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Temporal Trends of Hospitalized Patients with Heart Failure in Korea
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Heart failure (HF) is an important cardiovascular disease because of its increasing prevalence, significant morbidity, high mortality and
rapidly expanding health care costs. The number of HF patients is increasing worldwide and Korea is no exception. Temporal trends of
four representative Korean hospitalized HF registries-the Hallym HF study, the Korean Multicenter HF study, the Korean Heart Failure
(KorHF) registry and the Korean Acute Heart Failure (KorAHF) registry showed mild survival improvement reflecting overall HF patient care
development in Korea despite the increased severity of enrolled patients with higher incidence of multiple comorbidities. Moreover, device
therapies such as implantable cardioverter defibrillator and cardiac resynchronization therapy and definitive treatment such as heart
transplantation have been increasing in Korea as well. To prevent HF burden increase, it is essential to set up long term effective
prevention strategies for better control of ischemic heart disease, hypertension and diabetes, which might be risk factors for HF
development. Moreover, proper HF guidelines, performance measures, and performance improvement programs might be necessary to

limit HF burden as well. (Korean Circ J 2017;47(1):16-24)
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Introduction

Heart failure (HF) is a clinical syndrome characterized by typical
symptoms and signs caused by structural and/or functional cardiac
abnormalities.” HF is an important cardiovascular disease due to
its increasing prevalence, significant morbidity, high mortality
and rapidly expanding health care costs. An HF diagnosis has
previously been described as more 'malignant’ than cancer, given
the comparatively low 5-year survival rates.?¥ In 1991, 5-year
mortality from HF was 11% higher than the corresponding rates for
gastrointestinal cancers. A systematic review found comparative
5-year age-adjusted and gender-adjusted survival rates for cancer,
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stroke, and HF to be generally similar, with observed improvements
in survival for all three diseases over the past decade.¥¥

The prevalence of HF is approximately 1-2% in the adult
population in developed countries, rising to >10% among people
>70 years of age.” On the basis of data from the National Health
and Nutrition Examination Survey (NHANES) 2009-2012, about
5.7 million (2.2%) people over the age of 20 years have HF and
more than 550000 people are newly diagnosed with HF every
year in the USA.Y By 2030, the prevalence of HF will increase 46%,
resulting in more than 8 million people, and total medical costs for
HF patients are expected to increase from $20.9 billion to $53.1
billion.9® In Japan, it is estimated that 1.0 million individuals have
HF, and the number of Japanese outpatients with left ventricular
(LV) dysfunction is predicted to gradually increase from 979000
in 2005 to 1.3 million by 2030.” In Korea, the prevalence of HF
increased approximately two times from 0.75% in 2002 to 1.53%
in 2013, and is expected to increase by 2-fold again, from 1.60%
in 2015 to 3.35% in 2040, when more than 1.7 million Koreans are
expected to have HF®Y

Korean hospitalized heart failure registry

Despite the survival improvement in chronic HF, following the
introduction of disease-modifying treatments in the 1990s,
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hospitalization for acute heart failure (AHF) continues to increase
in many countries.™ AHF refers to rapid HF onset or worsening of
symptoms and/or signs. This is a life-threatening medical condition
requiring urgent evaluation and treatment, typically leading to
hospital admission.” Estimates of the clinical characteristics,
treatment, prognosis and temporal trends of HF hospitalization are
central to our understanding of health-care utilization and to efforts
to improve patient care and reduce health care costs. Therefore
we aimed to investigate the temporal trends of four representative
Korean hospitalized HF registries-the Hallym HF study, the Korean
Multicenter HF study, the KorHF registry and the KorAHF registry.
The Hallym HF study registry was a single university medical center,
4 affiliated hospital-based, retrospective cohort study of Korean
hospitalized HF patients, between January 1987 and December
1997 (n=1657). The Korean Multicenter HF study registry was a
nationwide, prospective, observational, multicenter registry from
9 university hospitals for hospitalized Korean HF patients, between
January 1998 and August 2003 (n=1759).'9 The KorHF registry was
a nationwide, prospective, observational, multicenter registry from
24 academic hospitals for hospitalized Korean patients with AHF,
between June 2004 and April 2009 (n=3200)."” The KorAHF registry
was also a nationwide, prospective, observational, multicenter
cohort registry from 10 tertiary university hospitals for hospitalized
Korean patients with AHF between March 2011 and March 2014
(n=5625)."¥ Concomitant with the progress of these four Korean
HF registries, the cornerstone of the Korean Society of Heart
Failure (KSHF) has been laid firmly with various publications.'®-"
Since 2003, KSHF has been Korea's leading academic organization
dedicated to the study of heart failure. KSHF has promoted all
aspects of research into heart failure, offered education for health-
care professionals, and provided forums where the expertise and
experiences in heart failure research and treatment could be shared
through periodical conferences, congresses, and symposiums.

In this review article we aimed to evaluate temporal trends
seen in the four representative Korean HF registries, and focused
on patient population characteristics, clinical status on admission,
in-hospital management and clinical outcome. Because long
term prognosis from the KorAHF registry are not available yet, we
analyzed the KorAHF registry data from published interim analysis
results (n=2066)."® We also briefly review the temporal trend
for device therapies in Korea such as implantable cardioverter
defibrillators (ICD) and cardiac resynchronization therapy (CRT) as
well as definitive treatment such as heart transplantation.

As shown in Table 1, the recent Korean HF registry patients
were older, and had a higher incidence of comorbidities including
hypertension, diabetes, atrial fibrillation and stroke compared
with previous Korean HF registry populations. Ischemic etiology
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was associated with a higher proportion of hospitalized HF
patients, while hypertension as an HF etiology showed wide
variation between different registries. Patients with more severe
symptoms were enrolled in the recent registry and more patients
underwent echocardiography during the index admission period.
While the mean value of hemoglobin, serum sodium and creatinine
were comparable between the KorHF and KorAHF registries, the
proportion of patients with anemia, hyponatremia and azotemia
increased (data not shown). Regarding in-hospital management,
more frequent use of intravenous diuretics, inotropes, vasodilators,
mechanical ventilation and renal replacement therapy were noted
in the recent period, reflecting increased HF severity in the patient
population. The prescription rate for beta-blockers at discharge was
lower in the KorAHF registry while that for angiotensin converting
enzyme inhibitor (ACEi)/angiotensin receptor blocker (ARB) was
higher. Despite increased HF severity in enrolled patients, the
recent registry showed mild improvement of in-hospital mortality
indicating the overall development of hospitalized HF patient care
in Korea.

Age

One of the outstanding findings in the comparisons between
the four Korean hospitalized HF registries is the rapidly increasing
mean age of the patient population (Fig. 1). HF is one of the major
causes of death and hospitalization for elderly patients. The Korean
National Health Insurance Service (NHIS) sample cohort data
showed that the prevalence of HF was 12.6% in subjects aged
80 years or older, while it was 1.0% and 5.5% in those aged 40-
59 years and 60-79 years, respectively. The prevalence of HF in
subjects aged 80 years or older was approximately 8-fold higher
than the overall prevalence of HF (1.53%).% Age is an important
prognostic factor in the Hallym HF registry, the Korean Multicenter
HF study registry and KorHF registry as well.”*"” The KorAHF registry
also showed that old age (>70 years) was an independent predictor
of post-discharge mortality.”® Data from other countries revealed
that the overall number of hospitalizations for heart failure has
increased, particularly in the aged population.”"¥ With the aging
of the general population, the epidemiologic burden of HF might
increase substantially.

Comorbidities

Temporal trends in hospitalized HF patient comorbidities showed
increasing prevalence of hypertension and diabetes (Fig. 2). The Korean
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Table 1. Comparison of four Korean hospitalized HF registry
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Hallym HF study Korean multicenter HF study KorHF KorAHF
(n=1657) (n=1759) (n=3200) (n=2066)
Time period January 1987-December 1997 January 1998-August 2003 June 2004-April 2009 March 2011-May 2012
No. of participating hospitals 4 9 24 10
Demographics
Male (%) 432 529 50 55
Age (year) 63.7+13.4 64.1+14.3 67.6+14.3 69+14
Hypertension (%) 40.4 30.2 46.5 59
Diabetes mellitus (%) 19.9 25.6 30.5 36
Atrial fibrillation (%) 9.2 275 22.4 27
Stroke (%) 9.5 8.6 189 15
Etiology (%)
Ischemic 293 323 52.3 38
Hypertensive 26.7 16.5 36.7 6
Cardiomyopathy 25.5 22.7 26.5 21
|diopathic dilated 15.3 14.9 233 15
Valvular 17.2 135 12.7 13
In-hospital management (%)
Intravenous inotropes - - 358 400
IABP - - 33 39
Mechanical ventilation - - 7.1 140
Hemodialysis - - 4.1 4.5
CRRT - - 43
ECMO/PCPS - - 25
Medication at discharge (%)
Beta-blocker - - 58.6 440
ACEi/ARB 65.1 (ACEi only) - 53.7 65.0
Aldosterone antagonist - - 53.1 40.4
Digitalis 520 - 13.9 -
T(it?ggnlfscv)medlcal cost . _ 6658 7700
Admission duration (day) 11.3+12.2 - 9* 8*
In-hospital mortality (%) 5.8 (1 month mortality) - 6.4 5.2 (excluding HTx)
6-month cumulative survival (%) 87.4 90.5 - 90.8
1-year cumulative survival (%) 82.0 80.1 85.0 -

*Expressed as median duration. HF: heart failure, KorHF: Korean heart failure, KorAHF: Korean acute heart failure, IABP: intraaortic balloon pump, CRRT:
continuous renal replacement therapy, ECMO: extracorporeal membrane oxygenation, PCPS: percutaneous cardiopulmonary support, ACEi: angiotensin
converting enzyme-inhibitor, ARB: angiotensin receptor blocker, KRW: Korean won, HTx: heart transplantation

NHIS sample cohort data revealed that hypertension and diabetes
were common in HF patients. The prevalence of hypertension as a
comorbidity in hospitalized HF patients remained high, while diabetes
was markedly increasing in 2013 compared to 2003 (hypertension
46.2%, and diabetes 33.4% in 2003; hypertension 43.6%, and
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diabetes 49.1% in 2013, respectively).? Data from Western Australia
also revealed that hypertension and diabetes were the predominant
comorbidities associated with HF and the prevalence of risk factors
for HF, including hypertension, diabetes, renal failure, and atrial
fibrillation, increased between 1990 and 2005, which along with
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Fig. 1. Temporal trends of mean age in four Korean hospitalized HF registry.
HF: Heart failure, KorHF: Korean heart failure, KorAHF: Korean acute heart
failure.
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Fig. 2. Temporal trends of comorbidities in four Korean hospitalized HF
registry. HF: heart failure, KorHF: Korean heart failure, KorAHF: Korean
acute heart failure.

aging population demographics provided a note of caution with
respect to future population trends for HF™

Heart failure etiologies

Ischemic etiology is responsible for a high proportion of hospitalized
HF cases, suggesting the need for better control of ischemic heart
disease in order to reduce HF hospitalization (Fig. 3). The number of
ischemic heart disease patients has increased due to the accelerated
westernization of lifestyle in Korean people, and the number
of survivors of an acute coronary syndrome has dramatically
increased due to the development of interventional and medical
progress in the general cardiovascular treatment. Recently, similar
trends showing ischemia as the chief cause of HF were observed in
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Fig. 3. Temporal trends of etiologies in four Korean hospitalized HF
registry. HF: heart failure, KorHF: Korean heart failure, KorAHF: Korean
acute heart failure.

Asia, including China and Japan.”®

Cardiomyopathy and valvular heart disease etiologies underlying
HF hospitalization showed consistent proportions during different
time periods, while hypertension as an HF etiology showed wide
variation between different registries. Hypertension as an HF
etiology was significantly lower in the KorAHF registry compared
to the other registries. This may result from different initial
evaluation protocols in the KorAHF registry or the limited number
of participating tertiary hospitals with higher rates of hypertension
awareness, diagnosis and control® It is sometimes difficult to
differentiate whether hypertension is merely an accompanying
disease or an HF hospitalization etiology. It is necessary to more
clearly define 'hypertensive heart failure’ in which uncontrolled
hypertensionatclinical presentation mightresultin decompensation
in the absence of other identifiable causes.

Clinical outcomes and prognostic factors

Even though the time point for survival analysis showed variation
between the different registries, clinical outcomes showed mild
improvement despite the increased HF severity in enrolled patients,
reflecting the overall development of HF patient care in Korea
(Fig. 4). In-hospital mortality was 5-8%, which is comparable
to other registries. The cumulative Kaplan-Meier estimates for
survival using 3 available previous registry data sets showed
modest improvement in long term survival (Fig. 5). For the proper
analysis of long term clinical outcomes, more detailed analysis
such as propensity score matching might be necessary. However,
it is common that temporal trends in clinical outcomes show mild
or limited improvement irrespective of medical and surgical care
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Fig. 4. Temporal trends of clinical outcome in four Korean hospitalized HF
registry. HF: heart failure, KorHF: Korean heart failure, KorAHF: Korean
acute heart failure.

development for HF, because of the increased HF severity seen in
enrolled patients.3?%¥ Independent prognostic factors from the four
representative Korean hospitalized HF registries are summarized in
Table 2.

Hyponatremia was an independent predictor of poor prognosis
in the Hallym HF registry, the KorHF registry, the KorAHF registry
and other Asian hospitalized HF registries.®™”®343) Data from
the KorHF registry revealed that hyponatremia at admission was
associated with higher all-cause mortality, irrespective of whether
hyponatremia improved during hospitalization.? A multivariate
regression analysis of the KorAHF registry data also showed that
hyponatremia at admission was an independent predictor of in-
hospital mortality and post-discharge mortality.® Anemia is a
well-known prognostic factor in patients with HF and is commonly
observed in hospitalized HF patients. The KorHF registry showed
that anemia on admission was an independent predictor for all-
cause mortality in hospitalized HF patients.”” Renal dysfunction is
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Fig. 5. Cumulative Kaplan-Meier estimates of survival according to
different time periods in three Korean hospitalized HF registry. KorHF:
Korean heart failure, HF: heart failure.

one of the most important findings during hospitalization and a
prognostic factor for hospitalized HF patients. The KorHF registry
revealed that renal dysfunction was associated with poor clinical
outcomes.” A multivariate regression analysis of KorAHF registry
data also showed that renal dysfunction at admission was one of
the most important prognostic factors for in-hospital mortality
and post-discharge mortality.”®

The cumulative survival curves for HF etiologies are shown in
Fig. 6. The Hallym HF study revealed that HF caused by ischemic
heart disease was associated with the poorest cumulative survival
of 80.5% at 6 months, 30.2% at 5 years and 18.4% at 10 years,
while HF caused by hypertensive heart disease predicted better
survival with 90.8% at 6 months, 53.8% at 5 years and 31.1% at 10
years.” These patterns were consistent with a subsequent Korean
multicenter HF study as well. HF caused by ischemic heart disease
showed the poorest cumulative survival with 79.49% at 6 months,
70.2% at 1 year and 59.7% at 2 years, while HF caused by valvular

Table 2. Independent predictors of clinical outcome in four Korean hospitalized HF registry

Hallym HF study Korean multicenter KorHF KorAHF
(n=1657) HF study (n=1759) (n=3200) (n=2066)
Hyponatremia Previous MI Old age Old age

Diabetes Diabetes Hyponatremia Hyponatremia
Stroke Stroke Previous HF Renal dysfunction
Smoking Anemia HF aggravation due

Interruption of ACE inhibitors

to renal failure
High NT-proBNP

Beta-blocker at discharge

HF: heart failure, KorHF: Korean heart failure, KorAHF: Korean acute heart failure, MI: myocardial infarction, ACE: angiotensin converting enzyme, NT-proB-

NP: N-terminal prohormone of brain natriuretic peptide
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Fig. 6. Cumulative Kaplan-Meier estimates of survival for hospitalized patients with heart failure according to the etiologies. HF: heart failure, VHD:
valvular heart disease, CMP: cardiomyopathy, HHD: hypertensive heart disease, IHD: Ischemic heart disease.

heart disease was associated with better survival with 92.6% at 6
months, 91.0% at 1 year and 89.2% at 2 years followed by HF caused
by cardiomyopathy and hypertensive heart disease'®. However, long
term survival of valvular heart disease patients in the Hallym HF
study revealed a poor prognosis 7-9 years after index admission
requiring close attention to these patients. HF etiology can be highly
variable and many patients will have several comorbid pathologies
that result in HF hospitalization. ldentification of these diverse
pathologies should be part of the diagnostic workup, as they may
offer specific therapeutic opportunities.”

In-hospital management

More frequent use of intravenous diuretics, inotropes, vasodilators,
mechanical ventilation and renal replacement therapy in the recent
time period might result from the fact that patients with more severe
symptoms and multiple comorbidities were enrolled in the recent
registry. The advance of more active interventional treatment such as
mechanical ventilation, renal replacement therapy and percutaneous
cardiopulmonary support (PCPS) may be related to the improved
in-hospital mortality in AHF patients. PCPS have been actively
engaged in the acute care of patients with cardiogenic shock and are
associated with clinical outcome improvement in Korea.®

Guideline directed medical therapy and performance measures

www.e-kgej.org

areimportant issues in the management of hospitalized HF patients.
Interruption of ACEi treatment was an independent prognostic
factor in the Hallym HF registry, while beta-blocker prescription at
discharge showed better clinical outcomes in the KorHF registry.
When 1527 patients from the KorHF registry with left ventricular
systolic dysfunction who survived hospitalization were evaluated,
multivariate analysis revealed that adherence to ACE inhibitor
treatment or ARB use at discharge were significantly associated
with mortality and readmission at 60 days, and adherence to beta-
blockers at discharge with mortality at 1 year.??

Implantable cardioverter defibrillators and cardiac
resynchronization therapy in Korea

In Korea, device therapy for HF patients such as ICD and CRT
has been underutilized because of cultural proscriptions, low
HF awareness of patients and strict insurance coverage criteria.
However, device therapy has recently increased steadily as shown
in Fig. 7. To get real world data regarding the risks and benefits
of device therapy for HF, and to clarify unmet needs for device
therapy in Korean HF patients, it is necessary to establish a
prospective nationwide HF device therapy registry near in the
future.
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Fig. 7. Temporal trends of implantable cardioverter defibrillator and
cardiac resynchronization therapy in Korea . ICD: implantable cardioverter
defibrillator, CRT: cardiac resynchronization therapy.

Heart transplantation in Korea

In Korea, the first heart transplantation was performed at Asan
medical center in 1992. The recipient was 51 years old at that time and
is still alive after more than 23 years. By December 31st 2015, a total
of 1136 heart transplants were done in Korea.*” Before 2000, annual
heart transplants were less than 20, however transplants increased
to more than 50 by 2007 and recently the annual number was over
120 (Fig. 8). A nationwide heart transplant cohort study under the
Korean Organ Transplant Registry (KOTRY) since 2013 has been
started. In Korea, unlike other Asian countries, where religious and
social beliefs hinder organ donation, the number of heart transplants
have increased steadily recent periods.*”*® However there is still a
significant organ shortage even though organ donation is increasing
in Korea, because there is a rapidly increasing number of end-stage
HF patients requiring definitive treatment.

Accordingly, mechanical circulatory support devices, particularly
continuous-flow left ventricular assist devices (LVADs) are increas-
ingly seen as an alternative to heart transplantation in North Amer-
ica and Europe. The number of patients with a permanent LVAD
who are considered neither too old nor ineligible for transplanta-
tion is constantly growing. For a majority of these patients, lifelong
LVAD therapy, despite eligibility for transplantation, has become
a clinical reality.” However, LVADs are not actively used in Korean
end-stage HF patients' care, because of government requlation and
insurance issues.

Future strategies to reduce heart failure burden

The prevalence of hypertension, diabetes and ischemic heart
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Fig. 8. Temporal trends of heart transplantation in Korea.

disease which are important risk factors for HF, is increasing.>®
Patients in acute cardiovascular disease status will survive longer
due to the development of advanced medical and surgical therapies,
as well as accelerated aging of the general population, which will
result in more patients at risk for developing HF® If increased HF
burdens are to be avoided, the prevention of incident HF and proper
guidelines for HF treatment are essential. Proper understanding of
risk factors for HF is important to the development of preventive
strategies. Demographic risk factors for the development of
HF include older age, male gender, smoking, and obesity, while
specific diseases such as ischemic heart disease, hypertension and
diabetes also contribute significantly to the development of HF®
Ischemic heart disease is still one of the most important risk factors
for hospitalized HF in Korea and requires a special monitoring
program. Hypertension is associated with a smaller relative risk for
HF development than that associated with ischemic heart disease,
but contributes more to overall HF burden because of its higher
prevalence.®’ The prevalence of diabetes as a comorbidity in Korean
hospitalized HF patients is steadily increasing and it is well known
that diabetes, insulin resistance, and obesity are also linked to HF
development. To prevent increased HF burdens, it is essential to set
up long term effective pre-emptive prevention strategies for better
control of ischemic heart disease, hypertension, and diabetes which
are risk factors for HF development.

Not only the prevention, but also the treatment of HF, can be
improved through enhanced adherence to guideline directed
management.? In an effort to increase the use of evidence-based
prevention and treatment approaches, the KSHF has produced
Korean quidelines for the prevention and treatment of chronic
HF in 2015, and for AHF in 2016. By facilitating measurements
of cardiovascular healthcare quality, performance measures may
serve as effective methods to accelerate appropriate translation of
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scientific evidence into clinical practice.® Performance improvement
programs have facilitated the implementation of evidence-based
therapies in both hospital and ambulatory care settings and it is well
known that providing better levels of care based on performance
measures are associated with better patient survival rates in
patients with HF®?? Therefore, proper guidelines, performance
measures, and performance improvement programs can have a
substantial impact on cardiovascular prevention and treatment and
will be important tools for limiting the burden of HF as well.

In summary, the temporal trends seen in four representative
Korean HF registries-the Hallym HF study, the Korean Multicenter
HF study, the KorHF registry and the KorAHF registry, showed mild
improvement in HF mortality reflecting the overall development of
AHF patient care in Korea despite the increased disease severity
of enrolled patients including higher incidence of multiple
comorbidities. To prevent increasing HF burdens, it is essential to
set up long term effective pre-emptive prevention strategies for
better control of ischemic heart disease, hypertension and diabetes,
which might be risk factors for the development of HFE. Moreover,
proper HF guidelines, performance measures, and performance
improvement programs are necessary to limit HF burden as well.
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