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ABSTRACT

Background: Acute decompensated heart failure (ADHF)
is associated with a high rate of hospital readmission. The aim
of this study is to examine the effect of the discharge diuretic
dose compared with the home diuretic dose on hospital read-
mission in patients with ADHE.

Methods: A single center retrospective cohort study included
patients with a confirmed diagnosis of ADHF with an ejection frac-
tion of less than 40%. The sample was divided in two groups. The
first group received a total daily discharge diuretic dose that was
greater than the home dose; the second group received a daily dis-
charge diuretic that was equal to or less than the home dose. The
primary outcome was all-cause 30-day readmission rate. The second-
ary outcomes were all-cause 60-day and 90-day readmission rates.

Results: A total of 206 patients met inclusion criteria; 117
patients received a higher loop diuretic dose at discharge, while 89
were discharged with a loop diuretic that was equal to or less than
the home dose. Patients in the increased-dose group had an all-
cause 30-day readmission rate of 20.5% compared with 37.1% of
patients with equal or reduced-dose group; P =.007. Additionally,
there were lower readmission rates in 60 and 90 days between
the increased and equal or reduced groups (33.3% versus 52.8%,
P < .017, and 41.0% versus 62.9%, P < .003, respectively.

Conclusions: Among patients admitted to hospital with
ADHF and reduced ejection fraction, a discharge loop diuretic
dose higher than the home dose was associated with decreased
all-cause 30-day, 60-day, and 90-day readmission rates.

INTRODUCTION

Heart failure (HF) is a common clinical disorder resulting
from any structural or functional impairment of ventricular
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filling or ejection of blood [Go 2013]. A 2013 update from
the American Heart Association (AHA) showed that there
were 5.1 million individuals with HF in the United States in
2006, and the prevalence continues to increase, especially for
individuals greater than 65 years of age, who will make up
one-fifth of the American population by 2050 [Yancy 2013].
The high rate of HF readmission occurs due to long-term
medication regimen complexity and the difficulty of weight
management [U.S. Department of Health and Human
Services 2011; Jovicic 2006]. Patients hospitalized for HF are
atavery high risk of readmission, with a 1-month readmission
rate of 25% [Krumholz 2009]. In the Organized Program to
Initiate Lifesaving Treatment in Hospitalized Patients with
Heart Failure (OPTIMIZE-HF), the rate of hospital read-
missions at 60-90 days was around 30% [Fonarow 2007].
According to the Saudi Heart Association, the average age to
develop heart disease in Saudi Arabia is 56 years, which is 10
years younger than the global average. Heart disease is associ-
ated with 42% of Saudi Arabia’s non-communicable disease
deaths in 2010 [Arab News 2018; MOH News 2013].
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Table 1. Baseline characteristics

Variable Lower or equal dose (N = 89) Higher dose (N = 117) P
Age (year), mean (+ SD) 63.1 (12.7) 61.9 (14.4) .55
Male, n (%) 56 (62.9) 73 (62.4) .938
Female, n (%) 33 (37.1) 44 (37.6)

Height (cm), mean (+ SD) 161.2 (+15.8) 160.4 (£20.2) 77
Weight (kg), mean (+ SD) 773 (21.4) 80.6 (25.6) 32
Saudi patients, n (%) 29 (32.6) 49 (41.9) A73
Non-Saudi patients, n (%) 60 (67.4) 68 (58.1)

Serum creatinine (umol/L), (median, IQR) 120 (80-150) 130 (90-174) .954
Creatinine clearance (ml/min), (median, IQR) 51.0 (37.9-82.4) 54.8 (31.1-98.5) .78
NTproBNP (pg/ml), (median, IQR) 6182 (1704 -17010) 3316 (1578-11291.5) .08
Ejection fraction (%), (median, IQR) 30 (20-35) 30 (21-35) .60
Acute kidney injury, n (%) 10 (1.2) 18 (15.4) .69
Coronary artery disease, n (%) 27 (30.3) 43 (36.8) .37
Diabetes mellitus, n (%) 62 (69.7) 71 (59.7) .18
Atrial fibrillation, n (%) 25 (28.1) 28 (23.9) .49
Stroke, TIA, n (%) 13 (14.6) 1(9.4) .25
ACEls/ARBs, n (%) 86 (96.6) 110 (94.1) .39
BBs, n (%) 78 (87.6) 103 (88.0) .93
Hydralazine /ISDN, n (%) 51 (57.3) 66 (56.4) .89
Aldosterone antagonists, n (%) 67 (75.3) 83 (70.9) 49
Total home diuretic dose (mg), (median, IQR) 80 (40-120) 40 (40-80) <.001
Total hospital diuretic dose (mg), (median, IQR) 240 (160-340) 240 (160-320) 374
Total discharged diuretic dose (mg), (median, IQR) 80 (40-80) 120 (80-160) <.001

SD= standard deviation; n= number; cm= centimeter; Kg= kilogram; NTproBNP = N-terminal pro b-type Natriuretic Peptide, TIA= transient ischemic attack;

ACEI= angiotensin converting enzyme inhibitor; ARB= angiotensin receptor blocker; BB= beta blocker; ISDN= isosorbide dinitrate

Acute decompensated heart failure (ADHF) is a new-onset
or exacerbating HE, frequently leading to hospitalization or
a visit to the emergency department (ED). ADHF is asso-
ciated with a very high risk of hospital readmission, which
can be as high as 50% at 6 months, and 1-year mortality is
around 30% [Kociol 2010]. The goals of treatment in ADHF
patients are hemodynamic and oxygen stabilization and
symptom relief. The best management to relieve fluid over-
load in patients with ADHF is the use of an intravenous (IV)
loop diuretics without delay because early intervention has
been associated with better outcomes [Kannel 2000]. Several
IV diuretics, including furosemide, bumetanide, and torse-
mide, are recommended for ADHE. Vasodilators and inotro-
pes may be needed as well in some cases to manage elevated
filling pressures and/or left ventricular afterload [Publication
Committee for the VMAC Investigators 2002; Felker 2011;
Brater 1984; Brater 2011].

Although loop diuretics play a crucial role in patients with
chronic and acute decompensated HF by producing rapid
relief of symptoms and decreasing morbidity, they do not
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improve survival. The recent heart failure guidelines rec-
ommend an initial dose that is higher than or equal to the
home dose of loop diuretics in patients with ADHF [Yancy
2013]. Accordingly, IV diuretics should be individualized and
titrated depending on several factors that include the main-
tenance total daily oral dose, renal function, severity of fluid
overload, and diuretic resistance. Patients treated with loop
diuretics for a long time might need a higher dose of IV loop
diuretics. Once the patient's symptoms are reduced, IV loop
diuretics must be converted to an effective oral dose before
discharge [Felker 2011; Brater 1984; Brater 2011]. However,
optimal discharge oral dose is a source of debate since each
patient may respond to IV diuretics, during admissions in dif-
ferent ways, which might affect the transition to a proper oral
discharge dose.

Therefore, the aim of this study is to evaluate the effect of
discharge diuretic dose compared with the home diuretic dose
on hospital readmissions in patients admitted with ADHE. We
hypothesize that a discharge loop diuretic dose that is higher
than the home dose is associated with fewer readmissions.
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Table 2. Main outcomes

Variable Lower or equal dose (N = 89) Higher dose (N = 117) P

30-day readmission, n (%) 33 (37.1) 24 (20.5) .008
60-day readmission, n (%) 47 (52.8) 39 (33.3) .005
90-day readmission, n (%) 56 (62.9) 48 (41.0) .002

This is a single center retrospective cohort study con-
ducted in a tertiary teaching hospital with a total capacity of
1,002 beds. Data were retrieved through medical records for
all patients admitted to the ED with a primary diagnosis of
ADHF from January 1, 2016 to December 31, 2018. This
study was approved by the Institutional Review Board (IRB)
of King Abdulaziz University Hospital (KAUH), Jeddah,
Kingdom of Saudi Arabia (KSA).

Patients were included in the study if they: (1) were 18
years of age or older with a confirmed diagnosed of ADHF
with an ejection fraction of less than 40%; (2) were on loop
diuretics preceding their admission; and (3) were discharged
on loop diuretics. Patients were excluded if they: (1) received
any IV inotropes during their hospital stay; (2) received any
IV vasodilators during their hospital stay; (3) had ejection
fraction of more than 40%; (4) died during their hospital stay;
or (5) had missing information.

Patients were classified into two groups, according to their
total daily loop diuretic dose at discharge in relation to their
home dose prior to admission. The first group received a total
daily discharge diuretic dose that was higher than the home
dose, while the second group received a total daily discharge
diuretic dose that was equal to or less than the home dose.
The primary outcome was all-cause readmission within 30
days of discharge, while secondary outcomes were all-cause
readmission rates within 60 and 90 days.

Data collection: Patient demographics, including age,
gender, nationality, height, and weight were collected. The
presence of cardiovascular-related comorbidities, includ-
ing atrial fibrillation, diabetes, history of transient ischemic
attack/stroke, coronary artery disease (CAD), and acute
kidney injury (AKI) also were collected. AKI was defined as a
rise in serum creatinine > 0.5 mg/dL during hospitalization.
Laboratory data, including serum creatinine and N-terminal
pro b-type natriuretic peptide (NTproBNP), were obtained
during admission. Additionally, information about other
HF medications, including angiotensin-converting enzyme
inhibitors (ACElIs), angiotensin receptor blockers (ARBs),
beta-blockers, aldosterone antagonists, and isosorbide dini-
trate (ISDN) plus nitrate, were collected at discharge as well.

Data analysis: Using the Statistical Package for the Social
Sciences (SPSS) version 21, the data was entered and ana-
lyzed. Qualitative variables were described in frequencies
and percentages, while quantitative data were expressed in
means + standard deviations (SD) for the normally distrib-
uted variables and median (interquartile range IQR) for the
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non-normally distributed variables. For baseline characteris-
tics, we used Chi-Square test, unpaired Student T test, and
Mann-Whitney test to compare the two groups. A Chi-square
test was used to evaluate the outcomes of the study. A two-
tailed P-value of less than 0.05 was considered significant. To
detecta 20% difference in primary outcome between the two
groups with 80% power and a significance level of 5% (two-
sided), a total sample size of 206 patients would be required
in our study.

RESULTS

A total of 632 patients were screened for eligibility, and
206 patients met the inclusion criteria and were included in
the study. Of the 632 screened patients, 426 were excluded
from our study for the following reasons: 71 patients were
less than 18 years old; 167 patients had ejection fraction of
more than 40%; 22 patients were not on diuretics at home;
16 patients received IV inotropes during hospital stay; five
patients received IV vasodilators during hospital stay; and
145 patients had missing information (Figure). Of the 206
included patients, 117 patients were discharged with a loop
diuretic dose that was higher than the home dose prior to
admission (increased-dose group), and 89 patients were dis-
charged with a loop diuretic does equal to or less than the
home dose prior to admission (equal or reduced-dose group).

There was no significant difference between the two
groups in terms of age, gender, height, weight, and national-
ity. The median total daily diuretic doses in the increased-
dose group were 40 mg (IQR = 40 - 80) before admission,
240 mg (IQR= 160 - 320) during hospitalization, and 120 mg
(IQR = 80-160) at discharge. On the other hand, the median
total daily diuretic doses in the equal or reduced-dose group
were 80 mg daily (IQR= 40 - 120) before admission, 240 mg
(IQR=160 -340) during hospitalization, and 80 mg (IQR =
40 - 80) at discharge. At the time of hospital discharge, there
was no significant difference between the increased-dose
and equal or reduced-dose groups in the rate of prescribing
ACEIs/ARBs (94.1% versus 96.6%), beta blockers (88.0%
versus 87.6%), ISDN /hydralazine (56.4% versus 57.3%),
and aldosterone antagonists (70.9% versus 75.3%) (Table 1).

Furthermore, there was no significant difference between
the increased-dose and equal or reduced-dose groups in the
presence of comorbidities, including coronary artery dis-
ease (36.8% versus 30.3%), diabetes mellitus (59.7% versus
69.7%), atrial fibrillation (23.9% versus 28.1%), and stroke/
TIA (9.4% versus 14.6%). The median ejection fraction was
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30% (IQR 21-35) in the increased-dose group and 30% (IQR
20-35) in the equal or reduced-dose group (P = .60). The
increased-dose group had a median NTproBNP level of 3316
pg/ml (IQR=1578-11291), and the equal or reduced-dose
group had a median NTproBNP level of 6182 pg/ml (IQR
=1704-17010) (P = .08).

There was no significant difference between the increased-
dose and equal or reduced-dose groups with regard to the
incidence of AKI, during the hospital stay (15.4% versus
11.2%). Additionally, median serum creatinine levels were
130 umol/L (IQR=90-174) and 120 umol/L (IQR = 80-150),
respectively, while the median creatinine clearance during
hospital stay was 54.8 mL/min (IQR= 31.1-98.5) and 51.0
mL/min IQR= 37.9-82.4), respectively.

Main outcomes: Regarding the primary outcome, the
30-day readmission rate was 20.5% in the increased-dose
group compared with 37.1% in the equal or reduced-dose
group (P = .008). Moreover, 60-day and 90-day readmis-
sion rates remained significantly lower in the increased-
dose group compared with the equal or reduced-dose group
(33.3% versus 52.8%; P = .005) and (41.0% versus 62.9%;
P =.002), respectively (Table 2).

Diuretics are the cornerstone of treatment of volume
overload in patients with HF. The use of IV loop diuretics
in ADHF is commonly required for most patients to achieve
rapid diuresis and improve symptoms. The proper dosing of
diuretics in ADHF can be driven by several factors, which
can include kidney function, severity of fluid overload, prior
diuretic dose at home, and diuretic resistance [Hasselblad
2007]. The recent heart failure guidelines recommend ini-
tiating a loop diuretic dose at discharge that is higher or
equal to the home dose in patients with acute decompen-
sated heart failure [Yancy 2013]. This study highlighted the
impact of the total discharged diuretic dose, when compared
with the total home diuretic dose in patients with ADHF on
hospital readmissions.

The key finding of our results shows that patients who
received a discharge diuretic dose that was higher than the
home dose had a 30-day readmission of 20.5%, compared
with 37.1% if they were discharged with a dose that was
equal to or less than the home dose. This finding is consis-
tent with what was reported by Woodruff et al [Woodruff
2016]. They stated that patients in the increased-dose group
had an all-cause 30-day readmission rate of 20% compared
with 38% of patients in the equal or reduced-dose group
(P =.0009). This consistency in both studies emphasizes the
benefit of increasing diuretic dose at discharge to decrease
hospital readmissions.

The reduction in hospital readmissions remains significant
at 60 and 90 days. To the best of our knowledge, this is the
first study to examine the effect of increased loop diuretics in
ADHEF on 60-day and 90-day readmissions. This finding con-
firms that the benefit of increasing the outpatient loop diuret-
ics dose will continue up to 90 days after discharge.
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It should be noted that most of patients enrolled in the
equal or reduced-dose group received a discharge diuretic
dose that was equal to the home dose (77 patients, 86.5%),
which is consistent with guideline recommendations.
However, the remaining patients (12 patients, 13.5%) received
a lower dose. One explanation might be the inconsistency of
the medication reconciliation between what is seen in phar-
macy records and physician records. Another explanation is
that some patients might have been informed by their physi-
cians that they received a lower dose at home than what was
reported in the hospital system. This might be true in some
patients, who had some instructions to reduce their diuretic
dose if their weight (volume status) was optimal.

Another point to consider is that most of enrolled patients
in our study were receiving the recommended maintenance
therapy for HF with reduced ejection fraction (HFrEF).
The recent guidelines recommend beta blockers, ACEIs or
ARBS, angiotensin receptor-neprilysin inhibitors (ARNIs),
and aldosterone antagonists to improve survival in patients
with HFrEFE. Our study showed that 94% of patients in the
increased-dose group received ACEIs during discharge,
compared with 96% of patients in the equal or reduced-
dose group. Beta blockers were prescribed in about 88% of
patients in both groups. In addition, aldosterone antago-
nists were prescribed less commonly in the increased-dose
group (71%) compared with the equal or reduced-dose group
(75%). Finally, the use of hydralazine plus nitrates is recom-
mended in recent guidelines for selected patients. Our study
showed that roughly 56% of patients were on hydralazine
plus nitrates in the increased-dose group compared with 57%
in the equal or reduced-dose group. It should be noted that all
patients included in our study received furosemide as the loop
diuretic. The only explanation for this choice is the unavail-
ability of torsemide in our institution and the availability of
bumetanide for inpatients only.

Several limitations in our study should be mentioned. First,
several medications commonly used in HFrEF were not avail-
able in our institution when the study was conducted. These
include ivabradine, torsemide, and sacubitril/valsartan; thus, we
could not evaluate their impact in our analysis. Second, we did
not have any information regarding hemodynamic subsets based
on fluid status and cardiac function, so the severity of ADHF
was not considered in our study. Third, some of the baseline
characteristics data were missing in the two groups, such as
NTproBNP and follow-up serum creatinine during hospital-
izations. Fourth, the all-cause readmission outcomes only were
recognized in those patients readmitted to our institution; how-
ever, some patients might have been readmitted to other facili-
ties. These readmissions could not be considered in our analysis
given the absence of a shared health system database in our city.
Finally, volume status, dietary intake, urine output, and weight
changes were not retrievable from the system.

In conclusion, among patients admitted to the hospital
with ADHF and reduced ejection fraction, a discharge loop
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diuretic dose that is higher than the home dose is associated
with decreased all-cause 30-day, 60-day, and 90-day read-
mission rates. The results of this study highlight the benefit
of increasing diuretic dose upon discharge in patients with
ADHEF and the need to perform larger randomized studies to
confirm these findings.
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