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Importance of Optimized Guideline-Based Therapy for
Preventing Rehospitalization of Chronic
Heart Failure Patients
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Background: Because the effectiveness of strengthening guideline-based therapy (GBT) to prevent heart failure (HF) rehospitaliza-
tion of chronic HF patients remains unclear, this study investigated the characteristics of HF patients in the Kobe University Heart
Failure Registry in Awaji Medical Center (KUNIUMI) acute cohort.

Methods and Results: We studied 254 rehospitalized HF patients from the KUNIUMI Registry. Optimized GBT was defined as a
Class | or lla recommendation for chronic HF based on the guidelines of the Japanese Circulation Society. The primary endpoint
was all-cause death or first HF rehospitalization after discharge. Outcomes tended to be more favorable for patients who had rather
than had not received optimized GBT (hazard ratio [HR] 0.82; 95% confidence interval [Cl] 0.57—1.19; P=0.27). Similarly, among
New York Heart Association (NYHA) Class IV patients, outcomes tended to be more favorable for those who had rather than had
not undergone optimized GBT (HR 0.73; 95% Cl 0.47-1.12; P=0.15). Importantly, outcomes were significantly more favorable among
NYHA Class IV patients aged <79 years who had rather than had not undergone optimized GBT (HR 0.33; 95% CI 0.14-0.82;
P=0.02). Multivariate Cox regression analysis showed that optimized GBT was the only independent factor for the prediction of the
primary endpoint.

Conclusions: Optimized GBT can be expected to play an important role as the next move for chronic HF patients.
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eart failure (HF) is a global public health prob-
H lem. In Japan, the number of patients hospitalized

due to HF is increasing as a result of the rapidly
aging population,' and this is one of the most important
issues for the management of HF. Although there are
regional differences in the characteristics, management,
and outcomes of hospitalized HF patients,? Japan is known
to have the highest ratio of aged persons in the world, with
27.3% of the population aged >65 years in 2016. Pharma-
cological treatment of HF can be the first-line therapeutic
strategy for HF, especially Stage C and D. The goals of the

pharmacological treatment of HF patients are to improve
their clinical status, functional capacity, and quality of life,
as well as to prevent rehospitalization and reduce mortal-
ity. Specifically, angiotensin-converting enzyme inhibitors
(ACEI), angiotensin II receptor blockers (ARBs), S-blockers,
mineralocorticoid receptor antagonists (MRAs), and
diuretics are the key medications used for managing Stage
Cand D HF.¢

A marked feature after Stage C HF is repeated acute
exacerbation of chronic HF. In addition, a previous his-
tory of HF hospitalization has been reported to be a strong
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1971 consecutive hospitalized HF patients
at Hyogo Prefectural Awaji Medical Center between April 2013 and June 2020
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Exclusion of
* 1450 patients with de novo acute HF
* 191 patients with more than 3* acute HF

330 re-hospitalized HF patients

X

y

Exclusion of
* 39 patients with in-hospital death
37 patients who were unable to follow-up

254 re-hospitalized HF patients were finally enrolled

Figure 1.

Flow chart of study recruitment in this study. HF, heart failure.

risk factor for death among patients admitted for acute
HF.%? Bello et al showed that a previous history of HF
hospitalization was a strong predictor of adverse cardiac
outcomes for patients with HF with reduced ejection frac-
tion (HFrEF) and patients with HF with preserved ejec-
tion fraction (HFpEF).” Moreover, Akita et al reported
that a history of multiple previous HF hospitalizations,
rather than a history of a single or no previous HF hospi-
talization, was as an independent predictor for all-cause
death and HF rehospitalization.® Therefore, Stage C HF
patients need treatment for both chronic HF and acute
exacerbations of chronic HF, such that avoiding HF
rehospitalization for patients with chronic HF could be
one of the main issues for improving outcomes in what has
been called the “HF pandemic” era.

Because the effectiveness of optimized guideline-based
therapy to prevent HF rehospitalization of patients with
chronic HF remains uncertain, we designed and con-
ducted a retrospective, population-based study of the Kobe
University Heart Failure Registry in Awaji Medical Center
(KUNIUMI) acute cohort to investigate, in detail, the
characteristics of hospitalized HF patients.

Methods

Study Design
This study is part of the KUNIUMI acute cohort, a popu-
lation-based registry of acute HF on Awaji Island, Japan.
The details of the KUNIUMI acute cohort have been
described previously.? In this study, we only used patient data
from Awaji Medical Center, because some data was miss-
ing for patients from other institutions. Awaji Island is one
of the largest islands in Japan. It has one of the highest
ratios of elderly people in Japan and a low migration rate
with a relatively stable population.!® Therefore, the higher-
quality incidence and follow-up data used in this study can
be compared with previous data from KUNITUMI.10

This study was approved by the Ethics Committee of
Awaji Medical Center (No. 20-11) and was conducted in
accordance with the Declaration of Helsinki.

Study Population and Eligibility Criteria
Inall, 1,971 consecutive HF patients who met the Framingham
criterial! and were hospitalized on Awaji Island between
April 2013 and March 2020 were retrospectively enrolled
in this study (Figure 1). After exclusion of 1,450 patients
with de novo acute HF and 191 patients with more than 3
acute HF hospitalizations, the remaining 330 rehospitalized
HF patients included in the present study. Another 39 patients
who died in hospital and 37 patients who could not be
followed-up were also excluded, such 254 rehospitalized
HF patients who had already received guideline-based
medical therapy were enrolled in the present study.
Decisions regarding in-hospital and post-discharge HF
care were made by attending physicians, including senior
cardiologists. Echocardiography was performed using
commercially available ultrasound systems. Standard
echocardiographic measurements were obtained in
accordance with the current guidelines of the American
Society of Echocardiography/European Association of
Cardiovascular Imaging.’? All echocardiographic exami-
nations were performed by senior echocardiologists or
sonographers.

Definitions of Optimized Guideline-Based Therapy for
Chronic HF

Optimized guideline-based therapy has been defined as a
Class I or I1a recommendation for chronic HF based on
the current guidelines of the Japanese Circulation Society
(JCS)/Japanese Heart Failure Society (JHFS)® during both
the hospital stay and after discharge (Table 1). Specifically,
optimized guideline-based medical therapy was defined as
upward titration or introduction of ACEI/ARBs, -blockers,
MRAs, loop diuretics, and tolvaptan for patients with
HFrEF, and as upward titration or the introduction of loop
diuretics and tolvaptan for patients with HFpEF.¢ Exercise
therapy, the use of adaptive servo-ventilation (ASV), con-
tinuous positive airway pressure (CPAP), obstructive sleep
apnea, and home oxygen therapy (HOT) were classified as
optimized guideline-based non-pharmacological therapies
for chronic HF.¢ Other optimized guideline-based invasive
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Heart Failure Society Guidelines®

<45% to improve cardiac function and symptoms

Table 1. Definition of Additional Guideline-Based Therapy for Chronic HF Based on the Japanese Circulation Society/Japanese

reco(r::;seig;tion with optimized
GBT (n=193)
Pharmacological therapy for HFrEF
ACEI/ARBs | 19 (22)
B-blockers | 30 (35)
MRAs | 24 (28)
Loop diuretics | 27 (31)
Tolvaptan lla 33 (38)
Digitalis lla 2(2)
Short-term use of oral inotropic drugs lla 9 (10)
Amiodarone lla 0(0)
Pharmacological therapy for HFpEF
Diuretics | 39 (31)
Tolvaptan lla 32 (26)
Pharmacological therapy for HFrEF with COPD or bronchial asthma
B1-Adrenergic receptor-selective antagonists for bronchial asthma lla 0(0)
Treatment of COPD or bronchial asthma lla 0(0)
Non-pharmacological therapy
ASV
Relieve symptoms of congestion in patients receiving optimized GBT for HF in the hospital lla 0 (0)
setting
Continuous use to satisfy the above criterion for patients who respond well to ASV and are lla 3(2)
expected to worsen if ASV is discontinued
Exercise therapy
Combined with drug therapy to relieve symptoms and improve exercise capacity in | 0 (0)
patients with HFrEF
To improve QOL, reduce cardiac accidents, and improve life expectancy in patients with lla 0(0)
HFrEF
To improve exercise capacity in patients with HFpEF with low exercise capacity lla 0(0)
Supervised exercise therapy at experienced institutions to improve exercise capacity and lla 0(0)
QOL in patients with pulmonary hypertension whose symptoms are stable on drug therapy
Resistance training to improve ADL and QOL by increasing muscle strength and lla 0(0)
endurance in patients with advanced deconditioning and patients with reduced physical
function
CPAP
Symptomatic OSA | 0 (0)
For patients with HFrEF and moderate or severe OSA to improve left ventricular function lla 0 (0)
HOT
In patients with moderate or severe CSR-CSA and NYHA Class Il or VI HFrEF with LVEF lla 2(2)

No. patients (%)

ACEI, angiotensin converting enzyme inhibitors; ADL, activities of daily living; ARBs, angiotensin Il receptor blockers; ASV, adaptive servo-
ventilation; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; CSR-CSA, central sleep apnea with
Cheyne-Stokes respiration; GBT, guideline-based therapy; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; HOT, home oxygen therapy; LVEF, left ventricular ejection fraction; MRAs, mineralocorticoid recep-
tor antagonists; NYHA, New York Heart Association; OSA, obstructive sleep apnea; QOL, quality of life.

therapies for chronic HF, including implantable cardio-
verter-defibrillator, cardiac resynchronization therapy,
catheter ablation for atrial fibrillation, pacemaker treat-
ment for bradyarrhythmia, percutaneous coronary inter-
vention for ischemic heart disease, and surgical and
catheter therapy for valvular heart disease, were not per-
formed as part of this Registry.

Definition of the Primary Endpoint

The primary endpoint was defined as all-cause death or
first HF rehospitalization after discharge over a median
follow-up of 400 days (interquartile range 346-455 days).

Circulation Reports

Statistical Analysis

Continuous variables are expressed as the mean+SD if they
were normally distributed and as the median with inter-
quartile range (IQR) if they were not normally distributed.
Categorical variables are expressed as frequencies and per-
centages. Parameters in 2 subgroups were compared using
Student’s t-test or the Mann-Whitney U test depending on
data distribution. Differences in proportions were evalu-
ated with Fisher’s exact test. Survival curves of freedom
from all-cause death and HF rehospitalization were deter-
mined with the Kaplan-Meier method, and cumulative
event rates were compared using the log-rank test. Asso-
ciations of parameters with cardiovascular death were
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Table 2. Baseline Characteristics of Patients
All patients
(n=254)
Clinical characteristics
Age (years) 81.2+10.0
Male sex 142 (56)
BMI (kg/m2) 21.0+3.7
NYHA class
Il 13 (5)
n 62 (24)
v 179 (70)
HF classification
HFrEF 86 (34)
HFmrEF 41 (16)
HFpEF 125 (50)
Unknown 2 (0.8)
Comorbidities
Hypertension 182 (72)
Diabetes 82 (32)
Atrial fibrillation 139 (55)
Ischemic heart disease 93 (37)
Valvular disease 71 (30)
Lung disease 49 (19)
Blood examination
Hemoglobin (mg/dL) 10.9+1.9
Albumin (mg/dL) 3.0+0.5
Blood urea nitrogen (mg/dL) 32.3+17.5
Creatinine (mg/dL) 1.6+1.2
B-type natriuretic peptide (pg/mL) 407 [505-692]
Medications
ACEI/ARBs 188 (74)
B-blockers 196 (77)
MRAs 105 (42)
Loop diuretics 204 (81)
Tolvaptan 62 (25)
Unknown 1
Echocardiographic data
LV end-diastolic dimension (mm) 50.7+9.9
LV end-systolic dimension (mm) 38.3+11.0
LVEF (%) 47.0+14.2
Left atrial diameter (mm) 46.5+8.0

Patients with Patients without
optimized GBT optimized GBT P value
(n=193) (n=61)
81.2+9.3 81.1+12.5 0.93
110 (57) 32 (52) 0.53
20.9+3.4 21.4+4.5 0.43
10 (5) 3(5) 0.98
49 (25) 13 (21) 0.51
134 (69) 45 (74) 0.52
72 (37) 14 (23) 0.04
31 (16) 10 (16) 0.92
89 (46) 36 (59) 0.07
1(0.5) 1(1.6) 0.39
145 (75) 37 (61) 0.03
67 (35) 15 (25) 0.16
105 (54) 34 (56) 0.89
77 (40) 16 (26) 0.05
51 (26) 20 (33) 0.35
35 (18) 14 (23) 0.36
11.0+£1.87 10.9£2.1 0.70
3.1£0.5 3.0£0.5 0.42
31.9+17.9 33.6+16.4 0.52
1.66+1.27 1.59+1.00 0.72
652 [5637-767] 394 [307-481] 0.03
145 (75) 43 (70) 0.78
156 (81) 40 (66) 0.04
76 (39) 29 (48) 0.18
156 (81) 48 (79) 0.87
45 (23) 17 (28) 0.38
51.5+10.1 47.3+8.2 0.01
39.2+11.3 34.4+8.7 0.008
46.3+14.3 49.2+13.9 0.16
46.5+7.6 46.7+9.7 0.85

Unless indicated otherwise, data are given as the mean+SD for normally distributed data, the median [interquartile
range] for non-normally distributed data, or n (%). BMI, body mass index; HFmrEF, heart failure with mid-range ejec-
tion fraction; LV, left ventricular. Other abbreviations as in Table 1.

identified using a Cox proportional hazards model for
univariate and multivariate analyses. Variables with a uni-
variate value of P<0.05 were incorporated into the step-
wise selection. For all steps, P<0.05 was considered
statistically significant. All analyses were performed using
MedCalc version 19.0.7 (MedCalc Software, Mariakerke,
Belgium).

Results

Patient Characteristics
The baseline characteristics of the 254 rehospitalized chronic
HF patients are summarized in Table 2. Mean patient age

Circulation Reports

was 81.2+10 years and 142 (56%) were female. Thirteen
patients (5%) were classified as New York Heart Associa-
tion (NYHA) Class II, 62 (22%) were classified as NYHA
Class III, and 179 (70%) were classified as NYHA Class IV.
In accordance with the JCS/JHFS guidelines,® 86 patients
(34.1%) were diagnosed with HFrEF, 41 (16.3%) were
diagnosed with HF with mid-range ejection fraction
(HFmrEF), 125 (49.6%) were diagnosed with HFpEF, and
2 (0.4%) had unknown HF phenotypes.

Effect of Optimized Guideline-Based Therapy on Outcomes
Of the 254 rehospitalized chronic HF patients, 193 were
classified as having received optimized guideline-based
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Figure 2. Kaplan-Meier curve indicating that, based on the primary endpoint, patients who had been treated with optimized
guideline-based therapy tended to show more favorable outcomes than those who had not, but the difference was not statistically
significant. Cl, confidence interval; HR, hazard ratio.
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Figure 3. Kaplan-Meier curve indicating that, based on the primary endpoint, New York Heart Association Class IV patients who
had been treated with optimized guideline-based therapy tended to have more favorable outcomes than those who had not, but
the difference was not statistically significant. Cl, confidence interval; HR, hazard ratio.
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Figure 4. Kaplan-Meier curve indicating that, based on the primary endpoint, New York Heart Association Class IV patients aged
<79 years old who had been treated with optimized guideline-based therapy had significantly more favorable outcomes than those

therapy; the remaining 61 patients were classified as the
non-optimized guideline-based therapy group. The baseline
characteristics of patients in these 2 groups were similar
except that the optimized guideline-based therapy group
had a higher prevalence of hypertension (75% vs. 61%;
P=0.03), enlarged left ventricle (left ventricular [LV] end-
diastolic dimension 51.5+10.1 vs. 47.3£8.2mm [P=0.01];
LV end-systolic dimension 39.2+11.3 vs. 34.448.7mm
[P=0.008]), S-blocker use (79% vs. 61%; P=0.005), and
tolvaptan use (50% vs. 31%; P=0.01), as well as higher
B-type natriuretic peptide concentrations (652 [537-767]
vs. 394 [307-481] pg/mL). Details of the optimized guide-
line-based therapy are provided in Table 1. The upward
titration or introduction of established cardioprotective
medications, such as ACEI/ARBs, -blockers, and MRAs,
was used for 120 patients; the upward titration or intro-
duction of loop diuretics and tolvaptan was used for 137
patients; and HOT and ASV were used for 5 patients.

During the mean follow-up period of 400 days, the pri-
mary endpoint of all-cause death or first HF rehospitaliza-
tion after discharge was registered for 166 patients (65.3%).
Patients who had undergone optimized guideline-based
therapy tended to have more favorable outcomes than
those who had not, but the difference was not statistically
significant (hazard ratio [HR] 0.82; 95% confidence inter-
val [CI] 0.57-1.19; P=0.27; Figure 2).

Because most patients in this study were NYHA Class
IV (70%), the primary endpoint was also examined in these
patients separately. Patients with NYHA Class IV and
treated with optimized guideline-based therapy tended to
have more favorable outcomes than those without this
treatment, but the difference was not statistically signifi-

cant (HR 0.73; 95% CI 0.47-1.12; P=0.15; Figure 3). It was
of note that NYHA Class IV patients aged <79 years and
treated with optimized guideline-based therapy had sig-
nificantly more favorable outcomes than those without this
treatment (HR 0.33; 95% CI 0.14-0.82; P=0.02; Figure 4).
Conversely, this difference was not observed for NYHA
Class IV patients aged >80 years treated with and without
optimized guideline-based therapy (HR 1.01; 95% CI 0.62—
1.66; P=0.97; Figure 5).

Table 3 shows the univariate and multivariate Cox
regression analyses for primary endpoint prediction for the
54 patients <79 years old with NYHA Class IV. The most
important finding of these analyses was that optimized
guideline-based therapy was identified as the only indepen-
dent factor for predicting the primary endpoint (HR 0.57;
95% CI 0.10-0.97; P=0.04).

Discussion

The findings of our study indicate that chronic HF patients
who had received optimized guideline-based therapy tended
to have more favorable outcomes than those who had not.
Furthermore, outcomes were significantly more favorable
for chronic NYHA Class IV HF patients age <79 years
who had been treated with optimized guideline-based ther-
apy compared with those who had not, but this was not the
case for patients aged >80 years. Moreover, optimized
guideline-based therapy was the only independent factor
for the prediction of the primary endpoint among NYHA
Class IV HF patients <79 years old.

The KUNIUMI acute cohort shows the actual and cur-
rent situation concerning the rehospitalization of chronic
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Figure 5. Kaplan-Meier curve indicating that, based on the primary endpoint, New York Heart Association Class IV patients aged
>80 years with and without optimized guideline-based therapy showed similar outcomes. Cl, confidence intervalx; HR, hazard ratio.

Table 3. Univariate and Multivariate Cox Proportional Hazards Analysis for Predicting the Primary Endpoint
i Univariate analysis Multivariate analysis
Covariate
HR 95% CI P value HR 95% ClI P value

Age 0.02 0.94-1.00 0.09

Female sex 0.34 0.30-1.13 0.11

BMI 0.05 0.90-1.09 0.85

Atrial fibrillation 0.33 0.37-1.38 0.32

LVEF 0.01 0.97-1.02 0.56

Albumin 0.41 0.22-1.10 0.09

Optimized GBT 0.36 0.21-0.87 0.03 0.57 0.10-0.97 0.04

BMI, body mass index; Cl, confidential interval; GBT, guideline-based therapy; HR, hazard ratio.

HF patients on Awaji Island, whose mean age is 81.2+10.0
years, which is higher than the age of participants in most
commonly referenced HF registries. Because the ratio of
the population >65 years of age on Awaji Island in 2015 is
similar to that predicted for Japan as a whole in 2035,
other regions in Japan may show similar trends in the
future. Thus, KUNIUMI may represent the future for
chronic HF patients in Japan.

Importance of Optimized Guideline-Based Therapy for
Preventing Rehospitalization of Chronic HF Patients

HF is associated with high mortality and prolonged and
frequent hospitalizations, such that HF places a significant
economic burden on the healthcare system.!13 Established
cardioprotective medications, such as ACEI, ARBs,
B-blockers, and MR As, are the mainstays of guideline-based
medical therapy to improve the prognosis for chronic HF
patients, especially patients with HFrEF, as recommended

in various guidelines.®!4.15 In addition, some diuretics, includ-
ing loop diuretics and tolvaptan, have been recommended
for both HFrEF and HFpEF patients.61415 Although there
is no evidence that these diuretics improve the prognosis
for every phenotype of chronic HF, diuretics are recom-
mended to relieve symptoms of congestion in HF, such as
dyspnea on exertion and edema.®!415 In addition, it is
anticipated that guideline-based medical therapy and non-
pharmacological therapies, such as ASV, CPAP, and
HOT, could be useful to avoid rehospitalization due to
acute exacerbation of chronic HF.

Optimized Guideline-Based Therapy for Preventing
Rehospitalization of Younger Chronic HF Patients

In this study we showed that HF patients who had been
treated with optimized guideline-based therapy tended to
have more favorable outcomes than those who had not.
Interestingly, among NYHA Class IV HF patients <79
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years old, outcomes were significantly more favorable for
those who had received optimized guideline-based therapy
than for those who had not, but this difference was not
seen among those aged >80 years of age. Moreover, opti-
mized guideline-based therapy was identified as the only
independent factor for predicting the primary endpoint for
NYHA Class IV HF patients <79 years of age. Most clini-
cal trials have shown the utility of guideline-based medical
therapy for chronic HF patients who were younger and
had fewer comorbidities than real-world patients. Thus,
improvements in the prognosis for or rehospitalization of
elderly HF patients have remained limited, while data on
the use of guideline-based medical therapy for elderly HF
patients remains insufficient. Akita et al reported that the
use of guideline-based medical therapy was associated with
a reduction in cardiovascular death and rehospitalization
of younger HFrEF patients (<79 years old), but not with
a reduction in cardiovascular death and rehospitalization
of elderly HFrEF patients (aged >80 years).!® They also
showed that the number of prescriptions for guideline-
based medical therapy at discharge was significantly lower
for elderly (>80 years old) than for younger (<79 years old)
HFrEF patients.!¢ Furthermore, Dobre et al reported that
use of S-blockers was associated with a reduction in mor-
tality for HF patients aged <75 but not 275 years.!?

Previous investigators have discussed possible reasons
why guideline-based medical therapy is less effective for
elderly HF patients. The pharmacokinetics and pharmaco-
dynamics specific to cardiovascular medications may change
with increasing patient age. The pharmacokinetic changes
may lead to changes in drug distribution, metabolism, and
elimination, while age-related pharmacodynamic changes
affect end-organ responsiveness, and may thus be likely to
result in side effects.!81 In addition, elderly HF patients
often suffer from more and more severe comorbidities,
including renal dysfunction, which could increase the risk
of drug-related diseases and drug-drug interactions, so that
such interactions could aggravate a patient’s clinical status
and offset the hoped for benefits.1320 Although there are
studies, as mentioned above, in which guideline-based med-
ical therapy was not associated with a reduction in cardio-
vascular death and rehospitalization for elderly HF patients,
guideline-based medical therapy should be performed even
in elderly HF patients because of the lack of clear evidence.
In fact, optimized guideline-based therapy was effective for
some specific elderly patients in the present study.

Clinical Implications

The number of patients with HF has been rapidly increasing
worldwide, which has led to what has been termed the “HF
pandemic”.! It is known that a history of HF hospitalization
is a high risk factor for HF rehospitalization.?! Further-
more, multiple previous HF hospitalizations are strongly
associated with all-cause death and HF rehospitalization.?
Thus, there is an urgent need to prevent HF rehospitaliza-
tion using various treatments, including guideline-based
therapy. According to our findings, optimized guideline-
based therapy may be useful for all chronic HF patients,
and we suggest that non-elderly advanced chronic HF
patients in particular should be treated with guideline-
based therapy to prevent rehospitalization due to acute
exacerbations of chronic HF. Therefore, attending physi-
cians should administer not only temporary treatments,
such as diuretics and inotropic drugs to provide relief of
congestion in HF due to acute exacerbation of chronic HF

during hospital stay, but also optimized guideline-based
therapy.

Optimal guideline-based medical therapy is clearly essen-
tial to prevent rehospitalization due to acute exacerbations
of chronic HF, but several recent large-scale clinical studies
have proved to be inadequate in reality.?2-2¢ For example,
the prescription rate of MRA for patients with HFrEF has
remained roughly 60-70%.2224 Moreover, treatment with
B-blockers for HFrEF patients should be titrated upwards
for LV reverse remodeling,?” or better outcome,?® but
HFrEF patients receiving at least 50% of the target daily
dose of B-blockers was only 50%.2526 Therefore, attending
physicians still have the scope to strengthen guideline-based
therapy for chronic HF patients in real-world practice.

Study Limitations

The present study was a retrospective study, so that some
data are missing. Thus, further studies, both prospective and
retrospective, with low rates of missing data are needed to
validate our findings. The patients in this registry were
enrolled between April 2013 and June 2020 so that novel
cardioprotective medications, such as ivabradine, sacubi-
tril/valsartan, and sodium—glucose cotransporter 2 inhibi-
tors, could not be included in the optimized guideline-based
therapy used for this study. Finally, the sample size was
not calculated to be epidemiologically valid before the
study started, so that optimal sample size calculations will
be necessary for further prospective studies.

Conclusions

Optimized guideline-based therapy was found to be associ-
ated with avoiding HF rehospitalization of chronic HF
patients, especially NYHA Class IV patients aged <79
years. Optimized guideline-based therapy can be expected
to play an important role as the next move for chronic HF
patients.
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