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BACKGROUND
For patients with moderate aortic stenosis, current guidelines recommend clinical 
surveillance with echocardiographic assessment every 1 or 2 years. Whether trans-
catheter aortic-valve replacement (TAVR) will improve outcomes in these patients 
remains unknown.

METHODS
We conducted an international, open-label, randomized trial to evaluate whether 
TAVR will result in better outcomes than clinical surveillance among patients with 
moderate aortic stenosis with at least one at-risk feature (i.e., a symptom or struc-
tural or functional abnormality that has been shown to be associated with faster 
disease progression or adverse cardiovascular outcomes). The patients were as-
signed in a 1:1 ratio to undergo transfemoral TAVR with a balloon-expandable 
valve or clinical surveillance. The primary effectiveness end point was a composite 
of death from any cause or a heart-failure event with or without hospitalization at 
2 years. Superiority testing was performed in the intention-to-treat population.

RESULTS
A total of 744 patients underwent randomization: 373 patients were assigned to the 
TAVR group and 371 to the clinical-surveillance group. The mean age of patients 
was 78 years, 39.1% were women, and 45.6% were at low surgical risk. The mean 
aortic-valve area was 1.2 cm2, and the mean aortic-valve peak velocity was 3.3 m per 
second. At 2 years, the Kaplan–Meier estimate of the percentage of patients with a 
primary effectiveness end-point event was 16.7% in the TAVR group and 23.9% in 
the clinical-surveillance group (risk difference, −7.2 percentage points; 95% confi-
dence interval, −13.1 to −1.3; P = 0.02 for superiority). The Kaplan–Meier estimate of 
the percentage of patients who died from any cause was 8.4% in the TAVR group 
and 7.3% in the clinical-surveillance group; the estimates for a heart-failure event 
were 10.8% and 19.0%, respectively. The incidence of procedure-related adverse 
events did not differ meaningfully between the patients in the TAVR group and 
those in the clinical-surveillance group who underwent aortic-valve replacement.

CONCLUSIONS
Among patients with moderate aortic stenosis and at-risk features, a strategy of TAVR 
was superior to clinical surveillance in lowering the incidence of death or a heart-
failure event at 2 years. (Funded by Edwards Lifesciences; PROGRESS ClinicalTrials 
.gov number, NCT04889872.)
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Aortic stenosis is a progressive dis-
ease that affects more than 3% of per-
sons 65 years of age or older in developed 

countries.1-3 For patients with moderate aortic 
stenosis, current guidelines recommend clinical 
surveillance with echocardiographic assessment 
every 1 or 2 years, with aortic-valve replacement 
deferred until the stenosis becomes severe or 
there is another indication for cardiac surgery.4,5 
However, moderate aortic stenosis is a heteroge-
neous disease with variable and unpredictable 
progression.6,7 Some patients with moderate aor-
tic stenosis have a prognosis similar to that seen 
with severe aortic stenosis,1,8-11 particularly those 
with at-risk features (i.e., a symptom or structural 
or functional abnormality that has been shown to 
be associated with faster disease progression or 
adverse cardiovascular outcomes).1,8-10,12-22 We de-
signed the Prospective, Randomized, Controlled 
Trial to Assess the Management of Moderate 
Aortic Stenosis by Clinical Surveillance or Trans-
catheter Aortic Valve Replacement (PROGRESS) 
to evaluate whether transcatheter aortic-valve re-
placement (TAVR) will improve outcomes among 
patients with moderate aortic stenosis, as com-
pared with clinical surveillance.

Me thods

Trial Design and Oversight

The PROGRESS trial was a prospective, inter-
national, multicenter, open-label, randomized, 
controlled trial in which TAVR with transfemo-
ral placement of a balloon-expandable valve 
(SAPIEN 3, SAPIEN 3 Ultra, or SAPIEN 3 Ultra 
RESILIA; Edwards Lifesciences) was compared 
with guideline-recommended clinical surveil-
lance among patients with moderate aortic ste-
nosis and at least one at-risk feature. The design 
and rationale of the trial have been described 
previously.12 The protocol (available with the full 
text of this article at NEJM.org) was developed 
by the principal investigators, steering commit-
tee, and trial sponsor (Edwards Lifesciences) in 
conjunction with the Food and Drug Adminis-
tration and approved by the institutional review 
boards at each site. All the patients provided 
written informed consent. The participating sites, 
investigators, and members of the steering com-
mittee are listed in Section A in the Supplemen-
tary Appendix (available at NEJM.org); additional 
details regarding trial oversight, author respon-

sibilities, and the role of the sponsor are pro-
vided in Section B. The authors vouch for the 
accuracy and completeness of the data and for 
the fidelity of the trial to the protocol.

Patient Selection

Patients were eligible for enrollment if they were 
65 years of age or older, had moderate aortic 
stenosis according to echocardiographic assess-
ment, and had at least one of the following at-
risk features: valve-related symptoms (e.g., New 
York Heart Association [NYHA] class II or higher, 
chest pain, or syncope), a left ventricular ejection 
fraction of less than 60%, grade 2 or higher dia-
stolic dysfunction according to American Society 
of Echocardiography guidelines at the time of 
enrollment,23 a stroke volume index of less than 
35 ml per square meter, persistent or any epi-
sode of paroxysmal atrial fibrillation within 6 
months before randomization, an N-terminal 
pro–B-type natriuretic peptide (NT-proBNP) lev-
el greater than three times the upper limit of the 
normal range, or an elevated aortic-valve calcium 
score as assessed by the computed tomography 
(CT) core laboratory. An elevated aortic-valve 
calcium score was defined as a score greater 
than 1200 Agatston units (a metric that com-
bines the area and density of observed coronary-
artery calcification) for women or greater than 
2000 Agatston units for men.20

Eligibility was assessed at each site and by an 
independent, physician-led case-review board. 
Patients with a left ventricular ejection fraction 
of less than 20% or clinically significant, un-
treated coronary artery disease warranting re-
vascularization were excluded. Full details of the 
inclusion and exclusion criteria are provided in 
Section C in the Supplementary Appendix.

Randomization, Treatment, and Follow-up

Eligible patients were enrolled and randomly as-
signed in a 1:1 ratio to undergo TAVR or clinical 
surveillance (the intention-to-treat population). 
The patients in the TAVR group underwent 
transfemoral TAVR, and those in the clinical-
surveillance group received standard manage-
ment according to society guidelines. The cases 
of patients in the clinical-surveillance group in 
whom an indication for aortic-valve replacement 
developed during follow-up were presented to a 
case-review board, and aortic stenosis severity 
was assessed by the echocardiographic core labo-
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ratory; however, the decision to intervene was 
ultimately made by the local heart team. Clinical 
and echocardiographic assessments were planned 
annually through 10 years after randomization. 
Additional details are provided in Section D in 
the Supplementary Appendix.

Trial End Points

The primary effectiveness end point was a non-
hierarchical composite of death from any cause 
or a heart-failure event with or without hospital-
ization at 2 years, which was assessed in the 
intention-to-treat population from the time of 
randomization. A heart-failure event was docu-
mented if it met all three of the following crite-
ria: there was at least one new or worsening 
symptom, evidence of heart-failure decompensa-
tion was obtained from at least two objective 
assessments, and the event led to at least one 
heart-failure treatment. The complete definition, 
adapted from the Heart Failure Collaboratory–
Academic Research Consortium, is provided in 
Section E in the Supplementary Appendix.24 In 
the clinical-surveillance group, a delayed aortic-
valve replacement could fulfill the heart-failure 
treatment criterion, but for a heart-failure event 
to be documented, the other two criteria needed to 
be met as well; a delayed aortic-valve replacement 
alone did not constitute a heart-failure event.

The primary safety end point was a nonhier-
archical composite of death from any cause, 
stroke, life-threatening or fatal bleeding, stage 4 
acute kidney injury, hospitalization for a device- 
or procedure-related complication, or valve dys-
function leading to reintervention at 30 days. 
Safety was assessed from the time of the procedure 
in the TAVR group among the patients who had 
undergone the index procedure (the as-treated 
population).

Five secondary end points were evaluated in 
the intention-to-treat population according to 
the following prespecified hierarchy at 2 years: a 
composite of death from any cause, stroke, or hos-
pitalization for heart failure; being alive with an 
improvement in the Kansas City Cardiomyopathy 
Questionnaire–Overall Summary (KCCQ-OS) score 
of at least 10 points from baseline that was sus-
tained at both 1 and 2 years (scores range from 
0 to 100, with higher scores indicating better 
health status); hospitalization for heart failure; 
left ventricular mass index; and diastolic dysfunc-
tion of grade 2 or higher.23 Primary and second-

ary end-point events and their components, as 
well as additional clinical events, were adjudicat-
ed by an independent clinical-events committee, 
whose members were aware of the trial-group 
assignments. An independent data and safety 
monitoring board provided safety oversight for 
the trial. Echocardiographic and CT imaging and 
biomarker levels were evaluated by independent 
core laboratories.

Statistical Analysis

The statistical methods of the trial have been 
published previously12 and are described in the 
statistical analysis plan, available with the pro-
tocol, and in Section F in the Supplementary 
Appendix. The sample size was determined with 
respect to the primary safety end point. On the 
basis of data from previous studies that used the 
SAPIEN 3 valve and considering the mix of sur-
gical risk among the patients in the enrolled 
trial population at time of performance-goal 
development,25-27 we assumed a 30-day primary 
safety end-point event rate of 8.2% in the TAVR 
group with a 5.5 percentage-point margin to 
derive a performance goal for success of 13.7%. 
With these assumptions, we calculated that 298 
patients in the TAVR group would provide the 
trial with 85% power, at a one-sided alpha level 
of 0.025, to demonstrate the safety of TAVR 
against the performance goal. We anticipated an 
attrition of 5% and therefore planned for 628 
patients to undergo randomization.

With an assumed 2-year incidence of a pri-
mary effectiveness end-point event of 15% in the 
TAVR group and 30% in the clinical-surveillance 
group, we calculated that the planned sample 
size would provide more than 99% power to show 
the superiority of TAVR over clinical surveillance 
for the primary effectiveness end point. In ac-
cordance with the Journal’s statistical guidelines, 
the primary effectiveness end point was evalu-
ated at a two-sided significance level of 0.05. The 
Wald test with Kaplan–Meier estimates of the first 
event and Greenwood variance was used for be-
tween-group comparisons.

The incidence of a primary safety end-point 
event and the upper limit of the one-sided 97.5% 
confidence interval were evaluated with the Wilson 
score method and compared against the pre-
specified performance goal of 13.7%. Secondary 
end points were tested sequentially in a prespeci-
fied hierarchical order with a gatekeeping proce-
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dure that was initiated only after both primary 
effectiveness and safety end points had met their 
success criteria, and the testing was continued 
until the first nonsignificant result in order to 
control the overall family-wise type I error rate. 
In accordance with the Journal’s statistical guide-
lines, secondary end points were evaluated with 
two-sided testing procedures at a significance level 
of 0.05. Two-sided 95% confidence intervals are 
reported for primary effectiveness and secondary 
end points.

Treatment effects were summarized with ap-
propriate effect measures and with correspond-
ing confidence intervals or limits. Prespecified 
subgroup analyses were performed for the pri-
mary and secondary end points and are described 
in Section G in the Supplementary Appendix. The 
widths of the confidence intervals have not been 
adjusted for multiplicity and should not be used 
for hypothesis testing, unless otherwise noted. 
To address missing data, time-to-event analyses 
were performed under the assumption of non
informative censoring, and other analyses were 
based on observed data without imputation of 
missing data. Details regarding a prespecified in-
terim analysis are provided in the Supplementary 
Appendix.

R esult s

Patients

From October 2021 through January 2024, a to-
tal of 1294 patients were screened, of whom 744 
were randomly assigned to a trial group (373 pa-
tients to the TAVR group and 371 patients to the 
clinical-surveillance group). The patients were 
enrolled at 74 sites across 6 countries (87.1% of 
the patients were from the United States, and 
12.9% were from Japan, Australia, the Nether-
lands, Canada, and Switzerland) (Table S1 and 
Fig. S1 in the Supplementary Appendix). Among 
the 1294 patients screened, the most common 
reasons for screen failure were the absence of 
moderate aortic stenosis according to echocardio-
graphic criteria (in 214 patients [16.5%]) and ana-
tomical exclusions for transfemoral TAVR (in 139 
patients [10.7%]). Detailed reasons for screen 
failure are provided in Table S2. The representa-
tiveness of the enrolled population is described 
in Section H in the Supplementary Appendix.

The baseline characteristics of the patients 

appeared to be balanced between the trial groups 
(Table 1 and Table S3). The mean age of the pa-
tients was 78.4 years, and 39.1% were women. 
The mean Society of Thoracic Surgeons Predict-
ed Risk of Mortality score was 3.0% (on a scale 
from 0 to 100%, with higher scores indicating a 
greater risk of death within 30 days after sur-
gery), and 45.6% of the patients were considered 
to be at low surgical risk, as evaluated by the 
local heart team. The severity of aortic stenosis 
appeared to be similar in the trial groups (mean 
aortic-valve area, 1.2 cm2); the distribution of se-
verity is shown in Figure S2. Among 738 evaluable 
patients, the majority (676 [91.6%]) had concor-
dant moderate aortic stenosis, with both valve 
area and velocity or gradient measurements in 
the moderate range. Only 8.5% of the patients 
had a left ventricular ejection fraction of less than 
50%, and 3.0% had an ejection fraction of 40% or 
less. The median aortic-valve calcium score was 
1209 Agatston units. A bicuspid aortic valve was 
present in 7.4% of patients. The mean KCCQ-OS 
score was 64.2, and 35.5% of the patients had an 
NYHA class of III or IV.

The prevalence of at-risk features appeared to 
be well balanced between the trial groups. The 
most common feature was the presence of valve-
related symptoms (in 96.4%), followed by dia-
stolic dysfunction of grade 2 or higher (in 43.8%). 
A total of 72% of the patients had two or more 
at-risk features, and 40% had three or more. Base-
line medication use also appeared to be similar in 
the groups (Table S4).

Primary End Points

A total of 356 patients (95.4%) in the TAVR group 
and 341 (91.9%) in the clinical-surveillance group 
were included in the analysis of the primary ef-
fectiveness end point. At 2 years, a primary ef-
fectiveness end-point event (death from any cause 
or a heart-failure event with or without hospital-
ization) had occurred in 60 patients (Kaplan–
Meier estimate, 16.7%) in the TAVR group and 
in 85 patients (Kaplan–Meier estimate, 23.9%) in 
the clinical-surveillance group (difference, −7.2 
percentage points [95% confidence interval {CI}, 
−13.1 to −1.3; P = 0.02]; hazard ratio, 0.67 [95% CI, 
0.48 to 0.93]) (Fig. 1A and Table 2). At 2 years, 
death from any cause had occurred in 30 patients 
(Kaplan–Meier estimate, 8.4%) in the TAVR group 
and in 26 patients (Kaplan–Meier estimate, 7.3%) 
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in the clinical-surveillance group (Fig.  1B and 
Table 2). The results for death from cardiovascu-
lar causes and from noncardiovascular causes are 
shown in Figure S3, and the causes of death are 
shown in Table S5. A heart-failure event with or 
without hospitalization occurred in 38 patients 
(Kaplan–Meier estimate, 10.8%) in the TAVR 
group and in 66 patients (Kaplan–Meier estimate, 
19.0%) in the clinical-surveillance group (Fig. 1C 
and Table 2). The results for all the prespecified 
subgroups appeared to be consistent with those 
of the primary analysis (Fig. 2 and Fig. S4).

At 30 days, a primary safety end-point event 
(death from any cause, stroke, life-threatening or 
fatal bleeding, stage 4 acute kidney injury, hospi-
talization for a device- or procedure-related com-
plication, or valve dysfunction leading to reinter-
vention at 30 days) had occurred in 21 of 358 
patients (5.9%; two-sided 95% CI, 3.9 to 8.8) in the 
TAVR group who had undergone the index proce-
dure. The upper limit of the one-sided 97.5% con-
fidence interval of 8.8% for the incidence of a pri-
mary safety end-point event was below the 13.7% 
performance goal for success (P<0.001) (Table 2).

Secondary End Points

At 2 years, death, stroke, or hospitalization for 
heart failure had occurred in 64 patients (17.7%) 
in the TAVR group and in 83 patients (23.3%) in 
the clinical-surveillance group. A total of 134 of 
344 patients (39.0%) in the TAVR group and 76 of 
327 (23.2%) in the clinical-surveillance group 
were alive and had an improvement in the KCCQ-
OS score of at least 10 points from baseline that 
was sustained at 1 and 2 years. Hospitalization 
for heart failure had occurred in 26 patients 
(Kaplan–Meier estimate, 7.4%) in the TAVR group 
and in 52 patients (Kaplan–Meier estimate, 14.9%) 
in the clinical-surveillance group (Fig. S5). The 
mean (±SD) left ventricular mass index was 
97.1±28.3 g per square meter in the TAVR group 
and 101.1±30.1 g per square meter in the clinical-
surveillance group (Table 2). At 2 years, diastolic 
dysfunction of grade 2 or higher had occurred in 
107 of 275 patients (38.9%) in the TAVR group 
and in 97 of 266 patients (36.5%) in the clinical-
surveillance group.

Additional Outcomes

Table S6 shows additional outcomes at 2 years. 
No apparent between-group difference was found 

in the incidence of myocardial infarction or in 
the incidence of stroke. Figure S6 shows the to-
tal number of hospitalizations for heart failure 
through 2 years; the annualized rate of hospital-
ization for heart failure was 6.2 events per 100 
patient-years in the TAVR group and 12.0 events 
per 100 patient-years in the clinical-surveillance 
group (hazard ratio from a joint frailty model, 
0.52; 95% CI, 0.35 to 0.78). The Kaplan–Meier 
estimates for heart-failure events without hospi-
talization were 4.6% in the TAVR group and 4.9% 
in the clinical-surveillance group.

At 2 years, 3.9% of the patients in the TAVR 
group, as compared with 10.9% in the clinical-
surveillance group, had an NYHA class of III or 
IV (Fig. S7). The mean KCCQ-OS score was 79.4 
in the TAVR group and 73.8 in the clinical-sur-
veillance group; the mean within-patient change 
in the KCCQ-OS score from baseline to 2 years 
among those with available data was an increase 
of 14.3 points in the TAVR group and of 7.7 
points in the surveillance group (Fig. S8).

Clinical Surveillance and Progression  
of Aortic Stenosis

Among the 371 patients in the clinical-surveil-
lance group, 99 (27.0%) underwent delayed aortic-
valve replacement within 1 year, and 204 (57.4%) 
underwent the intervention within 2 years after 
randomization (Fig. 3). The most common rea-
son for undergoing aortic-valve replacement among 
these patients was progression to severe aortic 
stenosis with a class 1 indication for aortic-valve 
replacement, which occurred in 166 of 204 pa-
tients (81.4%). Of the 66 patients in the clinical-
surveillance group who had a heart-failure event 
contributing to the primary effectiveness end 
point, 28 (42.4%) had a delayed aortic-valve re-
placement with an associated hospitalization for 
heart failure as a treatment for new or worsen-
ing heart failure; of these patients, 21 of 28 (75.0%) 
had a class 1 indication.

The proportions of patients who underwent 
delayed aortic-valve replacement at different time 
intervals and the reasons for the intervention are 
shown in Figure S9 and Table S7. From baseline 
to the time of delayed aortic-valve replacement, 
the mean aortic-valve peak velocity had increased 
by 0.5 m per second, the mean gradient had in-
creased by 10.5 mm Hg, and the mean valve area 
had decreased by 0.3 cm2 (Table S8). The mean 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
TAVR 

(N = 373)
Clinical Surveillance 

(N = 371)

Age — yr 78.5±6.5 78.3±6.1

Female sex — no. (%) 142 (38.1) 149 (40.2)

Body-mass index† 29.5±5.7 29.7±5.9

STS-PROM score — %‡ 3.1±2.6 3.0±2.6

Low surgical risk according to the local heart team — no. (%) 164 (44.0) 175 (47.2)

KCCQ-OS score§ 64.5±23.8 63.9±24.1

Hypertension — no. (%) 337 (90.3) 319 (86.0)

Diabetes — no. (%) 135 (36.2) 137 (36.9)

Estimated glomerular filtration rate <45 ml/min/1.73 m2  
— no./total no. (%)

36/372 (9.7) 46/367 (12.5)

Chronic obstructive pulmonary disease — no. (%) 36 (9.7) 43 (11.6)

Peripheral vascular disease — no. (%) 41 (11.0) 42 (11.3)

Previous myocardial infarction — no. (%) 54 (14.5) 53 (14.3)

Previous percutaneous coronary intervention — no. (%) 114 (30.6) 114 (30.7)

Previous coronary-artery bypass graft — no. (%) 63 (16.9) 43 (11.6)

Previous stroke — no. (%) 36 (9.7) 29 (7.8)

Any history of atrial fibrillation — no. (%) 127 (34.0) 119 (32.1)

Right bundle-branch block — no. (%) 62 (16.6) 65 (17.5)

Left bundle-branch block — no. (%) 25 (6.7) 28 (7.5)

Permanent pacemaker or ICD — no. (%) 46 (12.3) 39 (10.5)

Median NT-proBNP level (IQR) — pg/ml¶ 349 (160–1006) 364 (143–807)

Echocardiographic and CT core laboratory measure

Aortic-valve area — cm2 1.2±0.2 1.2±0.2

Transaortic mean gradient — mm Hg 25.1±5.1 25.4±5.1

Aortic-valve peak velocity — m/sec 3.3±0.3 3.3±0.3

Discordant moderate aortic stenosis — no./total no. (%)‖ 36/370 (9.7) 26/368 (7.1)

LV ejection fraction — %** 63.2±9.8 63.6±9.0

Bicuspid aortic valve on CT — no. (%) 30 (8.0) 25 (6.7)

Median aortic-valve calcium score on CT (IQR) — Agatston 
units††

1235 (836–1780) 1185 (764–1787)

At-risk feature — no. (%)‡‡

NYHA class ≥II 363 (97.3) 354 (95.4)

LV ejection fraction <60%** 92 (24.7) 94 (25.3)

Diastolic dysfunction ≥grade 2§§ 166 (44.5) 160 (43.1)

Stroke volume index <35 ml/m2 53 (14.2) 31 (8.4)

Atrial fibrillation within 6 mo before randomization¶¶ 78 (20.9) 68 (18.3)

NT-proBNP >3 times the upper limit of normal¶ 77 (20.6) 82 (22.1)

Elevated aortic-valve calcium score on CT‖‖ 105 (28.2) 86 (23.2)
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KCCQ-OS score had decreased from baseline by 
9.3 points, and the left ventricular ejection frac-
tion remained unchanged.

Procedural Details and Periprocedural 
Safety Outcomes

Procedural details for the patients in the TAVR 
group and for those in the clinical-surveillance 
group who underwent aortic-valve replacement 
within 2 years after randomization are provided 
in Table S9. Thirty-day mortality after the proce-
dure was 0% among the patients in the TAVR 
group and 0.5% among the patients in the clin-
ical-surveillance group who had undergone de-
layed aortic-valve replacement; the incidence of 
stroke was 0.8% and 2.5%, respectively (Table S10). 
New permanent pacemaker implantation was per-

formed in 13.0% of the patients in the TAVR 
group and in 10.4% of those in the clinical-sur-
veillance group with delayed aortic-valve replace-
ment; the majority of these patients had preex-
isting right or left bundle-branch block (24 of 41 
patients [58.5%] in the TAVR group and 10 of 19 
patients [52.6%] in the clinical-surveillance group). 
The presence of moderate or greater paravalvular 
regurgitation 30 days after TAVR was 0% after 
the index TAVR and 0.5% after delayed aortic-
valve replacement in the clinical-surveillance group 
(Table S11).

Discussion

In our trial involving patients with moderate 
aortic stenosis and at least one at-risk feature, 

Characteristic
TAVR 

(N = 373)
Clinical Surveillance 

(N = 371)

No. of at-risk features

1 106 (28.4) 102 (27.5)

2 114 (30.6) 125 (33.7)

≥3 153 (41.0) 144 (38.8)

*	� Plus–minus values are means ±SD. There were no significant between-group differences in baseline characteristics 
except for previous coronary-artery bypass graft and stroke volume index lower than 35 ml per square meter (P<0.05). 
ICD denotes implantable cardioverter–defibrillator, NYHA New York Heart Association, and TAVR transcatheter 
aortic-valve replacement.

†	� The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	� Scores on the Society of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) range from 0 to 100%, with 

higher scores indicating a greater risk of death within 30 days after surgery. The STS-PROM uses an algorithm that is 
based on the presence of coexisting illnesses to predict 30-day operative mortality.

§	� Data on Kansas City Cardiomyopathy Questionnaire–Overall Summary (KCCQ-OS) score were available for 367 pa-
tients in the TAVR group and 362 patients in the clinical-surveillance group. Scores range from 0 to 100, with higher 
scores indicating better health status.

¶	� Data on the N-terminal pro–B-type natriuretic peptide (NT-proBNP) level were available for 267 patients in the TAVR 
group and 252 patients in the clinical-surveillance group. These data were assessed by the biomarker core laboratory; 
the core laboratory did not assess data from outside the United States.

‖	� Concordant and discordant moderate aortic stenosis are described in Section C3 in the Supplementary Appendix. 
Briefly, concordant moderate aortic stenosis is defined as an aortic-valve area and a peak velocity or mean gradient in 
the moderate range, whereas discordant moderate aortic stenosis is defined as having either an aortic-valve area or a 
peak velocity or mean gradient in the moderate range.

**	� Left ventricular (LV) ejection fraction was derived from Simpson’s method first; if the Simpson’s method reading was 
missing, then the value was imputed as the midpoint of the visual estimation.

††	� Data on the aortic-valve calcium score were available for 369 patients in the TAVR group and 366 patients in the 
clinical-surveillance group. These data were assessed by the CT core laboratory.

‡‡	� Data on at-risk features were reported by the trial sites.
§§	� Diastolic dysfunction of grade 2 or higher was defined according to American Society of Echocardiography guide-

lines23 at the time of enrollment.
¶¶	�Recent atrial fibrillation was defined as any persistent or paroxysmal atrial fibrillation within 6 months before random-

ization.
‖‖	� An elevated aortic-valve calcium score was defined as a score greater than 1200 Agatston units for women and greater 

than 2000 Agatston units for men.

Table 1. (Continued.)
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TAVR was shown to be superior to clinical sur-
veillance in lowering the incidence of death or a 
heart-failure event. The trial also showed that 
TAVR met its performance goal for success with 
respect to the primary safety end point, a compos-
ite of death from any cause, stroke, life-threaten-
ing or fatal bleeding, stage 4 acute kidney injury, 
hospitalization for a device- or procedure-related 
complication, or valve dysfunction leading to 
reintervention at 30 days.

The patients in our trial population had at-
risk features that have been linked to rapid dis-
ease progression, hospitalization for heart fail-
ure, and death.9,10,13-20 The majority of the patients 
had cardiac symptoms, frequent coexisting med-
ical conditions, and impaired health status, de-
spite the presence of a preserved left ventricular 
ejection fraction in most of the patients. TAVR 
was associated with approximately 50% fewer 
hospitalizations for heart failure than clinical 
surveillance. Our results differed from those of 
the TAVR UNLOAD (Transcatheter Aortic Valve 
Replacement to Unload the Left Ventricle in Pa-

B Death from Any Cause

C Heart-Failure Event with or without Hospitalization

A Death or Heart-Failure Event with or without Hospitalization
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Figure 1. Time-to-Event Curves for the Primary Effec-
tiveness End Point and Its Components.

Panel A shows the Kaplan–Meier estimates of the pri-
mary effectiveness end point (a composite of death 
from any cause or a heart-failure event with or without 
hospitalization). The Kaplan–Meier estimates for com-
ponents of the primary effectiveness end point are 
shown in Panel B (death from any cause) and Panel C 
(a heart-failure event, with or without hospitalization). 
The end points were assessed at 2 years in the inten-
tion-to-treat population. The analysis of the primary 
effectiveness end point involved the difference in the 
Kaplan–Meier estimates between the transcatheter 
aortic-valve replacement (TAVR) group and the clini-
cal-surveillance group, as calculated with the Wald 
test (difference, −7.2 percentage points; 95% confi-
dence interval, −13.1 to −1.3; P = 0.02 for superiority). 
Hazard ratios with 95% confidence intervals are also 
shown for each end point. The proportional-hazards 
assumption was assessed with a Cox proportional-
hazards model that included a treatment-by-time in-
teraction term and was not violated (P = 0.69). The 
widths of the confidence intervals for the components 
of the primary effectiveness end point have not been 
adjusted for multiple comparisons and should not be 
used in place of a hypothesis test. The insets show 
the same data on an enlarged y axis.
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tients with Advanced Heart Failure) trial, which 
involved 178 patients with a reduced left ven-
tricular ejection fraction (20 to 50%) and was 
not powered to assess between-group differenc-
es in the results for the primary end point.22 
Although current guidelines recommend clinical 
surveillance with echocardiographic evaluation 
every 1 or 2 years for moderate aortic stenosis,4,5 
the PROGRESS trial showed that TAVR may rep-
resent an appropriate therapeutic strategy for this 

at-risk subgroup of patients with moderate aortic 
stenosis.

A high percentage of patients with moderate 
aortic stenosis in the clinical-surveillance group 
underwent aortic-valve replacement during the 
2-year follow-up, owing mainly to progression to 
severe aortic stenosis, which is a guideline-recom-
mended class 1 indication for valve replacement. 
Because we enrolled patients with at-risk features, 
we observed faster progression than that seen in 

Table 2. Primary and Secondary End Points.*

End Point
TAVR 

(N = 373)
Clinical Surveillance 

(N = 371) Difference (95% CI) P Value

percentage points

Primary effectiveness end point

Death from any cause or a heart-failure event with or with-
out hospitalization at 2 years — no. (Kaplan–Meier 
estimate, %)

60 (16.7) 85 (23.9) –7.2 (–13.1 to –1.3) 0.02

Death from any cause 30 (8.4) 26 (7.3) 1.0 (–2.9 to 5.0) —

Heart-failure event with or without hospitalization 38 (10.8) 66 (19.0) –8.2 (–13.4 to –2.9) —

Primary safety end point

Death from any cause, stroke, life-threatening or fatal 
bleeding, stage 4 acute kidney injury, hospitaliza-
tion for a device- or procedure-related complica-
tion, or valve dysfunction leading to reintervention 
at 30 days

Incidence (95% CI) — % 5.9 (3.9–8.8)† — — <0.001†

Secondary end points at 2 years, listed in hierarchical order

Death, stroke, or hospitalization for heart failure — no. 
(Kaplan–Meier estimate, %)

64 (17.7) 83 (23.3) –5.6 (–11.5 to 0.3) 0.07

Alive with improvement in KCCQ-OS score of ≥10 points 
from baseline that was sustained at 1 and 2 years 
— no./total no. (%)‡

134/344 (39.0) 76/327 (23.2) 15.7 (8.8 to 22.6) —

Hospitalization for heart failure — no. (Kaplan–Meier 
estimate, %)

26 (7.4) 52 (14.9) –7.5 (–12.2 to –2.9) —

LV mass index — g/m2§ 97.1±28.3 101.1±30.1 –3.7 (–7.8 to 0.5) —

Diastolic dysfunction ≥grade 2 — no./total no. (%)¶ 107/275 (38.9) 97/266 (36.5) 2.4 (–5.7 to 10.6) —

*	�Plus–minus values are means ±SD. All analyses were performed in the intention-to-treat population, except for the primary safety end-point 
analysis, which was performed in the TAVR as-treated population (358 patients). In accordance with the Journal’s statistical guidelines, two-
sided 95% confidence intervals and P values are reported.

†	�The incidence of a primary safety end-point event was 5.9% (two-sided 95% CI, 3.9 to 8.8). The criterion for significance in the analysis of 
the primary safety end point was met, with an upper limit of the one-sided 97.5% confidence interval of the incidence that was less than the 
prespecified performance goal of 13.7%. The P value is for comparison with the performance goal. Of 358 patients who underwent the index 
TAVR procedure, 21 had a primary safety end-point event.

‡	�Scores on the KCCQ-OS range from 0 to 100, with higher scores indicating better health status.
§	� Data on LV mass index were available for 312 patients in the TAVR group and 297 patients in the clinical-surveillance group. The between-

group difference and confidence interval were estimated with the Hodges–Lehmann estimator associated with the Wilcoxon rank-sum test.
¶	�Diastolic dysfunction of grade 2 or higher was defined according to American Society of Echocardiography guidelines at the time of en-

rollment.23
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previous studies.29 These patients also had a clini-
cally meaningful decline in health status before 
treatment that may have been prevented with an 
earlier intervention or more frequent surveillance.

Approximately 16% of the patients who had 

provided written informed consent and had been 
initially thought to have moderate aortic stenosis 
by referral physicians were ultimately found to 
have lesser or greater disease severity. This dis-
crepancy underscores the clinical challenge of 

Figure 2. Subgroup Analyses of the Primary Effectiveness End Point.

Shown are the results of subgroup analyses of the primary effectiveness end point (a composite of death from any cause or a heart-fail-
ure event with or without hospitalization). Percentages shown are Kaplan–Meier estimates. Additional information regarding the sub-
group assessments according to baseline characteristics is provided in Section G in the Supplementary Appendix. Surgical risk was  
assessed by the local heart team at the trial site. The staging classification for cardiac damage was developed by Généreux et al.28 An  
elevated aortic-valve calcium score was defined as a score greater than 1200 Agatston units for women and greater than 2000 Agatston 
units for men. LV denotes left-ventricular, NT-proBNP N-terminal pro–B-type natriuretic peptide, NYHA New York Heart Association, 
and ULN upper limit of the normal range.
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accurately determining the severity of aortic 
stenosis in clinical practice and may explain the 
heterogeneity in mortality and morbidity observed 
in large observational registries.1,8 This finding 
also supports a strategy of prompt referral to a 
dedicated valve clinic to better characterize aor-
tic stenosis severity and to determine appropri-
ate management.30,31

A strategy of TAVR was superior to clinical 
surveillance in lowering the incidence of death 
or a heart-failure event despite the fact that 57.4% 
of the patients in the clinical-surveillance group 
underwent aortic-valve replacement within 2 years 
after randomization. This factor may have miti-
gated the occurrence of hospitalization for heart 
failure or death in the clinical-surveillance group 
owing to the prompt detection of progression to 
severe aortic stenosis and thereby potentially lead-
ing to an underestimation of the benefit of earlier 
intervention as compared with clinical surveillance 
and medical therapy.32,33

Our trial has several limitations. First, the 
trial was open-label, and the clinical-events com-
mittee was aware of trial-group assignments, 
which may have introduced observer or reporting 
bias. Second, the findings may not be generaliz-
able beyond the specific population studied, which 
was restricted to patients who were 65 years of age 
or older and suitable for transfemoral TAVR with 
the trial valve. Whether these results apply to 
patients without at-risk features remains to be 
determined. Third, further refinement of medi-
cal therapy might have lessened the incidence or 
degree of heart-failure decompensation; however, 
guideline-directed therapy for heart failure is 
established primarily for patients with a reduced 
left ventricular ejection fraction (≤40%), who 
represented only 3.0% of the PROGRESS trial 
population. Furthermore, supporting evidence 
from trials of sodium–glucose cotransporter 2 
inhibitors in patients with heart failure with pre-
served ejection fraction excluded patients with 
clinically significant valvular disease, and recom-
mendations for their use were published after 
enrollment in the PROGRESS trial had begun.34-36

Among patients with moderate aortic steno-
sis and at-risk features, a strategy of TAVR was 
superior to guideline-recommended clinical sur-
veillance in lowering the incidence of death from 

any cause or a heart-failure event with or without 
hospitalization at 2 years.
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