demonstrated a signal for
the superiority of TAVI over SAVR when performed via transfemoral
approach.”'12 Surgical aortic valve replacement has remained the
standard of care in patients at low surgical risk (STS score <4%) and
the role of TAVI in this group has only been recently e><plored.13’15
Meanwhile, SAVR has established durable long-term outcomes and a
low risk of periprocedural adverse events (including mortality) >*'®

Newly available evidence from randomized controlled trials
(RCTs) comparing TAVI with SAVR among low-risk patients with se-
vere symptomatic aortic stenosis provide the stimulus for a broad
and comprehensive review of all randomized trials across the entire
spectrum of surgical risk with a focus on clinically important out-
comes In this study, we update our previously published meta-
analysis from 2016'% and compare the collective safety and efficacy of
TAVI vs. SAVR as assessed in RCTs across the entire spectrum of
surgical risk and important subgroups.

Methods

This systematic review and meta-analysis is reported in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)'” and is registered with PROSPERO (CRD42016037273).
Ethical approval was not required.

Data sources and search strategy

A systematic literature search of Medline, Embase, and the Cochrane
Library Central Register of Controlled Trials (CENTRAL) was conducted
from 15 April 15 2016 (the latest search in our previously published
meta-analysis)'? through 19 March 2019. We focused on peer-reviewed
publications of RCTs. Details of the search algorithm are provided in
Supplementary material online, Section S1. The reference lists of trials and
meta-analyses identified in the search were screened for additional eli-
gible studies and no language or sample size restrictions were applied.

Study selection

All RCTs comparing TAVI vs. SAVR in patients with severe symptomatic
AS and with outcomes reported over a period of at least 1 year or longer
of follow-up were considered, irrespective of baseline surgical risk.
Individual reports of the same trial providing outcome data at different
follow-up periods were included separately. We excluded trials that sole-
ly examined non-arterial (transthoracic) access for TAVI, head-to-head
trials of different transcatheter heart valve (THV) systems, and those that
compared TAVI with medical therapy. Observational studies were
excluded owing to the inherent risk of bias.

After removal of duplicates, the titles and abstracts of the search
results were screened for relevance by two authors (P.O. and T.C.). Full
texts of the remaining studies were individually and independently
assessed for inclusion based on predefined criteria. The final list of
included trials was agreed by discussion between all authors, with full
agreement required before inclusion. Disagreement amongst reviewers
was resolved through consensus.

Data extraction and management in study

level

A standardized form recording key items was used for data extraction
performed by one author (F.P.) and verified by a second (G.C.M.S.). We
extracted the following information for each study: publication character-
istics (including authors, publication year, and journal); study design (trial
design, clinical setting, funding source, period of recruitment, duration of
follow-up, number of patients randomized, and number analysed for each
outcome); population characteristics (eligibility criteria, age, gender, body
mass index, comorbidities, surgical risk of patients in each group, and
other relevant baseline data); intervention (SAVR, transfemoral, or trans-
thoracic TAVI) and comparator characteristics; and outcome data, includ-
ing reported outcome definitions and summary data related to treatment
effects. A trial enrolling >50% of recruited patients with an STS score
<4% was considered to represent a low surgical risk population.

Assessment of risk of bias

We used the Cochrane ‘Risk of Bias’ tool*® to categorize several domains
for each individual trial: sequence generation, allocation concealment,
blinding of outcome assessment, incomplete outcome data, and selective
reporting. Blinding of participants and physicians was deemed irrelevant
owing to the interventional nature of both TAVI and SAVR. The overall
risk of bias for each trial was then judged to be low, unclear, or high based
on whether the level of bias in individual domains could have resulted in
material biases in the risk estimates.

Outcomes

The primary endpoint was all-cause mortality up to 2 years (and for the
longest available follow-up period in each individual trial). Secondary end-
points were stroke and disabling stroke (categorized separately), cardio-
vascular death, myocardial infarction (MI), acute kidney injury (AKI), new-
onset atrial fibrillation (NOAF), major bleeding (as defined by individual
studies), major vascular complications, valve endocarditis, and permanent
pacemaker implantation, up to 2-year follow-up.

The number of events [with accompanying hazard ratios (HRs) and
95% confidence intervals (Cls)] was extracted for each outcome at 30-
day and up to 2-year follow-up according to Valve Academic Research
Consortium (VARC) or more recent VARC-2 endpoint definitions for
consistency across the trials."” We used the intention-to-treat (ITT) prin-
ciple and utilized as-treated data, if [TT data were unavailable. Hazard
ratios took precedence over risk ratios (RRs) to incorporate time-to-
event data and allow for censoring. We derived RR using the number of
events and participants in each treatment group when HR were unavail-
able. Disagreements between reviewers were resolved through consen-
sus or third-party adjudication.

Data synthesis

Bayesian adaptive statistical methods were used within two trials."""> As
these studies used non-informative (uniform) priors, we approximated
95% Cls from the reported 95% credible intervals for the difference in in-
cidence rates and derived corresponding standard errors and z-scores.
Assuming that the z-score for the log incidence rate ratio approximates
to that of the incidence rate difference, we then derived a standard error
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All-cause mortality

Trial

PARTNER 1A

US CoreValve high risk

HR (95% CI) P

0.90 (0.71-1.15)

0.79(0.61-1.01)

NOTION

PARTNER 2A

SURTAVI

T~

PARTNER 3

Evolut low risk

Overall

(Heterogeneity +#<0.001, p = 0.727)

o

0.72(0.33 - 1.59)

0.92(0.74-1.13)

0.98 (0.72-1.34)

0.41(0.14-1.17)

0.83(0.41-1.67)

0.88 (0.78 - 0.99) 0.030

0.2 0.5 1

Favours TAVI

T |
2 5
Favours SAVR

Figure | Meta-analysis for the primary outcome of all-cause mortality for transcatheter aortic valve implantation vs. surgical aortic valve replace-
ment up to 2-year follow-up. For each trial, boxes and horizontal lines correspond to the respective point estimate and accompanying 95% confi-
dence interval. The size of each box is proportional to the weight of that trial result. The vertical solid line on the forest plot represents the point
estimate of hazard ratio = 1. The vertical dashed line on the plot represents the point estimate of overall hazard ratio derived from random-effect
meta-analysis. The diamond represents the 95% confidence interval of the summary pooled estimate of the effect and is centred on pooled hazard
ratios. Heterogeneity estimate of 7> accompanies the summary estimate. Details of data used from individual trials are available in Supplementary ma-
terial online, Section S4. Cl, confidence interval; HR, hazard ratio; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve

implantation.

for the log incidence rate ratio. Available data were synthesized using
DerSimonian and Laird random-effects meta-analysis.”° We assessed the
extent of heterogeneity in each meta-analysis using 7* as estimated with
the restricted maximum likelihood method. Values around 0.04, 0.16, and
0.36 were considered to represent low, moderate, and high heterogen-
eity, respectively.”! We performed stratified meta-analyses for the pri-
mary outcome according to surgical risk (high, intermediate, or low),
access route (transfemoral or transthoracic), and THV system (balloon-
or self-expandable). All analyses were performed using Stata 15.0
(StataCorp. 2017. Stata Statistical Software: Release 15. College Station,
TX: StataCorp LLC).

Results

Study search and study characteristics

Our systematic electronic literature search identified 333 studies and
after removal of records according to pre-specified criteria, 11 full
text reports were reviewed for eligibility. We also identified three
additional trials fulfilling the inclusion criteria for this update that had
12 (Supplementary mater-
ial online, Section S2). In total therefore, 14 articles reporting on seven
trials  (PARTNER  1A*> US CoreValve High Risk6™
NOTION,"?**?* PARTNER 2A,'® SURTAVI,"" PARTNER 3,'* and
Evolut Low Risk'®) were deemed eligible and included in the meta-
analysis (Supplementary material online, Section S2 and Table 7).

been published since our last meta-analysis

Across the seven trials, 8020 participants were enrolled (4014
randomized to TAVI, 4006 randomized to SAVR). All but one were
designed for non-inferiority of TAVI against SAVR (the NOTION
trial"® was designed for superiority). Industry funding was obtained
for the majority of the trials (six out of seven)*®'®"" 1415 and only
one (NOTION"®) was conducted without industry support. Two tri-
als recruited patients at high surgical risk,>® two at intermediate, !
and three at low surgical risk."*~"® Men were predominantly enrolled
(TAVI: 59%, 2361/4014 patients; SAVR: 61%, 2404/4006 patients).
The combined mean STS score for the TAVI arm across the trials

10,11
k, and

was 9.4% for high-risk trials,3‘6 5.1% for intermediate ris
2.0% for low-risk trials."*~"* Different generations of two widely used
balloon- and self-expandable THV systems were implanted in three
and four trials, respectively (Table 7). Transfemoral access was the
preferred route of THV delivery (3656/4014 patients). Allocation
3610111415 4t o trials!315
were deemed at high risk of bias because of unblinded outcome as-

sessment (Supplementary material online, Section S3).

concealment was unclear in six trials

All-cause mortality

All seven trials contributed to the primary outcome of all-cause mor-
tality up to 2-year follow-up (Figure 7). The available events and risk
estimates in individual trials are provided in Supplementary material
online, Section $4. Transcatheter aortic valve implantation was associ-
ated with reduced mortality compared to SAVR [HR 0.88 (95% Cl
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All-cause mortality

Subgroup Number of trials HR (95%Cl) ol Prissraction
:
1
Overall 7 —— 0.88(0.78-0.99)  <0.001
]
;
1
Surgical risk :
High-risk 2 — 0.85(0.71-1.01) <0.001 0410
Intermediate risk 2 —:—I—— 094 (0.79-1.12) <0.001
Low-risk € L ; 0.69 (0.43-1.10)  <0.001
]
:
]
Access route :
Transfemoral 7 —l—:— 0.83(0.72-0.94) <0001 0.032
Transthoracic 2 T L 1.17 (0.88-1.55) <0.001
]
]
:
]
THV system [
Balloon-expandable 3 —_— 0.89(0.76-1.06) 0.002 0.674
1
Self-expandable 4 — 0.85(0.71-1.02) <0.001
]
1
1
]
:
1
1 T
0.5 1 2

Favours TAVI Favours SAVR

Figure 2 Subgroup analyses for the primary outcome of all-cause mortality for transcatheter aortic valve implantation vs. surgical aortic valve re-
placement up to 2-year follow-up. The analysis by surgical risk included two trials (PARTNER 1A and US CoreValve high risk) which only included
high-risk patients, two trials (PARTNER 2A and SURTAVI) which only included intermediate-risk patients, and three trials (NOTION, PARTNER 3,
and Evolut low risk) included low-risk patients. The analysis by access route included five trials (US CoreValve high risk, NOTION, SURTAVI,
PARTNER 3, and Evolut low risk) and two subgroups of trials (PARTNER 1A and PARTNER 2A), which compared transcatheter aortic valve
implantation with transfemoral access against surgical aortic valve replacement, and two subgroups of trials (PARTNER 1A and PARTNER 2A), which
compared transcatheter aortic valve implantation with transthoracic access against surgical aortic valve replacement. The analysis by transcatheter
heart valve system included three trials (PARTNER 1A, PARTNER 2A, and PARTNER 3) with balloon-expandable system exclusively and four trials
(US CoreValve high risk, NOTION, SURTAVI, and Evolut low risk) in which a self-expandable system was only used. For each subgroup, boxes and
horizontal lines correspond to the respective point summary estimate and accompanying 95% confidence interval based on random-effects meta-
analysis. The vertical solid line on the forest plot represents the point estimate of hazard ratio = 1. The vertical dashed line on the plot represents the
point estimate of overall hazard ratio derived from random-effect meta-analysis for the primary outcome of interest of all-cause mortality.
Heterogeneity estimate of 7* accompanies the summary estimates for each subgroup. Details of the data used from individual trials are available in
Supplementary material online, Section S5. Cl, confidence interval; HR, hazard ratio; SAVR, surgical aortic valve replacement; TAVI, transcatheter aor-
tic valve implantation; THV, transcatheter heart valve.

0.78-0.99), P=0.030], with low heterogeneity across the trials (t* <
0.001). In a subgroup analysis according to baseline surgical risk (high,
intermediate, and low risk), we found little evidence for a treatment-
by-subgroup interaction (P-for-interaction = 0.41) (Figure 2). Survival
benefit was particularly evident in patients undergoing transfemoral
TAVI, with a 17% relative reduction in the risk of all-cause mortality
[HR 0.83 (95% CI 0.72-0.94)]; whereas there was no advantage of
transthoracic TAVI over SAVR [HR 1.17 (95% Cl 0.88—1.55)] with a
P-for-interaction =0.032 for the two alternative routes of access
(Figure 2). There was no difference between the two THV systems
used in the trials (P-for-interaction = 0.674). Finally, the summary esti-
mate showed no difference between TAVI and SAVR when

considering the longest available follow-up period for each trial [HR
0.96 (95% Cl 0.87-1.06), P=0.402, 7> < 0.001] including three trials

with 5-year follow-up data>>?* (Supplementary material online, Section S7).

Secondary outcomes

Numbers of events and extracted estimates are provided in
Supplementary material online, Section Sé6. As shown in Figure 3, TAVI
was associated with a significant reduction in stroke [HR 0.81 (95%
Cl 0.68-0.98), P=0.028], but not disabling stroke [HR 0.78 (95% Cl
0.53—1.14), P=0.192], with low heterogeneity for both (> < 0.001
and 7% = 0.094, respectively). TAVI was associated with reduced risk
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Any- and disabling stroke

Evolut low risk

0.95(0.56 - 1.63

Trial HR (95% CI) P
Any stroke
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Figure 3 Meta-analyses for the outcomes of any or disabling stroke for transcatheter aortic valve implantation vs. surgical aortic valve replacement
up to 2-year follow-up. For each subgroup, boxes and horizontal lines correspond to the respective point summary estimate and accompanying 95%
confidence interval based on random-effects meta-analyses. The size of each box is proportional to weight of that trial result. The vertical solid line
on the forest plot represents the point estimate of hazard ratio = 1. Heterogeneity estimate of > accompanies the summary estimates for each sub-
group. Details of the data used from individual trials are available in Supplementary material online, Section Sé6. Cl, confidence interval; HR, hazard
ratio; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.

of AKI, atrial fibrillation, or major bleeding (all P<0.01) but not car-
diovascular death, M, or valve endocarditis (Figure 4). Conversely,
SAVR was associated with reduced risk of major vascular complica-
tions [HR 1.99 (95% Cl 1.34-2.93), P=0.001] and need for perman-
ent pacemaker implantation [HR 2.27 (95% Cl 1.47-3.64), P <0.001]
with considerable heterogeneity for both (> = 0.112 and 7% = 0.321,
respectively) (Figures 4 and 5). There was significant interaction be-
tween the two THV systems resulting from the higher risk of per-
manent pacemaker requirement after self-expandable valve
implantation (P-for-interaction <0.001).

Discussion

The key findings of this meta-analysis of clinical outcomes of patients
with symptomatic, severe AS randomized to TAVI or SAVR across
all risk categories are:

(1) all-cause mortality was lower after TAVI (12% relative risk reduc-
tion up to 2 years compared with SAVR);

(2) mortality was even lower when TAVI was performed via the trans-
femoral route (17% relative risk reduction up to 2 years compared
with SAVR);

(3) these mortality benefits of TAVI were consistent across the entire
spectrum of baseline surgical risk and irrespective of Food and Drug
Administration (FDA) approved THV systems;

(4) risk of stroke was lower after TAVI (19% relative risk reduction up
to 2 years compared with SAVR); and

(5) TAVIwas linked to a higher risk of permanent pacemaker implant-
ation and major vascular complications, but a reduced risk of major
bleeding, NOAF, and AKI.

In this meta-analysis of aggregated data of seven randomized trials
in 8020 patients on symptomatic patients with severe AS at low,
intermediate, or high procedural risk, we found evidence for a signifi-
cant survival benefit of TAVI when compared with SAVR, irrespective
of baseline surgical risk (Take home figure). The individual studies with-
in this meta-analysis were not powered to compare mortality in
patients randomized to TAVI or SAVR, and only the US CoreValve
High Risk trial has previously demonstrated a survival benefit of
TAVI® The present analysis is therefore the first demonstration that
there is a statistically significant survival advantage associated with
TAVI over 2-year follow-up across the entire spectrum of surgical
risk. Furthermore, when TAVI is performed via transfemoral route
(which is feasible in >90% of patients in contemporary practice), there
is an even greater mortality benefit (relative risk reduction 17%).
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Figure 4 Meta-analyses for the secondary outcomes for transcatheter aortic valve implantation vs. surgical aortic valve replacement up to 2-year
follow-up. For each subgroup, boxes and horizontal lines correspond to the respective point summary estimate and accompanying 95% confidence
interval based on random-effects meta-analysis. The size of each box is proportional to weight of that trial result. The vertical solid line on the forest
plot represents the point estimate of hazard ratio = 1. Heterogeneity estimate of 7> accompanies the summary estimates for each subgroup. Details
of the data used from individual trials are available in Supplementary material online, Section Sé. Cl, confidence interval; HR, hazard ratio; SAVR, surgi-
cal aortic valve replacement; TAVI, transcatheter aortic valve implantation.
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Figure 5 Meta-analysis for permanent pacemaker implantation for transcatheter aortic valve implantation vs. surgical aortic valve replacement
stratified according to transcatheter heart valve system up to 2-year follow-up. For each subgroup, boxes and horizontal lines correspond to the re-
spective point summary estimate and accompanying 95% confidence interval based on random-effect meta-analysis. The size of each box is propor-
tional to weight of that trial result. The vertical solid line on the forest plot represents the point estimate of hazard ratio = 1. The vertical dashed line
on the plot represents the point estimate of overall hazard ratio derived from random-effects meta-analysis for the outcome of permanent pace-
maker implantation. Heterogeneity estimate of 7% accompanies the summary estimates for each subgroup. Details of the data used from individual tri-
als are available in Supplementary material online, Section S6. Cl, confidence interval; HR, hazard ratio; SAVR, surgical aortic valve replacement; TAVI,

transcatheter aortic valve implantation.

The second key finding of our meta-analysis is a significant reduc-
tion in the risk of stroke in patients undergoing TAVI compared with
SAVR. Stroke is an infrequent but devastating complication of aortic
valve replacement but individual trials of TAVI vs. SAVR have been
underpowered to detect a difference in the incidence of procedural
stroke.”* Herein, the pooled analysis provided demonstrates that
TAVI is associated with a lower mid-term risk of all stroke (relative
risk reduction 19%) when compared with SAVR, regardless of base-
line risk. A benefit of TAVIin reducing the incidence of major stroke
at 30 days was previously suggested by a pooled analysis of patients
undergoing transfemoral TAVI in the PARTNER 1A and 2A trials
(SAVR 3.9% vs. transfemoral TAVI 2.2%; P=0.018).2> In addition, a
previous meta-analysis of high- and intermediate-risk trials suggested
that transcatheter aortic valve replacement was associated with a re-
duction in the composite of death or disabling stroke at 1 year.2® Our
finding will have critical implications for decision-making in lower risk,
younger patients who may be suitable for either TAVI or SAVR.

Comparison of secondary endpoints demonstrates differing risk
profiles associated with TAVI and SAVR, which provides insights into
the possible mechanism of benefit of TAVI. Although TAVI was asso-
ciated with a reduction in overall mortality, cardiovascular mortality

was comparable. However, patients undergoing TAVI had a striking
reduction in the rate of non-cardiac complications, specifically a
reduced risk of AKI and major bleeding, both previously identified as
predictors of adverse outcome including mortality following aortic
valve replacement.””*® Moreover, the large difference in NOAF may
also contribute to the difference in all-cause mortality in view of the
increased risk of stroke.?” Transcatheter aortic valve implantation car-
ries an increased risk of post-procedural permanent pacemaker (PPM)
implantation and major vascular complications.'>*° The likelihood of
post-procedural PPM implantation differs according to valve design
(significantly higher for self-expandable valves compared to SAVR,
marginally elevated for balloon-expandable valves).12'30 Further tech-
nical refinements are warranted to further improve the safety of TAVI
given the significant impact of conduction abnormalities and major vas-
cular complications on duration of hospital stay and prognosis.3 !
There are wider implications of our findings. Surgical risk scoring
(using STS or EuroSCORE) remains an important aspect of decision-
making between TAVI and SAVR, as recommended by the European
Society of Cardiology and American Heart Association/American
College of Cardiology.**** Our finding that the mortality benefits of
TAVI extend across all risk categories suggests that there is no longer
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Take home figure Meta-analysis for the primary outcome all-cause mortality comparing transcatheter aortic valve implantation vs. surgical aor-
tic valve replacement up to 2-year follow-up stratified by baseline surgical risk at study level. For each trial, boxes and horizontal lines correspond to
the respective point estimate and accompanying 95% confidence interval. A summary estimate is provided for each subgroup of trials according to
surgical risk. The size of each box is proportional to the weight of the individual trial result. The vertical solid line on the forest plot represents the
point estimate of hazard ratio = 1. The vertical dashed line on the plot represents the point estimate of overall hazard ratio derived from random-ef-
fect meta-analysis [hazard ratio 0.88 (95% confidence interval 0.78-0.99), P=0.030]. The diamond represents the 95% confidence interval of the
summary pooled estimate of the effect and is centred on pooled hazard ratios. Heterogeneity estimate of 7> accompanies the summary estimate.

The P-value for linear trend from random-effects meta-regression is P = 0.983.

a requirement for surgical risk stratification among patients consid-
ered to undergo TAVI. Instead, TAVI should be considered the first-
line interventional strategy for isolated AS in patients aged greater
than 65 years. Surgical aortic valve replacement should be reserved
for patients with complex anatomy precluding a good outcome from
TAVI, concomitant conditions warranting surgery (e.g. aortic root an-
eurysm or complex coronary artery disease) or active infective
endocarditis.

Additional studies of TAVI in younger, low-risk populations, and
all-comers are underway (NCT02825134, NCT03112980). Further
research is required to investigate the long-term (>5 year) THV dur-
ability, and to develop strategies for the optimal management of
transcatheter and surgical bioprosthetic valve degeneration. In a sen-
sitivity analysis, considering the longest available follow-up period (5-
year follow-up data for PARTNER 1A,°> US CoreValve high risk,” and
NOTION??), TAVI was non-inferior to SAVR. It is important to note
that this additional analysis is dominated by the high mortality rates of
the PARTNER 1A (67.8% in TAVI and 62.4% in SAVR arm) and US
CoreValve high risk (55.3% in TAVI and 55.4% in SAVR arm) at
5years, suggesting that competing causes of death during follow-up
camouflage any earlier treatment differences. Therefore, the inter-
mediate 2-year follow-up provides a clinically meaningful outcome
window in this elderly patient population with comorbidities before
competing causes of death would exert a major influence on

estimates, a known concern as observed in randomized trials with
long-term follow-up.>*

Limitations

Our study has several intrinsic limitations. The, definitions of low,
intermediate, and high risk based on STS score used in the included
trials are poorly predictive and overestimate procedural risk.>®
Notwithstanding these considerations, the lack of significant inter-
action between baseline risk and clinical outcomes is robust, suggest-
ing that the benefits of TAVI over SAVR relate to the procedure itself
rather than patient characteristics. Second, there have been import-
ant changes in valve design and technical aspects of the TAVI proced-
ure over the time period of study—the reported effect size may not
fully account for these refinements. There have also been similar
advances in surgical technique, as signified by the significantly
improved transvalvular gradient and effective orifice area among
patients undergoing SAVR in the PARTNER 3 trial."* Third, the dur-
ation of follow-up in our main analysis was limited up to 2 years—
longer follow-up will be important to confirm the durability of TAVI
valves, which is of particular importance in younger patients.
However, non-valve related mortality results in regression to no dif-
ference between TAVI and SAVR in older patients because of com-
peting risks over long-term follow-up, which was also confirmed in
our secondary analysis by including the longest available follow-up
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data from three trials. Finally, a lack of individual patient-level data
and inconsistent reporting across trials precluded meta-analysis of
other patient subgroups or additional outcomes of interest, such as
valve gradient, valve area, or paravalvular regurgitation.

Conclusions

In this meta-analysis of seven landmark trials comparing TAVI with
SAVR in patients with symptomatic, severe AS, TAVI was associated
with a reduction in all-cause mortality and stroke up to 2 years. The
mortality benefit of TAVI was observed consistently in patients at
low, intermediate, and high procedural risk and irrespective of FDA
approved THV type.

Supplementary material

Supplementary material is available at European Heart Journal online.
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