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Current guidelines recommend routine clinical surveillance for patients with asymptomatic severe aortic ste-
nosis (AS) and preserved left ventricular ejection fraction (LVEF). However, the role of early aortic valve
replacement (AVR) as compared with conservative treatment in these patients remains unclear. We system-
atically searched PubMed, Embase and Cochrane databases to identify studies comparing early AVR versus
conservative treatment in asymptomatic patients with severe AS and preserved LVEF. All statistical analyses
were performed using R software version 4.3.1 with a random-effects model. Seven studies comprising 2,531
patients with asymptomatic severe AS and preserved LVEF were included, of whom 1,234 (49%) underwent
AVR. Median follow-up time was 49.3 months. Early AVR was associated with significantly lower incidence
of all-cause (HR 0.51; 95% CI 0.31 to 0.83) and cardiac mortality (RR 0.51; 95% CI 0.30 to 0.89). There were no
significant differences between early AVR and conservative treatment in terms of sudden death, hospitaliza-
tion for cardiovascular (CV) causes, stroke, or myocardial infarction (MI). However, upon a subanalysis of ran-
domized controlled trials (RCTs) only, patients undergoing early AVR had lower rates of hospitalization for CV
causes (RR 0.41; 95% CI 0.27 to 0.63) and stroke (RR 0.62; 95% CI 0.40 to 0.95), with no difference in terms of
all-cause mortality, sudden death, MI, or cardiac death. In this meta-analysis, early AVR was associated with
reduced rates of all-cause and cardiac mortality, while yielding similar rates of stroke, hospitalization for CV

causes, MI, or sudden death in the overall cohort analysis as compared with conservative treatment.
© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar
technologies.

Aortic stenosis (AS) is a common valvular disorder, with a
prevalence of over 12% in elderly patients and is projected to
double by 2050." Current guidelines recommended aortic valve
replacement (AVR) in patients with symptomatic severe AS.>?
However, the optimal time to treat truly asymptomatic patients
with severe AS, who have an increased risk of progression,
remains unclear.” Recent studies evaluating early AVR versus con-
servative treatment have shown potential benefits of early inter-
vention in patients with asymptomatic severe AS, including lower
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rates of all-cause mortality, cardiac death, or hospitalization for
heart failure (HF).°~® In contrast, previous meta-analyses reported
no significant difference between both groups in terms of stroke
and myocardial infarction (MI), yielding conflicting results.
Despite that, these meta-analyses have combined data from stud-
ies comprising patients with left ventricular ejection fraction
(LVEF) < 50%, as well as studies with designs that did not allow
for direct comparisons between these groups, which may have
less generalizable findings.>'° Recently, randomized controlled
trials (RCTs) focusing on patients with preserved left ventricular
function, such as EARLY-TAVR trial and EVOLVED trial, shed
light on more short-term outcomes. Additionally, the AVATAR
trial released long-term post-hoc analyses.''~'® Thus, we aim to
perform an updated systematic review and meta-analysis evaluat-
ing the efficacy and safety of early AVR compared with
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conservative treatment in asymptomatic patients with severe AS
and LVEF > 50%.

Material and Methods

This meta-analysis was performed and reported following the
Cochrane Handbook of Systematic Reviews of Interventions recom-
mendations and Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.'*'> The prospective meta-
analysis protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) database, under protocol
number CRD42024532509.

Eligibility criteria

We considered studies eligible for inclusion if they: (1) were RCTs
or observational studies; (2) compared early AVR with conservative
treatment; (3) enrolled patients with asymptomatic severe aortic ste-
nosis and clearly specified LVEF > 50%; and (4) reported any of our
outcomes of interest. We excluded studies that (1) did not report any
of the outcomes of interest; (2) included patients with LVEF < 50%;
(3) studies with overlapping populations; (4) studies without control
group; and (5) editorials, conference abstracts, case reports, or case
series.

Search strategy and data extraction

We systematically searched PubMed, Embase, and Cochrane in
November 2024 using the following search: ("very severe aortic ste-
nosis" OR "asymptomatic severe aortic stenosis" OR "asymptomatic
aortic stenosis” OR "asymptomatic AS") AND ("surgical aortic valve
replacement” OR SAVR OR AVR OR "transcatheter aortic valve
replacement” OR TAVR OR eAVR OR "early surgery” OR "early inter-
vention"). Two authors (V.B.P. and T.T.) independently extracted data
following predefined search criteria and quality assessment. Discrep-
ancies were resolved through consensus among the authors.

Endpoints and subanalyses

Our outcomes of interest may be stratified as following: (1) all-
cause mortality; (2) cardiac death; (3) hospitalization for cardiovascu-
lar (CV) causes, including both hospitalization for HF and unplanned
aortic stenosis-related hospitalization; (4) MI; (5) stroke; and (6) sud-
den death. Major adverse cardiac events (MACE) were not assessed
due to considerable discrepancies in MACE definitions among the
included studies. The specific definitions employed in each included
study are detailed in the Supplementary Material (Table S1). We per-
formed a prespecified subanalysis of RCT-only data.

Quality assessment

We performed the quality assessment using the Cochrane Collab-
oration’s tools for assessing risk of bias in randomized and non-
randomized studies.'®!” Two authors (M.R.C.C. and V.B.) performed
the risk of bias assessment independently and disagreements were
resolved through consensus.

Statistical analysis

We pooled risk ratios (RR) and hazard ratios (HR) with 95% confi-
dence intervals (CI) for binary endpoints. A random-effects model
was applied accounting for demographical and methodological het-
erogeneity among included randomized and nonrandomized studies,
as per Cochrane recommendations.'* We evaluated heterogeneity
through the Cochran’s Q test and I? statistics; I >25% and p-values

for superior to 0.10 were considered significant for heterogeneity.
High heterogeneity and potential study dominance were explored
using leave-one-out analysis. p-values inferior to 0.05 were consid-
ered statistically significant for treatment effects. We performed all
statistical analyses using the meta and metafor packages in R software
4.3.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Study selection and characteristics

Our literature search identified 455 studies. After removal of
duplicate records and ineligible studies by title and abstract, 31
underwent full-text review (Figure 1). Four RCTs and 3 observational
studies comprising 2,531 patients with asymptomatic severe AS and
preserved left ventricular function were included, of whom 1,234
(49%) underwent early AVR.>6:811-13.18

Overall, the mean age was over 60 year-old. Furthermore, 4 stud-
ies performed surgical aortic-valve replacement (SAVR) only.>¢ 1318
One study focused exclusively on transcatheter aortic-valve replace-
ment (TAVR),'? and 2 studies included both surgery and transcath-
eter procedures®!" Comorbidities varied among studies,
hypertension was more common in the study of Banovic and col-
leagues (2024)," while patients with hyperlipidemia was higher in
the study of Généreux and colleagues (2024).'2

In terms of echocardiography parameters, aortic-valve area (AVA)
and aortic-valve peak velocity (AVPV) ranged from 0.61 to 0.90 cm?
and 4.3 to 5.14 m/s, respectively. The mean LVEF was consistent
between included studies, ranging from 62% to 68%. Additional indi-
vidual studies characteristics are reported in Table 1. The follow-up
time and the definitions of severe AS are detailed in the Supplemen-
tary Material (Table S1).

Pooled analysis of all studies

Early AVR was associated with a significantly lower all-cause mor-
tality as compared with conservative treatment group (HR 0.51; 95%
C10.31 to 0.83; p <0.01; I2 = 70.9%; Figure 2). Further, patients under-
going early intervention had a significantly lower cardiac death com-
pared with conservative treatment (RR 0.51; 95% CI 0.30 to 0.89;
p = 0.02; I? = 65.6%; Figure 3), with a particularly high between-study
heterogeneity in these outcomes.

There were no significant differences between early AVR and con-
servative treatment with regards to the hospitalization for CV causes
(RR 0.46; 95% CI 0.21 to 1.04; p = 0.06; I? = 60.5%; Figure S1), MI (RR
0.61; 95% CI 0.22 to 1.69; p = 0.34; I> = 0%; Figure S2), sudden death
(RR 0.47; 95% C10.12 to 1.75; p = 0.26; I? = 54.1%; Figure S3), or stroke
(RR 0.71; 95% C1 0.47 to 1.07; p = 0.10; I? = 31.5%; Figure S4).

Subanalyses in selected populations

In a subanalysis of RCT-only data (1,427 patients), there was no dif-
ference between groups in all-cause mortality (HR 0.68; 95% CI 0.39 to
1.19; p = 0.18; I> = 61.1%; Figure 1), cardiac death (RR 0.72; 95% CI 0.48
to 1.07; p = 0.10; I? = 48%; Figure 2), or MI (RR 0.46; 95% CI 0.09 to
2.37; p=0.35; 12 = 14.1%; Figure S2). Nevertheless, early AVR was asso-
ciated with a significantly lower incidence of stroke (RR 0.62; 95% CI
0.40 to 0.95; p = 0.03; I? = 0%; Figure S4), and hospitalization for CV
causes (RR 0.41; 95% C10.27 to 0.63; p <0.01; I? = 26.5%; Figure S1).

In observational studies, there was a lower all-cause mortality
rate in the early AVR group (HR 0.34; 95% CI 0.15 to 0.76; p <0.01;
12 = 73.5%; Figure 1) compared with conservative group, which was
consistent with the overall cohort analysis. However, cardiac death
remained comparable between groups (RR 0.14; 95% CI 0.01 to 1.92;
p = 0.14; I? = 72.5%; Figure 2) in nonrandomized and randomized
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PubMed search: 147 results

Embase search: 283 results

Cochrane search: 25 results

Number screened: 455 results

— Duplicate reports (n=162)

— Excluded by title/abstract (n=262)

Full-text reviewed: 31 studies

— No population of interest (n=12)

—1 Abstract only (n=5)

— Other (n=7)

7 studies

Figure 1. PRISMA flow diagram.

studies analyses. Of note, there were no differences between these
subgroups (test for subgroup differences p >0.5).

Quality assessment

The critical appraisal of individual studies and summary of risk of
bias are presented in Supplementary Material (Figure S5 and S6,
respectively). All RCTs were judged to be at some concerns due to an
open-label design. Observational studies were judged to be at low
risk of performance bias due to the use of methods to evaluate con-
found variables, albeit its open-label design. The experimental con-
trols applied in the RCTs, and the statistical controls used in the
observational studies were provided in the Supplementary Material
(Table S2).

Sensitivity analysis

Sensitivity analyses were conducted to explore high heterogene-
ity and potential study dominance in the outcomes. Leave-one-out
analyses revealed higher contributions to heterogeneity from Kim
and colleagues for the outcomes stroke and hospitalization for CV
causes (Figures S7 and S8, Supplementary Material) [8]. Moreover,
regarding cardiac death — a result that initially showed a significant
difference between the 2 groups in the overall cohort analysis — this

difference became nonsignificant after omitting the studies by
Banovic and Kim (Figure S9, Supplementary Material).>'*> Nonethe-
less, results remained consistent with the prior analysis between
early AVR and conservative treatment, even though each study has
been removed from the analyses (Figures S10, S11 and S12, Supple-
mentary Material).

Discussion

In this systematic review and meta-analysis of 7 studies including
2,531 patients, we compared endpoints of early AVR versus conserva-
tive treatment in patients with asymptomatic severe AS and pre-
served left ventricular function. The main findings with early AVR
over conservative treatment include: (1) lower rates of all-cause and
cardiac mortality in the pooled analysis of observational and RCT
data; (2) comparable incidence of MI and sudden death in the overall
cohort and in subanalysis of randomized data; and (3) similar rates of
stroke or hospitalization for CV causes, in contrast with the observed
lower rates of these outcomes in the subanalysis of RCT-only data as
compared with conservative treatment.

Up to 50% of patients with severe AS are asymptomatic at the time
of diagnosis, and the progression of the disease is not accurately pre-
dictable.'*'9~?? Cardiac remodeling caused by chronic hemodynamic
stress can progress to irreversible stages of secondary cardiac damage,
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Table 1

Baseline characteristics of included studies

Loganath et al.!’ Kang et al.'® Kang et al.® Kim et al.®

Bohbot et al.” Généreux et al.'?

Banovic et al."*

Early AVR CcT Early AVR CT Early AVR CT Early AVR CT Early AVR CT

CcT

Early AVR

CT

Early AVR

Characteristics

68 69 73 73 76 75.6 75 76 63 63 65 63.4 61 67.1
79 455 113 111 102

78

Age, years™

73 72 221 247

95

446

247

192

Sample size, n

SAVR TAVR SAVR/TAVR SAVR SAVR SAVR/TAVR

SAVR

Type of procedure

111(50%) 121 (49%)

38 (53%)

32 (29%) 47 (46%) 51 (54%) 36 (49%)

31 (27%)

6

%)

131(29%)  147(33

NA
NA
NA
NA
NA

NA
NA
NA

I

35 (44

32 (41%)

Female, n (%)
STS score, %"
BMI, kg/m?

NA
236
66 (27%)
122 (49%)
61(25%)
34(14%)

NA
2456
37 (17%)
92 (42%)
59 (27%)
9 (4%)
4(2%)

NA
24
7(10%)
39 (54%)
42 (58%)

NA
247
13 (18%)
40 (55%)
41 (56%)

NA
241
10 (11%)
39 (41%)
37 (39%)

NA
239

0(10

37 (36%)
31(30%)

NA
27.8
26 (23%)
70 (63%)
56 (50%)

NA
272
15 (13%)
76 (67%)
55 (49%)

1.7
286
114 (26%)
365 (82%)
347 (78%)
20 (4.5%)

18
284
119 (26%)
369 (81%)
375 (82%)

18
NA
23 (29%)
70 (87%)

16
NA
14 (18%)
69 (88%)

)

I

NA
NA
NA

Diabetes mellitus, n (%)
Hypertension, n (%)

NA
NA

NA
2(2.5%)

NA
2(2.5%)

Hyperlipidemia, n (%)

3(4%)
NA
0.63
5.14
643

NA

NA
NA
0.61

NA NA
9(8%)

10 (9%)

(4%)
23 (5%)

NA

Previous stroke, n (%)
Previous MI, n (%)

AVA, cm?*
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5(2%)
0.80

NA
0.64
5.04
62.7

NA
0.62
49

18 (4%)

NA
NA
NA

NA
NA
NA

NA
0.74
4.5

NA
0.73
4.5

0.74
4.7

08 0.8
44

0.8

0.9

4.5
48.6

5.1

43
452

44

473

43

AVPV, m/s*

55

59
63

65

45

NA NA 46.5
NA

NA

50
NA

51

Mean TG, mmHg

64.8 63.7 63.1

64.8

67.4 68 68 62

67.4

NA

o
o

LVEF,

* Mean or median;

left ventricular ejection fraction; MI = myocardial infarction; SAVR = surgical

conservative treatment; LVEF

transcatheter aortic-valve replacement.

body mass index; CT

aortic-valve replacement; BMI
transaortic gradient; TAVR

aortic-valve peak velocity; AVR
Society of Thoracic Surgeons; TG

aortic-valve area; AVPV

aortic-valve replacement; STS

AVA =

occurring independently of symptom onset or LVEF impairment and
significantly impacting the prognosis of AS both before and after AVR.
Furthermore, some studies suggested that even asymptomatic patients
with severe AS are at increased risk of sudden death.?>~2 In this sense,
earlier AVR and clinical surveillance have been compared in patients
with asymptomatic severe AS, suggesting that early intervention pro-
vide potential benefits as compared with conservative treatment.!'~!>
Even so, it remains uncertain whether these benefits will improve the
outcomes in patients with preserved left ventricular function.

Meta-analyses have showed that early AVR is associated with
reduced all-cause mortality, cardiac death, or hospitalization for HF
as compared with conservative treatment, although conflicting
results regarding MI and stroke have been reported.*1%27 Neverthe-
less, these meta-analyses combined studies comprising patients with
LVEF < 50% or without appropriate control group, limiting the ability
to accurately assess the efficacy of early intervention in asymptom-
atic patients with severe AS and preserved left ventricular function.
Moreover, current guidelines recommend AVR for patients with
asymptomatic severe AS with LVEF < 50%, but 2 additional recent
randomized trials suggested earlier TAVR may benefit asymptomatic
patients with preserved left ventricular function.>>'"'? Therefore,
we conducted an update meta-analysis to address the lack of data
focusing on patients with LVEF > 50%.

Although the watchful-waiting strategy to delay surgery until
symptoms develop appears to be safe, the conservative treatment is
associated with a risk of sudden death and irreversible myocardial
damage, increasing periprocedural and potentially affecting long-
term prognosis.”>*%?° In this context, our meta-analysis found no dif-
ferences between early AVR and conservative care strategy in terms
of sudden death. This may be partly attributed to the limited statisti-
cal power, given the small sample size in the analysis. However, early
AVR was associated with lower rates of all-cause mortality, which is
consistent with previous studies.®'*> Généreux and colleagues
reported similar rates of death between both groups, but showed
lower rates as compared with previous trials, probably due to the less
invasive nature of TAVR as compared with surgery.'? Our meta-anal-
ysis could not specifically evaluate the TAVR procedure due to insuffi-
cient data in the available studies.

Despite that, Loganath and colleagues suggested that previous
mortality results providing benefits for early AVR cannot be extrapo-
lated to the broader older population with asymptomatic severe AS,
particularly those with a greater burden of comorbidities.!! However,
our results were consistent with previous meta-analyses, demon-
strating lower rates of cardiac death concomitantly.’*~>* This may be
associated with secondary cardiac damage, implying that some ini-
tially diagnosed patients may die or suffer from valve-related cardiac
events before AVR.2 Even so, more trials with older patients at high
surgical risk are needed.

Our meta-analysis found no significant differences in terms of
stroke, while beneficial effect favoring intervention was noticed in
RCT-only data. The reason may be differences in confounding in the
observational studies. Also, recent evidence suggest a higher inci-
dence of unplanned aortic stenosis-related hospitalizations and hos-
pitalization for HF in patients with guideline-directed conservative
management.>® These findings are particularly significant as they
align with primary treatment goals for elderly patients and under-
score the value of early intervention, especially given its low proce-
dural risk.!" Our results showed comparable incidences of
hospitalization for CV causes in the overall cohort analysis, but
reduced rates were observed for early AVR in subgroup of RCT data,
with lower heterogeneity as compared to overall cohort, which may
suggest potential source of bias from the observational study, as only
patients with a very low risk underwent SAVR or TAVR.

Our study has limitations. First, the robustness of our results may
be affected by the constraints of our limited sample size. Second, all
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Study or
Subgroup Total Total Weight HR 95% CI All-cause mortality
Observational studies
Boboht 2018 192 247 158% 0.26 [0.14; 0.48] —-
Kang 2010 57 57 71% 0.13  [0.03; 0.60) —@——
Kim 2019 221 247 181% 0.62 [0.40;0.97] E 3
Total (95% CI) 470 551 41.0% 0.34 [0.15; 0.76] e
Heterogeneity: Tau® = 0.3504; Chi® = 7.56, df = 2 (P = 0.0229); I> = 73.5%
Test for overall effect: Z = -2.63 (P < 0.01)
RCTs
Banovic 2024 78 79 153% 044 [0.23;0.85] B
Genereux 2024 455 446  181% 0.93 [0.60; 1.44] :
Kang 2020 73 72 111% 033 [0.12;0.90] —i—
Loganath 2024 113 111 145% 1.22 [0.59; 2.51] :
Total (95% Cl) 719 708 59.0% 0.68 [0.39; 1.19] -
Heterogeneity: Tau® = 0.1918; Chi® = 7.72, df = 3 (P = 0.0523); I = 61.1%
Test for overall effect: Z = -1.35 (P = 0.18)
Total (95% Cl) 1189 1259 100.0% 0.51 [0.31; 0.83] -
Heterogeneity: Tau? = 0.2899; Chi® = 20.63, df = 6 (P = 0.0021); > =70.9% !
Test for overall effect: Z = -2.71 (P < 0.01) 0.1 051 2 10

Test for subgroup differences: Chi = 2.03,df =1 (P = 0.1545)

Figure 2. All-cause mortality was significantly lower in the early AVR group as co
HR = hazard ratio.

mpared to conservative treatment in the overall cohort analysis. CI = confidence interval;

Early AVR Conservative
Studies Events Total Events Total RR IC 95% Weight Cardiac death
Observational studies
Kang 2010 0 102 18 95 0.03 [0.00; 0.41] 3.4%
Kim 2019 26 221 74 247 0.39 [0.26; 0.59] 28.0%
Total (95% Cl) 26 323 92 342 0.14 [0.01; 1.92] 31.5% ———
Heterogeneity: Tau? = 2.7341; Chi = 3.63, df = 1 (P = 0.0567); I* = 72.5%
Test for overall effect: Z = -1.47 (P = 0.14)
RCTs
Kang 2020 1 73 1 72 0.09 [0.01;0.68] 6.0% —
Banovic 2024 10 78 17 79 0.60 [0.29; 1.22] 21.2%
Genereux 2024 18 455 23 446 0.77 [0.42;1.40] 23.7%
Loganath 2024 10 113 8 111 1.23 [0.50; 3.00] 17.7%
Total (95% CI) 39 719 59 708 0.72 [0.48; 1.07] 68.5%
Heterogeneity: Tau? = < 0.0001; Chi® = 5.7, df = 3 (P = 0.1235); I* = 48%
Test for overall effect: Z = -1.63 (P = 0.10)
Total (95% Cl) 65 1042 151 1050 0.51 [0.30; 0.89] 100.0% <
Heterogeneity: Tau? = 0.2362; Chi’ = 14.53, df = 5 (P = 0.0126); I* = 65.6%
Test for overall effect: Z = -2.40 (P = 0.02) 0.01 01 1 10 100

Test for subgroup differences: Chi?=1.45,df =1 (P =0.2292)

Figure 3. Cardiac death was significantly lower in the early AVR group as compare:
CI = confidence interval; RR = relative risk.

included studies combined younger patient population, which could
be a potential source of selection bias, impairing generalizability to
older patients at high surgical risk. Third, most of the studies utilized
SAVR as the primary treatment within the AVR group, limiting the
generalizability of our findings to patients undergoing TAVR. Fourth,
some studies did not routinely perform exercise stress test, or this
was performed selectively and, therefore, we were unable to deter-
mine whether all patients were truly asymptomatic. Fifth, we were
unable to assess midwall myocardial fibrosis or biomarkers of cardiac
damage, such as cardiac troponin due to the lack of available data. In
addition to, we did not explore the impact of crossover between sur-
veillance and early AVR due to a lack of data and standardization
across included studies. Finally, the follow-up time varied among
included studies, and we cannot generalize our results to the long-
term setting.

Conclusion

In this systematic review and meta-analysis, early AVR by either
SAVR or TAVR was associated with reduced rates of all-cause

Favors early AVR  Favors conservative

d to conservative treatment in the overall cohort analysis. AVR = aortic valve replacement;

mortality and cardiac death, while yielding similar rates of stroke,
hospitalization for CV causes, MI, or sudden death as compared with
conservative treatment, albeit beneficial effect favoring early inter-
vention in terms of stroke and hospitalization was noticed in RCT-
only data analysis, with no significant differences in mortality rates.
This suggests that early AVR may be an effective alternative to clinical
surveillance in treating patients with asymptomatic severe AS and
preserved left ventricular function.
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