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Severe Aortic Stenosis and Chronic Kidney
Disease: Outcomes and Impact of Aortic
Valve Replacement
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Alexandre Altes, MD; Agnes Pasquet, MD, PhD; Sylvestre Maréchaux ', MD, PhD;
Jean-Louis Vanoverschelde, MD, PhD; Christophe Tribouilloy “*/, MD, PhD

BACKGROUND: The prognostic significance of chronic kidney disease (CKD) in severe aortic stenosis is poorly understood and
no studies have yet evaluated the effect of aortic-valve replacement (AVR) versus conservative management on long-term
mortality by stage of CKD.

METHODS AND RESULTS: We included 4119 patients with severe aortic stenosis. The population was divided into 4 groups ac-
cording to the baseline estimated glomerular filtration rate: no CKD, mild CKD, moderate CKD, and severe CKD. The 5-year
survival rate was 71£1% for patients without CKD, 62+2% for those with mild CKD, 54+3% for those with moderate CKD,
and 34+4% for those with severe CKD (P<0.001). By multivariable analysis, patients with moderate or severe CKD had a
significantly higher risk of all-cause (hazard ratio [HR] [95% CI]=1.36 [1.08—1.71]; P=0.009 and HR [95% Cl]=2.16 [1.67-2.79];
P<0.001, respectively) and cardiovascular mortality (HR [95% CI]=1.39 [1.03-1.88]; P=0.031 and HR [95% CI]=1.69 [1.18-2.41];
P=0.004, respectively) than patients without CKD. Despite more symptoms, AVR was less frequent in moderate (P=0.002) and
severe CKD (P<0.001). AVR was associated with a marked reduction in all-cause and cardiovascular mortality versus con-
servative management for each CKD group (all P<0.001). The joint-test showed no interaction between AVR and CKD stages
(P=0.676) indicating a nondifferentialeffect of AVR across stages of CKD. After propensity matching, AVR was still associated
with substantially better survival for each CKD stage relative to conservative management (all P<0.0017).

CONCLUSIONS: In severe aortic stenosis, moderate and severe CKD are associated with increased mortality and decreased
referral to AVR. AVR markedly reduces all-cause and cardiovascular mortality, regardless of the CKD stage. Therefore, CKD
should not discourage physicians from considering AVR.
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heart disease in Western countries, particularly

affecting the elderly, and with a higher prevalence
in patients with chronic kidney disease (CKD), including
those with moderate to severe stage disease.! Aortic-
valve calcification also appears to progress more rap-
idly in patients with end-stage renal disease than those
with normal renal function.??

Aortic stenosis (AS) is the most common valvular

CKD is one of the fastest-growing non-communi-
cable diseases* that promotes cardiovascular calci-
fication, increasing morbidity and mortality.® Indeed,
patients with CKD are more likely to die from cardio-
vascular events than from renal failure.® Several stud-
ies have suggested that survival is poorer for patients
with AS and concomitant CKD than for those with iso-
lated CKD or AS.%" CKD is also associated with poorer
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CLINICAL PERSPECTIVE
What Is New?

In severe aortic stenosis, moderate or severe
chronic kidney disease (CKD) are associated
with increased all-cause and cardiovascular
mortality.

e Patients with severe aortic stenosis and mod-
erate or severe CKD are less often referred for
aortic valve replacement than those with no or
mild CKD.

e Aortic valve replacement is associated with a
substantial reduction in all-cause and cardio-
vascular mortality, regardless of the CKD stage,
even after propensity matching, and in patients
with severe CKD, transcatheter aortic valve re-
placement is associated with reduced cardio-
vascular mortality compared to surgical aortic
valve replacement.

What Are the Clinical Implications?

e Patients with severe aortic stenosis and moder-
ate or severe CKD should be closely followed.

e |n severe aortic stenosis, moderate or severe
CKD should not discourage physicians from
considering aortic valve replacement.

Nonstandard Abbreviations and Acronyms

AS aortic stenosis

AVA aortic valve area

AVR aortic valve replacement

NYHA New York Heart Association

TAVR transcatheter aortic valve replacement

outcomes after surgical® or transcatheter® aortic-valve
replacement (AVR) compared with patients with nor-
mal kidney function, which may discourage physicians
from considering AVR for some patients.”® To date,
there are no specific recommendations about the fol-
low-up and management of patients with severe AS
and associated CKD."""? Indeed, little is known about
the prognostic significance of CKD stages in patients
with severe AS, as previous studies mostly included
patients with mild or moderate AS.87 Furthermore, no
studies have yet evaluated the effect of AVR on mor-
tality compared to conservative management by stage
of CKD.

Our objectives were therefore (1) to analyze the re-
lationship between CKD stage and all-cause and car-
diovascular mortality, and (2) to evaluate the effect of
AVR relative to conservative management according to
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kidney function in a large registry of patients with se-
vere AS enrolled in 3 tertiary centers (Amiens, Brussels,
and Lille).

METHODS

Inclusion and Exclusion Criteria

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. Consecutive patients from 2000 to 2018,
aged >18 years, diagnosed with AS (aortic leaflet calci-
fication with a reduction of systolic movement and peak
aortic jet velocity [Vmax]>2.5 m/s) in the echocardiog-
raphy laboratories of 2 French (Amiens and Lille) and
one Belgian (Brussels) tertiary center were identified
and included in an electronic database. Exclusion cri-
teria were: (1) aortic and/or mitral regurgitation of more
than mild severity; (2) prosthetic valves, congenital
heart disease (with the exception of the bicuspid valve),
supravalvular or subvalvular AS, or dynamic left ven-
tricular (LV) outflow tract obstruction; (3) mitral stenosis;
and (4) refusal to participate in the study. The present
analysis was based on a study of 4119 patients with
severe AS (aortic valve area [AVA] <1 cm? or indexed
AVA <0.6 cm?/m?). Clinical and demographic baseline
characteristics were collected. The Charlson comor-
bidity index was obtained for each patient.'® Creatinine
was measured (within 2 months around echocardiog-
raphy) by isotope dilution mass spectrometry, stand-
ardized in each study center. The estimated glomerular
filtration rate (eGFR) was determined using the Chronic
Kidney Disease Epidemiology Collaboration equation
based on serum creatinine values." The study popula-
tion was categorized based on the eGFR, according
to Kidney Disease: Improving Global Outcomes stag-
ing.'® CKD was defined as an eGFR <60 mL/min per
1.73 m?. Patients with CKD under maintenance dialysis
were identified by the medical report. Patients were
excluded if they had acute kidney injury, defined by a
rapid increase in serum creatinine >50% or >0.3 mg/dL
from the mean creatinine values or CKD status within
3 months before the echocardiogram. The study was
approved by an independent ethics committee and
conducted in accordance with institutional policies,
national legal requirements, and the revised principles
of the Declaration of Helsinki.

Echocardiography

All  patients underwent comprehensive Doppler-
echocardiographic assessment with commercially avail-
able ultrasound systems. Aortic flow was systematically
recorded by continuous-wave Doppler, from several
views. The view identifying the highest velocities was
used to determine the Vmax. Three consecutive meas-
urements in this view for patients in sinus rhythm or 5
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for patients in atrial fibrillation (AF), were systematically
averaged. AVA was calculated using the continuity equa-
tion. The left ventricular ejection fraction (LVEF) was cal-
culated using Simpson’s biplane method.'®

Follow-Up and EndPoints

Median follow-up was 3.3 (interquartile range: 1.5—
5.8) years. Patients were followed by clinical consulta-
tions and echocardiography at the outpatient clinics
of the 3 tertiary-care centers. A few patients were
followed at public hospitals or private practices by
referring cardiologists working in collaboration with
the tertiary centers. Given the retrospective nature
of the study, informed consent was waived, and all
the patients agreed to participate in the study when
contacted for follow-up. Events were ascertained
by direct patient interview and clinical examination
and/or repeated follow-up letters, questionnaires,
and telephone calls to physicians, patients, and (if
necessary) next of kin. Clinical decisions on medi-
cal management and referral for AVR were made
by the cardiology team, including cardiologists and
cardiac surgeons, with the approval of the patient’s
physician and based on current practice guidelines
and the operative risk. Early AVR was defined as
AVR performed within the first 3 months of inclu-
sion. Patients not undergoing AVR during the first
3 months after baseline echocardiography were con-
sidered as conservatively managed. Survival analysis
in this conservatively managed group continued until
the last follow-up on medical management (censored
at AVR). The primary end point was all-cause mortal-
ity and the secondary end point cardiovascular mor-
tality. Perioperative mortality was defined as death
occurring within 30 days of AVR, or during the hos-
pitalization if the patient was hospitalized for a longer
period.

Statistical Analysis

The study population was divided in into 4 groups
according to the eGFR at the time of inclusion: nor-
mal, with an eGFR =60 mL/min per 1.73 m? mild
CKD, with an eGFR of 45 to 59 mL/min per 1.73 m?;
moderate CKD, with an eGFR of 30 to 44 mL/min
per 1.73 m?; and severe CKD, with an eGFR <30 mL/
min per 1.73 m?. The normal group was used as the
reference. Continuous variables are expressed as
the means (x1 SD) or medians (25th and 75th per-
centiles), and categorical variables as frequency
percentages and counts. The relationship between
baseline continuous variables and those of the
groups was explored using 1-way ANOVA tests (for
normally distributed variables) or Kruskal-Wallis tests
(for non-normally distributed variables). Pearson’s x?2
statistic or Fisher’s exact test were used to examine
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the association between baseline categorical vari-
ables and those of the groups. The significance of
the differences between the referent group and the
others was examined if they were significant across
groups. Individual differences were compared using
Mann-Whitney U tests (with a Bonferroni correction
for multiple comparisons) and Tukey tests for normally
distributed data. Five-year survival rates (+1 stand-
ard error) were estimated using the Kaplan—Meier
method and compared using 2-sided log-rank tests.
Multivariable analyses of all-cause and cardiovascu-
lar mortality were performed using Cox proportional
hazards models. We entered covariates considered
to have potential prognostic impact into the model
on an epidemiological basis. They were age, sex,
body surface area (BSA), Charlson comorbidity
index (not including age and renal failure), New York
Heart Association (NYHA) class, history of hyperten-
sion, coronary artery disease, AF, LVEF, and Vmax.
The effect of AVR on outcome was analyzed as a
time-dependent covariate using the entire follow-up
period."” Pre-selected baseline prognostic variables,
which differed between patients depending on their
management (i.e. AVR or conservative), were used in
the construction of the propensity score built at each
stage of CKD: Age, sex, AVA, Vmax, stroke volume,
Charlson index, Euroscore Il, LVEF, systolic pulmo-
nary pressures, NYHA, AF, BSA, prior myocardial in-
farction, hypertension, and coronary artery disease.
Quadric terms were added for age, pulmonary pres-
sures, and Vmax to the propensity model to achieve
a better balance after propensity score weighting.
The probability of receiving AVR was assessed with
a multivariable logistic regression model in each of
10 multiple imputations replicates for missing inde-
pendent variables. The Markov chain Monte Carlo
method was used for multiple imputations. The final
propensity score was the average of these 10 prob-
abilities. For average treatment effect on the treated
analysis, weights were calculated to resemble the
treated population (AVR), i.e. treated patients had a
weight equal to one while for untreated patients, their
weights corresponded to the odds of being treated
their probability of being treated.'®'® This weighting
method permits the estimation of the treatment ef-
fect on the population who resemble the patients re-
ceiving AVR. Balance after weighting was defined as
a standardized mean difference below 0.25.%° Effect
of AVR was assessed with a weighted time varying
covariate Cox model with robust estimation of the
variance. An interaction term between AVR and CKD
stage was added to evaluate the difference in AVR ef-
fect between CKD stages. Survival curves were plot-
ted with Kaplan—Meier in the weighted population.
All tests were 2-sided, with a level of significance set
at P<0.05. Statistical analyses were performed using
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SPSS version 18.0 software (IBM, Armonk, New York),
SAS® software (version 9.4, SAS Institute Inc., Cary,
NC), and R software version 3.4.0 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Baseline Characteristics

The study population consisted of 4119 patients (1982
males [48.1%)], mean age 78 years, mean eGFR 68 mL/
min per 1.73 m?). The median eGFR was 67 (51-83) mL/
min per 1.73 m?. Kidney function was normal (€GFR
>60 mL/min per 1.73 m?) for 2552 patients (62%) and
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1567 patients (38%) had CKD: 860 (55%) with mild
CKD (eGFR 45-59 mL/min per 1.73 m?), 477 (30%)
with moderate CKD (eGFR 30-44 mL/min per 1.73 m?),
and 230 (15%) with severe CKD (eGFR<30 mL/min per
1.73 m?). Among patients with severe CKD, 53 (23%)
were under maintenance dialysis.

The demographic, clinical, and echocardiographic
characteristics of the study population, according to
eGFR group, are presented in Table 1. Patients with
CKD were older (all P<0.001), more often women (all
P<0.05), and more symptomatic, with higher NYHA
stages (all P<0.001) than patients with normal renal
function (€GFR =60 mL/min per 1.73 m?). Patients with
CKD were more often diagnosed with hypertension (all

Table 1. Baseline Demographic, Clinical, and Echocardiographic Characteristics of the Study Population With Severe

Aortic Stenosis According to CKD Stage

No CKD Mild CKD Moderate CKD Severe CKD
Variable (n=2552) (n=860) (n=477) n=230) P Value
Demographics, baseline data and symptoms
Age, y 76+10 80+7* 81+7* 80+8* <0.001
Male sex (n, %) 1362 (53.4%) 362 (42.1%)* 162 (34.0%)* 96 (41.7%)* <0.001
Body surface area, m? 1.83+0.2 1.82+0.2 1.80+0.2% 1.81+0.2 0.015
NYHA (n, %)
1-2 1810 (70.9%) 549 (63.8%)" 264 (55.3%)" 107 (46.5%)" <0.001
3-4 742 (29.1%) 311 (36.2%) 213 (44.7%)" 123 (53.5%)"
Medical history and risk factors
Hypertension (n, %) 1738 (68.1%) 640 (74.4%)* 384 (80.5%)* 191 (83.0%)* <0.001
Diabetes mellitus (n, %) 613 (24.0%) 237 (27.6%) 139 (29.1%) 96 (41.7%)* <0.001
Coronary artery disease (n, %) 1156 (45.3%) 422 (49.1%) 239 (50.1%) 120 (52.2%)* 0.033
Prior myocardial infarction (n, %) 174 (6.8%) 82 (9.5%) 63 (13.2%)* 33 (14.3%)* <0.001
Prior atrial fibrillation (n, %) 543 (21.3%) 266 (30.9%)" 162 (34.0%)" 95 (41.3%)" <0.001
Charlson comorbidity index (without 2.6+2.1 3.5+2.1% 2.2+1.9% 2.7+2.3 <0.001
age and renal failure)
Euroscore II¥ 27+2.8 3.9+3.7* 4.4+3.9* 5.0£5.1* <0.001
Echocardiographic parameters
Aortic valve
Aortic valve area, cm? 0.71 (0.57-0.85) 0.70 (0.56-0.84) 0.69 (0.56-0.84) 0.73 (0.57-0.85) 0.330
Peak aortic jet velocity, m/s 4.30 (3.80-4.79) 4.26 (3.70-4.78)* 4.10 (3.60-4.53) 4.03 (3.47-4.56)* <0.001
Transaortic mean pressure 46 (35-58) 45 (33-58) 41 (80-53)* 40 (29-51)* <0.001
gradient, mm Hg
Indexed stroke volume, mL/m?|l 39 (32-45) 37 (30-44) 36 (30-44)* 36 (29-46)* 0.001
Left and right ventricular function
LV end-diastolic diameter, mm 47 (42-52) 47 (42-53) 47 (43-53) 49 (43-53)* 0.012
LV end-systolic diameter, mm 30 (25-35) 30 (24-35) 31 (26-38)* 31 (27-38)" <0.001
Ejection fraction (%) 62 (56-67) 62 (65-68) 59 (51-65)" 60 (50-65)* <0.001
SPAP, mm Hg' 30 (25-38) 33 (25-41)* 35 (26-45) 38 (30-51) <0.001

Continuous normally distributed variables are expressed as mean+1 SD, non-normally distributed continuous variables are expressed as median (25th and
75th percentiles), and categorical variables as percentages and counts. AS indicates aortic stenosis; CKD, chronic kidney disease; LV, left ventricular; NYHA

New York Heart Association class; and sPAP, systolic pulmonary artery pressure.

*P<0.001 individual category vs no CKD.
*+P<0.05 individual category vs no CKD.
SAvailable for 3796 patients.

I Available for 3939 patients.

TAvailable for 3241 patients.
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P<0.05) and AF (all P<0.001) than those with normal
kidney function. Patients with severe CKD were more
often diabetic (P<0.001), had more severe coronary ar-
tery disease (P<0.05), and more often had a history of
myocardial infarction (P<0.001) than patients without
CKD (Table 1).

For echocardiographic variables, there were no dif-
ferences between groups in terms of AVA (P=0.330),
but Vmax decreased with decreasing renal function,
whereas pulmonary pressure increased (all P<0.05).
Patients with moderate and severe CKD had lower in-
dexed stroke volumes (both P<0.05) and LVEFs and
greater end-systolic diameters (all P<0.001) than pa-
tients with normal kidney function (Table 1).

Outcome Impact of eGFR

During follow-up, 1414 deaths (34.3%) were recorded,
930 of which were cardiovascular-related (65.8%).
Estimated 5-year survival was 71+1% for patients with-
out CKD, 62+2% for patients with mild CKD, 54+3%
for patients with moderate CKD, and 34+4% for pa-
tients with severe CKD (P<0.001) (Figure 1A).

By multivariable analysis, eGFR as a continuous
variable, was independently associated with overall
mortality (adjusted HR [95% CI]=0.98 [0.97-0.99] per
1-mL decrement, P<0.001) and cardiovascular mortal-
ity (adjusted HR [95% CI]=0.99 [0.98-0.99] per 1-mL
decrement, P=0.003), after adjustments for age, sex,
BSA, Charlson comorbidity index, NYHA class, history
of hypertension, coronary artery disease, AF, LVEF,
Vmax, and AVR treated as a time-dependent variable.
By multivariable analysis, patients with mild CKD had
a similar risk of all-cause death (P=0.56) and cardio-
vascular death (P=0.60) as patients without CKD,
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whereas patients with moderate or severe CKD had a
significantly higher risk of all-cause mortality (adjusted
HR [95% CI] =1.36 [1.08-1.71], P=0.009 and HR [95%
Cll=2.16 [1.67-2.79], P<0.001, respectively) (Figure 1B)
and cardiovascular mortality (adjusted HR [95%
Cl]=1.39 [1.03-1.88], P=0.031 and adjusted HR [95%
Cl=1.69 [1.18-2.41], P=0.004, respectively) (Table 2).
Compared with patients with mild CKD, those with
moderate CKD and severe CKD had a significantly
higher risk of all-cause mortality (adjusted HR [95%
Cl] =1.83 [1.01-1.74], P=0.040 and HR [95% ClI]=1.96
[1.46-2.63], P<0.001, respectively) and cardiovascu-
lar mortality (adjusted HR [95% CI]=1.30 [1.01-2.01],
P=0.047 and adjusted HR [95% CI]=1.51 [1.02-2.27],
P=0.046, respectively). Compared with patients with
moderate CKD, those with severe CKD had a signifi-
cantly higher risk of all-cause mortality (adjusted HR
[95% CI] =1.57 [1.16-2.12], P=0.003).

Impact of AVR According to CKD Stage
During follow-up, 3080 patients (74.8%) underwent AVR
(including 2531 [82.2%)] surgical AVR and 549 [17.8%)]
by the transcatheter technique [TAVR]): 1970 (77.2%)
in the normal kidney-function group, 642 (74.7%) in
the mild-CKD group, 338 (70.9%) in the moderate-
CKD group, and 130 (56.5%) in the severe-CKD group
(P<0.001). Among these 3080 patients, 2510 (81.5%)
underwent early AVR.

One hundred and one patients (3.3%) died during the
perioperative period (after surgical AVR [89/2531:3.5%)]
or after TAVR [12/549:2.2%)]): 48 patients (2.4%) in the
normal kidney-function group, 21 (3.3%) in the mild-
CKD group, 22 (6.5%) in the moderate-CKD group,

A
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Figure 1.
CKD indicates chronic kidney disease.
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Kaplan-Meier (A) and adjusted (B) survival curves according to CKD stage.
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Table 2. Relative Risk of All-Cause and Cardiovascular Death During Follow-Up Associated With CKD

Univariate Analysis HR Multivariable Analysis* HR
(95% Cl) P Value (95% Cl) P Value

All cause death

No CKD Reference Reference

Mild CKD 1.44 (1.27-1.65) <0.001 1.04 (0.85-1.29) 0.56

Moderate CKD 1.95 (1.67-2.26) <0.001 1.36 (1.08-1.71) 0.009

Severe CKD 3.18 (2.65-3.81) <0.001 216 (1.76-2.79) <0.001
Cardiovascular death

No CKD Reference Reference

Mild CKD 1.43 (1.22-1.68) <0.001 1.08 (0.82-1.43) 0.60

Moderate CKD 2.03 (1.69-2.43) <0.001 1.39 (1.03-1.88) 0.031

Severe CKD 2.87 (2.29-3.61) <0.001 1.69 (1.18-2.41) 0.004

Results of cox analyses. Cl indicates confidence interval; CKD, chronic kidney disease; and HR, hazard ratio.
*After adjustment for age, sex, body surface area, Charlson comorbidity index, New York Heart Association class, history of hypertension, coronary artery
disease, atrial fibrillation, left ventricular ejection fraction, Vmax, and aortic valve replacement treated as a time-dependent variable.

and 10 (7.7%) in the severe-CKD group (P<0.001).
On multivariate logistic regression analysis, after ad-
justments for age, sex, LVEF, and comorbidity, severe
CKD was independently associated with perioperative
mortality (adjusted odd ratio [95%]=2.25 [1.15-4.42];
P=0.018). During follow-up, 10 patients (5.6% of pa-
tients with severe CKD at baseline not under mainte-
nance dialysis) required definitive renal replacement
therapy. Among these 10 patients, 9 experienced AVR
(mean time between AVR and dialysis 9+15 months,
median 3 [0.75-19.5] months) and 1 had been conser-
vatively managed.

The baseline characteristics of the study popula-
tion according to management (i.e. early AVR [sur-
gical or transcatheter] or conservative management)
are presented in Table S1. By univariate and multi-
variable analyses, early AVR (Table 3, Figure 2) was
associated with a marked reduction in all-cause and

cardiovascular mortality in all groups, even for the
severe-CKD group (all P<0.001). After adjustment,
there was no difference between surgical AVR and
TAVR in terms of all-cause or cardiovascular mor-
tality for patients with no CKD (P=0.87 and P=0.70,
respectively), mild CKD (P=0.84 and P=0.69, re-
spectively), or moderate CKD (P=0.85 and P=0.84,
respectively). In patients with severe CKD, TAVR was
associated with reduced cardiovascular mortality
compared with surgical AVR (P=0.040). The joint test
showed that the interaction between AVR and CKD
stages was not significant (P=0.676), indicating a
non-differential effect of AVR across stages of CKD.

After propensity matching (after weighting
by the odds: average treatment effect on the
treated analysis), the AVR group and conservative
management group were comparable in terms of
baseline characteristics, including age, comorbidity,

Table 3. Reduction in the Relative Risk of Events (All-Cause and Cardiovascular Death) by Chronic Kidney Disease Stage
According to Initial Management (Early AVR vs Conservative Management)

Unadjusted HR (95% ClI) P Value Adjusted HR (95% CI)* P Value

All cause death

No CKD 0.24 (0.21-0.29) <0.001 0.21 (0.16-0.29) <0.001

Mild CKD 0.35 (0.28-0.45) <0.001 0.22 (0.13-0.35) <0.001

Moderate CKD 0.51 (0.38-0.67) <0.001 0.26 (0.15-0.46) <0.001

Severe CKD 0.35 (0.24-0.51) <0.001 0.24 (0.13-0.46) <0.001
Cardiovascular death

No CKD 0.28 (0.22-0.34) <0.001 0.18 (0.12-0.27) <0.001

Mild CKD 0.45 (0.34-0.60) <0.001 0.13 (0.07-0.27) <0.001

Moderate CKD 0.62 (0.44-0.87) 0.007 0.21 (0.10-0.43) <0.001

Severe CKD 0.44 (0.28-0.70) 0.001 0.17 (0.06-0.46) <0.001

AVR indicates aortic valve replacement; Cl, confidence interval; CKD, chronic kidney disease; and HR, hazard ratio.
*After adjustment for age, sex, body surface area, Charlson comorbidity index, Euroscore Il, New York Heart Association class, history of hypertension,
coronary artery disease, atrial fibrillation, left ventricular ejection fraction and Vmax.

J Am Heart Assoc. 2020;9:e017190. DOI: 10.1161/JAHA.120.017190
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Figure 2. Adjusted survival curves according to management (i.e. AVR or conservative) for each CKD stage.
AVR indicates aortic valve replacement; Cl, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; and RR, relative risk.

AS severity, and LV repercussions for each CKD
stage (Tables S2 through S4). In this propensity
analysis, AVR remained associated with substantially
better survival for each CKD stage than conservative
management (Cox time varying covariate P<0.001
for mild and moderate CKD and Cox time varying
covariate P=0.0016 for severe CKD) (Figure 3).
Results were similar without multiple imputations for
missing variables (all P<0.001).

DISCUSSION

This analysis, based on a large registry of patients
with severe AS managed in routine clinical practice,
shows that renal failure has a considerable impact
on outcomes. Indeed, after adjusting for established

outcome predictors, including age, symptoms, co-
morbidity, AS severity, LVEF, and AVR treatment as
a time dependent variable, moderate and severe
CKD were associated with a substantial increase in
all-cause and cardiovascular mortality. AVR was per-
formed far less frequently in patients with moderate
or severe CKD, although these patients had more
symptoms and similar AVAs than patients without
CKD. However, despite higher perioperative mortal-
ity, AVR was associated with a dramatic reduction
of all-cause and cardiovascular death at 5 years for
all stages of CKD, even after propensity matching.
Overall, these data show that CKD should not dis-
suade physicians from considering AVR in patients
with severe AS.

CKD is a common condition in elderly patients,*
leading to cardiovascular calcifications associated

Mild CKD

Cox tim varying covanate Pralus<0 0001 10

Survival Probabilty

— Consenative mansgemant — Consenvative management
00 — AR 00 — AR

Moderate CKD
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Figure 3. Kaplan-Meier survival curves according to management (i.e. AVR or conservative) for each CKD stage after

propensity matching.

AVR indicates aortic valve replacement; and CKD, chronic kidney disease.
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with increased morbidity and mortality.® In this con-
text, AS is widespread and found in 9.5% of patients
with CKD compared with 3.5% of the general el-
derly population.” The prevalence of AS increases as
eGFR decreases,' especially in dialysis patients. In
a retrospective series of 2408 patients undergoing
surgical AVR, the prevalence of CKD was reported to
be ~33.7%, including 7.2% with severe CKD.8 In our
study, the prevalence of CKD was 38%, with 17%
of patients having moderate or severe CKD, consis-
tent with the Japanese registry CURRENT AS,?" in
which 15% of patients with severe AS had moderate
or severe CKD. As expected, the prevalence of CKD
was higher in the inoperable/high-risk patient cohort
of the PARTNER trial, in which 70% of patients had
moderate or severe CKD.®

In CKD, numerous metabolic contributors are in-
volved in the development of degenerative valvular le-
sions and the exact contribution of each component
and their synergy is yet to be understood. The clini-
cal impact of hyperphosphatemia and elevated phos-
phate x calcium product has long been established.??
Imbalance in calcium/phosphate homeostasis can
induce the differentiation of valvular interstitial cells
(VICs) to an osteoblastic phenotype, with increased
expression of bone-related mediators.?® In addition,
phosphate is also capable of activating apoptotic path-
ways in VICs and inducing the production of apoptotic
bodies,?® which promote the formation of amorphous
calcium deposits.

Previous studies have reported an increased risk
of mortality for patients with CKD and AS.62425 |n
a report of 622 asymptomatic patients with severe
AS, the outcome was poorer for the 27 patients with
severe CKD.?* In a population of 839 patients with
AS, those with severe AS and CKD had similar risks
of cardiac and all-cause death, and both rates were
significantly greater than those of patients with CKD
or AS alone, although patients with mild/moderate
AS and CKD had a greater proportion of noncardiac
deaths during follow-up.® Accordingly, in our studly,
which is the largest study of patients with severe
AS focused on CKD, patients with moderate and
severe CKD had a higher rate of all-cause and car-
diovascular mortality than those without CKD after
adjustment for established outcome predictors.
Conversely, patients with mild CKD had outcomes
comparable to those of patients with normal kidney
function. This finding can be explained by the fact
that early-stage CKD has a smaller impact on met-
abolic disorders and surgical decision making. Age
is also known to have a significant impact on AS
mortality,?* and this may explain the higher mortal-
ity observed in the mild CKD group (81 years) than
the non-CKD group (76 years), which did not persist
after adjustment.
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According to current guidelines, AVR is a class |
indication for severe symptomatic AS."" However, the
potential benefit of AVR in patients with CKD is still
uncertain and some patients may be recused from
AVR because of CKD."® Indeed, Thourani et al.? re-
ported poor long-term survival for 59 patients with
severe CKD undergoing surgical AVR and 114 re-
quiring dialysis relative to that of patients with nor-
mal renal function. In a recent analysis of 28 716
patients undergoing TAVR in Germany, 31.5% had
CKD > stage 3 (eGFR <45 mL/min per 1.73 m?).%6
Despite being a less invasive procedure, TAVR for
patients with severe CKD has still been reported to
be associated with increased mortality,® especially
for patients undergoing dialysis.?” Therefore, physi-
cians may not propose AVR to certain patients with
CKD.'%28 |Indeed, in our study, AVR was performed
much less frequently in patients with moderate or se-
vere CKD, although these patients had more symp-
toms and similar AVAs than patients without CKD.
No studies have yet compared the long-term mor-
tality of patients with severe AS at different stages
of CKD according to management (i.e. AVR versus
conservative management). We show that AVR is as-
sociated with a considerable reduction in all-cause
and cardiovascular mortality at 5 years for patients
of all stages of CKD. AVR was consistently associ-
ated with improved outcomes, even for patients with
severe CKD or those on dialysis, and even after ad-
justment or propensity matching. There was no dif-
ference between surgical AVR and TAVR in terms of
survival for patients without CKD or those with mild
or moderate CKD. However, for patients with severe
CKD, TAVR was associated with reduced cardiovas-
cular mortality relative to surgical AVR. Therefore, our
results support AVR for patients with severe AS and
CKD, even those with severe CKD, despite higher
perioperative mortality of these patients.

Limitations

Our study was subject to the inherent limitations of
those based on retrospective follow-up data. The prog-
nosis analysis was based on the eGFR at the time of
enrolment and no data on renal events were collected
during follow-up. In addition, data on the etiology of
the renal disease were not available in our database.
The presence of frailty or other life-threatening co-
morbidities not included in the Charlson index and the
EuroSCORE Il might have influenced the decision to
perform surgery. Unfortunately, data on AS hemody-
namic progression and on the occurrence of biopros-
thetic dysfunction during follow-up were not available
in our database. The presence of sodium overload
in patients with severe CKD may complicate assess-
ment of the symptomatic status of AS. Our study could
not estimate the prevalence of severe AS in the CKD
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patients because they were recruited in echocardiog-
raphy laboratories. Finally, this study only concerned
patients with severe AS and no significant valve regur-
gitation. Further studies are needed to evaluate the im-
pact of AVR for other subsets of patients with AS and
CKD.

CONCLUSIONS

In patients with severe AS, the presence of moderate
or severe CKD is associated with increased all-cause
and cardiovascular mortality, decreased referral to
AVR, and increased perioperative mortality. AVR is
associated with a marked reduction in all-cause and
cardiovascular mortality, regardless of the CKD stage,
even among dialysis patients. Therefore, moderate and
severe CKD should not discourage physicians from
considering AVR.
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Table S1. Baseline demographic, clinical and echocardiographic characteristics of the

study population according to management.

Variables
Early AVR Conservative management p
(n=2510) (n=1609) value

Demographics, baseline data and symptoms
Age (years) 768 7910 <0.001
Male sex (%, n) 1299 (51.8%) 683 (42.4%) <0.001
Body surface area (m?) 1.83+0.2 1.79+0.2 <0.001
NYHA (%, n)

1-2 1557 (62.0%) 1173 (72.9%) <0.001

3-4 953 (38.0%) 436 (27.1%)
Medical history and risk factors
Hypertension (%,n) 1734 (69.1%) 1219 (75.8%) <0.001
Diabetes mellitus (%,n) 622 (24.8‘;&) 463 (28.82A)) 0.003
Coronary artery disease (%, n) 1333(53.1%) 604 (37.5%) <0.001
Prior m il infarction (& 187 (7.5%) 165 (10.3%) 0.001

yocardial infarction (%, n) 0 i
Prior atrial fibrillation (%, n) 507 (20.2%) 559 (34.7%) <0.001
Charlson comorbidity index* 3.0£2.2 2.3£1.9 <0.001
Euroscore Il 27£26 41+4.1 <0.001
Echocardiographic parameters
Aortic valve , 0.67 (0.54-0.80) 0.77 (0.63-0.90) <0.001
Aortic valve area (Cm?) 4.4(39-4.9) 4.0 (34-4.4) <0.001
Peak aortic jet velocity (m/s) 49 (39-61) 38 (26-48) <0.001
Transaortic mean pressure gradient (mmHg) 38 (31-45) 38 (30-45) 0.066
Indexed stroke volume (ml/m?) '
Left and right ventricular function
LV end-diastolic diameter (mm) 47 (42-53) 47 (42-52) 0.187
Ly epd-systo!lc diameter (mm) 30 (25-36) 29 (24-34) <0.001
Ejection fraction (%) 62 (55-67) 61 (54-67) 0.085
SPAP (mmHg) ¥ 30 (25-39) 34 (28-44) <0.001

Continuous normally distributed variables are expressed as mean +1 standard deviation, non-
normally distributed continuous variables are expressed as median (25th and 75th

percentiles), and categorical variables as percentages and counts.

AS indicate aortic stenosis, NYHA New York Heart Association class, LV left ventricular and

SPAP systolic pulmonary artery pressure
* without age and renal failure
tAvailable for 3241 patients (79%)



Table S2. Baseline demographic, clinical and echocardiographic characteristics of the
propensity matched cohort of mild CKD according to management.

Conservative Aortic valve P value | Standardized

management replacement mean
difference
n (weighted sample size) 663 642
Age (years) 77.26%7.44 78.26%7.32 0.350 0.136
Female sex (n, %) 345(52.0) 347(54.0) 0.804 0.039
NYHA -1V (n, %) 257 (38.8) 249 (38.8) 0.993 0.001
Body surface area (m?) 1.82+0.20 1.84+0.21 0.551 0.076
Hypertension (n,%) 484 (73.0) 467 (72.7) 0.974 0.005
Coronary artery disease 364 (54.9) 359 (55.9) 0.894 0.020
(n, %)
Prior atrial fibrillation (n, 154 (23.2) 164 (25.5) 0.675 0.053
%)

Prior myocardial 41 (6.2) 60 (9.3) 0.289 0.120

infarction (n, %)

Charlson comorbidity 3.04(2.44-5.00) | 3.36 (2.25-4.53) 0.985 0.017
index (without age and
renal failure)

EUROSCORE Il 2.30 (1.66-3.75) | 2.36 (1.72-4.11) 0.796 0.005
Aortic valve area (cm?) 0.67+0.16 0.68+0.17 0.600 0.075
Peak aortic jet velocity 4.43+0.82 4.34+0.74 0.471 0.120

(m/s)
Indexed stroke volume 37.8110.1 38.0+10.3 0.855 0.026
(ml/m2)
Ejection fraction (%) 57.1+11.6 57.8+9.8 0.764 0.056
SPAP (mmHg) 36.9+12.2 34.2+11.1 0.207 0.240

Continuous normally distributed variables are expressed as mean +1 standard deviation, non-
normally distributed continuous variables are expressed as median (25th and 75th percentiles),
and categorical variables as percentages and counts.

AS indicate aortic stenosis, NYHA New York Heart Association class and sPAP systolic
pulmonary artery pressure



Table S3. Baseline demographic, clinical and echocardiographic characteristics of the
propensity matched cohort of moderate CKD according to management.

Conservative Aortic valve P Standardized

management replacement value mean
difference
n (weighted sample size) 331 338
Age (years) 79.50+7.49 79.42+7.11 0.958 0.012
Female sex (n, %) 194 (58.6) 216 (63.9) 0.585 0.107
NYHA HI-1V (n, %) 178 (53.8) 164 (48.5) 0.578 0.105
Body surface area (m?) 1.80%0.22 1.81+0.20 0.840 0.044
Hypertension (n,%) 261 (78.9) 269 (79.6) 0.928 0.016
Coronary artery disease 179 (54.1) 185 (54.7) 0.951 0.011
(n, %)
Prior atrial fibrillation (n, 72 (21.8) 96 (28.4) 0.297 0.151
%)

Prior myocardial 25 (7.5) 41 (12.1) 0.233 0.150

infarction (n, %)

Charlson comorbidity 2.00 (1.00- 4.58) 3.00 (1.00-4.00) | 0.773 0.054
index (without age and
renal failure)

EUROSCORE Il 2.38 (1.81-3.65) 3.03(1.96-5.06) | 0.191 0.177
Aortic valve area (cm?) 0.67+0.17 0.66+0.17 0.711 0.071
Peak aortic jet velocity 4.21+0.78 4.22+0.77 0.957 0.010

(m/s)
Indexed stroke volume 38.0£13.3 37.7+£15.0 0.903 0.026
(ml/m2)
Ejection fraction (%) 56.0+£9.4 55.7+9.8 0.844 0.028
SPAP (mmHg) 38.6+14.5 36.5+11.8 0.414 0.158

Continuous normally distributed variables are expressed as mean +1 standard deviation, non-
normally distributed continuous variables are expressed as median (25th and 75th percentiles),
and categorical variables as percentages and counts

AS indicate aortic stenosis, NYHA New York Heart Association class and sPAP systolic
pulmonary artery pressure



Table S4. Baseline demographic, clinical and echocardiographic characteristics of the
propensity matched cohort of severe CKD according to management.

Conservative Aortic valve P Standardized

management replacement value mean
difference
n (weighted sample size) 133 130
Age (years) 76.7+8.24 78.2+7.70 0.461 0.192
Female sex (n, %) 59 (44.4) 73 (56.1) 0.382 0.237
NYHA HI-1V (n, %) 91 (68.4) 77 (59.2) 0.389 0.198
Body surface area (m?) 1.89+0.19 1.84+0.20 0.065 0.292
Hypertension (n,%) 123 (92.5) 112 (86.1) 0.113 0.230
Coronary artery disease 86 (64.7) 82 (63.1) 0.889 0.034
(n, %)
Prior atrial fibrillation (n, 52 (39.1) 44 (33.8) 0.674 0.108
%)

Prior myocardial 41 (30.8) 15 (11.5) 0.113 0.481

infarction (n, %)

Charlson comorbidity 2.04 (1.00- 4.00) | 3.00 (1.00-5.00) | 0.519 0.199
index (without age and
renal failure)

EUROSCORE Il 2.52 (2.16-3.43) 3.00 (1.95-6.16) | 0.566 0.241
Aortic valve area (cm?) 0.69+0.15 0.67+0.18 0.447 0.126
Peak aortic jet velocity 4.36%0.70 4.25+0.67 0.550 0.157

(m/s)
Indexed stroke volume 38.618.8 37.6+11.8 0.648 0.101
(ml/m2)
Ejection fraction (%) 53.3+£10.0 55.6+11.1 0.353 0.209
SPAP (mmHg) 415+11.1 39.7+13.3 0.401 0.150

Continuous normally distributed variables are expressed as mean +1 standard deviation, non-
normally distributed continuous variables are expressed as median (25th and 75th percentiles),
and categorical variables as percentages and counts

AS indicate aortic stenosis, NYHA New York Heart Association class and sPAP systolic
pulmonary artery pressure



