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Abstract

Background: Angiotensin receptor neprilysin inhibitor (ARNI) and sodium-glucose cotransporter 2 inhibitor (SGLT2i) are emerging
medical treatments for decompensated heart failure (HF) with reduced ejection fraction. In clinical practice, the combination of ARNI
and SGLT2i cannot be administered owing to the poor hemodynamic status in patients with HF with reduced ejection fraction (HFrEF).
This study aimed to compare different strategies of HF management for ARNI first or SGLT2i first in such a population. Methods:
From January 2016 to December 2021, 165 patients were diagnosed with HFrEF and New York Heart Association functional class
≥II and already received optimal medical treatment. Ninety-five patients received the ARNI-first strategy, and 70 patients received
the SGLT2i-first strategy according to the physician’s choice. Age, sex, hemodynamic condition, etiologies of HF, comorbidities, serum
creatinine, N-terminal pro-B-type natriuretic peptide (NT-ProBNP), echocardiographic parameters, and clinical outcomes were compared
between the ARNI and SGLT2i-first strategy groups. Results: In the SGLT2i-first group, the median interval between the addition of
the second medication was longer (ARNI-first vs. SGLT2i-first; 74 [49–100] days vs. 112 [86–138] days; p = 0.044). Improvement
in left ventricular ejection fraction (LVEF), change in left atrial dimension, and change in left ventricular end-diastolic and end-systolic
volume (LVESV) did not differ between the two groups. The incidence of HF hospitalization, cardiovascular mortality, and all-cause
mortality did not differ between the two groups. A non-significant trend of lower NT-proBNP levels (ARNI-first vs. SGLT2i-first; 1383
[319–2507] pg/mL vs. 570 [206–1314] pg/mL; p = 0.055) and significantly higher discontinuation rate of diuretic agents (ARNI-first
vs. SGLT2i- first; 6.8% vs. 17.5%; p = 0.039) were noted in the SGLT2i-first group. When early combination (≤14D) compared to
late combination (>14D), better positive remodeling of LVESV presented significantly in early combination subgroups. Conclusions:
In patients with symptomatic HFrEF, SGLT2i-first strategy may provide a higher possibility of discontinuing diuretic agents than the
ARNI-first strategy. Changes in LV performance, progression of renal function, and clinical outcomes did not differ between the two
groups. Early combination (≤14D) provided better LV remodeling.

Keywords: heart failure with reduced ejection fraction; angiotensin receptor neprilysin inhibitor; sacubitril/valsartan; sodium-glucose
cotransporter 2 inhibitors; decongestion; early combination

1. Background
The prevalence of heart failure (HF) in East Asian

countries ranges from 1.3 to 6.7% and increases due to
an aging society [1]. Angiotensin-converting enzyme
inhibitors (ACEIs)/angiotensin-receptor blockers (ARBs),
β-blockers, and mineralocorticoid receptor antagonists
(MRAs) have been important treatment options for patients
with symptomatic HF for a long time, and their combi-
nation could significantly decrease mortality [2]. Signifi-
cant improvements have been made in the management of
HF, based on strong evidence from landmark trials of an-
giotensin receptor neprilysin inhibitor (ARNI) and sodium-

glucose cotransporter 2 inhibitor (SGLT2i) [3–5]. In the
PARADIGM-HF study, ARNI reduced the risk of death and
hospitalization for HF in patients with symptomatic HF and
reduced ejection fraction (HFrEF) compared with enalapril
[3]. SGLT2i work by blocking glucose reabsorption in the
kidneys and lead to increased glucose excretion in the urine
[6]. In addition to improving glycemic control, SGLT2i
has been shown to have several cardiovascular benefits,
especially improving HF outcomes [7]. In patients with
HFrEF, the risk of worsening HF or death from cardiovas-
cular causes was lower in those who received dapagliflozin
or empagliflozin than in those who received a placebo, re-
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Table 1. Baseline characteristics.

Variable
Group 1 Group 2

p value
ARNI first SGLT2i first

Number 95 70
The duration of adding another medication
(Sacubitril/valsartan or SGLT2i) (Days)

74 (49−100) 112 (86−138) 0.044

Combination with one month 57 (60.0) 23 (32.9) <0.001
General demographics

Age (years) 60 ± 14.7 60 ± 11.6 0.992
Male sex (%) 71 (74.7) 47 (67.1) 0.300

Hemodynamic condition
SBP (mmHg) 126.2 ± 24.0 126.7 ± 22.8 0.894

<100 mmHg 15 (15.8) 9 (12.9) 0.660
HR (beat/min) 88.5 ± 18.0 89.0 ± 15.9 0.860

Etiology of HF 0.700
Ischemic cardiomyopathy (%) 90 (94.7) 68 (97.1)
Non-ischemic cardiomyopathy (%) 5 (5.3) 2 (2.9)

Comorbidities
Diabetes mellitus (%) 82 (86.3) 63 (90.0) 0.630
Hypertension (%) 70 (73.7) 48 (68.6) 0.490
Atrial fibrillation (%) 9 (9.5) 7 (10.0) 0.910
PAOD (%) 0 (0) 1 (1.4) 0.424
COPD (%) 5 (5.3) 3 (4.3) 0.773
CKD, stage ≥3 (%) 13 (13.7) 7 (10.0) 0.630
Valvular heart disease (%) 20 (21.1) 8 (11.4) 0.142
ICD (%) 7 (7.4) 3 (4.3) 0.520
CRT (%) 5 (5.3) 2 (2.9) 0.700

Laboratory data
Creatinine (mg/dL) 1.22 ± 0.57 1.17 ± 0.49 0.586
eGFR (mL/min/1.73 m2) 68.15 ± 26.86 67.76 ± 24.54 0.924
NT-proBNP (pg/mL) 3132 (2270−4289) 3530 (1510−5452) 0.997

Medication
Mean dose of ARNI (mg) 199.5 ± 125.6 147.5 ± 102.7 0.005
≥200 mg/day (%) 60 (63.2) 37 (52.9) 0.203
SGLT2i 0.319

Empagliflozin (%) 46 (48.4) 36 (51.4)
Dapagliflozin (%) 46 (48.4) 34 (48.6)
Canagliflozin (%) 3 (3.2) 0 (0)

β-blocker (%) 88 (92.6) 68 (97.1) 0.304
Ivabradine (%) 57 (60.0) 40 (57.1) 0.750
Spironolactone (%) 82 (86.3) 55 (78.6) 0.212

Data are expressed as mean ± standard deviation or median and interquartile range (if data were not
normally distributed) or numbers (percentages). Student’s t-test or Mann-Whitney U test for contin-
uous variables and the Chi-square test for categorical variables.
Abbreviation: ARNI, angiotensin receptor neprilysin inhibitor; SGLT2i, sodium-glucose cotrans-
porter 2 inhibitors; SBP, systolic blood pressure; HR, heart rate; HF, heart failure; PAOD, periph-
eral arterial occlusive disease; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney
disease; ICD, implantable cardioverter-defibrillator; CRT, cardiac resynchronization therapy; eGFR,
estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

gardless of the presence or absence of diabetes [4,5]. Al-
though great results were observed for the HFrEF of Da-
pagliflozin and Prevention of Adverse Outcomes in Heart
Failure (DAPA-HF) and Empagliflozin Outcome Trial in
Patients With Chronic Heart Failure With Reduced Ejec-

tion Fraction (EMPEROR-Reduced) trials, the combination
of ARNI and SGLT2i was approximately 11% and 20%
in the DAPA-HF, and EMPEROR-Reduced trials, respec-
tively [4,5]. Therefore, data and experience of the combi-
nation of ARNI and SGLT2i were limited in randomized
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control trials. Owing to the advancement of HF manage-
ment, novel four pillar-directed medical therapies includ-
ing β-blockers, MRAs, ARNI, and SGLT2i, achieved treat-
ment with all four foundational treatments within 4 weeks
[8]. If we follow a deliberate slow titration traditional ap-
proach, many patients with HFrEF will experience disease
progression and HF hospitalization and mortality. In clini-
cal practice, patients with symptomatic HFrEF who present
with poor hemodynamic conditions and borderline-to-low
systolic blood pressure can be challenging to manage with
medication as they are at risk for worsening their hemo-
dynamic status. The combination of the four foundational
treatments for patients with symptomatic HFrEF may be
difficult to perform in the initial phase of clinical practice.
Sequencing of ARNI or SGLT2i may need greater empha-
sis.

Accordingly, we conducted a retrospective study to
compare the sequencing effects of ARNI and SGLT2i on
the clinical outcomes over a 12-month follow-up period in
patients with symptomatic HFrEF.

2. Methods
2.1 Patient Population

Between January 2016 and December 2021, the HF
registry of Chi Mei Medical Center enrolled 165 patients
who had symptomatic HFrEF and New York Heart Asso-
ciation (NYHA) functional class ≥II, and were receiving a
sequential combination of ARNI and SGLT2i for HF man-
agement. Participants who lacked baseline and follow-up
laboratory data, follow-up echocardiographic parameters,
regular follow-up, or used ARNI or SGLT2i for less than
one month were excluded from the study. Ninety-five and
70 patients received the ARNI-first and SGLT2i-first strate-
gies, respectively, by physician’s choice. Data on general
demographics, baseline hemodynamic condition, etiologies
of HF, comorbidities, baseline and follow-up serum creati-
nine, follow-up N-terminal pro-B-type natriuretic peptide
(NT-ProBNP), echocardiographic parameters, and clinical
outcomes were compared between the ARNI and SGLT2i-
first strategy groups. Echocardiographic examination was
recommended every 3–6 months for patients with HFrEF.
Baseline serum creatinine levels were based on data ob-
tained within 1 month before using ARNI or SGLT2i.

2.2 Echocardiography
Echocardiographic parameters, including left ventric-

ular ejection fraction (LVEF), left atrial dimension (LAD),
and left ventricular end-systolic and end-diastolic volume
(LVESV and LVEDV), were measured using GE Vivid 9
(GE Healthcare Chicago, IL, USA), or Philips IE33, or
Philips EPIQ 7 (Philips Healthcare, Amsterdam, Nether-
lands). LVEF, LAD, LVESV, and LVEDV were quantified
using the M mode and corrected using the two-dimensional
guided biplane Simpson’s method of disc measurements
by using echocardiography. Echocardiographic examina-

tion was recommended every 3–6 months for patients with
HFrEF thereafter in the absence of clinical events and the
onset of HF.

2.3 Definition
Symptomatic HFrEF was defined as left ventricular

ejection fraction <40% and experienced symptoms of HF
such as shortness of breath, swollen ankles, and fatigue,
as well as signs of HF including increased jugular venous
pressure, crackling sounds in the lungs, and swelling in the
extremities [9]. HF hospitalization was defined as the oc-
currence of HF events of NYHA functional classes II–IV
in the absence of other alternative diagnoses. Symptoms
of HF were defined as the need for medical treatment with
NYHA functional class II–IV symptoms. Cardiovascular
(CV) mortality was defined as sudden death related to ar-
rhythmias, HF, and myocardial infarction. All-cause mor-
tality was defined as death due to any cause.

2.4 Study Endpoint
The study endpoints were hospitalization for HF, CV

mortality, and all-cause mortality during one-year follow-
up period.

2.5 Statistical Analyses
Datawere presented as themean± standard deviation,

median and interquartile range, or numbers (percentages).
Median with the interquartile range presented if data were
not normally distributed. The clinical characteristics of the
two groups were compared using Student’s t-test or Mann-
Whitney U test for continuous variables and the Chi-square
test for categorical variables. Statistical significance was
defined as p < 0.05. All analyses were performed using
statistical software (SPSS for Windows, Version 22, IBM
Corp., Armonk, NY, USA).

3. Results
3.1 Baseline Characteristics and Demographics between
the ARNI and SGLT2i-First Groups

In the ARNI-first group, the mean age was 60 ±
14.7 years, and the prevalence in men was 74.7%. In the
SGLT2i-first group, the mean age was 60± 11.6 years, and
the prevalence in men was 67.1% (Table 1). A shorter in-
terval of combination with another medication was noted
in the ARNI-first group (ARNI-first vs. SGLT2i-first; 74
[49–100] days vs. 112 [86–138]; p = 0.044). A higher
prevalence of adding another medication within 1 month
was noted in the ARNI-first group (ARNI-first vs. SGLT2i-
first; 60.0% vs. 32.9%; p < 0.001). The average age and
prevalence in men did not differ between the two groups.
Hemodynamic conditions (systolic blood pressure and heart
rate), etiologies of HF, comorbidities, baseline renal func-
tion, and NT-proBNP, and medication were not signifi-
cantly different between the two groups. A higher mean
dose of ARNI presented in the ARNI-first group (ARNI-
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Fig. 1. The improving ejection fraction, decreasing left ventricular end-diastolic volume, and decreasing left ventricular end-
systolic volume when early combination (≤14D) compared to late combination (>14D). (A) A non-significant trend of improving
ejection fraction >5% presented when early combination (≤14D) compared to late combination (>14D) (≤14D vs. >14D; 80.0% vs.
64.8%; p = 0.060). (B) The decreasing left ventricular end-diastolic volume >10% did not differ between early combination (≤14D)
and late combination (>14D) groups (≤14D vs. >14D; 52.0% vs. 41.1%; p = 0.221). (C) The decreasing left ventricular end-systolic
volume >10% showed significant higher when early combination (≤14D) compared to late combination (>14D) group (≤14D vs.
>14D; 72.0% vs. 54.4%; p = 0.042). Abbreviation: EF, ejection fraction; LVEDV, left ventricular end-systolic volume; LVESV, left
ventricular end-systolic volume; ARNI, angiotensin receptor neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors; D,
day.

first vs. SGLT2i-first; 199.5± 125.6 mg vs. 147.5± 102.7
mg; p = 0.005).

3.2 Baseline and Follow-Up Echocardiographic
Parameters between the ARNI and SGLT2i-First Groups

The baseline and follow-up left ventricular perfor-
mances are listed in Table 2. At the baseline phase, the
mean LVEF, LAD, LVESV, LVEDV, E/A, mitral E/E’, lat-
eral E/E’, and RV S’ did not differ between the two groups.
A numerically higher prevalence of mitral regurgitation
≥III was noted in the ARNI-first group. In the follow-up
phase, the mean LVEF, LAD, LVESV, LVEDV, E/A, mitral
E/E’, lateral E/E’, and RV S’ did not differ between the two
groups. There was no significant difference in the change in
LVEF, LAD, LVESV, and LVEDV between the ARNI-first
group and SGLT2i-first groups.

3.3 Clinical Outcomes between the ARNI and
SGLT2i-First Groups

The incidence of HF hospitalization, CV mortality,
and all-causemortality were higher in theARNI-first group;
however, they did not achieve a significant difference when
the ARNI-first group was compared with the SGLT2i-first
group (Table 3).

3.4 The Follow-Up of Renal Function and NT-proBNP
between the ARNI and SGLT2i-First Groups

Follow-up serum creatinine levels and estimated
glomerular filtration rate (eGFR) did not differ between the
two groups (Table 4). The decrease in eGFRwas not signif-
icantly higher in the SGLT2i-first group. A non-significant
trend of lower NT-proBNP levels was noted in the SGLT2i-
first group (ARNI-first vs. SGLT2i-first; 1383 [319–2507]
pg/mL vs. 570 [206–1314] pg/mL; p = 0.055). A signif-
icantly higher discontinuation rate of diuretic agents was

noted in the SGLT2i-first group (ARNI-first vs. SGLT2i-
first; 6.8% vs. 17.5%; p = 0.039).

3.5 The Improving EF, Decreasing LVEDV, and
Decreasing LVESV when Early Combination (≤14D)
Compared to Late Combination (>14D)

Fig. 1A showed non-significant trend of improving
EF>5% when early combination (≤14D) compared to late
combination (>14D) (≤14D vs. >14D; 80.0% vs. 64.8%;
p = 0.060). The decreasing LVEDV > 10% did not differ
between≤14D and>14D groups (Fig. 1B), but the decreas-
ing LVESV >10% showed significant higher in the early
combination (≤14D) group (≤14D vs. >14D; 72.0% vs.
54.4%; p = 0.042) (Fig. 1C).

4. Discussion
In clinical practice, the sequence of new emerging

medications remains a difficult decision for physicians, es-
pecially in patients with HFrEF and poor hemodynamic
conditions. Most patients with HFrEF also present with
cardiorenal syndrome and may not receive all four pillar-
directed medical therapies at the same time. According to
the guidelines of the European Society of Cardiology, the
triad of an ACEIs/ARNI, a β-blocker, and an MRA is rec-
ommended as cornerstone therapy, and SGLT2i are recom-
mended for all patients with HFrEF already treated with
the above medications [9]. In contrast, the American Col-
lege of Cardiology/American Heart Association HF Guide-
lines recommend ACEI/ARB/ARNI, a β-blocker, MRA,
and SGLT2i as first-line therapy for patients with symp-
tomatic HFrEF [10]. Currently, ARNI and SGLT2i se-
quences are not recommended. In our study, reverse LV
remodeling and renal function progression did not differ be-
tween the two groups, but better LV remodeling presented
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Table 2. Baseline and follow-up echocardiographic parameters.

Variable
Group 1 Group 2

p value
ARNI first SGLT2i first

Number 95 70
Left ventricular performance (Baseline)

Mean LVEF (%) 34.37 ± 12.22 35.73 ± 11.94 0.481
Mean LAD (cm) 4.4 ± 0.9 4.3 ± 0.7 0.534
Mean LVEDV (mL) 190.05 ± 66.19 180.66 ± 65.66 0.376
Mean LVESV (mL) 127.41 ± 52.67 117.01 ± 54.23 0.226
AR grade ≥III 3 (3.2) 1 (1.4) 0.638
MR grade ≥III 16 (16.8) 5 (7.1) 0.097
TR grade ≥III 10 (10.5) 3 (4.3) 0.241
TRPG (mmHg) 34.5 ± 15.8 28.2 ± 11.9 0.077
E/A 1.61 ± 1.01 1.79 ± 1.15 0.473
Mitral E/E’ 20.15 ± 7.62 18.82 ± 8.84 0.439
Lateral E/E’ 13.65 ± 5.89 12.91 ± 5.21 0.530
RV S’ 10.15 ± 2.77 10.36 ± 2.61 0.731

Left ventricular performance (Follow-up)
Mean LVEF (%) 47.91 ± 16.52 50.89 ± 14.56 0.618
Improving EF ≥40% (%) 51 (63.7) 41 (63.1) 0.933
Mean LAD (cm) 4.1 ± 0.8 4.1 ± 0.8 0.688
Mean LVEDV (mL) 176.53 ± 65.02 161.11 ± 56.46 0.134
Mean LVESV (mL) 97.36 ± 59.18 89.50 ± 52.97 0.406
AR grade ≥III 4 (4.2) 0 (0) 0.138
MR grade ≥III 7 (7.4) 2 (2.9) 0.304
TR grade ≥III 3 (3.2) 1 (1.4) 0.638
TRPG (mmHg) 27.44 ± 18.74 23.41 ± 10.19 0.412
E/A 0.94 ± 0.49 1.17 ± 1.10 0.186
Mitral E/E’ 14.73 ± 6.58 14.13 ± 7.77 0.702
Lateral E/E’ 11.82 ± 7.84 10.75 ± 4.37 0.458
RV S’ 11.27 ± 2.91 11.38 ± 2.81 0.868

The change of LVEF (%) 10.90 (5.26 to 19.04) 11.85 (5.46 to 16.19) 0.358
Improving EF >5% (%) 55 (71.4) 44 (68.8) 0.853

The change of LAD (cm) –0.3 (–0.6 to –0.1) –0.2 (–0.5 to 0.1) 0.461
The change of LVEDV (mL) –12.00 (–22.00 to 4.57) –11.47 (–35.00 to 5.97) 0.723

Decreasing LVEDV >10% (%) 35 (45.5) 28 (44.4) 0.905
The change of LVESV (mL) –25.20 (–46.48 to –1.89) –25.90 (–35.50 to –10.95) 0.943

Decreasing LVESV >10% (%) 43 (55.8) 42 (66.7) 0.225
Data are expressed as mean ± standard deviation or median and interquartile range (if data were not normally
distributed) or numbers (percentages). Student’s t-test or Mann-Whitney U test for continuous variables and the
Chi-square test for categorical variables.
Abbreviation: ARNI, angiotensin receptor neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 inhibitors;
LVEF, left ventricular ejection fraction; LAD, left atrial dimension; LVEDV, left ventricular end-diastolic volume;
LVESV, left ventricular end-systolic volume; AR, aortic regurgitation; MR, mitral regurgitation; TR, tricuspid re-
gurgitation; TRPG, tricuspid regurgitation pressure gradient; RV, right ventricle.

in early combination (≤14D) subgroups. However, a non-
significant trend of lower NT-proBNP levels and a higher
percentage of discontinuing diuretic agents were observed
in the SGLT2i-first group. It is reasonable to accept better
symptomatic control and decongestion if SGLT2i is used
first for symptomatic patients with HFrEF.

4.1 The Progression of Renal Function in HFrEF

In patients with HFrEF, several factors may affect re-
nal function, including cardiac pump failure related to lower

blood supply and increased congestion, chronic activation
of the adrenergic system and renin-angiotensin-aldosterone
system (RAAS), and direct and indirect effects of anti-HF
medication [11,12]. Approximately 30% of the patients
with HF also have chronic kidney disease, and worsening
renal function occurs in approximately 25% of the cases,
with a deleterious effect on outcomes [13]. Additionally,
renal function may also be affected by age, and comorbidi-
ties, including atherosclerosis, diabetes mellitus, hyperten-
sion, and renal dysfunction, are associated with poor out-
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Table 3. Clinical outcomes during one-year follow-up period.

Variable
Group 1 Group 2

p value
ARNI first SGLT2i first

Number 95 70
HF hospitalization (%) 21 (22.1) 11 (15.7) 0.327
CV mortality (%) 3 (3.2) 1 (1.4) 0.638
All-cause mortality (%) 7 (7.4) 3 (4.3) 0.520
Data are expressed as mean ± standard deviation or median and interquartile
range (if data were not normally distributed) or numbers (percentages). Chi-
square test for categorical variables.
Abbreviation: ARNI, angiotensin receptor neprilysin inhibitor; SGLT2i, sodium-
glucose cotransporter 2 inhibitors; HF, heart failure; CV, cardiovascular.

Table 4. The follow-up of renal function and NT-proBNP.

Variable
Group 1 Group 2

p value
ARNI first SGLT2i first

Number 95 70
Creatinine (mg/dL) 1.22 ± 0.53 1.25 ± 0.61 0.748
eGFR (mL/min/1.73 m2) 66.42 ± 25.69 64.10 ± 22.58 0.604

The change of eGFR –1.63 ± 17.24 –3.47 ± 16.18 0.551
NT-proBNP (pg/mL) 1383 (319−2507) 570 (206−1314) 0.055
Discontinue diuretic (%) 6 (6.8) 11 (17.5) 0.039

Data are expressed as mean ± standard deviation or median and interquartile range
(if data were not normally distributed) or numbers (percentages). Student’s t-test or
Mann-Whitney U test for continuous variables and the Chi-square test for categorical
variables.
Abbreviation: NT-proBNP, N-terminal pro-B-type natriuretic peptide; ARNI, an-
giotensin receptor neprilysin inhibitor; SGLT2i, sodium-glucose cotransporter 2 in-
hibitors; eGFR, estimated glomerular filtration rate.

comes [14]. Acute worsening renal function after starting
RAAS inhibitors occurs in approximately 13% of the pa-
tients with HF, more so in the older hypertensive patients,
following exposure to iodinated contrast, during acute ill-
ness, heart failure exacerbation, hypotension, and dehydra-
tion [15–17]. According to recent studies on SGLT2i for
HF, a lower risk of kidney failure and slower progression of
renal function were observed when the SGLT2i group was
compared with the control group [18,19]. In our study, no
patients needed emerge hemodialysis and experienced re-
nal death. The progression of renal function did not differ
between ARNI and SGLT2i-first strategy groups. There-
fore, sequential combination of ARNI and SGLT2i may be
feasible for the patients with symptomatic HFrEF.

4.2 Lower Blood Pressure in the Patients with HFrEF

Among the patients with HFrEF, a low proportion of
patients received the target dose (or received at least 50%
of the target dose), partly due to hypotension [20]. In the
PIONEER-HF study, ARNI could safely be initiated in pa-
tients with SBP>100 mmHg for 6 hours, without using va-
sodilators or increasing the dose of intravenous diuretics in
the preceding 6 hours, and no use of inotropes in the preced-

ing 24 hours [21]. When the SBP is 100–120 mmHg, ARNI
should be initiated at a low dose to prevent hypotension
[20]. SGLT2i does exhibit a modest blood pressure low-
ering effect and approximately 1–4 mmHg in patients with
HF, and the volume status of such a population on diuretics
should be reevaluated owing to the risk of over-diuresis and
hypotension [22]. The risk of hypotension and acute wors-
ening of renal function may allow physicians to choose one
medication first. The expert also suggested that SGLT2i
could be initiated on at a minimum dose of RAAS inhibitors
and β-blockers without systemic hypotension [20]. In our
study, a higher prevalence of discontinuing diuretic agents
and trend toward lower serum NT-proBNP levels were ob-
served in patients with HFrEF and SGLT2i-first strategies.
Better effect of decongestion was expected in the SGLT2i-
first group. The mechanisms of improving decongestion of
SGLT2i are related to reduction of interstitial fluid volume,
natriuresis and osmotic diuresis, and neurohumoral and in-
flammation attenuation [23].

4.3 The Combination of ARNI and SGLT2i for HFrEF

In a retrospective study of diabetic patients with
HFrEF, those with the initiation of sacubitril/valsartan pre-
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sented a more prominent improvement in LV performance
than those with the initiation of SGLT2i, and the combina-
tion of ARNI and SGT2i showed significant improvement
in cardiac function and prognosis in this population [24].
Another real-world study also found that treatment with
a combination of SGLT2i and ARNI was associated with
a lower risk of composite HF hospitalization or all-cause
mortality and was well tolerated [25]. The subgroups with
SGLT2i presented better results than those without SGLT2i
[26]. A meta-analysis concluded that SGLT2i and ARNI
demonstrated similar effects (indirect comparison hazard
ratio 0.93, 95% confidence interval 0.82–1.06, p-value =
0.28), while the combination of SGLT2i and ARNI resulted
in a better cardiovascular protective effect [25]. In our
study, the sequence of ARNI and SGLT2i did not affect
reverse LV remodeling and renal function progression and
did not present with acute kidney injury. The SGLT2i-first
strategy may provide better decongestion. Early combina-
tion may provide better LV remodeling effect.

4.4 Study Limitations

This study had several limitations. First, it was a
retrospective, nonrandomized study with limited size, and
we could not rule out selective bias. Second, the timing
of adding another medication based on the judgement of
physicians and a shorter interval was noted in the ARNI-
first group. Third, echocardiographic examination was per-
formed every 3–6 months for patients with HFrEF if no
new events. However, we still provide important informa-
tion for clinical practice regarding the sequence of ARNI
and SGLT2i implementation in patients with symptomatic
HFrEF.

5. Conclusions
In patients with symptomatic HFrEF, SGLT2i-first

strategy may provide a higher possibility of discontinuing
diuretic agents than the ARNI-first strategy. Changes in
LV performance, progression of renal function, and clini-
cal outcomes did not differ between the two groups. Early
combination (≤14D) provided better LV remodeling.
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