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Abstract:

Objective The incidence of chronic heart failure (CHF) is likely to keep increasing in Japan as the popula-
tion ages, placing increased burdens on medical facilities, particularly on the limited numbers of rural hospi-
tals. We explored the appropriateness of CHF treatment in rural areas in Japan.

Methods We compared rates of adherence to therapeutic guidelines for CHF between residents with a left
ventricular ejection fraction <35% living in urban areas (n = 207) and those in rural areas (n = 180). Treat-
ments included pharmacological [beta-blockers, angiotensin-converting enzyme inhibitors (ACEi)/angiotensin
II receptor blocker (ARB), mineralocorticoid receptor antagonist (MRA) and anticoagulants for atrial fibrilla-
tion] and non-pharmacological [implantable cardioverter defibrillator (ICD)/cardiac resynchronization therapy
(CRT), cardiac rehabilitation and HF education] approaches.

Patients This study included 387 patients with CHF, prior myocardial infarction or cardiomyopathy, and a
left ventricular ejection fraction (LVEF) <35% as determined by echocardiography.

Results The respective rates of treatments administered in urban and rural areas were as follows: beta-
blockers, 91.3% vs. 61.7% (p<0.05); ACEi/ARB, 86.5% vs. 68.3% (p<0.05); MRA, 74.4% vs. 59.4% (p<
0.01); anticoagulants, 100% vs. 86.5%, (p<0.05); ICD/CRT, 45.4% vs. 5.0% (p<0.05); cardiac rehabilitation,
32.4% vs. 13.3% (p<0.05) and HF education, 33.3% vs. 32.8% (p=0.75).

Conclusion Regional disparities in treatment for CHF persist, even in Japan. Improvements in the use of
guideline-directed treatment in rural areas might improve the outcomes for CHF patients.
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The prognosis for patients with chronic HF (CHF) wors-

Introduction

Heart failure (HF) indicates cardiac dysfunction caused by
organic and/or functional abnormalities occurring in the
heart and a lack of a compensatory cardiac pump function.
Symptoms such as dyspnea, fatigue and edema appear and
are collectively defined as a clinical syndrome of reduced
exercise tolerance (1). HF may occur due to factors other
than the heart, and 32.5% of HF patients show non-
cardiovascular diseases as the cause (2).

ens when left ventricular contractility declines compared
with when it is maintained (3). However, the prognosis of
CHF with reduced left ventricular contractility (HFrEF) (4)
has been improved, thanks in large part to pharmacothera-
pies, such as beta blockers (5, 6), and cardiac implantable
electric devices (CIEDs), such as implantable cardioverter
defibrillators (ICDs) and cardiac resynchronization therapy
(CRT) (7, 8). According to the guidelines of the Japanese
Circulation Society (9), American Heart Association (10)
and European Society of Cardiology (11), specific choices
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of essential therapies to improve the patient prognosis have
been recommended according to the clinical status of the in-
dividual patient.

Under the National Health Insurance system of Japan,
which covers almost all people at relatively low expense,
residents of Japan are supposed to have access to a uniform
quality of medical care. Thus, the quality of medical treat-
ment for CHF in rural and urban areas is expected to be of
a similarly high standard. However, epidemiological studies
have predicted that approximately 1.3 million Japanese will
develop HF by 2030 in parallel with the decline in the
population and the rapidly increasing numbers of elderly
persons (12). In particular, the number of aging rural indi-
viduals will far exceed the capacity of medical facilities and
doctors. Thus, many patients with HF may only be able to
receive limited medical treatment in rural areas.

Given this situation, we aimed to determine whether or
not patients with CHF do indeed receive the same standards
of care in rural and urban areas.

Materials and Methods

Patient selection

The study included 387 patients admitted for congestive
HEF, with the exception of cases associated with acute myo-
cardial infarction. Patients who had a history of myocardial
infarction or cardiomyopathy and showed a left ventricular
ejection fraction (LVEF) <35% on echocardiography were
registered. HF was diagnosed according to the criteria in the
guidelines [symptoms and physical examinations as de-
scribed above, pleural effusion and/or lung congestion in
chest X-ray, brain natriuretic peptide (BNP) >100 pg/mL or
N-terminal pro-brain natriuretic peptide (NT-proBNP) >400
pg/mL in blood test] (9).

The urban institution was Niigata University Hospital (Ni-
igata City), and the rural institutions were Niigata Prefec-
tural Tokamachi (Tokamachi City), Uonuma City Koide
(Uonuma City), Niigata Prefectural Matsudai (Tokamachi
City) and Tsunan Town (Tsunan Town) Hospitals. The study
periods were from 2006 to 2016 and from 2015 to 2018 in
the urban and rural hospitals, respectively. Patients who died
after hospitalization due to initial acute HF, had unknown
prior therapies due to moving or other reasons or no history
of hospitalization were excluded. All patients enrolled in this
study had a history of hospitalization for HF other than
acute myocardial infarction.

Treatments recommended by guidelines

We compared the rates at which treatments for HFrEF
recommended by the guidelines of the Japanese Circulation
Society (9), American Heart Association (10) and European
Society of Cardiology (11) were implemented between ur-
ban and rural areas. Comparisons were performed both in all
patients and in the subgroup of patients 70-85 years old.
The latter subgroup was established in order to minimize the

effects of differences in the age of both groups on this com-
parison. Treatments included medical [beta blocker,
angiotensin-converting enzyme inhibitor (ACEi)/angiotensin
IT receptor blockers (ARB), mineralocorticoid receptor an-
tagonist (MRA) and anticoagulants for atrial fibrillation] and
non-medical (ICD/CRT, cardiac rehabilitation and HF educa-
tion) approaches. The necessity of each treatment in each
patient was decided according to the stage of HF, cardiac
function and presence of atrial/ventricular arrhythmia.

We also compared the administered doses of the beta
blockers carvedilol and bisoprolol and of the diuretic fu-
rosemide between the two groups.

Data analyses

Between-group differences in clinical characteristics were
determined using unpaired r-tests, ° and Fisher’s exact test
for continuous and categorical variables, respectively. All
data were statistically analyzed using the SPSS software
program, version 25.0 (SPSS, IBM, USA). Two-sided p val-
ues of <0.05 were considered statistically significant. Results
are expressed as the mean + standard deviation (SD) or n
(%).

Results

Patients’ characteristics

Tables 1 and 2 show the backgrounds of the 207 urban
and 180 rural residents (mean age, 64+15 vs. 80+15 years
old; p<0.05). Women accounted for 38% and 27% (p<0.05),
and the mean EF was 26% +6.9% vs. 29% +5.2% (p<0.05)
in the urban and rural areas, respectively. The proportion of
patients with atrial fibrillation was 49% in both areas (p=
0.89). The administered doses (urban vs. rural) of the beta-
blockers bisoprolol and carvedilol were 3.6+2.0 vs. 2.3x1.3
and 9.3+6.3 vs. 6.8+6.9 mg, respectively (both p<0.05), and
those of the diuretic furosemide were 39+34 vs. 28+23 mg
(p<0.05). The major underlying pathologies in the urban and
rural areas comprised ischemic heart disease (IHD; 30% and
17%, respectively) and dilated cardiomyopathy (DCM; 27%
and 28%, respectively), whereas IHD, DCM and valvular
heart disease accounted for 60% of the total in both areas.
Secondary cardiomyopathy, including cardiac sarcoidosis,
was more prevalent in the urban than in the rural areas. No-
tably, the types of heart disease had not been clearly diag-
nosed in many patients in the rural areas.

Rates of recommended treatment implementation

Fig. 1 shows the main findings. The implementation rates
for most treatments were higher in urban than in rural areas
(beta-blockers, 91.3% vs. 61.7%, p<0.05; ACEi/ARB, 86.5%
vs. 68.3%, p<0.05; MRA, 74.4% vs. 59.4%, p<0.05; antico-
agulant therapy, 100% vs. 86.5%, p<0.05; ICD/CRT, 45.4%
vs. 5.0%, p<0.05). Rates for cardiac rehabilitation (urban vs.
rural) were 32.4% vs. 13.3% (p<0.05), and those for HF
education were 33.3% vs. 32.8% (p=0.75; not significant).
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Table 1. Backgrounds of 207 Urban and 180 Rural Residents.
Urban areas  Rural areas

(n=207) (m=180) P value

Age 6412 80x15 p<0.05
>75yrs (n,%) 57 (28) 126 (72) p<0.05
Male (n,%) 151 (62) 111 (73) p<0.05
EF (%) 26+6.9 29+5.2 p<0.05
Atrial fibrillation (n,%) 101 (49) 89 (49) p=0.89
Dose of 3-blocker (mg)  Bisoprolol 3.6+2.0 2.3+1.3 p<0.05
Carvedilol 9.316.3 6.8+£6.9 p<0.05

Dose of furosemide (mg) 39+34 28+23 p<0.05

Results are presented as means+SD or n (%). EF: ejection fraction

Table 2. Types of Heart Disease of 207 Urban and 180 Rural Residents.

Types of heart disease (n,%)

Urban areas Rural areas

(n=207) (n=180)
Ischemic heart disease 62(30) 30(17)
Dilated cardiomyopathy 59(27) 51(28)
Valvular heart disease 21(10) 26(14)
Dilated phase of hypertrophic cardiomyopathy 13(6.3) 2(1.1)
Tachycardia induced cardiomyopathy 9(4.3) 13(7.2)
Cardiac sarcoidosis 703.4) 0(0)
Left ventricular non-compaction 5024 0(0)
Mitochondrial cardiomyopathy 524 00
Hypertensive cardiomyopathy 4(1.9) 0(0)
Cardiac amyloidosis 3(1.4) 2 (1.1)
Drug-induced cardiomyopathy 3(1.4) 0(0)
Congenital heart disease 3(1.4) 0(0)
Lamin cardiomyopathy 2(1.0) 0 (0)
Peripartum cardiomyopathy 1(1.0) 0(0)
Lupus cardiomyopathy 1(0.5) 0(0)
Fabry disease 1(0.5) 0(0)
Eosinophilic myocarditis 1(0.5) 0(0)
Idiopathic ventricular aneurysm 1(0.5) 0 (0)
Unkown/not examined 8(3.9) 60(33)

Results are presented as n (%).

We also conducted comparisons between groups among
subjects 70-85 years old. Tables 3 and 4 show the back-
ground characteristics of the 73 urban and 82 rural residents
(mean age, 78+4.6 years old vs. 79+4.6 years old; p=0.13).
No significant differences were apparent in major character-
istics, such as sex, EF, or prevalence of atrial fibrillation, or
age between the urban versus rural areas (women, 25% vs.
35%; p=0.15; EF, 27£6.0% vs. 28+5.3%; p=0.31; atrial fib-
rillation, 49% vs. 61%; p=0.15). The administered doses (ur-
ban vs. rural) of the beta-blockers bisoprolol and carvedilol
were 3.0£1.6 mg vs. 1.9+1.0 mg (p<0.05) and 6.6+4.6 mg
vs. 6.6£7.1 mg (p=0.67), respectively, and those of the diu-
retic furosemide were 30+23 mg vs. 29422 mg (p=0.67).
The major underlying pathologies showed a similar tendency
among all age groups (IHD, 46% and 37%; DCM, 18% and
13%; valvular heart disease, 12% and 15%). Secondary car-
diomyopathy was rare because this subgroup was restricted
to elderly subjects. However, in this subgroup as well, the

underlying diseases were not identified for many cases in
rural areas.

Fig. 2 shows the implementation rates of treatments at 70-
85 years old. In this comparison (urban vs. rural), the differ-
ence in the introduction rate of ICD/CRT was clear (beta-
blockers, 84.9% vs. 74.4%, p=0.10; ACEi/ARB, 82.2% vs.
73.2%, p=0.18; MRA, 60.3% vs. 57.3%, p=0.71; anticoagu-
lant therapy, 100% vs. 94%, p=0.13; ICD/CRT, 34.2% vs.
8.5%, p<0.01). Rates of cardiac rehabilitation (urban vs. ru-
ral) were 35.6% vs. 19.5% (p=0.02), and those for HF edu-
cation were 27% vs. 38.6% (p=0.12).

Discussion

In this study, we found considerable disparity between ur-
ban and rural areas in the treatment of CHF with contraction
disorders. However, considering age differences, the differ-
ence in the ICD introduction rate was noticeable, and a dif-
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Figure 1.

Comparison of GDMT implementation rates among all patients selected from urban and

rural areas. Therapies included beta-blockers, ACEi/ARB, MRA, anticoagulants, ICD/CRT, cardiac
rehabilitation and HF education. MRA: mineral corticoid receptor antagonist, ACEi: angiotensin-
converting enzyme inhibitors, ARB: angiotensin II receptor blockers, CRT: cardiac resynchroniza-
tion therapy, GDMT: guideline-directed medical therapy, HF: heart failure, ICD: implantable car-

dioverter defibrillator (s)

Table 3. Backgrounds of 73 Urban and 82 Rural Residents among 70-85

Years Old.
Urban areas  Rural areas

(n=73) (n=82) P value

Age 78+4.6 79+4.6 p=0.13
>75yrs (n,%) 50 (69) 62 (76) p=0.24
Male (n,%) 55 (75) 53 (65) p=0.15
EF (%) 27+6.0 28+5.3 p=0.31
Atrial fibrillation (n,%) 36 (49) 50 (61) p=0.15
Doze of B-blocker (mg) Bisoprolol 3.0+1.6 1.9+1.0 p<0.05
Carvedilol 6.6+4.6 6.6+7.1 p=0.98

Doze of furosemide (mg) 30+23 29+22 p=0.67

Results are presented as means+SD or n (%). EF: ejection fraction

ference was also apparent in non-pharmacological therapy.
In numerous clinical trials on the treatment of CHF, some
therapeutic options have been shown to have robust favor-
able effects. Several pharmacological agents can improve the
prognosis of CHF and are collectively termed “cardioprotec-
tive” agents. The CONSENSUS Trial Study found that add-
ing enalapril to conventional therapy for patients with severe
CHF reduced mortality and improved symptoms (13). Bi-
soprolol and carvedilol also reduced the risk of death and of
hospitalization for cardiovascular causes in patients with HF
and reduced contractility (5, 6, 14). Thus, the clinical guide-
lines (9-11) recommend adding the above drugs to therapy
for an HF patient to improve their prognosis. In our study,
the implementation rates for cardioprotective agents (beta-
blockers, ACEi/ARBs and MRAs) were considerably low in
rural areas. Even though patients in rural areas tend to have
some limitations concerning their access to medical thera-

pies, such as advanced age and other organ (e.g., kidney)
dysfunctions, the low implementation rate of cardioprotec-
tive agents may have further reduced the prognosis of HF
patients in rural areas.

In addition to pharmacological therapy, CIEDs, such as
ICDs and CRT, have been shown to be among the essential
treatments for HF patients (15, 16). ICDs improve the prog-
nosis more than antiarrhythmic agents among patients with
persistent ventricular tachycardia and ventricular fibrillation
associated with underlying heart disease (17). A meta-
analysis summarizing these 3 trials showed that ICDs sig-
nificantly reduced mortality compared with amiodarone,
with a 27% reduction in relative mortality over 6 years (18).
The MADIT-1 and MADIT-2 ICD trials concerning the abil-
ity of ICDs to prevent sudden death found an improved
mortality among patients with coronary artery disease and a
reduced left ventricular contractility (19, 20). The SCD-
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Table 4. Types of Heart Disease of 73 Urban and 82 Rural Residents

among 70-85 Years Old.

(%)

Types of heart disease (n,%) Url()ri::;;l;eas Ru(l;laigzr)e as
Ischemic heart disease 35(46) 30(37)
Dilated cardiomyopathy 14(18) 11(13)
Valvular heart disease 9(12) 12(15)
Dilated phase of hypertrophic cardiomyopathy 6(7.9) 1(1.2)
Tachycardia induced cardiomyopathy 4(5.3) 6(7.3)
Cardiac sarcoidosis 1(1.3) 0(0)
Hypertensive cardiomyopathy 2 (2.6) 0(0)
Cardiac amyloidosis 00 2124
Idiopathic ventricular aneurysm 1(1.3) 0(0)
Unkown/not examined 4(5.3) 23(28)

Results are presented as n (%).
p=0.18 p=0.71 p=0.13 p<0.01 p=0.02 p=0.12

p=0.10
100

B-blocker ACEi/ARB MRA

B Urban areas

Anticoaglant therapy

ICD/CRT Cardiac rehabilitation  Patient education

B Rural areas

Figure 2. Comparison of GDMT implementation rates among patients of 70-85years old selected
from urban and rural areas. Therapies included B-blockers, ACEi/ARB, MRA, anticoagulants, ICD/
CRT, cardiac rehabilitation and HF education. MRA: mineralcorticoid receptor antagonist, ACEi:
angiotensin-converting enzyme inhibitors, ARB: angiotensin II receptor blockers, CRT: cardiac re-

synchronization therapy, GDMT: guideline-directed medical therapy, HF: heart failure, ICD: im-

plantable cardioverter defibrillator (s)

HeFT and DEFINITE trials found that ICDs tend to reduce
sudden death even among patients with non-ischemic heart
disease (21, 22). The prognosis-improving effects of CRT
have also been proven in various clinical trials (COMPAN-
ION, CARE-HF) (7, 8). CRT is more effective in patients
with advanced cardiac dysfunction and conduction distur-
bances, such as left bundle branch block, than in others. The
patients who receive treatment with CRT and show normali-
zation of the cardiac function are called “super-responders”.
CRT is thus an essential treatment for HF patients in combi-
nation with pharmacological therapy.

However, the implantation and management of CIEDs re-
quires specialized skills that are often available only in terti-
ary hospitals located in urban areas. Difficulty accessing ter-
tiary hospitals may make patients in rural areas hesitant to

receive CIED therapy. In our study, the difference in imple-
mentation rates between urban and rural areas was greatest
for CIEDs (45.4% vs. 5.0%, p<0.05). The increasing use of
CIEDs in rural areas may have substantial positive impacts
on the general prognosis of HF patients. In recent years, re-
mote monitoring systems for CIEDs have been widely im-
plemented, [such IN-
TIME (23)] have shown prognosis-improving effects of
monitoring systems. Such systems may make it easier for
patients in rural areas to access CIED treatment by reducing
the need to visit doctors directly in tertiary hospitals.

and some clinical studies as

Although not investigated in the present study, catheter in-
terventions for structural heart disease, such as severe aortic
stenosis and mitral regurgitation, have been becoming com-
mon options for managing HF patients. Transcatheter aortic
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valve replacement (TAVR) and transcatheter repair of func-
tional mitral regurgitation (Mitraclip) are representative
methods (24, 25). These therapies are characterized by mini-
mal invasiveness and can be performed in patients who are
unable to undergo conventional open-chest operations due to
high risk or high age. However, these therapies are often
provided in quite specialized hospitals in urban areas. In our
study, HF patients tended to be older in rural areas than in
urban areas, and those patients who might benefit the most
from these novel techniques seem to predominantly live in
rural areas. We feel it is important to provide opportunities
to access the latest technologies to HF patients living in not
only urban areas but also rural areas.

These pharmacological and non-pharmacological treat-
ments are being combined and applied in clinical practice,
and the prognosis of patients is thus improving. However,
with the impending pandemic of HF, the prognosis needs to
be further improved. Nationwide standard care should be ac-
cessible in developed countries such as Japan, but this has
never been verified in terms of actual practice. The present
study is unique in focusing on regional disparities in guide-
line adherence, revealing a significant disparity in “real-
world” clinical practice. Efforts to improve this might help
improve the prognosis of all patients with HF. The IM-
PROVE HF study on the rates of guideline-directed medical
therapy (GDMT) implementation in HFrEF outpatient care
in the USA found that the baseline implementation rates of
ACEi/ARB, beta blockers and MRA were 36.1%, 20.5%
and 74.4%, respectively (26). The Change the Management
of Patients with Heart Failure (CHAMP-HF) study found
that the target doses of recommended medications were pre-
scribed to only 1.1% of participants (27). In the treatment of
HF, the duration of hospital stay also has a significant im-
pact on the clinical courses of older individuals. Long hospi-
tal stays lead to a poor cognitive function and disuse. In the
Acute Decompensated Heart Failure Syndromes (ATTEND),
a registry of acute HF in Japan, the mean length of stay was
31 days (median, 21 days), which was longer than that of
Western countries (28). Providing high-quality,
medical care for patients with HF is important in Japan,
where the population is rapidly aging. The Chronic Heart
Failure Analysis and Registry in the Tohoku District
(CHART)-2 and Japanese Cardiac Registry of Heart Failure
in Cardiology (JCARE-CARD) are observational studies of
chronic HF in Japan. Both registries included many elderly
individuals, and many patients had multiple comorbidities,
such as diabetes, hypertension, atrial fibrillation and chronic
kidney disease. The clinical backgrounds were more severe
in elderly HF patients than in young ones. The readmission
rate due to worsening HF was 36.3% at 2.1 years’ follow-up
after discharge (29, 30). In addition to the treatment of un-
derlying diseases with pharmacological therapy, patient edu-
cation and care support were also shown to be important to
prevent exacerbation of HF in the elderly. This is because
many patients are hospitalized due to preventable issues,
such as inadequate salt/water restrictions, overwork, inade-

efficient

quate use of therapeutic drugs and mental or physical
stress (31).

The present study found that aging was more rapid in ru-
ral areas than in urban areas. Basic heart disease is often di-
agnosed in urban areas, whereas many patients in rural areas
have undiagnosed underlying heart disease. In recent years,
some kinds of cardiomyopathy, such as cardiac amyloidosis
and Fabry disease, have become treatable with specific
medicines (32, 33). In addition to the low rates of guideline
adherence, the absence of the diagnosis of underlying heart
disease may deteriorate the prognosis of HF patients in rural
areas.

Rates of adherence to guidelines were lower in rural areas
for almost all therapies, but considering the age differences,
the difference in the ICD introduction rate was marked.
Combining the present findings with those of the BIOlogy
Study to TAilored Treatment in Chronic Heart Failure
(BIOSTAT-CHF) study (34) on the target dose administra-
tion for GDMT in patients HFrEF, patient-related factors
also influence the outcomes of target dose administration.
Treatment could not be administered due to the high possi-
bility of adverse events, such as bradycardia, renal injury
and hyperkalemia, in some patients in rural areas, probably
due to their advanced age. Doses of beta-blockers were also
lower in rural areas than in urban areas in the present study.
Although the adherence to guidelines for pharmacological
therapies was relatively good in both areas, the adherence to
guidelines for non-pharmacological therapies had room for
improvement, even when the effect of age was reduced. Pro-
moting the placement of physical therapists engaged in reha-
bilitation in rural areas is thus necessary. Fewer devices
(ICD/CRT) were implanted in rural areas than in urban ar-
eas, indicating an opportunity to improve the outcomes of
patients with HF. Implantation of an ICD can prevent sud-
den death among patients with a reduced left ventricular
contractility who are likely to have fatal arrhyth-
mias (35-37). The active introduction of ICD/CRT may help
improve the prognosis of patients with CHF in rural areas.

With the looming HF pandemic, a limited number of doc-
tors and hospitals will have to manage the growing cohort
of HF patients in rural areas. In fact, only a few cardiolo-
gists were present in rural areas in this study. Regarding the
use of drugs for HF, it is important to pay attention to side
effects and to refrain from administering drugs that can
worsen HF [particularly non-steroidal anti-inflammatory
drugs (NSAIDs)] when treating HF in the elderly (38). To
improve the prognosis of HF patients, we need to maintain
robust contact with non-cardiologists in rural areas by shar-
ing the latest information about managing HF patients. In
addition, improving the infrastructure, such as access to heli-
copter emergency medical services (“Doctor-Heli”), also ap-
pears to be important. Many patients in rural areas had un-
known underlying heart disease, even after excluding the ef-
fects of age. We need to establish more effective and effi-
cient systems of managing HF before the HF pandemic be-
comes serious. Enacting nationwide improvements to the
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implementation rate of essential treatments without regional
disparity may be one practical option for combatting the HF
pandemic.

Study limitations

This study included only five facilities and a small cohort
of residents in a single prefecture in Japan. More elderly
persons live in rural than in urban areas. Differences in age
would clearly have some effect on the treatment content, but
whether this is acceptable or not requires further study.

The background also differed between the two groups in
terms of the collection period, which may have affected the
results (even in advanced cases, the introduction of treat-
ment was partially insufficient in rural areas).

Some pharmacotherapeutic approaches might not have
been attempted in rural areas due to concerns about adverse
events associated with a high age and deteriorated organ
(kidney, liver, etc.) function in rural areas. Nonetheless, why
pharmacological and non-pharmacological strategies were
not implemented remains obscure. We also did not assess
whether or not differences in implementation rates would af-
fect the prognosis. A larger prospective study that focuses
on regional disparities and the prognosis is thus needed.

Conclusion

We found that regional disparities in treatment for HF
persist in Japan. Improvements in the use of GDMT, espe-
cially ICD/CRT, in rural areas might improve outcomes for
patients with HE. A prospective study is needed to prove
this hypothesis.
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