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Background-—Hospitalization for cardiovascular disease (CVD) is common among patients receiving maintenance dialysis, but
patterns of readmissions following cardiovascular events are underexplored.

Methods and Results-—In this retrospective analysis of prevalent, Medicare-eligible patients receiving dialysis in 2012–2013, all
live-discharge hospitalizations attributed to CVD were ascertained. Rates of all-cause, CVD-related, and non–CVD-related
readmissions and death in the ensuing 10 and 30 days were calculated. Multinomial logistic modeling was used to assess the
relationship between potential explanatory factors and outcomes of interest. Among 142 210 analyzed hospitalizations, mean age
at time of index CVD hospitalization was 64.9�14.1 years; 50.4% of index hospitalizations were for women, and 41.4% were for
white patients. Fully 15.6% and 34.2% of CVD hospitalizations resulted in readmission within 10 and 30 days, respectively; less
than half of readmissions were CVD related (42.5%, 10 days; 43.1%, 30 days). Death within 30 days, regardless of readmission,
occurred after 4.5% of index hospitalizations; 51.2% were attributed to CVD. Compared with ages 65 to 69 years, younger age
tended to be associated with increased readmission risk (adjusted relative risk for ages 18–44 years: 1.55; 95% confidence
interval, 1.48–1.63). Readmission risk did not differ between white and black patients, but risk of death without readmission was
markedly lower for black patients (relative risk: 0.60; 95% confidence interval, 0.55–0.67).

Conclusions-—Roughly 1 in 3 CVD hospitalizations resulted in 30-day readmission; nearly 1 in 20 was followed by death within
30 days. Risk of death without readmission was higher for white than black patients, despite no difference in risk of readmission.
( J Am Heart Assoc. 2018;7:e007231. DOI: 10.1161/JAHA.117.007231.)
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C ardiovascular disease (CVD) is common in patients with
end-stage renal disease (ESRD) receiving maintenance

dialysis. CVD is responsible for 2 of every 5 deaths in
prevalent dialysis patients and remains the leading cause of
hospitalization in this population.1,2 Although CVD-related
outcomes have improved in recent years,3 CVD in dialysis

patients remains a substantial burden for patients, providers,
payers, and society in general.

Appropriate use of hospital admissions, for both CVD and
non-CVD indications, is a topic of immense importance. In
particular, reducing readmissions, defined as hospital admis-
sions within 30 days of a hospital discharge, constitutes a
major focus for Medicare.4,5 As part of an effort to improve
patient care, develop efficiencies in the healthcare system,
and contain costs, Medicare introduced the Hospital Read-
missions Reduction Program (HRRP) for fiscal year 2013,6

which established a financial framework for hospitals and
providers to reduce readmissions through reduced reim-
bursement for hospitalizations with readmission rates
deemed excessive. As a sign of the importance of CVD
across the healthcare system, acute myocardial infarction
and congestive heart failure (CHF) were 2 of the 3
conditions initially targeted. However, understanding that
readmission rates would likely be a sustained focus of
Medicare, hospitals have enacted policies and procedures
designed to reduce readmissions across a broad variety of
medical conditions, even those not specifically targeted at
present.5
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Comparatively little is known about readmission of dialysis
patients following a CVD hospitalization.7,8 Given the burden
of CVD in the dialysis population and the importance of
reducing readmission rates, we designed a study to examine
readmission rates for dialysis patients admitted for a CVD
indication. Using Medicare data, we identified hospitalizations
with a primary diagnosis code for CVD and followed the
patients with live discharge for the ensuing 30 days to
determine rates of all-cause readmission, readmission for a
CVD indication, and death. We then sought to determine key
factors associated with readmission and death. Our overar-
ching goal was to generate hypotheses about possible
actionable factors that could reduce deaths and readmissions
after an index CVD hospitalization.

Methods
We performed a retrospective analysis of CVD-related hospi-
talizations in maintenance hemodialysis and peritoneal dial-
ysis patients with a discharge date between January 1, 2012,
and September 30, 2013. The overall study design is shown in
Figure 1. We used data from the Centers for Medicare and
Medicaid Services (CMS), which collects data on virtually all
patients undergoing maintenance dialysis in the United
States. The CMS ESRD database consists of data from the
ESRD Medical Evidence Report (form CMS-2728), the ESRD
Death Notification (form CMS-2746), Medicare Part A insti-
tutional claims (inpatient, outpatient, skilled nursing facility
[SNF], home health, hospice), and Medicare Part B physician/
supplier claims (inpatient, outpatient, supplier). From the CMS
files, we used information on demographics (drawn from form
CMS-2728) recorded at the time of dialysis initiation. The
data, analytic methods, and study materials will not be made
available to other researchers for purposes of reproducing the

results or replicating the analysis, although the data sources
(the CMS ESRD data files) are readily available, for a cost,
to researchers who enter into a data use agreement with
CMS.

Hospitalizations were selected for analysis following the
inclusion and exclusion requirements detailed in Figure 2. All
analyzed hospitalizations occurred between the above dates,
but same-day hospitalizations (those not involving an over-
night stay) were excluded. The last 3 months of 2013 (the last
year for which data were available) were excluded because of
the risk of incomplete data. Included hospitalizations occurred
in an acute care hospital for a CVD cause (defined below).
Only hospitalizations of patients on maintenance dialysis,
defined as dialysis for at least 180 days before the discharge
date and no history of kidney transplant, were included. The
associated patients were required to have continuous Medi-
care Parts A and B coverage during baseline (180 days before
the index hospitalization discharge date), to be aged
≥18 years at the index hospitalization discharge date, and
to be discharged alive to home or an SNF.

Because CMS treats every hospitalization as a new event
for the purposes of reimbursement determination, patients
could contribute >1 index hospitalization when >1 eligible
hospitalization occurred during the study period. Follow-up
began at the date of discharge from each index hospitaliza-
tion; the baseline period consisted of the 180 days before the
date of discharge of each index hospitalization.

Covariates
Covariates included patient demographic characteristics (age,
sex, race); dialysis duration; cause of ESRD; CMS region,
defined at the discharge date of the index hospitalization (ie,
the follow-up start date); and dialysis modality (hemodialysis
or peritoneal dialysis) at the discharge date of the index
hospitalization. During the 180-day baseline period, comorbid
conditions, total hospitalization days, and SNF placement
were assessed. To establish the most timely and complete
assessment of comorbidity burden, all diagnosis codes during
the baseline period (primary and secondary) were used along
with secondary diagnosis codes from the index hospitaliza-
tion. Because the primary diagnosis code from the index
hospitalization was included as a separate covariate (cause of
index hospitalization), it could not also be used to define
comorbidity. To qualify as a comorbid condition, we required a
relevant diagnosis code on ≥1 Part A inpatient, SNF, home
health, or hospice claims or on ≥2 Part A outpatient or Part B
claims.

Covariates also included characteristics of the index
hospitalization, specifically primary cause (as determined by
the primary diagnosis code), length of stay, requirement for an
intensive care unit (ICU) for ≥1 day (yes or no, based on

Clinical Perspective

What Is New?

• Among maintenance dialysis patients, roughly 1 in 6
cardiovascular hospitalizations results in a readmission
within 10 days, about 1 in 3 in readmission within 30 days,
and nearly 1 in 20 in death within 30 days; only about half
of readmissions are for a cardiovascular cause.

What Are the Clinical Implications?

• Despite the ready access to care that characterizes the
maintenance dialysis experience, readmission for both
cardiovascular and noncardiovascular causes after a car-
diovascular hospitalization are extremely common; how
policy, regulatory, or reimbursement changes could be
leveraged to forestall readmissions should be explored.
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revenue codes for ICU care), hospitalization during the
influenza season (yes or no), hospital type (short-term or
acute access hospitals), and discharge destination (home with
or without home health assistance versus SNF). Determina-
tion of the influenza season is described in Data S1.

Determination of CVD
Codes used to determine reasons for CVD-related hospital-
izations are shown in Table S1. Only primary diagnoses were
considered.

Outcomes
Primary outcomes were all-cause readmission, readmission
for cardiovascular indications, readmission for other causes,
and death without readmission, analyzed separately within 10
or 30 days of discharge for each index hospitalization. These
outcomes were defined to be mutually exclusive, for modeling
purposes, so only the first event within the time period was
considered. If, for example, a patient was admitted for
infection and subsequently for cardiovascular indications, all
within 30 days, only the first event (all-cause readmission)
was counted because that was most proximal to the index
hospitalization. The first model, described below, examined
all-cause readmissions and death, in which the referent group
experienced no events; the second examined CVD-related
readmissions, non–CVD-related hospitalizations, and death, in
which the referent group experienced no events. In addition to
examining death without readmission, we explored, as an

exploratory outcome, deaths with readmission and, sepa-
rately, death regardless of readmission.

As another exploratory outcome, outpatient emergency
department (ED) encounters (those not directly resulting in
admission) and observation stays were quantified regardless
of readmissions. ED encounters and outpatient observation
stays were identified from revenue codes on outpatient
claims. Any claim with any of these codes qualified as an
outcome event; because some claims had codes for both, we
did not study ED encounters and observation stays
separately.

Statistical Analyses
Outcome events for all index CVD hospitalizations and for
each subset of CVD hospitalizations (eg, acute coronary
syndrome, arrhythmia, CHF [comprising heart failure, fluid
overload, and cardiomyopathy], stroke, and other CVD) were
calculated as percentages for 10 days and, separately,
30 days. Causes of readmissions, CVD- and non–CVD-related,
were also calculated as percentages. Similarly, causes of
death within 30 days were calculated as percentages for all
deaths and for deaths without readmission.

The principal research question was to determine factors
associated with readmission following an (index) hospitaliza-
tion for a cardiovascular indication. Multinomial logistic
modeling was used to assess the relationship between
outcomes and potential explanatory factors. To make the
estimated effects of the same variable comparable between
outcomes, we modeled the relative risk (RR) with “no event”

During follow-up
Earliest all-cause hospitalization date

Earliest CVD hospitalization date
Earliest ED encounter/observation stay date

Death date

Baseline period (180 days)
Comorbid conditions, history of

hospitalization or SNF stay

Follow-up begin date
Age, sex, race, region,

cause of ESRD

Follow-up end date
Earliest of death, kidney transplant,

end of Medicare Parts A/B enrollment, or
30 days after discharge

Admission date Discharge date

Index CVD hospitalization
Cause, ICU, LOS, discharge destination

Figure 1. Overall study design. CVD indicates cardiovascular disease; ED, emergency department; ESRD, end-stage renal disease; ICU,
intensive care unit; LOS, length of stay; SNF, skilled nursing facility.
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as the base event (using log RR as the link function), thereby
generating the probability of a given outcome relative to the
probability of “no event.” The exponent of the coefficients
from the model was thus the RR ratios, or the ratio of the RR
for a given group to the RR for the reference group (for a
categorical variable) or to the RR change with 1 U of change
(for a continuous variable).

Patients could contribute multiple observations to the
analysis because the unit of analysis was hospitalization.
Because of the potential to induce correlation between
hospitalizations for the same patient, we investigated this
issue by running a cumulative logit multinomial model with
and without accounting for the potential correlation and
compared the parameter estimates and standard errors.
Because results were virtually identical, suggesting no need to
account for correlation, models were run without adjustments
for correlation. Additional details regarding statistical meth-
ods appear in Data S2.

We applied to and received approval from the Human
Subjects Research Committee of the Hennepin County
Medical Center/Hennepin Healthcare System, Inc. The
informed consent requirement was waived.

Results
We identified 142 210 hospitalizations, comprising 83 783
individual patients. Patient characteristics at the individual
and hospitalization levels are shown in Table 1. At the
hospitalization level, the largest age group was 65 to 69 years
(14.3%; mean age: 64.9�14.1 years); 50.4% of participants
were female, 41.4% were white and 39.7% black, and 95.3%
were receiving hemodialysis. The largest dialysis duration
group (32.5%) had been dialyzing for ≥5 years (mean dialysis
duration: 4.3�3.3 years). Diabetes mellitus was the leading
cause of ESRD, at slightly >50%. Comparison with patient-
level characteristics showed high similarity. Regarding num-
bers of contributing index CVD hospitalizations, at the patient
level, 63.0% of patients had 1, 21.2% had 2, and 15.8% had
≥3.

Characteristics of the index CVD hospitalizations are
shown in Table 2. The single most common primary cause
of index hospitalization was CHF (35.4%); the CHF category
included heart failure (71.6%), fluid overload (27.9%), and
cardiomyopathy (0.5%). Arrhythmia accounted for 10.5% and
acute coronary syndrome for 9.2%. Mean length of stay was
5.9�4.9 days, and 5.0% of hospitalizations lasted >2 weeks.
At least 1 day in an ICU was required during 41.6% of
hospitalizations. Nearly one sixth (16.3%) of hospitalizations
resulted in discharge to an SNF. The burden of cardiovascular
comorbidity was high, as might be expected in a population
selected on the basis of CVD hospitalizations, and 56.1% of
hospitalizations had been preceded by a hospitalization within
the previous 180 days.

Percentages of readmissions and death within 10 or
30 days of discharge are shown in Table 3. As noted, we
counted only deaths that occurred after a patient was
discharged alive from the index hospitalization. Outcomes
illustrated are all-cause readmissions and the CVD subset
thereof; deaths without readmission (death within 10 or
30 days not preceded by a readmission); deaths with or after
a readmission; total deaths, regardless of readmission; and
other nonadmission encounters (ED encounters and observa-
tion stays), regardless of readmissions or deaths. Of 34.2% of
hospitalizations followed by a readmission within 30 days,
nearly half (15.6% overall) occurred within only 10 days. The
rates varied only modestly by specific indication for the index
CVD hospitalization, ranging from 29.1% for stroke to 37.0%
for acute coronary syndrome at 30 days; the pattern at
10 days was similar. Non-CVD causes of readmission were
more common than CVD causes: 43.1% and 42.5% of

Hospitalizations January 1, 2012-September 30, 2013
n = 1,162,986

On maintenance dialysis ≥180 days before discharge date
n = 922,938

No history of kidney transplant as of discharge date
n = 733,219

Admitted to short-term or critical access hospital
n = 712,433

CVD primary discharge diagnosis
n = 189,771

Alive on discharge date
n = 182,079

Disicharged to home or SNF
n = 164,989

Continuous Medicare Parts A and B coverage during baseline
and on discharge date; n = 142,296

Age ≥18 years as of discharge date
n = 142,210 index hospitalizations

Unique patients
n = 83,783

Figure 2. Selection of hospitalizations. CVD indicates cardiovas-
cular disease; SNF, skilled nursing facility.
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readmissions were for a CVD indication at 30 and 10 days,
respectively. This pattern was broadly similar by type of CVD
index hospitalization. By 30 days, 1.8% of index hospitaliza-
tions resulted in death without readmission; deaths regardless
of readmission occurred after fully 4.5% of index hospitaliza-
tions. Death within 30 days of discharge was particularly high
after index hospitalizations for acute coronary syndrome
(6.4%) and stroke (6.3%). Other encounter types, regardless of
the other outcomes studied, were also frequent; 24.6% of
hospitalizations were followed by an ED encounter or
observation stay within 30 days that did not result in
readmission. We specifically examined how readmissions
and deaths varied by modality (Table S2). Generally, the
percentage of patients experiencing all-cause readmission or
death without readmission differed little by modality, but the
percentage experiencing cardiovascular readmission was
slightly higher at both 10 and 30 days for hemodialysis
patients.

Individual causes of CVD (43.1%) and non-CVD (56.9%)
readmission are shown in Table 4. CHF was the single most
common cause of readmission, at 39.6% of all CVD readmis-
sions; arrhythmia (9.7%) was the second-leading cause of CVD
readmissions. A constellation of cardiovascular conditions
made up a group designated as other, accounting for 39.6% of
CVD readmissions; the 5 most common causes in this group
(septicemia, pneumonia, hyperkalemia, respiratory failure, and
access-related complications) are shown.

Causes of death, overall and without readmission, are
shown in Table 5. More than half were attributed to cardiac
causes, whereas nearly 1 in 7 was due to dialysis withdrawal.

Table 1. Patient Characteristics by Patient and
Hospitalization Levels

Characteristics

Patients
(n=83 783)

Hospitalizations
(n=142 210)

n % n %

Age,* y

18–44 6883 8.2 12 973 9.1

45–54 11 388 13.6 20 142 14.2

55–59 8726 10.4 15 104 10.6

60–64 10 722 12.8 18 569 13.1

65–69 12 064 14.4 20 297 14.3

70–74 11 176 13.3 18 758 13.2

75–79 9746 11.6 15 993 11.3

80–84 7420 8.9 11 752 8.3

≥85 5658 6.8 8622 6.1

Sex

Male 42 538 50.8 70 544 49.6

Female 41 245 49.2 71 666 50.4

Race

White 35 753 42.7 58 859 41.4

Black 32 020 38.2 56 402 39.7

Other 16 010 19.1 26 949 19.0

Dialysis modality†

Hemodialysis 79 092 94.4 135 406 95.3

Peritoneal dialysis 4662 5.6 6758 4.8

Dialysis duration*, y

<1 7799 9.3 13 281 9.3

1 to <2 13 934 16.6 24 325 17.1

2 to <3 12 427 14.8 21 659 15.2

3 to <5 21 478 25.6 36 677 25.8

≥5 28 145 33.6 46 268 32.5

Primary cause of ESRD

Diabetes mellitus 42 467 50.7 72 312 50.9

Hypertension 25 209 30.1 43 208 30.4

Glomerulonephritis 5262 6.3 8840 6.2

Other 10 845 12.9 17 850 12.6

CMS region

1: CT, MA, ME, NH, RI, VT 2772 3.3 4480 3.2

2: NJ, NY, Puerto Rico,
US Virgin Islands

8201 9.8 14 514 10.2

3: District of Columbia,
DE, MD, PA, VA, WV

8855 10.6 15 549 10.9

4: AL, FL, GA, KY, MS,
NC, SC, TN

21 194 25.3 36 220 25.5

5: IL, IN, MI, MN, OH, WI 14 508 17.3 25 349 17.8

Continued

Table 1. Continued

Characteristics

Patients
(n=83 783)

Hospitalizations
(n=142 210)

n % n %

6: AR, LA, NM, OK, TX 12 396 14.8 20 211 14.2

7: IA, KS, MO, NE 3035 3.6 4924 3.5

8: CO, MT, ND, SD, UT, WY 1144 1.4 1668 1.2

9: American Samoa, AZ, CA,
Guam, HI, Northern
Mariana Islands, NV

9832 11.7 16 331 11.5

10: AK, ID, OR, WA 1846 2.2 2964 2.1

Number of index hospitalizations

1 52 814 63.0

2 17 768 21.2

≥3 13 201 15.8

CMS indicates Centers for Medicare and Medicaid Services; ESRD, end-stage renal
disease.
*Data from the last index hospitalization for patients with multiple index hospitalizations
during the study period.
†Modality data missing for 29 patients and 46 hospitalizations.
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Notably, infection accounted for <2% of deaths without
readmission but >5% of total deaths, suggesting that infec-
tions resulting in death within 3 days most often occurred on
readmission.

Variables potentially associated with all-cause readmis-
sions, CVD-related readmissions, other readmissions, and
death without readmission within 30 days are shown in
Table 6. This table presents results from 2 multinomial
models, with the following outcomes: all-cause readmission
and death without readmission, both compared with no event
(first model); and CVD-related readmission, other readmis-
sion, and death without readmission, all 3 compared with no
event (second model). Compared with the referent group (age
65–69 years), younger age tended to be associated with
increased RRs of all types of readmissions; for example, in
patients aged 18 to 44 years, the adjusted RRs (aRRs) were
1.5 to 1.6 times higher than in the referent group. However,
the effect of age diminished, such that there were no major
differences in RRs of readmission in groups older than the
referent group. RRs of death were substantially lower in the
youngest age groups (eg, aRR ratio for ages 18–44 years:
0.76; 95% confidence interval [CI], 0.59–0.98) and substan-
tially higher in the oldest (eg, aRR ratio for ages ≥85 years:
2.17; 95% CI, 1.86–2.55). Compared with RRs for white
patients, RRs for black patients were similar for all types of
readmissions but markedly lower for death without readmis-
sion (aRR ratio: 0.60; 95% CI, 0.55–0.67). Hemodialysis
patients had higher risk of all-cause readmissions (aRR ratio:
1.11; 95% CI, 1.05–1.17), other readmissions (aRR ratio: 1.27;
95% CI, 1.19–1.35), and death without readmission (aRR ratio:
1.35; 95% CI, 1.11–1.63) but lower risk of CVD-related
readmissions (aRR ratio: 0.91; 95% CI, 0.84–0.98). RRs of
death without readmission were higher for patients with
diabetes mellitus as the cause of ESRD (aRR ratio: 1.12; 95%
CI, 1.01–1.25) than for patients with hypertension as the
cause of ESRD, but RRs of readmission did not differ by cause
of ESRD. There was evidence of geographic variation (see
Figure S1 for reference): in region 6, for example, RRs were
lower for all-cause readmission (aRR ratio: 0.89; 95% CI,
0.85–0.94), CVD readmission (aRR ratio: 0.85; 95% CI 0.80–
0.91), and other readmission (aRR ratio: 0.93; 95% CI, 0.88–
0.99) compared with region 3. RRs for death were higher in
region 8 (aRR ratio: 1.76; 95% CI, 1.29–2.40) and region 10
(aRR ratio: 1.44; 95% CI, 1.12–1.86) compared with region 3.
Unadjusted rates of readmissions by region are shown in
Table S3, demonstrating the range of differences between
regions for the outcomes studied.

Other factors significantly associated with outcomes were
discharge destination, length of stay, and comorbid condi-
tions. Compared with discharge to home (with or without
home health care), discharge to an SNF was associated with
higher risk of all-cause readmission (aRR ratio: 1.08; 95% CI,

Table 2. Characteristics of Index Hospitalizations

Characteristics

Hospitalizations
(n=142 210)

n %

Hospital type

Short-term 142 042 99.9

Critical access 168 0.1

Accessed ICU during index hospitalization

No 83 110 58.4

Yes 59 100 41.6

Length of stay, d

2–4 70 396 49.5

5–9 52 727 37.1

10–14 12 017 8.5

≥15 7070 5.0

Primary cause of index hospitalization

Acute coronary syndrome 13 018 9.2

Arrhythmia 14 985 10.5

CHF* 50 343 35.4

Stroke 5879 4.1

Other cardiovascular disease 57 985 40.8

Discharge destination

Home, self-care/home, home care 119 048 83.7

SNF 23 162 16.3

Index discharge during influenza season

No 106 992 75.2

Yes 35 218 24.8

Comorbid conditions 180 d before discharge†

Arteriosclerotic heart disease 103 923 73.1

CHF 108 482 76.3

Transient ischemic attack 38 653 27.2

Peripheral vascular disease 72 772 51.2

Other cardiovascular disease 79 246 55.7

Chronic obstructive pulmonary disease 60 464 42.5

Gastrointestinal 18 457 13.0

Liver disease 12 171 8.6

Dysrhythmia 81 131 57.1

Cancer 10 647 7.5

Diabetes mellitus 105 511 74.2

SNF stay 180 d before discharge† 21 469 15.1

History of hospitalization
180 d before discharge†

79 750 56.1

CHF indicates congestive heart failure; ICU, intensive care unit; SNF, skilled nursing
facility.
*Comprising heart failure, fluid overload, and cardiomyopathy.
†Comorbidity and history of SNF stay or hospitalization were assessed during the
baseline period: 180 d before discharge from the index hospitalization.
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1.04–1.12) and death (aRR ratio: 2.60; 95% CI, 2.36–2.87).
Longer lengths of stay were associated with higher aRRs of all
causes of readmission and death compared with stays of ≤4
days. As might be expected, RRs for CVD readmissions
generally tended to be higher for major cardiovascular
comorbid conditions than for non-CVD conditions, whereas
the reverse was true for non-CVD readmissions. Findings were
virtually identical when 10-day events were modeled (data not
shown).

In addition, we performed a sensitivity analysis by selecting
the first qualifying CVD hospitalization per patient within the
study period. By excluding any future hospitalizations, we
reduced the impact on our findings of patients with frequent
readmissions. We found that results were similar (data not
shown).

Discussion
In this study examining short-term outcomes in dialysis
patients admitted for CVD events, we found that more than
one third of hospitalizations were followed by readmission
within 30 days. Nearly half of these readmissions occurred
within 10 days of discharge. In addition, other types of
healthcare encounters were also frequent; nearly a quarter of
hospitalizations were followed by a subsequent ED encounter

or observation stay. Hospitalization for a CVD event appeared
to confer substantial risk of mortality: Nearly 1 in 20
hospitalizations were followed by death within 30 days.
Collectively, these findings demonstrate the extremely high
morbidity and mortality associated with CVD events in
patients receiving maintenance dialysis.

This study extends previous findings in the dialysis
population by specifically examining readmissions after CVD
events. Although the 30-day readmission rate we report is
comparable to rates in previous studies of the dialysis
population examining readmissions after all-cause8 and
infectious9 index events, it is substantially higher than rates
in the general population. For example, using data from a
similar era, readmission rates of �22% were reported for
CMS-targeted conditions (2 of which, acute myocardial
infarction and CHF, were included in our case definition)
and about 15% for all other (nontargeted) conditions.5 This
itself is unsurprising, given the high burden of both CVD- and
non–CVD-related comorbid conditions in dialysis patients.

Our model revealed several notable findings with regard to
demographic factors such as age, race, and geography. We
found that the youngest patients had a 50% increased risk of
readmission compared with a much older reference group.
Although the relationship between age and readmission is
nuanced, relatively younger age has often been associated

Table 3. Outcome Events Following Discharge From Index Hospitalization, by Type of Index Cardiovascular Hospitalization, Within
10 or 30 Days

Hospitalizations, n=142 210

Events

All-Cause
Readmission

Cardiovascular
Readmission

Death, No
Readmission

Death and
Readmission Death*

ED Visit/
Observation
Stay

30-d outcomes, %

All cardiovascular hospitalizations 34.2 14.7 1.8 2.6 4.5 24.6

Acute coronary syndrome 37.0 16.8 2.6 3.8 6.4 24.4

Arrhythmia 31.2 13.3 1.9 2.9 4.8 22.9

CHF† 34.6 16.1 1.8 2.8 4.6 23.7

Stroke 29.1 9.8 3.0 3.3 6.3 23.0

Other cardiovascular disease 34.5 14.0 1.5 2.1 3.6 26.1

10-d outcomes, %

All cardiovascular hospitalizations 15.6 6.6 0.9 0.6 1.5 11.6

Acute coronary syndrome 19.0 8.7 1.3 1.0 2.3 12.0

Arrhythmia 15.1 6.6 0.9 0.6 1.5 10.8

CHF† 15.1 6.9 0.9 0.6 1.5 10.6

Stroke 14.5 4.8 1.8 0.7 2.4 11.4

Other cardiovascular disease 15.5 6.2 0.8 0.5 1.2 12.5

CHF indicates congestive heart failure; ED, emergency department.
*Regardless of readmission.
†Comprising heart failure, fluid overload, and cardiomyopathy.
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with increased risk of readmission generally10 and following
heart failure specifically.11,12 The reason for our finding may
lie in the discharge destination, as this age effect disappeared
when discharges to SNFs alone were considered (and
remained when discharges only to home were modeled
separately). Our data demonstrate that younger patients were
much less likely to be discharged to an SNF, suggesting the
possibility that younger patients who may benefit from SNF
care may not be receiving it. Conceivably, a milieu of patient
preferences, societal expectations, and system effects results
in underuse of SNF care for younger dialysis patients,
although this is merely speculative.

The 30-day risk of death for black patients was roughly half
that for white patients, despite no notable difference in risk of
readmission—a finding similar to that reported by Dalrymple

et al in a study of incident dialysis patients.9 Our finding of
lower readmission risk for black patients is in contrast to
findings from the general population, in which black,
compared with white, race has been associated with
increased risk of readmission both generally10 and following
a heart failure hospitalization.13,14 Reasons for this are
uncertain but may relate to the controversially termed
phenomenon known as reverse epidemiology,15 in which
nonwhite adult patients receiving dialysis have generally more
favorable outcomes than white adult patients. Further exam-
ination should be undertaken and findings leveraged to
improve the care of patients of all races.

We found regional variation in both readmissions and
deaths. In some regions (eg, region 6), risk of readmission
was significantly lower than average, but risk of death without
readmission was average; the reverse was true in other
regions (eg, region 2). This suggests that readmissions and
deaths do not necessarily “compete” with each other over the
short term (ie, that areas with high death rates invariably have
lower readmission rates, and vice versa), and that readmis-
sions and deaths may be separate issues requiring individu-
alized approaches to improvement. Nevertheless, because US
regions invariably encompass large areas, our findings
regarding geographic variation in care can be considered
only hypothesis generating. More granular treatment of
geography would be needed before any more definitive
conclusions could be rendered or policy recommendations
proposed.

Consideration of dialysis modality also revealed notewor-
thy findings. Risks of all-cause readmissions and death were
higher for hemodialysis than for peritoneal dialysis patients;
this finding is not unexpected because the latter typically
represent a highly selected group, at least in the United
States. However, for hemodialysis patients, risk of CVD-

Table 4. Causes of 30-Day Readmission

Causes of Readmission n %

All readmissions* 48 604 100.0

CVD-related readmissions 20 960 43.1

CHF† 8305 17.1 (39.6‡)

Other CVD 8291 17.1 (39.6‡)

Hypertensive CKD, unspecified,
with CKD stage 5 or ESRD

1877 3.9 (9.0‡)

Hypertensive CKD, malignant,
with CKD stage 5 or ESRD

1262 2.6 (6.0‡)

Coronary atherosclerosis
of native coronary artery

1067 2.2 (5.1‡)

Hypertensive heart and CKD,
unspecified, with CHF
and CKD stage 5 or ESRD

635 1.3 (3.0‡)

Atherosclerosis of native
arteries of extremities
with gangrene

632 1.2 (3.0‡)

Arrhythmia 2037 4.2 (9.7‡)

Acute coronary syndrome 1672 3.4 (8.0‡)

Stroke 655 1.3 (3.1‡)

Other readmissions 27 644 56.9

Septicemia, unspecified 1790 3.7 (6.5§)

Pneumonia, organism unspecified 1624 3.3 (5.9§)

Hyperkalemia 1054 2.2 (3.8§)

Acute respiratory failure 1024 2.1 (3.7§)

Other complications due to
renal dialysis device,
implant, and graft

959 2.0 (3.5§)

CHF indicates congestive heart failure; CKD, chronic kidney disease; CVD, cardiovascular
disease; ESRD, end-stage renal disease.
*Index hospitalizations with all-cause readmission as first outcome event within 30 days.
†Comprising heart failure, fluid overload, and cardiomyopathy.
‡Percentage of CVD-related readmissions.
§Percentage of non–CVD-related readmissions.

Table 5. Cause of Death (Without Readmission) Within
30 Days of Discharge From Index Hospitalization

Cause of Death

Death Without
Readmission

Death Regardless of
Readmission

n % n %

All 2593 100.0 6352 100.0

Cardiac 1342 51.8 3251 51.2

Withdrawal from dialysis 410 15.8 822 12.9

Infection 47 1.8 349 5.5

Liver disease/gastrointestinal 19 0.7 101 1.6

Vascular 13 0.5 38 0.6

Metabolic/endocrine 5 0.2 22 0.4

Other 210 8.1 525 8.3

Unknown 547 21.1 1244 19.6
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Table 6. Multinomial Modeling Results: RR Ratios With 95% CIs, by Patient and Hospitalization Characteristics Associated With
Each Index Hospitalization

First Event Within 30 d

All-Cause
Readmission

CVD-Related
Readmission

Other
Readmission

Death Without
Readmission

Patient characteristics*

Age, y

18–44 1.55 (1.48–1.63) 1.53 (1.43–1.64) 1.58 (1.49–1.68) 0.76 (0.59–0.98)

45–54 1.15 (1.10–1.20) 1.12 (1.06–1.19) 1.17 (1.11–1.24) 0.72 (0.60–0.87)

55–59 1.12 (1.07–1.17) 1.09 (1.02–1.16) 1.14 (1.08–1.20) 0.88 (0.73–1.06)

60–64 1.06 (1.02–1.11) 1.03 (0.97–1.09) 1.09 (1.03–1.15) 0.96 (0.81–1.12)

65–69 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

70–74 1.04 (1.00–1.09) 1.04 (0.98–1.10) 1.05 (0.99–1.10) 1.20 (1.03–1.39)

75–79 0.98 (0.93–1.02) 0.97 (0.91–1.03) 0.98 (0.93–1.04) 1.23 (1.05–1.43)

80–84 1.02 (0.97–1.07) 1.03 (0.96–1.10) 1.01 (0.95–1.08) 1.74 (1.50–2.02)

≥85 1.02 (0.96–1.08) 1.01 (0.94–1.09) 1.03 (0.96–1.10) 2.17 (1.86–2.55)

Male 0.97 (0.94–0.99) 0.97 (0.94–1.00) 0.96 (0.94–0.99) 1.16 (1.07–1.26)

Race

White 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Black 0.99 (0.96–1.02) 1.02 (0.98–1.06) 0.97 (0.93–1.00) 0.60 (0.55–0.67)

Other 0.96 (0.93–1.00) 1.00 (0.95–1.05) 0.94 (0.90–0.98) 0.60 (0.53–0.69)

Dialysis modality

Peritoneal dialysis 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Hemodialysis 1.11 (1.05–1.17) 0.91 (0.84–0.98) 1.27 (1.19–1.35) 1.35 (1.11–1.63)

Dialysis duration, y

<1 0.97 (0.93–1.02) 0.99 (0.93–1.05) 0.96 (0.90–1.01) 0.97 (0.82–1.13)

1 to <2 0.98 (0.94–1.01) 0.98 (0.93–1.04) 0.97 (0.92–1.02) 1.01 (0.88–1.16)

2 to <3 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

3 to <5 0.97 (0.93–1.00) 0.98 (0.93–1.03) 0.96 (0.92–1.00) 0.98 (0.86–1.11)

≥5 0.91 (0.88–0.94) 0.88 (0.84–0.92) 0.93 (0.89–0.97) 1.13 (1.00–1.28)

Primary cause of ESRD

Diabetes mellitus 0.97 (0.94–1.00) 0.91 (0.88–0.95) 1.02 (0.98–1.06) 1.12 (1.01–1.25)

Hypertension 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Glomerulonephritis 0.98 (0.94–1.04) 0.95 (0.89–1.02) 1.01 (0.95–1.08) 0.85 (0.69–1.04)

Other 1.02 (0.98–1.06) 0.94 (0.89–0.99) 1.09 (1.04–1.14) 1.03 (0.90–1.18)

CMS region

1: CT, MA, ME, NH, RI, VT 1.00 (0.93–1.07) 1.04 (0.94–1.14) 0.97 (0.89–1.06) 0.81 (0.64–1.03)

2: NJ, NY, Puerto Rico,
US Virgin Islands

1.01 (0.96–1.06) 1.07 (1.00–1.14) 0.96 (0.90–1.02) 0.79 (0.66–0.93)

3: District of Columbia, DE,
MD, PA, VA, WV

1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

4: AL, FL, GA, KY, MS,
NC, SC, TN

0.96 (0.92–1.00) 0.96 (0.91–1.02) 0.96 (0.92–1.01) 1.08 (0.94–1.25)

5: IL, IN, MI, MN, OH, WI 1.01 (0.97–1.05) 0.97 (0.92–1.03) 1.04 (0.99–1.10) 0.90 (0.78–1.05)

6: AR, LA, NM, OK, TX 0.89 (0.85–0.94) 0.85 (0.80–0.91) 0.93 (0.88–0.99) 1.13 (0.96–1.33)

7: IA, KS, MO, NE 0.93 (0.87–1.00) 0.89 (0.81–0.98) 0.97 (0.89–1.06) 1.13 (0.91–1.42)

Continued
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Table 6. Continued

First Event Within 30 d

All-Cause
Readmission

CVD-Related
Readmission

Other
Readmission

Death Without
Readmission

8: CO, MT, ND, SD, UT, WY 0.89 (0.79–1.00) 0.70 (0.59–0.83) 1.04 (0.91–1.19) 1.76 (1.29–2.40)

9: American Samoa, AZ, CA,
Guam, HI, Northern
Mariana Islands, NV

0.98 (0.93–1.03) 0.93 (0.87–0.99) 1.02 (0.96–1.09) 0.90 (0.75–1.08)

10: AK, ID, OR, WA 0.99 (0.91–1.08) 0.89 (0.79–1.01) 1.07 (0.97–1.19) 1.44 (1.12–1.86)

Index hospitalization characteristics

Hospital type

Short term 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Long term 0.82 (0.58–1.16) 0.84 (0.52–1.38) 0.80 (0.52–1.23) 1.01 (0.37–2.77)

Discharge destination

Home self care/home care 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

SNF 1.08 (1.04–1.12) 0.82 (0.78–0.87) 1.27 (1.22–1.33) 2.60 (2.36–2.87)

Access ICU (yes vs no) 1.02 (1.00–1.05) 1.06 (1.03–1.10) 0.99 (0.97–1.02) 1.00 (0.92–1.08)

Length of stay, d

2–4 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

5–9 1.14 (1.11–1.16) 1.04 (1.00–1.07) 1.22 (1.19–1.26) 1.40 (1.27–1.53)

10–14 1.31 (1.26–1.37) 1.11 (1.04–1.17) 1.48 (1.41–1.56) 1.86 (1.63–2.13)

≥15 1.63 (1.54–1.72) 1.15 (1.06–1.24) 2.01 (1.89–2.14) 2.50 (2.15–2.91)

Primary cause of hospitalization

Acute coronary syndrome 1.14 (1.10–1.19) 1.16 (1.10–1.23) 1.14 (1.08–1.20) 1.35 (1.18–1.55)

Arrhythmia 0.89 (0.85–0.92) 0.83 (0.79–0.88) 0.93 (0.89–0.98) 0.90 (0.78–1.04)

CHF† 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Stroke 0.86 (0.80–0.91) 0.71 (0.64–0.78) 0.97 (0.90–1.05) 1.20 (1.00–1.45)

Other CVD 1.04 (1.01–1.07) 0.96 (0.93–1.00) 1.10 (1.06–1.14) 0.91 (0.83–1.01)

Index discharge during flu season (yes vs no) 1.05 (1.02–1.08) 1.03 (0.99–1.07) 1.06 (1.03–1.10) 1.16 (1.05–1.28)

Comorbid conditions‡

Arteriosclerotic heart disease 1.15 (1.12–1.19) 1.27 (1.22–1.33) 1.08 (1.04–1.11) 0.99 (0.89–1.11)

CHF 1.21 (1.17–1.25) 1.43 (1.37–1.50) 1.08 (1.04–1.12) 1.38 (1.22–1.55)

Transient ischemic attack 1.09 (1.06–1.12) 1.11 (1.07–1.15) 1.07 (1.04–1.11) 1.12 (1.02–1.22)

Peripheral vascular disease 1.19 (1.16–1.22) 1.14 (1.11–1.18) 1.22 (1.19–1.26) 1.32 (1.21–1.44)

Other CVD 1.21 (1.18–1.24) 1.34 (1.29–1.38) 1.12 (1.09–1.15) 1.21 (1.11–1.32)

COPD 1.21 (1.19–1.24) 1.21 (1.17–1.25) 1.22 (1.19–1.26) 1.19 (1.09–1.29)

Gastrointestinal disease 1.19 (1.15–1.23) 1.11 (1.06–1.16) 1.25 (1.20–1.30) 1.20 (1.08–1.34)

Liver disease 1.07 (1.03–1.12) 1.00 (0.95–1.05) 1.13 (1.08–1.19) 1.34 (1.17–1.52)

Dysrhythmia 1.18 (1.15–1.21) 1.19 (1.15–1.23) 1.18 (1.14–1.21) 1.36 (1.24–1.50)

Cancer 1.07 (1.03–1.12) 0.95 (0.90–1.01) 1.16 (1.11–1.22) 1.29 (1.14–1.47)

Diabetes mellitus 1.10 (1.06–1.13) 1.07 (1.02–1.11) 1.12 (1.08–1.17) 1.01 (0.90–1.14)

SNF stay‡ 1.13 (1.09–1.17) 1.08 (1.03–1.13) 1.16 (1.12–1.21) 1.38 (1.25–1.53)

History of hospitalization‡ 1.54 (1.50–1.57) 1.40 (1.35–1.45) 1.65 (1.60–1.70) 1.27 (1.16–1.39)

CHF indicates congestive heart failure; CI, confidence interval; CMS, Centers for Medicare and Medicaid Services; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; ESRD, end-stage renal disease; ICU, intensive care unit; RR, relative risk; SNF, skilled nursing facility.
*At the time of discharge from the index hospitalization.
†Comprising heart failure, fluid overload, and cardiomyopathy.
‡180 d before discharge.
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related hospitalization was lower and risk of non-CVD
readmissions was higher. This may be because infection-
related hospitalizations, which would be expected to be
higher in hemodialysis patients, were competing with CVD-
related hospitalizations. Given the lack of more granular
information, including current access type in the hemodial-
ysis patients, this potential explanation can only be consid-
ered speculative.

Our findings contribute to the current debate about how
best to achieve reductions in readmissions. Although such
attempts are imperative in the dialysis population, they are
fraught with challenges. A critical element of any readmission-
prevention strategy would likely involve timely follow-up, given
that physician visit frequency is associated with readmission
risk.16 Dialysis patients already have many opportunities to
interface with the healthcare system. Hemodialysis patients,
for example, typically have direct thrice-weekly contact with
medical personnel in their outpatient dialysis units, whereas
peritoneal dialysis patients generally have ready access to
specialized nurses in peritoneal dialysis clinics. However, even
this high degree of contact seems insufficient, suggesting
need for more intense paradigms of follow-up care. A
potential follow-up mechanism might involve dedicated
discharge coordinators stationed in outpatient dialysis units.
These coordinators could shepherd the transition from the
inpatient to the outpatient environment by facilitating com-
munication between inpatient physicians (typically cardiolo-
gists and nephrologists) and outpatient dialysis providers, by
rendering additional scrutiny of at-risk patients (eg, calling the
patient at home on nondialysis days), and by performing
dedicated tasks such as medication reconciliation. An even
more intense level of scrutiny might use dedicated healthcare
providers who round on recently discharged patients in the
dialysis unit. Chair-side encounters immediately following a
discharge might permit the inpatient treating team’s recom-
mendations, such as increasing the ultrafiltration goals in a
patient admitted for heart failure, to be implemented more
effectively. Although these interactions would require a higher
degree of flexibility and responsiveness than is typical in
outpatient dialysis units, their effect could readily be tested in
a pragmatic clinical trial with patients randomized to intense
follow-up versus standard of care.

Policy, regulatory, or reimbursement changes could, in
theory, also be leveraged to decrease readmission rates.
Such efforts are already under way at the level of the
hospital,5 but including dialysis units has been proposed.
Nevertheless, incentivizing optimal care while avoiding unin-
tended consequences presents a major challenge. An
extensive discussion of the potential pitfalls of the dialysis
readmission metric proposed by CMS for inclusion in the
ESRD Quality Improvement Program was recently
published.17 In addition to technical arguments about lack

of demonstrated reliability and validity of the proposed
measure—a serious concern about a measure used to
impose financial penalties on dialysis units with high
readmission rates—many objections with strong intuitive
clinical appeal were raised. For example, the original version
of the metric did not account for sociodemographic factors, a
flaw that might provide a disincentive for dialysis units to
accept complex patients with social or economic risk factors.
Readmissions for vascular access were included in the
metric, which could, perversely, provide a disincentive to
optimize dialysis access performance. Perhaps the most
philosophical objection is that dialysis itself may be a much
more modest determinant of readmission risk than the
discharging hospital and treating physicians, suggesting that
the financial risks associated with readmissions should be
shared among many stakeholders.17 Finally, any metric that
tracks only hospital readmissions may substantially underes-
timate the intensity of interaction with the healthcare system
and the burden of acute disease patients’ experience, as
shown by high rates of ED encounters and observation stays
in the present study and in others.8

In alignment with previous work,9 we found that more than
half of readmissions were for non-CVD indications, most
commonly related to infection (septicemia and pneumonia),
hyperkalemia, respiratory failure, and dialysis access. Non–
CVD-related hospitalizations are likely tied to underlying
comorbidity or to posthospitalization syndrome, a well-
described phenomenon in the general population.18 This
suggests that when following up recently discharged patients,
nephrologists and other care providers would ideally remain
vigilant about overall health status rather than focusing solely
on the reason for the recent hospitalization. Even so, the high
rate of “discordant” readmissions (ie, readmissions apparently
medically unrelated to the initial hospitalization) calls into
question whether it is realistic to anticipate and forestall
them.17,19

A strength of our study is the analytic design. Studying
incident patients, as has been done by others,9 yields
particular insights regarding the effects of dialysis initiation
on hospitalization and death. However, our approach was
designed to specifically address the main aims of the HRRP,
as least as we interpreted them. We studied prevalent
patients because the HRRP judges hospitals for readmission
rates among “all comers,” regardless of how long they were
covered by Medicare or had a given medical condition, and
because the HRRP appears to treat all readmissions similarly,
with no distinction between patients with a single readmission
or with many. To closely mimic clinical reality, we permitted
patients to contribute >1 index hospitalization to the analysis
but undertook careful preliminary analyses to determine that
interdependence of observations would not have a measur-
able effect on our modeled results. Finally, we focused on
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CVD hospitalizations because 2 of 3 initially targeted
conditions under the HRRP are cardiovascular in nature,
suggesting that these are worthy of particular scrutiny.

Our study also has several important limitations. First, we
studied only Medicare-insured individuals, but this is likely
only a minor weakness because >80% of US dialysis patients
are insured by Medicare.20 Second, our results may not be
generalizable to non-US dialysis populations, given the
numerous differences between US and non-US populations.
Third, we elected to study all CVD hospitalization among
prevalent patients, meaning that our results are not directly
comparable to other study designs in which only incident
patients or first hospitalizations are studied. Despite these
differences, our findings are generally concordant with those
of other investigators. In addition, we relied on Medicare
claims rather than on granular data from the electronic health
record; because the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) taxonomy
does not always map neatly to clinical entities, as clinicians
understand them, some degree of misclassification of hospi-
talization causes almost certainly occurred. With this acknowl-
edgement, claims-based analyses are widely used and permit
large cohorts to be assembled, increasing statistical power
and overall generalizability; in our study, such an analysis is
particularly appropriate because CMS assesses whether
outcomes are achieved through use of claims submitted for
reimbursement. Finally, because ICU use was unintutively
high, we are uncertain whether ICU stays represent true
critical care hospitalizations in a clinical sense. Because
conditions for ICU care likely vary substantially by hospital,
ICU claims can be considered only a crude potential marker of
illness severity.

In summary, in patients receiving maintenance dialysis, we
found high rates of hospital readmissions, as well as use of ED
encounters and observation stays, in the 30 days following
hospitalization for a cardiovascular event. Nearly half of
readmissions occurred within only 10 days of discharge.
Furthermore, 30-day death rates were high, with more than
half of deaths within 30 days occurring on or after a
readmission. Reasons for readmissions were roughly evenly
split between CVD and non–CVD related. Our findings,
coupled with others, challenge the nephrology community to
investigate ways to most effectively render care to patients
recently discharged after a CVD event and to debate the role
of quality-of-care metrics, such as those intended to minimize
lengths of stay and readmission rates, in the care of dialysis
patients.
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Data S1. 

 

Details regarding determination of influenza season 

The timing and duration of the influenza season was determined by consulting the 

Centers for Disease Control and Prevention FluView website 

(https://www.cdc.gov/flu/pastseasons/1112season.htm). The 2011-2012 influenza season 

was markedly atypical: the intensity was mild, and the peak, which occurred during 

approximately 1 week in March, was the shortest time ever recorded above baseline and the 

smallest peak ever recorded. For modeling purposes, we did not explicitly consider this year 

to have had a demonstrable influenza season. In contrast, for the 2012-2013 season, the 

infection rate increased above baseline starting in early December 2012 and remained 

elevated for 15 consecutive weeks until the latter part of March. Thus, for modeling 

purposes, the influenza season was considered to be December 2012-March 2013. 

 

  



  

Data S2. 

 

Supplemental Statistical Methods 

Since the analysis was hospitalization-based (as opposed to patient-based) and 

patients could contribute multiple admissions, correlation among hospitalizations from the 

same patient could have implications for model fitting. SAS Proc LOGISTIC can fit a 

multinomial logistic model for RR, but it cannot incorporate correlations among records. In 

contrast, Proc GENMOD can incorporate correlation, but it cannot fit a multinomial logistic 

model for RR. We therefore performed the following: first, we fit a simple logistic model 

(one outcome) with cumulative logit as the link function with/without considering the 

correlation among hospitalizations from the same patients; second, for each variable in the 

model, we compared the estimate of coefficients, the corresponding standard error, 95% 

confidence intervals, and P values from models with and without consideration of the 

correlations. These results were nearly identical, likely due to the large size of the dataset. 

Third, we made a decision to perform the multinomial logistic modeling with log RR as the 

link function using Proc LOGISTIC without consideration of the potential correlations. The 

multinomial models included the patient-level and hospitalization-level characteristics 

described in the main text as potential factors. 

 

 



  

Table S1. Codes used to determine reasons for CVD-related admissions. 

Index conditions ICD-9-CM Diagnosis Codes 
Acute coronary syndrome 410, 411 
Arrhythmia 426, 427 
Cardiomyopathy and heart failure 276.6, 425, 428 
Stroke 430, 431, 433, 434, 436 
Other CVD 394, 395, 396, 397, 402, 402.01, 402.11, 402.91, 

403, 404, 404.01, 404.03, 404.11, 404.13, 404.91, 
404.93, , 413, 414, 415, 416, 417, 420, 421.9, 
422.90, 422.99, 423, 424 ,429, 437, 438, 440, 
441, 442, 443, 444, 445, 447, 451, 453, 459, 557 

 

CVD, cardiovascular disease; ICD-9-CM, International Classification of Diseases, Clinical 

Modification. 

 

  



  

Table S2. Outcome events following discharge from index hospitalization, within 10 or 30 days, by 

dialysis modality.  

  Event  

Hospitalizations, n = 142,210 

All-Cause 

Readmission 

Cardiovascular 

Readmission 

Death, no 

Readmission 

30-day outcomes, %    

Hemodialysis  34.2 14.9 1.8 

Peritoneal dialysis 33.8 11.9 1.8 

10-day outcomes, %    

Hemodialysis 15.6 6.7 0.9 

Peritoneal dialysis 15.3 5.5 0.9 

 

 



  

Table S3. Outcome events following discharge from index hospitalization, by region, within 10 or 30 days. 

 Outcomes, 10 Days, % Outcomes, 30 Days, % 

 Readmission Death Other Readmission Death Other 

Region (CMS) All-Cause CV  

Without 

Readmission 

With 

Readmission 

Regardless of 

Readmission 

ED Visit/ 

Obs. Stay All-Cause CV  

Without 

Readmission 

With 

Readmission 

Regardless of 

Readmission 

ED Visit/ 

Obs. Stay 

1: CT, MA, ME, NH, RI, VT 16.4 7.0 1.0 0.7 1.7 12.9 34.7 15.3 2.2 3.2 5.3 27.4 

2: NJ, NY, PR, USVI 17.0 7.6 0.9 0.7 1.6 8.5 36.1 16.5 1.8 2.7 4.5 18.6 

3: DC, DE, MD, PA, VA, WV 16.1 7.1 1.0 0.6 1.5 10.7 35.4 15.6 2.0 2.7 4.6 23.2 

4: AL, FL, GA, KY, MS, NC, SC, TN 15.2 6.6 0.8 0.6 1.4 12.4 33.7 14.8 1.8 2.5 4.2 25.9 

5: IL, IN, MI, MN, OH, WI 16.3 6.7 1.0 0.7 1.6 11.8 36.0 15.1 1.9 2.9 4.8 25.6 

6: AR, LA, NM, OK, TX 14.0 6.0 0.8 0.4 1.2 12.7 31.6 13.4 1.6 2.4 4.0 26.9 

7: IA, KS, MO, NE 15.4 6.3 1.0 0.6 1.7 12.7 33.2 13.8 2.3 3.1 5.4 26.4 

8: CO, MT, ND, SD, UT, WY 13.0 4.7 1.4 0.7 2.0 11.8 30.0 10.2 3.1 2.5 5.5 25.9 

9: AS, AZ, CA, Guam, HI, NMI, NV 15.3 6.4 0.8 0.5 1.4 9.9 33.7 14.2 1.5 2.4 4.0 21.3 

10: AK, ID, OR, WA  15.6 6.2 1.7 0.7 2.4 16.6 32.8 12.9 2.8 3.5 6.2 32.7 

Overall rate 15.6 6.6 0.9 0.6 1.5 11.6 34.2 14.7 1.8 2.6 4.5 24.6 

 

CMS, Centers for Medicare & Medicaid Services; CV, cardiovascular; ED, emergency department; Obs., observation. 

 

 



  

Figure S1. Map of Centers for Medicare & Medicaid Services regions. 

 

 


