1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Card Fail. Author manuscript; available in PMC 2017 November 01.

-, HHS Public Access
«

Published in final edited form as:
J Card Fail. 2016 November ; 22(11): 875-883. doi:10.1016/j.cardfail.2016.04.014.

Timing and Causes of Readmission after Acute Heart Failure
Hospitalization — Insights from the Heart Failure Network Trials

Justin M. Vader, MD, MPHS1, Shane J. LaRue, MD, MPHS!, Susanna R. Stevens, MS?2,
Robert J. Mentz, MD2, Adam D. DeVore, MD?, Anuradha Lala, MD3#4, John D. Groarke, MB,
MPH4, Omar F. AbouEzzeddine, MD®, Shannon M. Dunlay, MD, MS®, Justin L. Grodin, MDS,
Victor G. Davila-Roméan, MD1, and Lisa de las Fuentes, MD, MS?

1 Washington University School of Medicine, St. Louis, Missouri

2 Duke Clinical Research Institute, Durham, North Carolina

3 Mount Sinai Hospital, New York, New York

4 Brigham and Women's Hospital, Harvard University, Boston, Massachusetts
5 Mayo Clinic, Rochester, Minnesota

6 Cleveland Clinic, Cleveland, Ohio

Abstract

Background—Readmission or death following heart failure (HF) hospitalization is a
consequential and closely scrutinized outcome, but risk factors may vary by population. We
characterized the risk factors for post-discharge readmission/death in subjects treated for acute
heart failure (AHF).

Methods and Results—A post hoc analysis was performed on data from 744 subjects enrolled
in three AHF trials conducted within the Heart Failure Network (HFN): Diuretic Optimization
Strategies Evaluation in Acute Heart Failure (DOSE-AHF), CARdiorenal REScue Study in Acute
Decompensated Heart Failure (CARRESS-HF), and Renal Optimization Strategies Evaluation in
Acute Heart Failure (ROSE-AHF). All-cause readmission/death occurred in 26% and in 38% of
subjects within 30- and 60-days of discharge, respectively. Non-HF cardiovascular causes of
readmission were more common in the < 30 day timeframe vs. the 31-60 day timeframe (23% vs.
10%, p=0.016). In a Cox proportional hazards model adjusting a priorifor LVEF < 50% and trial,
the risk factors for all-cause readmission/death included: elevated baseline BUN, ACEI/ARB non-
use, lower baseline sodium, non-white race, elevated baseline bicarbonate, lower SBP at
discharge/day 7, depression, increased length of stay, and male sex.

Conclusions—In an AHF population with prominent congestion and prevalent renal
dysfunction, early readmissions were more likely to be due to non-HF cardiovascular causes
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compared to later readmissions. The association between use of ACEI/ARB and lower all-cause
readmission/death in Cox proportional hazards model suggests a role for these drugs to improve
post-discharge outcomes in AHF.
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INTRODUCTION

Each year in the US, heart failure (HF) is the primary admission diagnosis for > 1 million
hospitalizations and the secondary diagnosis in > 3 million hospitalizations,! resulting in
aggregate costs in excess of $10 billion.2 While inpatient mortality rates for HF
hospitalization are modest and stable at ~ 3%,3 hospital readmission within 30 days of
discharge is common — occurring in approximately 25% of admissions.* For Medicare,
where HF represents the most common hospital admission or readmission diagnosis, the cost
of HF readmission alone is > $1.7 billion/year.> This has led the Centers for Medicaid and
Medicare Services (CMS) to attempt to mitigate costs by financially penalizing hospitals
with readmission rates exceeding a model-derived risk standardized readmission rate, which
has in turn focused efforts on reducing the 30-day readmission rates for those aged > 65
years.

While focus on the elderly Medicare population is timely, the scope of the issue extends
beyond this group. In addition to financial consequences, HF readmission identifies patients
at high risk for adverse events and mortality.® Whether risks identified in the elderly
Medicare population apply to other age and payer groups is not known. Meanwhile, the
proportion of HF hospitalizations of patients under 65 years of age increased from 23% in
2000 to 29% in 2010, indicating a need to study readmission/death in younger patients as
well. Readmission rates also differ by academic vs. non-academic hospitals. While academic
hospitals may deliver higher quality of HF care in some instances,? they may also deliver
care to patients who are more likely to be younger, urban, and without prior hospitalization
for HF.9 Academic hospitals also have higher risk-standardized rates of readmission.10 Thus,
the purpose of this study was to identify risk factors for readmission/death in academic
hospitals participating in the Heart Failure Network (HFN).

The Heart Failure Network is a National Heart, Lung, and Blood Institute (NHLBI)-
sponsored research consortium established with the purpose of conducting multicenter
clinical trials largely in academic hospitals across the US. We characterized the timing,
causes, and risk factors for readmission in a cohort derived from three trials of acute
decongestive therapy: Diuretic Optimization Strategies Evaluation in Acute Heart Failure
(DOSE-AHF); CARdiorenal REScue Study in Acute Decompensated Heart Failure
(CARRESS-HF); and Renal Optimization Strategies Evaluation in Acute Heart Failure
(ROSE-AHF). While these trials each showed no statistically significant difference between
the treatment strategy and the primary clinical outcomes, the aggregate population of the
trials provides a large cohort of patients with significant congestion and renal dysfunction,
detailed clinical phenotyping, and post-discharge follow-up subsequent to treatment.
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Study population

This retrospective analysis was performed using data from DOSE-AHF, CARRESS-HF and
ROSE-AHF. The design and primary results of these trials have been published
previously.11-16 All three trials enrolled patients hospitalized with AHF and included
subjects with either preserved or reduced left ventricular ejection fraction (LVEF). AHF was
defined as the presence of at least 1 symptom (dyspnea, orthopnea, or edema) AND 1 sign
(rales on auscultation, peripheral edema, ascites, pulmonary vascular congestion on chest
radiography) of HF in DOSE-AHF and ROSE-AHF or admission to the hospital with a
primary diagnosis of HF in CARRESS-HF. DOSE-AHF and CARRESS-HF did not require
a prior diagnosis of HF. Subjects were excluded if on renal replacement therapy, for elevated
serum creatinine (>3.0mg/dL in DOSE-AHF, >3.5 mg/dL in CARRESS-HF), and for
reduced estimated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m? in ROSE-AHF.
The DOSE-AHEF trial randomized 308 AHF subjects taking a baseline dose = 80mg oral
furosemide (or equivalent) in a 2x2 factorial fashion to intravenous high dose (2.5 times
baseline oral dose) vs. low dose (equal to baseline oral dose) furosemide administered by
continuous infusion vs. intermittent bolus (every 12 hours).1112 The CARRESS-HF trial
enrolled 188 patients with AHF and worsening renal function (increase in serum creatinine
of = 0.3 mg/dL within 12 weeks before or 10 days after admission) with persistent
congestion despite intravenous diuretics or escalating doses of oral diuretics. Subjects were
randomized in a 1:1 fashion to a stepped pharmacologic diuretic approach vs.
ultrafiltration.1314 The ROSE-AHF study randomized 360 patients with AHF and renal
dysfunction to 1 of 3 treatment arms: low-dose nesiritide (0.005 pg/kg/min for 72 hours),
low-dose dopamine (2 pg/kg/min for 72 hours), or placebo with all patients receiving
intravenous loop diuretics during treatment.15-17 All study participants provided written
informed consent. The studies were designed by the NHLBI-sponsored Heart Failure
Clinical Research Network investigators, and were approved by protocol review and data
safety monitoring committees as well as each participating site's institutional review board.

Among the three trials, 856 subjects were enrolled, however the 21 subjects enrolled in more
than one trial were only analyzed for the first trial they entered, leaving a total of 835
subjects for analysis. Analysis of readmission further excluded 91 subjects: 15 died in-
hospital, 2 were still hospitalized at 60 days, 6 withdrew consent in-hospital, and 68 were
not followed for rehospitalization endpoints beyond discharge. A cohort of 744 subjects was
available for analysis of post-discharge readmission/death.

Laboratory Values

Plasma samples from patients enrolled in DOSE-AHF, CARRESS-HF, and ROSE-AHF
were collected at randomization (baseline) and at 72 hours (DOSE-AHF, ROSE-AHF) and
96 hours (CARRESS-HF). Serum chemistries were analyzed at each enrolling institution's
laboratory blinded to treatment assignment. Biomarkers (including NT-proBNP, serum
aldosterone, cystatin C, uric acid, and plasma renin activity [PRA]) were analyzed at The
Heart Failure Clinical Research Network Core Biomarker Laboratory at the University of
Vermont.
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Definitions and Outcomes

Trial protocols dictated the assessment of clinical and laboratory variables at randomization
(baseline) and discharge or day 7, whichever occurred first. Medications at admission and
discharge were documented. Edema was categorized as absent, mild (1+), moderate (2+), or
severe (3+). Based upon previous work, an “orthoedema score” was derived as a sum of
edema (valued at 0 points for absent, 1 point for mild, and 2 points for moderate or greater)
and orthopnea (valued at 2 points for =2 pillows, otherwise 0 points).18 The orthoedema
score could range from 0 to 4. Depression was defined as treated by prescription
medications.

The main clinical outcome of interest was re-hospitalization or death following discharge
from the index hospitalization analyzed in a continuous fashion or in the intervals of 0-30
days or 31-60 days. Primary causes for hospitalization were previously determined by
investigators based upon review of hospital charts and assigned to one of nineteen different
diagnoses, which were identical across the three trials.. For the present analysis, these were
grouped into: HF, cardiovascular non-HF (including angina, myocardial infarction, chest
pain, atrial arrhythmia, ventricular arrhythmia, sudden cardiac death, cerebrovascular
accident, syncope, hypotension, peripheral vascular disease, elective cardiovascular, and
other cardiovascular), renal (acute renal failure, worsening renal function, hyperkalemia),
and non-cardiovascular non-renal (infections, elective non-cardiac procedure, and other non-
cardiovascular).

Statistical Analyses

Baseline and discharge/day 7 characteristics were compared between patients according to
the timing of readmission using the Kruskal-Wallis test for non-normally distributed
continuous variables, oneway ANOVA for normally distributed continuous variables, and the
Pearson chi-square test for categorical variables. Causes of re-admission were compared
between those readmitted within 30 days and those readmitted 31-60 days after discharge
using Pearson Chi-square test and Fisher's exact test. The continuous hazard of death or all-
cause hospitalization was examined by multivariable Cox proportional hazards analysis
using baseline and discharge/day7 variables as inputs and a stepwise selection process. The
analysis was adjusted a priorifor left ventricular ejection fraction (EF) and clinical trial due
to the potential impact of these factors on pharmacotherapy choices. Multiple imputation
was used for missing values. Variables with > 15% missingness were not included in the
models. For medications, a four-level variable was created to account for use of medication
at admission, at discharge, neither, and both. Both baseline and discharge values for a given
variable were candidates in the model. For collinear variables of renal function, blood urea
nitrogen (BUN) was selected over GFR and Cr for its performance in other published
models predicting mortality.1920 The SAS procedure PROC MI was used to create 25
imputed datasets of size 835. Proportional hazards regression models with variable selection
were run in each imputed dataset. The number of times each variable was selected using
forward or backward selection and alpha 0.1 or 0.05 for retention were tabulated. Variables
selected in at least 20 (80%) of models according to forward or backward selection at
alpha=0.1 level were candidates for the final Cox model. PROC MIANALY ZE was used in
conjunction with SAS PROC PHREG to combine estimates across imputed datasets.
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Variables were manually removed until all remaining variables had p-value from
MIANALY ZE that was less than 0.050. Harrell's C index for discrimination in survival data
was calculated in each imputed dataset and averaged. The relationship between baseline or
discharge/day7 variables and cardiovascular hospitalization was examined in similar fashion
to that described for all-cause hospitalization. A two-sided p value < 0.05 was considered
significant for all analyses. All statistical analyses were performed with SAS software,
version 9.2 (SAS Institute, Cary, North Carolina).

Baseline patient characteristics

Baseline and discharge characteristics are shown in TABLE 1 and TABLE 2. The median
age was 69 years with 36% of subjects younger than 65 years of age, 75% males, and 25%
non-white race. LVEF was less than 50% in 70% of subjects. Only 6 subjects (0.8%) had a
recent (< 2 weeks) diagnosis of heart failure and the median duration of heart failure was 4
years. Renal dysfunction (median creatinine = 1.7 mg/dL; median estimated GFR = 41.3
mL/min/1.73m?) and anemia (median hemoglobin = 11.5 g/dL) were prevalent. On
admission, 83% of subjects were taking beta blockers, 54% were taking angiotensin
converting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARB), and 28% were
taking aldosterone antagonists. Subjects were congested, with orthopnea and elevated
jugular venous pulse = 8 cm H,0 present in more than 90% of subjects.

Patient characteristics at discharge/day 7

The median length of hospitalization from study randomization to hospital discharge was 6
(IQR, 4,9) days. Decongestion was incomplete with residual = 2+ edema in 24% of patients,
JVP =8 cm H20 in 52%, orthopnea in 66%, and full relief of congestion (orthoedema score
of 0) in only 57% of patients. Median weight change from randomization to discharge/day 7
was -4.8 kg. (IQR, -7.9, -2.5).

Timing and causes of readmission

Death during the trial enrollment hospitalization occurred in 15 of the 835 subjects (1.8%)
enrolled to the three trials. Complete post-discharge readmission and mortality data were
available for 744 subjects. Death occurred within 60 days post-discharge in 47 of these
subjects (7.3%). In time-to-event analysis, death or all-cause readmission occurred in 26%
(186 readmissions, 9 deaths without readmission) within 30 days post-discharge and 38%
(273 readmissions, 11 deaths without readmission) within 60 days post-discharge. Non-HF
cardiovascular causes of readmission were proportionally more common in patients
readmitted within 30 days vs. patients readmitted between 31 to 60 days (23% vs. 10%,
p=0.016). HF (50% vs. 57%, p=0.25), renal (5% vs. 2.3%, p=0.51), and non-cardiovascular
non-renal (23% vs. 30%, p=0.19) causes of readmission were not significantly different
between those readmitted within 30 days and those readmitted between 31 to 60 days. Of the
non-HF cardiovascular causes of readmission, the distribution among several more specific
diagnoses was similar within 30 days and between 31 to 60 days. FIGURE 1.
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All-Cause Readmission/Death

Variables associated with all-cause readmission/death in a Cox proportional hazards model
are shown in TABLE 3. Baseline serum chemistries that predicted greater risk of
readmission/death included higher BUN, higher bicarbonate, and lower sodium.
Demographic and baseline clinical predictors of readmission/death included non-white race,
female sex, a history of depression, and longer length of stay. Among clinical examination
variables, only lower SBP at discharge/day 7 was associated with increased readmission/
death. Use of ACEI/ARB was the only medical therapy predictive of readmission/death —
with a lower event rate in patients taking ACEI/ARB at either admission, discharge, or both.
Those patients taking ACEI/ARB both at discharge and admission had the lowest hazard.
The overall c-statistic for the multivariable model in predicting all-cause readmission/death
within 60 days was 0.67.

Cardiovascular Readmission/Death

Variables associated with cardiovascular readmission/death in a Cox proportional hazards
model are shown in TABLE 4. Risk factors for cardiovascular readmission/death were
similar to risk factors for all-cause readmission/death except for the exclusion of male sex
and bicarbonate and with the addition of HF hospitalization within the last year, COPD, and
degree of hypokalemia (< 3.7 mEg/L). Notably, those patients maintained or initiated on
ACEI/ARB were at the lowest hazard of readmission. The overall c-statistic for the
multivariable model in predicting cardiovascular readmission/death within 60 days was 0.69.

DISCUSSION

In this analysis of three AHF trials enrolling patients with prominent congestion and
prevalent renal dysfunction, we found an overall rate of readmission/death of 26%, similar to
contemporary reports.* Only half of the readmissions within 30-days and 58% of
readmissions within 60-days were attributed to heart failure. Readmissions for non-HF
cardiovascular causes were more likely to occur within 30 days than from 31-60 days. Risk
factors for all-cause readmission included renal dysfunction, hyponatremia, hypercarbia,
lower blood pressure, depression, non-white race, female sex, and greater length-of-stay.
The use of ACEI/ARB was associated with lower rates of readmission/death. Risk factors
for cardiovascular readmission were generally similar, with COPD, HF hospitalization
within one year prior to trial enrollment, hyponatremia, renal dysfunction, hypotension, and
degree of hypokalemia (< 3.7 mEg/L) being particular risk factors for cardiovascular
readmission. Overall, the risk of readmission/death could be predicted with modest accuracy
(AUC 0.67 for all-cause, 0.69 for cardiovascular).

The present study cohort is different from previous cohorts, being younger, with more renal
dysfunction, higher percentage of men, and racially more diverse. This cohort (median age =
69 years; 36% < 65 years) is younger than studies accessing Medicare-based and other
administrative cohorts, however age was not a risk factor for readmission/death. As specified
by trial enrollment criteria and site characteristics, renal dysfunction (median creatinine =
1.7 mg/dl; median estimated GFR = 41.3 mL/min/1.73m?2) was highly prevalent. There was
disproportionate representation of males (75%), and there was a relatively large proportion
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of non-white subjects (26%). Although patients with both preserved (HFpEF) and reduced
(HFrEF) ejection fraction were eligible for enrollment, the cohort is weighted towards
systolic dysfunction (70% with LVEF < 50%; median LVEF = 30%). Nearly the entire
cohort was NYHA Class 111 or IV and > 70% had been previously hospitalized for HF
within one year of trial hospitalization. While these factors might have been expected to
predispose the cohort to higher readmission rates, the overall 30-day readmission rate of
25% is similar to contemporary data.*

An analysis of the large, multinational EVEREST trial demonstrated a similar proportion of
HF, non-HF cardiovascular, and non-cardiovascular readmissions comparing 0-30 vs. 31-60
days post-discharge.2 Our finding of relatively more non-HF cardiovascular readmissions in
the 0-30 day period may be attributable to characteristics of the subjects enrolled to these
trials; treated in North American teaching hospitals, greater severity of renal dysfunction,
both HFpEF and HFrEF, and a greater burden of non-HF comorbidities such as COPD,
hypertension, and diabetes, which are known to be associated with preventable
hospitalization.22 By focusing on the impact of HF hospitalization on the care of
cardiovascular comorbidities, opportunities for preventing early readmission may be
revealed.

The identified associations between serum chemistries and all-cause readmission/death
reflect the central role of impaired baseline renal function (BUN) and hallmarks of
aggressive diuresis (hyponatremia and hypercarbia) in the face of continued congestion.
Baseline serum chemistries were selected in the models over post-treatment (discharge/
day7) values, suggesting baseline values may be more predictive of readmission rates.
Serum potassium was not retained in the model for all-cause readmission/death, however a
“U-shaped” function for serum potassium and cardiovascular readmission/death was noted,
with a statistically significant relationship between serum potassium < 3.7 mEg/L and the
outcome (Supplementary appendix figure). Interestingly, forcing a linear spline for
potassium > 3.7 mEq/L did not change the model performance and the relationship between
hyperkalemia and cardiovascular readmission/death was not statistically significant
(p=0.27), suggesting that in this population hypokalemia represents a relatively greater risk
for adverse events than does hyperkalemia.

Clinical examination findings consistent with congestion were not significant in the
multivariable model for all-cause or cardiovascular readmission and death. While
examination findings may be valuable in HF management, serum chemistries may have
performed better in predictive models because they better reflect more complex interplay of
congestion, disease severity, comorbidity, and end-organ function. Among clinical variables,
only lower systolic blood pressure, similar to other analyses,?3 was associated with
increased hazard of readmission/death.

Among demographics, clinical history, and comorbidities, the variables associated with
increased all-cause readmission/death included female sex, depression, non-white race, and
increased length of stay. A greater hazard for readmission/death in non-white subjects was
demonstrated in previous risk-adjusted analysis of Medicare data, finding black patients and
patients cared for at minority-serving hospitals to be more likely than white patients or
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patients cared for at non-minority-serving hospitals to be readmitted for HF, acute Ml, and
pneumonia.24 The proportion of non-white subjects in this analysis was notably higher than
most multi-center HF readmission analyses and reflective of patient characteristics at
participating hospitals. The influence of race on readmission likely represents biologic,
economic, and social variables not otherwise captured in this analysis, and points towards a
need to further explore and account for these factors in considering post-discharge outcomes
in HF.

While population-level trends demonstrate an increased risk of readmission
contemporaneous with reduced length of stay2® and countries with longer length of stay tend
to have reduced readmission rates,26 we found greater length of stay was associated with an
increased hazard for readmission. In this case, greater length of stay may represent greater
HF disease severity, greater complexity of the AHF episode, greater overall burden of
comorbidity, socioeconomic barriers to safe hospital discharge, or simply reflect practice
patterns that differ by geographic location.

The high prevalence of depression in HF and its influence on increased mortality and
readmission has also been previously described,2728 and more than 20% of subjects in this
cohort had a history of treated depression. Given the lack of trial data to support a role for
antidepressants to improve clinical outcomes in heart failure patients,2® our analysis
highlights the continued need to develop alternative strategies for addressing comorbid
depression in hospitalized heart failure.

Perhaps the most intriguing finding in this analysis, one with potential application to clinical
practice, is the association between ACEI/ARB use, particularly at both admission and
discharge, and a lower hazard of readmission/death. As expected, patients with ACEI/ARB
use had better renal function and more commonly had reduced LVEF, while comorbidities
and disease severity were generally similar across groups. (Supplementary appendix table
1). Though aggressive decongestion (median 5 kg. weight loss by discharge/day 7) in the
setting of baseline renal dysfunction or worsening renal function may lead clinicians to
avoid RAAS-blocking medications, this multivariable analysis adjusting a priori for trial and
LVEF and retaining renal function (BUN) and blood pressure in the model demonstrated that
ACEI/ARB use was associated with reduced readmission/death. Management of RAAS
blocking agents in the setting of AHF, particularly with associated renal dysfunction, is a
current knowledge gap. Review of trial data in chronic HF suggests a benefit of RAAS-
blockade that extends through CKD stage 111 and potentially CKD stage V.30 In this
analysis, hypokalemia more-so than hyperkalemia was associated with subsequent adverse
events. Further, ACE/ARB or aldosterone antagonist use did not alter the relationship
between potassium level and cardiovascular readmission/death. RAAS inhibition may in
some cases be unduly abandoned in the AHF setting where modest serum creatinine and
serum potassium derangements are present. While studies of chronic RAAS inhibition in the
setting of renal dysfunction are in development, studies of the appropriate management of
RAAS-blocking agents in the setting of AHF with renal dysfunction also warrant further
prospective investigation to address the balance of benefit and risk in these patients.
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The findings of this retrospective analysis of three randomized clinical trials conducted

using different therapeutic approaches to decongestion and with different enrollment criteria
should be considered hypothesis-generating. Inferences from this cohort should be
generalized to populations with different baseline characteristics with caution. Chiefly, these
findings from subjects treated within an academic clinical trial network with defined
enrollment criteria and decongestive strategies may be less applicable to community patient
samples or heart failure populations with key comorbidities that would cause exclusion from
trial participation. However, within populations that do mirror the study cohort and for future
trials of decongestion in acute heart failure these results may be particularly useful.

Limitations to analysis imposed by the nature of trial design and conduct include the
availability of a discharge/day 7 time point for certain variables as opposed to strictly
discharge variables. The differences in serum chemistries following a 2-day vs. a 7-day
admission are expected to be smaller and this may have contributed to the lesser
performance of discharge/day7 variables in multivariable regression. Missing data may have
also affected the analysis, though variables with high missing rates (PRA, aldosterone,
troponin I, uric acid, and pro-collagen 111 NTP) were omitted from multivariable analysis. In
single variable analysis, troponin I, aldosterone, and PRA had modest but significant
associations with outcomes that might have been borne out in multivariable analysis. BNP,
which as a value measured on discharge has been shown to improve the predictive accuracy
of mortality and readmission,3! was not available at discharge/day7 in this data set.
Attribution of causes for readmission was limited to diagnoses included in the trials case
report forms; further retrospective detailing of multifactorial readmission causes was not
possible. Data were also not available for the analysis of post-discharge and hospital-to-
home care plans, a fact that may account for the modest c-statistic in this and other analyses
that focus solely on acute hospitalization variables. Finally, the overall size of this cohort is
modest in comparison to larger trial or registry experiences, though the degree of clinical
assessment and data clarity in these trials was good, and ultimately these data may prove
useful in designing and analyzing future trials in a similar population.

CONCLUSION

In this multi-trial cohort with prominent congestion and prevalent renal dysfunction,
readmission after HF hospitalization was more likely to be for non-HF cardiovascular
conditions in the early (0-30 day post-discharge) time-frame. Variables associated with
greater cumulative all-cause readmission/death included greater non-white race, depression,
lower blood pressure, and laboratory markers reflecting the interplay of decongestive
therapy and renal dysfunction (elevated BUN, hyponatremia, and elevated serum
bicarbonate). ACEI/ARB was the only pharmacotherapy independently associated with
lesser readmission/death. The models’ performance in discriminating all-cause readmission
(AUC = 0.67) or cardiovascular readmission (0.69) was modest. However, further study of
the factors predictive of readmission, in particular maintaining the use of ACEI/ARB, may
confirm opportunities to mitigate post-discharge readmission and death.
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Highlights

. Early readmission after heart failure hospitalization was often due to
cardiovascular comorbidity.

. ACE/ARB use was associated with lesser risk for early readmission/
death.
. Hypokalemia, but not hyperkalemia, was associated with increased

cardiovascular readmission/death.

. Despite detailed physical examination data from a trial cohort,
readmission prediction was limited.

J Card Fail. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Vader et al.

Page 14

Readmission Causes < 30 days
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Fig. 1.
Readmission causes within 30 days and 31-60 days after discharge from an acute heart

failure (HF) hospitalization.
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Baseline Characteristics by Trial

Table 1

Characteristic

Overall (N=744)

DOSE (N=260)

CARRESS (N=147)

ROSE (N=337)

Demographics

Age, years 69 (60 - 78) 68 (56 - 77) 68 (58 - 78) 70 (62 - 79)
Age <65 years 271 (36.4) 105 (40.4) 65 (44.2) 101 (30.0)
Male sex 559 (75.1) 196 (75.4) 113 (76.9) 250 (74.2)
White race 554 (74.5) 187 (71.9) 109 (74.1) 258 (76.6)
Clinical History
Ejection fraction, % 30 (20 - 53) 28.5(20.0 - 50.0) 33(20-55) 33.5(21.5-53.0)
Ejection fraction <50% 516/737 (70.0) 190/254 (74.8) 96 (65.3) 230/336 (68.5)
Hospitalization for HF in last year 5241736 (71.2) 192/257 (74.7) 108/144 (75.0) 2241335 (66.9)
Ischemia as cause of HF 438 (58.9) 150 (57.7) 90 (61.2) 198 (58.8)
Hypertension 611 (82.1) 207 (79.6) 126 (85.7) 278 (82.5)
Atrial fibrillation / flutter 412 (55.4) 136 (52.3) 75 (51.0) 201 (59.6)
Diabetes 419 (56.3) 135 (51.9) 98 (66.7) 186 (55.2)
ICD 294 (39.5) 106 (40.8) 41 (27.9) 147 (43.6)
TIA 57 (7.7) 25 (9.6) 9(6.1) 23 (6.8)
Stroke 80 (10.8) 33(12.7) 19 (12.9) 28 (8.3)
Hyperlipidemia 556 (74.7) 182 (70.0) 113 (76.9) 261 (77.4)
Peripheral vascular disease 114 (15.3) 39 (15.0) 28 (19.0) 47 (13.9)
COPD 201 (27.0) 63 (24.2) 48 (32.7) 90 (26.7)
Arrhythmia 451 (60.6) 149 (57.3) 83 (56.5) 219 (65.0)
Current smoking / quit <ém ago 117 (15.7) 45 (17.3) 20 (13.6) 52 (15.4)
Chronic alcohol use 58 (7.8) 24 (9.2) 4(2.7) 30 (8.9)
Gout 206 (27.7) 60 (23.1) 33 (22.4) 113 (33.5)
Hepatic disease 33 (4.4) 7.7) 8 (5.4) 18 (5.3)
Malignancy 50 (6.7) 19 (7.3) 11 (7.5) 20 (5.9)
Depression 163 (21.9) 51 (19.6) 38 (25.9) 74 (22.0)
NYHA classification

I 1/695 (0.1) 1/234 (0.4) 0/139 (0) 0/322 (0)

I 27/695 (3.9) 11/234 (4.7) 0/139 (0) 16/322 (5.0)

I 442/695 (63.6) 146/234 (62.4) 83/139 (59.7) 213/322 (66.1)

v 225/695 (32.4) 76/234 (32.5) 56/139 (40.3) 93/322 (28.9)
Medications

ACE inhibitor or ARB 400 (53.8) 169 (65.0) 64 (43.5) 167 (49.6)

Hydralazine 136 (18.3) 44 (16.9) 28 (19.0) 64 (19.0)

Nitrates 208 (28.0) 76 (29.2) 52 (35.4) 80 (23.7)

Beta-blocker 617 (82.9) 218 (83.8) 117 (79.6) 282 (83.7)

Aldosterone antagonist 208 (28.0) 76 (29.2) 35(23.8) 97 (28.8)
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Characteristic

Overall (N=744)

DOSE (N=260)

CARRESS (N=147)

ROSE (N=337)

Digoxin 187 (25.1) 78 (30.0) 25 (17.0) 84 (24.9)
Aspirin 497 (66.8) 176 (67.7) 105 (71.4) 216 (64.1)
Warfarin 320 (43.0) 120 (46.2) 46 (31.3) 154 (45.7)

HF Clinical Assessment

Body mass index, kg/m?2

31.3(26.8 - 37.7)

31.1(26.4 - 36.4)

33.1(27.3-41.2)

30.6 (265 - 37.1)

Weight, Ibs

203 (173 - 251)

203 (175 - 241)

220 (183 - 288)

198 (170 - 244)

Systolic blood pressure, mmHg

114 (104 - 127)

114 (104 - 130)

115 (105 - 125)

114 (103 - 127)

Diastolic blood pressure, mmHg 66 (59 - 74) 68 (59 - 78) 64 (56 - 74) 65 (59 - 72)
Heart rate, beats/min 75 (66 - 84) 76 (69 - 84) 75 (65 - 86) 73 (65 - 84)
Edema > 2+ 572/742 (77.1) 203 (78.1) 132 (89.8) 237/335 (70.7)
JVP = 8 cm water 668/709 (94.2) 225/247 (91.1) 136/141 (96.5) 307/321 (95.6)
Orthopnea 645/712 (90.6) 225/250 (90.0) 132/140 (94.3) 288/322 (89.4)
Rales 408/740 (55.1) 147 (56.5) 76 (51.7) 185/333 (55.6)
S3 auscultation 160/731 (21.9) 54/256 (21.1) 25/146 (17.1) 81/329 (24.6)
Sp02, % 96 (94 - 98) 97 (95 - 98) 96 (94 - 98) 96 (94 - 98)
Self-assessment

Global VAS 50 (30 - 67) 47 (26 - 61) 49 (25 - 67) 53 (34 - 70)
Dyspnea VAS 54 (33 - 77) 50 (30 - 72) 50 (30 - 74) 61 (39 - 80)
Local Labs

Sodium, mg/L 138 (136 - 141) 139 (136 - 141) 137 (134 - 140) 139 (136 - 141)

Potassium, mEg/L

4.00 (3.70 - 4.30)

3.95 (3.55 - 4.20)

4.10 (3.80 - 4.40)

4.00 (3.70 - 4.30)

Bicarbonate, mEq/L 28 (25 - 30) 28 (25 - 30) 28.7 (25.0 - 31.0) 27 (25 - 30)
Hemoglobin, g/dL 11.3(10.2-12.7) 11.4 (10.2-13.1) 11.1(9.7-12.2) 11.4 (10.3-12.7)
Blood urea nitrogen, mg/dl 38 (26 - 53) 31.0(20.2 - 49.0) 48.5 (39.0 - 64.0) 36 (27 - 50)

GFR, mL/min/1.73m?2

413 (31.1-55.2)

49,6 (35.8 - 67.2)

31.8 (255 - 41.3)

419 (32.3 - 53.4)

Serum creatinine, mg/dl

1.70 (1.36 - 2.15)

1.50 (1.16 - 1.90)

2.10 (1.70 - 2.65)

1.69 (1.40 - 2.00)

Core Labs

Creatinine, mg/dl

1.64 (1.27 - 2.05)

1.44 (1.08 - 1.90)

2.03 (1.59 - 2.51)

1.61 (1.33 - 1.97)

NT-proBNP, pg/ml

4503 (2315 - 10150)

4441 (2466 - 10517)

4119 (1594 - 9604)

4954 (2337 - 10120)

Serum aldosterone, pg/ml

200 (108 - 356)

183 (95 - 349)

228 (117 - 377)

Cystatin C, mg/L

1.70 (1.36 - 2.18)

1.48 (1.11- 1.92)

2.15 (1.69 - 2.65)

1.70 (1.42 - 2.15)

Uric acid, mg/dL

9.9(8.1-118)

9.7(7.9-11.3)

10.8 (9.0 - 12.4)

Plasma renin activity, ng/mL/hr

4.9(0.9-159)

4.1(0.8 - 15.6)

53(1.6-18.1)
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Discharge / Day 7 Characteristics by Trial

Table 2

Characteristic

Overall (N=744)

DOSE (N=260)

CARRESS (N=147)

ROSE (N=337)

Days from randomization to discharge 6(4-9) 5(3-9) 7(5-11) 6(4-9)
Edema = 2 168/710 (23.7) 55/245 (22.4) 48/141 (34.0) 65/324 (20.1)
JVP =8 cm water 330/636 (51.9) 100/213 (46.9) 81/128 (63.3) 149/295 (50.5)
Heart rate 72.5 (65.0 - 83.0) 75.0 (66.0 - 85.5) 73 (65 - 83) 72 (64 - 81)
SBP, mmHg 110 (100 - 125) 110 (100 - 125) 117 (102 - 128) 107 (98 - 124)
DBP, mmHg 61 (56 - 70) 63.5 (56.0 - 72.0) 62 (56 - 71) 60 (55 - 67)
Weight, Ibs 190 (162 - 240) 189 (163 - 232) 203 (168 - 261) 187 (159 - 233)

Weight change, Ibs

-10.5 (-17.4, -5.51)

-10.6 (-15.9, -5.51)

-15.0 (-21.8, —7.90)

-9.26 (~15.4, —4.85)

BMI, kg/m? 29.5(24.8 - 36.1) 29.1(24.6-35.2) 30.7 (25.8 - 38.4) 29.1(24.3 - 36.0)
Orthopnea 417/631 (66.1) 132/205 (64.4) 87/129 (67.4) 198/297 (66.7)
Orthoedema score
0 405/713 (56.8) 147/247 (59.5) 69/142 (48.6) 189/324 (58.3)
1 70/713 (9.8) 26/247 (10.5) 20/142 (14.1) 24/324 (7.4)
2 148/713 (20.8) 46/247 (18.6) 27/142 (19.0) 75/324 (23.1)
3 63/713 (8.8) 241247 (9.7) 18/142 (12.7) 21/324 (6.5)
4 27/713 (3.8) 41247 (1.6) 8/142 (5.6) 15/324 (4.6)
Medications
ACEI/ARB 334/682 (49.0) 164 (63.1) 56 (38.1) 114/275 (41.5)
Hydralazine 146/682 (21.4) 54 (20.8) 32(21.8) 60/275 (21.8)
Nitrates 215/682 (31.5) 86 (33.1) 55 (37.4) 741275 (26.9)
Beta blocker 549/682 (80.5) 205 (78.8) 122 (83.0) 2221275 (80.7)
Aldosterone antagonist 218/682 (32.0) 96 (36.9) 33(22.4) 89/275 (32.4)
Digoxin 189/682 (27.7) 93 (35.8) 28 (19.0) 68/275 (24.7)
Aspirin 491/682 (72.0) 188 (72.3) 110 (74.8) 193/275 (70.2)
Warfarin 302/682 (44.3) 127 (48.8) 61 (41.5) 114/275 (41.5)
Local Labs

Sodium, mEg/L

137 (135 - 140)

137 (135 - 140)

137 (133 - 139)

137 (135 - 140)

Potassiumm, mEg/L 40(38-4.4) 40(3.7-43) 42(39-45) 40(37-43)
BUN, mg/dL 44.(30 - 63) 36 (25- 53) 60.0 (39.2 - 79.0) 44.0 (31.0 - 58.4)
Bicarbonate, mEq/L 29 (27-32) 29 (27-32) 29 (26 - 33) 29 (27 - 32)

Creatinine, mg/dL

1.72 (1.38 - 2.17)

1.60 (1.20 - 2.00)

2.00 (1.58 - 2.60)

1.70 (1.40 - 2.13)

eGFR, mg/dL

40.6 (314 - 53.7)

453 (34.1 - 65.2)

35.0 (25.1 - 44.3)

40.0 (31.8 - 51.8)

Sp02, %

96 (95 - 98)

97 (95 - 98)

96 (95 - 98)
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Table 3

Variable HR (95% CI) p-value
BUN at baseline, per 1 mg/dL increase to 50 1.02 (1.01,1.04) <0.001
ACEI/ARB (reference = neither at randomization nor discharge/day 7) <0.001
Both randomization and discharge 0.56 (0.42, 0.75)
Discharge only 0.64 (0.38, 1.06)
Randomization only 0.59 (0.40, 0.89)
Sodium at baseline, per 1 mEq/L increase 0.95(0.92,0.98) <0.001
White race 0.65 (0.49,0.86) 0.003
Bicarbonate at baseline, per ImEg/L increase 1.04(1.01,1.07) 0.014
SBP at discharge/day 7, per 10 mmHg increase 0.93 (0.86,0.99) 0.030
Depression 1.33(1.02,1.75) 0.038
Length of stay, per 1 day increase 1.06 (1.01,1.11) 0.020
Male sex 0.74 (0.57,0.98) 0.033

fAdjusted for trial and ejection fraction<50% versus >50%

J Card Fail. Author manuscript; available in PMC 2017 November 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Vader et al.

Table 4

Multivariable Adjusted Cox Proportional Hazards Model: Cardiovascular Readmission or Death”

Variable

HR (95% CI)

p-value

BUN at baseline, per 1 mg/dL increase to 50
SBP at discharge/day 7, per 10 mmHg increase
Length of stay, per 1 day increase
White race
Chronic obstructive pulmonary disease
Sodium at baseline, per 1 mEq/L increase
Potassium at baseline, per 0.1 mEg/L increase to 3.7
Depression
Hospitalization for heart failure in last year
ACEI/ARB (reference = neither at randomization nor discharge/day 7)
Both randomization and discharge
Discharge only

Randomization only

1.03 (1.01, 1.04)
0.88 (0.81, 0.95)
1.08 (1.02, 1.14)
0.67 (0.49, 0.93)
1.45 (1.07, 1.96)
0.96 (0.93, 0.99)
0.93 (0.87, 0.99)
1.43 (1.04, 1.96)
1.48 (1.04, 2.11)

0.66 (0.47, 0.92)
0.55 (0.28, 1.08)
0.71 (0.45, 1.15)

<0.001
0.002
0.009
0.015
0.016
0.021
0.023
0.030
0.030
0.049

fAdjusted for trial and ejection fraction<50% versus >50%
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