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ABSTRACT 

Background. Rapid progression of aortic stenosis (AS) has been observed in patients undergoing dialysis, but existing cross-sectional 
evidence is contradictory in non-dialysis-dependent chronic kidney disease (CKD). The present study sought to evaluate whether CKD 

is associated with the progression of AS over time in a large cohort of patients with AS. 

Methods. We retrospectively studied all consecutive patients diagnosed with AS [peak aortic jet velocity (Vmax) ≥2.5 m/s] and left 
ventricular ejection fraction ≥50% in the echocardiography laboratories of two tertiary centers between 2000 and 2018. The estimated 
glomerular filtration rate (eGFR) (mL/min/1.73 m 

2 ) was calculated from serum creatinine values. Patients were divided into five CKD 

stages according to the baseline eGFR. Annual rates of change in the aortic valve area (AVA) were determined by a linear mixed-effects 
model. 

Results. Among the 647 patients included, 261 (40%) had CKD. After a median follow-up of 2.9 (interquartile range 1.8–4.8) years, the 
mean overall rate of change in AVA was –0.077 (95% confidence interval –0.082; –0.073) cm 

2 /year. There was an inverse relationship 
between the progression rate and kidney function. The more severe the CKD stage, the greater the AVA narrowing ( P < .001). By 
multivariable linear regression analysis, the eGFR was also negatively associated ( P < .001) with AS progression. An eGFR strata below 

45 mL/min/1.73 m 

2 was associated with higher odds of rapid progression of AS than normal kidney function. During the clinical 
follow-up, event-free survival (patients free of aortic valve replacement or death) decreased as CKD progressed. Rapid progression of 
AS in patients with kidney dysfunction was associated with worse outcomes. 

Conclusions. Patients with CKD exhibit more rapid progression of AS over time and require close monitoring. The link between 

kidney dysfunction and rapid progression of AS is still unknown and requires further research. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 

• Aortic stenosis (AS) progresses faster in dialysis patients. This evidence is contradictory in non–dialysis-dependent chronic kid- 
ney disease (CKD). Knowing whether kidney dysfunction worsens AS progression is important for improving the management 
of patients with AS and CKD and could help physicians in the monitoring and decision-making process.

This study adds: 

• This study of a large cohort of patients with AS and varying degrees of CKD sheds new light on the impact of kidney dysfunction 
among non-dialysis patients on AS progression. The progression rate increases with lower estimated glomerular filtration rate, 
suggesting a “dose–response” association, even for patients with moderate CKD.

Potential impact: 

• Patients with kidney dysfunction should be closely monitored and those with rapid progression seriously considered for aortic 
valve replacement decision making. It is, therefore, important to include a nephrologist as an integral component of the heart–
kidney team in the management, even for patients with mild to moderate CKD.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Aortic stenosis (AS) is the most common valvular heart disease,
especially in the elderly and patients with chronic kidney dis-
ease (CKD) [ 1 ]. CKD is among the fastest-growing chronic diseases,
making it an important public health problem [ 2 , 3 ]. Several stud-
ies have suggested a greater risk of cardiovascular mortality for
patients with AS and concomitant CKD than those with normal
kidney function [ 4 –6 ]. However, little is known about the impact
of kidney dysfunction on the progression of AS. Although it is well
established that aortic valve calcification is frequent and AS pro-
gression is faster for patients requiring dialysis than those with
normal kidney function [ 7 –9 ], the conflicting results for patients
with moderate or severe increases in serum creatinine levels [ 10 –
12 ] raise questions concerning the potential risk of rapid AS pro-
gression attributed to kidney dysfunction. Nevertheless, mineral 
and hemodynamic disturbances induced by CKD contribute to 
the pathophysiology of cardiovascular calcification, and increase 
morbidity and mortality [ 13 ]. Knowing whether there is an asso-
ciation between kidney dysfunction and AS progression is impor- 
tant for improving the management of patients with AS and CKD
and could help physicians in the monitoring and decision-making 
process. 
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Our objectives were, therefore, to (i) analyze the relationship
etween kidney function and AS progression over time, as as-
essed by transthoracic echocardiogram (TTE), and (ii) evaluate
he impact of both CKD and CKD-associated rapid AS progression
n survival in a large cohort of patients with AS. 

ATERIALS AND METHODS 

atient population 

he flow chart of the study is presented in Supplementary data,
ig. S1. Between 2000 and 2018, we identified 4247 consecutive
atients ≥18 years of age diagnosed with AS [aortic leaflet cal-
ification and a peak aortic jet velocity (Vmax) ≥2.5 m/s] in the
chocardiography laboratories of one French (Amiens) and one
elgian (Brussels) tertiary center. Patients with prosthetic valves,
itral stenosis, congenital heart disease, supravalvular or sub-
alvular AS, or dynamic left ventricular outflow tract (LVOT) ob-
truction were not included in the electronic database. For the
resent study, we retrospectively identified all patients who had
wo or more TTE studies at least 1 year apart. Exclusion criteria
ere at baseline or follow-up: (i) a left ventricular ejection frac-
ion (LVEF) < 50%; (ii) aortic and/or mitral regurgitation of more
han mild severity; (iii) kidney graft recipient, patients experienc-
ng dialysis or kidney transplantation between the two TTE stud-
es, patients without available serum creatinine measurements at
aseline or with time interval between the first echo and baseline
erum creatinine > 2 months, patients with estimated glomeru-
ar filtration rate (eGFR) decrease > 25% from baseline at the en-
ollment (two outpatient serum creatinine levels separated by at
east 3 months were evaluated to exclude them) or primary hy-
erparathyroidism; and (iv) patients who denied authorization for
articipation. The study was approved by an independent ethics
ommittee and conducted in accordance with institutional poli-
ies, national legal requirements and the revised principles of the
eclaration of Helsinki. 

tudy parameters 
linical and demographic baseline characteristics were collected.
omorbid conditions were scored using the Charlson comorbid-
ty index [ 14 ] and adjusted for age and kidney function. The up-
ated European System for Cardiac Operative Risk Evaluation
EuroSCORE II), which is a well-established cardiac surgery risk-
coring tool, was used for estimating operative mortality for each
atient [ 15 ]. This score takes into account patient-, cardiac- and
perative-related factors. All TTEs were performed by trained car-
iologists using commercially available ultrasound systems. Care-
ul measurements of the LVOT diameter in a zoomed cine loop of
he parasternal long-axis view in early systole at the level of aor-
ic cusp insertion were systematically performed and repeated at
east three to five times. We used the same value of LVOT diam-
ter for each serial echocardiography. Aortic flow was systemati-
ally recorded by continuous-wave Doppler in several views (api-
al five-chamber, right parasternal, suprasternal and epigastric).
he view identifying the highest velocities was used to calculate
he aortic velocity–time integral (VTI) and to determine the Vmax.
hree consecutive measurements in this view for patients in si-
us rhythm or five for patients in atrial fibrillation were aver-
ged [ 16 ]. The aortic valve area (AVA) was calculated using the
ontinuity equation. The left ventricular outflow tract velocity
ime integral (LVOT VTI) was recorded using pulsed-wave Doppler
rom the apical five-chamber view, with the sample volume posi-
ioned approximately 5 mm proximal to the aortic valve. The LVEF
as calculated using Simpson’s biplane method [ 17 ]. AS sever-
ty stage was categorized regarding AVA (mild > 1.5 cm 

2 , moder-
te 1.0–1.5 cm 

2 and severe < 1.0 cm 

2 ) as defined by the current
alvular guidelines [ 18 ]. Serum creatinine measurements were
tandardized to the reference method of isotope-dilution mass
pectrometry in each study center. The eGFR was determined
sing the 2009 Chronic Kidney Disease Epidemiology Collabora-
ion (CKD-EPI) [ 19 ] equation based on serum creatinine values at
aseline echocardiography. CKD stages were defined according to
idney Disease: Improving Global Outcomes (KDIGO) guidelines
 20 ] as follows: stage 3a (eGFR 45–59 mL/min/1.73 m 

2 ), stage 3b
30–44 mL/min/1.73 m 

2 ), stage 4 (eGFR 15–29 mL/min/1.73 m 

2 )
nd stage 5 (eGFR < 15 mL/min/1.73 m 

2 or dialysis). Patients
ith an eGFR ≥60 mL/min/1.73 m 

2 were used as the reference
roup. Among dialysis patients, the eGFR was assumed to be
 mL/min/1.73 m 

2 . A serum creatinine value was also collected at
he final TTE. To examine the robustness of our findings, regard-
ess of the method of estimating kidney function, we performed
everal analyses using a GFR estimated by the Modification of Diet
n Renal Disease (MDRD) Study equation [ 21 ] and the 2021 CKD-
PI equation [ 22 ]. 

S progression 

ollow-up echocardiograms were performed during a consulta-
ion that included a patient interview and clinical examination
ccording to current recommendations. We used the data from
he latest available TTE for analysis. Concerning AS progression,
e assessed various AS parameters: AVA, mean pressure gradi-
nt and Vmax. The last TTE was considered as time 0 and pre-
ious measurement as negative. As previously described [ 23 ], we
efined rapid progression as annualized progression of AVA above
he median value for patients in this cohort. Patients were further
ategorized into two subgroups (nonrapid progression vs rapid
rogression) according to an annualized decrease in AVA ≤0.07
r > 0.07 cm 

2 /year. Progression in AS severity stage was defined
s any step-ups in AS severity including mild AS that progressed
o either moderate to severe, or moderate AS that progressed to
evere. 

tatistical analysis 
PSS version 25 software (IBM, Armonk, NY, USA) was used for sta-
istical analysis. The linear mixed model, as well as the associated
gures, was generated using R software version 4.0.5 (R Founda-
ion for Statistical Computing, Vienna, Austria) through the RStu-
io interface, version 2022.07.1. There were no missing data for
he variables of interest. Continuous variables are expressed as
he means ( ± standard deviation) or medians [interquartile range
IQR)] and categorical variables as frequencies (percentages) and
ounts. The relationship between baseline continuous variables
nd those of the groups was explored by one-way ANOVA (for
ormally distributed variables) or Kruskal–Wallis tests (for non-
ormally distributed variables). Pearson’s χ ² statistic or Fisher’s
xact test were used to examine the association between baseline
ategorical variables and those of the groups. Individual differ-
nces were compared using Mann–Whitney U tests (with a Bonfer-
oni correction) and Tukey tests for normally distributed data. For
omparisons between baseline and follow-up values, paired Stu-
ent’s t -test, McNemar’s test or Wilcoxon’s signed-rank sum test
ere used, as appropriate. The annualized progression rate of AVA
as determined using the linear mixed-effect model based on re-
eated measurements of AVA from subsequent TTEs of the same
ubject. A quadratic effect of time was entered into this model
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Table 1: Baseline demographic, clinical and biological characteristics of the study population with aortic stenosis according to CKD stage. 

eGFR, mL/min/1.73 m 

2 

≥60 45–59 30–44 15–29 < 15 
Variable ( n = 386) ( n = 125) ( n = 90) ( n = 26) ( n = 20) P -value 

Demographics, baseline data and symptoms 
Age (years) 72.7 ± 12.5 78.4 ± 7.6 *** 78.9 ± 7.9 *** 80.0 ± 6.7 *** 72.6 ± 10.8 ** < .001 
Male sex ( n , %) 218 (56.5) 56 (44.8) * 48 (53.3) 16 (61.5) 14 (70.0) .10 
Body mass index (kg/m²) 27.2 ± 4.9 27.8 ± 5.0 28.7 ± 4.9 27.4 ± 4.2 27.2 ± 6.8 .13 
Body surface area (m²) 1.86 ± 0.2 1.84 ± 0.2 1.88 ± 0.2 1.85 ± 0.2 1.87 ± 0.3 .70 
Systolic blood pressure (mmHg) 139 ± 19 143 ± 19 143 ± 22 141 ± 19 143 ± 20 .16 
Diastolic blood pressure (mmHg) 76 ± 11 77 ± 13 74 ± 12 71 ± 12 72 ± 17 .04 
Heart rate (beats/min) 71 ± 13 70 ± 13 74 ± 16 70 ± 13 72 ± 10 .30 
NYHA ( n , %) .04 

1–2 350 (90.7) 109 (87.2) 77 (85.6) 19 (73.1) ** 16 (80.0) * 

3–4 36 (9.3) 16 (12.8) 13 (14.4) 7 (26.9) 4 (20.0) 

Medical history and risk factors 
Hypertension ( n , %) 290 (75.1) 106 (84.8) * 83 (92.2) ** 24 (92.3) ** 19 (95.0) *** < .001 
Diabetes mellitus ( n , %) 101 (26.2) 35 (28.0) 34 (37.8) * 15 (57.7) *** 8 (40.0) * < .01 
Dyslipidemia ( n , %) 213 (55.2) 60 (48.0) * 58 (64.4) 18 (69.2) 14 (70.0) .06 
Smoking history ( n , %) 82 (21.2) 15 (12.0) 14 (15.6) 4 (15.4) 7 (35.0) .05 
Coronary artery disease ( n , %) 138 (35.8) 40 (32.0) 48 (53.3) ** 16 (61.5) ** 11 (55.0) ** .001 
Prior myocardial infarction ( n , %) 36 (9.3) 7 (5.6) 13 (14.4) 5 (19.2) 4 (20.0) .05 
Prior atrial fibrillation ( n , %) 79 (20.5) 35 (28.0) 29 (31.5) 10 (38.5) 6 (30.0) .06 
Severe lung disease ( n , %) 61 (15.8) 14 (11.2) 17 (18.9) 2 (7.7) 3 (15.0) .44 
Charlson comorbidity index (without 
age and kidney function) 

1.62 ± 1.6 2.05 ± 1.7 2.29 ± 1.5 *** 3.23 ± 1.7 ** 2.5 ± 1.91 < .001 

Euroscore II 1.73 ± 1.7 2.46 ± 1.9 ** 3.86 ± 3.0 *** 4.33 ± 3.4 *** 3.21 ± 2.2 * < .001 

Chronic medication ( n , %) 
ACE-I/ARB 173 (44.8) 63 (50.4) 63 (70.0) 19 (73.1) *** 5 (25.0) *** < .001 
β-blockers 162 (42.0) 61 (48.8) 39 (43.3) 17 (65.4) 11 (55.0) .12 
Calcium channel blockers 105 (27.2) 35 (28.0) 30 (33.3) 9 (34.5) 5 (25.0) .74 
Statins 195 (50.5) 65 (52.0) 54 (60.0) 21 (80.8) *** 9 (45.0) .02 
Aspirin 166 (43.0) 58 (46.4) 49 (54.4) ** 18 (69.2) *** 12 (60.0) ** .03 
Vitamin K antagonists 51 (13.2) 25 (20.0) * 21 (23.3) * 6 (23.1) * 6 (30.0) * .04 

Baseline kidney function 
Serum creatinine (μmol/L) 74.8 ± 14.5 102.0 ± 15.2 *** 133.0 ± 21.0 *** 191.6 ± 37.8 *** 668.4 ± 237.3 *** < .001 
eGFR (mL/min/1.73 m 

2 ) 79.9 ± 13.5 52.4 ± 4.4 *** 38.9 ± 4.0 *** 25.7 ± 3.5 *** 6.3 ± 3.2 *** < .001 
BUN (mmol/L) 6.15 ± 1.9 8.19 ± 3.2 *** 10.7 ± 3.4 *** 15.5 ± 6.7 *** 25.8 ± 5.9 *** < .001 

Continuous variables are expressed as mean ± 1 SD and categorical variables as counts and percentages. 
NYHA: New York Heart Association class; ACE-I/ARB: angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; BUN: blood urea nitrogen. 
Individual category versus eGFR ≥60 mL/min/1.73 m 

2 : * P < .05; ** P < .01; *** P < .001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to account for nonlinearity in the progression over time. We en-
tered covariates considered to have a potential prognostic impact
into the model on an epidemiological basis. They were age, sex,
body surface area, history of hypertension, dyslipidemia, diabetes,
smoking, coronary artery disease, atrial fibrillation and AVA at in-
clusion. The association between eGFR and AS progression was
assessed by linear regression. Logistic regression analyses were
performed to assess the impact of kidney function on rapid pro-
gression. Multivariable analyses of mortality and events (aortic
valve replacement) were performed using Cox proportional haz-
ards models. The limit of statistical significance was set to P < .05.
All tests were two-tailed.

RESULTS 

Baseline characteristics 
Our final cohort consisted of 647 patients (45.5% female),
with a mean age of 74.9 ± 11.2 years. The mean eGFR was
64.4 ± 23.3 mL/min/1.73 m 

2 . Kidney function was normal or 
mildly impaired (eGFR ≥60 mL/min/1.73 m 

2 ) for 386 (60%) pa-
tients, 125 (19%) had CKD stage 3a, 90 (14%) CKD stage 3b, 26
(4%) CKD stage 4 and 20 (3%) kidney failure stage 5, including
16 patients under maintenance dialysis. Baseline characteristics 
and medications according to the eGFR group are presented in 
Table 1 . Compared with individuals without CKD, patients with 
a decreased eGFR were more often affected by hypertension 
( P < .001), coronary artery disease ( P = .001) and/or diabetes
( P < .01), and had a higher Charlson index ( P < .001). The base-
line and follow-up echocardiographic characteristics are pre- 
sented in Table 2 . Overall, the mean AVA was 1.17 ± 0.29 cm 

2 

at baseline and 0.89 ± 0.27 cm 

2 at the last TTE. There were
no differences between the CKD groups in terms of base- 
line aortic valve parameters, AS severity class or ventricu- 
lar function, except for systolic pulmonary artery pressure 
( P < .01) and the E/E ′ ratio ( P = .03) (Supplementary data,
Table S1) . 
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Figure 1: Progression rates of aortic stenosis according to CKD stage. ( A ) Comparison of AS progression rate between patients with CKD (eGFR 
< 60 mL/min/1.73 m 

2 ) and without CKD (eGFR ≥ 60 mL/min/1.73 m 

2 ). ( B ) AS progression rate showed for each CKD stage. The time of the most recent 
echocardiographic study is considered as time 0. The annualized progression rate of AVA was expressed as mean and 95% CI. The solid line is the 
overall progression fitted by the adjusted linear mixed-effects model. The shadowed area represents the 95% CI. Analysis were adjusted on age, sex, 
body surface area, hypertension, dyslipidemia, smoking history, diabetes, coronary artery disease, atrial fibrillation and AVA at baseline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Progression of aortic stenosis 
The mean time between two echocardiographic examinations was
3.6 ± 2.35 years [median 2.9 (IQR 1.8–4.8) years] and 424 patients
(65.5%) had three or more TTEs. Overall, the mean progression
rate of AVA was –0.077 [95% confidence interval (CI) –0.082; –0.073]
cm 

2 /year. Progression rates were not linear (quadratic time effect:
P < .001) for the entire cohort. In the linear mixed-effect model ad-
justed for age, sex, body surface area, history of hypertension, dys-
lipidemia, diabetes, smoking, coronary artery disease, atrial fib-
rillation and baseline AVA, patients with normal kidney function
had significantly slower mean AVA narrowing [–0.065 (95% CI –
0.071; –0.060) cm 

2 /year] (Fig. 1 A) than patients with CKD [–0.084
(95% CI –0.091; –0.078) cm 

2 /year, P < .001]. There was an inverse re-
lationship between the progression rate and kidney function. The
more severe the CKD stage, the greater the AVA narrowing (Fig. 1 B).
The most rapid progression was observed for kidney failure pa-
tients [–0.104 (95% CI –0.129; –0.080) cm 

2 /year, P < .001]. The in-
dexed AVA also showed a significant decrease for each CKD stage.
Factors associated with annualized AVA narrowing are shown in
Supplementary data, Table S2. In multivariable linear regression
analysis adjusted for baseline AS severity and baseline charac-
teristics associated with decreased AVA in univariate analysis,
lower eGFR remained independently associated with AS progres-
sion ( P < .001). We also analyzed the association between hemo-
dynamic progression based on Vmax and mean gradient of AS
and CKD. In multivariable linear regression analysis, we observed
that lower eGFR was independently associated with annualized
increased in Vmax ( P < .001) and mean gradient ( P < .001). Compa-
rable results were found when we used the MDRD equation or the
2021 CKD-EPI equation to estimate GFR ( P < .001). CKD patients re-
vealed a greater occurrence of AS severity class progression com-
pared with the control group [hazard ratio (HR) 1.53 (1.20; 1.95),
P = .001]. We also analyzed data on kidney function at the last
TTE. The follow-up serum creatinine value was available for 604 
(93.4%) patients. Lower follow-up eGFR remained independently 
associated with annualized AS progression ( P < .001). After the 
exclusion of 16 patients under maintenance dialysis, the mean 
annual loss in eGFR was 1.48 ± 4.35 mL/min/1.73 m 

2 per year. In
multivariable linear regression analysis, no significant interaction 
was found between annualized AS progression and the annual- 
ized change in eGFR ( P = .12) in the study population. However,
in patients with an eGFR < 45 mL/min/1.73 m 

2 , the rate of kidney
function decline was associated with AS progression ( P = .02). 

Determinants of rapid progression 

Rapid progression was defined as progression of AVA above the 
median value of that observed in the study population [–0.070 (IQR 
–0.04; –0.14) cm 

2 /year]. As expected, the time from baseline to the
last available TTE was longer for patients with nonrapid progres- 
sion ( P < .001). Patients with rapid progression were older, had 
more comorbid conditions and worse kidney function (Supple- 
mentary data, Table S3), but milder baseline AS severity than pa- 
tients with nonrapid progression (Supplementary data, Table S4).
Factors associated with rapid progression are presented in Sup- 
plementary data, Table S5. After adjustment, there was an inverse 
relationship between the risk of rapid progression and both kid- 
ney function ( P = .001) and the initial severity of AVA narrowing
( P < .001). Other multivariable determinants of rapid progression 
were age, smoking history and associated coronary artery disease.
Lower eGFR was also associated ( P = .045) with rapid Vmax pro-
gression (defined as the annualized progression of Vmax above 
the median value for patients in this cohort) and rapid mean 
gradient progression (defined as the annualized progression of 
mean gradient above the median value for patients in this cohort) 
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eGFR, 
ml/min/1.73 m2 

OR 95% CI p 

 (ref.) - 

45-59 1.24 [0.83-1.85] 0.30 

30-44 2.23 [1.40-3.55] 0.01 

15-39 3.52 [1.45-8.57] <0.01 

<15 5.19 [1.70-15.81] <0.01 

eGFR, 
ml/min/1.73 m2 

OR 95% CI p 

 (ref.) - 

45-59 1.16 [0.75-1.80] 0.51 

30-44 2.16 [1.28-3.62] <0.01 

15-39 3.14 [1.22-8.17] 0.02 

<15 4.28 [1.35-13.62] 0.01 

Univariate Forest plot 

Multivariable Forest plot 
B. 

A. 

Figure 2: Forest plot showing ORs for association of CKD stage with rapid progression of aortic stenosis. Rapid progression was defined as an 
annualized decrease in AVA > 0.07 cm 

2 /year. Patients with an eGFR ≥60 mL/min/1.73 m 

2 were used as the reference. ( A ) Unadjusted impact of CKD 

stage on rapid progression of AS. ( B ) Multivariable adjusted effect of CKD stage on rapid progression of AS. Multivariable analysis were adjusted on age, 
sex, body surface area, hypertension, dyslipidemia, smoking history, diabetes, coronary artery disease, atrial fibrillation and AVA at baseline. Error bars 
represent the 95% CI. 
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Figure 3: Adjusted event-free (death or aortic valve replacement) survival. ( A ) Impact of kidney function. Patients with an eGFR ≥60 mL/min/1.73 m 

2 

were used as the reference. ( B ) Impact of kidney function and rapid progression. Patients with an eGFR ≥60 mL/min/1.73 m 

2 and nonrapid progression 
were used as the reference. Multivariable analyses were adjusted for age, sex, body area, hypertension, dyslipidemia, smoking history, diabetes, 
coronary artery disease, atrial fibrillation and AVA at baseline. All included patients had at least two TTEs, 1 year apart, without any events between 
these two examinations. RP: rapid progression; NRP: nonrapid progression. 
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 P = .047). Moderate CKD was significantly predictive of rapid pro-
ression (Fig. 2 A). Compared with an eGFR ≥60 mL/min/1.73 m 

2 ,
djusted odds ratios (ORs) for rapid progression increased among
atients with CKD stage 3b [adjusted OR 2.16 (95% CI 1.28; 3.62),
 < .01], CKD stage 4 [adjusted OR 3.14 (95% CI 1.22; 8.17), P = .02],
nd CKD stage 5 [adjusted OR 4.28 (95% CI 1.35; 13.62), P = .01]
Fig. 2 B). The fully adjusted model showed no association between
apid progression and mild CKD . 
(  
mpact of AS progression on aortic valve 

eplacement and survival 
uring a mean clinical follow up of 3.58 ± 2.35 years, 261 (40.3%)
atients died and 219 (33.8%) underwent aortic valve replace-
ent (AVR) (Supplementary data, Table S6). Patients with an
GFR < 45 mL/min/1.73 m 

2 had a higher adjusted risk of death
r having an AVR than patients with normal kidney function
all stages P < .01) (Fig. 3 A), whereas patients with mild kidney
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impairment (eGFR 45–60 mL/min/1.73 m 

2 ) had a similar risk of
death or having an AVR as patients with normal kidney func-
tion ( P = .29). After adjustment, patients with CKD and nonrapid
progression of AS showed similar event-free survival ( P = .23) as
patients with normal kidney function and nonrapid progression
(Fig. 3 B). Among patients with rapid progression only, CKD was
associated with worse outcomes [HR 2.52 (2.00; 3.18), P < .001]
(Fig. 3 B). Faster progression of AS was an important determinant
of the risk of death or having an AVR for both patients without
CKD [HR 2.74 (2.06; 3.66), P < .001] and patients with CKD [HR
3.29 (2.34; 4.63), P < .001]. The risk of all-cause and cardiovascu-
lar mortality was considerably higher for patients with an eGFR
< 45 mL/min/1.73 m 

2 (all P < .01). 

DISCUSSION 

The present study documents a significant impact of kidney dys-
function on the rate of AS progression over time: AS progression
was more rapid for patients with CKD and increased with decreas-
ing eGFR, even after adjustment for potential confounders. Fur-
thermore, such rapid progression of AS for patients with CKD was
associated with worse outcomes. To the best of our knowledge,
this association has not been previously documented. 

In our cohort, including elderly patients with severe AS , the
mean progression rate of AVA was –0.077 (95% CI –0.082; –0.073)
cm 

2 /year after a median follow up of 2.9 years. Our data are con-
sistent with those of previous cohorts. The progression rate de-
scribed by Yang et al . [ 23 ] . in a large cohort of AS patients with a
Vmax ≥2.5 m/s and preserved LVEF included between 2000 and
2013 with at least two TTEs performed 2 years apart. In a re-
cent study that included 916 patients with mild to severe AS,
the annual reduction in AVA was also similar, evaluated to be
0.07 ± 0.003 cm 

2 /year [ 24 ]. 
CKD is expanding at a worrying rate worldwide [ 25 ], and the

cardiovascular consequences are such that the risk of death from
cardiovascular causes is 10 times greater than that of progress-
ing to dialysis [ 26 ]. Although CKD is a common condition for pa-
tients with AS and it is known that the prevalence of AS increases
as eGFR decreases [ 1 ], few studies have been conducted to es-
tablish the impact of kidney dysfunction on AS progression. In
a study that included 170 patients with severe AS, an association
between the rate of reduction in AVA and increase in serum creati-
nine levels was suggested but did not reach statistical significance
(r = 0.15, P = .08) [ 10 ]. The presence of a higher creatinine level for
patients with rapid progression than that for patients with non-
rapid progression had already been suggested in non-dedicated
studies conducted on 78 [ 27 ] and 58 patients [ 28 ]. However, in
multivariate regression analyses, both studies failed to demon-
strate a significant relationship between CKD and AS progression,
probably related to the small number of CKD patients and to the
inappropriate definition of kidney dysfunction as an increase in
serum creatinine levels above a threshold. In the present study,
CKD was adequately defined according to current KDIGO recom-
mendations based on the eGFR. In the absence of repeated albu-
minuria measurements in current practice, no information was
available regarding patients’ albuminuria category (A1–A3) in our
study. Our control group (eGFR ≥60 mL/min/1.73 m 

2 ) was based
only on kidney function. Albuminuria is a well-known risk factor
for cardiovascular disease and mortality. Its relationship with the
progression of AS was already suggested [ 29 ] and needs further
investigations. 

According to prior studies [ 8 , 9 ], AS progressed faster in patients
requiring dialysis. Echocardiographic examination of dialysis pa-
tients is challenging, as hemodynamic evaluation parameters of 
the aortic valve may be modified by dialysis session. In our study,
TTEs were systematically performed the day after the dialysis ses- 
sion, i.e. 18–24 h after the end of dialysis, which allowed for good
“reproducibility” of the measurements. In addition, the presence 
of a high-flow arteriovenous fistula may be responsible for an in-
crease in trans-valvular flow in association with cardiac high-flow 

[ 30 ]. For these reasons, we also excluded patients who started dial-
ysis during the follow-up. 

The link between kidney dysfunction and rapid progression 
of AS is still unclear. CKD–mineral and bone disorder (i.e. high
circulating phosphorus, hyperparathyroidism, increased fibrob- 
last growth factor-23), inflammation and hemodynamic distur- 
bances contribute to the pathophysiology and progression of 
aortic valve calcification [ 31 ]. In vitro , an increase in phosphate
concentrations is responsible for the differentiation of valvular 
interstitial cells toward an osteoblastic phenotype [ 32 ]. Systemic 
chronic low-grade inflammation, highly prevalent in patients with 
chronic dialysis, may also have detrimental effects in the calcifica- 
tion process [ 33 ]. The retention of uremic toxins, such as indoxyl-
sulfate, appears to have major deleterious cardiovascular effects,
including the enhancement of calcification [ 34 ]. Fluid overload 
exacerbates shear stress and may play a role in the calcifica- 
tion process in dialysis patients [ 35 ]. However, the impact of each
mechanism and their synergy are yet to be defined, especially for 
patients with mild to moderate kidney dysfunction, and should 
thus be assessed in further studies. 

Vitamin K antagonists (VKAs), commonly used to reduce 
thromboembolic risk in atrial fibrillation, have been incriminated 
as a putative cause of accelerated cardiovascular calcification 
in patients on hemodialysis. Interestingly, warfarin use has re- 
cently been associated with aortic stenosis progression [ 36 ]. In
our study, 109 of 647 patients (16.8%) were treated with VKAs and
the proportion of VKAs users was higher among patients with 
lower eGFR (Table 1 ). However, univariate linear regression did not 
show any association between VKAs use and AVA change ( P = .36)
(Supplementary data, Table S2) and non-significant findings were 
obtained by the logistic regression [OR 0.99 (0.66–1.49), P = .96] 
(Supplementary data, Table S5); the use of VKAs cannot thus be 
considered as a confounding factor in this study. Confirming this 
observation, the association between annualized AVA reduction 
and kidney function decline remained significant even after ad- 
justing for VKAs treatment instead of atrial fibrillation in our mul- 
tivariate models ( P < .01 for eGFR or CKD stage, data not shown). 

AVR appears to be associated with improved survival of CKD 

patients relative to conservative management, despite higher pe- 
rioperative mortality and adverse outcomes [ 4 ]. We observed that
the risk of death was considerably higher for patients with a com-
bination of CKD and rapid AS progression. This may reflect the risk
factors shared between the two conditions. However, adjustment 
for age, cardiovascular comorbidity, and traditional risk factors 
did not materially affect our results. The impact of AVR in asymp-
tomatic patients with CKD and rapid progression requires further 
studies. There is a close relationship between AS progression and 
kidney function even in non-dialysis patients. Assessment of kid- 
ney function should be routinely performed in the follow-up of 
patients diagnosed with AS. Our observation also suggests that a 
dedicated expertise of risk factors specific to CKD could improve 
patients’ outcomes. In clinical practice, the evaluation and man- 
agement of these complex and multifaceted diseases require a 
collaborative input. Therefore, nephrologist should be an integral 
component of the heart–kidney team in the management of pa- 
tients with concomitant AS and CKD. Besides, as evidence-based 



2784 | Nephrol Dial Transplant , 2023, Vol. 38, No. 12 

m  

c  

n

S
O  

a  

t  

l  

T  

s  

S  

f  

a  

w  

fi  

d  

s  

n  

a  

e  

g  

w  

t  

w

C
T  

g  

t  

s
a  

k  

r  

T  

g  

g

S
S

F
T  

t  

d

A
A  

y

C
N  

b

D
T  

p  

b  

r  

t

R
1  

2  

 

3  

4  

 

 

5  

 

 

6  

 

 

7  

 

 

8  

 

9  

 

1  

 

 

1  

 

1  

 

 

1  

 

 

 

1  

 

 

1  

1  

 

 

 

edical management of AS in CKD patients is lacking, the effi-
acy and safety of several therapies that mitigate CKD progression
eed to be investigated. 

tudy limitations 
ur study had several limitations. First, it was observational
nd subject to the well-known limitations based on retrospec-
ive follow-up data. It thus reflects real-world clinical practice and
acks standardization of the time intervals between consecutive
TE examinations, and does not consider improvements in mea-
urement techniques and equipment upgrades over the years.
econd, due to the inclusion of patients with at least two TTEs per-
ormed 1 year apart, there was a certain degree of selection bias,
nd we may not have captured a sufficient number of patients
ith very rapid progression that required AVR or died during the
rst year. Third, CT aortic valve scoring was not available in our
atabase. However, specific studies in CKD or dialysis patients are
till needed to validate the use of this score in this population. Fi-
ally, several disease-specific risk factors (such as CKD–mineral
nd bone disorders, albuminuria, low-grade inflammation, or the
tiology and duration of CKD) may have an influence on AS pro-
ression. Unfortunately, since information regarding these factors
as not available and given the retrospective nature of our work,
he relationship between those parameters and AS progression
as impossible to evaluate in our study. 

ONCLUSIONS 

his study of a large cohort of patients with AS and varying de-
rees of CKD sheds new light on the impact of kidney dysfunc-
ion among non-dialysis patients on AS progression. The progres-
ion rate increases with lower eGFR, suggesting a “dose–response”
ssociation, even for patients with moderate CKD. Patients with
idney dysfunction should be closely monitored and those with
apid progression seriously considered for AVR decision making.
he investigation of potential mechanisms underlying faster pro-
ression in CKD patients and the evaluation of mitigation strate-
ies are also urgently needed. 
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