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Abstract

Background The neutral TAVR UNLOAD trial randomized patients with heart failure with reduced ejection fraction and moderate aor
tic stenosis (AS) to transcatheter aortic valve replacement (TAVR) or clinical AS surveillance (CASS). Frequent conversion 
from CASS to TAVR, primarily due to AS progression, potentially reduced the benefit of TAVR vs CASS.

Aims To identify conversion predictors and evaluate outcomes censoring CASS patients at conversion.

Methods 
and results

Patients eligible for balloon-expandable transfemoral TAVR were 1:1 randomized to TAVR or CASS. The hierarchical pri
mary endpoint comprised all-cause death, disabling stroke, heart failure hospitalization/equivalents, and quality of life change. 
Analyses were performed to longest follow-up, censoring CASS patients at TAVR. Baseline predictors of conversion were 
identified using cause-specific multivariable Cox regression. Between 2017 and 2022, 178 patients (77 ± 9 years; 21% fe
male; 56% New York Heart Association ≥ III) were randomized (TAVR n  ampa#thinsp;89; CASS n  ampa#thinsp;89). 
During a median follow-up of 690 days, 38 CASS patients (43%) underwent TAVR after a median of 366 days. After cen
soring, the primary endpoint favoured TAVR over CASS [50% vs 30% wins; 20% ties; win ratio: 1.68 (95% CI: 1.16–2.43); 
P = .006]. Adjusting for age, sex, atrial fibrillation, and left ventricular ejection fraction, the mean aortic valve gradient was the 
only independent conversion predictor [HR per mmHg: 1.09 (95% CI: 1.02–1.16); P = .015].
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Conclusions In patients with heart failure with reduced ejection fraction and moderate AS, TAVR conferred benefit over CASS 
when censoring CASS patients at conversion. Although caution is warranted given the observational nature of the 
comparison, these findings suggest that these patients may derive clinical benefit from TAVR, warranting confirmation 
in a larger trial.
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Graphical abstract

Study design and key outcomes of this exploratory conversion-censored analysis of the TAVR UNLOAD trial. A total of 178 patients with HFrEF and 
moderate AS were randomized to TAVR (n = 89) or CASS (n = 89). During follow-up, 38 patients (43%) initially assigned to CASS converted to 
TAVR, whereas 51 remained under surveillance. Mean aortic valve gradient was the strongest predictor of conversion. In the conversion-censored hier
archical composite primary endpoint analysis, TAVR achieved more wins than CASS. AS, aortic stenosis; CASS, conservative aortic stenosis surveillance; CI, 
confidence interval; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; KCCQ-OSS, Kansas City Cardiomyopathy Questionnaire Overall 
Summary Score; TAVR, transcatheter aortic valve replacement.
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Introduction
Transcatheter aortic valve replacement (TAVR) is a safe, effective, and 
guideline-endorsed therapy for patients with severe aortic stenosis 
(AS).1,2 In contrast, no formal recommendation exists for TAVR in 
moderate AS, although untreated moderate AS is associated with ex
cess mortality and affects ∼2% of the population, with prevalence in
creasing with age.3–5 Patients with heart failure with reduced ejection 
fraction (HFrEF) represent a particularly vulnerable population, bur
dened by high mortality and heart failure (HF) hospitalizations.6,7 In 
fact, in a recently published analysis including over 400 000 patients, 
those with moderate AS and HFrEF had a 10-year survival rate of 
only 15.5%, compared with 37.3% in patients with no or mild AS, cor
responding to a significant lifetime loss of 1.9 years.7

Transcatheter aortic valve replacement for moderate AS in the con
text of HFrEF is a compelling complementary target for afterload reduc
tion and was studied in the Transcatheter Aortic Valve Replacement to 
UNload the Left ventricle in patients with ADvanced heart failure (TAVR 
UNLOAD) trial (NCT02661451).8 The trial, which was terminated pre
maturely, did not demonstrate superiority of TAVR compared with clin
ical AS surveillance (CASS) in patients with HFrEF.8 However, during 
follow-up, a substantial proportion of CASS patients underwent 
TAVR, primarily due to progression to severe AS. Therefore, the present 
study sought to identify baseline predictors of conversion from CASS to 

TAVR and to assess outcomes when censoring CASS patients at the time 
of TAVR.

Methods
Study design and patient population
The TAVR UNLOAD trial design, methodology, and protocol modifications 
have been reported previously.8,9 Importantly, the trial was terminated pre
maturely due to funding constraints and slower-than-anticipated enrolment.8

In brief, TAVR UNLOAD was an investigator-initiated, international, rando
mized controlled, open label, superiority trial comparing transfemoral TAVR 
with CASS in patients with HFrEF and moderate AS who remained symp
tomatic (New York Heart Association functional class II–IV) despite 
≥1-month stable guideline-directed medical therapy (GDMT), including car
diac resynchronization therapy as appropriate. Eligible patients had a left ven
tricular ejection fraction (LVEF) between 20% and 50% and moderate AS, 
which was defined by an aortic valve area (AVA) > 1.0 and ≤1.5 cm2 on rest
ing echocardiography. In cases of low-flow physiology, dobutamine stress 
echocardiography was performed. Patients with AVA <1.0 cm2 but indexed 
AVA >0.6 cm2/m2, or AVA >1.5 cm2 but indexed AVA <0.9 cm2/m2, were 
also classified as moderate AS. Additional inclusion and exclusion criteria 
were reported previously.8,9 Patients were randomized in a 1:1 fashion to 
transfemoral TAVR with a balloon-expandable valve (BEV; SAPIEN 3 family, 
Edwards Lifesciences) or to CASS. For patients randomized to CASS, by 

2                                                                                                                                                                                                 von Stein et al.
D

ow
nloaded from

 academ
ic.oup.com

/ehjvshd/article/2/1/xw
ag020/8559624 by guest on 17 August 2026



protocol, conversion to TAVR was allowed, only upon progression to severe 
AS, as determined by echocardiography.8

Study endpoints and follow-up
For this analysis, CASS patients who were converted to TAVR were cen
sored at the time they received TAVR. The primary study endpoint was a 
hierarchical composite of (1) all-cause death, (2) disabling stroke, (3) 
disease-related hospitalizations and HF hospitalization equivalents, and (4) 
change from baseline in the Kansas City Cardiomyopathy Questionnaire 
Overall Summary Score (KCCQ-OSS). Disease-related hospitalizations 
were defined as admissions for HF, symptomatic aortic valve disease, or 
non-disabling stroke. HF hospitalization equivalents included urgent visits 
to the emergency department or outpatient clinics, as well as the intensifi
cation of HF therapy. The hospitalization for TAVR was not counted as a 
valve-related hospitalization in both patients randomized to TAVR and 
CASS. In contrast to our prior publication, prolonged hospital stays >5 
days during the TAVR admission were not counted as a valve-related hos
pitalization. This was applied to both treatment arms, as prolonged post- 
procedural stays were almost always related to procedural complications 
or logistical reasons rather than HF.1,8 Change in KCCQ-OSS from baseline 
was categorized as an improvement ≥10 points, an improvement of ≥5 to 
<10 points, a change of <5 points, a worsening of ≥5 to <10 points, or a 
worsening of ≥10 points.

Key secondary endpoints included (1) the hierarchical composite of all- 
cause death, disabling stroke, or disease-related hospitalizations and their 
equivalents, (2) time to first occurrence of all-cause death, disabling stroke, 
or hospitalization for HF or aortic valve disease, including HF hospitalization 
equivalents (major adverse cardiovascular and cerebrovascular events, 
MACCE), (3) time to all-cause death, and (4) change in KCCQ-OSS. 
Sensitivity analyses were performed by censoring follow-up at 1 year. 
Additionally, outcomes were evaluated among CASS patients who con
verted to TAVR, using a landmark at the time of TAVR.

All clinical events were adjudicated by an independent clinical events 
committee. Echocardiograms were evaluated by dedicated core laborator
ies (Quebec Heart and Lung Institute Echo Core Laboratory, Quebec, 
Canada; Cardiovascular Research Foundation, New York, USA). Further 
methodological details have been reported previously.8

Statistical analysis
Continuous variables are presented as mean ± standard deviation or as me
dian with interquartile range, according to distribution, and compared using 
the unpaired Student’s t-test or the Mann–Whitney U test, as appropriate. 
Normality was assessed using the Shapiro–Wilk test. Categorical variables 
are expressed as counts and proportions (n/N, %) and were compared with 
the chi-square test or Fisher’s exact test.

All outcome analyses censored CASS patients at the time of TAVR, un
less otherwise specified. For the primary endpoint, patients in the TAVR 
and CASS cohorts were compared across all possible patient pairs. For 
each pair, a win was assigned to TAVR, to CASS, or scored as a tie, accord
ing to the hierarchical occurrence of the primary endpoint assessed at the 
longest common follow-up. The win ratio was calculated as the number of 
wins for TAVR divided by those for CASS, with 95% confidence intervals 
(CIs) obtained by bootstrapping and two-sided P-value estimated using 
the Finkelstein–Schoenfeld method. For time-to-first-event analyses, hazard 
ratios (HRs) and 95% CIs were estimated using Cox proportional hazards 
models. The proportional hazards assumption was evaluated with 
Schoenfeld residuals. Event probabilities are displayed using Kaplan–Meier 
curves and compared with the log-rank test. Recurrent HF hospitalization 
or equivalent events were analysed with Andersen–Gill models using 
cluster-robust standard errors, with all-cause death treated as a terminal 
event and CASS patients censored at TAVR. In CASS patients who under
went TAVR, event rates before and after conversion to TAVR were com
pared using Poisson regression models with patient-level fixed effects, 
post-conversion follow-up was censored at death.

Predictors of conversion from CASS to TAVR were evaluated using 
cause-specific Cox models, treating all-cause death as a competing risk. 
Missing baseline data were handled with multiple imputations by chained 
equations (20 imputed datasets, predictive mean matching for continuous 
variables and logistic regression for categorical variables). Variables with 
>20% missingness were excluded. Variables with P < .10 in univariable 

analyses were entered into multivariable models together with age, sex, at
rial fibrillation, and LVEF. HRs with 95% CIs were reported from pooled es
timates across imputations.

Analysis of covariance (adjusted for baseline values) was performed to 
compare mean changes in KCCQ-OSS at longest available and 1-year follow- 
up, with CASS patients censored at conversion to TAVR. Least-squares 
mean differences (TAVR minus CASS) with 95% CIs are reported. All ana
lyses included clinical endpoints and, when applicable, KCCQ-OSS outcomes 
occurring between randomization and the censoring date of the current ana
lysis, defined as 31 December 2023, 1 year or 5 years after randomization, or 
the latest date of known endpoint status, whichever was applicable. 
Two-sided P-values <.05 were considered statistically significant without cor
rection for multiple comparisons. All analyses were performed using R ver
sion 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Patient population and conversion to 
TAVR
From January 2017 to December 2022, a total of 178 patients were 
randomized 1:1 to TAVR (N  ampa#thinsp;89) or CASS (N  am
pa#thinsp;89) across 66 institutions in the United States, the 
Netherlands, and Austria. Among patients assigned to CASS, 38 
(42.7%) underwent TAVR after a median of 366 days (Q1–Q3: 179– 
576), whereas 51 (57.3%) remained on CASS. Most CASS patients 
undergoing TAVR (28 out of 38, 73.7%) received TAVR during the first 
18 months of follow-up. The timing of conversion is depicted in Figure 1. 
Of the 38 CASS patients who underwent TAVR, 35 (92.1%) had pro
gression to severe AS. One additional patient who declined TAVR 
underwent balloon aortic valvuloplasty after experiencing several epi
sodes of hospitalization for HF.

Baseline clinical and echocardiographic 
characteristics
Baseline clinical and echocardiographic characteristics are summarized 
in Tables 1 and 2. Baseline characteristics were similar between CASS 
patients who remained on surveillance and those who later underwent 
TAVR. However, CASS patients who converted to TAVR tended to 
have lower STS scores and higher KCCQ-OSS at the time of enrol
ment. Echocardiographically, these patients exhibited higher mean aor
tic valve gradients, lower dimensionless valve indices, and lower right 
ventricular systolic pressure.

Predictors of conversion to TAVR
Univariable predictors of conversion to TAVR among CASS patients 
are reported in Supplementary Table S1. The only statistically significant 
predictor was the baseline mean aortic valve gradient. This association 
remained significant after forcing age, sex, atrial fibrillation, and left ven
tricular ejection fraction into the model [HRadjusted: 1.09 (95% CI: 1.02– 
1.16); P  ampa#thinsp;.015, Table 3].

During the pre-conversion period, annualized HF or equivalent hos
pitalization rates were 65.3 per 100 patient-years in CASS patients who 
subsequently converted to TAVR (27 events) and 47.3 per 100 patient- 
years in CASS patients who did not convert throughout the entire 
follow-up (36 events), with no significant difference between groups 
[HR: 1.34 (95% CI: 0.70–2.58); P = .382).

Clinical outcomes
Primary and secondary endpoints
At longest follow-up, the hierarchical primary composite endpoint fa
voured TAVR over CASS when censoring CASS patients at the time 
of conversion, with 50% wins for TAVR, 30% wins for CASS and 
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20% ties [win ratio: 1.68 (95% CI: 1.16–2.43); P = .006]. The hierarchical 
secondary endpoint, composed of the same components except for 
KCCQ-OSS, numerically favoured TAVR, but did not reach statistical 
significance with 36% wins for TAVR, 23% wins for CASS, and 42% 
ties [win ratio: 1.59 (95% CI: 0.99–2.52); P = .052, Figure 2]. Results 
were consistent in a sensitivity analysis that was limited to 1-year 
follow-up (Supplementary Figure S1).

Time-to-event analyses demonstrated a significantly higher MACCE 
rate among CASS compared to TAVR patients (Figure 3), which was 
directionally aligned in the 1-year sensitivity analysis (Supplementary 
Figure S2). No significant difference in all-cause mortality was observed, 
either at longest follow-up (Figure 3) or at 1 year (Supplementary 
Figure S2).

Changes in KCCQ
At longest available follow-up, KCCQ-OSS was obtained in 85 patients 
randomized to TAVR and 73 randomized to CASS, of whom 33 were 
censored at conversion to TAVR. In the TAVR group, mean 
KCCQ-OSS increased from 57.1 ± 24.4 to 67.9 ± 24.8, corresponding 
to a mean change of 10.8 ± 21.9 points. In the CASS group, censored at 
conversion to TAVR, mean KCCQ-OSS increased from 54.5 ± 22.3 to 
58.0 ± 26.4, a mean change of 3.5 ± 24.5 points. In analysis of covari
ance adjusted for baseline, follow-up KCCQ-OSS was higher with 
TAVR compared with CASS [least-squares mean difference: 8.3 points 
(95% CI: 1.5–15.0); P = .016]. At 1 year, mean KCCQ-OSS increased to 
69.7 ± 24.7 in TAVR patients (mean change from baseline 12.6 ± 22.8) 
and to 57.4 ± 26.0 in CASS (mean change from baseline of 2.9 ± 23.2), 
resulting in higher follow-up KCCQ-OSS with TAVR compared to 
CASS [least-squares mean difference: 10.9 points (95% CI: 4.1–17.5; 
P  ampa#thinsp;.002)]. Consistent with these findings, a ≥5 point im
provement in KCCQ-OSS was observed in 61.2% of TAVR vs 43.8% 
of CASS patients at longest follow-up prior to TAVR conversion (P  am
pa#thinsp;.044). At 1 year, after censoring 15 CASS patients at conver
sion to TAVR, the proportions were 67.1% vs 43.8% (P   
ampa#thinsp;.006).

Outcomes after conversion to TAVR
The median follow-up after conversion in the CASS arm was 444 days 
(Q1–Q3: 230–952). Following TAVR, event rate for HF hospitalizations 
or equivalents declined to 25.5 per 100 patient-years in patients rando
mized to CASS [relative risk: 0.34 (95% CI 0.15–0.75); P = .008], with a 

total of 16 events after conversion. A total of 14 deaths occurred after 
TAVR among CASS patients (Supplementary Figure S3).

Among 28 CASS patients who converted to TAVR and had KCCQ- 
OSS data available at the last assessment before and the first assessment 
after conversion, KCCQ-OSS increased from 54.5 ± 25.7 to 63.5 ± 20.0 
points, corresponding to a mean change of 9.0 ± 27.2 points.

Discussion
In this exploratory analysis of the TAVR UNLOAD trial, we assessed 
baseline predictors of conversion from CASS to TAVR and outcomes 
when censoring CASS patients at the time of conversion to TAVR. The 
following principal findings were observed: first, conversion occurred in 
nearly half of the patients with HFrEF and moderate AS assigned to 
CASS and occurred predominantly within the first 18 months after ran
domization. Second, the only independent baseline predictor of con
version was the mean aortic valve gradient. Third, when censoring 
patients at the time of conversion, TAVR was associated with a signifi
cant benefit in the hierarchical primary endpoint, which was confirmed 
for the time-to-event MACCE analyses, but not for all-cause mortality. 
After conversion, patients experienced fewer HF hospitalizations than 
before conversion; yet, all-cause mortality remained high. Fourth, 
KCCQ-OSS improvement was significantly greater in patients under
going TAVR compared with patients assigned to CASS and censored 
at the time of TAVR.

The observation that nearly half of the patients assigned to CASS 
crossed over to TAVR, primarily because of progression to severe 
AS, is an interesting signal requiring attention. In clinical practice, we 
usually anticipate slower rates of AS progression, with a mean decrease 
of aortic valve area of 0.1 cm2 per year or an increase of mean aortic 
valve gradients of ∼8 mmHg per year.10 However, several studies 
have suggested that patients with AS can be categorized as those 
with slow or rapid AS progression.10,11 In this context, Peter et al.12

identified greater age and the presence of coronary artery disease as 
factors associated with rapid AS progression. With a mean age of 
∼77 years and ∼80% of patients with coronary artery disease, patients 
enrolled in the TAVR UNLOAD trial certainly might fall into to the cat
egory of patients who are prone to more rapid AS progression.11

Within this population, the only independent predictor of conversion 
from CASS to TAVR was the mean aortic valve gradient at baseline, 
emphasizing the necessity of close surveillance (≤6 months rather 

Figure 1 Timing of   TAVR in the CASS arm. CASS, clinical aortic stenosis surveillance; TAVR, AVRtranscatheter aortic valve replacement
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than 1 year) of this vulnerable and diagnostically challenging patient 
population.

The frequent and rapid progression to severe AS in our population may 
also indicate how challenging echocardiographic evaluation may be in 
HFrEF and low-flow situations. In the TAVR UNLOAD trial, only 44.9% 

(80 of 178) of patients underwent dobutamine stress echocardiography, 
raising the possibility that a substantial proportion of the remaining patients 
may already have had severe, or at least moderate-to-severe, AS at base
line. These observations highlight the importance of multimodality imaging, 
including dobutamine stress echocardiography and multislice computed 
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Table 1 Clinical characteristics of the patients at baseline

TAVR (N = 89) CASS (N = 51) CASSTAVR (N = 38) P-valuea

Age, y 76.6 ± 7.7 77.4 ± 7.2 79.4 ± 5.5 .135

Sex, female 16/89 (18.0) 11/51 (21.6) 10/38 (26.3) .788

Body mass index, kg/m2 28.8 (25.2–33.2) (N = 88) 26.9 (25.1–31.6) (N = 50) 28.1 (25.5–32.7) (N = 38) .379

STS PROM score, %b 3.0 (2.1–5.0) (N = 85) 4.0 (2.4–6.3) (N = 50) 3.2 (2.1–5.2) .180

NYHA functional class .235

I 1/89 (1.1) 0/51 (0.0) 1/51 (2.6)

II 34/89 (38.2) 26/51 (51.0) 17/51 (44.7)

III 51/89 (57.3) 22/51 (43.1) 20/51 (52.6)

IV 3/89 (3.4) 3/51 (5.9) 0/51 (0.0)

KCCQ-OSS 57.1 ± 24.4 (N = 87) 51.0 ± 20.0 (N = 48) 59.4 ± 23.5 (N = 34) .097

6-min walk distance, m 235 (118–347) (N = 85) 221 (110–304) (N = 47) 216 (123–369) (N = 34) .452

Comorbidities

Any HFH during the past 12 mo 37/88 (42.0) 26/50 (52.0) 16/38 (42.1) .481

Coronary artery disease 66/89 (74.2) 41/51 (80.4) 29/38 (76.3) .839

Previous myocardial infarction 40/89 (44.9) 25/51 (49.0) 15/38 (39.5) .496

Previous coronary revascularisation 61/89 (68.5) 39/51 (76.5) 26/38 (68.4) .545

Previous stroke 8/89 (9.0) 5/51 (9.8) 3/38 (7.9) >.999

Pre-existing implantable devices

Pacemaker 11/89 (12.4) 2/51 (3.9) 4/38 (10.5) .395

ICD 31/89 (34.8) 19/51 (37.3) 12/38 (31.6) .741

CRT 10/89 (11.2) 0/51 (0.0) 0/38 (0.0) N/A

Peripheral vascular disease 19/89 (21.3) 14/50 (28.0) 6/38 (15.8) .273

Chronic obstructive pulmonary disease 14/89 (15.7) 14/51 (27.5) 6/38 (15.8) .295

Creatinine >2 mg/dL 7/85 (8.2) 2/49 (4.1) 2/37 (5.4) >.999

Atrial fibrillation 40/88 (45.5) 25/50 (50.0) 25/38 (65.8) .206

Frailty conditionc 17/56 (30.4) 9/32 (28.1) 7/25 (28.0) >.999

Diabetes mellitus 37/89 (41.6) 24/51 (47.1) 16/38 (42.1) .803

Heart failure medications

ACE inhibitors, ARB, or ARNI 63/87 (72.4) 36/50 (72.0) 27/38 (71.1) >.999

Beta-blockers 77/87 (88.5) 43/51 (84.3) 32/38 (84.2) >.999

Mineralocorticoid receptor antagonists 46/87 (52.9) 23/50 (46.0) 13/36 (36.1) .487

Diuretics 70/88 (79.5) 44/51 (86.3) 33/38 (86.8) >.999

Cardiac glycosides 12/86 (14.0) 6/50 (12.0) 5/37 (13.5) >.999

Values are n/N (%), median (Q1–Q3), or mean ± SD. 
ACE, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CASS, conservative aortic stenosis surveillance; CRT, 
cardiac resynchronization therapy; HFH, heart failure hospitalization; ICD, implantable cardioverter-defibrillator; KCCQ-OSS, Kansas City Cardiomyopathy Questionnaire Overall 
Summary Score; NYHA, New York Heart Association; PROM, predicted risk of mortality; STS, Society of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement.
aStatistical comparisons were performed between the two CASS subgroups.
bSTS-PROM ranges from 0% to 100%, higher values reflect an increased risk of 30-day mortality after the procedure.
cFrailty was defined as the presence of ≥3 of the following: grip strength <18 kg, 5-meter walk-test time >6 s, serum albumin <3.5 g/dL, or a Katz Index of Independence in Activities of 
Daily Living ≤4 (scale 0–6, with higher values indicating greater independence).
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tomography in the evaluation of patients with low-flow AS. At the same 
time, they argue against reliance on formal echocardiographic Doppler cut- 
offs for risk stratification and therapeutic decision-making to treat AS, as 
AS represents a disease continuum rather than a binary disease.

The concept of AS as a continuum is further supported by recent find
ings from Jacquemyn et al. 7, who demonstrated that even within moderate 
AS, lower AVA values correlate with higher mortality independent of gra
dients, suggesting current severity thresholds may need reconsideration in 

high-risk populations like HFrEF. This aligns with our finding that baseline 
mean gradient predicted conversion to TAVR, indicating that some pa
tients classified as moderate AS might benefit from earlier TAVR rather 
than awaiting traditional severe AS criteria.

Censoring CASS patients at the time of conversion demonstrated 
significant benefit in the hierarchical primary endpoint, driven by 
more wins on HF hospitalizations and equivalents, as well as greater im
provements in quality of life. On the other hand, however, no significant 
impact of TAVR was observed on all-cause death or disabling stroke. 
Aligning with the findings form the hierarchical primary endpoint, pa
tients treated with TAVR experienced a greater and clinically meaning
ful improvement in health status as assessed by the KCCQ-OSS, both 
at longest follow-up and 1 year. It should be acknowledged that the 
KCCQ-OSS analysis involves some heterogeneity in follow-up dur
ation; yet, the 1-year results consistently support these findings. 
Overall, these findings reinforce the notion that, in the setting of mod
erate AS and HFrEF, GDMT alone does not substantially improve qual
ity of life, whereas TAVR seems to demonstrate a symptomatic benefit.

The hierarchical secondary endpoint, excluding improvements in 
quality of life, was directionally aligned with the primary endpoint, 
and was driven by more wins regarding HF hospitalizations and equiva
lents—a finding that was replicated in the time-to-event MACCE ana
lyses. These findings need to be interpreted against the background of 
an underpowered and neutral trial. However, the finding that censoring 
at conversion to TAVR shifted the composite outcomes significantly in 
favour of TAVR suggests that the neutral overall result of the TAVR 
UNLOAD trial was partly driven by the high frequency of TAVR in 
the surveillance arm. In this regard, our analysis aligns with the concept 
that earlier afterload reduction may improve outcomes, reinforcing the 
clinically held notion that patients with HFrEF with moderate AS could 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Echocardiographic characteristics of the patients at baseline

TAVR (N = 89) CASS (N = 51) CASSTAVR (N = 38) P-valuea

Aortic valve

Aortic valve peak gradient, mmHg 34.0 ± 15.8 30.1 ± 10.2 33.1 ± 9.9 (N = 37) .175

Aortic valve mean gradient, mmHg 19.1 ± 6.0 17.5 ± 5.7 20.0 ± 5.9 (N = 37) .046

Aortic valve area, cm2 1.14 ± 0.24 (N = 88) 1.22 ± 0.21 (N = 50) 1.15 ± 0.16 (N = 37) .080

Dimensionless valve index 0.26 (0.22–0.30) (N = 88) 0.28 (0.26–0.31) (N = 50) 0.26 (0.24–0.30) (N = 36) .034

Left atrium and ventricle

Left atrial volume, mL 84 (72–101) (N = 87) 88 (69–108) (N = 49) 99 (73–117) (N = 36) .199

Left ventricular ejection fraction, % 38 (33–44) (N = 88) 38 (31–44) 39 (33–42) (N = 37) .386

Left ventricular end-diastolic volume, mL 172 (145–209) (N = 88) 170 (145–214) 174 (160–208) (N = 37) .568

Left ventricular end-diastolic diameter, cm 5.9 (5.40–6.2) 5.9 (5.4–6.2) (N = 50) 5.8 (5.3–6.1) (N = 36) .636

Right ventricle

Tricuspid annular plane systolic excursion, cm 1.66 (1.37–2.00) (N = 80) 1.58 (1.37–1.77) (N = 46) 1.67 (1.4–2.17) (N = 36) .194

Right ventricular systolic pressure, mmHg 28 (22–34) (N = 59) 26 (18–33) (N = 41) 33 (22–38) (N = 32) .090

Moderate or moderate-to-severe regurgitationb

Aortic 3/87 (3.4) 2/49 (4.1) 0/36 (0.0) .506

Mitral 6/87 (6.9) 4/47 (8.5) 2/36 (5.6) .693

Tricuspid 12/80 (15.0) 5/46 (10.9) 7/34 (20.6) .375

Values are n (%), median (Q1–Q3), or mean ± SD. Bold values indicate statistical significance.
CASS, conservative aortic stenosis surveillance; TAVR, transcatheter aortic valve replacement.
aStatistical comparisons were performed between the two CASS subgroups.
bThere were no cases of severe mitral regurgitation, aortic regurgitation, or tricuspid regurgitation at baseline.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Baseline multivariable predictors of 
conversion from conservative aortic stenosis 
surveillance to conservative aortic stenosis 
surveillance

Variable HR 95% CI P-value

Aortic valve mean gradient 
per mmHg increase

1.09 1.02–1.16 .015

Age per year 1.05 0.99–1.10 .082

Atrial fibrillation 2.01 0.91–4.44 .084

Female vs male 1.05 0.48–2.26 .906

Left ventricular ejection 
fraction per % increase

1.00 0.95–1.06 .947

Bold values indicate statistical significance.
CASS, conservative aortic stenosis surveillance; CI, confidence interval; HR, hazard 
ratio; TAVR, transcatheter aortic valve replacement.
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benefit from TAVR. This is highlighted by the observation that after 
conversion, patients experienced a marked reduction in HF hospitaliza
tions or equivalents, indicating symptomatic and functional benefit even 

when the procedure was deferred. However, mortality after conver
sion remained substantial, consistent with the advanced clinical profile 
of patients enrolled in the TAVR UNLOAD trial. These observations 

Figure 2 CASS–censored primary and secondary hierarchical endpoints. Hierarchical analysis of the composite primary and secondary endpoints, 
censoring patients in the CASSarm at the time of TAVR. CASS, clinical aortic stenosis surveillance; CI, confidence interval; KCCQ, Kansas City 
Cardiomyopathy Questionnaire; TAVR, transcatheter aortic valve replacement

Figure 3 CASS–censored secondary time-to-event endpoints. Kaplan–Meier curves with censoring of CASS patients at the time of TAVR. (A) Time 
to first occurrence of the major adverse cardiovascular and cerebrovascular event composite endpoint, comprised of all-cause death, disabling stroke, 
or hospitalization for heart failure or aortic valve disease, including heart failure hospitalization equivalents. At longest follow-up, the cumulative event 
rate was 64.6% (95% CI: 49.7–75.0%) in the TAVR arm and 100% (95% CI: NA) in the CASS arm. (B) All-cause death, with rates at longest follow-up of 
61.9% (95% CI: 42.7–74.7%) in the TAVR arm vs 100% (95% CI: NA) in the CASS arm. CASS, clinical aortic stenosis surveillance; CI, confidence interval; 
HR, hazard ratio; MACCE, major adverse cardiovascular and cerebrovascular event; TAVR, transcatheter aortic valve replacement
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suggest that delaying intervention until progression to severe AS may limit 
the potential for improvements in quality of life and morbidity. At the 
same time, these findings might challenge current dogmatic guideline re
commendations for intervention in patients with AS.1 As mentioned 
above, AS might be more of a continuum that requires integration of 
more factors into its assessment, as opposed to a variable that warrants 
a dichotomous cut-off value, particularly when diagnostics becomes more 
challenging, e.g. in the presence of HFrEF.

Taken together, these findings refine the lessons from TAVR 
UNLOAD. While the trial did not demonstrate superiority of TAVR 
for HFrEF with moderate AS, our analysis indicates that progression 
to severe AS is common and suggests that subsequent TAVR has the 
potential to alleviate the burden of recurrent HF hospitalizations and 
improves health status. Future, adequately powered, trials are war
ranted to clarify the value and optimal timing of valve intervention in 
HFrEF patients with moderate AS. Based on the challenges observed 
in the TAVR UNLOAD trial, possible steps forward might be to further 
raise awareness for moderate AS in the context of HFrEF. Moreover, 
pooling HFrEF patients with moderate AS from multiple randomized 
controlled trials, including TAVR UNLOAD, and the ongoing 
PROGRESS (NCT04889872), and Evolut™ EXPAND TAVR II 
(NCT05149755) trials might provide a more robust database for future 
analyses. Until then, close surveillance with timely referral for TAVR 
upon AS progression remains the most prudent strategy.

Limitations
The TAVR UNLOAD trial is the largest randomized trial on TAVR 
compared with surveillance for patients with HFrEF with moderate 
AS. Nevertheless, several aspects require careful interpretation. First, 
premature trial termination limited statistical power and restricted 
the number of events, thereby limiting the precision of effect estimates. 
Second, censoring CASS patients at the time of conversion, while in
formative, inevitably introduces bias. The surveillance cohort remaining 
after censoring consisted of patients whose AS did not progress or did 
not clinically require TAVR, therefore, representing a clinically more 
stable subset. Consequently, the randomized comparison shifts to
wards patients randomized to TAVR vs a selected group of patients 
with a more favourable natural history, which may attenuate the ob
served treatment effect of TAVR. Third, mortality remained substantial 
in both arms, indicating that TAVR addresses only one component of 
the multifaceted disease burden in advanced HFrEF. Fourth, back
ground GDMT has evolved since trial enrolment, as angiotensin recep
tor–neprilysin inhibitors and sodium–glucose cotransporter-2 
inhibitors were not yet established as standard therapies at that time. 
Finally, the trial population was modest in size, enrolled at specialized 
centres, and restricted to treatment with a single balloon-expandable 
platform, which may limit the generalisability of these findings.

Conclusions
In TAVR UNLOAD, TAVR was associated with a significant benefit 
over CASS in HFrEF patients with moderate AS, when CASS patients 
were censored at conversion. Nearly half of CASS patients ultimately 
underwent TAVR, with mean aortic valve gradient emerging as the 
only independent factor predicting TAVR in CASS patients. These find
ings suggest that patients with moderate AS and HFrEF may derive clin
ical benefit from TAVR; however, a larger confirmatory trial is needed 
to establish its role in this population.

Supplementary data
Supplementary data are available at European Heart Journal – Valvular 
and Structural Heart Disease online.

Acknowledgements
The authors thank Carolina Focella for project management, Nine Favié for 
project management, and Kiera Regan for editing/formatting (Carolina 
Focella and Kiera Regan are employees of the Cardiovascular Research 
Foundation and Nine Favié is an employee at Cardialysis).

Author contributions
Philipp von Stein (Formal analysis, Software, Visualization [equal], 
Writing—original draft [lead]), Bjorn Redfors (Methodology, 
Supervision, Writing—review and editing [equal]), Clayton Snyder 
(Formal analysis, Methodology, Validation [equal]), Ernest Spitzer 
(Data curation, Writing—review & editing [equal]), Philippe Pibarot 
(Investigation, Writing—review & editing [equal]), Jereon J. Bax 
(Investigation, Writing—review & editing [equal]), Jan G. P. Tijssen 
(Data curation, Writing—review & editing [equal]), Nicole Cristell 
(Investigation, Writing—review & editing [equal]), Michael L. Chuang 
(Investigation, Writing—review & editing [equal]), Yukari Kobayashi 
(Investigation, Writing—review & editing [equal]), Arsalan Abu-Much 
(Investigation, Writing—review & editing [equal]), Alexandra Popma 
(Funding acquisition, Project administration [lead], Writing—review & 
editing [equal]), David J. Cohen (Investigation, Methodology, 
Supervision, Writing—review & editing [equal]), Sammy Elmariah 
(Investigation, Writing—review & editing [equal]), Martin B. Leon 
(Funding acquisition, Investigation, Project administration, Writing—re
view & editing [lead]), and Nicolas M. Van Mieghem (Conceptualization, 
Investigation, Supervision, Writing—review & editing [lead])

Declarations
Data Availability
The data underlying this article may be shared upon reasonable request 
to the corresponding author, subject to approval by the TAVR 
UNLOAD trial steering committee and in accordance with participant 
consent and applicable ethical requirements. Requests should be direc
ted to n.vanmieghem@gmail.com.

Disclosure of Interest
B.R. reports consultant fees from Pfizer and Boehringer Ingelheim. E.S. 
reports institutional contracts/grants for which he receives no direct 
compensation from Abbott, Biosensors Europe SA, Boston Scientific, 
Edwards Lifesciences, Medtronic, Mixin Medtech (Suzhou) Co., Ltd., 
Shanghai Microport Medical Co., Ltd., NVT GmbH, Philips 
Healthcare, Pie Medical Imaging, Shanghai Shenqi Medical 
Technologies Co., Ltd., and Siemens Healthcare GmbH. P.P. is the 
Canada Research Chair in Valvular Heart Disease; his research pro
gramme is funded by the Canadian Institutes of Health Research (grant 
FDN-143225), Ottawa, Ontario, Canada; has received funding from 
Edwards Lifesciences, Medtronic, Pi-Cardia, and Cardiac Phoenix for 
echocardiography core laboratory analyses and research studies in 
the field of transcatheter valve therapies, for which he received no per
sonal compensation and has received lecture fees from Edwards 
Lifesciences and Medtronic. J.J.B. reports the Department of 
Cardiology (LUMC, The Netherlands) has received research grants 
from Medtronic, Biotronik, Edwards Lifesciences, and Boston 
Scientific; he has received speaker fees from Abbott Vascular. A.P. re
ports that her spouse is a former employee of and holds non-vested 
equity in Medtronic. D.J.C. reports institutional research support 
from Abbott, Edwards Lifesciences, Boston Scientific, Philips, Corvia 
Medical, ZOLL, CathWorks and ANCORA and consulting income 
from Medtronic, Edwards Lifesciences, Abbott, Boston Scientific, and 
Elixir Medical. S.E. reports institutional research support from 
Edwards Lifesciences, Medtronic, and Abbott, consulting fees from 

8                                                                                                                                                                                                 von Stein et al.
D

ow
nloaded from

 academ
ic.oup.com

/ehjvshd/article/2/1/xw
ag020/8559624 by guest on 17 August 2026

http://academic.oup.com/ehjvshd/article-lookup/doi/10.1093/ehjvshd/xwag020#supplementary-data
http://academic.oup.com/ehjvshd/article-lookup/doi/10.1093/ehjvshd/xwag020#supplementary-data
mailto:n.vanmieghem@gmail.com


Edwards Lifesciences, and equity in Prospect Health. M.B.L. reports in
stitutional research support from Edwards Lifesciences, Medtronic, 
Boston Scientific, and Abbott, and consulting/advisory board participa
tion for Foldax, Anteris, JenaValve, Medinol, SoloPace, and Bain Capital. 
N.M.V.M. has received grant support from Abbott Vascular, Boston 
Scientific, Edwards Lifesciences, and Medtronic; and advisory fees 
from Abbott, Boston Scientific, Pulse Cath BV, and Medtronic. The 
other authors report no potential conflicts of interest.

Funding
The TAVR UNLOAD trial was funded by an investigator-initiated grant 
from Edwards Lifesciences. The funder had no role in the study design, 
data collection or management, or statistical analyses. The principal investi
gators had unrestricted access to the study data, wrote the manuscript, and 
vouched for the accuracy and completeness of the data and for the fidelity 
of the trial to the protocol.

Pre-registered Clinical Trial Number
Trial Name: Transcatheter Aortic Valve Replacement to UNload the 
Left Ventricle in Patients With ADvanced Heart Failure (TAVR 
UNLOAD).

ClinialTrials.gov Identifier: NCT02661451
URL: https://clinicaltrials.gov/study/NCT02661451

References
1. Praz F, Borger MA, Lanz J, Marin-Cuartas M, Abreu A, Adamo M, et al. 2025 ESC/EACTS 

Guidelines for the management of valvular heart disease. Eur Heart J 2025;46:4635–736. 
https://doi.org/10.1093/eurheartj/ehaf194

2. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F, et al. 2020 
ACC/AHA Guideline for the management of patients with valvular heart disease: a 

report of the American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Circulation 2021;143:e72–227. https://doi. 
org/10.1161/CIR.0000000000000923

3. Généreux P, Sharma RP, Cubeddu RJ, Aaron L, Abdelfattah OM, Koulogiannis KP, et al. 
The mortality burden of untreated aortic stenosis. J Am Coll Cardiol 2023;82:2101–9. 
https://doi.org/10.1016/j.jacc.2023.09.796

4. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-Sarano M. 
Burden of valvular heart diseases: a population-based study. Lancet 2006;368: 
1005–11. https://doi.org/10.1016/S0140-6736(06)69208-8

5. Strange G, Stewart S, Celermajer D, Prior D, Scalia GM, Marwick T, et al. Poor long- 
term survival in patients with moderate aortic stenosis. J Am Coll Cardiol 2019;74: 
1851–63. https://doi.org/10.1016/j.jacc.2019.08.004

6. van Gils L, Clavel M-A, Vollema EM, Hahn RT, Spitzer E, Delgado V, et al. Prognostic 
implications of moderate aortic stenosis in patients with left ventricular systolic dysfunc
tion. J Am Coll Cardiol 2017;69:2383–92. https://doi.org/10.1016/j.jacc.2017.03.023

7. Jacquemyn X, Strom JB, Strange G, Playford D, Stewart S, Kutty S, et al. Moderate aortic 
valve stenosis is associated with increased mortality rate and lifetime loss: systematic 
review and meta-analysis of reconstructed time-to-event data of 409 680 patients. 
J Am Heart Assoc 2024;13:e033872. https://doi.org/10.1161/JAHA.123.033872

8. Van Mieghem NM, Elmariah S, Spitzer E, Pibarot P, Nazif TM, Bax JJ, et al. Transcatheter 
aortic valve replacement in patients with systolic heart failure and moderate aortic sten
osis: TAVR UNLOAD. J Am Coll Cardiol 2025;85:878–90. https://doi.org/10.1016/j.jacc. 
2024.10.070

9. Spitzer E, Van Mieghem NM, Pibarot P, Hahn RT, Kodali S, Maurer MS, et al. Rationale 
and design of the transcatheter aortic valve replacement to UNload the left ventricle in 
patients with ADvanced heart failure (TAVR UNLOAD) trial. Am Heart J 2016;182: 
80–8. https://doi.org/10.1016/j.ahj.2016.08.009

10. Otto CM, Pearlman AS, Gardner CL. Hemodynamic progression of aortic stenosis in 
adults assessed by Doppler echocardiography. J Am Coll Cardiol 1989;13:545–50. 
https://doi.org/10.1016/0735-1097(89)90590-1

11. Wagner S, Selzer A. Patterns of progression of aortic stenosis: a longitudinal hemo
dynamic study. Circulation 1982;65:709–12. https://doi.org/10.1161/01.CIR.65.4.709

12. Peter M, Hoffmann A, Parker C, Lüscher T, Burckhardt D. Progression of aortic sten
osis. Role of age and concomitant coronary artery disease. Chest 1993;103:1715–9. 
https://doi.org/10.1378/chest.103.6.1715

TAVR vs conversion-censored surveillance in moderate AS                                                                                                                                   9
D

ow
nloaded from

 academ
ic.oup.com

/ehjvshd/article/2/1/xw
ag020/8559624 by guest on 17 August 2026

https://ClinialTrials.gov
https://clinicaltrials.gov/study/NCT02661451
https://doi.org/10.1093/eurheartj/ehaf194
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1161/CIR.0000000000000923
https://doi.org/10.1016/j.jacc.2023.09.796
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/j.jacc.2019.08.004
https://doi.org/10.1016/j.jacc.2017.03.023
https://doi.org/10.1161/JAHA.123.033872
https://doi.org/10.1016/j.jacc.2024.10.070
https://doi.org/10.1016/j.jacc.2024.10.070
https://doi.org/10.1016/j.ahj.2016.08.009
https://doi.org/10.1016/0735-1097(89)90590-1
https://doi.org/10.1161/01.CIR.65.4.709
https://doi.org/10.1378/chest.103.6.1715

	TAVR versus surveillance in patients with moderate aortic stenosis and heart failure: a conversion-censored analysis of the TAVR UNLOAD trial
	Introduction
	Methods
	Study design and patient population
	Study endpoints and follow-up
	Statistical analysis

	Results
	Patient population and conversion to TAVR
	Baseline clinical and echocardiographic characteristics
	Predictors of conversion to TAVR
	Clinical outcomes
	Primary and secondary endpoints
	Changes in KCCQ

	Outcomes after conversion to TAVR

	Discussion
	Limitations

	Conclusions
	Supplementary data
	Acknowledgements
	Author contributions
	Declarations
	Data Availability
	Disclosure of Interest
	Funding
	Pre-registered Clinical Trial Number

	References




