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Trial of Oral Diuretics Prior to Discharge Is Not Associated
With Improved Outcomes in Decompensated
Heart Failure
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Abstract

Background: Current heart failure guidelines recommend transition of
intravenous (IV) diuretics to oral > 24 h prior to hospital discharge. The
aim of this study was to determine whether transition to oral diuretics
prior to discharge in patients hospitalized with decompensated systolic
heart failure (SHF) was associated with improved 30-day events.

Methods: This was a retrospective cohort study, in which adults ad-
mitted to the Loma Linda Medical Center for 3 - 14 days with a pri-
mary discharge diagnosis of acute on chronic SHF were included.
Mortality data were obtained from the National Death Index, while
readmission only to our facility was included. The #-test and Chi-
square test were used for analyses.

Results: A total of 314 patients were studied. Patients who were man-
aged with guideline-recommended trial of oral diuretics, and patients
who continued to receive IV diuretics on the last full hospital day
were overall similar in baseline characteristics. Patients who received
oral diuretics on the day prior to discharge had longer length of stay,
less weight loss, were discharged on lower diuretic doses (all P <
0.05), and had similar outcomes of 30-day readmission and 30-day
hospitalization-free survival.

Conclusions: The transition to oral diuretics prior to discharge in pa-
tients with decompensated SHF was not associated with improved
30-day outcomes. These results require validation in prospective tri-
als but suggest that guideline recommendations regarding transition-
ing to oral diuretics prior to discharge may deserve re-evaluation.
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Introduction

Heart failure (HF) affects 6.2 million people in the USA [1].
HF cost exceeded $30 billion in 2012, and yearly costs are
estimated to increase further to $70 billion in 2030 [2, 3]. The
primary driver of HF cost is hospitalizations associated with
HF exacerbation [4]. In addition to high healthcare cost, hos-
pitalizations for HF exacerbation are associated with increased
morbidity and mortality.

Volume overload is a primary cause of hospitalizations for
patients with decompensated systolic HF (SHF) [5, 6]. Current
HF guidelines recommend the treatment of volume overload
with intravenous (IV) diuretics, with transition of IV diuretics
to per os (PO) prior to hospital discharge [5-7]. The purpose
of this recommendation is to determine whether patients are
stable on an oral diuretic regimen prior to discharge, with the
hope of preventing readmission, as readmissions have been as-
sociated with both a poor prognosis and increased costs [8,
9]. However, studies have shown that up to half of patients
admitted for HF continue to receive IV diuretics on the day
of discharge, with large variations among different hospitals
[10-12].

While the American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) 2013 HF guidelines recommend
a trial of oral diuretics prior to discharge, there is sparse evi-
dence to support this practice and there is discrepancy among
the current data available regarding the effects of transition
from IV to PO diuretics in patients with acute decompensated
SHF [11-13]. The aim of this study was to determine whether
transition to oral diuretics for a full day prior to discharge in
patients hospitalized with decompensated SHF was associated
with improved outcomes, specifically 30-day survival and re-
admissions.

Materials and Methods

This was a retrospective cohort study of all adults admitted to
the Loma Linda Medical Center who were discharged with a
primary diagnosis of acute on chronic SHF, or acute on chronic
systolic and diastolic HF from 2013 to 2018. To be included,
patients had to have received IV loop diuretic during the hospi-
talization. Patients with a hospital length of stay (LOS) of <3
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days, > 14 days, or those who died while hospitalized were ex-
cluded. Patients with LOS of < 3 days were excluded because
such patients would not be able to be transitioned to oral diu-
retics for a full day prior to discharge; and patients who were
hospitalized for > 14 days were excluded because this cohort
likely represents a different patient population versus the aver-
age nationwide LOS for decompensated HF of 5.6 days [8].
If a patient was hospitalized more than once during the study
period, only the first admission was included in the study. The
study was approved by the hospital Institutional Review Board
and is in compliance with the ethical standards of the institu-
tion.

Patients were divided into two groups based on whether
they received any dose of IV diuretic (versus oral diuretics
only) on the last full hospitalized day prior to discharge, as a
full day of oral diuretic therapy would be suggested to ensure
stability with oral diuretic administration. Electronic medical
records were mined for relevant patient data. Data collected in-
cluded baseline demographics, comorbid conditions, relevant
laboratory values, vitals, weight changes, LOS, left ventricle
ejection fraction, use of diuretics during the hospitalization
(specifically furosemide, bumetanide, torsemide, and metola-
zone), and relevant medication use prior to admission and on
discharge. Data on medication use prior to admission and post
discharge focused specifically on dosing of loop diuretics,
HF-approved beta blockers (carvedilol, bisoprolol, and meto-
prolol succinate), angiotensin system blockers, and aldoster-
one blockers. Mortality data were obtained from the National
Death Index, while readmission for any cause only to our facil-
ity was included.

Hospitalization diuretic doses were calculated using IV
equivalents of furosemide, unless otherwise indicated. For
hospitalization diuretic dosing calculations, furosemide 40 mg
IV was equivalent to furosemide 80 mg PO, bumetanide 1 mg
PO/1V, or torsemide 20 mg PO. Diuretic doses were collected
for day of admission (hospital day 0), hospital day 1, and last
full day prior to discharge.

The primary outcomes of the study were 30-day all-cause
readmission and 30-day readmission-free survival. Secondary
outcomes included hospital LOS, weight changes during the
hospitalization, differences between admission and discharge
diuretic doses, and up-titration of HF therapy during the hos-
pitalization.

Statistical analysis

Statistical analysis was conducted using #-test and Chi-square
test where appropriate with level of significance of < 0.05.

Results

A total of 314 patients were included in the study, after exclu-
sion of 121 patients for LOS of < 3 days and 35 patients for
LOS of > 14 days. Average age was 62.4 + 16.4 years and 36%
were female. Of the whole cohort, 173 patients received oral
diuretics only on the last full day prior to discharge (group 1),
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while 141 patients received IV diuretics on their final full hos-
pitalization day (group 2). Baseline characteristics, including
age, sex, comorbid conditions, electrolytes, kidney function,
pro-beta natriuretic peptide, blood pressure, pre-admission di-
uretic and dose, and left ventricle ejection fraction were simi-
lar between both groups (Table 1). The average LOS for the
314 patient cohort was 5.8 + 2.9 days (while the average LOS
for the cohort including excluded patients was 5.9 + 5.4 days).

The diuretics and dosages administered to group 1 and
group 2 were similar on hospital day 0 and day 1 (P =0.58 and
0.60, respectively) (Table 2). However, group 1 received a sta-
tistically significant lower diuretic dose on the last day of hos-
pitalization, 66 = 42 mg PO furosemide equivalents compared
to 100 = 96 mg IV furosemide equivalents for group 2 (P <
0.01). A higher percentage of patients in group 1 received me-
tolazone compared to group 2 for days 0 and 1 (P < 0.01, and
P < 0.02, respectively), but more patients in group 2 received
metolazone compared to group 1 on the final hospitalization
day (P <0.01). The administration of inotropes was similar for
group 1 and group 2 (Table 2).

Patients in group 1 had longer average LOS (6.8 £+ 2.7
vs. 5.2 £2.5 days, P <0.01), but less weight loss compared to
group 2 (2.1 £4.2 vs. 3.7 £ 6.7, P=0.01). Discharge electro-
lytes, creatinine and blood pressure were similar among group
1 and group 2 (Table 3). Additionally, group 1 was discharged
on a lower diuretic dose (in PO furosemide dose equivalents)
compared to group 2 (64 = 44 mg vs. 83 = 72 mg, P = 0.01).
More patients in group 1 (23.8%) were discharged without oral
loop diuretic compared to group 2 (12.2%, P < 0.01). Further,
more patients in group 1 (25.0%) had their home loop diuretic
dose decreased on discharge compared to group 2 (15.1%, P
= 0.03, Table 4). Despite longer LOS and transition to oral
medications for at least a full day prior to discharge, there were
no differences between groups in up-titration of guideline di-
rected medication classes of beta blocker, angiotensin system
blockers, or aldosterone blockers (Table 4).

There were no differences in the primary clinical endpoint
post discharge between group 1 and group 2, with similar rates
of 30-day readmission and 30-day hospitalization-free survival
(Table 5).

Discussion

This analysis of diuretic use among patients hospitalized with
a primary diagnosis of decompensated SHF demonstrates that
patients transitioned to oral diuretics prior to discharge as
suggested by guidelines had less weight loss and longer LOS
compared to patients who continued to receive IV diuretics
through their last full hospitalized day. Additionally, there was
no difference in rates of HF therapy optimization and clinical
outcomes, including 30-day readmission and 30-day readmis-
sion-free survival between the groups. These results suggest
that recommendations about transition to oral diuretics prior
to discharge among patients with decompensated HF deserve
further evaluation.

Patients with decompensated SHF present to the hospital
with symptoms of volume overload and congestion, including
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Table 1. Patient Characteristics

Oral diuretic on last full

IV diuretics on last full

Characteristics day (group 1, n =173) day (group 2, n = 141) P value
Age (years) 61.9 (15.7) 63.0 (16.8) 0.57
Sex (%owomen) 34.7% 37.6% 0.60
Diabetes mellitus (%) 23.1% 24.8% 0.73
Chronic obstructive pulmonary disease (%) 8.7% 7.1% 0.61
Chronic kidney disease (%) 17.3% 17.0% 0.94
Chronic ischemic heart disease (%) 35.8% 34.8% 0.84
Atrial fibrillation (%) 29.5% 22.7% 0.17
Admit sodium (mEq/L) 137.3 (5.4) 137.6 (5.06) 0.65
Admit potassium (mmol/L) 4.3(0.7) 4.3 (0.63) 0.83
Admit creatinine (mg/dL) 1.3 (0.71) 1.5 (0.93) 0.24
Admit pro-B-type natriuretic peptide (pro-BNP) (pg/mL) 10,339.4 (12,060.0) 8,728.9 (8,626.4) 0.20
Admit blood pressure (mm Hg) 127 (24)/79 (16) 128 (23)/79 (17) 0.69/0.97
Admit left ventricle ejection fraction (%) 23 (14) 26 (15) 0.09
Admit furosemide PO dose equivalent (mg) 71 (49) 76 (61) 0.54
Pre-admission diuretic 0.77

% on furosemide 88.9 90.2

% on bumetanide 5.7 3.9

% on torsemide 5.1 5.9

Data were presented as mean (standard deviation) or percentage (where indicated). IV: intravenous; PO: per os.

Table 2. In-Hospital Medication Administration

Oral diuretics on last full day (n=173) IV diuretics on last full day (n = 141) P value
Total mg IV furosemide equivalent dose
Day 0 120 (85) 114 (82) 0.58
Day 1 109 (93) 114 (91) 0.60
Last full day 66 (42)? 100 (96) <0.01
Diuretic given day 0 0.34
Furosemide (%) 93.5 96.9
Bumetanide (%) 33 0.8
Others/combined (%) 2.0 2.3
Diuretic given day 1 0.34
Furosemide (%) 94.5 97.7
Bumetanide (%) 3.0 0.8
Others/combined (%) 2.4 1.6
Diuretic given last full day 0.07
Furosemide (%) 88.2 90.7
Bumetanide (%) 6.7 1.4
Others/combined (%) 5.0 7.9
% received metolazone
Day 0 (%) 13.3 4.3 <0.01
Day 1 (%) 16.8 7.8 0.02
Last full day (%) 7.5 17.7 <0.01
% received inotrope during admission 36.4% 30.5% 0.27

Data were presented as mean (standard deviation). 2Indicates oral diuretic dose. IV: intravenous.
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Table 3. Characteristics on Day of Discharge

Characteristics Oral diuretics on last full day (n = 173) IV diuretics on last full day (n = 141) P value
Discharge sodium (mEq/L) 135.9 (3.9) 136.7 (3.8) 0.08
Discharge potassium (mmol/L) 4.2 (0.4) 4.1(0.4) 0.06
Discharge creatinine (mg/dL) 1.4 (0.7) 1.5 (0.8) 0.22
Discharge blood pressure (mm Hg) 111 (19)/65 (12) 112 (16)/66 (10) 0.60/0.68
Average weight loss (kg) 2.1(4.2) 3.7(6.7) 0.01

dyspnea and lower extremity edema [5, 6]. The mainstay of
treatment for patients with decompensated SHF is loop diuret-
ics, with addition of non-loop diuretics as adjuncts [14, 15].
While there is extensive data regarding initial IV diuretic use
among patients with decompensated SHF, data are scarce re-
garding optimal diuretic administration prior to discharge, in-
cluding possible benefits of transition from IV to oral diuretic
and appropriate monitoring period for such transition. Current
treatment guidelines recommend observation of patients on
oral diuretics prior to hospital discharge [5, 6], which has been
interpreted as at least a 24-h monitoring period [7], to be able
to effectively gauge the effects of oral therapy. The primary
reasoning behind recommendation to transition to oral diuret-
ics is to verify the effectiveness of oral diuretic therapy, which
may prevent readmission [7]. However, there is conflicting

Table 4. Discharge Medications

evidence regarding the efficacy of transition to oral diuretics,
which could be used as basis for the guideline recommendation
[11-13, 16]. Prior observation studies demonstrated that up to
a half of patients with decompensated HF continue to receive
IV diuretics prior to discharge [10-12]. The current study, with
45% of patients remaining on IV diuretics on the day prior to
discharge, adds to these prior publications.

The results of the current study are in accordance with
prior preliminary descriptions of limited benefit of transition
to oral diuretics prior to discharge, published only in abstract
form [12, 13, 16]. A retrospective study of 285 patients found
observation on oral loop diuretics for > 24 h prior to discharge
was associated with longer hospital stays and no association
with differences in 30-day outcome [12]. Another retrospec-
tive study of 240 patients found no difference in 30-day read-

Medication class at goal dose or up titrated from admission

Oral diuretics on last full day IV diuretics on last full day P value

to discharge (% of patients) (n=173) (n =141)
Beta-blocker 42.8% 42.6% 0.97
ACEI 33.0% 24.1% 0.09
Spironolactone 13.3% 19.9% 0.12
Loop diuretic dose adjustment compared to home loop diuretic dose
Increased 36.6% 45.3% 0.12
No change 38.4% 39.6% 0.83
Decreased 25.0% 15.1% 0.03
Discharge furosemide PO dose equivalent 63 (44) 85 (74) <0.01
% discharged without diuretic 23.8% 12.2% <0.01
Discharge diuretic 0.97
% discharged on furosemide 89.3 90.2
% discharged on bumetanide 6.1 5.7
% discharged on torsemide 4.6 4.1
ACEI: angiotensin-converting enzyme inhibitor; PO: per os.
Table 5. Outcome Analysis
Oral diuretic on last full day (n =173) IV diuretics on last full day (n = 141) P value
Length of stay (days) 6.8 (2.7) 52(2.5) <0.01
30-day any readmission (%) 18.5% 19.9% 0.76
30-day hospitalization-free survival (%) 80.4% 78.0% 0.61

IV: intravenous.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

www.cardiologyres.org

247



Transition to Oral Diuretics Prior to Discharge

Cardiol Res.2021;12(4):244-250

mission rates between patients who were transitioned to oral
loop diuretics verses those who were not [13]. Finally, a larger
study of 2,179 patients from the Get With the Guidelines data
set similarly demonstrated higher LOS and no difference in
30-day readmission rates between groups transition to oral
diuretics versus maintained on IV diuretics [16]. However,
the current study conclusions differ from the published work
by Laliberte et al, who conducted a retrospective study of 123
patient with acute decompensated HF, and noted that patients
who were monitored on oral loop diuretics for under 24 h prior
to discharge experienced significantly higher 30-day HF read-
mission compared to those who were monitored on oral diuret-
ics for greater than 24 h [11]. Several differences may explain
the discordant findings between the study by Laliberte et al
and current study. Although patient characteristics and study
populations appear similar, differences in unmeasured patient
characteristics, differences in clinician decision making re-
garding diuretic administration, and relatively small number of
patients in both cohorts may contribute to divergent outcomes.
Importantly, while both the study by Laliberte et al and the
current study only collected readmission data from respective
hospital systems (Liliberte et al from an 11-hospital network
and the current study from the largest tertiary-care facility in
the surrounding area), the 30-day readmission rates of the cur-
rent cohort (approximately 20%) more closely resemble na-
tional average compared to the rates from Laliberte et al (3.2%
in the patients transition to oral diuretics), which may increase
the validity and generalizability of the current data.

Our study and the aforementioned retrospective studies
show patients observed on oral diuretic > 24 h had longer hos-
pital LOS. The primary contributor to cost of HF treatment in
the USA is hospitalization [17]. Given the medical and finan-
cial burdens of HF in the USA, efforts to improve outcomes
and reduce costs have received significant attention [4, 18-21].
Among these are efforts to reduce inpatient LOS and reduce
30-day readmissions. In the USA, there are approximately 1
million HF hospitalizations yearly [22]. Recommendations
that attempt to balance inpatient LOS and reduction in read-
mission rates, including those regarding transition to oral diu-
retics before discharge, need to be evaluated in the context of
effects on both metrics given potential for significant increases
in total hospitalization days.

Many patients discharged for decompensated HF remain
volume overloaded at the time of discharge [23, 24]; and
guideline suggestions for transition to oral diuretics may need
to be balanced with approaches to maximize inpatient time by
focusing on attaining euvolemia with the more effective IV di-
uretics. While achievement of euvolemia with IV diuretics and
transition to a trial of oral diuretics prior to discharge are not
mutually exclusive, the financial and other burdens associated
with the required increase in LOS to achieve the desired 24
h or greater observation period may deserve significant scru-
tiny. These data highlight the need for prospective randomized
studies which measure costs, outcomes, and patient satisfac-
tion to support guideline recommendation for observation of
patients on oral diuretic therapy prior to discharge.

Additionally, it is unclear that an extra day of inpatient ob-
servation on oral diuretics in a hospital setting would be able to
predict the effect of that regimen post discharge in the home en-
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vironment. While the extra hospitalized day can be used to op-
timize guideline-directed medical therapy, including facilitat-
ing initiation of newer agents including sacubitril-valsartan and
sodium-glucose cotransport-2 inhibitors in selected patients,
such approaches would require additional study and validation.
Despite an increase in LOS, medication optimization was not
different in the current cohort of patients monitored for an extra
day on oral diuretics. Furthermore, more patients in the oral
diuretic group were discharged home off oral diuretics, which
may be associated with long-term adverse events [25].

Study limitations

This is a single-center study, with relatively small sample size
of patients admitted to a tertiary care hospital, which may limit
generalizability. Even though the two groups appear similarly
matched based on baseline characteristics, hospital course, and
discharge goal-directed medical therapy, there may be other
confounders not accounted for, such as severity of HF, other
medical factors associated with the hospitalization, or social
barriers that may have contributed to LOS or medication deci-
sion making. Some data, including New York Functional As-
sociation class and other severity of HF, were not easily avail-
able in the electronic medical records. Only readmission to our
facility was able to be tracked; however, given readmission
rates that mirror (or only slightly underestimate) national aver-
ages, it is likely that the current data capture most readmissions
in both groups. Only patients with SHF were evaluated in this
study. Decisions regarding diuretic use were at the discretion
of the treatment team, and rational for transition or lack of
transition to oral diuretics prior to discharge is not available
in this cohort. Metolazone was the formulary thiazide diuretic
of choice at our facility, with other agents to augment diuresis
not commonly used. Nevertheless, this study represents real-
world clinical experience of inpatient clinical course and post-
discharge outcomes among patients maintained versus transi-
tioned off IV diuretics prior to discharge.

Conclusions

The transition to oral diuretics prior to discharge in patients
with decompensated SHF was associated with less weight
loss and increase in LOS without improved 30-day outcomes.
These results require validation in prospective trials but sug-
gest that guideline recommendations regarding transitioning
to oral diuretics prior to discharge may deserve re-evaluation.
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