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Abstract

Aims The study aimed at investigating the use of guideline-recommended diagnostic tools and medication in patients with
heart failure (HF) in specialty care in Southwest Finland. We also compared the characteristics of the diagnosed and undiag-
nosed patients as well as laboratory tests, procedures, and treatments in everyday clinical practice.

Methods and results Patients diagnosed with HF, cardiomyopathy, or hypertension-induced heart disease (n = 20 878,
primary cohort) or not diagnosed with HF but having a record of elevated N-terminal pro-brain natriuretic peptide (NT-
proBNP) (>125 ng/L, n = 24 321, secondary cohort) were included in the study from the specialty care patient register of
the Hospital District of Southwest Finland during the years 2005-2017. Among patients with an International Classification
of Diseases, Tenth Revision (ICD-10) code for HF, only 50% had ejection fraction (EF) data to be found by data mining from
the electronic health records. Of these patients, 39% (n = 4042) had EF < 40% [HF with reduced EF (HFrEF)] and 61%
(n = 6347) had EF > 40%. Elevated NT-proBNP together with EF > 40% narrowed down the number to 4590 patients, a pop-
ulation defined as HF with preserved EF (HFpEF) patients. HFpEF patients were further stratified into HF with mildly reduced EF
(HFmrEF; EF 41-50%, n = 1468) and EF > 50% patients (n = 3122) to compare clinical characteristics. NT-proBNP was higher
within the HFrEF patients vs. HFpEF {4580 [inter-quartile range (IQR): 2065-9765] vs. 2900 [2065-9765] ng/L, P < 0.001}.
Baseline co-morbidities differed between HFpEF and HFrEF groups. Further, HFpEF patients had more procedures and lab tests
taken prior to diagnosis than had HFrEF patients. HFmrEF patients were found to resemble more HFrEF than EF > 50% pa-
tients. In 70% (n = 17 156) of patients in the secondary cohort, the NT-proBNP concentrations were >300 ng/L, median
was 1090 (IQR 551-2558) ng/L and EF 58.4 + 12.1% (n with EF available = 6845). Reduced EF was present in 6.8% of patients
lacking HF diagnosis.

Conclusions Half of the patients with ICD-10 code for HF did not have EF data available after a visit at specialty care. In par-
ticular, the diagnosis of HFpEF seems challenging, reflected as an increase in procedures and laboratory test preceding diag-
nosis compared with those in HFrEF patients. Also, a large proportion of patients did not have HF diagnosis, yet they presented
elevated NT-proBNP concentrations and clinical characteristics resembling those of HFpEF patients.
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Introduction

Heart failure (HF) has a typical clinical manifestation of
dyspnoea, ankle swelling, and fatigue resulting from
an abnormal cardiac structure and function.® The
prevalence of HF is increasing worldwide, and HF is associ-
ated with a substantial health care burden, as well as
morbidity and mortality.™ Thus, a correct and timely

diagnosis of patients with HF would be important to
achieve optimal care.

Echocardiography is the most commonly used and widely
available diagnostic tool in patients with suspected HF to es-
tablish the diagnosis. It provides immediate information on
chamber volumes, systolic and diastolic ventricular function,
wall thickness, valve function, and pulmonary hyperten-
sion.%>” The diagnosis of HF emphasizes also the initial
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assessment of N-terminal pro-brain natriuretic peptide (NT-
proBNP), with a negative cut-off value of 125 ng/L in
non-acute patients and 300 ng/L in acute patients presenting
symptoms and clinical features of HF."®

Treatment of HF with reduced ejection fraction (HFrEF)
with angiotensin-converting enzyme inhibitors (ACE-Is), angio-
tensin receptor blockers (ARBs), or angiotensin receptor—
neprilysin inhibitor (ARNI) and mineralocorticoid receptor
antagonist (MRA) have been shown to reduce mortality and
hospitalizations, but there is a lack of similar evidence in HF
with preserved EF (HFpEF).? Specific treatment guidelines for
HFpEF do not exist, and the care mainly focuses on treating
hypertension, volume overload, and co-morbidities and symp-
toms. However, some benefit on HFpEF outcomes may be
indicated with MRA treatment,®*® and at least population
with EF > 57% may benefit from treatment with ARNI.**

HF is surrounded by many uncertainties, such as delayed
or lack of diagnosis. These uncertainties are present espe-
cially among patients with HFpEF, and new treatments are
under investigation for this patient group. Research is needed
to better characterize HF and its clinical diagnosis, in order to
increase the understanding of diagnostics, and to accelerate
the progress of new treatments. In this study, we investi-
gated the current HF diagnosis praxis and utilization of rec-
ommended diagnostic tools, as well as medication patterns
in patients with HFpEF, HFrEF, and elevated NT-proBNP.

Methods

Patients were included to this retrospective, register-based
study during the years 2005-2017 from the specialty care
electronic patient register of the Hospital District of Southwest
Finland. The study was approved by the Turku University Hos-
pital administration (permission number 118/2018) and was
conducted in accordance with the Declaration of Helsinki.*®
Inclusion criteria were one of the following: International
Classification of Diseases, Tenth Revision (ICD-10) codes
as any diagnosis: HF (150), cardiomyopathies (142.0, 142.6,
142.8, and 142.9), hypertension-induced heart disease (111.0,
113.0, and 113.2), and EF data and NT-proBNP > 125 ng/L
for patients with EF > 40% (primary cohort); or NT-proBNP
concentration > 125 ng/L (secondary cohort).

Index date was the first date when the patient fulfilled any
of the inclusion criteria, and patients were followed up from
that date onwards until 31 December 2017 or death. For each
patient, data on left ventricular EF (LVEF) was extracted
through text mining. In accordance with the first Finnish na-
tional HF guideline from 2017, LVEF of 40% was used as
cut-off value for HFrEF and HFpEF.2 Utilization of electrocar-
diogram (ECG) was assessed from procedure codes and noted
as performed/not performed. Co-morbidities were assessed
from diagnosis codes (ICD-10) given at specialty care at

baseline. Patients were divided into subgroups as presented
in Figure 1. Shortly, patients included with an ICD-10 diagno-
sis presenting with reduced LVEF (< 40%) were classified as
HFrEF. The remaining patients with an available EF (EF > 40%),
and elevated NT-proBNP were defined as HFpEF patients in
this study. Moreover, those lacking the inclusion diagnoses,
but presenting with elevated NT-proBNP, were included into
the secondary cohort. The secondary cohort was formed to
be able to compare the clinical characteristics of patients
who have elevated NT-proBNP value but have not been diag-
nosed with HF by ICD code with those of patients who have
been diagnosed with HF by I50 code (primary cohort).

Medication

Electronic prescriptions have been used comprehensively in
the Hospital District of Southwest Finland since 2010. Thus,
all medication-related analyses were restricted to the sub-
population of HF patients, with an index date of 1 January
2010 or later. A predefined set of drugs prescribed at the hos-
pital for inpatient care or prescribed from the hospital for
outpatient care [Anatomic Therapeutic Chemical (ATC) codes:
CO01*, CO3A*, CO3B*, CO3C*, CO3DA*, CO3DB*, CO3E*, CO3X*,
C07%*, CO9A*, CO9B*, CO9C*, and CO9D*] was assessed at
6 months, 2 years, and 5 years after index. For the analysis
of ACE-Is or ARBs, beta-blockers (BBs), and diuretics, ATC
codes were pooled to an upper level. For the analysis of treat-
ment combinations, drug prescriptions were required to have
overlapping dates in the electronic prescription register of
the hospital.

Statistical analyses

For continuous variables, mean values and standard deviation
(SD) were reported (or median and 25% and 75% quartiles for
skewed variables). For categorical variables, the number of
patients and proportion was reported. Differences between
groups were tested using non-parametric Kruskal-Wallis test
(continuous variables) or y* test (categorical variables), where
appropriate.

Results

A total of 45 199 patients with a specialty care visit at the
Hospital District of Southwest Finland were identified as po-
tential HF patients. Out of these, 46% (n = 20 878) were in-
cluded to the primary cohort on the basis of the
pre-selected ICD-10 codes (diagnostic code for HF) and 54%
(n = 24 321) to the secondary study cohort on the basis of
an elevated NT-proBNP (>125 ng/L) (Figure 1). In the primary
cohort, HF (150) was the inclusion code for 92.3% of patients,
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Figure 1 Study cohort formation. Patients in the primary cohort had one of the inclusion International Classification of Diseases, Tenth Revision (ICD-
10) codes as any diagnosis (*142.0, 142.6, 142.8, 142.9, 111.0, 113.0, 113.2, and 150), left ventricular ejection fraction (EF) < 40% or EF > 40% and elevated
N-terminal pro-brain natriuretic peptide (NT-proBNP) (>125 ng/L) at index. Heart failure with preserved EF (HFpEF) patients were further stratified into
EF 41-50% or >50%. Patients lacking the above-mentioned ICD-10 codes but presenting elevated NT-proBNP (>125 ng/L) were included to the sec-

ondary cohort.

and 7.6% were included based on other ICD-10
codes (cardiomyopathy: 142.0, 142.6, 142.8, and 142.9;
hypertension-induced heart disease: 111.0, 113.0, and 113.2).

In the primary cohort, 49.8% (n = 10 389) of patients had
an EF measurement available from the electronic medical re-
cords (EMRs). Of these, EF was reduced in 39% (EF < 40%,
n = 4042) and preserved EF in 61% of patients (EF > 40%,
n = 6347) (Figure 1). To further define these as HFpEF pa-
tients in this study, NT-proBNP concentration > 125 ng/L
was required. This excluded an additional 28% of the pa-
tients, leading to a final HFpEF cohort of 4590 patients (Figure
7). Patients who could be defined as HFrEF or HFpEF patients
according to the above-mentioned criteria formed the pri-
mary cohort of this study. Within the patients with
HFpEF/HFrEF, 72% had echocardiography marked by proce-
dure coding, and for the rest, EF value was found as

unstructured data. The frequency of marked echocardiogra-
phy procedure codes increased in the primary cohort from
64% in year 2005 to >83% in 2017.

The primary cohort was further characterized by assessing
NT-proBNP concentrations. As described previously in the lit-
erature,™** we also found that the median NT-proBNP was
higher in the HFrEF vs. HFpEF patients {4580 [inter-quartile
range (IQR): 2065-9765] vs. 2900 [2065-9765] ng/L,
P < 0.001, Table 1}. In 95.6% of HFpEF and 97.9% of HFrEF
patients, NT-proBNP was >300 ng/L. The distribution of
NT-proBNP values is presented in Figure 2.

HFpEF was more frequent in women (HFpEF vs. HFrEF: 52%
vs. 37%, P < 0.001), and HFpEF patients were on average
4 years older at diagnosis than HFrEF patients (Table I).
Within the HFpEF group, those with mildly reduced EF (41—
50%, n = 1468) displayed more similarities to HFrEF, than
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Figure 2 Distribution of N-terminal pro-brain natriuretic peptide (NT-proBNP) concentrations (ng/L) in the primary cohort stratified by ejection frac-
tion data to heart failure with reduced (A) or preserved ejection fraction (B). Dashed lines represent NT-proBNP 125 and 300 ng/L cut-offs.

did those with EF > 50% (n = 3122) by presenting higher
concentrations of NT-proBNP and lower female prevalence
(Table 1).

The secondary cohort consisted of patients who did not
have an ICD-10 HF diagnosis but had elevated NT-proBNP.
In the secondary cohort, the mean age was 71.9 + 12.9, and
the median NT-proBNP 617 (IQR: 262-1710) ng/L and EF
59.8 + 11.5% (n with EF available = 9706). In 71%
(n = 17 156) of the secondary cohort patients, NT-proBNP
was >300 ng/L, mean age 73.6 + 12.5, median NT-proBNP
1090 (551-2558) ng/L and EF 58.4 + 12.1% (n with EF avail-
able = 6845). EF < 40% was noted in 498 (5.1%) and 464
(6.8%) patients with NT-proBNP > 125 and >300 ng/L, re-
spectively. Within both NT-proBNP cut-off values (>125/
>300 ng/L), 51/50% of patients were female (Table I).

We also shortly characterized the patient population that
had ICD-10 code for HF but no EF value available
(n = 10 489, Table S1). Briefly, the mean age of this popula-
tion was 82 years, they were mostly women (61.3%), and
the NT-proBNP value measured from 51.3% of the patients
was on average 3470 ng/L.

Taken together, HFrEF and HFpEF patients differed from
each other with HFpEF patients having lower NT-proBNP con-
centrations, being younger, and more often female. HFmrEF
patients seemed to resemble more HFrEF than did HFpEF pa-
tients. It is notable that the secondary cohort had >6000 pa-
tients resembling validated HFpEF patients by their clinical
characteristics but not having a diagnosis for HF.

Co-morbidities

At baseline, differences in the co-morbidities/co-diagnoses at
specialty care were evident between HFpEF and HFrEF pa-
tients (Table 2). Of the 15 most common diagnoses, ischae-
mic heart disease and myocardial infarction were more

commonly diagnosed in patients with HFrEF (P < 0.001),
whereas HFpEF patients were more frequently diagnosed
with, for example, essential hypertension, atrial fibrillation
and flutter, pneumonia, and abnormalities of breathing
(P < 0.001, Table 2). Within HFpEF, patients with EF 41—
50% vs. EF > 50% were less frequently diagnosed with essen-
tial hypertension, but more often with chronic ischaemic
heart disease and acute myocardial infarction (Table 2). In
the secondary cohort, the most common co-morbidities were
essential hypertension, atrial fibrillation, and chronic ischae-
mic heart disease, but these were less prevalent than in
HFrEF or HFpEF cohorts. Approximately five per cent of the
patients had any type of a cardiac pacemaker at the baseline
(Table S2). The type of the cardiac pacemaker could not be
specified from the structured patient records. The presence
of a cardiac pacemaker or the adjustment and management
of cardiac pacemaker in the baseline did not differ between
HFrEF and HFpEF patients or between EF 41-50% patients
and EF > 50% patients (Table S2). In the end of the follow-
up, it was more common for the HFrEF patients to have a
pacemaker than for the HFpEF patients (16.9% vs. 11.2%,
P < 0.001) and also for the EF 41-50% patients to have a
pacemaker compared with EF > 50% patients (14.2% vs.
11.2%, P = 0.005) (Table S2). A larger proportion of HFrEF pa-
tients also had adjustment and management performed to
the pacemaker compared with that of HFpEF patients
(11.9% vs. 7.4%, P < 0.001) (Table S2). In the secondary co-
hort, 1.9% of the patients had a cardiac pacemaker in the
baseline, and this proportion increased to 5.1% by the end
of the follow-up (Table S2).

Pre-diagnostic assessment

The most common procedure within the 6 months preceding
diagnosis was ECG, performed in 37.4% of patients in the
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Table 2 Baseline diagnoses given at specialty care to the primary cohort stratified by ejection fraction to heart failure with preserved ejec-
tion fraction, heart failure with reduced ejection fraction, and heart failure with mildly reduced ejection fraction and to the secondary

cohort
Primary cohort Secondary cohort
ICD10 Description All  HFpEF (%) HFrEF (%) P®  HFmrEF (%) EF > 50 (%) PP High BNP (%)
I50  Heart failure 929 96.1 89.4  <0.001 94.8 96.7 0.002 0.0
110 Essential (primary) hypertension 48.1 55.4 39.8 <0.001 49.8 58.1 <0.001 39.4
148  Atrial fibrillation and flutter 453 499 40.1  <0.001 50.2 49.7 0.780 23.0
125  Chronic ischaemic heart disease 33.0 295 37.0 <0.001 36.3 26.4 <0.001 171
E11  Non-insulin-dependent diabetes mellitus 25.0  25.9 23.9 0.032 26.2 25.8 0.816 14.5
121 Acute myocardial infarction 222  19.0 26.0 <0.001 24.2 16.5 <0.001 13.6
H25 Senile cataract 17.5 21.8 12.7 <0.001 20.7 22.4 0.221 16.5
J18  Pneumonia, organism unspecified 17.5 203 143  <0.001 16.5 22.0 <0.001 15.0
Z01  Other special examinations and 17.2 211 12.6  <0.001 19.6 21.8 0.092 20.8
investigations of persons without
complaint or reported diagnosis
E78 Disorders of lipoprotein metabolism 154 164 14.3 0.006 16.6 16.4 0.862 13.2
and other lipidaemias
RO6  Abnormalities of breathing 13.8 16.6 10.7 <0.001 14.0 17.8 0.002 10.5
7295  Presence of cardiac and vascular 129 129 13.0 0.875 14.1 12.3 0.099 5.7
implants and grafts
Z03  Medical observation and evaluation 11.8 145 8.7 <0.001 13.4 15.1 0.138 14.6
for suspected diseases and conditions
I35  Non-rheumatic aortic valve disorders 11.0 141 7.6 <0.001 12.2 14.9 0.015 5.0
120 Angina pectoris 10.8 1.7 9.7 0.004 12.8 11.2 0.121 8.7

@P-value for HFpEF vs. HFrEF.
BP-value for EF 41-50% vs. EF > 50%.

primary cohort (Table S3). Many procedures were more com-
mon in HFpEF than in HFrEF, for example, thorax X-ray (30 vs.
23%, P < 0.001) and extensive ultrasound examination of the
heart (21 vs. 18%, P < 0.001, Table S3). In other procedures,
the differences in frequency between HFpEF and HFrEF, as
well as between EF 41-50% and EF > 50%, were minor. In ad-
dition to NT-proBNP concentration measurements being
more frequent in HFpEF vs. HFrEF (72 vs. 54%, P < 0.001),
other common laboratory tests, for example, creatinine,
blood counts, and C-reactive protein, showed the same pat-
tern (Table S4).

Medication

Differences were observed in the level of medication use
between HFrEF and HFpEF patients, in both inpatient and
outpatient care. ACE-lI or ARBs combined with BB for inpa-
tient care were prescribed more frequently to HFrEF, than
to HFpEF patients, at 6 months, 2 years, and 5 years after
diagnosis (Figure 3A and B). During the first 6 months after
the index date, 43% of HFpEF and 62% of HFrEF
(P < 0.001) had received ACE-I/ARB in combination with
BB at the hospital. Outpatient prescriptions of ACE-I/ARB
and BB from the hospital were also less frequent in HFpEF
vs. HFrEF (14% vs. 32%, P < 0.001) during the first
6 months after index date.

The same patterns were evident when assessing patients
prescribed with diuretics on top of ACE-I/ARB and BB, where

the frequency of both inpatient and outpatient prescriptions
increased over time in both HFpEF and HFrEF patients (Figure
3A and B). Outpatient prescriptions of MRA were more fre-
quent in HFrEF vs. HFpEF at 6 months (19.8 vs. 7.2%,
P < 0.001), 2 years (23.2 vs. 9.4%, P < 0.001), and 5 years
(24.6 vs. 10.8%, P < 0.001) after the index date. Inpatient pre-
scriptions of MRA were similarly more common in HFrEF than
HFpEF (6 months 30.3% vs. 14.5%; 2 years 35.0% vs. 19.4%;
5 years 37.7% vs. 22.4%, P < 0.001 for all time points).

HF medication (ACE-I/ARB, BB, and diuretics) prescribed
in or from the hospital for inpatient or outpatient setting
for the primary cohort (HFpEF and HFrEF patients) differed
significantly from those prescribed to the patients having
an ICD-10 code for HF but no EF data available (primary co-
hort vs. missing EF group, P < 0.001 for all drug combina-
tions at all time points). Differences were also evident
when comparing the primary and secondary cohorts (pri-
mary cohort vs. high NT-proBNP group, P < 0.001 for all
drug combinations in all time points) in all time points
assessed (Figure 3C and D).

Discussion

In this study, the real-world diagnostic patterns and charac-
teristics of patients with HFpEF/HFrEF and elevated
NT-proBNP were investigated. The population catchment of
the utilized medical record is 480 000 persons, which is ~9%
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Figure 3 Inpatient (A) and outpatient (B) medication of angiotensin-converting enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB) in com-
bination with beta-blocker (BB) or diuretic, or their combination in patients with heart failure with preserved ejection fraction (HFpEF) (grey bars) and
HF with reduced EF (HFrEF) (black bars) at 0.5, 2, and 5 years after diagnosis. Significance indicated between HFpEF and HFrEF groups, *P < 0.001.
Inpatient (C) and outpatient (D) medication of ACE-I or ARB in combination with BB or diuretic, or their combination in patients in the primary cohort
(HFrEF and HFpEF patients, black bars), patients with ICD code for HF but no EF data available (white bars), and patients with high NT-proBNP but no
International Classification of Diseases, Tenth Revision (ICD-10) code for HF (secondary cohort, grey bars) at 0.5, 2, and 5 years after diagnosis. All dif-
ferences between HFpEF and HFrEF groups in (A) and (B), P < 0.001; all differences between primary cohort and EF missing group in (C) and (D)
P < 0.001; all differences between the primary and secondary cohorts in (C) and (D) P < 0.001.

of the entire Finnish population. Thus, these results may be
considered representative to the Finnish population.

Diagnosis

Among the 20 878 patients included to the study with a diag-
nosis code, the majority were diagnosed with HF, whereas
cardiomyopathy or hypertension-induced heart disease were
inclusion codes for <10% of patients. EF is the cornerstone of
guideline-recommended diagnostic tools for supporting HF
diagnosis.® Nevertheless, based on these data, EF data were
available for only 50% of the patients with an ICD-10 HF diag-
nosis. The average age of patients with a diagnosis code for
HF but no EF data available was 82 years. For many of these
patients, the more precise diagnostic measurements might

not have changed the treatment decisions, and this might
have guided the clinical decision for not to perform echocar-
diographic assessment. Also, it needs to be noted that in this
study, the EF value was searched from the electronic patient
journals, and we cannot overrule the possibility that some of
the patients might have had echocardiographic data, but we
have not been able to find it.

Interestingly, half of the patients with an ICD-10 code for
HF and no EF value available also lacked NT-proBNP mea-
surement. This might indicate that the diagnosis was given
with symptoms and signs of HF but no further diagnostic
measurements performed. According to the current
guidelines,*®° NT-proBNP should be used as a rule-out
method in HF diagnostics. However, 26% of patients having
ICD-10 code for HF and EF > 40% were excluded from the
primary cohort because no NT-proBNP measurement was
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available. For HFrEF diagnosis, the clinical practice in diag-
nostics is more straightforward; a diagnosis can be given
to a patient with signs and symptoms of HF and EF < 40%
without NT-proBNP rule-out. In this study, 23.3% of HFrEF
patients did not have NT-proBNP measurement to be found
in their records.

Furthermore, a substantial proportion of patients with ele-
vated NT-proBNP, characteristically resembling HFpEF pa-
tients, did not have an HF diagnosis.

The current guidelines®° give a working algorithm to di-
agnose HF after the discovery of clinical signs and symptoms
of HF. By following these algorithms, the correct diagnosis
would most probably be achieved in a majority of patients.
However, it needs to be noted that with a large patient pop-
ulation and sparse resources, clinical judgement needs to be
performed in everyday practice in whether confirming the di-
agnosis with echocardiography and laboratory measurements
in addition to clinical signs and symptoms would change the
treatment of the patient.

Differentiation of patients with HFpEF and HFrEF based on
LVEF is important owing to different underlying aetiologies,
demographics, co-morbidities, and response to therapies.™*°

An increase in echocardiography procedure codes was ob-
served during the follow-up, likely explained by an increase
in availability associated with the centralized treatment of
these patients at the hospital’s heart centre from 2013 on-
wards. Of those with EF available, 39% presented with HFrEF
and 61% with HFpEF. Based on these data, a more systematic
follow-up of patients and recording of the current treatment
guidelines in the EMR could benefit the diagnosis.

In addition to serving diagnostics, NT-proBNP concentra-
tions are emerging with prognostic value including all-cause
and cardiovascular mortality and morbidity.® NT-proBNP
levels are typically lower in HFpEF than HFrEF patients,™*3
also seen in this study with a median NT-proBNP of
2900 ng/L in HFpEF vs. 4580 ng/L in HFrEF. High NT-proBNP
levels have been shown to increase the risk of mortality in
both HFrEF and HFpEF patients independent of LVEF.**3 In
a previous publication on the same population, 5 year mortal-
ity was shown to be 55% for both HFpEF and HFrEF patients,
even though the effect of NT-proBNP on mortality was not
assessed.™*

In 2013, American College of Cardiology/American Heart
Association Guidelines for the Management of Heart Failure
distributed HFrEF and HFpEF patients to have EF of <40%
and >50%, respectively.’® Also, a patient population with in-
termediate EF of 41-49% and with improved EF of >40%
(HFpEF patients who previously were HFrEF) was determined.
Even though it is stated that the patients in the intermediate
EF group resemble those in HFpEF by their characteristics,
treatment patterns, and outcomes, they also state that these
patients are often treated with guideline-directed medical
therapy similar to that used in HFrEF patients. A similar EF
group, HFmrEF (EF 40-49%), was introduced in the ESC

guidelines in 2016.> Neither of the guidelines offer specific
treatment guidance for patients with EF between 40% and
50%. A recent study with HFpEF patients found that patients
with EF 45-57% may benefit from medical therapy with
sacubitril/valsartan, compared with patients with EF > 57%,""
which might indicate that these patients do differ from HFpEF
patients in their response to pharmacotherapy. In this study,
we found that within the HFpEF group, HFmrEF patients (EF
41-50%) differed from those with EF > 50%, by higher
NT-proBNP concentrations and a co-morbidity profile more
resembling that of HFrEF patients (i.e. an increased frequency
of chronic ischaemic heart disease and acute myocardial in-
farction). A larger proportion of HFmrEF patients had a car-
diac pacemaker compared with those with EF > 50%,
resembling more the HFrEF patients who also had more
pacemakers implanted compared with EF > 50% patients.
However, whether HFmrEF patients with EF 41-50% progress
to HFrEF or improve to EF > 50% remains a question for fur-
ther studies.

Based on the secondary cohort, one important finding
was that there were >24 000 patients with elevated NT-
proBNP, with 70% of patients presenting NT-
proBNP>300 ng/L, but lacking any of the inclusion diagno-
sis codes as a formal diagnosis for HF. Even though
NT-proBNP values on their own do not provide diagnostic
standalone evidence of HF,%’ age in this secondary cohort
was similar to that in the primary cohort, and in a large
proportion, NT-proBNP is markedly above the age reference
values of 486 ng/L in men and 738 ng/L in women for peo-
ple > 75 years.*® In a Swedish cohort of subjects of similar
age to patients in this study, an upper limit of NT-proBNP
540 ng/L for healthy elderly was established, with a clinical
decision limit of 1700 ng/L affecting cardiovascular mortal-
ity in HF patients.’” Importantly, 6000 patients (25%) in
our secondary cohort presented values > 1700 ng/L. The
frequency of baseline co-diagnoses of essential hyperten-
sion was further similar between the secondary cohort
and HFrEF patients (39% in both); however, atrial fibrilla-
tion, chronic ischaemic heart disease, and acute myocardial
infarction were less frequent than in HFpEF or HFrEF pa-
tients. Kidney function is moreover unlikely to explain the
elevation of NT-proBNP in the secondary cohort, as
<6.5% of patients had an estimated glomerular filtration
rate of <30 mL/min/1.73 m2.” Moreover, 28% (n = 6845)
of patients in the secondary cohort seem to resemble
HFpEF patients regarding age and NT-proBNP concentra-
tions with mean EF of 58%, even if these patients did not
have HF diagnosis. Additionally, >400 patients in the sec-
ondary cohort with elevated NT-proBNP and reduced
EF < 40% lacked diagnosis even if clinically representing
HFrEF. Even though we cannot retrospectively suggest a
clinical diagnosis for HF, these data indicate that the sec-
ondary cohort patients would likely have benefitted from
echocardiography to aid with diagnosis differentiation.
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Medication

Treatment guidelines recommend the use of ACE-I/ARB, BB,
and diuretics for all HFrEF patients, as well as intensification
of care with MRA when symptoms remain.®® Inpatient med-
ication treatment with ACE-I/ARB and BB or diuretic or the
combination was 1.2-fold to 1.4-fold more common in HFrEF
patients compared with HFpEF patients. The triple medica-
tion combination (ACE-I/ARB + BB + diuretic) was prescribed
for inpatient care to 57% of HFrEF patients within 6 months
after the diagnosis, increasing somewhat over time. Intensifi-
cation of inpatient medication with MRA was evident in 30%
and 15% of HFrEF and HFpEF patients, respectively. Outpa-
tient prescriptions from the hospital of MRA within 6 months
were recorded in 20% vs. 7.2% of HFrEF and HFpEF patients,
which is markedly less than in studies from the USA and
Sweden with 30-40% of patients treated with MRA.*®*° Ad-
ditionally, MRA has been shown to be potentially beneficial
in HFpEF patients as well.° Nevertheless, based on our data,
the proportion of patients receiving MRA was low. Outpatient
medication prescribed from the hospital followed similar pat-
terns as inpatient medication, with HFrEF patients more fre-
quently  treated with  guideline-recommended  HF
medication. This likely reflects the fact that clinical trials have
largely shown prognostic benefit with medication only for
HFrEF patients, and thus, also medication recommendations
concentrate on HFrEF care.’ However, a clear limitation of
the study is that we were unable to include primary care
prescriptions.

We also compared the use of ACE-I/ARB, BB, and diuretic
combinations between the primary cohort (HFpEF and HFrEF
patients) and patients with ICD code for HF, but no EF data
are available (EF missing) as well as between the primary
and secondary (high NT-proBNP) cohorts. Interestingly, the
use of all medication combinations in hospital inpatient and
outpatient setting was significantly lower in the EF missing
group and the secondary cohort patients in all time points
compared with that of the primary cohort. As we acknowl-
edge the fact that we may have missed part of the medication
information owing to the lack of primary care data, this finding
might indicate that following the guideline-recommended di-
agnostic algorithm in placing the diagnosis might also lead to
a better use of guideline-recommended pharmacotherapy.
Also, it needs to be noted that the patients having ICD-10
code for HF but lacking further diagnostic confirmation with
echocardiography were older, and thus, multiple
co-morbidities as well as common frailty might have affected
the treatment choices.

Another limitation of the study is that we were unable to
assess other echocardiography measures, such as changes
in structural parameters essential in HFpEF diagnostics, apart
from EF. However, the validity of the HFpEF diagnosis in the
primary cohort was based on HF diagnosis code in combina-
tion with elevated NT-proBNP and measured preserved EF.

In addition, determining the aetiology of HF would have been
of great interest in this study. However, the retrospective and
registry nature of the study did not allow a reliable confirma-
tion of the aetiology, as the information is not required in the
electronic patient record. Thus, the study data are restricted
to listing the co-morbidities of the patients.

Conclusions

This study underlines that guideline-recommended diagnostic
pathways are not completely implemented, as half of the pa-
tients with ICD-10 diagnosis for HF lacked echocardiography,
and also a large population resembling HFpEF patients by
clinical characteristics had no diagnosis. HFpEF patients, com-
pared with HFrEF patients, had more procedures performed,
more laboratory tests taken, and more co-diagnoses given,
likely reflecting the difficulty of diagnosis and multiple
co-morbidities. Timely diagnosis would be important for HF
patients to enable the most effective treatment, as these
have been shown to prevent recurrent hospitalizations and
decrease mortality in HFrEF.
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or management procedures done to the cardiac pacemaker
at the baseline and the end of the follow-up. P values for dif-
ference between HFrEF and HFpEF patients and patients with
HFmrEF and EF > 50% in the baseline and in the end of the
follow-up.

Table S3. The 20 most common procedures performed at
specialty care of the primary cohort patients within the
6 months preceding diagnosis.

Table S4. Frequency of the 20 most common laboratory tests
taken at specialty care of the primary cohort patients within

the 6 months preceding diagnosis.

References

1. Ponikowski P, Voors AA, Anker SD, J - Cardiovasc Imaging 2015; 16:

Bueno H, Cleland JGF, Coats AJS, Falk
V, Gonzéalez-Juanatey JR, Harjola V-P,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, Authors/Task Force Members, Docu-
ment Reviewers. 2016 ESC Guidelines
for the diagnosis and treatment of acute
and chronic heart failure: The Task
Force for the diagnosis and treatment
of acute and chronic heart failure of
the European Society of Cardiology
(ESC). Developed with the spec. Eur J
Heart Fail 2016; 18: 891-975.

. Chang PP, Wruck LM, Shahar E, Rossi
JS, Loehr LR, Russell SD, Agarwal SK,
Konety SH, Rodriguez CJ, Rosamond
WD. Trends in hospitalizations and sur-
vival of acute decompensated heart fail-
ure in four US communities (2005—
2014): ARIC Study Community Surveil-
lance. Circulation 2018; 138: 12-24.

. Cook C, Cole G, Asaria P, Jabbour R,
Francis DP. The annual global economic
burden of heart failure. Int J Cardiol
2014; 171: 368-376.

. Kirk V, Bay M, Parner J, Krogsgaard K,
Herzog TM, Boesgaard S, Hassager C,
Nielsen OW, Aldershvile J, Nielsen H.
N-Terminal proBNP and mortality in
hospitalised patients with heart failure
and preserved vs. reduced systolic func-
tion: data from the prospective Copen-
hagen Hospital Heart Failure Study
(CHHF). Eur J Heart Fail 2004; 6:
335-341.

. Garbi M, McDonagh T, Cosyns B,
Bucciarelli-Ducci C, Edvardsen T, Kitsiou
A, Nieman K, Lancellotti P, On behalf of
the EACVI Imaging Task Force. Appro-
priateness criteria for cardiovascular im-
aging use in heart failure: report of
literature review. Eur Heart J -
Cardiovasc Imaging 2015; 16: 147-153.

. Lang RM, Badano LP, Mor-Avi V, Afilalo
J, Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova
T, Lancellotti P, Muraru D, Picard MH,
Rietzschel ER, Rudski L, Spencer KT,
Tsang W, Voigt J-U. Recommendations
for cardiac chamber quantification by
echocardiography in adults: an update
from the American Society of Echocardi-
ography and the European Association
of Cardiovascular Imaging. Eur Heart

10.

11.

233-271.

. Paulus WJ, Tschope C, Sanderson JE,

Rusconi C, Flachskampf FA, Rademakers
FE, Marino P, Smiseth OA, De Keulenaer
G, Leite-Moreira AF, Borbély A, Edes I,
Handoko ML, Heymans S, Pezzali N,
Pieske B, Dickstein K, Fraser AG,
Brutsaert DL. How to diagnose diastolic
heart failure: a consensus statement on
the diagnosis of heart failure with nor-
mal left ventricular ejection fraction by
the Heart Failure and Echocardiography
Associations of the European Society of
Cardiology. Eur Heart J 2007; 28:
2539-2550.

. Heart failure. Current Care Guidelines.

Working Group Set Up by the Finnish
Medical Society Duodecim and the Finnish
Cardiac Society. Helsinki: The Finnish
Medical Society Duodecim; 2017 (re-
ferred June, 2019). www.kaypahoito.fi
(Accessed date June 30, 2019).

. Yancy CW, Jessup M, Bozkurt B, Butler

J, Casey DE, Colvin MM, Drazner MH,
Filippatos GS, Fonarow GC, Givertz
MM, Hollenberg SM, Lindenfeld J,
Masoudi FA, McBride PE, Peterson PN,
Stevenson LW, Westlake C. 2017
ACC/AHA/HFSA Focused Update of
the 2013 ACCF/AHA Guideline for the
Management of Heart Failure: a
report of the American College of
Cardiology/American Heart Association
Task Force on Clinical Practice Guide-
lines and the Heart Failure Society of
America. Circulation; 2017: 136.
Butler J, Fonarow GC, Zile MR, Lam CS,
Roessig L, Schelbert EB, Shah SJ,
Ahmed A, Bonow RO, Cleland JGF, Cody
RJ, Chioncel O, Collins SP, Dunnmon P,
Filippatos G, Lefkowitz MP, Marti CN,
McMurray JJ, Misselwitz F, Nodari S,
O’Connor C, Pfeffer MA, Pieske B, Pitt
B, Rosano G, Sabbah HN, Senni M, Solo-
mon SD, Stockbridge N, Teerlink JR,
Georgiopoulou VV, Gheorghiade M. De-
veloping therapies for heart failure with
preserved ejection fraction. JACC Heart
Fail 2014; 2: 97-112.

Solomon SD, McMurray JJV, Anand IS,
Ge J, Lam CSP, Maggioni AP, Martinez
F, Packer M, Pfeffer MA, Pieske B,
Redfield MM, Rouleau JL, van
Veldhuisen DJ, Zannad F, Zile MR, Desai
AS, Claggett B, Jhund PS, Boytsov SA,
Comin-Colet J, Cleland J, Diingen H-D,

12.

13.

14.

15.

16.

17.

18.

19.

Goncalvesova E, Katova T, Kerr Saraiva
JF, Lelonek M, Merkely B, Senni M, Shah
SJ, Zhou J, Rizkala AR, Gong J, Shi VC,
Lefkowitz MP, PARAGON-HF Investiga-
tors and Committees. Angiotensin—
neprilysin inhibition in heart failure with
preserved ejection fraction. N Engl J Med
2019; 381: 1609-1620.

WMA - The World Medical
Association-WMA Declaration of Hel-
sinki. Ethical Principles for Medical Re-
search Involving Human Subjects.

van Veldhuisen DJ, Linssen GCM,
Jaarsma T, van Gilst WH, Hoes AW,
Tijssen JGP, Paulus WJ, Voors AA,
Hillege HL. B-type natriuretic peptide
and prognosis in heart failure patients
with preserved and reduced ejection
fraction. J Am Coll Cardiol 2013; 61:
1498-1506.

Huusko J, Kurki S, Toppila I, Purmonen
T, Lassenius M, Gullberg E, Wirta SB,
Ukkonen H. Heart failure in Finland:
clinical characteristics, mortality, and
healthcare resource use. ESC Heart Fail
2019; 6: 603-612.

Yancy CW, Jessup M, Bozkurt B, Butler
J, Casey DE, Drazner MH, Fonarow GC,
Geraci SA, Horwich T, Januzzi JL,
Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray
JJV, Mitchell JE, Peterson PN, Riegel
B, Sam F, Stevenson LW, Tang WHW,
Tsai EJ, Wilkoff BL. 2013 ACCF/AHA
Guideline for the Management of Heart
Failure. J Am Coll Cardiol 2013; 62:
el147-e239.

Ohjekirja. http://webohjekirja.mylabser
vices.fi/TYKS/index.php?test=4760 (28
February 2019)

Alehagen U, Goetze JP, Dahlstrom U.
Reference intervals and decision limits
for B-type natriuretic peptide (BNP)
and its precursor (NT-proBNP) in the el-
derly. Clin Chim Acta 2007; 382: 8-14.
Albert NM. Use of aldosterone antago-
nists in heart failure. JAMA 2009; 302:
1658.

Savarese G, Carrero J-J, Pitt B, Anker
SD, Rosano GMC, Dahlstrom U, Lund
LH. Factors associated with underuse
of mineralocorticoid receptor antago-
nists in heart failure with reduced ejec-
tion fraction: an analysis of 11 215
patients from the Swedish Heart Fail-
ure Registry. Eur J Heart Fail 2018;
20: 1326-1334.

ESC Heart Failure (2020)
DOI: 10.1002/ehf2.12665


http://www.kaypahoito.fi
http://webohjekirja.mylabservices.fi/TYKS/index.php?test=4760
http://webohjekirja.mylabservices.fi/TYKS/index.php?test=4760


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


