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ABSTRACT
Background Heart valve clinics (HVC) have been 
introduced to manage patients with valvular heart 
disease within a multidisciplinary team.
Objective To determine the outcome benefit of HVC 
approach compared with standard of care (SOC) for 
patients with moderate and asymptomatic severe aortic 
stenosis (mAS and asAS).
Methods Single- centre, observational registry of 
patients with mAS and asAS with at least one cardiac 
ambulatory consultation at our Cardiovascular Centre. 
Based on the outpatient strategy, patients were divided 
into HVC group, if receiving at least one visit at HVC, and 
SOC group, if followed by routine cardiac consultations.
Results 2129 patients with mAS and asAS were 
divided into those followed in HVC (n=251) versus SOC 
group (n=1878). The mean age was 76.5±12.4 years; 
919 (43.2%) had asAS. During a follow- up of 4.8±1.8 
years, 822 patients (38.6%) died, 307 (14.4%) were 
hospitalised for heart failure and 596 (28%) underwent 
aortic valve replacement (AVR). After propensity 
score matching, the number of consultations per year, 
exercise stress tests, brain natriuretic peptide (BNP) 
determinations and CTs were higher in the HVC cohort 
(p<0.05 for all). A shorter time between indication of 
AVR and less advanced New York Heart Association class 
was reported in the HVC cohort (p<0.001 and p=0.032). 
Compared with SOC, the HVC approach was associated 
with reduced all- cause mortality (HR=0.63, 95% CI 0.40 
to 0.98, p=0.038) and cardiovascular death (p=0.030). 
At multivariable analysis, the HVC remained an 
independent predictor of all- cause mortality (HR=0.54, 
95% CI 0.34 to 0.85, p=0.007).
Conclusions In patients with mAS and asAS, the 
HVC approach was associated with more efficient 
management and outcome benefit compared with SOC.

INTRODUCTION
Aortic stenosis (AS) is the most prevalent valvular 
heart disease (VHD) in the western world and 
represents a major public health burden.1 The inci-
dence rate of clinically significant (moderate- to- 
severe) AS ranges from 4% to 10% among patients 
>65 years old.2–4 The management of patients with 
moderate AS (mAS) and asymptomatic severe AS 

(asAS), particularly the choice between early inter-
vention versus watchful waiting, is still debated.5 
A delay in reporting symptoms is common; once 
symptoms develop, early recognition and timely 
referral to intervention are critical.6 7 In this setting, 
the RECOVERY and AVATAR trials supported the 
benefit of early aortic valve replacement (AVR) 
versus conventional watchful waiting strategy for 
patients with asAS and normal left ventricular ejec-
tion fraction (LVEF).8 9 These trials are in line with 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Heart valve clinics (HVC) have been introduced 
to evaluate and manage patients with valvular 
heart disease within a multidisciplinary team. 
Early surgical aortic valve replacement in 
asymptomatic patients with severe aortic 
stenosis (AS) and normal left ventricular 
ejection fraction has been recently associated 
with a reduction of the composite endpoint of 
all- cause death, acute myocardial infarction, 
stroke and unplanned hospitalisation for heart 
failure compared with conservative treatment.

WHAT THIS STUDY ADDS
 ⇒ Nowadays, many patients with significant 
AS are not recognised or not referred for 
evaluation and treatment. We demonstrated 
that patients with moderate and asymptomatic 
severe AS followed in the HVCs were managed 
more efficiently in terms of education, medical 
therapy and second- level diagnostic tests and 
experienced a lower rate of all- cause death 
compared with the standard- of- care group.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our findings provide new insights into the 
benefit of the HVC in the setting of AS, pointing 
out the potential to improve patient care and 
clinical outcomes. This might pave the way 
for the widespread organisation of the HVC 
structure and early referral of patients with 
significant AS to these organisations.
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the evolving clinical decision- making paradigm regarding the 
management of this challenging population. Similarly, no strong 
recommendations have been established yet for the treatment 
of patients with mAS, who do not have a favourable prognosis, 
especially in the case of concomitant reduced LVEF.10–12 The 
benefit of early detection of AS progression and left ventricle 
dysfunction prompts the interest to evaluate the outcome benefit 
of dedicated healthcare pathways and educational programmes.

Recently, an increasing number of patients with VHD have 
been managed in heart valve clinics (HVCs), which offer multi-
disciplinary services and fast and easy referral toward other 
necessary disciplines, enhancing the quality of patient care.6 
However, due to the high prevalence of VHD, most patients 
with AS are still followed in routine cardiac care consultations. 
This condition allowed a direct comparison in the same insti-
tution between the usual ambulatory cardiac care (standard of 
care, SOC) and HVC approach. Therefore, we aimed to evaluate 
the outcome benefit of a HVC approach compared with SOC 
in patients with mAS and asAS. Moreover, a subgroup analysis 
was performed to assess the benefit of HVC care separately in 
patients with mAS and asAS.

METHODS
Study population
The study population included in our single- centre, observa-
tional registry was identified according to the following criteria: 
(1) patients with mAS or asAS, diagnosed according to current 
European Society of Cardiology (ESC) Guidelines,13 (2) good 
quality transthoracic echocardiography (TTE) to assess AS 
grade and (3) at least one cardiac ambulatory consultation at 
our Cardiovascular Centre. Exclusion criteria included: (1) class 
I indications for surgical/transcatheter aortic valve replacement 

(SAVR/TAVR),13 (2) concomitant more than moderate aortic 
regurgitation and/or mitral valve disease at the time of the 
first echocardiography, (3) prior valve surgery or percutaneous 
procedure of the aortic valve and (4) severe extracardiac comor-
bidity limiting survival (life expectancy <12 months). Based on 
the type of outpatient strategy, patients were divided into the 
HVC group, if they underwent at least one visit to the HVC, 
and the SOC group, if they were followed with routine cardiac 
care consultations (performed by interventional cardiologists, 
electrophysiologists, heart failure (HF) specialists and clinical 
cardiologists). These patients were referred to HVC or SOC 
by general practitioners, outpatient care specialists in cardi-
ology, internal medicine and resident cardiologists according 
to current guidelines and the availability of ambulatory slots.14 
Once included in the HVC programme, the patients followed 
the cardiological schedule provided by this setting. The indi-
cation for AVR (SAVR/TAVR) has been assigned following 
the guidelines and confirmed by the Heart Team according to 
symptoms onset and, in the case of asymptomatic patients, in 
presence of any among: abnormal exercise test, LVEF <50%, 
markedly elevated biomarkers, rapid progression of AS severity 
and severe valve calcification assessed by CT.13 Patients or the 
public were not involved in the design, conduct, reporting or 
dissemination plans of our research. The present study was 
conducted according to the principles of the Declaration of 
Helsinki. All patients were informed about their participation 
in the registry and provided informed consent for the anony-
mous publication of scientific data. This registry was approved 
by the institutional review board (Onze- Lieve- Vrouw Clinic, 
Aalst, Belgium—Registration No 2022/028).

Table 1 Baseline characteristics, comorbidities and medical therapy of matched and unmatched patients with moderate and asymptomatic severe 
AS, divided into heart valve clinic versus standard of care

Unmatched Matched

Total
(N=2129)

Heart valve
clinic (n=251)

Standard of care
(n=1878) P value

Heart valve
clinic (n=156)

Standard of care
(n=156) P value

Age, n (%) 76.5±12.4 71±13.3 77.2±12.2 <0.001 72.8±11.3 72±13.5 0.559

Female sex, n (%) 942 (44.2) 99 (39.4) 843 (44.9) 0.118 58 (37.2) 53 (34) 0.636

BMI (kg/m2) 26.3 (23.7–29.6) 26.9 (24.1–29.7) 26.3 (23.7–29.6) 0.228 27.1 (24.5–29.4) 26.4 (23.6–29.3) 0.321

HBP, n (%) 720 (33.8) 70 (27.9) 650 (34.6) 0.041 52 (33.3) 49 (31.4) 0.809

T2DM, n (%) 559 (26.2) 55 (21.9) 504 (26.8) 0.112 40 (25.6) 43 (27.6) 0.798

AF, n (%) 731 (34.3) 80 (31.9) 651 (34.7) 0.421 51 (32.7) 42 (26.9) 0.322

COPD, n (%) 387 (18.2) 43 (17.1) 344 (18.3) 0.711 28 (17.9) 30 (19.2) 0.884

Cancer, n (%) 348 (16.3) 38 (15.1) 310 (16.5) 0.646 24 (15.4) 27 (17.3) 0.759

CAD, n (%) 581 (27.3) 48 (19.1) 533 (28.4) 0.003 34 (21.8) 35 (22.4) 0.999

Pre- HF, n (%) 75 (3.5) 3 (1.2) 72 (3.8) 0.052 3 (1.9) 4 (2.6) 0.999

CABG, n (%)* 34 (1.6) 4 (1.6) 30 (1.6) 0.999 4 (2.6) 5 (3.2) 0.999

Pre- MVR, n (%)* 28 (1.3) 6 (2.4) 22 (1.2) 0.132 3 (1.9) 1 (0.6) 0.623

GFR (mL/min) 61±22.3 67.2±19.2 58±22.4 <0.001 67±19 67.3±20 0.907

ACE- I, n (%) 656 (30.8) 76 (30.3) 580 (30.9) 0.903 47 (30.1) 52 (33.3) 0.627

ARBs, n (%) 1022 (48) 122 (48.6) 900 (47.9) 0.892 76 (48.7) 86 (55.1) 0.308

MRAs, n (%) 810 (38) 88 (35.1) 722 (38.4) 0.333 69 (44.2) 66 (42.3) 0.819

Beta- blockers, n (%) 1211 (56.9) 149 (59.4) 1062 (56.5) 0.437 101 (64.7) 97 (62.2) 0.724

Statins, n (%) 1280 (60.1) 152 (60.6) 1128 (60.1) 0.935 109 (69.9) 112 (71.8) 0.803

Continuous variables are presented as mean (SD) or median (LQ–UQ), when indicated; categorical ones are presented as n (%).
*Differences in categorical variables were analysed using Fisher’s exact test.
ACE- I, ACE inhibitor; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; AS, aortic stenosis; BMI, body mass index; CABG, coronary artery bypass graft surgery; 
CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; HBP, hypertension; HF, heart failure; LQ, lower quartile; MRAs, 
mineralocorticoid receptor antagonists (aldosterone blockers); MVR, mitral valve repair; T2DM, type 2 diabetes mellitus; UQ, upper quartile.
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The HVC organisation
Since 2014, a Heart Valve Centre (HVCe) has been set up in 
our Cardiovascular Centre according to the ESC/American 
Heart Association Guidelines, including: (1) availability of 
the entire spectrum of surgical and transcatheter valve proce-
dures with 24/7 services, (2) weekly Heart Team meetings, (3) 
organisation of a HVC for ambulatory management, (4) use 
of multimodality imaging including echocardiography, cardiac 
CT, cardiac magnetic resonance (CMR) and nuclear medicine 
and (5) yearly evaluation of patients’ outcomes with quality 
check and planning of educational programmes.14 15 The HVC 
involves cardiologists with expertise in VHD, cardiac imaging 
specialists, cardio- anaesthesiologists, cardiac surgeons and dedi-
cated nurses. Specifically, the cardiologists involved have the 
following competencies: (1) more than 10 years of experience in 
VHD, (2) performance of high volume of TTE/transoesophageal 

echocardiograms per year, with official certifications for echo-
cardiographic guidance of percutaneous structural valve inter-
vention (MitraClip/TriClip), (3) continuous update on the field 
of VHD by periodical training courses, lead of research proj-
ects and participation in national/international congresses, (4) 
weekly attendance of Heart Team meetings and (5) some of 
them experienced in cardiac CT and CMR. The organisation of 
the HVC includes a reduced number of patients per session of 
consultations (6–8 patients vs 12–14 patients in SOC), with an 
average of 40 min per visit, resulting in more time dedicated to 
patients’ education and supplementary TTE image acquisitions 
if necessary. The HVC programme provides a tailored schedule 
of follow- up according to the severity of VHD and the overall 
patient clinical status. Specifically, patients with clinically signif-
icant AS managed in the HVC are followed up at least every 
6 months with physical examination, EKG and TTE. Patients 

Table 2 Baseline echocardiographic indices of matched and unmatched patients with moderate and asymptomatic severe AS, divided into heart 
valve clinic versus standard of care

Unmatched Matched

Total
(N=2129)

Heart valve clinic
(n=251)

Standard of care
(n=1878) P value

Heart valve clinic
(n=156)

Standard of care
(n=156) P value

LVMi (g/m2) 198±66 200.2±66.7 197.1±65.6 0.512 203±70 207±67 0.622

BP LVEF (%) 55 (51–60) 55 (55–61) 55 (50–60) <0.001 55 (55–60) 57 (55–61) 0.510

Severe AS 919 (43.2) 146 (58.2) 773 (41.2) <0.001 56 (35.9) 52 (33.3) 0.634

AVmax 3.5 (3.2–4.1) 3.7 (3.2–4.2) 3.5 (3.2–4.1) 0.009 3.7 (3.3–4.2) 3.5 (3.2–4.2) 0.153

AVA, cm2 1.01 (0.8–1.3) 1 (0.8–1.2) 1 (0.8–1.3) 0.088 1 (0.8–1.3) 1 (0.8–1.4) 0.572

TR Pmax 31±12 29±10 32±12 0.005 30±11 30±14 0.782

Moderate MR, n (%) 102 (4.8) 10 (4) 92 (4.9) 0.523 4 (2.6) 7 (4.5) 0.357

Continuous variables are presented as mean (SD) or median (LQ–UQ), when indicated; categorical ones are represented as n (%).
AS, aortic stenosis; AVA, aortic valve area; AVmax, aortic valve velocity maximum; BP LVEF, two- dimensional biplane left ventricular ejection fraction; LQ, lower quartile; LVMi, left 
ventricular mass indexed to BSA; MR, mitral regurgitation; TR Pmax, tricuspid regurgitation gradient; UQ, upper quartile.

Figure 1 Kaplan- Meier survival curves for all- cause death and composite endpoint (all- cause death and heart failure hospitalisation) in patients 
with moderate and asymptomatic severe aortic stenosis. (A) All- cause death in unmatched population; (B) all- cause death in matched cohorts; (C) 
composite endpoint (all- cause death and heart failure hospitalisation) in unmatched population; (D): composite endpoint (all- cause death and heart 
failure hospitalisation) in matched cohorts. Blue curve: Heart Valve Clinic; red line: standard of care.
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who develop symptoms or experience a significant worsening of 
symptoms/quality of life between scheduled HVC consultations 
could communicate with the HVC physician by telephone/email. 
Moreover, a dedicated team of nurses adequately trained and 
skilled for managing patients with VHD is available to answer 
HVC patients’ calls and reschedule consultations with the help 
of secretaries, if necessary.6 16

Study endpoints
The primary endpoint of the study was all- cause mortality. The 
vital status was validated in the Belgian Population Register. We 
also assessed cardiovascular death, hospitalisation for HF and a 
composite of all- cause death and non- fatal hospitalisation due 
to the worsening HF. Definition of each endpoint is provided in 
online supplemental file–extended methods.

Statistical analysis
Normality distribution of continuous variables was assessed visu-
ally by histograms and Q–Q plots. Continuous variables with 
normal distribution were expressed as the mean±SD and non- 
normally distributed variables as median and IQR. Categorical 
variables were expressed as counts and percentages. Differences 
between groups were analysed using t- test and Mann- Whitney 
U test for continuous variables, when appropriate. The χ2 test 
was used to compare group differences for categorical variables. 
When more than 20% of the expected cell count was <5, the 
Fisher’s exact test was used. Propensity score matching (PSM) 
was used to reduce bias and differences in the patients’ baseline 
characteristics.17 Details are provided in the online supplemental 
file – extended methods. Multivariable analysis was performed 
using Cox proportional hazard model to determine the indepen-
dent association of each risk factor with clinical outcomes. The 
final list of covariates was also determined by removing variables 
that caused high collinearity, as assessed by variance inflation 
factors. The correlations between variables and outcomes were 
assessed with either Pearson’s R or Spearman’s ρ, as appropriate. 
Kaplan- Meier curves and log- rank tests were used to compare 
the cumulative incidence of clinical events between groups. 
Competing risk analysis was assessed to evaluate the cumula-
tive incidence events’ curves in the population stratified by age. 
P- values <0.05 was considered statistically significant. All anal-
yses were performed using R statistical software V.4.1.0 (R Foun-
dation for Statistical Computing, Vienna, Austria) and Statistical 
Package for Social Sciences, V.25.0 (SPSS, PC version, Chicago, 
Illinois, USA).

RESULTS
Study population
The study population consisted of 2129 patients with mAS and 
asAS, divided into those followed in the SOC (n=1878) and 
those in the HVC (n=251). The mean age was 76.5±12.4 years, 
and 992 (44.2%) were women (table 1). A total of 919 (43.2%) 
patients had asAS (773 (41.2%) in SOC and 146 (58.2%) in 
HVC, p<0.001), while the remaining 1210 (56.8%) patients 
had mAS (1105 (58.8%) in SOC and 105 (41.8%) in the HVC) 
(table 2).

Baseline, clinical and echocardiographic characteristics
Baseline characteristics, cardiovascular risk factors, comorbidi-
ties and medical therapy are reported in table 1. Patients in SOC 
were older (p<0.001), with a higher prevalence of arterial hyper-
tension (p=0.041), coronary artery disease (p=0.003) and lower 
glomerular filtration rate (GFR) (p<0.001) (table 1–unmatched 

columns). Medical therapy was also similar between the two 
cohorts (table 1). At echocardiogram, LVEF and Vmax were 
lower in the SOC group (p<0.01 for both; table 2). After 1:1 
PSM, no differences were observed in baseline and echocardio-
graphic characteristics between the two groups (tables 1 and 
2–matched columns). Details of PSM are reported in online 
supplemental figures S1 and S2.

Outcomes in the unmatched population
Mean follow- up was 4.8±1.8 years (4.8±1.7 years in HVC 
and 4.7±2 years in SOC, p=0.123). During the study period, a 
total of 822 patients (38.6%) died, 307 (14.4%) had HF hospi-
talisation and 596 patients (28%) underwent AVR, of whom 
85.1% SAVR and 14.9% TAVR (online supplemental table ST1). 
Compared with SOC, Kaplan- Meier estimates showed a lower 
rate of unadjusted all- cause death and the composite endpoint in 
the HVC cohort (p<0.001 for both—figure 1A,C).

Findings and outcomes in the matched population
The number of cardiac consultations per year, exercise stress 
tests and BNP determinations were higher in the HVC cohort 
(p<0.001 for all). Moreover, a higher number of CTs was 
requested in the HVC group (p=0.002), with numerically higher 
values of calcium score, even though not statistically significant 
(table 3). Significant correlations were observed between number 
of visits and outcomes in HVC patients (r=−0.283, p=0.021 
and r=−0.263, p=0.004 for all- cause and cardiovascular death, 
respectively) but not in SOC group (r=−0.164, p=0.112 and 
r=−0.016, p=0.918 for all- cause and cardiovascular death, 
respectively).

Similar incidences of asAS and referral to AVR were reported 
between the two cohorts, with a shorter time between indica-
tion to AVR and less advanced New York Heart Association 
class in HVC (p<0.001 and p=0.032, respectively) (table 3). 
Compared with SOC, a lower rate of all- cause death, but not 
of the composite endpoint, was observed in the HVC cohort 

Table 3 Main findings and outcomes of matched patients with mAS 
and asAS, divided into HVC versus SOC

HVC (n=156) SOC (n=156) P value

Total cardiac consultation/year, n 1.6±1 0.8±0.9 <0.001

Exercise stress/year, n 0.5±0.3 0.2±0.4 <0.001

BNP determinations, n 2.3±0.7 1.3±1.2 <0.001

No of CCT, n (%) 41 (26.3) 20 (12.8) 0.002

Calcium score, mean±SD 2499±1708 1812±1232 0.413

Time indication to AVR, months 1.9±1 3.3±1.3 <0.001

NYHA class at AVR, n (%) 0.032

  I–II 38 (54.3) 20 (33.9)

  III–IV 32 (45.7) 39 (66.1)

AVR, n (%) 70 (44.9) 59 (37.8) 0.250

  SAVR 63 (90) 54 (91.5) 0.994

  TAVR 7 (10) 5 (8.5)

HF readmission, n (%) 36 (23.1) 24 (15.4) 0.114

1- year all- cause death, n (%)* 4 (2.6) 17 (11.3) 0.003

Continuous variables are presented as mean (SD) or median (LQ–UQ), when 
indicated; categorical ones are represented as n (%).
*Differences in categorical variables were analysed using Fisher’s exact test.
asAS, asymptomatic severe aortic stenosis; AVR, aortic valve replacement; CCT, 
cardiac computed tomography; HF, heart failure; HVC, heart value clinic; LQ, lower 
quartile; mAS, moderate aortic stenosis; NYHA, New York Heart Association; SAVR, 
surgical aortic valve replacement; SOC, standard of care; TAVR, transcatheter aortic 
valve replacement; UQ, upper quartile.
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(HR=0.63, 95% CI 0.40 to 0.98, p=0.038; figure 1 B,D). This 
benefit was also observed for cardiovascular death (52.9% vs 
76.1%, p=0.030) and all ranges of age (online supplemental 
table ST2). Stratifying the population by LVEF (< or >50%), 
there was a significantly lower survival in SOC patients when 
LVEF was reduced (p=0.005) (online supplemental figure S3). 
In the multivariable Cox regression model, after adjusting for 
confounding factors, the HVC was an independent predictor 
of reduced all- cause death (HR=0.54, 95% CI 0.34 to 0.85, 
p=0.007), together with younger age, absence of chronic 
obstructive pulmonary disease (COPD and higher LVEF (table 4, 
matched columns). In the competing risk regression analysis, 
stratifying the population by age (<70, 70–80, >80 years), the 
HVC approach was a significant predictor of all- cause mortality 
(p=0.011), but not of HF hospitalisation (p=0.275) (figure 2).

Impact of HVC in patients with mAS
Overall, 1210 (56.8%) patients had mAS (1105 (58.8%) in SOC 
and 105 (41.8%) in HVC, p<0.001). Baseline characteristics and 
echocardiographic parameters of crude and matched patients are 
reported in online supplemental tables ST3 and ST4. Details of 
PSM are reported in online supplemental figures S4 and S5. In 
patients with mAS, the HVC approach showed a higher survival 
rate (unadjusted p<0.001 vs adjusted p=0.003, figure 3 A,B). In 
the multivariable analysis, the HVC strategy was an independent 
predictor of reduced all- cause of death, together with younger 

age, higher GFR and absence of COPD (online supplemental 
table ST5).

Impact of HVC in patients with asAS
Overall, 919 (43.2%) patients had asAS (773 (41.2%) in SOC 
and 146 (58.2%) in HVC, p<0.001). Baseline characteris-
tics and echocardiographic parameters of crude and matched 
patients with asAS are reported in online supplemental tables 
ST6 and ST7. Details of PSM are reported in online supple-
mental figures S6 and S7. In the Kaplan- Meier curve analysis, 
the higher survival of the HVC approach, compared with SOC, 
turned out to be non- significant after PSM (unadjusted p<0.001 
vs adjusted p=0.25, figure 3 C,D). In the multivariable analysis, 
the HVC was not an independent predictor of reduced all- cause 
of death, unlike the use of beta- blockers, ACE inhibitors, lower 
age, lower tricuspid regurgitation gradient and higher LVEF 
(online supplemental table ST8).

DISCUSSION
This is the first study investigating the outcome benefit of the 
HVC approach, compared with SOC, in patients with mAS and 
asAS. The main findings of our study include: (1) lower rate of 
adjusted all- cause and cardiovascular death in HVC compared 
with SOC; (2) the HVC approach was an independent predictor 
of reduced all- cause death after adjusting for all confounding 

Table 4 Predictors of all- cause death for patients with moderate and asymptomatic severe AS at univariable and multivariable analyses

Variables

Unmatched cohort Matched cohort

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value

Age, years 1.08 1.07 to 1.09 <0.001 1.06 1.05 to 1.07 <0.001 1.10 1.07 to 1.13 <0.001 1.10 1.07 to 1.14 <0.001

Gender, female 1.25 1.09 to 1.43 0.001 – – – 1.10 0.70 to 1.74 0.670 – – –

BMI 1.00 1.00 to 1.00 0.740 – – – 1.01 0.96 to 1.06 0.656 – – –

HBP 0.99 0.86 to 1.14 0.899 – – – 1.30 0.82 to 2.06 0.262 – – –

T2DM 1.20 1.03 to 1.39 0.016 1.22 1.03 to 1.46 0.023 1.47 0.92 to 2.35 0.106 – – –

AF 1.68 1.47 to 1.93 <0.001 – – – 1.81 1.16 to 2.83 0.009 – – –

COPD 1.57 1.34 to 1.83 <0.001 1.49 1.25 to 1.78 <0.001 1.97 1.22 to 3.19 0.005 2.08 1.28 to 3.37 0.002

Cancer 1.11 0.93 to 1.32 0.254 – – – 1.66 0.99 to 2.77 0.055 – – –

CAD 1.18 1.02 to 1.37 0.024 – – – 0.95 0.56 to 1.60 0.841 – – –

Pre- HF 2.06 1.49 to 2.86 <0.001 – – – 0.73 0.10 to 5.24 0.754 – – –

CABG 1.16 0.71 to 1.90 0.558 – – – 1.85 0.68 to 5.08 0.230 – – –

Pre- MVR 0.50 0.22 to 1.11 0.090 – – – 1.00 0.01 to 9.99 0.994 – – –

GFR 0.97 0.97 to 0.98 <0.001 0.98 0.98 to 0.99 <0.001 0.97 0.96 to 0.98 <0.001 – – –

ACE- I 0.89 0.76 to 1.03 0.108 – – – 0.70 0.42 to 1.16 0.165 – – –

ARBs 0.79 0.69 to 0.90 0.001 0.68 0.58 to 0.79 < 0.001 1.24 0.80 to 1.94 0.333 – – –

MRAs 0.75 0.72 to 0.97 0.001 0.84 0.72 to 0.99 0.036 2.19 1.40 to 3.43 0.001 – – –

Beta- blockers 0.70 0.61 to 0.80 0.001 0.64 0.55 to 0.75 <0.001 0.75 0.48 to 1.17 0.204 – – –

Statins 0.65 0.57 to 0.75 0.001 0.68 0.58 to 0.79 <0.001 0.88 0.55 to 1.41 0.584 – – –

AVmax 0.94 0.84 to 1.04 0.217 – – – 1.02 0.74 to 1.41 0.892 – – –

AVA 0.98 0.90 to 1.06 0.566 – – – 0.50 0.27 to 0.94 0.031 – – –

TR Pmax 1.03 1.03 to 1.04 <0.001 1.02 1.00 to 1.02 <0.001 1.03 1.02 to 1.05 <0.001 – – –

LV mass 1.00 1.00 to 1.00 0.672 – – – 1.00 0.99 to 1.01 0.819 – – –

LVEF 0.96 0.95 to 0.97 <0.001 0.97 0.96 to 0.97 <0.001 0.97 0.95 to 0.99 0.003 0.97 0.94 to 0.99 0.007

Moderate MR 1.41 1.30 to 1.52 <0.001 – – – 1.49 1.33 to 1.54 0.010 – – –

Heart Valve Clinic 0.35 0.27 to 0.47 <0.001 0.50 0.36 to 0.70 <0.001 0.63 0.40 to 0.98 0.038 0.54 0.34 to 0.85 0.007

ACE- I, ACE inhibitor; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; AS, aortic stenosis; AVA, aortic valve area; AVmax, aortic valve velocity maximum; BMI, body mass 
index; CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; HBP, hypertension; 
HF, heart failure; LV, left ventricle; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MRAs, mineralocorticoid receptor antagonists (aldosterone blockers); MVR, 
mitral valve repair; T2DM, type 2 diabetes mellitus; TR Pmax, tricuspid regurgitation gradient.
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factors; (3) the same benefit was not observed for the composite 
endpoint (all- cause death and HF hospitalisation); (4) the 
outcome benefit of HVC persisted in all groups of age and (5) 
in the subgroup analysis, the HVC was associated with reduced 
all- cause death in patients with mAS but not in those with asAS.

Benefits of HVC for patients with clinically significant AS
Over the last years, a deeper understanding of pathophysiology 
of VHD, refinements in multimodality imaging and improve-
ments in surgical techniques and technology have resulted in 
the development of HVCes.18 Several data have been published 

Figure 2 Competing risk analysis for all- cause death and heart failure (HF) hospitalisation with cumulative incidence curves, stratified by age (<70, 
70–80, >80 years). The cumulative incidence curves were not significantly different for HF hospitalisation (p=0.275) but were significantly different 
for all- cause death (p=0.011).

Figure 3 Kaplan- Meier survival curves for all- cause death in patients with moderate and asymptomatic severe aortic stenosis (AS), separately. 
(A) All- cause death in patients with moderate AS—unmatched population; (B) all- cause death in patients with moderate AS—matched cohorts. (C) 
All- cause death in patients with asymptomatic severe AS—unmatched population; (D) all- cause death in patients with asymptomatic severe AS—
matched cohorts. Blue curve: heart valve clinic; red line: standard- of- care group.
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on the organisation and requirements of HVC/HVCe.6 19–21 
However, the outcome benefit of the HVC approach, compared 
with SOC, has never been investigated.

In the present study, we performed a direct comparison in 
the same institution between HVC and SOC for patients with 
mAS and asAS. This setting allowed a reduction of potential 
‘environmental’ biases (same hospital, healthcare providers, and 
period). Moreover, biases related to baseline patients’ character-
istics were reduced by PSM.17 Thus, for the first time, a benefit 
in outcome for HVC was demonstrated and confirmed for all 
age groups. These results could be explained by quantitative and 
qualitative differences in the healthcare service provided in HVC 
versus SOC (figure 4).

Quantitative benefits of HVC
In the present study, we observed a double number of consulta-
tions per year in HVC. Accordingly, HVC patients underwent a 
higher number (more than double) of exercise tests compared 
with SOC, allowing the early identification of exercise- induced 
symptoms. Moreover, a higher number of CT scans was 
requested in the HVC group, which provides further evidence of 
the closer follow- up and earlier detection of severe aortic valve 
calcification. The latter is one of the criteria considered to indi-
cate AVR in asymptomatic patients with normal LVEF and exer-
cise test.22–24 The same applies for BNP determinations, which 
were more frequent in HVC (p<0.001). Significant correlations 

were observed between number of visits and outcomes in HVC, 
but not in SOC. Although statistically significant, the correlation 
is not that ‘strong’, suggesting an equal importance of qualitative 
aspects related to the HVC strategy.

Qualitative benefits of HVC
The strength of HVCs versus SOC does not lie in the merely 
higher number of consultations/medical services in the former, 
but in the delivery of high- quality medical care and patient 
education by a dedicated team of experts. Indeed, the greater 
amount of time- per- visit in HVC (40 vs 20 min) allows the 
involved cardiologist to thoroughly review the echocardio-
graphic findings; complete the TTE examination with supple-
mentary images and data measurements, if necessary; interpret 
them in the overall patient clinical context and, more impor-
tantly, to share and explain the information to each patient. This 
results in patients’ education, a pivotal element of the HVC, 
which consists in: explaining the natural history of the disease, 
raising awareness on the signs and symptoms that could occur in 
follow- up, stressing the importance of prompt referral at their 
onset, providing means to inform the physician about changes in 
clinical status in the time between the scheduled consultations, 
and more generally the importance of controlling cardiovascular 
risk factors and adherence to medical indications/prescriptions. 
During consultations, the physician inquiries about the onset 
of AS- related symptoms and tries to determine their duration. 

Figure 4 Summary of the main findings of the study. AS, aortic stenosis; AVR, aortic valve replacement; HVC, heart valve clinic; SOC, standard- of- 
care group; TAVR, transcatheter aortic valve replacement; VHD, valvular heart disease.
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The ‘educational strategy’ leads to benefits for both the patient 
and the physician. Due to a deeper awareness of the disease, the 
patient feels more involved in the decision- making process and 
is more prone to follow the given medical indications/prescrip-
tions. Closer medical contact allows better risk stratification, 
optimisation of follow- up planning and tailoring of comor-
bidities treatment, which could have prognostic implications. 
Moreover, experience in VHD implies a deeper understanding 
of the echocardiographic examination, detection of details or 
unreported findings, which could be missed by other cardiolo-
gist specialists, allowing a ‘patient- tailored’ follow- up planning.

Management of patients with clinically significant AS
The HVC approach might play a pivotal role in managing 
patients with mAS and asAS, optimising the timing of indication 
to AVR.5 19 Indeed, symptoms could be recognised at an earlier 
and less severe stage before the occurrence of LV dysfunction.19 
This evidence is further supported by the significantly lower 
survival of SOC patients with LVEF <50% and the shortened 
duration of symptoms before AVR in the HVC group (almost 
half- time than the SOC group; table 3). Indeed, the severity of 
preoperative symptoms is a marker of increased operative risk, 
with worse survival rates for patients with severe symptoms.6 25 
Patients managed in HVC underwent AVR in a less advanced 
stage, with less waiting time between indications and AVR. This 
is crucial considering a mortality risk on the waiting list for 
surgery of about 15% per year.26

In the natural history of AS, HF occurrence adversely impacts 
prognosis. This is clearly shown in the competing risk analysis 
and supported by the similar rate of the composite endpoint, 
including HF hospitalisation between the two groups. These 
results could be driven by the similar number of HF hospitalisa-
tion and referral to AVR in patients with asAS included in both 
cohorts. Moreover, due to closer medical relationship with the 
referring physician, patients followed in HVC are more likely 
to undergo hospitalisations in case of clinical deterioration to 
optimise medical therapy and to reassess the progression and 
severity of AS. Therefore, comprehensive management would 
be beneficial, especially for patients with mAS, for whom the 
appropriate follow- up timing to prevent the onset of symptoms 
and HF occurrence might be challenging, compared with those 
with asAS, who are more directly referred to AVR. Accordingly, 
the outcome benefit of the HVC in the overall population is 
mainly driven by the outcome benefit of the subgroup of patients 
with mAS.

Study limitations
Our results should be interpreted considering some limitations. 
First, due to the observational study design, the study results 
should be considered hypothesis- generating. Second, the assess-
ment of myocardial strain to identify subclinical LV dysfunction 
was not systematically performed. Third, no quality- of- life ques-
tionnaires at baseline and during follow- up were administered. 
Fourth, among patients fulfilling the inclusion criteria, nine were 
excluded because of more than 20% of missing values in the 
collected data to reduce potential bias.

CONCLUSIONS
In patients with AS, the HVC approach was associated with 
a lower risk of all- cause and cardiovascular mortality at long- 
term follow- up compared with SOC. HVC was associated with 
more efficient patient management in terms of education, treat-
ment and second- level diagnostic tests and was an independent 

predictor of reduced all- cause death. Our findings are hypothesis- 
generating and provide new insights into the benefit of HVC in 
VHD setting, highlighting the potential to improve patient care 
and clinical outcomes.
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EXTENDED METHODS  

Follow-up  

Data collection started at the time of baseline evaluation until the last available contact or death 

occurrence. Follow-up organization for the Heart Valve Clinic (HVC) is described in the specific 

Section of the manuscript. Regarding the standard-of-care (SOC) group, most of the patients 

performed all the cardiological follow-ups in our hospital at the discretion of the cardiologist 

involved. In accordance with the clinical presentation, the cardiologists of the SOC group could 

request additional II-level diagnostic and laboratory tests. If the latter were requested, the patients 

booked them in accordance with the hospital waiting lists. In contrast, in HVC, the physicians, with 

the help of secretaries, directly booked the additional tests in the slots available for HVC. 

In the overall population, trans-thoracic echocardiography was performed as part of routine clinical 

practice (see below). An exercise stress test was performed in selected patients when the symptomatic 

status was unclear. Aortic valve calcium score by CT was performed when clinically indicated (1). 

The indication for aortic valve replacement (AVR), including surgical/trans-catheter AVR 

(SAVR/TAVR), has been assigned following the Guidelines and confirmed during the weekly Heart 

Team meetings according to symptoms onset and, in case of asymptomatic patients, in presence of 

any among: abnormal exercise test, left ventricle ejection fraction (LVEF) < 50%, markedly elevated 

biomarkers, rapid progression of aortic stenosis (AS) severity, severe valve calcification assessed by 

CT (1).  

 

Transthoracic Doppler Echocardiography 

Transthoracic echocardiography was performed as part of routine clinical practice. All Transthoracic 

Echocardiograms were performed using a high-quality ultrasound machine (GE Vivid E9, E95 or 

S70, GE Healthcare Horten, Norway or Epiq 7C, Philips Healthcare, Eindhoven, The Netherlands) 

and all images were stored digitally. Echocardiographic examinations were performed following the 

recommendations of the American Society of Echocardiography and the European Association of 
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Cardiovascular Imaging with the patients in the left lateral recumbent position (right lateral for the 

right parasternal continuous-wave Doppler flow measurements) and the use of standard views (2). 

The recorded images were reviewed by two cardiologists (G.V.C., M.P.) with more than 10-year 

experience in echocardiography and non-invasive cardiac imaging, to confirm the diagnosis and the 

grade of AS, according to the current Guidelines (2). Peak aortic jet velocity was derived from 

transaortic flow and recorded with continuous-wave Doppler using a multiwindow approach. The 

highest aortic velocity was used to calculate aortic time-velocity integral, mean gradients, and peak 

aortic valve velocity (Vmax). Peak and mean gradients were calculated using the simplified Bernoulli 

equation. The continuity equation was used to calculate the aortic valve area (AVA). The stroke 

volume was calculated by multiplying the area of the left ventricular outflow tract (LVOT) by the 

outflow tract time-velocity integral and indexed to the body surface area. If patients were in sinus 

rhythm, 3 cardiac cycles were averaged for all measures. For patients in atrial fibrillation, 5 cardiac 

cycles were averaged. LVEF was estimated by the Simpson biplane method. 

 

Study endpoints 

Cardiovascular death was defined as death resulting from an acute myocardial infarction, sudden 

cardiac death, heart failure (HF), stroke, and other cardiovascular causes (3). Hospitalization for HF 

was defined as hospital admission for a primary diagnosis of HF in which the patient presented typical 

signs, symptoms, and diagnostic testing consistent with the diagnosis of HF and consequently 

received HF-directed therapy (3). Major adverse events were defined as a composite of all-cause 

death and non-fatal hospitalization due to worsening HF. 

 

Extended Statistical Analysis  

Propensity score matching was used to reduce bias and differences in the patients’ baseline 

characteristics (4). The propensity score was computed by a regression model, and the matching was 

performed using the nearest neighbor method without replacement with a 1:1 ratio. Matching criteria 
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were age, sex, body mass index (BMI), arterial hypertension, type 2 diabetes mellitus (T2DM), 

coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), history of cancer, 

previous coronary artery bypass graft surgery (CABG), previous mitral valve repair (MVR), previous 

HF, glomerular filtration rate (GFR), left ventricle mass index (LVMi), peak aortic valve velocity 

(Vmax), aortic valve area (AVA), tricuspid regurgitation gradient (TR Pmax), LVEF, use of 

angiotensin-converting enzyme inhibitors (ACE-I), angiotensin receptor blockers (ARBs), beta-

blockers, aldosterone blockers, and statins. Caliper distance was 0.022, denoting good matching.  
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SUPPLEMENTARY TABLES  

 

Supplementary Table ST1 - Main findings and outcomes of unmatched patients with mAS and 

asAS, divided into HVC versus SOC. 

 

 

Total 

(N = 2129) 

Heart Valve Clinic 

(N = 251) 

Standard of care 

(N = 1878) 
P value 

Total cardiac consultation/year, n 1.3  2 1.4  0.9 1.2  2.4 0.074 

Exercise stress/year, n 0.1  0.4 0.2  0.4 0.1  0.6 0.026 

     

    AVR, n (%) 

 

 

    SAVR 

 

    TAVR 

 

596 (28) 

 

 

507 (85.1) 

 

89 (14.9) 

99 (39.4) 

 

 

89 (89.9) 

 

10 (10.1) 

497 (26.5) 

 

 

418 (84.1) 

 

79 (15.9) 

<0.001 

 

 

0.139 

 

 

HF readmission, n (%) 307 (14.4) 49 (19.5) 258 (13.7) 0.019 

1-y all-cause death, n (%)† 302 (14.2) 6 (2.4) 296 (16.4) <0.001 

 

Continuous variables are presented as mean (SD) or median [LQ-UQ], when indicated; categorical ones as n (%). 

†Differences in categorical variables were analyzed using Fisher’s Exact Test.  

Abbreviations: AVR = aortic valve replacement; HF = heart failure; y = year.   
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Supplementary Table ST2. Univariate regression analysis of all-cause mortality between HVC vs 

SOC strategy stratifying the population by age.  

 

 Coeff Std Error Wald P value HR 95%CI 

Age < 70 years old 

HVC -0.465 0.226 3.123 0.040 0.628 0.423 - 0.979 

70 < Age < 80 years old 

HVC -0.540 0.240 5.07 0.024 0.583 0.364 - 0.932 

Age > 80 years old 

HVC -0.702 0.303 5.38 0.020 0.496 0.274 - 0.897 

 

Abbreviations: HVC: Heart Valve Clinic.  
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Supplementary Table ST3. Baseline characteristics, comorbidities and medical therapy of 

matched and unmatched patients with mAS, divided into HVC versus SOC.  

 

 Unmatched Matched 

 

Heart Valve 

Clinic 

(N = 105) 

Standard of 

Care 

(N = 1105) 

P value 

Heart Valve 

Clinic 

(N = 53) 

Standard of 

Care 

(N = 53) 

P value 

Age, n (%) 70  13.8 77  12.5 <0.001 74  9.6 72  12 0.370 

Female Sex, n (%) 42 (40) 470 (42.5) 0.663 23 (43.4) 24 (45.3) 0.999 

BMI, (Kg/m2) 
27.2 

[24.5-29.8] 

26.4 

[23.8-27.9] 
0.134 

27.2 

[24.1-29.6] 

26.5 

[23.6-29.5] 
0.450 

HBP, n (%) 39 (37.1) 413 (37.4) 0.989 25 (47.2) 23 (43.4) 0.845 

T2DM, n (%) 28 (26.7) 311 (28.1) 0.869 19 (35.8) 20 (37.7) 0.999 

AF, n (%) 39 (37.1) 427 (38.6) 0.793 22 (41.5) 18 (34) 0.999 

COPD, n (%) 18 (17.1) 209 (18.9) 0.716 12 (22.6) 8 (15.1) 0.456 

Cancer, n (%) 16 (15.2) 184 (16.6) 0.957 7 (13.2) 7 (13.2) 0.999 

CAD, n (%) 24 (22.9) 352 (31.9) 0.050 13 (24.5) 13 (24.5) 0.999 

Pre-HF, n (%) 2 (1.9) 63 (5.7) 0.177 2 (3.8) 0 (0) 0.475 

CABG, n (%)† 2 (1.9) 22 (2) 0.999 2 (3.8) 1 (1.9) 0.999 

Pre-MVR, n (%), n (%)† 4 (3.8) 17 (1.5) 0.164 0 (0) 1 (1.9) 0.999 

GFR (ml/min) 66  20.6 58  23 <0.001 65.6  21 65.9  20.4 0.947 

ACE-I, n (%) 32 (30.5) 347 (31.4) 0.828 15 (28.3) 14 (26.4) 0.999 

ARBs, n (%) 54 (51.4) 544 (49.2) 0.716 31 (58.5) 25 (47.2) 0.331 

MRAs, n (%) 42 (40) 424 (38.4) 0.869 29 (54.7) 25 (47.2) 0.560 

Beta-blockers, n (%) 56 (53.3) 633 (57.3) 0.551 31 (58.5) 33 (62.3) 0.843 

Statins, n (%) 60 (57.1) 665 (60.2) 0.695 38 (71.7) 35 (66) 0.675 

 
Continuous variables are presented as mean (SD) or median [LQ-UQ], when indicated; categorical ones as n (%). 

†Differences in categorical variables were analyzed using Fisher’s Exact Test.  

Abbreviations: BMI: body mass index; HBP: hypertension; T2DM: Type 2 Diabetes Mellitus; AF: atrial fibrillation; 

COPD: Chronic obstructive pulmonary disease; CAD: coronary artery disease; HF = heart failure; CABG = coronary 

artery bypass graft surgery; MVR = mitral valve repair; GFR = glomerular filtration rate; ACE-I = Angiotensin-converting 

enzyme inhibitors; ARBs = Angiotensin receptor blockers; MRAs = mineralocorticoid receptor antagonists (aldosterone 

blockers).    
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Supplementary Table ST4. Baseline echocardiographic indices of matched and unmatched 

patients with mAS, divided into HVC versus SOC. 

 

 Unmatched Matched 

 

Heart Valve 

Clinic 

(N = 105) 

Standard of 

Care 

(N = 1105) 

P value 

Heart Valve 

Clinic 

(N = 53) 

Standard of 

Care 

(N = 53) 

P value 

LVMi, (g/m2) 205  73 196   66 0.223 198  72 200  67 0.935 

BP LVEF, (%) 
56  

[54-60] 

55 

[50-60] 
0.001 

55 

[54-60] 

55 

[54-60] 
0.928 

AVmax 
3.4 

[3.1-3.6] 

3.3 

[3.1-3.6] 
0.080 

3.4 

[3.1-3.7] 

3.3 

[3.1-3.6] 
0.060 

AVA, cm2 
1.2 

[1.1-1.5] 

1.1 

[1.1-1.4] 
0.002 

1.2 

[1.1-1.4] 

1.1 

[1.1-1.4] 
0.460 

   TR Pmax 29  10 32  12 0.044 30  11 30  12 0.8258 

   Moderate MR, n (%) 5 (4.8) 58 (5.2) 0.910 3 (5.6) 5 (9.4) 0.713 

 

 

Continuous variables are presented as mean (SD) or median [LQ-UQ], when indicated; categorical ones as n (%). 

Abbreviations: LVMi = left ventricular mass indexed to BSA; BP LVEF: two-dimensional bi-plane left ventricular 

ejection fraction; AV max = aortic valve velocity max; AVA = aortic valve area; TR Pmax = tricuspid regurgitation 

gradient; MR = mitral regurgitation. 
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Supplementary Table ST5. Predictors of all-cause death for patients with mAS at univariable and multivariable analysis.  

 

 Unmatched cohort Matched cohort 

 Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 

Variables HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 

Age, years 1.08 1.07 - 1.09 <0.001 1.04 1.03 - 1.06 <0.001 1.08 1.03 - 1.12 0.001 1.06 1.02 - 1.11 0.006 

Gender, female 1.25 1.09 - 1.43 0.001 - - - 1.20 0.62 – 2.34 0.584 - - - 

BMI 1.00 0.99 - 1.01 0.337 - - - 1.06 0.99 - 1.13 0.096 - - - 

HBP 0.99 0.86 – 1.14 0.899 - - - 1.50 0.77 – 2.93 0.230 - - - 

T2DM 1.20 1.03 - 1.39 0.016 - - - 1.86 0.96 – 3.61 0.068 - - - 

AF 1.68 1.47 – 1.93 <0.001 - - - 1.35 0.69 - 2.64 0.382 - - - 

COPD 1.57 1.34 - 1.83 <0.001 1.56 1.23 - 1.98 0.001 2.54 1.24 – 5.19 0.011 2.74 1.26 - 6 0.011 

Cancer 1.11 0.93 - 1.32 0.254 - - - 1.20 0.50 - 2.89 0.687 - - - 

CAD 1.18 1.02 - 1.37 0.024 - - - 1.77 0.89 - 3.52 0.103 - - - 

Pre-HF 2.06 1.49 – 2.86 <0.001 - - - 1.61 0.22 – 11.8 0.639 - - - 

CABG 1.16 0.71 – 1.90  0.558 - - - 3.18 0.97 – 9.99 0.057 - - - 

Pre-MVR 0.50 0.22 – 1.11 0.090 - - - 1.00 0.01 – 9.99 0.997 - - - 

GFR 0.97 0.97 – 0.98 <0.001 0.98 0.97 - 0.99 <0.001 0.98 0.96 - 0.99 0.004 0.98 0.96 - 0.99 0.041 

ACE-I 0.89 0.76 - 1.03 0.108 - - - 1.30 0.64 – 2.66 0.470 - - - 

ARBs 0.79 0.69 – 0.90 0.001 0.75 0.61 – 0.92 0.006 1.67 0.84 – 3.31 0.145 - - - 

MRAs 1.55 1.35 – 1.77 <0.001 - - - 2.05 1.02 – 4.13 0.044 - - - 
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Beta-blockers 0.70 0.61 - 0.80 <0.001 0.64 0.52 – 0.79 <0.001 0.80 0.41 – 1.56 0.505 - - - 

Statins 0.65 0.57 - 0.75 <0.001 0.79 0.64 – 0.98 <0.001 1.12 0.55 – 2.30 0.756 - - - 

AVmax 0.94 0.84 - 1.04 0.217 - - - 0.86 0.24 – 3.06 0.821 - - - 

AVA 0.98 0.90 - 1.06 0.566 - - - 1.07 0.83 - 1.35 0.965 - - - 

TR P max 1.03 1.03 - 1.04 <0.001 1.04 1.01 - 1.04 <0.001 1.01 0.99 - 1.04 0.329 - - - 

LV Mass 1.00 1.00 - 0.99 0.672 - - - 1.00 0.99 – 1.01 0.949 - - - 

LVEF 0.96 0.95 - 0.97 <0.001 0.97 0.96 - 0.98 <0.001 1.00 0.96 – 1.94 0.958 - - - 

Moderate MR 1.41 1.30 – 1.52 <0.001 - - - 1.39 1.23 – 1.84 0.032 - - - 

HeartValveClinic 0.35 0.27 - 0.47 <0.001 0.39 0.22 - 0.69 0.001 0.35 0.17 – 0.72 0.004 0.38 0.11 – 0.50 <0.001 

 

Abbreviations: BMI = body mass index; HBP = hypertensions; T2DM = type 2 diabetes mellitus; AF = atrial fibrillation; COPD = chronic obstructive pulmonary disease; CAD = 

coronary artery disease; HF = heart failure; CABG = coronary artery bypass graft surgery; MVR = mitral valve repair; GFR = glomerular filtration rate; ACE-I = ACE inhibitors; 

ARBs =  angiotensin receptor blockers; MRAs = mineralocorticoid receptor antagonists (aldosterone blockers); AV Vmax = aortic valve velocity max; AVA = aortic valve area; 

TR = tricuspid regurgitation; LV = left ventricle; LVEF = left ventricular ejection fraction; MR: mitral regurgitation.  
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Supplementary Table ST6. Baseline characteristics, comorbidities and medical therapy of 

matched and unmatched patients with asAS, divided into HVC versus SOC.  

 

 Unmatched Matched 

 

Heart Valve 

Clinic 

(N = 146) 

Standard of 

Care 

(N = 773) 

P value 

Heart Valve 

Clinic 

(N = 61) 

Standard of 

Care 

(N = 61) 

P value 

Age, n (%) 72.4  13.2 77.8  11.6 <0.001 74.7  11.3 75.8  13.1 0.617 

Female Sex, n (%) 59 (40.4) 373 (48.3) 0.099 23 (37.7) 23 (37.7) 0.999 

BMI, (Kg/m2) 
25.9 

[23.3-29] 

25.9 

[23.3-28.9] 
0.844 

27 

[24.6-29.4] 

26.1 

[23.1-29.1] 
0.555 

HBP, n (%) 39 (26.7) 281 (36.4) 0.032 16 (26.2) 15 (24.6) 0.999 

T2DM, n (%) 26 (17.8) 195 (25.2) 0.069 11 (18) 11 (18) 0.999 

AF, n (%) 41 (28.1) 248 (32.1) 0.391 18 (29.5) 17 (27.9) 0.999 

COPD, n (%) 25 (17.1) 136 (17.6) 0.985 7 (11.5) 7 (11.5) 0.999 

Cancer, n (%) 21 (14.4) 127 (16.4) 0.621 9 (14.8) 7 (11.5) 0.789 

CAD, n (%) 29 (19.9) 196 (25.4) 0.190 14 (23) 13 (21.3) 0.999 

Pre-HF, n (%) 3 (2.1) 30 (3.9) 0.398 2 (3.3) 2 (3.3) 0.999 

CABG, n (%)† 2 (1.4) 8 (1) 0.999 1 (1.6) 0 (0) 0.999 

Pre-MVR, n (%), n (%)† 2 (1.4) 6 (0.8) 0.824 1 (1.6) 1 (1.6) 0.999 

GFR (ml/min) 68.3  18.8 60  21.7 <0.001 64.7  19 63.5  19 0.729 

ACE-I, n (%) 44 (30.1) 229 (29.6) 0.980 20 (32.8) 18 (29.5) 0.845 

ARBs, n (%) 69 (47.3) 352 (45.5) 0.770 29 (47.5) 28 (45.9) 0.999 

MRAs, n (%) 45 (30.8) 309 (40) 0.046 24 (39.3) 22 (36.1) 0.852 

Beta-blockers, n (%) 90 (61.6) 434 (56.1) 0.254 39 (63.9) 34 (55.7) 0.460 

Statins, n (%) 92 (63) 467 (60.4) 0.619 40 (65.6) 41 (67.2) 0.999 

 
Continuous variables are presented as mean (SD) or median [LQ-UQ], when indicated; categorical ones as n (%).  

†Differences in categorical variables were analyzed using Fisher’s Exact Test. 

Abbreviations: BMI: body mass index; HBP: hypertension; T2DM: Type 2 Diabetes Mellitus; AF: atrial fibrillation; 

COPD: Chronic obstructive pulmonary disease; CAD: coronary artery disease; HF = heart failure; CABG = coronary 

artery bypass graft surgery; MVR = mitral valve repair; GFR = glomerular filtration rate; ACE-I = Angiotensin-converting 

enzyme inhibitors; ARBs = Angiotensin receptor blockers. MRAs = mineralocorticoid receptor antagonists (aldosterone 

blockers).   
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Supplementary Table ST7. Baseline echocardiographic indices of matched and unmatched 

patients with asAS, divided into HVC versus SOC. 

 

 Unmatched Matched 

 

Heart Valve 

Clinic 

(N = 146) 

Standard of 

Care 

(N = 773) 

P value 

Heart Valve 

Clinic 

(N = 61) 

Standard of 

Care 

(N = 61) 

P value 

LVMi, (g/m2) 206.5  69 206   66 0.924 209  72 208  61 0.938 

BP LVEF, (%) 
55  

[54-65] 

55  

[52-60] 
0.014 

55 

[54-65] 

58 

[55-65] 
0.199 

AVmax 
4.5 

[4.2-4.9] 

4.5 

[4.2-4.8] 
0.726 

4.4 

[4.2-4.9] 

4.5 

[4.3-4.9] 
0.342 

AVA, cm2 
0.8 

[0.65-0.9] 

0.75 

[0.6-0.9] 
0.016 

0.8 

[0.65-0.9] 

0.8 

[0.63-0.9] 
0.451 

   TR Pmax 31  11 33  13 0.077 32  12 31  10 0.800 

   Moderate MR, n (%) 5 (3.4) 34 (4.4) 0.768 1 (1.6) 2 (3.2) 0.999 

 

 

Continuous variables are presented as mean (SD) or median [LQ-UQ], when indicated; categorical ones as n (%). 

Abbreviations: LVMi = left ventricular mass indexed to BSA; BP LVEF: two-dimensional bi-plane left ventricular 

ejection fraction; AV max = aortic valve velocity max; AVA = aortic valve area; TR Pmax = tricuspid regurgitation 

gradient; MR = mitral regurgitation. 
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Supplementary Table ST8. Predictors of all-cause death for patients with asAS at univariable and multivariable analysis.  

 

 Unmatched cohort Matched cohort 

 Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis 

Variables HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value 

Age, years 1.10 1.08 - 1.11 <0.001 1.08 1.06 - 1.11 <0.001 1.11 1.06 - 1.16 <0.001 1.10 1.06 - 1.16 <0.001 

Gender, female 1.37 1.11 - 1.70 0.003 - - - 1.63 0.88 - 3.04 0.121 - - - 

BMI 0.96 0.94 – 0.98 0.001 - - - 0.95 0.88 - 1.02 0.174 - - - 

HBP 0.96 0.77 – 1.21 0.747 - - - 0.79 0.37 – 1.73 0.561 - - - 

T2DM 1.27 1.00 - 1.60 0.048 - - - 0.93 0.41 - 2.11 0.871 - - - 

AF 2.14 1.73 – 2.65 <0.001 - - - 1.18 0.60 - 2.33 0.633 - - - 

COPD 1.39 1.08 - 1.79 0.011 1.40 1.01 - 1.95 0.03 0.85 0.30 – 2.40 0.759 - - - 

Cancer 1.23 0.94 - 1.61 0.136 - - - 1.77 0.86 – 3.63 0.120 - - - 

CAD 1.19 0.94 - 1.50 0.139 - - - 0.88 0.42 - 1.85 0.739 - - - 

Pre-HF 3.83 2.50 – 5.88 <0.001 2.09 1.19 – 3.69 0.01 5.32 1.62 - 17.5 0.006 - - - 

CABG 3.33 1.65 – 6.74  0.001 - - - 1.00 0.01 – 9.99 0.996 - - - 

Pre-MVR 1.01 0.32 – 3.14 0.991 - - - 1.00 0.01 – 9.99 0.997 - - - 

GFR 0.97 0.97 – 0.98 <0.001 0.98 0.98 - 0.99 <0.001 0.97 0.96 - 0.98 0.004 - - - 

ACE-I 0.94 0.75 – 1.19 0.632 - - - 0.32 0.14 – 0.77 0.011 0.23 0.09 – 0.62 0.003 

ARBs 0.85 0.68 – 1.05 0.126 - - - 0.47 0.24 - 0.90 0.024 - - - 

MRAs 1.66 1.35 – 2.05 <0.001 0.72 0.54 – 0.97 0.028 2.03 1.09 - 3.78 0.025 - - - 
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Beta-blockers 0.55 0.44 – 0.67 <0.001 0.57 0.44 – 0.75 <0.001 0.37 0.20 – 0.69 0.002 0.34 0.17 – 0.68 0.002 

Statins 0.58 0.47 – 0.71 <0.001 - - - 0.64 0.34 - 1.20 0.162 - - - 

AVmax 0.85 0.66 - 1.08 0.189 - - - 0.99 0.47 – 2.06 0.972 - - - 

AVA 0.49 0.31 – 0.76 0.002 - - - 0.98 0.48 – 2.02 0.965 - - - 

TR P max 1.03 1.03 - 1.04 <0.001 1.02 1.01 - 1.03 <0.001 1.02 1.00 - 1.04 0.034 1.04 1.02 - 1.08 0.001 

LV Mass 1.00 1.00 – 1.00 0.770 - - - 1.00 0.99 – 1.01 0.424 - - - 

LVEF 0.96 0.95 – 0.97 <0.001 0.97 0.96 - 0.98 <0.001 0.96 0.93 – 0.99 0.033 0.94 0.90 – 0.98 0.003 

Moderate MR 1.40 1.32 – 1.54 <0.001 1.34 1.12 - 1.62 0.002 1.49 1.33 – 1.54 0.010 - - - 

HeartValveClinic 0.41 0.29 - 0.59 <0.001 - - - 0.69 0.37 – 1.29 0.248 - - - 

 

Abbreviations: BMI = body mass index; HBP = hypertensions; T2DM = type 2 diabetes mellitus; AF = atrial fibrillation; COPD = chronic obstructive pulmonary disease; CAD = 

coronary artery disease; HF = heart failure; CABG = coronary artery bypass graft surgery; MVR = mitral valve repair; GFR = glomerular filtration rate; ACE-I = ACE inhibitors; 

ARBs =  angiotensin receptor blockers; MRAs = mineralocorticoid receptor antagonists (aldosterone blockers); AV Vmax = aortic valve velocity max; AVA = aortic valve area; 

TR = tricuspid regurgitation; LV = left ventricle; LVEF = left ventricular ejection fraction; MR: mitral regurgitation.  
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FIGURE LEGENDS 

Supplementary Figure S1. Covariate balance of propensity matching in patients with moderate and 

asymptomatic severe aortic stenosis. 

 

Supplementary Figure S2. Distribution of Propensity Scores in patients with moderate and 

asymptomatic severe aortic stenosis.  

 

Supplementary Figure S3. Kaplan-Meier survival curves for all-cause death in patients with 

moderate and asymptomatic severe AS followed by SOC versus HVC approach, stratified in LVEF 

> 50% and < 50%. 

 

Supplementary Figure S4. Covariate balance of propensity matching in patients with moderate 

stenosis. 

 

Supplementary Figure S5. Distribution of Propensity Scores in patients with moderate aortic 

stenosis. 

 

Supplementary Figure S6. Covariate balance of propensity matching in patients with asymptomatic 

severe aortic stenosis. 

 

Supplementary Figure S7. Distribution of Propensity Scores in patients with asymptomatic severe 

aortic stenosis. 
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Supplementary Figure S1. Covariate balance of propensity matching in patients with moderate and asymptomatic severe aortic stenosis. 
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Supplementary Figure S2. Distribution of Propensity Scores in patients with moderate and asymptomatic severe aortic stenosis. 
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Supplementary Figure S3. Kaplan-Meier survival curves for all-cause death in patients with moderate and asymptomatic severe AS followed by 

SOC versus HVC approach, stratified in LVEF > 50% and < 50%.  
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Supplementary Figure S4. Covariate balance of propensity matching in patients with moderate aortic stenosis. 
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Supplementary Figure S5. Distribution of propensity scores in patients with moderate aortic stenosis. 
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Supplementary Figure S6. Covariate balance of propensity matching in patients with asymptomatic severe aortic stenosis. 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Heart

 doi: 10.1136/heartjnl-2022-321874–9.:10 2022;Heart, et al. Paolisso P



 24 

Supplementary Figure S7. Distribution of propensity scores in patients with asymptomatic severe aortic stenosis. 
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