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Background: Heart failure (HF) is a common cause of morbidity and mortality among end-stage renal dis-

ease (ESRD) patients on dialysis. We aimed to assess the trends and outcomes in primary and secondary

HF hospitalizations among ESRD patients with the use of a nationally representative database.

Methods and Results: We analyzed data from the National Inpatient Sample and the US Census Bureau

to calculate annual national rates of in-hospital mortality, length of stay, disposition with a focus on non-

routine discharge (discharge to a health care facility rather than to home), and adjusted median cost among

patients with ESRD on dialysis with primary or secondary HF admissions from 2001 to 2014. An estimated

812,090 primary and 2,887,432 secondary HF admissions occurred from 2001 to 2014. The prevalence of

comorbidities increased during the study period. Primary HF admission rates increased from 2001 to 2006

and decreased from 2007 to 2014, whereas secondary HF admissions increased significantly during the

study period (P < .001). We found statistically significant declines of primary and secondary admission in-

hospital mortality, with annual percentage changes of ¡3.1% and ¡2.6% respectively (P < .001 for both).

In addition, the lengths of stay decreased significantly for primary and secondary HF admissions (P < .001

for both). However, nonroutine discharges increased significantly for both. Subgroup analysis showed

higher in-hospital mortality for men, patients >65 years of age, whites, and those on peritoneal dialysis.

The cost of hospitalization did not change significantly for primary and secondary HF admissions.

Conclusion: Among ESRD patients on dialysis with primary or secondary HF admission diagnosis,

comorbidity prevalence increased but in-hospital mortality and length of stay decreased significantly from

2001 to 2014. (J Cardiac Fail 2019;25:524�533)
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Heart failure (HF) and end-stage renal disease (ESRD)

are leading causes of morbidity and mortality. Patients with

HF suffer from multiple comorbidities that further increase

their morbidity and mortality.1�3 A large proportion of HF

patients have varying degrees of renal dysfunction, from

mild chronic kidney disease to ESRD requiring dialysis.

Patients with ESRD are at increased risk for cardiovascular

(CV) events; CV mortality and morbidity are »2�10 times

higher than in individuals with normal renal function.4,5
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Among patients on hemodialysis (HD), heart disease is the

leading cause of mortality.6 It is estimated that patients on

dialysis have 8% higher mortality than the general popula-

tion and that CV mortality accounts for approximately one-

half of those deaths.7 Although CV mortality rates have

decreased in the general population, this does not apply to

ESRD patients.4

Approximately one-third of patients with ESRD have HF at

initiation of dialysis, and 25% of patients with ESRD develop

HF while on dialysis.8�11 The 3�year survival rate of patients

on dialysis after diagnosis of HF is <20%.8 Among patients

with ESRD, poor volume control, uncontrolled hypertension,

progression of coronary artery disease, anemia, electrolytic

abnormalities, myocardial fibrosis,12 and uremic toxins13,14 lead

to development of HF and hospitalization with HF exacerba-

tion. Therapeutic strategies that effectively reduce HF hospital-

izations and mortality in the general HF population offer

limited benefit in this group. Despite advances in treatment of

ESRD patients with HF,15,16 clinical outcomes have not

changed substantially.
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Most studies have evaluated the outcomes of worsening

renal function or development of acute kidney injury (AKI)

requiring hemodialysis during the HF hospitalization, and

data on in-hospital outcomes of ESRD patients hospitalized

with HF are limited. We sought to evaluate in-hospital

trends and outcomes of HF hospitalizations among ESRD

patients. For this purpose, we selected a large nationally

representative database of hospital admissions and analyzed

pertinent in-hospital outcomes, such as mortality, length of

stay, nonroutine discharge (discharge to a health care facil-

ity rather than to home), and hospitalization cost, in the

overall population of ESRD patients with HF as well as in

subgroups of patients over 65 years of age, those on perito-

neal dialysis, women, and nonwhite patients.
Methods

Data Source and Study Population

Data from the National Inpatient Sample (NIS) of the

Healthcare Cost and Utilization project (HCUP), Agency of

Health Care Research and Quality (AHRQ), and the US

Census Bureau were used to conduct this study. The design

and description of the NIS have been previously reported

online.17 Briefly, the NIS is the largest all-payer inpatient

care database in the United States. This nationally represen-

tative database includes yearly encounter information of

hospital stays and data on patient- and hospital-level char-

acteristics for each hospitalization. In addition, patient-level

factors including demographics, diagnosis, comorbidities,

and disposition with a focus on nonroutine discharge and

hospital-level factors including bed size, location, and total

number of hospitalizations are available in this dataset.
Patient Population

All adult patients (aged �18 years) with ESRD requiring

dialysis (International Classification of Diseases, Ninth

Revision, Clinical Modification [ICD-9-CM] diagnosis

codes 585.6, 39.95, and 54.98) admitted with a primary or

secondary diagnosis of HF in the years 2001�2014 were

included in the analysis. A primary HF diagnosis refers to

hospitalizations mainly attributable to HF and was identi-

fied via the ICD-9-CM codes 402.01, 402.11, 402.91,

404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and

428.12, as recommended by the American College of Car-

diology (ACC)/American Heart Association (AHA) task

force on performance measures.18 A secondary HF diagno-

sis refers to hospitalizations of patients with chronic HF

who were admitted for reasons other than HF. HF was clas-

sified as a primary diagnosis if any of the codes appear as

the first diagnosis in the NIS database and secondary if the

codes appear at any other level of diagnosis. We excluded

patients with earlier stages of chronic kidney disease and

those requiring dialysis in the setting of AKI (ICD-9-CM

codes 584.5 and 584.9).
End Points

The main end points in the study included annual

national rates of in-hospital mortality, length of stay, non-

routine discharge, and cost of hospitalization.
Statistical Analysis

National estimates including incidence, mean, and rates

were calculated using the hospital trend weight provided by

AHRQ. To quantify comorbidities per hospitalization, we

used the Elixhauser comorbidity index to identify and clas-

sify coexisting conditions.19,20 Baseline characteristics

across years grouped into 5 consecutive categories were

compared by means of chi-square test for categoric varia-

bles and analysis of variance or Kruskal-Wallis test (as

appropriate) for continuous variables. Hospitalization cost

was inflation-adjusted to the currency value of 2014 with

the use of the consumer price indices provided by the US

Bureau of Labor statistics. To assess for trends across the

years, we used a Poisson regression model to evaluate

change in number of admissions per year, a mixed-effect

logistic model for hospitalization outcomes, and a linear

mixed model for length of stay and cost. For each model,

linear temporal trend was evaluated by including year of

data collection as a continuous independent variable in the

same model as the outcome of interest, and the significance

of the trend was based on the Wald test. Finally, subgroup

analysis by type of dialysis was conducted with the use of a

hierarchic mixed-effect model. Given that patient-level fac-

tors are nested within hospital-level factors, we built a hier-

archic model with unique hospital identification number as

random effect in the model. Potential confounding varia-

bles, including age, sex, race, dialysis type, comorbidities

including hypertension, diabetes, ischemic cardiomyopathy,

chronic lung disease, anemia, obesity, and chronic liver dis-

ease, hospital characteristics including teaching status and

bed size, socioeconomic status, and primary payer were

adjusted for. All analyses were performed with the use of

Stata 14 (Statacorp, College Station, Texas), with 2-tailed

level of significance set at 0.05.
Results

An estimated 812,090 primary and 2,887,432 second-

ary HF admissions occurred during the study period.

The demographic, patient, and hospital characteristics

of this cohort are presented in Table 1 for primary HF

admissions and in Supplemental Table 1 for secondary

HF admissions. The number of primary HF admissions

increased and peaked during the years 2006�2009 and

then decreased, with a nonsignificant average annual

percentage change of +0.53% (P = .49; Fig. 1). Second-

ary HF admissions increased significantly during the

study period, with an average annual percentage change

of +7.8% (P < .001; Fig. 2). The mean age of patients

was 65 years, and women accounted for »49% of the

population. Overall, the percentage of white ESRD



Table 1. Baseline Characteristics of Primary Heart Failure Admissions, %

Characteristic Total 2001�2003 2004�2006 2007�2009 2010�2012 2013�2014 P Value

No. of patients (unweighted) 170,331 32,332 39,140 40,253 37,556 21,050
No. of patients (weighted) 812,089 151,527 184,055 191,377 179,880 105,250
Age, y, mean (SD) 65.0 (14.4) 64.4 (14.4) 64.3 (14.6) 65.1 (14.6) 65.5 (14.2) 65.4 (14.1) <.001
Age categories
<65 y 44.85 44.48 46.30 44.81 44.03 44.27
�65 y 55.15 55.52 53.70 55.19 55.97 55.73

Female, % 49.0 50.91 49.68 49.06 47.58 47.36 <.001
Race/ethnicity <.001
White 45.20 44.73 45.02 46.18 44.54 45.58
Black 35.12 34.60 34.06 34.57 36.82 35.30
Hispanic 15.71 16.65 17.24 15.26 14.78 14.60
Asian 3.97 4.01 3.68 3.99 3.85 4.52

Dialysis type <.001
Hemodialysis 97.79 97.36 97.64 98.36 97.98 97.41
Peritoneal dialysis 2.21 2.64 2.36 1.64 2.02 2.59

Peripheral vascular disease 15.43 13.51 13.75 15.40 17.00 17.80 <.001
Hypertension 72.29 39.06 74.53 77.00 79.51 80.15
Diabetes 55.15 52.57 51.75 54.75 57.74 60.28 <.001
Obese 8.08 3.69 4.68 7.49 11.31 14.20 <.001
Anemia 48.81 36.65 36.48 47.17 59.34 68.52 <.001
Chronic pulmonary disease 30.00 25.28 27.81 29.70 32.37 35.21 <.001
Renal failure
Liver disease 3.50 2.51 2.90 3.27 4.11 5.00 <.001
Coagulopathy 5.40 2.83 3.62 5.16 7.31 8.38 <.001
Malignancy 0.55 0.53 0.54 0.52 0.58 0.58 .71
Elixhauser score <.001
0�1 3.09 9.10 3.97 1.93 1.37 0.59
2�3 32.97 49.74 40.20 32.90 24.42 17.78
�4 63.95 41.16 55.84 65.17 74.21 81.63
Ischemic cardiomyopathy 50.78 46.18 47.52 50.68 54.93 56.69
Median household
income by zip code

<.001

1st quartile 37.48 34.86 37.73 37.59 38.68 38.73
2nd quartile 25.42 26.85 25.33 25.50 24.14 25.50
3rd quartile 21.01 22.35 20.34 20.14 21.70 20.62
4th quartile 16.09 15.94 16.60 16.77 15.47 15.15

Expected primary payer <.001
Medicare 79.28 78.02 79.04 79.10 80.45 79.96
Medicaid 9.62 9.69 10.21 9.39 9.12 9.75
Private 9.04 10.34 8.74 9.36 8.43 8.11
Self-pay 0.99 0.85 1.06 1.05 0.99 0.98

Hospital size (by no. of beds) <.001
Small 9.62 7.95 8.97 9.20 9.99 13.51
Medium 24.76 24.11 23.82 24.14 24.70 28.85
Large 65.62 67.94 67.22 66.66 65.31 57.64

Hospital location <.001
Rural 7.97 8.61 6.28 8.95 8.62 7.08
Urban nonteaching 47.74 50.08 53.15 48.24 45.81 36.57
Urban teaching 44.30 41.31 40.57 42.81 45.57 56.35
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patients was lower than the percentage of this subgroup

in the general population of patients admitted with HF,

as reported in our previous analysis,21 whereas the per-

centage of black patients with ESRD was higher. Most

patients (»97%) were on hemodialysis, and the remain-

ing were on peritoneal dialysis. The prevalence of

comorbid conditions including hypertension, diabetes,

obesity, chronic pulmonary disease, anemia, liver, and

peripheral vascular disease (from which we estimated

the Elixhauser score for each case), increased signifi-

cantly during the study period (Table 1; Supplemental

Table 1), suggesting that ESRD patients admitted with

HF are becoming sicker with time. During the study

period, the number of admissions in small, medium-size
hospitals, and urban teaching centers increased

significantly.

Outcomes

In-hospital mortality among patients hospitalized with a

primary diagnosis of HF declined from 4.38% in 2001 to

3.15% in 2014, with an average annual percentage change

of ¡3.1% (P < .001; Fig. 3). In-hospital mortality rates pla-

teaued over the last 3 years of the analysis, with the lowest

rate reported in 2011 (2.71%). Trends of in-hospital mortal-

ity categorized in 5 different eras (2001�03, 2004�06,

2007�09, 2010�2012, and 2013�14) are presented in Sup-

plemental Table 2. In stratified analysis, in-hospital



Fig. 1. Trend in primary heart failure admissions among end-stage renal disease patients in the US.

Fig. 2. Trend in secondary heart failure admissions among end-stage renal disease patients in the US.
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mortality was higher among patients aged �65 years com-

pared with those aged <65 years (odds ratio [OR] 2.4, 95%

confidence interval [CI] 2.2�2.6; P < .001; Supplemental

Fig. 1), with similar rates of decline in patients <65 years

(¡3.7%; P < .001) and those �65 years (¡3.0%; P <

.001). Among patients on peritoneal dialysis, mortality was
significantly higher than among patients on hemodialysis

(OR 1.42, 95% CI 1.15�1.75; P = .001, Supplemental Fig.

2), with higher rates of decline in mortality for hemodialy-

sis than for peritoneal dialysis (hemodialysis ¡5.3% [P <

.001], peritoneal dialysis ¡4.6% [P = .02]). Women had

significantly lower risk of mortality than men (OR 0.75,



Fig. 3. Trend in in-hospital mortality among end-stage renal disease patients hospitalized with primary heart failure diagnosis in the
US. Potential confounding variables including patient-level and hospital-level characteristics and socioeconomic status (Table 1)
were adjusted for.
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95% CI 0.70�0.80; P < .001; Supplemental

Fig. 3) and higher rate of decline in mortality (men ¡2.5%

[P < .001], women ¡4.1% [P < .001]). Finally, whites had

higher mortality compared with other races (Supplemental

Fig. 4). We found a declining trend across all races, but the

average annual rate of decline was highest among Asians

(¡7.1%; P < .001) and lower among blacks (¡2.8%;

P < .001). The length of stay (LOS) decreased from

6.25 days in 2001 to 5.08 days in 2014 (P < .001; Fig. 4)

with the lowest LOS reported in 2011 (4.98 days) (Fig. 4).

The trends of LOS, categorized in different eras, are pre-

sented in Supplemental Table 2. Nonroutine discharge

increased steadily from 28.65% in 2001 to 38.67% in 2014,

with an average annual percentage change of +3.3%

(P< .001; Fig. 5). Approximately 80% of patients were dis-

charged home (14.42% required home health services) and

16.71% were transferred to an extended-care facility after

discharge (Supplemental Fig. 5). Finally, the average

annual hospitalization cost varied from $7972 in 2001 to

$8162 in 2014, with a decreasing trend from 2011 to 2014.

An average annual change of ¡$280 from $10,160 in 2001

to $8307 in 2014 (P = .004) was found among ESRD

patients requiring peritoneal dialysis (Fig. 6). Median cost

was significantly higher among ESRD patients on perito-

neal dialysis compared with hemodialysis (mean difference

in cost $2295, 95% CI $1520�$3070; P < .001; Fig. 6).

Among ESRD patients admitted with a secondary HF

diagnosis, in-hospital mortality declined significantly from

2001 to 2014, with an average annual percentage change of

¡2.6% (P < .001; Fig. 7). In-hospital mortality was higher
among patients aged �65 years compared with those aged

<65 years (OR 2.0, 95% CI 1.97�2.1; P < .001), with sim-

ilar rates of decline in patients <65 years (¡2.1%; P <

.001) and those �65 years (¡3.0%; P < .001). Women had

significantly lower risk of mortality than men (OR 0.87,

95% CI 0.85�0.9; P < .001) and similar rates of decline in

mortality (¡2.6%; P < .001 for both). Finally, whites and

Asians had higher mortality compared with blacks and His-

panics with a similar declining trend across all races. The

LOS decreased from 9.15 days in 2001 to 7.67 days in 2014

(P < .001; Supplemental Fig. 6). Nonroutine discharge

increased during the study period with an average annual

percentage change of +1.5% (P < .001; Supplemental

Fig. 7). Approximately one-half of the patients were dis-

charged home (16.8% required home health services) and

28.8% were transferred to an extended-care facility after

discharge. Finally, the average annual hospitalization cost

among patients on hemodialysis varied from $12,167

to $13,925 from 2001 to 2011 and decreased to

$12,118�$12,238 in the years 2012�2014 (Supplemental

Fig. 8). Although in-hospital mortality was slightly higher

in peritoneal dialysis than in hemodialysis patients admitted

with a secondary HF diagnosis (OR 1.14, 95% CI

1.07�1.22; P < .001), we did not identify differences in

hospitalization cost among between the 2 groups.
Discussion

The salient findings of this analysis of a nationally repre-

sentative sample of hospital admissions can be summarized



Fig. 4. Trend in length of stay among end-stage renal disease patients hospitalized with a primary heart failure diagnosis. Analyses were
adjusted for patient-level and hospital-level characteristics and socioeconomic status.
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as follows: (1) Among ESRD patients on dialysis, primary

HF admissions peaked in 2006 and gradually declined after

that, whereas secondary HF admissions increased from

2001 to 2014; (2) the comorbidity prevalence of these
Fig. 5. Trend in nonroutine discharge after primary heart failure hosp
adjusted for patient-level and hospital-level characteristics and socioecon
patients increased during the study period and can explain

the increase in secondary HF admissions; (3) in-hospital

mortality declined significantly for patients admitted with

primary or secondary HF diagnosis and was higher for men,
italization among end-stage renal disease patients. Analyses were
omic status.



Fig. 6. Trend in cost of primary heart failure admissions among end-stage renal disease patients. Analyses were adjusted for patient-level
and hospital-level characteristics and socioeconomic status.
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whites, and patients �65 years; (4) LOS of primary and sec-

ondary HF admissions decreased significantly; and (5)

although the number of nonroutine hospital discharges

increased, the majority of patients were discharged home.
Fig. 7. Trend in in-hospital mortality among end-stage renal disease pat
Potential confounding variables including patient-level and hospital-leve
were adjusted for.
Cardiac disease is responsible for as many as one-half of

the deaths in dialysis patients.8 In ESRD patients, cardiac dys-

function ranges from left ventricular hypertrophy and left

ventricular dilation to asymptomatic systolic dysfunction and
ients hospitalized with secondary heart failure diagnosis in the US.
l characteristics and socioeconomic status (Supplemental Table 1)
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eventually symptomatic HF in sicker elderly patients with

higher prevalence of comorbidities. Myocardial fibrosis and

hypertrophy with or without ischemic heart disease is a fre-

quent pathologic finding and a strong predictor of mortality.22

Therefore, in these patients there is a shift from ischemic to

nonischemic etiologies of cardiac death.23 The presence of

HF is a strong predictor of mortality in both ESRD and non-

ESRD patients. According to an analysis of the United States

Renal Data System of 310,456 incident hemodialysis patients

with a first hospital admission for HF or fluid overload, 5-

year survivals were only 12.5% and 20.2%, respectively.24

Mortality during the index hospital admission was 8.7%,

which is higher than the in-hospital mortality found in our

analysis. Patients with HF were older, more often white, and

more likely to have diabetes or hypertension.24 As confirmed

in our analysis, comorbid conditions are more prevalent in

new patients started on dialysis today than in previous

years.25,26 The presence of coronary artery disease can

explain why age and male sex are significant predictors of

mortality. The finding of lower survival among white patients

can be explained by increased mortality in sicker black

patients before starting dialysis or by different causes of car-

diomyopathy in black patients (more hypertensive than ische-

mic cardiomyopathy). However, the main finding of our

analysis is the gradual decline of in-hospital mortality across

all age, sex, and race subgroups.

A decline in long-term mortality has been noted in previous

studies27�29 and is related in part to higher intensity of dialy-

sis. Most importantly, there is a reported trend toward

improved adherence to guideline-directed medical therapies

and scheduled follow-ups among ESRD patients with HF.16

As previously reported by our group, among all patients hospi-

talized with HF, HF admission and in-hospital mortality rates

declined significantly after 2005 and these improvements

coincided with the publication of the 2005 ACC/AHA HF

guidelines.21 Despite the lack of data from randomized clinical

trials supporting the safety and efficacy of HF therapies in

patients with ESRD, the National Kidney Foundation Kidney

Disease Outcomes Initiative work group guidelines recom-

mend angiotensin-converting enzyme inhibitors (ACEi) or

angiotensin receptor blockers (ARB) and b-blockers for all

ESRD patients with symptomatic HF who are receiving

dialysis and who have HF with a reduced ejection fraction

(HFrEF),30 based on findings from smaller clinical trials that

demonstrated improved outcomes with the use of ACEi/ARB

and b-blockers.31�33 A retrospective analysis of the Get With

The Guidelines�HF study participants who were admitted

with primary HF diagnosis demonstrated a temporal increase

in adherence to ACEi/ARBs, b-blockers, and early postdi-

scharge follow-up among dialysis patients that approached

90% by the end of the study period.16 However, adherence to

quality measures did not have a meaningful impact on 1-year

survival and readmission rates. Several factors, including high

prevalence of comorbid conditions, prescription of complex

drug regimens with high risk for nonadherence, poor tolerance

to ACEi, ARBs, or b-blockers because of intradialytic hypo-

tension or hyperkalemia, may explain this discordance
between adherence to HF quality measures and poor

long-term outcomes. Furthermore, in-hospital utilization of

guideline-directed medical therapies remains low compared

with patients not requiring dialysis.34 Because the NIS does

not provide information on medications use, the association

between prescription patterns of guideline-directed medical

therapies and outcomes in HF patients with dialysis remains

to be determined.

Although, ESRD patients admitted with primary of sec-

ondary HF diagnosis had an increasing prevalence of comor-

bidities, LOS decreased and hospitalization cost did not

change substantially during the study period. These observa-

tions may be explained by improvement in adherence to

quality measures, better volume and afterload control, and

early recognition and treatment of comorbidities, which

resulted in improved mortality rates and LOS. Furthermore,

it is possible that patients are being provided with initial care

in the hospital and once they are stable their care is trans-

ferred to outpatient dialysis centers with a close follow-up

that includes a physician visit. The increase in the nonroutine

discharges could also reflect the increasing prevalence of

comorbidities in this population. Finally, we found higher in-

hospital mortality and cost to be associated with the use of

peritoneal dialysis. These observations are in line with earlier

studies that suggested worse survival among ESRD with HF

likely because of poor volume control.35

Study Limitations

Potential limitations of the study should be considered

when interpreting the results. Coding inaccuracies leading

to incomplete or misclassified documentation, absence of

data on HFrEF versus HF with preserved ejection fraction,

and lack of useful clinical variables such as medications,

laboratory data, and long-term clinical outcomes are some

of the inherent limitations of this administrative database.

Furthermore, the NIS provides number of hospitalizations

rather than unique patients, and the hospitalizations

reported here represent a composite of both first admission

(during the study period) and readmissions. Also, the num-

ber of certain patient populations, such as those on perito-

neal dialysis, was small and the findings of our analysis

should be interpreted with caution in the context of limited

sample size. Finally, this database does not provide granular

information regarding drug prescriptions and details of dial-

yses. Despite these limitations, the NIS captures a large

sample size representative of the nationwide population of

ESRD patients, and its analysis provides reliable estimates

of in-hospital outcome trends.

Conclusion

Among ESRD patients on dialysis hospitalized with HF

from 2001 to 2014, in-hospital mortality and length of stay

improved despite an increase in comorbidity prevalence.

Adherence to guideline-directed medical and device thera-

pies, along with maximum tolerated volume and afterload

reduction and early evaluation of candidacy for kidney
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transplantation, can lead to improved outcomes despite high

comorbidity prevalence among ESRD patients with HF.

Further prospective studies are warranted to examine the

specific effects of each of the available therapeutic meas-

ures on outcomes of HF patients with ESRD.

Disclosures

None.

Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

cardfail.2019.02.020.

References

1. Mogensen UM, Ersboll M, Andersen M, et al. Clinical charac-
teristics and major comorbidities in heart failure patients more
than 85 years of age compared with younger age groups. Eur J
Heart Fail 2011;13:1216–23.

2. Postmus D, van Veldhuisen DJ, Jaarsma T, et al. The COACH
risk engine: a multistate model for predicting survival and
hospitalization in patients with heart failure. Eur J Heart Fail
2012;14:168–75.

3. Ather S, Chan W, Bozkurt B, et al. Impact of noncardiac comor-
bidities on morbidity and mortality in a predominantly male pop-
ulation with heart failure and preserved versus reduced ejection
fraction. J Am Coll Cardiol 2012;59:998–1005.

4. Collins AJ, Foley RN, Herzog C, et al. Excerpts from the US
Renal Data System 2009 annual data report. Am J Kidney Dis
2010;55(1 Suppl 1):S1.

5. Bloembergen WE, Port FK, Mauger EA, Wolfe RA. Causes of
death in dialysis patients: racial and gender differences. J Am
Soc Nephrol 1994;5:1231.

6. Chen TH, Wo HT, Chang PC, Wang CC, Wen MS, Chou CC.
A meta-analysis of mortality in end-stage renal disease
patients receiving implantable cardioverter defibrillators
(ICDs). PLoS One 2014;9:e99418.

7. Wallen MD, Radhakrishnan J, Appel G, Hodgson ME, Pablos-
Mendez A. An analysis of cardiac mortality in patients with
new-onset end-stage renal disease in New York State. Clin
Nephrol 2001;55:101.

8. Harnett JD, Foley RN, Kent GM, Barre PE,Murray D, Parfrey PS.
Congestive heart failure in dialysis patients—prevalence, inci-
dence, prognosis and risk factors. Kidney Int 1995;47:884–90.

9. Stack AG, Bloembergen WE. A cross-sectional study of the
prevalence and clinical correlates of congestive heart failure
among incident US dialysis patients. Am J Kidney Dis
2001;38:992–1000.

10. Schreiber BD. Congestive heart failure in patients with
chronic kidney disease and on dialysis. Am J Med Sci 2003;
325:179–93.

11. Segall L, Nistor I, Covic A. Heart failure in patients with
chronic kidney disease: a systematic integrative review.
Biomed Res Int 2014;2014:937398.

12. Glassock RJ, Pecoits�Filho R, Barberato SH. Left ventricular
mass in chronic kidney disease and ESRD. Clin J Am Soc
Nephrol 2009;4(Suppl 1):S79–91.

13. Hung J, Harris PJ, Uren RF, Tiller DJ, Kelly DT. Uremic car-
diomyopathy—effect of hemodialysis on left ventricular func-
tion in end-stage renal failure. N Engl J Med 1980;302:547–51.
14. Wali RK, Wang GS, Gottlieb SS, Bellumkonda L, Hansalia R,
Ramos E, et al. Effect of kidney transplantation on left ven-
tricular systolic dysfunction and congestive heart failure in
patients with end-stage renal disease. J Am Coll Cardiol 2005;
45:1051–60.

15. Meier�Kriesche HU, Schold JD, Srinivas TR, Reed A,
Kaplan B. Kidney transplantation halts cardiovascular disease
progression in patients with end�stage renal disease. Am J
Transplant 2004;4:1662–8.

16. Pandey A, Golwala H, DeVore AD, Lu D, Madden G, Bhatt
DL, et al. Trends in the use of guideline-directed therapies
among dialysis patients hospitalized with systolic heart fail-
ure: findings from the American Heart Association Get With
The Guidelines�Heart Failure Program. JACC Heart Fail
2016;4:649–61.

17. Healthcare Cost and Utilization Project. Rockville, Maryland:
Agency for Healthcare Research and Quality; July 2016.
Available at: http://www.hcup-us.ahrq.gov/db/nation/nis/
nisdbdocumentation.jsp.

18. Bonow RO, Bennett S, Casey Jr DE, Ganiats TG, Hlatky MA,
Konstam MA, et al. ACC/AHA clinical performance meas-
ures for adults with chronic heart failure: a report of the Amer-
ican College of Cardiology/American Heart Association Task
Force on Performance Measures (Writing Committee to
Develop Heart Failure Clinical Performance Measures):
endorsed by the Heart Failure Society of America. Circulation
2005;112:1853–87.

19. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity
measures for use with administrative data. Med Care
1998;36:8–27.

20. Southern DA, Quan H, Ghali WA. Comparison of the Elix-
hauser and Charlson/Deyo methods of comorbidity measure-
ment in administrative data. Med Care 2004;42:355–60.

21. Akintoye E, Briasoulis A, Egbe A, et al. National trends in
admission and in-hospital mortality of patients with heart fail-
ure in the United States (2001�2014). J Am Heart Assoc
2017;6:1575–80.

22. Aoki J, Ikari Y, Nakajima H, et al. Clinical and pathologic
characteristics of dilated cardiomyopathy in hemodialysis
patients. Kidney Int 2005;67. 333�1.

23. Herzog CA, Shroff GR. Atherosclerotic versus nonathero-
sclerotic evaluation: the ying and yang of cardiovascular
imaging in advanced chronic kidney disease. JACC Cardio-
vasc Imaging 2014;7:729–34.

24. Banerjee D, Ma JZ, Collins AJ, Herzog CA. Long-term sur-
vival of incident hemodialysis patients who are hospitalized
for congestive heart failure, pulmonary edema, or fluid over-
load. Clin J Am Soc Nephrol 2007;2:1186–90.

25. Mailloux LU, Napolitano B, Bellucci AG, Mossey RT, Ver-
nace MA, Wilkes BM. The impact of co-morbid risk factors
at the start of dialysis upon the survival of ESRD patients.
ASAIO J 1996;42:164–70.

26. Miskulin D, Bragg-Gresham J, Gillespie BW, et al. Key comor-
bid conditions that are predictive of survival among hemodialysis
patients. Clin J Am Soc Nephrol 2009;4:1818–26.

27. Collins AJ, Ma JZ, Umen A, Keshaviah P. Urea index and
other predictors of hemodialysis patient survival. Am J Kid-
ney Dis 1994;23:272.

28. Hakim RM, Breyer J, Ismail N, Schulman G. Effects of dose
of dialysis on morbidity and mortality. Am J Kidney Dis
1994;23:661.

29. Held PJ, Port FK, Wolfe RA, et al. The dose of hemodialysis
and patient mortality. Kidney Int 1996;50:550.

30. Workgroup KD. K/DOQI clinical practice guidelines for car-
diovascular disease in dialysis patients. Am J Kidney Dis
2005;45:S1–153.

https://doi.org/10.1016/j.cardfail.2019.02.020
https://doi.org/10.1016/j.cardfail.2019.02.020
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0001
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0001
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0001
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0001
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0002
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0002
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0002
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0002
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0003
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0003
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0003
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0003
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0004
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0004
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0004
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0005
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0005
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0005
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0006
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0006
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0006
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0006
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0007
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0007
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0007
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0007
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0008
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0008
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0008
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0009
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0009
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0009
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0009
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0010
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0010
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0010
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0011
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0011
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0011
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0012
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0012
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0012
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0012
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0013
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0013
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0013
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0014
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0014
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0014
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0014
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0014
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0015
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0016
http://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
http://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0018
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0019
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0019
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0019
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0020
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0020
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0020
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0021
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0021
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0021
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0021
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0021
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0022
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0022
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0022
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0022
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0023
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0023
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0023
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0023
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0024
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0024
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0024
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0024
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0025
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0025
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0025
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0025
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0026
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0026
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0026
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0027
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0027
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0027
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0028
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0028
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0028
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0029
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0029
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0030
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0030
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0030


Heart failure and End stage renal disease admission trends � Inampudi et al 533
31. Cice G, di Benedetto A, d’Isa S, et al. Effects of telmisartan added
to angiotensin-converting enzyme inhibitors on mortality and mor-
bidity in hemodialysis patients with chronic heart failure a double-
blind, placebo-controlled trial. J Am Coll Cardiol 2010;56:1701–8.

32. Cice G, Ferrara L, d’Andrea A, et al. Carvedilol increases
two-year survival in dialysis patients with dilated cardiomy-
opathy: a prospective, placebo-controlled trial. J Am Coll Car-
diol 2003;41:1438–44.

33. Zannad F, Kessler M, Lehert P, et al. Prevention of cardiovascu-
lar events in end-stage renal disease: results of a randomized
trial of fosinopril and implications for future studies. Kidney Int
2006;70:1318–24.

34. Goldberg RJ, Ismailov RM, Patlolla V, Lessard D, Spencer
FA. Therapies for acute heart failure in patients with reduced
kidney function: a community-based perspective. Am J Kid-
ney Dis 2008;51:594–602.

35. Stack AG, Molony DA, Rahman NS, Dosekun A, Murthy B.
Impact of dialysis modality on survival of new ESRD patients
with congestive heart failure in the United States. Kidney Int
2003;64:1071–8.

http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0031
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0031
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0031
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0031
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0031
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0032
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0032
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0032
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0032
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0032
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0033
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0033
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0033
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0033
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0034
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0034
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0034
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0034
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0035
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0035
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0035
http://refhub.elsevier.com/S1071-9164(18)30305-1/sbref0035

	Trends in In-Hospital Mortality, Length of Stay, Nonroutine Discharge, and Cost Among End-Stage Renal Disease Patients on Dialysis Hospitalized With Heart Failure (2001-2014)
	Methods
	Data Source and Study Population
	Patient Population
	End Points
	Statistical Analysis

	Results
	Outcomes

	Discussion
	Study Limitations
	Conclusion
	Disclosures
	Supplementary materials
	References



