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Abstract

Aims Heart failure with reduced ejection fraction (HFrEF) and heart failure with preserved ejection fraction (HFpEF) had dis-
tinct haemodynamic characteristics in the setting of acute heart failure. The aim of our study is to evaluate the differential
response to aggressive diuresis in HFrEF and HFpEF.
Methods and results Patients in the Diuretic Optimization Strategies Evaluation trial with left ventricular ejection fraction
measurement were included (n = 300) and classified into HFrEF [left ventricular ejection fraction (LVEF) < 40%] (n = 193)
and HFpEF (LVEF ≥ 40%) (n = 107). Effect of high-dose vs. low-dose furosemide strategy was compared separately in HFrEF
and HFpEF. In HFrEF, high-dose strategy did not increase change in creatinine or cystatin C at 72 h [treatment difference:
�0.05, 95% confidence interval (CI): �0.14 to 0.03 mg/dL; P = 0.23 for creatinine, and treatment difference: �0.06, 95%
CI: �0.15 to 0.02 mg/dL; P = 0.15 for cystatin C] compared with low-dose strategy, but there were significantly more net fluid
loss, weight loss, and congestion-free patients at 72 h in high-dose group. It was also associated with a significantly lower risk
of composite clinical outcome of death, total hospitalizations, and unscheduled visits due to heart failure. In HFpEF, high-dose
strategy significantly increased change in creatinine and cystatin C at 72 h (treatment difference: 0.16; 95% CI: 0.02–0.30 mg/
dL; P = 0.03 for creatinine, and treatment difference: 0.26; 95% CI: 0.09–0.43 mg/dL; P = 0.003 for cystatin C), but did not sig-
nificantly affect net fluid loss, weight loss, proportion of congestion-free patients at 72 h, and risk of the composite clinical
outcome.
Conclusions Acute heart failure on the basis of HFrEF and HFpEF responded differently to aggressive diuresis. Future trials
should be designed separately for HFrEF and HFpEF.
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Introduction

Heart failure, the end stage of various heart diseases, is a
great burden for public health and economy. The significance
of heart failure with preserved ejection fraction (HFpEF),
which accounts for approximately 50% of all heart failure
cases, was not recognized until recently.1 Although both
heart failure with reduced ejection fraction (HFrEF) and
HFpEF are in the same ‘heart failure’ category, they have very
different characteristics, and more importantly, different

response to medical treatments.2 Differential responses of
HFrEF and HFpEF to acute heart failure (AHF) treatment have
not been fully understood. Previous studies showed that AHF
on the basis of chronic HFrEF and HFpEF had distinct haemo-
dynamic characteristics,3–5 which warranted re-evaluation of
AHF treatment separately in HFrEF and HFpEF.

Adjustment of loop diuretic dose is one of the most com-
mon practices in AHF management. While high doses of loop
diuretics can contribute to rapid fluid removal, it may have
harmful effect.6 The Diuretic Optimization Strategies
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Evaluation (DOSE) trial7 was designed to evaluate the efficacy
and safety of high-dose vs. low-dose diuretic and administra-
tion by bolus vs. continuous infusion. Although high-dose
therapy led to a higher risk of cardiorenal syndrome, it was
not associated with significantly increased creatinine, which
was the primary endpoint of the trial. Thereafter, several
AHF trials adopted high-dose loop diuretic as the background
therapy.8,9 However, it is still unknown whether HFrEF and
HFpEF respond differently to high-dose diuretic therapy.

Therefore, the objective of this study was to compare the
high-dose with low-dose diuretic strategy separately in HFrEF
and HFpEF. Both efficacy and safety endpoints were
evaluated.

Methods

Study population

The DOSE study was a prospective, randomized, double-blind,
controlled trial that was designed to test continuous vs. bolus
administration of intravenous furosemide and high-dose vs.
low-dose furosemide therapy in AHF patients.7 Patients were
included if they had at least one symptom (dyspnoea,
orthopnoea, or oedema) and one sign (rales, peripheral oe-
dema, ascites, or pulmonary vascular congestion on chest ra-
diography) of heart failure. A history of chronic heart failure
and usage of oral loop diuretic for more than 1 month were
also required. Patients were excluded if they had systolic
blood pressure < 90 mmHg or a serum creatinine > 3 mg/
dL, or if intravenous vasodilators or inotropic agents other
than digoxin were required. There were no exclusion criteria
pertaining to ejection fraction. The trial was approved by the
ethics committee and an informed consent form was signed
by each participant.

The trial used a two-by-two factorial design. Totally, 308
patients were randomized in a 1:1:1:1 ratio to a low-dose
or a high-dose strategy (daily intravenous furosemide dose
equal to or 2.5 times their daily oral loop diuretic dose in fu-
rosemide equivalents) and to administration by continuous
intravenous infusion or intravenous bolus every 12 h. Physi-
cians can adjust the treatment strategy based on patients’ re-
sponse to therapy at 48 h. They can maintain the treatment
strategy, increase the dose by 50% while remaining blinded,
or change to oral diuretic in preparation for discharge.

Heart failure subgroup

Subgroup of heart failure was determined by value of the last
left ventricular ejection fraction (LVEF) measurement. Among
308 patients in the trial, 300 of them had available LVEF data
and were included in this analysis. LVEF was measured by
echocardiography in 287 patients, by radionuclide

ventriculogram in 3 patients, by left ventriculogram in 6 pa-
tients, by MRI in 2 patients, and by other methods in 2 pa-
tients. One hundred and ninety-three patients with a
LVEF < 40% were categorized as HFrEF, while the remaining
107 patients with a LVEF ≥ 40% were categorized as HFpEF.

The original data of the DOSE trial were obtained from the
National Institutes of Heart, Lung, and Blood Institute’s Bio-
logic Specimen and Data Repository Information Coordinat-
ing Center.

Outcome of interest

This study aimed to evaluate the differential response to
high-dose vs. low-dose furosemide in HFrEF and HFpEF in
terms of efficacy and safety endpoints.

Efficacy endpoints included weight change at 72 h, net fluid
loss at 72 h, area under curve of global and dyspnoea visual an-
alogue scale at 72 h, change in N-terminal pro-brain natriuretic
peptide (NT-proBNP) measured by core lab at 72 h, freedom
from congestion at 72 h, and worsening or persistent heart
failure. Freedom from congestion was defined as jugular ve-
nous pressure < 8 cm, no orthopnoea, and trace peripheral
oedema or less. Worsening or persistent heart failure was de-
fined as need for rescue therapy (additional open label loop di-
uretic, addition of thiazide, intravenous vasoactive agent for
heart failure treatment, ultrafiltration, mechanical circulatory,
or respiratory support) over 72 h. To capture the temporal
characteristics, weight change at 24, 48, and 96 h and net fluid
loss at 24 and 48 h were also evaluated. We also exploratory
evaluated the short-term prognosis with a composite outcome
of death, total (first and recurrent) hospitalizations and un-
scheduled visits for heart failure. The original DOSE study only
assessed the first clinical event and ignored recurrent events.
However, the DOSE trial itself was underpowered to test the
difference in clinical event, let alone the difference in a sub-
group analysis. It was shown that when treatment effect was
consistent during follow-up (or treatment discontinuation rate
was low), recurrent-event methods provided greater power
than time-to-first methods.10 Therefore, we decided to use a
recurrent-event method.

Safety endpoints included change in creatinine and
cystatin C at 72 h measured by core lab, and development
of worsening of renal function (defined as an increase in cre-
atinine of >0.3 mg/dL within 72 h or an increase in creatinine
of >0.3 mg/L at 72 h). To capture the temporal characteris-
tics, changes of creatinine at 24, 48, 72, 96 h, and 7 days mea-
sured by local lab were also evaluated.

Statistical analysis

Continuous variables were presented as mean ± standard de-
viation or median (25th–75th percentile) and were compared
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using Student’s t-test or rank sum test, depending on their nor-
mality. Categorical variables were presented as number (per-
centage) and were compared using χ2 test or Fisher exact test.

Continuous outcomes were evaluated by linear regression
model and binary outcomes were evaluated by logistic re-
gression model. For outcomes that had a relevant baseline
value, such as change in creatinine, the baseline value was
also adjusted. To evaluate the composite clinical outcome, in-
cidence rates were compared. The effect of furosemide dose
was also visualized by Nelson–Aalen cumulative hazard
curves11 and quantified by a marginal risk set model pro-
posed by Wei et al.12 Mode of furosemide administration
was adjusted in above models. Because most of the baseline
characteristics were comparable between high-dose and
low-dose treatment arms in both heart failure subgroups (ex-
cept for the modest difference in oxygen saturation in HFpEF)
(Supporting Information, Table S1), no additional variable was
adjusted. To test the interaction between heart failure type
and treatment strategy, heart failure type and heart failure
type-treatment interaction term were added in above
models. We calculated the statistical power to detect a differ-
ence treatment effect in terms of change in cystatin C using
the PASS 15 software. Difference in treatment effect be-
tween HFrEF and HFpEF was presumed to be 0.30 mg/L,
and α was set to 0.05. Other parameters, such as standard
deviation of residuals and independent variables, were calcu-
lated using the DOSE data set. This study had 93% statistical
power to detect the treatment difference change in
cystatin C.

Significant differences were found between HFrEF and
HFpEF in baseline renal function and age (Table 1), which
could be important confounders. Therefore, a sensitivity
analysis was performed. One-to-one propensity score
matching according to baseline glomerular filtration rate
and age was performed. Each HFpEF patient was matched
to an HFrEF patient with the closest propensity score. The
maximum difference in propensity score of a patient pair
was set to 0.2 to ensure the overall comparability of HFrEF
and HFpEF cohort. Finally, 93 HFrEF patients were matched
to 93 HFpEF patients. Analyses with a significant result were
repeated in this patients set.

Subgroup analyses stratified by baseline glomerular filtra-
tion rate (≥ or<50 mL/min/1.73 m2) and age (≥ or<70 years)
were also performed.

Results were reported with 95% confidence interval (CI). A
P value < 0.05 was regarded as statistical significance.

Results

Baseline characteristics

There were totally 300 AHF patients included in the analysis,
among which 193 had HFrEF and 107 had HFpEF. The mean
LVEF was 23.0% in HFrEF and 55.6% in HFpEF. The two heart
failure population had substantial differences in baseline
characteristics. HFpEF patients were older and had a higher

Table 1 Baseline characteristics of HFrEF and HFpEF population

Characteristic HFrEF (n = 193) HFpEF (n = 107) P

Age (years) 62.5 ± 13.6 72.7 ± 11.2 <0.001
Male sex, n (%) 153 (79.3) 69 (64.5) 0.005
White race, n (%) 128 (66.3) 91 (85.1) <0.001
Dose of oral furosemide equivalent (mg/day) 130.6 ± 52.3 132.1 ± 51.4 0.80
Ejection fraction (%) 23.0 ± 7.2 55.6 ± 9.1 <0.001
HF hospitalization in previous year, n/N (%) 144/191 (75.4) 74/105 (70.5) 0.36
Ischaemic HF, n (%) 114 (59.1) 60 (56.1) 0.62
Atrial fibrillation or flutter, n (%) 90 (46.6) 71 (66.4) 0.001
Diabetes, n (%) 98 (50.8) 56 (52.3) 0.80
ICD, n (%) 111 (57.5) 6 (5.6) <0.001
ACEI or ARB, n (%) 142 (73.6) 50 (46.7) <0.001
Beta blocker, n (%) 167 (86.5) 82 (76.6) 0.03
Aldosterone antagonist, n (%) 66 (34.2) 20 (18.7) 0.004
SBP (mmHg) 115.7 ± 18.1 124.5 ± 21.7 <0.001
Heart rate (bpm) 80.5 ± 16.6 74.2 ± 13.2 <0.001
Oxygen saturation (%) 96.3 ± 3.1 95.3 ± 2.8 0.01
JVP ≥ 8 cm of water, n/N (%) 168/185 (90.8) 93/100 (93.0) 0.53
Orthopnoea, n/N (%) 171/188 (91.0) 88/98 (89.8) 0.75
Serum sodium (mg/dL) 137.7 ± 3.8 139.0 ± 3.4 0.005
BUN (mg/dL) 35.6 ± 22.0 40.7 ± 22.9 0.06
Creatinine (mg/dL) 1.44 ± 0.50 1.59 ± 0.56 0.02
NT-proBNP (pg/mL) 5589 (2636–11 342) 3781 (2315–7664) 0.03
Cystatin C (mg/L) 1.44 ± 0.53 1.75 ± 0.57 <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BUN, urea nitrogen; HF, heart failure; HFpEF, heart fail-
ure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator; JVP,
jugular venous pressure; NT-proBNP, N-terminal pro-brain natriuretic peptide; SBP, systolic blood pressure.
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proportion of female and white race. Interestingly, there was
no difference in ischemic aetiology. HFpEF patients were
more likely to have atrial fibrillation or atrial flutter. Implant-
able cardioverter-defibrillator, usage of angiotensin-
converting enzyme inhibitors or angiotensin-receptor
blockers, beta-blockers, and aldosterone antagonists were
more prevalent in HFrEF patients. With higher serum creati-
nine, urea nitrogen, and cystatin C, HFpEF patients had a
worse renal function. Serum NT-proBNP level was higher in
HFrEF than in HFpEF (Table 1).

High-dose vs. low-dose strategy and safety
endpoints

Mean creatinine and cystatin C at baseline and 72 h were
summarized in Table S2. In HFrEF, there was no significant
difference in change in serum creatinine (0.07 ± 0.31 mg/dL

in the low-dose group and 0.02 ± 0.25 mg/dL in the
high-dose group; treatment difference: �0.05, 95% CI:
�0.14 to 0.03 mg/dL; P = 0.23) and cystatin C
(0.15 ± 0.32 mg/dL in the low-dose group and
0.10 ± 0.19 mg/dL in the high-dose group; treatment differ-
ence: �0.06, 95% CI:�0.15 to 0.02 mg/dL; P = 0.15) between
two strategies. In HFpEF, high-dose furosemide resulted in a
significant increase in creatinine (0.00 ± 0.31 mg/dL in
low-dose group and 0.14 ± 0.37 mg/dL in high-dose group;
treatment difference: 0.16, 95% CI: 0.02–0.30 mg/dL;
P = 0.03) and cystatin C (0.04 ± 0.39 mg/dL in low-dose group
and 0.25 ± 0.42 mg/dL in high-dose group; treatment differ-
ence: 0.26, 95% CI: 0.09–0.43 mg/dL; P = 0.003) change at
72 h. A significant interaction was detected between heart
failure type and treatment strategy on change in creatinine
(P for interaction = 0.009) and cystatin C (P for interac-
tion < 0.001) (Table 2). High-dose therapy significantly in-
creased the risk of worsening of renal function defined by

Table 2 Treatment effect of high dose vs. low dose in HFrEF and HFpEF

Variable Low dose High dose Treatment differencea P P for interaction

Efficacy endpoints
Net fluid loss at 72 h (mL)
HFrEF 3495 ± 2576 5107 ± 3669 1606 (606–2606) 0.002 0.33
HFpEF 3920 ± 2798 4683 ± 3222 712 (�659 to 2083) 0.31

Weight change at 72 h (lb)
HFrEF �5.79 ± 10.68 �9.17 ± 8.07 �3.30 (�6.09 to �0.52) 0.02 0.45
HFpEF �6.75 ± 6.93 �8.13 ± 9.26 �1.51 (�4.88 to 1.85) 0.38

Change in NT-proBNP at 72 h (pg/mL)
HFrEF �1312 ± 4354 �2253 ± 4091 �1013 (�2301 to 275) 0.12 0.78
HFpEF �1092 ± 3569 �1373 ± 4151 �771 (�2271 to 729) 0.31

AUC of Global VAS at 72 h
HFrEF 4185 ± 1433 4379 ± 1280 271 (�76 to 618) 0.13 0.91
HFpEF 4086 ± 1449 4424 ± 1586 223 (�297 to 743) 0.40

AUC of dyspnoea VAS at 72 h
HFrEF 4531 ± 1566 4711 ± 1404 212 (�129 to 522) 0.22 0.46
HFpEF 4337 ± 1526 4513 ± 1639 410 (�91 to 911) 0.11

Freedom from congestion
at 72 h, n/N (%)
HFrEF 11/96 (11.5) 21/90 (23.3) 2.36 (1.06–5.24) 0.04 0.43
HFpEF 4/43 (9.3) 7/61 (11.5) 1.32 (0.36–4.91) 0.68

Worsening or persistent heart
failure, n/N (%)
HFrEF 30/98 (30.6) 17/90 (18.9) 0.53 (0.27–1.06) 0.07 0.07
HFpEF 8/43 (18.6) 16/61 (26.2) 1.87 (0.69–5.04) 0.22

Safety endpoints
Change in creatinine at 72 h (mg/dL)
HFrEF 0.07 ± 0.31 0.02 ± 0.25 �0.05 (�0.14–0.03) 0.23 0.009
HFpEF 0.00 ± 0.31 0.14 ± 0.37 0.16 (0.02–0.30) 0.03

Change in cystatin C at 72 h (mg/L)
HFrEF 0.15 ± 0.32 0.10 ± 0.19 �0.06 (�0.15–0.02) 0.15 <0.001
HFpEF 0.04 ± 0.39 0.25 ± 0.42 0.26 (0.09–0.43) 0.003

Creatinine increase > 0.3 mg/dL
within 72 h, n/N (%)
HFrEF 13/99 (13.1) 17/90 (18.9) 1.54(0.70–3.39) 0.28 0.46
HFpEF 6/44 (13.6) 17/61 (27.9) 2.62(0.92–7.45) 0.07

Cystatin C increase > 0.3 mg/L
at 72 h, n/N (%)
HFrEF 14/80(17.5) 8/72 (11.1) 0.56 (0.22–1.45) 0.23 0.01
HFpEF 6/39 (15.4) 19/52 (36.5) 3.61 (1.23–10.54) 0.02

AUC, area under curve; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; NT-
proBNP, N-terminal pro-brain natriuretic peptide; VAS, visual analogue scale.
aTreatment difference was estimated using the regression coefficient for continuous variables and odd ratios for binary variables.
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cystatin C change in HFpEF [odds ratio (OR): 3.61, 95% CI:
1.23–10.54; P = 0.02], but not in HFrEF (OR: 0.56, 95% CI:
0.22–1.45; P = 0.23) (P for interaction = 0.01). However, anal-
ysis on worsening of renal function defined by creatinine
change did not yield any significant result (Table 2). Figure 1
showed the temporal characteristic of treatment difference
in creatinine change. In HFrEF, high-dose and low-dose strat-
egy resulted in comparable creatinine change over 7 days. In
HFpEF, however, high-dose strategy led to a larger increase in
creatinine. The treatment difference increased gradually
from 24 to 72 h and was sustained through 7 days.

High-dose vs. low-dose strategy and efficacy
endpoints

Mean body weight and median NT-proBNP were summarized
in Table S2. In HFrEF, high-dose furosemide therapy signifi-
cantly increased net fluid loss (3495 ± 2576 mL in low-dose
group and 5107 ± 3669 mL in high-dose group; treatment

difference: 1606, 95% CI: 606–2606 mL; P = 0.002) and
weight loss (weight change, �5.79 ± 10.68 lb in low-dose
therapy and �9.17 ± 8.07 lb in high-dose group; treatment
difference: �3.30, 95% CI: �6.09 to �0.52 lb; P = 0.02) at
72 h (Table 2). There were also significantly more patients
free from congestion at 72 h in high-dose group (OR: 2.36,
95% CI: 1.06–5.24; P = 0.04). In HFpEF, although there was
numerically more net fluid loss (3920 ± 2798 mL in
low-dose group and 4683 ± 3222 mL in high-dose group;
treatment difference: 712, 95% CI: �659 to 2083 mL;
P = 0.31), weight loss (weight change, �6.75 ± 6.93 lb in
low-dose therapy and �8.13 ± 9.26 lb in high-dose group;
treatment difference: �1.51, 95% CI: �4.88 to 1.85 lb;
P = 0.38), and more patients free from congestion at 72 h
(OR: 1.32, 95% CI: 0.36–4.91; P = 0.68) in high-dose group,
these differences were not statistical significant. The absolute
values of treatment difference of these outcomes were also
numerically lower in HFpEF than in HFrEF, but no significant
interaction was detected. No significant differences were
found between treatment arms in change in NT-proBNP, area
under curve of global and dyspnoea visual analogue scale,
worsening or persistent heart failure in both heart failure
type (Table 2). Figure 2 captured the temporal changes of
treatment difference in net fluid loss and weight change. In
HFrEF, treatment difference in both net fluid loss and weight
loss peaked at 48 h, while in HFpEF, the absolute treatment
difference remained at a low and non-significant level
throughout the study period.

Table 3 showed the numbers of the composite clinical out-
come and its components during follow-up. In HFrEF, there
were 45 and 24 events in low-dose and high-dose group. In
HFpEF, the corresponding numbers were 19 and 24, respec-
tively. The incidence rates of hospitalization due to heart fail-
ure (P = 0.045) and the composite outcome (P = 0.01) were
significantly lower in high-dose compared with low-dose
group in HFrEF. In HFpEF, there was no significant difference
in incidence rates of these events in two treatment arms. In
the marginal risk set model, compared with low-dose

Figure 1 Temporal characteristic of treatment difference of high-dose vs.
low-dose strategy in creatinine change. HFpEF, heart failure with pre-
served ejection fraction; HFrEF, heart failure with reduced ejection
fraction.

Figure 2 Temporal characteristic of treatment difference of high-dose vs. low-dose strategy in net fluid loss and weight change. HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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strategy, high-dose strategy reduced 50% of risk of the com-
posite outcome in HFrEF (hazard ratio: 0.50, 95% CI: 0.27–
0.93; P = 0.03), but did not significantly affect the risk in
HFpEF (HR: 0.99, 95% CI: 0.48–2.03; P = 0.98). However, no
significant interaction was detected (P for interaction = 0.18)
(Figure 3).

Subgroup analysis and sensitivity analysis

Results of subgroup analyses were summarized in Table S3. In
patients with a lower glomerular filtration rate (<50 mL/min/
1.73 m2), high-dose therapy resulted in a larger difference in
creatinine or cystatin C change between HFrEF and HFpEF.
The differential response was more significant in younger pa-
tients (<70 years) in terms of creatinine change, but more
significant in older patients (≥70 years) in terms of cystatin

C change. The inconsistent results might be due to the lack
of concordance between creatinine and cystatin C
measurement.13

Propensity score matching generated cohorts of 93 pa-
tients for HFrEF and HFpEF, respectively. Baseline characteris-
tics of these two cohorts were summarized in Table S4. Age
and baseline renal function were comparable between HFrEF
and HFpEF after propensity score matching. Gender, race,
atrial fibrillation or flutter, and serum sodium were also bal-
anced between two heart failure types. Results of the sensi-
tivity analysis in these two matched population were
summarized in Table 4. Most of the results were consistent
with those in the original analysis. Some of the analysis, such
as interaction test for creatinine change at 72 h, did not yield
statistically significant result, but they showed similar trend
with the original analysis. This was probably due to the re-
duced sample size and statistical power.

Table 3 Difference in incidence rate of the composite outcome and its components in high dose vs. low dose

Variable Low dose High dose Difference in incidence rate P

HFrEF
Follow-up period, patient-months 148.9 148.2
Death 11 7 �0.03 (�0.08 to 0.03) 0.36
HF hospitalization 27 14 �0.09 (�0.17 to 0.00) 0.045
Unscheduled visit due to HF 7 3 �0.03 (�0.07 to 0.01) 0.23
Composite outcomea 45 24 �0.14 (�0.25 to �0.03) 0.01

HFpEF
Follow-up period, patient-months 72.8 91.8
Death 3 8 0.05 (�0.03 to 0.12) 0.28
HF hospitalization 14 12 �0.06 (�0.19 to 0.06) 0.33
Unscheduled visit due to HF 2 4 0.02 (�0.04 to 0.07) 0.63
Composite outcomea 19 24 0.00 (�0.16 to 0.16) 1.00

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
aThe composite outcome was composed of death, total hospitalizations, or unscheduled visits due to HF.

Figure 3 Nelson–Aalen failure curves for high-dose vs. low-dose strategy in (A) HFrEF and (B) HFpEF patients. HFpEF, heart failure with preserved ejec-
tion fraction; HFrEF, heart failure with reduced ejection fraction.

Aggressive diuresis in HFrEF and HFpEF 3253

ESC Heart Failure 2021; 8: 3248–3256
DOI: 10.1002/ehf2.13453



Discussion

In this study, we found that HFrEF and HFpEF patients
responded differently to high-dose vs. low-dose furosemide
therapy. In HFrEF, high-dose strategy increased rate of fluid
removal without sacrificing renal function. On the contrary,
in HFpEF, high-dose strategy led to deterioration of renal
function, but did not significantly facilitate fluid removal.

Differential response to AHF treatment in HFrEF
and HFpEF

Previous studies have already indicated the differential re-
sponse of HFrEF and HFpEF to AHF treatment.
Schwartzenberg et al. reported that in response to vasodila-
tion treatment with nitroprusside, HFpEF patients experi-
enced a greater blood pressure decrease, less improvement
in cardiac output and stroke volume compared with HFrEF.4

A post hoc analysis of the Renal Optimization Strategies trial
indicated HFrEF and HFpEF patients responded differently to
dopamine treatment. Dopamine enhanced decongestion and
improved outcome in HFrEF, but it did the opposite in
HFpEF.14 Along with our results, these data suggested that
HFrEF and HFpEF differed from each other not only in outpa-
tients setting but also in acute decompensated onset.

Differences of volume status in HFrEF and HFpEF

A possible explanation for the differential response would be
difference in volume status. Previous studies showed that
HFrEF was more likely to suffer from intravascular volume

expansion. In contrast, volume overload in HFpEF appeared
attributable more to interstitial instead of intravascular
fluid.3,5 Therefore, the circulation system in HFpEF might be
more sensitive to intravascular volume reduction than in
HFrEF. Indeed, Takei et al. showed that plasma volume reduc-
tion was associated with worsening of renal function only in
HFpEF but not in HFrEF.15 Because of the difference in intra-
vascular volume, high-dose diuretic therapy was more likely
to cause intravascular hypovolemia in HFpEF, which in turn
led to deterioration of renal function16 and diuretic
resistance.17 On the contrary, patients with HFrEF were more
likely to have intravascular hypervolemia, and therefore, vol-
ume reduction by aggressive diuresis could be beneficial be-
cause hypovolemia was less likely to develop. Moreover,
studies showed that venous pressure was negatively associ-
ated with renal perfusion and renal function in heart
failure.18 Aggressive diuresis in HFrEF promoted fluid re-
moval, relieved venous congestion, improved renal perfusion,
and thus protected renal function in AHF setting.

Implication for future clinical trials

Given that the difference is now gradually recognized be-
tween HFrEF and HFpEF in AHF setting, more trials testing dif-
ferent treatment strategies will be needed for HFpEF. As loop
diuretic is still the cornerstone of AHF management, an opti-
mal loop diuretic strategy is needed as the background ther-
apy for these trials. Results of our study suggested that the
low-dose strategy (intravenous dose equal to oral dose)
might be a better candidate than high-dose strategy (intrave-
nous dose 2.5 times oral dose) for HFpEF, because high-dose

Table 4 Treatment effect of high dose vs. low dose in HFrEF and HFpEF after propensity score matching

Variable Low dose High dose Treatment differencea P P for interaction

Efficacy endpoints
Net fluid loss at 72 h (mL)
HFrEF 3025 ± 2265 4586 ± 2691 1255 (103–2407) 0.03 0.68
HFpEF 3923 ± 2922 4894 ± 3334 928 (�599 to 2455) 0.23

Weight change at 72 h (lb)
HFrEF �6.66 ± 8.74 �9.31 ± 7.56 �1.81 (�5.38 to 1.76) 0.32 0.78
HFpEF �7.31 ± 6.98 �8.45 ± 9.90 �1.30 (�5.04 to 2.45) 0.49

Freedom from congestion at 72 h, n/N (%)
HFrEF 4/54 (7.4) 11/35 (31.4) 4.93 (1.39–17.50) 0.01 0.18
HFpEF 4/39 (10.3) 7/52 (13.5) 1.41 (0.38–5.27) 0.61

Safety endpoints
Change in creatinine at 72 h (mg/dL)
HFrEF �0.02 ± 0.22 �0.03 ± 0.20 0.00 (�0.10 to 0.10) 0.93 0.09
HFpEF 0.00 ± 0.30 0.14 ± 0.36 0.16 (0.01–0.30) 0.03

Change in cystatin C at 72 h (mg/L)
HFrEF 0.11 ± 0.29 0.10 ± 0.17 �0.03 (�0.15 to 0.10) 0.68 0.008
HFpEF 0.00 ± 0.35 0.23 ± 0.41 0.27 (0.10–0.43) 0.002

Cystatin C increase > 0.3 mg/L at 72 h, n/N (%)
HFrEF 7/45(15.6) 4/31 (12.9) 0.76 (0.19–3.09) 0.71 0.15
HFpEF 5/36 (13.9) 15/46 (32.6) 3.32 (1.03–10.75) 0.045

AUC, area under curve; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
aTreatment difference was estimated using the regression coefficient for continuous variables and odd ratios for binary variables.
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strategy caused harm to renal function without providing sig-
nificant benefit for fluid removal.

Limitation

Some limitations had to be taken into consideration in this
study. First, there was no limitation for the date of LVEF mea-
surement. LVEF might be measured a long time before ran-
domization in some patients, which would introduce bias in
heart failure type classification. Second, the sample size was
limited. Although a trend of differential effect was observed
between HFrEF and HFpEF in several outcomes, the interac-
tion tests did not yield significant results. Third, the DOSE trial
as well as our subgroup analysis was underpowered to test
the difference in clinical events. The results about the com-
posite clinical outcome needed to be further validated in a
larger data set. Fourth, we used an old version of HFpEF def-
inition. The ‘HFpEF population’ in this study actually covered
both HFpEF and heart failure with mid-range ejection fraction
according to the latest guideline.19

Conclusion

In conclusion, AHF on the basis of HFrEF and HFpEF
responded differently to aggressive loop diuretic therapy.
High-dose furosemide enhanced decongestion in HFrEF, but
it worsened the renal function without other significant ben-
efit in HFpEF. Future trials for AHF needed to be designed
separately for HFrEF and HFpEF.
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