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Background-—Chronic kidney disease (CKD) is an adverse prognostic marker for valve intervention patients; however, the
prevalence and related outcomes of valvular heart disease in CKD patients is unknown.

Methods and Results-—Included patients underwent echocardiography (1999–2013), had serum creatinine values within
6 months before index echocardiogram, and had no history of valve surgery. CKD was defined as diagnosis based on the
International Classification of Diseases, Ninth Revision or an estimated glomerular filtration rate <60 mL/min per 1.73 m2.
Qualitative assessment determined left heart stenotic and regurgitant valve lesions. Cox models assessed CKD and aortic stenosis
(AS) interaction for subsequent mortality; analyses were repeated for mitral regurgitation (MR). Among 78 059 patients, 23 727
(30%) had CKD; of these, 1326 were on hemodialysis. CKD patients were older; female; had a higher prevalence of hypertension,
hyperlipidemia, diabetes, history of coronary artery bypass grafting/percutaneous coronary intervention, atrial fibrillation, and
heart failure ≥mild AS; and ≥mild MR (all P<0.001). Five-year survival estimates of mild, moderate, and severe AS for CKD patients
were 40%, 34%, and 42%, respectively, and 69%, 54%, and 67% for non-CKD patients. Five-year survival estimates of mild,
moderate, and severe MR for CKD patients were 51%, 38%, and 37%, respectively, and 75%, 66%, and 65% for non-CKD patients.
Significant interaction occurred among CKD, AS/MR severity, and mortality in adjusted analyses; the CKD hazard ratio increased
from 1.8 (non-AS patients) to 2.0 (severe AS) and from 1.7 (non-MR patients) to 2.6 (severe MR).

Conclusions-—Prevalence of at least mild AS and MR is substantially higher and is associated with significantly lower survival
among patients with versus without CKD. There is significant interaction among CKD, AS/MR severity, and mortality, with
increasingly worse outcomes for CKD patients with increasing AS/MR severity. ( J Am Heart Assoc. 2017;6:e006044. DOI: 10.
1161/JAHA.117.006044.)
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P revious small studies have demonstrated an association
between aortic stenosis (AS), mitral annular calcification,

and end-stage renal disease.1–6 Thoracic surgery database
studies and percutaneous valve intervention trials have shown
that among patients undergoing valve surgery or intervention,
the presence of chronic kidney disease (CKD) is associated

with a greater risk of death.7–9 However, there is a scarcity
of longitudinal data examining the prevalence of valve
disease and related outcomes among CKD patients. Expert
consensus documents do not make specific recommenda-
tions regarding follow-up and management in CKD patients.
Furthermore, the efficacy of traditional guideline-recom-
mended approaches for treatment of the most common valve
lesions requiring surgery (eg, AS and mitral regurgitation [MR])
are unknown.10

With the advent of safer percutaneous methods to treat
valve disease,8,9,11 more treatment options exist for CKD
patients. Consequently, a comprehensive evaluation of the
natural history, treatment strategies, and outcomes associ-
ated with aortic and mitral valve disease in CKD patients is
needed. Using a large echocardiographic registry, we sought
to define (1) the echocardiographic characteristics of CKD
patients and (2) the prevalence and outcomes of aortic and
mitral valve disease among patients with versus without CKD.
We hypothesized (1) that there is a higher prevalence of left-
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sided valve disease (specifically, AS and MR) in patients with
CKD and (2) that AS and MR outcomes among patients with
CKD or end-stage renal disease are worse, after accounting
for differences in age and comorbid conditions.

Methods

Data Sources
The primary data source for this study was the Duke
Echocardiography Laboratory Database (DELD), which has
been described previously.12–14 DELD includes a prospec-
tively maintained digital archive of all clinical echocardiogra-
phy studies performed at Duke University Health System,
linked to a corresponding searchable reporting database since
1995. Basic demographic information is included in DELD,
and clinical data on patients are derived from the Duke
Decision Support Repository (DSR) and Duke Databank for
Cardiovascular Disease (DDCD).15 The DSR incorporates data
from clinical and billing sources, including demographic
information; International Classification of Diseases, Ninth
Revision (ICD-9) codes; and Current Procedure Terminology
codes. The DDCD comprises prospectively gathered clinical
data and long-term follow-up information on all patients
undergoing cardiac catheterization and/or cardiac surgery at
Duke University Health System since 1969.16

Identification of the Study Population
The study population consisted of patients aged ≥18 years
who had full clinical echocardiographic examinations (January
1, 1999–December 31, 2013) and serum creatinine values
within 6 months before their echocardiogram. CKD was
defined as an estimated glomerular filtration rate (eGFR)
<60 mL/min per 1.73 m2, calculated from the median of
creatinine values within 6 months before echocardiogram, or
an ICD-9 diagnosis of CKD. The eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration equa-
tion.17 Based on eGFR, patients were classified as normal
(≥60 mL/min per 1.73 m2), mild CKD (45–59 mL/min per
1.73 m2), moderate CKD (30–44 mL/min per 1.73 m2), or
severe CKD (<30 mL/min per 1.73 m2). Patients with CKD on
hemodialysis were identified using administrative data with
ICD-9 diagnosis codes. Patients were excluded if they had a
history of any prior valve intervention (surgical or percuta-
neous), congenital heart disease, cirrhosis, primary hyper-
parathyroidism, prior heart transplantation, or metastatic
cancer at the time of the index echocardiogram.

Echocardiographic Data
Echocardiographic data were extracted from DELD. The date
of the first echocardiogram served as the baseline date for
study analyses. The presence of AS and MR was derived from
the clinical report. MR was classified as none, trivial, mild,
moderate, or severe mainly by visual assessment integrating
color Doppler data from multiple acoustic windows, contin-
uous wave Doppler MR signal, and pulmonary vein spectral
Doppler profiles. In our laboratory compared with other
semiquantitative and quantitative methods, visual estimation
of MR has the best interobserver variability (intraclass
correlation coefficient: 0.92).14 The severity of AS was graded
by the reading physician with integration of information from
(1) continuous wave Doppler aortic mean pressure gradient;
(2) continuous wave Doppler aortic jet peak velocity; and (3)
calculated aortic valve area, as recommended in the period-
specific guidelines.10 Aortic regurgitation and mitral stenosis
were classified as none/trivial, mild, moderate, or severe,
according to guideline criteria.10 Left ventricular ejection
fraction was obtained from the echocardiographic report and
was visually estimated according to standard laboratory
practice. Left ventricular hypertrophy was graded according
to left ventricular septal thickness as normal (0.6–1.0 cm),
mild (1.1–1.3 cm), moderate (1.4–1.6 cm), or severe
(>1.7 cm).18 Outcomes analyses focused on the 2 most
commonly operated valve lesions: AS and MR.7 Left atrial/
ventricular internal dimensions and estimated right ventricular
systolic pressures recorded in DELD were obtained at the
time of the echocardiographic examination, according to
standard recommendations and laboratory practice.

Clinical Perspective

What Is New?

• This study is the largest to date looking at the prevalence of
left-sided valvular heart disease in patients with chronic
kidney disease (CKD) compared with those without CKD.

• In addition, survival and rates of surgical intervention were
compared between the groups.

• The prevalence of at least mild left-sided valvular disease in
the CKD group was more than double than that in the non-
CKD group.

• The 5-year mortality rate of patients with at least mild AS/
MR was >50% greater in the CKD group than in the non-CKD
group.

What Are the Clinical Implications?

• The presence of CKD should raise suspicion of significant
valvular heart disease.

• Patients with CKD and valvular heart disease are at a high
risk of mortality.

• Management of this complex cohort of patients requires
informed, shared decision making between clinician and
patient.

• Prospective trials targeting this population are needed to
better define optimal management for these patients.

DOI: 10.1161/JAHA.117.006044 Journal of the American Heart Association 2

Valvular Disease and Outcomes in CKD Patients Samad et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Clinical Data
Information on past medical and cardiovascular history at
baseline was obtained from DSR administration and billing
resources, as well as the DDCD.12,15,16 For purposes of
identifying comorbid conditions, all instances of myocardial
infarction, coronary artery bypass grafting (CABG) surgery,
and percutaneous coronary intervention (PCI) recorded before
the index echocardiography were defined as prior cardiovas-
cular events. DSR recordings were accepted as prior medical
history if entered at any time before and up until 30 days after
the index echocardiogram for conditions including hyperten-
sion, diabetes mellitus, hyperlipidemia, congestive heart
failure, atrial fibrillation, peripheral artery disease, cerebral
vascular disease, chronic obstructive pulmonary disease, and
history of smoking. This time cutoff was chosen to allow for a
delay in hospital coding.

DDCD records ongoing clinical follow-up of all patients at
6 months, 1 year, and annually thereafter through self-
administered questionnaires and telephone follow-up for
nonresponders. Patients who cannot be contacted through
this mechanism have vital status determined through National
Death Index and Social Security Death Index searches.19 The
vital status of patients not followed in DDCD was queried
through national death databases. Patients who were not
followed by DDCD and not found in searches of national index
death databases were censored at the last available contact
date available in DSR. The outcome assessed was all-cause
death; follow-up was administratively censored at 5 years
after echocardiogram.

Data Analysis
Baseline clinical characteristics and echocardiographic find-
ings were summarized according to CKD presence. Continu-
ous data were expressed as median (interquartile range;
25th–75th percentiles); categorical variables were described
as count (percentage). Comparisons between groups were
made using the Pearson v2 test for categorical variables and
the Kruskal–Wallis test for continuous variables. Multinomial
logistic regression assessed the relationship between CKD
status and increased severity of AS, adjusting for age; year of
echo; race; sex; and history of hyperlipidemia, hypertension,
congestive heart failure, diabetes mellitus, and prior CABG/
PCI. An odds ratio (OR) and 95% confidence interval (CI)
describe the increased odds of severe AS (as opposed to no
AS) associated with CKD (versus no CKD) and end-stage renal
disease on hemodialysis (versus no CKD).

The relationship of AS and CKD with subsequent mortality
through 5 years after echocardiogram was assessed by
Kaplan–Meier plots. Patients known to have undergone aortic
valve surgery were censored at the time of the surgery. Cox
proportional hazards models further assessed this

relationship using AS and CKD interaction status. Models
were further adjusted for year of echocardiogram; age; sex;
race; and history of hyperlipidemia, hypertension, congestive
heart failure, diabetes mellitus, CABG, or PCI. Adjustment
variables were determined to be possible confounders by
clinical knowledge and univariable relationships. Adjustment
covariates were assessed for linearity and proportional
hazards assumptions, and transformations were applied, as
needed. Using interaction test results, we reported the hazard
ratios for CKD versus no CKD at each level of AS severity. The
analysis was repeated using the same algorithm for MR.
Finally, to assess the overall association of CKD with mortality
among patients receiving echocardiography, a Cox model was
created to assess for differences in mortality risk between
CKD and non-CKD groups, adjusting for baseline clinical and
echocardiographic covariates. All statistical computations
were generated using SAS version 9.3 or higher (SAS
Institute).

Ethics
This was a retrospective study, so patient consent was
waived. This study was approved by the Duke institutional
review board.

Role of Funding Source
This study was funded in part by a subaward grant of the Duke
O’Brien Center (NIH 1P30DK096493-01). The funding body
was not involved in the study design; collection, analysis, and
interpretation of data; writing of the report; or decision to
submit the article for publication.

Results

Baseline Characteristics
Of 157 586 total patients in the echocardiographic database,
20 743 patients were excluded for being aged <18 years and
for the presence of any of the following diagnoses on incident
echocardiogram: heart transplant or ventricular assist device,
cirrhosis, primary hyperparathyroidism, prior valve surgery,
and metastatic cancer. Of the remaining 136 843 patients,
88 626 had at least 1 creatinine value within 6 months of the
echocardiogram available for review; of these, 78 059
patients were seen between the years 1999–2013 and
composed the final cohort.

Of the 78 059 patients in this study, 23 088 met the
definition for CKD solely by eGFR criteria (10 533 with GFR
45.0–59.9 mL/min, and 12 555 with GFR <45 mL/min;
Table 1), and 639 patients met the definition of CKD by
ICD-9 diagnosis alone, for a total of 23 727 patients (30%;
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Table 2) who had CKD; of these, 1326 were on hemodialysis.
Patients with CKD were older (median age: 72 years) and
more frequently female (51% versus 49%), but those on
hemodialysis were younger (median age: 59 years) and more
frequently male. CKD patients were predominantly white, but
those on hemodialysis were predominantly black. A higher
prevalence of hypertension (83.4% versus 63.9%), hyperlipi-
demia (53.1% versus 44.1%), diabetes mellitus (41.7% versus
26.5%), history of CABG/PCI (18.7% versus 12.1%), conges-
tive heart failure (47.7% versus 24.3%), and atrial fibrillation
(33.8% versus 20.4%) was found among those with CKD
compared with those without CKD (all P<0.001; Tables 1 and
2). The echocardiographic findings of CKD patients included
significantly higher left atrial and left ventricular dimensions,
lower left ventricular systolic function, higher prevalence of
left ventricular hypertrophy, diastolic dysfunction, and
estimated right ventricular systolic pressure ≥35% (Tables 3
and 4).

Prevalence of Valve Disease Among Patients With
Versus Without CKD
Patients with CKD more frequently had ≥mild AS compared
with patients without CKD (9.5% versus 3.5%), as well as at
least mild MR (42.9% versus 23.8%). Similar trends were
noted for other valve lesions like mitral stenosis (2.2% versus

1.1%) and aortic regurgitation (19.1% versus 10.1%) P<0.001.
The prevalence of AS, aortic regurgitation, mitral stenosis, and
MR stratified by eGFR groups is presented in Figure 1.

After adjusting for age, year of echocardiogram, race, sex,
history of hyperlipidemia, hypertension, congestive heart
failure, diabetes mellitus, and prior CABG or PCI, patients
with CKD had higher odds of having mild AS (OR: 1.30; 95%
CI, 1.18–1.43) and moderate AS (OR: 1.22; 95% CI, 1.07–1.4)
but not severe AS (OR: 1.08; 95% CI, 0.93–1.25) compared
with patients without CKD (P<0.001). Patients on hemodial-
ysis had higher odds of having mild AS (OR: 2.51; 95% CI,
1.90–3.32) and moderate AS (OR: 2.06; 95% CI, 1.39–3.05)
but not severe AS (OR: 1.27; 95% CI, 0.73–2.21) compared
with patients without CKD (P<0.001). There was a sex9CKD
interaction for AS (P<0.001). The corresponding CKD esti-
mates for women are OR 1.38 (95% CI, 1.21–1.59) for mild
AS, OR 1.35 (95% CI, 1.10–1.65) for moderate AS, and OR
1.16 (95% CI, 0.93–1.43) for severe AS; the estimates for men
are OR 1.23 (95% CI, 1.08–1.41) for mild AS, OR 1.14 (95% CI,
0.96–1.37) for moderate AS, and OR 1.02 (95% CI, 0.83–
1.26) for severe AS.

Using the same adjustment variables as noted, patients
with CKD had higher odds of having mild MR (OR: 1.32; 95%
CI, 1.27–1.38), moderate MR (OR: 1.81; 95% CI, 1.68–1.95),
and severe MR (OR: 1.82; 95% CI, 1.61–2.06) compared with
patients without CKD (P<0.0001). These associations were

Table 1. Baseline Clinical Characteristics Stratified by eGFR

Characteristic
Normal (eGFR ≥60)
(n=54 971)

Mild (eGFR 45–59)
(n=10 533)

Moderate (eGFR 30–44)
(n=6480)

Severe (eGFR <30)
(n=6075) P Value

Age, y <0.001

n 54 971 10 533 6480 6075

Median (25th–75th) 56 (44–67) 72 (63–79) 74 (65–81) 67 (56–77)

Sex 0.036

Male 26 900/54 971 (48.9) 5153/10 533 (48.9) 3051/6480 (47.1) 2990/6075 (49.2)

Female 28 071/54 971 (51.1) 5380/10 533 (51.1) 3429/6480 (52.9) 3085/6075 (50.8)

Race <0.001

White 34 830/53 432 (65.2) 7417/10 250 (72.4) 4441/6315 (70.3) 3071/5910 (52.0)

Black 15 771/53 432 (29.5) 2454/10 250 (23.9) 1621/6315 (25.7) 2563/5910 (43.4)

Other 2831/53 432 (5.3) 379/10 250 (3.7) 253/6315 (4.0) 276/5910 (4.7)

History of hyperlipidemia 24 366/54 971 (44.3) 5917/10 533 (56.2) 3594/6480 (55.5) 2893/6075 (47.6) <0.001

History of hypertension 35 261/54 971 (64.1) 8608/10 533 (81.7) 5455/6480 (84.2) 5355/6075 (88.1) <0.001

History of CHF 13 492/54 971 (24.5) 4637/10 533 (44.0) 3370/6480 (52.0) 3273/6075 (53.9) <0.001

History of diabetes mellitus 14 707/54 971 (26.8) 3934/10 533 (37.3) 2839/6480 (43.8) 3177/6075 (52.3) <0.001

History of CABG/PCI 6698/54 971 (12.2) 2051/10 533 (19.5) 1276/6480 (19.7) 946/6075 (15.6) <0.001

History of atrial fibrillation 11 096/54 044 (20.5) 3527/10 362 (34.0) 2360/6413 (36.8) 1840/6034 (30.5) <0.001

Data shown as count/total (percentage) unless otherwise noted. CABG indicates coronary artery bypass graft surgery; CHF, congestive heart failure; eGFR, estimated glomerular filtration
rate; PCI, percutaneous intervention.
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more pronounced among CKD patients on hemodialysis (mild
MR: OR: 1.79 [95% CI, 1.57–2.04]; moderate MR: OR: 2.35
[95% CI, 1.91–2.87]; severe MR: OR: 1.66 [95% CI, 1.16–
2.39]). There was a sex9CKD interaction for MR (P<0.001).
The corresponding CKD estimates for women are OR 1.28
(95% CI, 1.21–1.36) for mild MR, OR 1.78 (95% CI, 1.60–1.96)
for moderate MR, and OR 1.87 (95% CI, 1.56–2.24) for severe
MR; the estimates for men are OR 1.36 (95% CI, 1.28–1.45)
for mild MR, OR 1.84 (95% CI, 1.66–2.05) for moderate MR,
and OR 1.75 (95% CI, 1.48–2.08) for severe MR.

Survival of Patients With AS, MR, and CKD
The median follow-up among the 78 059 patients was
3.05 years (interquartile range: 0.97–5.00), which amounts
to 238 080 person-years. On follow-up, 416 of 2203 patients
(18.8%) with at least mild AS and CKD, and 526 of 1925
patients (27.3%) with at least mild AS without CKD underwent
aortic valve replacement. The survival estimates at 1, 3, and
5 years for all degrees of AS and MR severity were
significantly worse for patients with versus without CKD.
The 5-year survival estimates of patients with mild, moderate,
and severe AS and CKD were 40%, 34%, and 42%, respec-
tively, compared with 69%, 54%, and 67% for mild, moderate,
and severe AS without CKD, respectively. Kaplan–Meier
survival plots stratified by AS severity and CKD presence

are displayed in Figure 2A. Kaplan–Meier plots stratified by
AS severity and CKD presence with censoring at aortic valve
surgery are presented in Figure 2B.

A total of 469 of 10 001 patients (4.7%) with at least mild
MR and CKD and 625 of 13 106 patients (4.8%) with at least
mild MR without CKD underwent mitral valve surgery within
5 years of the index echocardiographic study. The 5-year
survival estimates of patients with mild, moderate, and severe
MR and CKD were 51%, 38%, and 37%, respectively, compared
with 75%, 66%, and 65% for mild, moderate, and severe MR
without CKD, respectively. Kaplan–Meier survival plots strat-
ified by MR severity and presence of CKD are displayed in
Figure 3A and with censoring at mitral valve surgery in
Figure 3B.

Survival of Patients With CKD
Survival rates at 1, 3, and 5 years were markedly lower
among patients with versus without CKD (Figure 4). After
adjustment for clinical and echocardiographic characteristics,
CKD presence was independently associated with mortality
(hazard ratio: 1.83; 95% CI, 1.77–1.89). In a multivariable
model, there was a significant interaction between CKD and
AS/MR in terms of mortality. The relationship of CKD and
mortality was more pronounced among patients with increas-
ing severity of MR and AS (Table 5).

Table 2. Clinical Characteristics Stratified by No CKD, ESRD on HD, and CKD

Characteristic Non-CKD (n=54 332) ESRD on HD (n=1326) CKD (n=22 401) P Value

Age, y <0.001

n 54 332 1326 22 401

Median (25th–75th) 56 (44–67) 59 (48–68) 72 (62–80)

Sex 0.004

Male 26 467/54 332 (48.7) 707/1326 (53.3) 10 920/22 401 (48.7)

Female 27 865/54 332 (51.3) 619/1326 (46.7) 11 481/22 401 (51.3)

Race <0.001

White 34 533/52 795 (65.4) 392/1322 (29.7) 14 834/21 790 (68.1)

Black 15 453/52 795 (29.3) 877/1322 (66.3) 6079/21 790 (27.9)

Other 2809/52 795 (5.3) 53/1322 (4.0) 877/21 790 (4.0)

History of hyperlipidemia 23 979/54 332 (44.1) 888/1326 (67.0) 11 903/22 401 (53.1) <0.001

History of hypertension 34 691/54 332 (63.9) 1300/1326 (98.0) 18 688/22 401 (83.4) <0.001

History of CHF 13 208/54 332 (24.3) 871/1326 (65.7) 10 693/22 401 (47.7) <0.001

History of diabetes mellitus 14 398/54 332 (26.5) 910/1326 (68.6) 9349/22 401 (41.7) <0.001

History of CABG/PCI 6553/54 332 (12.1) 231/1326 (17.4) 4187/22 401 (18.7) <0.001

History of atrial fibrillation 10 912/53 405 (20.4) 436/1326 (32.9) 7475/22 122 (33.8) <0.001

Data shown as count/total (percentage) unless otherwise noted. CABG indicates coronary artery bypass grafting; CHF, congestive heart failure; CKD, chronic kidney disease; ESRD, end-
stage renal disease; HD, hemodialysis; PCI, percutaneous coronary intervention.

DOI: 10.1161/JAHA.117.006044 Journal of the American Heart Association 5

Valvular Disease and Outcomes in CKD Patients Samad et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Table 3. Baseline Echocardiographic Characteristics Stratified by eGFR

Characteristic
Normal (eGFR ≥60)
(n=54 971)

Mild (eGFR 45–59)
(n=10 533)

Moderate (eGFR 30–44)
(n=6480)

Severe (eGFR <30)
(n=6075) P Value

Echocardiographic characteristics

Mitral regurgitation <0.001

No/trivial 41 865/54 971 (76.2) 6252/10 533 (59.4) 3551/6480 (54.8) 3284/6075 (54.1)

Mild 10 357/54 971 (18.8) 3115/10 533 (29.6) 2074/6480 (32.0) 1877/6075 (30.9)

Moderate 2061/54 971 (3.7) 920/10 533 (8.7) 652/6480 (10.1) 691/6075 (11.4)

Severe 688/54 971 (1.3) 246/10 533 (2.3) 203/6480 (3.1) 223/6075 (3.7)

Mitral stenosis <0.001

No/trivial 54 381/54 971 (98.9) 10 313/10 533 (97.9) 6308/6480 (97.3) 5943/6075 (97.8)

Mild 241/54 971 (0.4) 124/10 533 (1.2) 105/6480 (1.6) 83/6075 (1.4)

Moderate 221/54 971 (0.4) 70/10 533 (0.7) 48/6480 (0.7) 34/6075 (0.6)

Severe 128/54 971 (0.2) 26/10 533 (0.2) 19/6480 (0.3) 15/6075 (0.2)

Aortic regurgitation <0.001

No/trivial 49 434/54 971 (89.9) 8497/10 533 (80.7) 5165/6480 (79.7) 5006/6075 (82.4)

Mild 4493/54 971 (8.2) 1716/10 533 (16.3) 1106/6480 (17.1) 842/6075 (13.9)

Moderate 853/54 971 (1.6) 275/10 533 (2.6) 189/6480 (2.9) 180/6075 (3.0)

Severe 191/54 971 (0.3) 45/10 533 (0.4) 20/6480 (0.3) 47/6075 (0.8)

Aortic stenosis <0.001

No/trivial 53 045/54 970 (96.5) 9561/10 533 (90.8) 5822/6480 (89.8) 5502/6075 (90.6)

Mild 1033/54 970 (1.9) 465/10 533 (4.4) 333/6480 (5.1) 317/6075 (5.2)

Moderate 488/54 970 (0.9) 265/10 533 (2.5) 180/6480 (2.8) 157/6075 (2.6)

Severe 404/54 970 (0.7) 242/10 533 (2.3) 145/6480 (2.2) 99/6075 (1.6)

Mitral annular calcification 4216/54 971 (7.7) 2001/10 533 (19.0) 1475/6480 (22.8) 1451/6075 (23.9) <0.001

LV ejection fraction <0.001

n 54 869 10 496 6449 6055

Median (25th–75th) 55 (55–55) 55 (45–55) 55 (45–55) 55 (40–55)

Increased LV wall thickness <0.001

None 30 133/54 122 (55.7) 4091/10 296 (39.7) 2296/6307 (36.4) 1862/5918 (31.5)

Mild 17 912/54 122 (33.1) 4191/10 296 (40.7) 2615/6307 (41.5) 2381/5918 (40.2)

Moderate 5317/54 122 (9.8) 1699/10 296 (16.5) 1174/6307 (18.6) 1340/5918 (22.6)

Severe 760/54 122 (1.4) 315/10 296 (3.1) 222/6307 (3.5) 335/5918 (5.7)

RVSP, mm Hg <0.001

<35 10 336/17 188 (60.1) 2051/4619 (44.4) 1136/3095 (36.7) 777/2736 (28.4)

≥35 6852/17 188 (39.9) 2568/4619 (55.6) 1959/3095 (63.3) 1959/2736 (71.6)

Diastolic dysfunction <0.001

Grade 1 14 428/27 241 (53.0) 3419/4569 (74.8) 1955/2609 (74.9) 1555/2295 (67.8)

Grade 2 2752/27 241 (10.1) 513/4569 (11.2) 303/2609 (11.6) 320/2295 (13.9)

Grade 3–4 316/27 241 (1.2) 107/4569 (2.3) 98/2609 (3.8) 98/2295 (4.3)

Normal 9745/27 241 (35.8) 530/4569 (11.6) 253/2609 (9.7) 322/2295 (14.0)

LV size <0.001

Normal 50 123/54 924 (91.3) 9162/10 514 (87.1) 5539/6461 (85.7) 5178/6064 (85.4)

Small 1293/54 924 (2.4) 375/10 514 (3.6) 254/6461 (3.9) 219/6064 (3.6)

Mildly enlarged 2150/54 924 (3.9) 584/10 514 (5.6) 404/6461 (6.3) 440/6064 (7.3)

Continued
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Discussion

The main findings of this large observational echocardio-
graphic study demonstrate that CKD is associated with worse
echocardiographic characteristics and clinical outcomes and
that left-sided valve disease is highly prevalent and associated
with higher mortality among CKD patients. CKD patients are
more likely to die of cardiovascular events than of kidney
failure.20 Observational registries, prospective community
cohort studies, and substudies of large randomized trials
have previously established the poor prognosis associated
with CKD presence. Also well recognized is the fact that
cardiovascular disease is the leading cause of morbidity and
mortality in this group of patients,21–23 yet there is a lack of
large imaging registries, so the cardiac morphologic charac-
teristics associated with CKD and hemodialysis have not been
described comprehensively. As with clinical risk factors, the
present study found a higher prevalence of known echocar-
diographic poor prognostic markers of both the left and right
ventricle among CKD patients. Left ventricular hypertrophy, as
well as left ventricular systolic and diastolic dysfunction, were
found to be more prevalent among patients with CKD and
end-stage renal disease on hemodialysis compared with those
without CKD. Along with enlarged left atrial/ventricular
dimensions, CKD patients were also much more likely to
have elevated estimated right ventricular systolic pressures.
Although these morphologic characteristics may largely
reflect left ventricular end-organ damage from diabetes
mellitus and hypertension (which are known CKD risk factors),
they may also represent compensatory changes in response
to pressure/volume overload in CKD patients not yet on
hemodialysis. Several small studies previously documented
the prognostic impact of left ventricular, systolic, and diastolic
dysfunction, as well as higher left ventricular mass, in
hemodialysis and prehemodialysis groups of patients.24–27

Nonetheless, these cardiac morphologic characteristics may
represent end-organ damage or compensatory responses, but
they herald poor outcomes as prognostic indicators. Whether
these imaging markers can serve as triggers for specific
intervention or alter the timing of such intervention to
ultimately affect outcomes in a salutary fashion is unknown.

The present study confirms previously reported findings
of the high burden of clinical cardiovascular risk factors
among patients with kidney disease. This clustering and
high prevalence of cardiovascular risk factors likely
represents shared disease pathways in kidney and
cardiovascular disease.28 The same risk factors most
likely also contribute to poor cardiovascular outcomes
among CKD patients; however, whether the tight control
of these risk factors has the same beneficial effect in
terms of disease progression or cardiovascular event
reduction in CKD versus non-CKD patients is unclear and
needs further investigation.29–33 Notably, the prevalence
of coronary artery disease (CAD) risk factors in the
present study was far greater than what was reported in
prior investigations, which may be due to the nature of
this observational cohort that included patients who
underwent clinically ordered echocardiography, thereby
representing a sicker patient group. The prevalence of
these risk factors and the hazard associated with CKD
were similar to findings from the VALIANT (Valsartan in
Acute Myocardial Infarction) trial that enrolled post–
myocardial infarction patients with evidence of heart
failure.21

This investigation represents the largest-to-date inquiry
into the prevalence of valve pathology among patients with
CKD. This study found higher odds of AS and MR (after
adjusting for age and comorbid conditions) among those with
versus without CKD; this finding highlights the fact that
although CKD may be a poor prognostic marker in valve

Table 3. Continued

Characteristic
Normal (eGFR ≥60)
(n=54 971)

Mild (eGFR 45–59)
(n=10 533)

Moderate (eGFR 30–44)
(n=6480)

Severe (eGFR <30)
(n=6075) P Value

Moderately enlarged 772/54 924 (1.4) 224/10 514 (2.1) 146/6461 (2.3) 144/6064 (2.4)

Severely enlarged 586/54 924 (1.1) 169/10 514 (1.6) 118/6461 (1.8) 83/6064 (1.4)

LA diameter, cm 47 460 8653 5248 4957 <0.001

n (median, 25th–75th) 3.7 (3.2–4.1) 3.9 (3.5–4.5) 4.0 (3.5–4.5) 4.1 (3.6–4.6)

LV end-diastolic dimension, cm 48 420 8887 5389 5083 <0.001

n (median, 25th–75th) 4.5 (4.1–5.0) 4.5 (4.0–5.1) 4.5 (4.0–5.1) 4.7 (4.2–5.2)

LV end-systolic dimension, cm 48 235 8847 5355 5055 <0.001

n (median, 25th–75th) 3.0 (2.6–3.5) 3.0 (2.5–3.7) 3.1 (2.5–3.8) 3.2 (2.7–4.0)

Data shown as count/total (percentage) unless otherwise noted. eGFR indicates estimated glomerular filtration rate; LA, left atrial; LV, left ventricular; RVSP, right ventricular systolic
pressure.
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Table 4. Echocardiographic Characteristics Stratified by CKD, ESRD on HD, and No CKD

Echocardiographic Characteristics Non-CKD (n=54 332) ESRD (n=1326) CKD (n=22 401) P Value

Mitral regurgitation <0.001

No/trivial 41 407/54 332 (76.2) 759/1326 (57.2) 12 786/22 401 (57.1)

Mild 10 227/54 332 (18.8) 403/1326 (30.4) 6793/22 401 (30.3)

Moderate 2024/54 332 (3.7) 129/1326 (9.7) 2171/22 401 (9.7)

Severe 674/54 332 (1.2) 35/1326 (2.6) 651/22 401 (2.9)

Mitral stenosis <0.001

No/trivial 53 750/54 332 (98.9) 1289/1326 (97.2) 21 906/22 401 (97.8)

Mild 236/54 332 (0.4) 19/1326 (1.4) 298/22 401 (1.3)

Moderate 219/54 332 (0.4) 11/1326 (0.8) 143/22 401 (0.6)

Severe 127/54 332 (0.2) 7/1326 (0.5) 54/22 401 (0.2)

Aortic regurgitation <0.001

No/trivial 48 864/54 332 (89.9) 1119/1326 (84.4) 18 119/22 401 (80.9)

Mild 4440/54 332 (8.2) 160/1326 (12.1) 3557/22 401 (15.9)

Moderate 839/54 332 (1.5) 33/1326 (2.5) 625/22 401 (2.8)

Severe 189/54 332 (0.3) 14/1326 (1.1) 100/22 401 (0.4)

Aortic stenosis <0.001

No/trivial 52 433/54 331 (96.5) 1223/1326 (92.2) 20 274/22 401 (90.5)

Mild 1024/54 331 (1.9) 60/1326 (4.5) 1064/22 401 (4.7)

Moderate 478/54 331 (0.9) 29/1326 (2.2) 583/22 401 (2.6)

Severe 396/54 331 (0.7) 14/1326 (1.1) 480/22 401 (2.1)

LA and LV dimensions <0.001

LA diameter cm median (IQR) 3.7 (3.2–4.1)
46 875

4.1 (3.6–4.6)
1170

4.0 (3.5–4.5)
18 273

LVIDD, cm, median (IQR)

LVISD, cm, median (IQR)

LVEF%, median (IQR), n 55 (55–55)
54 231

55 (45–55)
1323

55 (45–55)
22 315

<0.001

Increased LV wall thickness <0.001

None 29 901/53 491 (55.9) 301/1312 (22.9) 8180/21 840 (37.5)

Mild 17 651/53 491 (33.0) 518/1312 (39.5) 8930/21 840 (40.9)

Moderate 5197/53 491 (9.7) 398/1312 (30.3) 3935/21 840 (18.0)

Severe 742/53 491 (1.4) 95/1312 (7.2) 795/21 840 (3.6)

RVSP, mm Hg <0.001

<35 10 227/16 960 (60.3) 168/536 (31.3) 3905/10 142 (38.5)

≥35 6733/16 960 (39.7) 368/536 (68.7) 6237/10 142 (61.5)

Diastolic dysfunction <0.001

Normal 9650/26 829 (36.0) 126/633 (19.9) 1074/9252 (11.6)

Grade 1 14 175/26 829 (52.8) 371/633 (58.6) 6811/9252 (73.6)

Grade 2 2696/26 829 (10.0) 107/633 (16.9) 1085/9252 (11.7)

Grade 3–4 308/26 829 (1.1) 29/633 (4.6) 282/9252 (3.0)

CKD indicates chronic kidney disease; ESRD, end-stage renal disease; HD, hemodialysis; IQR, interquartile range; LA, left atrial; LVEF, left ventricular ejection fraction; LV, left ventricular;
LVIDD, left ventricular internal diastolic dimension; LVISD, left ventricular internal systolic dimension; RVSP, right ventricular systolic pressure.
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disease, CKD patients suffer more from valve disease. A
higher prevalence of MR likely reflects structural changes in
the mitral valve apparatus: restricted motion of the annulus,
leaflets, or chordae caused by calcification and reduced left
ventricular wall motion related to CAD among CKD patients.
The higher prevalence of AS in patients undergoing hemodial-
ysis is well known and previously thought to be related to
progressive valve calcification of the cardiac skeleton and
valve leaflets—a result of altered or deranged calcium–
phosphate metabolism and hypertension in end-stage renal
disease.34,35 The present data extend the previous literature
by demonstrating the increased prevalence of valve disease,
even among patients with lesser degrees of renal dysfunction.
This finding is unique and suggests the calcification process
tied to declining GFR may start early and may be cumulative,
thus providing a rationale for the higher frequency of AS in
older adults.

Risk factors for CAD and known CAD were significantly
more common in CKD patients.35 Many studies have
highlighted risk factors common to both CAD and valvular
calcifications; the available data suggest that the meta-
bolic milieu in CKD patients promotes early aging,
atherosclerosis, and early calcification, thereby leading
to disease pathologies with shared risk factor profiles like
valvular heart disease, CAD, and CKD. Even for patients
with mild valve disease and CKD, poor outcomes may be

related to concomitant CAD. The higher mortality among
CKD patients with moderate and severe AS noted in our
cohort may be a reflection of this phenomenon. In
addition, worse outcomes among those with moderate AS
could be explained by faster progression to severe AS on
follow-up.12 Although the unadjusted 5-year survival of
patients with moderate AS appeared worse than those
with severe AS, this difference was not significant after
adjustment for other risk factors.

There was a significant association between CKD and
mortality at each level of severity for AS after adjusting for
other risk factors. Increasing severity of MR was associated
with increasing mortality in those with CKD. The presence of
AS increased the hazard for death among CKD patients, but
the relationship of increasing hazard and increasing AS
severity was not linear. At every level of AS and MR severity,
CKD patients had worse outcomes than those with AS and MR
but without CKD.

Our study provides significant evidence that CKD patients
are at higher risk of valve disease and have worse outcomes
across severity of valve disease than patients without CKD;
however, this evidence is based on associations observed in
this retrospective study. Despite our efforts to adjust for other
risk factors, our conclusions are subject to effects of
potential, unaccounted for, or unmeasured factors or biases
caused by selection of our study cohort that might provide

Figure 1. Prevalence of left-sided valve disease. Prevalence of left-sided valve disease stratified by eGFR.
AR indicates aortic regurgitation; AS, aortic stenosis; eGFR, estimated glomerular filtration rate; MR, mitral
regurgitation; MS, mitral stenosis.
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Figure 2. AS severity and presence of CKD. Kaplan–Meier survival plots stratified by (A) AS severity and
presence of CKD and (B) AS severity and presence of CKD with censoring at aortic valve surgery. AS indicates
aortic stenosis; CKD, chronic kidney disease.
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Figure 3. MR severity and presence of CKD. Kaplan–Meier survival plots stratified by (A) MR severity and
presence of CKD and (B) MR severity and presence of CKD with censoring at mitral valve surgery. CKD
indicates chronic kidney disease; MR, mitral regurgitation.
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alternative explanations for these associations. Consequently,
we have not established these relationships as causative,
although we have speculated on potential mechanistic
explanations.

These data suggest that CKD patients represent both a
high-prevalence and a high-risk group for valve disease.
Previous investigations have consistently shown CKD to be a
poor prognostic marker among those receiving surgical or
percutaneous intervention for valve disease. In a study of
>400 000 valve surgeries included in the Society of Thoracic
Surgery database, CKD was noted to be an important risk
factor for operative mortality.7 Similarly, Smith found CKD to
be an independent risk factor for poor outcomes among
patients undergoing transcatheter aortic valve replacement
for AS.36,37 The present study’s findings, coupled with what
we know about intervention outcomes in CKD patients,
highlight a particularly difficult management dilemma faced by
clinicians and patients. These data underscore a critical gap in
expert consensus documents that, at present, do not make

specific recommendations regarding follow-up and manage-
ment in CKD patients.10,38 Future research should be directed
toward identifying methods to reduce surgical risk, exploring
new methods for safer interventions, and testing novel
therapies with the aim of retarding valve disease progression.

Clinical Implications
A high prevalence of echocardiographic abnormalities that are
poor prognostic markers in CKD patients makes screening an
important decision. Further investigation is needed to deter-
mine whether these abnormalities can serve as triggers for
interventions or more aggressive therapy. Patients with CKD
have higher prevalence of valve disease and worse outcomes
and represent a higher surgical risk group. Prospective
research and trials need to target this patient population to
evaluate effectiveness of standard treatment approaches and
to test novel therapies with the aim of retarding valve disease
progression.

Limitations
This was a single-center observational study and, conse-
quently, was subject to inherent limitations related to
sampling and recruitment biases affecting generalizability of
results. The potential for residual confounding remains
despite multivariable adjustment of models. Because the
echocardiography studies were clinically ordered, the sample
that was examined likely represents a sicker group of
patients; as a result, prevalence patterns may be higher than
they are in the general population. One should expect that this
disease enrichment could also have affected the non-CKD
group. MR grades were based on clinical reports, which also
formed the basis for clinical decision making. MR was
primarily assessed through visual estimation. Compared with

Figure 4. Presence of CKD. Kaplan–Meier survival plots strat-
ified by presence of CKD. CKD indicates chronic kidney disease;
HD, hemodialysis.

Table 5. Adjusted* Association of CKD and Mortality at Levels of AS and MR

Severity of Valve
Lesion/Presence of CKD

Aortic Stenosis,
HR (95% CI) P Value

Mitral Regurgitation,
HR (95% CI) P Value

None/CKD 1.832 (1.773–1.894) <0.001 1.796 (1.725–1.87) <0.001

Mild/CKD 2.193 (2.013–2.388) <0.001 1.996 (1.904–2.093) <0.001

Moderate/CKD 2.318 (2.068–2.599) <0.001 2.567 (2.406–2.74) <0.001

Severe/CKD 2.063 (1.794–2.371) <0.001 2.687 (2.414–2.989) <0.001

Mild/No CKD 1.156 (1.028–1.299) 0.015 1.117 (1.064–1.172) <0.001

Moderate/No CKD 1.542 (1.326–1.793) <0.001 1.372 (1.26–1.495) <0.001

Severe/No CKD 1.069 (0.873–1.31) 0.518 1.405 (1.22–1.618) <0.001

P<0.001 for interaction among valve lesion severity, CKD, and mortality. AS indicates aortic stenosis; CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; MR, mitral
regurgitation.
*Adjusted for: age, year of echocardiogram, race, sex, history of hyperlipidemia, hypertension, congestive heart failure, diabetes mellitus, and prior coronary artery bypass grafting or
percutaneous coronary intervention.
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other semiquantitative and quantitative methods, visual
estimation in our laboratory has the best reproducibility.
Semiquantitative measurement of MR, although done as part
of an integrated approach to grading MR, is not routinely
captured in our reports and thus was not evaluated in this
study. Despite these limitations, this study represents the
largest inquiry to date into cardiac morphologic characteris-
tics and valve pathology in CKD patients and raises important
questions that will drive future research.

Conclusions
CKD is associated with worse echocardiographic character-
istics and clinical outcomes. Left-sided valve disease is highly
prevalent and associated with higher mortality among
patients with CKD. There is a critical need for research
directed toward the pathophysiology and management impli-
cations of valve disease in CKD patients.

Author Contributions
Dr Samad had full access to all of the data in the study and
takes responsibility for the integrity of the data and the
accuracy of the data analysis. Dr Samad obtained funding
(NIH 1P30DK096493-01), contributed to the conception and
design of the study, the data analysis, the data interpretation,
the article drafting, and the critical revision of the article. Dr
Sivak contributed to the data analysis, the data interpretation,
the article drafting, and the critical revision of the article. Dr
Phelan contributed to the data analysis, the data interpreta-
tion, the article drafting, and the critical revision of the article.
Dr Schulte contributed to the data analysis, the data
interpretation, the article drafting, and the critical revision of
the article. Dr Patel contributed to the data analysis, the data
interpretation, the article drafting, and the critical revision of
the article. Dr Velazquez contributed to the conception and
design of the study, data acquisition, analysis and interpre-
tation, provided discretionary funds to complete the project,
the article drafting, critical revision of the article.

Acknowledgments
The authors would like to thank Erin Campbell, MS, for her editorial
contributions to this article. Ms Campbell did not receive compen-
sation for her contributions, apart from her employment at the
institution where this study was conducted.

Sources of Funding
Research reported in this article was supported by the
National Institute of Diabetes and Digestive and Kidney

Diseases of the National Institutes of Health under Award
Number P30DK096493. The content is solely the responsi-
bility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

Disclosures
Dr Samad receives salary support through a National Heart,
Lung, and Blood Institute (NHLBI) research grant, American
Society of Echocardiography research grant, Boston Scien-
tific-Duke Strategic Alliance for Research, sub-award from
Duke O’Brien Kidney Research Core Centers Program NIH
1P30DK096493-01. Dr Patel is supported by P30DK096493
prior to joining Gilead Sciences. Dr Velazquez reports salary
support through a NHLBI research grant; research grants from
Novartis, Amgen, Pfizer, Alnylam; receiving consulting fees
from Novartis, Amgen, Merck. The remaining authors have no
disclosures to report.

References
1. Maher ER, Young G, Smyth-Walsh B, Pugh S, Curtis JR. Aortic and mitral valve

calcification in patients with end-stage renal disease. Lancet. 1987;2:875–
877.

2. Maher ER, Curtis JR. Calcific aortic stenosis in chronic renal failure. Lancet.
1985;2:1007.

3. Masuda C, Dohi K, Sakurai Y, Bessho Y, Fukuda H, Fujii S, Sugimoto T, Tanabe
M, Onishi K, Shiraki K, Ito M, Nobori T. Impact of chronic kidney disease on the
presence and severity of aortic stenosis in patients at high risk for coronary
artery disease. Cardiovasc Ultrasound. 2011;9:31.

4. Zentner D, Hunt D, Chan W, Barzi F, Grigg L, Perkovic V. Prospective evaluation
of aortic stenosis in end-stage kidney disease: a more fulminant process?
Nephrol Dial Transplant. 2011;26:1651–1655.

5. Sharma R, Pellerin D, Gaze DC, Mehta RL, Gregson H, Steather CP, Collinson
PO, Brecker SJ. Mitral annular calcification predicts mortality and coronary
artery disease in end stage renal disease. Atherosclerosis. 2007;191:348–354.

6. Ix JH, Shlipak MG, Katz R, Budoff MJ, Shavelle DM, Probstfield JL, Takasu J,
Detrano R, O’Brien KD. Kidney function and aortic valve and mitral annular
calcification in the Multi-Ethnic Study of Atherosclerosis (MESA). Am J Kidney
Dis. 2007;50:412–420.

7. Rankin JS, Hammill BG, Ferguson TB Jr, Glower DD, O’Brien SM, DeLong ER,
Peterson ED, Edwards FH. Determinants of operative mortality in valvular heart
surgery. J Thorac Cardiovasc Surg. 2006;131:547–557.

8. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar RR, Fontana
GP, Dewey TM, Thourani VH, Pichard AD, Fischbein M, Szeto WY, Lim S,
Greason KL, Teirstein PS, Malaisrie SC, Douglas PS, Hahn RT, Whisenant B,
Zajarias A, Wang D, Akin JJ, Anderson WN, Leon MB; PARTNER Trial
Investigators. Two-year outcomes after transcatheter or surgical aortic-valve
replacement. N Engl J Med. 2012;366:1686–1695.

9. Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Douglas PS,
Thourani VH, Babaliaros VC, Webb JG, Herrmann HC, Bavaria JE, Kodali S,
Brown DL, Bowers B, Dewey TM, Svensson LG, Tuzcu M, Moses JW, Williams
MR, Siegel RJ, Akin JJ, Anderson WN, Pocock S, Smith CR, Leon MB; PARTNER
Trial Investigators. Transcatheter aortic-valve replacement for inoperable
severe aortic stenosis. N Engl J Med. 2012;366:1696–1704.

10. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP III, Guyton RA,
O’Gara PT, Ruiz CE, Skubas NJ, Sorajja P, Sundt TM III, Thomas JD; ACC/AHA
Task Force Members. 2014 AHA/ACC guideline for the management of
patients with valvular heart disease: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation. 2014;129:e521–e643.

11. Whitlow PL, Feldman T, Pedersen WR, Lim DS, Kipperman R, Smalling R, Bajwa
T, Herrmann HC, Lasala J, Maddux JT, Tuzcu M, Kapadia S, Trento A, Siegel RJ,
Foster E, Glower D, Mauri L, Kar S; EVEREST II Investigators. Acute and 12-
month results with catheter-based mitral valve leaflet repair: the EVEREST II
(Endovascular Valve Edge-to-Edge Repair) High Risk Study. J Am Coll Cardiol.
2012;59:130–139.

DOI: 10.1161/JAHA.117.006044 Journal of the American Heart Association 13

Valvular Disease and Outcomes in CKD Patients Samad et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



12. Ersboll M, Schulte PJ, Al Enezi F, Shaw L, Køber L, Kisslo J, Siddiqui I, Piccini J,
Glower D, Harrison JK, Bashore T, Risum N, Jollis JG, Velazquez EJ, Samad Z.
Predictors and progression of aortic stenosis in patients with preserved left
ventricular ejection fraction. Am J Cardiol. 2015;115:86–92.

13. Velazquez EJ, Samad Z, Al-Khalidi HR, Sangli C, Grayburn PA, Massaro JM,
Stevens SR, Feldman TE, Krucoff MW. The MitraClip and survival in patients
with mitral regurgitation at high risk for surgery: a propensity-matched
comparison. Am Heart J. 2015;170:1050–1059.e3.

14. Samad Z, Shaw LK, Phelan M, Ersboll M, Risum N, Al-Khalidi HR, Glower DD,
Milano CA, Alexander JH, O’Connor CM, Wang A, Velazquez EJ. Management
and outcomes in patients with moderate or severe functional mitral
regurgitation and severe left ventricular dysfunction. Eur Heart J.
2015;36:2733–2741.

15. Horvath MM, Winfield S, Evans S, Slopek S, Shang H, Ferranti J. The DEDUCE
Guided Query tool: providing simplified access to clinical data for research and
quality improvement. J Biomed Inform. 2011;44:266–276.

16. Mark DB, Nelson CL, Califf RM, Harrell FE Jr, Lee KL, Jones RH, Fortin DF,
Stack RS, Glower DD, Smith LR, DeLong ER, Smith PK, Reves JG, Jollis JG,
Tcheng JE, Muhlbaier LH, Lowe JE, Phillips HR, Pryor DB. Continuing evolution
of therapy for coronary artery disease. Initial results from the era of coronary
angioplasty. Circulation. 1994;89:2015–2025.

17. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF III, Feldman HI, Kusek
JW, Eggers P, Van Lente F, Greene T, Coresh J; CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration). A new equation to estimate glomerular
filtration rate. Ann Intern Med. 2009;150:604–612.

18. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, Picard
MH, Roman MJ, Seward J, Shanewise JS, Solomon SD, Spencer KT, Sutton MS,
Stewart WJ; Chamber Quantification Writing Group; American Society of
Echocardiography’s Guidelines and Standards Committee; European Associ-
ation of Echocardiography. Recommendations for chamber quantification: a
report from the American Society of Echocardiography’s Guidelines and
Standards Committee and the Chamber Quantification Writing Group, developed
in conjunction with the European Association of Echocardiography, a branch of
the European Society of Cardiology. J Am Soc Echocardiogr. 2005;18:1440–1463.

19. Boyle CA, Decoufl�e P. National sources of vital status information: extent of
coverage and possible selectivity in reporting. Am J Epidemiol. 1990;131:160–168.

20. Schiffrin EL, Lipman ML, Mann JF. Chronic kidney disease: effects on the
cardiovascular system. Circulation. 2007;116:85–97.

21. Anavekar NS,McMurray JJ, Velazquez EJ, Solomon SD, Kober L, Rouleau JL,White
HD, Nordlander R, Maggioni A, Dickstein K, Zelenkofske S, Leimberger JD, Califf
RM, Pfeffer MA. Relation between renal dysfunction and cardiovascular
outcomes after myocardial infarction. N Engl J Med. 2004;351:1285–1295.

22. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease
and the risks of death, cardiovascular events, and hospitalization. N Engl J
Med. 2004;351:1296–1305.

23. Parikh NI, Hwang SJ, Larson MG, Meigs JB, Levy D, Fox CS. Cardiovascular
disease risk factors in chronic kidney disease: overall burden and rates of
treatment and control. Arch Intern Med. 2006;166:1884–1891.

24. Han JH, Han JS, Kim EJ, Doh FM, Koo HM, Kim CH, Lee MJ, Oh HJ, Park JT, Han
SH, Ryu DR, Yoo TH, Kang SW. Diastolic dysfunction is an independent
predictor of cardiovascular events in incident dialysis patients with preserved
systolic function. PLoS One. 2015;10:e0118694.

25. Levin A, Singer J, Thompson CR, Ross H, Lewis M. Prevalent left ventricular
hypertrophy in the predialysis population: identifying opportunities for
intervention. Am J Kidney Dis. 1996;27:347–354.

26. Silberberg JS, Barre PE, Prichard SS, Sniderman AD. Impact of left ventricular
hypertrophy on survival in end-stage renal disease. Kidney Int. 1989;36:
286–290.

27. Virga G, Stomaci B, Munaro A, Mastrosimone S, Cara M, Artuso E, Piovesana
P. Systolic and diastolic function in renal replacement therapy: a cross-
sectional study. J Nephrol. 2006;19:155–160.

28. Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Ford CE, Shulman
NB, Stamler J. Blood pressure and end-stage renal disease in men. N Engl J
Med. 1996;334:13–18.

29. Ruggenenti P, Perna A, Loriga G, Ganeva M, Ene-Iordache B, Turturro M, Lesti
M, Perticucci E, Chakarski IN, Leonardis D, Garini G, Sessa A, Basile C, Alpa M,
Scanziani R, Sorba G, Zoccali C, Remuzzi G; REIN-2 Study Group. Blood-
pressure control for renoprotection in patients with non-diabetic chronic renal
disease (REIN-2): multicentre, randomised controlled trial. Lancet.
2005;365:939–946.

30. Sarnak MJ, Greene T, Wang X, Beck G, Kusek JW, Collins AJ, Levey AS. The
effect of a lower target blood pressure on the progression of kidney disease:
long-term follow-up of the modification of diet in renal disease study. Ann
Intern Med. 2005;142:342–351.

31. Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J, Cheek D,
Douglas-Baltimore JG, Gassman J, Glassock R, Hebert L, Jamerson K, Lewis J,
Phillips RA, Toto RD, Middleton JP, Rostand SG; African American Study of
Kidney Disease and Hypertension Study Group. Effect of blood pressure
lowering and antihypertensive drug class on progression of hypertensive
kidney disease: results from the AASK trial. JAMA. 2002;288:2421–2431.

32. Tonelli M, Isles C, Craven T, Tonkin A, Pfeffer MA, Shepherd J, Sacks FM,
Furberg C, Cobbe SM, Simes J, West M, Packard C, Curhan GC. Effect of
pravastatin on rate of kidney function loss in people with or at risk for
coronary disease. Circulation. 2005;112:171–178.

33. Diabetes Control and Complications Trial/Epidemiology of Diabetes Interven-
tions, Complications Research Group, Lachin JM, Genuth S, Cleary P, Davis
MD, Nathan DM. Retinopathy and nephropathy in patients with type 1
diabetes four years after a trial of intensive therapy. N Engl J Med.
2000;342:381–389.

34. Raggi P, Boulay A, Chasan-Taber S, Amin N, Dillon M, Burke SK, Chertow GM.
Cardiac calcification in adult hemodialysis patients. A link between end-stage
renal disease and cardiovascular disease? J Am Coll Cardiol. 2002;39:695–701.

35. Freeman RV, Otto CM. Spectrum of calcific aortic valve disease: pathogenesis,
disease progression, and treatment strategies. Circulation. 2005;111:3316–
3326.

36. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, Tuzcu EM,
Webb JG, Fontana GP, Makkar RR, Williams M, Dewey T, Kapadia S, Babaliaros
V, Thourani VH, Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ,
Anderson WN, Wang D, Pocock SJ; PARTNER Trial Investigators. Transcatheter
versus surgical aortic-valve replacement in high-risk patients. N Engl J Med.
2011;364:2187–2198.

37. Thourani VH, Keeling WB, Sarin EL, Guyton RA, Kilgo PD, Dara AB, Puskas JD,
Chen EP, Cooper WA, Vega JD, Morris CD, Halkos ME, Lattouf OM. Impact of
preoperative renal dysfunction on long-term survival for patients undergoing
aortic valve replacement. Ann Thorac Surg. 2011;91:1798–1806;discussion
1806–1807.

38. Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Bar�on-Esquivias G, Baumgartner
H, Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, Lung B, Lancellotti
P, Pierard L, Price S, Sch€afers HJ, Schuler G, Stepinska J, Swedberg K,
Takkenberg J, Von Oppell UO, Windecker S, Zamorano JL, Zembala M; ESC
Committee for Practice Guidelines (CPG); Joint Task Force on the Management
of Valvular Heart Disease of the European Society of Cardiology (ESC);
European Association for Cardio-Thoracic Surgery (EACTS). Guidelines on the
management of valvular heart disease (version 2012): the Joint Task Force on
the Management of Valvular Heart Disease of the European Society of
Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery
(EACTS). Eur J Cardiothorac Surg. 2012;42:S1–S44.

DOI: 10.1161/JAHA.117.006044 Journal of the American Heart Association 14

Valvular Disease and Outcomes in CKD Patients Samad et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


