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ABSTRACT

Introduction: Real-world data reporting
healthcare resource utilisation and costs asso-
ciated with end-of-life care for patients with
chronic kidney disease (CKD) are limited. We

examined length of hospitalisation and costs
associated with end-of-life inpatient encounters
using retrospective data from DISCOVER CKD.
Methods: Data on inpatient encounters for
patients with CKD aged C 18 years between
January 2016 and March 2020 were extracted
from the US Premier Hospital Database.
Encounters ending in death were identified and
grouped by reason for the encounter, using the
International Classification of Diseases, Tenth
Revision, and by their insurance coverage.
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Encounters were evaluated overall and stratified
according to cardiovascular (CV), kidney failure
and infection-related reasons, and by their
coverage by commercial, Medicaid, Medicare or
other insurers. Length of hospitalisation and
total costs were calculated for encounters.
Results: Among 237,734 encounters ending in
death, the mean [standard deviation (SD)] age
was 74.2 (12.4) years, and 45.3% of patients
were female. In total, 25,118, 4210 and 76,307
encounters were classified as relating to CV
reasons, kidney failure and infection, respec-
tively. Among all encounters, the mean (SD)
length of hospitalisation ranged from 9.1 (11.2)
(Medicare) to 12.8 (18.4) (Medicaid) days.
Across insurers, encounters related to kidney
failure were associated with the longest hospi-
talisations compared with CV and infection

[mean range (days): 10.7–15.9 vs. 7.5–10.5 and
8.7–12.7, respectively]. The median [interquar-
tile range (IQR)] total cost of any inpatient
encounter was $17,057 ($8040–35,873). Kidney
failure-related encounters had higher costs
compared with CV and infection [median
(IQR), $18,469 ($8673–38,315) vs. $17,503
($7766–39,693) and $16,403 ($7762–34,910),
respectively]. Medicaid-covered encounters had
the highest costs of all insurers [median (IQR),
$16,189 ($7725–33,443)].
Conclusions: Among patients with CKD, end-
of-life encounters were most frequently related
to infection. Encounters relating to kidney
failure incurred the highest costs.
Trial registration: ClinicalTrials.gov identifier:
NCT04034992.
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Graphical Abstract
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*Among the specific three reasons for encounter assessed. CKD, chronic kidney disease; CV, 
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Key Summary Points

Why carry out this study?

The global burden of chronic kidney
disease (CKD) is substantial and well-
documented; however, there are limited
real-world data reporting on healthcare
resource utilisation and costs associated
with end-of-life care in CKD

A better understanding of the costs
associated with end-of-life care in patients
with CKD will facilitate better healthcare
delivery in the future

This retrospective study used data from
inpatient hospital encounters ending in
death to evaluate the length of
hospitalisation and costs associated with
end-of-life care in patients with CKD.
Results were stratified according to
reasons for death and insurance coverage

What was learned from the study?

Kidney failure-related deaths were
associated with the longest hospital stays
and the highest costs compared with
cardiovascular reasons or infection,
thereby emphasising the need for
improved CKD management and
therapies

Infection was the most frequent cause of
death, highlighting the importance of
infection prevention and management
strategies to delay disease progression

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.19078280.

INTRODUCTION

The global prevalence of chronic kidney disease
(CKD) has increased by 29% since 1990 [1].
Worldwide, the number of individuals with
kidney diseases, including CKD (843.6 million),
renal replacement therapy (3.9 million) and
acute kidney injury (13.3 million) is estimated
to exceed 850 million [2]. CKD affects approxi-
mately 40% of adults aged C 60 years [3, 4], and
over 80% of patients with CKD have at least 1
comorbidity [5, 6]. CKD was the 12th leading
cause of death globally in 2017, an increase
compared with past decades [1].

The economic burden of CKD is substantial
and increases with disease progression [7–9].
This has been and continues to pose a major
challenge for healthcare systems worldwide,
particularly during the COVID-19 pandemic
[7, 10]. In 2018, spending for patients with CKD
(without kidney failure) and for kidney failure
accounted for 22.3% and 7.2% of the total US
Medicare fee-for-service spending, respectively
[11].

Many patients with CKD require inpatient
care [12, 13], which increases with declining
kidney function [13–16]. This requires substan-
tial healthcare resource utilisation (HCRU) and
costs [11, 17]. Data reporting on end-of-life care
in patients with CKD are limited. In particular,
data regarding specific costs for deaths in hos-
pital and how these vary across causes of death
and by insurance providers are lacking. Existing
studies have focussed on elderly patients with
CKD and have reported greater healthcare util-
isation compared with other life-limiting ill-
nesses, such as cancer or heart failure. This
includes higher rates of hospitalisation, admis-
sions to intensive care units and intensive pro-
cedures during the last month of life [18, 19]. In
addition, average spending in the last month of
life has also been reported to be approximately
five times greater for patients with CKD com-
pared with patients with lung or liver cancer
[18]. Despite the significant resource use, end-
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of-life care in CKD may still be suboptimal from
a patient perspective. A 2015 report from the
Kidney Disease: Improving Global Outcomes
(KDIGO) group highlighted end-of-life care for
patients with advanced CKD as an area of con-
cern, owing to underutilisation of palliative care
and inconsistencies between practices and
patients’ wishes [20].

Given the need for improvements in plan-
ning and delivery of end-of-life care in patients
with CKD, contemporary real-world data per-
taining to HCRU and costs are required. The
focus of the present study was to better under-
stand the real-world hospitalisation burden and
costs associated with end-of-life care in the US,
using data from the DISCOVER CKD study
(ClinicalTrials.gov Identifier: NCT04034992).
DISCOVER CKD is a hybrid, multinational,
observational cohort study that collects real-
world data from patients with CKD [21]. The
study aims to provide contemporary real-world
insights to inform clinical practice and improve
our understanding of the epidemiology, and the
clinical and economic burden of CKD. This
analysis examined length of hospitalisation and
costs associated with end-of-life inpatient
encounters by region, reason for the encounter
and insurer, using US data from the DISCOVER
CKD retrospective cohort.

METHODS

Data Sources

This study analysed retrospective data from the
DISCOVER CKD retrospective cohort. Data were
extracted from the US Premier Hospital Data-
base (PHD, Premier Applied Sciences�; Premier
Inc.), including data between January 2016 and
March 2020. The PHD is a large, US hospital-
based, service-level, all-payer database that
contains information on inpatient discharges,
including those ending in death, from[231
million patients from[1041 hospitals and
healthcare systems. The patient population
included in the PHD is geographically and
economically diverse, and a broad range of
healthcare facilities are represented, including
non-profit, non-governmental and community/

teaching hospitals and health systems. Data
available from the PHD include administrative,
healthcare utilisation and financial data from
patient encounters.

The study protocol followed the principles of
the Declaration of Helsinki. All data collection
and abstraction were conducted in compliance
with the Health Insurance Portability and
Accountability Act to ensure patient privacy
and confidentiality. The PHD is an anonymised
dataset in which no one patient can be indi-
vidually identified; therefore, no patient con-
sent was required, and the study was exempt
from the requirement for Institutional Review
Board approval. Only approved persons had
access to patient-level data.

Eligibility Criteria

Eligible patients were aged C 18 years at first
CKD diagnosis code [the International Classifi-
cation of Diseases, Tenth Revision (ICD-10),
indicating CKD stages 3–5 or kidney failure]
recorded in the database. The index date was
the date of inpatient admission for encounters
ending in death. Patients who did not meet
these criteria were excluded.

Outcomes

Inpatient hospital encounters ending in death
were identified from patient records with a rel-
evant CKD ICD-10 code and a discharge status
of death. Encounters for patients with CKD who
had died in hospital were evaluated overall and
stratified as cardiovascular (CV) (including
coronary heart disease, myocardial infarction
and stroke), kidney failure (end-stage renal dis-
ease, dependence on renal dialysis or stage 5
CKD with hypertension or heart disease/failure)
or infection-related if a corresponding ICD-10
code was recorded as the primary or admitting
reason for the encounter (Supplementary
Table 1). These three classifications were selec-
ted due to their inclusion as frequently reported
causes of death in recent CKD outcomes trials
[22–24]. Encounters were also classified accord-
ing to their coverage by commercial, Medicaid,
Medicare or other (remaining unclassified or
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unknown) insurers, defined as each patient’s
first insurer over the hospitalisation period.
Length of hospitalisation was calculated for
each encounter. Costs of encounters ending in
death were calculated as the total HCRU incur-
red during the encounter, including medical
care, medication and procedural costs. All costs
were calculated using Instant Health Data (IHD)
software (Panalgo, Boston, MA, USA) and infla-
tion-adjusted to 2019 using the Consumer Price
Index, published by the US Bureau of Labor
Statistics [25].

Statistical Analysis

All analyses were performed using IHD software
and R, version 3.2.1 (R Foundation for Statistical
Computing, Vienna, Austria). Data are pre-
sented descriptively according to encounter
classification and insurer; no between-group
statistical comparisons were conducted.

RESULTS

Patient Disposition and Characteristics

Among a starting population in the PHD of
4,003,706 patients with CKD, 3,986,492
patients met the study eligibility criteria. There
were 237,734 (6.0%) inpatient encounters end-
ing in death observed between January 2016
and March 2020 (Fig. 1). Among these encoun-
ters, the mean [standard deviation (SD)] age at
death was 74.2 (12.4) years, and the proportion
of patients who were female and located in the
South US region was 45.3 and 45.0%, respec-
tively (Table 1).

Of all encounters, 83.5% were covered by
Medicare insurance, reflecting the advanced age
of the study cohort (Table 1). The number of
encounters for which the primary reason for
inpatient admission was classified as relating to
CV reasons, kidney failure or infection was
25,118, 4,210 and 76,307, respectively (Fig. 1).
Characteristics of patients within these groups
were consistent with the overall patient popu-
lation with an outcome of death.

Length of Hospitalisation

Encounters covered by Medicaid incurred
longer hospital stays than encounters covered
by other insurers, with a mean (SD) stay of 12.8
(18.4) days. The mean length of hospital stays
for encounters covered by commercial, Medi-
care and other insurance was 11.3 (15.0), 9.1
(11.2) and 10.3 (14.1) days, respectively (Fig. 2).
Inpatient encounters related to kidney failure
resulted in the most days hospitalised across
insurers. The longest hospital stay was covered
by Medicaid [mean (SD): 15.9 (21.1) days]
(Fig. 2). Hospital stays for infection were longer
than for CV encounters across insurers (mean
range, 8.7–12.7 vs. 7.5–10.5 days).

Costs of Encounters

The median [interquartile range (IQR)] total
cost of any inpatient encounter was $17,057
($8040–35,873) (Fig. 3). The median (IQR) costs,
stratified by the reason for the encounter, were
$18,469 ($8637–38,315) for kidney failure,
compared with $17,503 ($7766–39,693) for CV
and $16,403 ($7762–34,910) for infection.

Encounters covered by Medicaid were asso-
ciated with an overall higher cost than those
covered by other insurers, with a median (IQR)
value of $25,692 ($11,568–55,321) (Fig. 3). This
compares to encounters covered by Medicare
where the median (IQR) cost was $16,189
($7725–33,443) (Fig. 3). When stratified by rea-
son for admission, the highest median (IQR)
costs were seen for Medicaid-covered CV-related
encounters ($27,409 [$12,291–56,916)]. Mean
data for the cost of encounters are presented in
Supplementary Table 2.

DISCUSSION

This study found that hospitalisation burden
and costs associated with end-of-life care in
patients with CKD in the US are substantial. In
particular, kidney failure-related encounters
incurred longer hospital stays and higher costs
than either CV or infection-related encounters.
Medicaid and Medicare insurance were
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associated with the highest and lowest overall
costs and the longest and shortest length of
hospitalisation, respectively.

Among patients in this study, the mean age
at death was lower than in the overall US pop-
ulation (74.2 vs. 79.1 years), reflecting the
reduced life expectancy with advancing disease

Table 1 Patient demographics by inpatient encounter

Principal or admitting reason for inpatient encounter that ended in death

Any reason (total) Kidney failure CV Infection Other

Number of deaths,

n (% of total)

237,734 4210 (1.8) 25,118 (10.6) 76,307 (32.1) 132,099 (55.6)

Age at death,

mean (SD), years

74.2 (12.4) 71.3 (12.6) 74.3 (12.1) 73.7 (12.5) N/Aa

Sex, n (%)

Female 107,640 (45.3) 1905 (45.3) 10,701 (42.6) 36,140 (47.4) 58,894 (24.8)

US region, n (%)

Midwest 50,414 (21.2) 944 (22.4) 5150 (20.5) 15,821 (20.7) 28,499 (12.0)

Northeast 43,412 (18.3) 833 (19.8) 4106 (16.4) 13,981 (18.3) 24,492 (10.3)

South 106,993 (45.0) 1882 (44.7) 11,538 (45.9) 33,675 (44.1) 59,898 (25.2)

West 36,915 (15.5) 551 (13.1) 4324 (17.2) 12,830 (16.8) 19,210 (8.1)

CV cardiovascular, N/A not applicable, SD standard deviation, US United States
aThese data are not available for this cohort

Fig. 1 Encounters within the patient population stratified by principal admitting reason for encounter. CV cardiovascular
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in patients with CKD [26, 27]. The need for
substantial HCRU at the end of life has been
reported previously [18–20, 28], and our find-
ings add to this body of evidence. The high
costs reported previously and in this study are
likely driven by multiple factors, including a
requirement for intensive medical resources

across multiple specialities (e.g., nursing,
nephrology, cardiology and geriatric medicine)
at the end of life, increased number of bed-days
and costs of treating complications such as
infections and other high-risk complications. In
addition, factors such as comorbidity burden
[5, 6, 8, 9] and complications, which are

Fig. 2 Mean length of hospital stays by inpatient encounter and insurer. CV cardiovascular, SD standard deviationaIncludes
encounters that ended in death attributed to CKD, not necessarily kidney failurebInsurer unclassified or unknown

Fig. 3 Median cost per encounter by inpatient encounter and insurer. CV cardiovascular, IQR interquartile range. aSum of
hospital death medical costs and hospital death medication costs for each patient. bInsurer unclassified or unknown
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associated with CKD progression and increase
the likelihood of premature death [29–31], may
contribute to these findings.

In this retrospective study dataset, the most
frequently recorded classification for end-of-life
encounters was infection, which may reflect
characteristics of the included patient popula-
tion, including a high prevalence of advanced
stage CKD. Infection is strongly associated with
reduced kidney function and drives CKD pro-
gression, leading to an increased requirement
for hospitalisation and other healthcare
resources [32]. Infection-related hospitalisations
have been reported to incur higher medical
costs for patients with CKD when compared
with patients with preserved renal function,
which may be due to longer hospital stays, more
frequent ICU admissions and increased severity
of infections requiring more costly antibiotics
[33]. The advanced age of the study population
may also explain the high frequency of infec-
tion-related deaths, as patients[65 years of age
have a significantly higher infection risk than
younger patients [32]. Additional factors may
include the presence of immunocompromised
or comorbid patients in the study population.
For example, patients receiving haemodialysis
often have an increased infection risk due to
predisposing factors, such as weakened immune
systems, use of immunosuppressive therapies,
frequent use of catheters or needles and
increased hospitalisations (providing more
opportunity to acquire nosocomial infections)
[34–36]. Death secondary to sepsis has been
reported to be at least 50-fold higher among
patients undergoing haemodialysis than in the
general population [37], and the HCRU and
costs associated with treating sepsis in an inpa-
tient setting are substantial [38].

These results highlight the importance of
preventing infection, as well as early diagnosis
and management of infections, to preserve
quality of life and delay disease progression in
patients with CKD. An additional benefit of
preventing infection would be a reduction in
end-of-life medical costs; in the US, healthcare-
acquired infections have been estimated to cost
between $28.4–33.8 billion annually; however,
costs could be reduced by an estimated

$25.0–31.5 billion per year if 70% of these
infections were prevented [39].

Our analysis also showed that CV disease was
the second most frequent cause of death,
accounting for 10.6% of inpatient encounters.
These findings are corroborated by previous
studies which found that between 18–37% of
deaths in patients with CKD were due to CV
disease [24, 40, 41]. The emergence of therapies
conferring cardiorenal protection in patients
with CKD may help to reduce death from CV
causes among these patients in the future
[22, 23, 42, 43]. Despite encounters for kidney
failure accounting for only 1.8% of all inpatient
encounters resulting in death, they incurred the
highest median costs of all encounter types.
This finding is corroborated by previous studies
which have shown an exponential increase in
treatment costs with advancing CKD stage
[7, 17]. Progression from CKD stages 1–2 to
stages 3a–3b has been associated with a 1.1–1.7-
fold increase in mean annual costs, whereas
progression from stage 3 to stages 4–5 has been
associated with a 1.3–4.2-fold increase in costs
[7]. Collectively, these findings emphasise the
need for management and therapeutic strate-
gies to prevent or delay progression to kidney
failure.

An additional finding from this study was
the variation in costs between insurers, with
encounters covered by Medicaid and Medicare
associated with the highest and lowest costs,
respectively. These findings may be
attributable to variations between the patient
populations covered by each insurer and the
terms of the coverage. Most encounters in this
study were covered by Medicare, reflecting the
advanced age of the study population (US citi-
zens[65 years or who require dialysis qualify
for Medicare coverage) [44]. Medicare recipients
are required to pay part of their treatment costs,
which may explain why these encounters were
associated with lower costs than those covered
by other insurers. In contrast, Medicaid covers
patients of all ages, and patients are not usually
required to pay any part of their medical
expenses [44]. Thus, the higher cost of Medi-
caid-funded encounters may be because they
were fully funded, rather than partially
subsidised.

1440 Adv Ther (2022) 39:1432–1445



Although this study focused on inpatient
care for patients with CKD, it should be
acknowledged that not all patients may want or
require this type of treatment, and that con-
servative management remains an important
option for end-of-life care [45]. This approach
focuses on slowing the decline in renal func-
tion, actively managing symptoms and provid-
ing appropriate palliative care in patients who
are unlikely to gain benefit from treatments,
such as dialysis [45]. Conservative management
may be appropriate for certain patients, such as
those on dialysis who often experience poor
quality of life in their final months [46].
Although patients may opt to die in a hospice
rather than in hospital, available data suggest
that utilisation of hospice care by patients with
CKD on dialysis (haemodialysis or peritoneal
dialysis) is low [47–49], with approximately half
as many patients with kidney failure utilising
hospice care compared with patients at the end
of life in the US overall [49]. This is despite
evidence that patients in hospice care have
better pain control than those who die in hos-
pital [50], as well as survey data suggesting that
despite the majority of patients on dialysis
dying in acute care facilities, most would prefer
to die at home or in a hospice [51]. Hospice care
has also been reported to cost less than hospi-
talisation for dialysis patients, with 1 study
reporting cost savings of $4097 and $3020 in
the last 6 months and last week of life, respec-
tively, compared with hospitalisation [49].
Taken together, improving palliative care for
patients with CKD is likely to confer benefits in
terms of both cost and quality of life, with the
potential for cost savings to be invested in pre-
ventive strategies for CKD.

Strengths of this study include the use of a
large, generalisable claims database from the
US, representing* 20% of US inpatient dis-
charges among private and academic hospitals.
Limitations include those inherent to database
analyses, such as the potential for missing data,
under coding of nonbillable events and use of
ICD codes to select and classify patients, which
may lead to misclassification or under reporting
of events. In particular, the potential for mis-
classification of primary versus secondary causes
of death cannot be excluded, given that

secondary causes of death were not assessed in
this study. Only data on in-hospital encounters
were available, meaning that the costs associ-
ated with CKD and death from CKD occurring
in other settings could not be considered. This
may limit the generalisability of these findings
to the broader US population. Additionally,
patient characteristics were not reported and so
could not be used to explore reasons for the
high proportion of infection-related deaths;
causes of death were classified according to the
primary diagnosis upon hospital admission,
whereas the precise drivers of death are likely to
be multifactorial. Further to this, data stratified
by CKD stage were not available, which would
have enabled a more granular assessment of
costs. Finally, characteristics of hospitals inclu-
ded in the PHD may differ from other hospitals,
given that they submit data for the purpose of
quality improvement. This may limit the ability
to generalise the results from this analysis to
other US hospitals.

CONCLUSIONS

KDIGO recommendations for end-of-life care
focus on the provision of individualised and
high-quality care that meets patients’ needs and
preferences. In this analysis of US patients with
CKD, infection was most frequently related to
end-of-life encounters. Relatively few encoun-
ters were associated with kidney failure, but
these incurred the highest cost and required
greater HCRU than encounters for other rea-
sons. These novel findings highlight the
importance of strategies for delaying CKD pro-
gression, managing complications and opti-
mising resource allocation for at-risk patient
groups to improve the quality of end-of-life care
for patients and their families.
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