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Heart failure (HF), a prevalent and costly syndrome affecting ~6.5 million US adults,
is projected to increase to greater than 8 million prevalent cases by 2030.1 It is projected that the percentage of the HF population that is 65 and older will increase from
62% in 2012 to 71% in 2030.2 Total direct medical costs of HF were estimated to be
US$21 billion in 2012 and are projected to increase to US$53 billion by 2030 with
the proportion contributed by the population age ≥65 years increasing from 81% to
88%, making the financial burden for Medicare significant.2 The majority of the costs
among the HF population (80%) are associated with hospital admissions,2 and ~15%
of the hospital admission costs is for the treatment of worsening HF.3
Worsening HF in chronic HF patients is characterized by deterioration in HF
signs and symptoms, after a period of clinical stability, which requires escalation of
therapy.4 For patients with worsening HF due to fluid accumulation, early intervention
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Purpose: The aim of this study was to quantify the potential cost savings to Medicare of shifting
the site of treatment for worsening heart failure (HF) from inpatient to outpatient (OP) settings
for a subset of worsening HF episodes among the Medicare fee-for-service (FFS) population.
Materials and methods: A cross-sectional analysis of a random 5% sample of 2014 FFS
Medicare beneficiaries was conducted. Incidence and cost of worsening HF episodes in both
inpatient and OP settings were identified. These results were used to calculate cost savings
associated with shifting a proportion of worsening HF episodes from the inpatient to OP settings.
Results: A total of 151,908 HF beneficiaries were identified. The estimated annual cost for the
treatment of worsening HF across both inpatient and OP settings ranged from US$9.3 billion to
US$17.0 billion or 2.4%–4.3% of total Medicare FFS spend. The cost saving associated with
shifting worsening HF treatment from inpatient hospital setting to OP settings was US$667.5
million or 0.17% of total Medicare spend when 10% of HF admissions were targeted and 60%
of targeted HF admissions were successfully shifted. The cost savings increased to US$2.098
billion or 0.53% of total Medicare spend when 20% of HF admissions were targeted and 90%
of targeted HF admissions were successfully shifted.
Conclusion: Treatment options that can shift costly hospital admissions for worsening HF
treatment to less expensive OP settings potentially lead to significant cost savings to Medicare.
Pursuit of OP therapy options for treating worsening HF might be considered a viable alternative.
Keywords: health care resource utilization, heart failure management, hospital admission
burden, administrative claims data, cost impact analysis
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is crucial to possibly prevent hospitalization or emergency
department (ED) care. Worsening HF is a key event in the
natural history of HF that can be treated in the inpatient setting or outpatient (OP) settings including EDs, observation
units, or physician offices.4
Currently, more than 80% of patients who present to the
ED with worsening HF are admitted to the hospital.5 Many
patients admitted to a hospital for the treatment of worsening
HF simply need decongestion via intravenous (IV) therapy.6,7
It has been estimated that up to 50% of patients presenting
to the ED with worsening HF could be stabilized and after
a short period of observation could be sent home without
the need for a hospital admission.8 However, the frequency
at which worsening HF is treated in OP settings remains
persistently low despite studies showing that ambulatory
administration of IV diuretics in observation units, EDs, and
clinics is a safe and effective alternative to inpatient hospital
treatment for select patients.9–13 The limited availability of
clinics providing IV diuretics and limited novel therapies, as
well as current provider practice patterns, contributes to the
low rates of treatment in OP settings.
Because inpatient visits for HF are more expensive than
OP visits for HF,14 shifting treatment for worsening HF for
selected patients from the inpatient hospital setting to OP settings could reduce costs; however, these cost savings have not
been previously quantified. The objective of this study was
to estimate the cost impact to the Medicare fee-for-service
(FFS) population associated with shifting the treatment of
a portion of worsening HF cases from the inpatient hospital
setting to OP settings.

Materials and methods
Data source
We used the 2013–2014 Medicare 5% sample (limited data
set) which contains all Medicare FFS Part A and Part B paid
claims (no Part D data) from a statistically balanced 5%
sample of the total Medicare population.

Study population
The denominator population for this study included beneficiaries with no health maintenance organization (HMO)
enrollment and eligibility in both Part A and Part B for all
months of 2013 and at least one month in 2014. HF patients
were identified as individuals with one or more acute inpatient, non-acute inpatient (skilled nursing facilities and
long-term rehabilitation), OP, observation, or ED claims
coded with an HF ICD, ninth revision (ICD-9), diagnosis
codes (428.0–428.9, 402.01, 402.11, 402.91, 404.01, 404.03,
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404.11, 404.13, 404.91, 404.93) in any position on the claim
in 2014. These codes, which are standard criteria used for
disease identification in administrative claims data, describe
HF specifically.

Worsening HF episode identification
Worsening HF hospital admissions were identified as all
admissions coded with a diagnosis-related group (DRG)
for HF (291, 292, or 293) or a proportion of admissions
coded with HF-related DRGs (ie, cardiac and respiratory
DRGs that were determined by a clinician to be clinically
related to HF) 186–195, 204–208, 304–305, 308–310, and
312. DRGs are assigned based on diagnosis coding present
on the claim, and the identified list of HF-related DRGs
encompasses conditions that could be exacerbated by HF (eg,
cardiac arrhythmia, pleural effusion, pneumonia, respiratory
signs and symptoms, and others). We separately analyzed
the Premier Inpatient Database to estimate the proportion of
admissions for each HF-related DRG that showed evidence of
treatment for worsening HF, defined by IV diuretic treatment
for >2 days. We did not consider admissions with 1 day of
treatment as worsening HF admissions, since a single dose of
IV diuretic use can often be used post surgery or post transfusion, and these admissions likely would not be appropriate
for treatment in OP settings. For each DRG, the proportion
of HF-related DRG admissions with evidence of treatment
for worsening HF in the Premier Database was applied to the
corresponding DRG admissions in the Medicare 5% sample
HF population to yield the total number of HF-related admissions. These HF-related admissions, along with all the DRG
291, 292, and 293 admissions, were collectively considered
hospital admissions for the treatment of worsening HF.
OP visits for the treatment of worsening HF were identified based on physician office, ED, and observation unit
claims coded with a combination of HF or HF-related ICD-9
diagnosis codes (276.69, 514, 518.4, 518.81, 518.83, 518.84,
782.3, 786) or J code J1940 for infused furosemide. Physician
office visits were considered treatment for worsening HF if
the claim was coded with 1) at least one HF or HF-related
ICD-9 diagnosis code in any position of the claim and 2)
J1940 for infused furosemide. ED and observation unit visits
were considered treatment for worsening HF if they met any
one of the following criteria: 1) coded with an HF ICD-9
diagnosis code in the primary position of the claim, 2) coded
with an HF-related ICD-9 diagnosis code in the primary position of the claim and one HF ICD-9 diagnosis code in any
other position of the claim, or 3) coded with an HF ICD-9
diagnosis code or HF-related ICD-9 diagnosis code in any

ClinicoEconomics and Outcomes Research 2018:10

Dovepress

position of the claim and at least one J1940 claim. The rate
of episodes for the treatment of worsening HF was calculated
on a per 1,000 HF population basis for each site of service.
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Costs
The average cost of worsening HF admissions, which
included facility and professional costs, was calculated
based on a weighted average of DRGs 291, 292, and
293. The average cost of the 30-day post-discharge period
following a worsening HF admission was calculated as
the difference between all costs incurred in the 30 days
following discharge and the average 1-month cost of an
HF patient. Worsening HF OP visit costs included all
costs on the date of the service. The total costs associated
with treatment for worsening HF included the worsening
HF admission costs, 30-day post-discharge costs, and the
worsening HF physician office, observation unit, and ED
visit costs. These total costs were divided by the total costs
of the eligible Medicare FFS denominator population to get
the proportion of total Medicare FFS costs contributed by
treatment for worsening HF. Costs represent allowed costs
which include Medicare payment to providers plus patient
cost sharing and were trended to 2017 using a 2.2% average annual rate based on the 2017 Office of the Actuary
Annual Report.15

Modeling scenarios
To estimate the total cost of treatment for worsening HF for
the Medicare FFS population, we used the Medicare FFS
population size and total population cost reported in the
2017 Office of the Actuary Annual Report.15 We applied the
HF prevalence rate, worsening HF episode treatment rates,
and average worsening HF episode treatment costs (trended
to 2017) from the Medicare 5% sample analysis to the total
2017 Medicare FFS population. To estimate potential variation around the total cost of treatment for worsening HF for
the Medicare FFS population, we varied the prevalence of
HF and the incidence and cost of worsening HF episodes
identified in our Medicare 5% sample analysis (average
scenario) by ±10%.
To estimate the cost impact of shifting treatment for
worsening HF from the inpatient hospital setting to OP
settings for the Medicare FFS population, we assumed the
average scenario costs as the starting cost of treatment for
worsening HF. We considered three input assumptions and
varied these assumptions as follows: 1) the percentage of
worsening HF hospital admissions targeted for shifting; 2)
the percentage of targeted admissions that successfully shift
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to OP settings; and 3) the distribution of shifted admissions
to a physician office, ED, or observation unit. Successful
shifting was defined as no admission, ED, or observation
visit for the treatment of worsening HF in the 30 days after
the worsening HF treatment episode.
For targeted worsening HF admissions successfully
shifted to treatment in an OP setting, the cost impact assumes
that the average cost of a hospital admission for worsening
HF and the average 30-day post-discharge incremental
cost are replaced with the average cost of treatment for
the selected OP site of service. For unsuccessfully shifted
target cases, the cost impact assumes that the average cost
of a hospital admission for worsening HF and the average
30-day post-discharge cost are incurred. The cost savings
per targeted admission reflects the total savings divided by
the number of worsening HF admissions targeted for shifting
to OP treatment. The framework for the cost calculation of
each scenario is shown in Figure 1. Data analysis for this
paper was generated using SAS® software (Version 9.4),
and model calculations were performed in Microsoft Excel.
This study was conducted using publicly available, patient
de-identified data; therefore, an institutional review board
did not conduct a review of this analysis plan. This study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Results
Baseline cost of treatment for worsening
HF
A total of 1,441,306 Medicare beneficiaries met the denominator eligibility criteria in the Medicare 5% sample analysis,
and 151,908 beneficiaries were identified with HF, yielding
a prevalence of 10.5%. Demographic information for this
population has been previously published.16 Table 1 presents
the findings of the Medicare 5% sample (baseline scenario)
including HF prevalence, annual rate of hospital admissions,
and OP visits for the treatment of worsening HF, and the
average cost per worsening HF hospital admission or OP
visit. Applying the Medicare 5% sample findings to the total
Medicare FFS population produces an annual Medicare FFS
treatment cost for worsening HF of US$12.8 billion or 3.3%
of total annual Medicare FFS population spend. Varying the
prevalence rate for HF, the rate of hospital admissions and OP
visits for the treatment of worsening HF, and the average cost
per worsening HF hospital admission and OP visit by ±10%,
yields estimated costs for the treatment of worsening HF
between US$9.3 billion and US$17.0 billion or 2.4%–4.3%
of total Medicare FFS spend.
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Average 30-day postdischarge cost

Cost of HF IP treatment

Treatment shift scenario
HF admissions
in the HF population
% of HF admissions
targeted for OP
treatment
HF admissions not targeted
in the HF population
Average admit cost
Average 30-day postdischarge cost

Targeted HF admissions
in the HF population
% successfully shifted
to OP treatment
Targeted HF admissions
successfully shifted
% shift
to ED
visits
ED visitsa
Average ED
visit cost

% shift to
observation
unit visits
Observation unit
visitsa
Average
observation
visit cost

% shift to
PO visits

Targeted HF admissions
not avoided
Average admit cost
Average 30-day postdischarge cost

PO
visits
Average PO
visit cost

Cost of HF treatment
with OP shift
Figure 1 Cost impact calculation.
Note: aED and observation unit visits are stand-alone visits that do not result in a hospital admission.
Abbreviations: ED, emergency department; HF, heart failure; IP, inpatient; OP, outpatient; PO, physician office.

Table 1 Medicare FFS population metrics and sensitivity testing for treatment cost of worsening HF
Total Medicare FFS beneficiariesa
Total Medicare FFS spenda
Medicare FFS HF population metrics
Prevalence of HF
Rate of HF admissions per 1,000 HF patients
Rate of physician office visits for the treatment of worsening HF per 1,000 HF patients
Rate of ED visits for the treatment of worsening HF per 1,000 HF patients (not resulting in
admission)
Rate of observation unit visits for worsening HF treatment per 1,000 HF patients (not resulting
in admission)
Average cost per HF admission
Average 30-day post-discharge cost following an HF admission (net 30-day baseline HF costs)
Average cost per physician office visit for the treatment of worsening HF
Average cost per ED visit for the treatment of worsening HF
Average cost per observation unit visit for the treatment of worsening HF
Medicare FFS worsening HF costs
Total Medicare FFS treatment cost for hospital and OP treatment of worsening HF (in millions)
Percentage of total Medicare FFS population spend

38,847,000
$392,435,000,000
–10%
Baselineb
9.5%
10.5%
209.4
232.7
8.3
9.3

+10%
11.6%
256.0
10.2

29.7

33.0

36.3

16.1

17.9

19.7

$11,385
$5,393
$449
$1,162
$3,067
–10%
$9,299
2.4%

$12,650
$5,992
$499
$1,291
$3,407
Baseline
$12,756
3.3%

$13,915
$6,591
$549
$1,420
$3,748
+10%
$16,978
4.3%

Notes: All costs are presented in US$. a2017 Board of Trustees Report. Office of the Actuary. b2013–2014 Medicare 5% Sample analysis. 2014 costs have been trended to
2017 using a 2.2% annual trend factor.
Abbreviations: ED, emergency department; FFS, fee-for-service; HF, heart failure; OP, outpatient.
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While assuming all baseline scenario values as summarized in
Table 1, we identified the impact on treatment costs for worsening HF associated with varying three major assumptions:
the percentage of HF admissions targeted for shifting to treatment in OP sites (10%; 15%, 20%); the percentage of targeted
HF admissions successfully shifted to treatment in OP sites
(60%, 80%, 90%); and the distribution of shifted admissions
to physician office, ED, or observation unit (20%, 40%, 40%;
30%, 45%, 25%; 40%, 50%, 10%). Table 2 presents the total
cost savings based on the variations in the three assumptions.
The minimum cost savings was US$667.5 million, or 0.17%

of total Medicare spend, and the maximum cost savings was
US$2.098 billion, or 0.53% of total Medicare spend.
Figure 2 shows the savings per targeted admission based
on variation in the percentage of targeted worsening HF
admissions successfully shifted to OP settings and the distribution of successfully shifted hospital admissions to the
three OP sites. A 10% increase in the percentage of targeted
admissions successfully shifted to the OP setting is associated
with a $1,666–$1,746 increase in the cost savings per targeted
admission, which varies depending upon the distribution of
OP settings.
Using baseline scenario values in Table 1, we performed
sensitivity testing to identify the change in potential cost

Table 2 Medicare FFS cost savings associated with shifting treatment for worsening HF from inpatient hospital to OP settings
Percentage
of admissions
successfully
shifted to op
settings (%)

Distribution
of successfully
shifted admissions
(physician office
[%]/ED [%]/Obs
[%])

10% of HF admissions
targeted

15% of HF admissions
targeted

20% of HF admissions
targeted

Total cost
savings
(millions)

Cost
savings as a
percentage of
total Medicare
FFS spend (%)

Total cost
savings
(millions)

Cost
savings as a
percentage of
total Medicare
FFS spend (%)

Total cost
savings
(millions)

Cost
savings as a
percentage of
total Medicare
FFS spend (%)

60
60
60
80
80
80
90
90
90

20/40/40
30/45/25
40/50/10
20/40/40
30/45/25
40/50/10
20/40/40
30/45/25
40/50/10

$667.5
$683.3
$699.2
$889.9
$911.1
$932.3
$1,001.2
$1,025.0
$1,048.8

0.17
0.17
0.18
0.23
0.23
0.24
0.26
0.26
0.27

$1,001.2
$1,025.0
$1,048.8
$1,334.9
$1,366.7
$1,398.5
$1,501.8
$1,537.5
$1,573.3

0.26
0.26
0.27
0.34
0.35
0.36
0.38
0.39
0.40

$1,334.9
$1,366.7
$1,398.5
$1,779.9
$1,822.2
$1,864.6
$2,002.4
$2,050.0
$2,097.7

0.34
0.35
0.36
0.45
0.46
0.48
0.51
0.52
0.53

Notes: All costs are presented in US$. Successfully shifted assumes no readmissions or subsequent ED or Obs unit visits for worsening HF in the 30 days after the treatment
date for worsening HF OP therapy. 2013–2014 Medicare 5% sample analysis.
Abbreviations: ED, emergency department; FFS, fee-for-service; HF, heart failure; OP, outpatient; Obs, observation.
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Worsening HF treatment cost impact
associated with shifting treatment site

$20,000
$18,000
$16,000
$14,000
$12,000
$10,000
$8,000
$6,000
$4,000
$2,000
$0
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Percentage of targeted admissions successfully shifted to OP settings
PO/ED/Obs: 20%/40%/40%

PO/ED/Obs: 30%/45%/25%

PO/ED/Obs: 40%/50%/10%

Figure 2 Cost savings per targeted admission by the percentage of targeted admissions successfully shifted to OP settings.
Notes: All costs are presented in US$. 2013–2014 Medicare 5% sample analysis. Ten percent error bars are included for the distribution scenario PO/ED/Obs: 30%/45%/25%.
Successfully shifted assumes no readmissions or subsequent ED or Obs unit visits for worsening HF in the 30 days after the treatment date for worsening HF OP therapy.
Abbreviations: ED, emergency department; HF, heart failure; Obs, observation; OP, outpatient; PO, physician office.
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impact associated with varying each input individually, as
shown in Figure 3. Varying the percentage of worsening HF
admissions targeted for shifting to OP treatment had the
greatest impact on cost savings, reducing cost savings by
33.3% when the percentage of targeted admissions moved
from 15% to 10%, and increasing cost savings by 33.3%
when the percentage of targeted admissions moved from 15%
to 20%. The variable with the next greatest impact was the
percentage of targeted HF admissions successfully shifted
to OP treatment which showed a 25% reduction in cost savings when the percentage of targeted admissions that were
successfully shifted moved from 80% to 60% and a 12.5%
increase in costs savings when the percentage of targeted
admissions successfully shifted moved from 80% to 90%.
Varying the average cost for each type of OP visit had the
smallest impact on medical cost savings.

Discussion
After a slow progression of increasing peripheral edema, worsening HF frequently generally culminates in a hospitalization
for IV diuresis, even though a majority of admissions simply
require decongestion, which can be performed in the OP setting.4 Barrier to OP treatment of worsening HF may include
availability or access to OP HF clinics and effective medical
interventions.5 The current state of worsening HF treatment
remains suboptimal with over 80% of treatment occurring

in an inpatient hospital setting,5 which is burdensome to the
patient, the health care system, and payers. Because most of
the HF population is of Medicare age,2 the cost burden of
worsening HF treatment falls on Medicare in particular. This
study quantified the potential cost savings for the Medicare
FFS population associated with shifting treatment of worsening HF from the inpatient hospital setting to OP settings. We
estimated the total cost of the treatment for worsening HF to be
US$12.7 billion and savings ranging from US$667.5 million
to US$2.097 billion (5.2%–16.4% of the cost for the treatment
of worsening HF) could be realized by shifting a portion of
worsening HF hospital admissions to OP settings.
Although past studies have identified the economic burden of HF among the Medicare population, they have not
specifically quantified the cost of treatment for worsening
HF in both inpatient hospital setting and OP settings.17,18
Other studies on HF hospitalization costs include populations that are not specific to Medicare.14,19,20 Most studies
that have analyzed the cost of treatment for HF admissions
have limited the admissions to DRGs 291, 292, and 293 or
specific HF diagnosis codes.17,21 For instance, a separate
analysis of the Medicare 5% sample calculated the cost of
HF hospitalizations, but only identified HF admissions as
those with ICD-9 diagnosis codes beginning with 428 or
398.91.17 One study estimated that the number of worsening
HF hospitalizations was approximately twice as high as the

Percentage change in worsening HF cost savings by low/high scenario compared to baseline scenario
–40%

–30%

–20%

–10%

0%

10%

20%

30%

40%

Percentage of HF admissions targeted for OP treatment
Percentage of targeted HF admissions successfully shifted to OP treatment
Prevalence of heart failure
HF admission rate per 1,000 HF patients
Average cost per HF admission
Average 30-day post-discharge cost following an HF admission
Distribution of targeted HF admissions by OP site
Average cost per observation unit visit
Average cost per ED visit
Average cost per physician office visit

Low scenario assumption

High scenario assumption

Figure 3 Sensitivity testing of the impact of selected assumptions on worsening HF cost savings.
Notes: 2013–2014 Medicare 5% sample analysis. Low, moderate, and high percentage of worsening HF hospital admissions targeted for shifting: (10%, 15%, 20%). Low,
moderate, and high percentage of targeted admissions that successfully shift to OP settings (60%, 80%, 90%). Low, moderate, and high distribution of shifted admissions to
physician office, ED, or observation unit (20%, 40%, 40%; 30%, 45%, 25%; 40%, 50%, 10%). All other values varied by ±10% from the baseline scenario values.
Abbreviations: ED, emergency department; HF, heart failure; OP, outpatient.
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number of hospitalizations with ICD-9 diagnosis code 428
in the primary position,21 suggesting that HF coding may not
sufficiently capture all treatment for worsening HF. Because
many respiratory and cardiac DRG admissions beyond the
typical HF DRGs 291, 292, and 293 admissions may include
diuretic treatment for worsening HF, we used the Premier
Inpatient Database to identify the proportion of several
respiratory and cardiac DRGs with diuretic use and applied
these rates to the Medicare 5% sample to identify additional
admissions for treatment for worsening HF that may be
missed in other analyses. This methodology recognizes that
only a fraction of the selected respiratory and cardiac DRGs
represent worsening HF admissions that could be shifted to
other sites of care. Furthermore, our criteria for the identification of worsening HF in OP settings also incorporated diuretic
use in combination with HF diagnosis coding. In using these
criteria for the identification of worsening HF episodes, we
found that worsening HF treatment costs represent 3.3% of
the total Medicare FFS spend.
As expected, this study identified significantly higher
average costs for the treatment of worsening HF in the inpatient hospital setting vs OP settings which is consistent with
other analyses of HF costs by site of service.14 These cost
differences present opportunity for savings when more expensive hospital admissions for worsening HF are appropriately
shifted to treatment in OP settings. We estimated the range
of potential cost savings by varying assumptions regarding
the rate of worsening HF admissions targeted for OP treatment and the rate of targeted worsening HF admissions
successfully shifted to OP sites of treatment. Prior research
has estimated that ~10%–20% of ED presentations for HF
are discharged directly home,8 suggesting that physicians
determined these to be low-risk visits that did not require
more intensive treatment in the inpatient hospital setting.
Thus, we tested three values within this range, 10%, 15%,
20%, as an approximation for the percentage of visits that
could be targeted for treatment in OP settings. The range
of values for the percentage of targeted admissions that
are successfully treated (60%, 80%, 90%) assumes that the
majority of admissions that are targeted for shifting to OP
settings would successfully shift. The percentage of targeted
HF admissions and the success of shifting an admission to the
OP setting would be dependent on a particular community’s
ambulatory care capabilities; therefore, the estimated impact
of cost shifting would need to be individualized to that community. The distribution of successfully shifted admissions
to physician office, ED, or observation units reflects various
scenarios in which admissions are shifted to sites that require
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more direct clinical management (a higher proportion of ED
and observation unit visits) or less clinical management (a
higher proportion of physician office visits).
Congestion is a marker of adverse prognosis; thus, a
number of remote monitoring devices have been developed
to track HF patients when they are not under active medical
treatment. These devices use various technologies, including
bioimpedance, wireless pulmonary artery pressure monitors,
and dielectric sensing. These devices have shown to reduce
the incidence of HF mortality and inpatient admissions and
represent a useful tool in tracking HF patients.22,23 In this
context, to be effective, monitoring must also be complemented with effective OP management strategies in the event
that disease progression cannot be avoided. Evidence suggests that the OP setting can be an appropriate and effective
place for worsening HF treatment resulting in better patient
outcomes.24 An analysis of IV diuretic HF treatment among
60 patients in an OP HF clinic found notable changes in
urine output and weight loss, suggesting this may be a valid
alternative to hospitalization for selected HF patients.9 Other
studies conducted in OP HF clinics reached similar conclusions regarding the safety of OP treatment for worsening
HF.10–13 OP treatment may also be associated with a reduction
in subsequent hospital admissions.25,26 At a same-day access
HF clinic launched by Duke University Hospital, a 10%
reduction in 30-day readmissions was observed out of over
3,000 visits over the course of 3 years.26 On the other hand,
a retrospective multicenter study found readmission rates
higher for HF treatment in observation units compared to
inpatient hospital treatment, suggesting the need for improvements in the process of determining which worsening HF
patients are most appropriate for OP treatment.27
Despite evidence of the safety and effectiveness of
OP worsening HF treatment, the majority of treatment for
worsening HF occurs in the inpatient hospital setting. This
happens despite the fact that when decongestion via IV
diuretics is the only necessary intervention, symptom relief
can be achieved relatively quickly with most patients not
requiring additional treatment.8 Indeed, the same-day access
clinic at Duke University Hospital was initiated given that
over half of HF admissions admitted from the ED were low
risk requiring only decongestion.26 Same-day access clinics
for OP diuresis have been shown to be a safe and potentially
cost-effective strategy to reduce admissions, yet few institutions have adopted such clinics due to the complexities of
implementation. Inpatient admission may be necessary for
severe cases of worsening HF or when comorbidities occur,
yet hospitalization for decongestion alone occurs frequently
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due to the lack of accessible OP treatment alternatives.4 OP
treatment of worsening HF has the potential to reduce the
economic and public health burden associated with inpatient
hospital treatment, representing a major opportunity for
therapeutic advancements.4 One option is the subcutaneous
administration of a novel pH neutral formulation of furosemide via a wearable subcutaneous delivery system, which
has been shown to provide equivalent diuresis and natriuresis compared to IV-administered furosemide for worsening
HF28–30 and may provide an opportunity for the management
of worsening HF treatment in the OP setting.
This study is subject to several limitations. Claims coding
may not fully capture all patients with HF or all episodes for the
treatment of worsening HF. Without clinical data to validate our
identification of episodes to treat worsening HF, we may overor underestimate the total number of worsening HF episodes.
To improve our estimate of the total number of worsening HF
admissions, we incorporated a metric of the proportion of cardiac
and respiratory DRG admissions that had diuretic use from the
Premier Inpatient Database. However, differences in the population characteristics of the Premier Inpatient Database and the
Medicare 5% sample may have led to an overestimate of the
proportion of worsening HF admissions, particularly if the Premier Inpatient Database has fewer admissions requiring longer
diuretic use compared to the Medicare 5% sample population.
In estimating the cost savings associated with shifting
treatment of worsening HF from the inpatient hospital setting to OP settings, our assumptions for the proportion of
worsening HF admissions to target and the proportion of those
targeted that would be successfully shifted to OP settings were
based on several studies mentioned previously. In clinical
practice, these rates may vary based on changes in physician
practice patterns or improvements in overall HF management
that can reduce the total number of HF admissions that can
be targeted for shifting to OP settings. In addition, our cost
savings assume that hospital admissions for worsening HF
that are targeted and shifted to OP settings reflect the average
worsening HF admission cost and 30-day post-discharge costs,
whereas the average cost of the worsening HF admissions that
are shifted may be of a lower severity and possibly lower cost,
which would overestimate the cost savings. Furthermore, the
cost savings calculated do not incorporate any additive cost
associated with OP therapy that would likely be introduced
to enhance the shift to OP treatment of worsening HF. Costs
of new technologies or interventions implemented for each
targeted admission would need to be considered in the context
of the cost savings per targeted admission as shown in Figure 2. Finally, this study was conducted using the Medicare
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5% sample FFS population and the results may not be generalizable to other HF populations such as Medicare advantage
or commercial populations.

Conclusion
Currently, there is a subset of patients being hospitalized
for worsening HF that could potentially be treated in lower
cost OP settings. With the availability of efficacious OP
therapy options for treating worsening HF, OP therapy can
become a viable alternative to be considered throughout the
course of a patient’s worsening HF progression. As the baby
boomers continue to age into Medicare, the cost burden to
Medicare associated with treatment for worsening HF will
grow, highlighting the need for more cost-efficient alternatives for the treatment of worsening HF. Treatment options
that can shift costly hospital admissions for the treatment of
worsening HF to less expensive OP settings can potentially
lead to significant cost savings to Medicare.
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