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Abstract

Introduction The incidence of heart failure (HF) is increasing, largely because populations are both ageing and growing. Most
clinical HF treatment trials are conducted on selected cohorts, only a few of which include elderly patients, among whom HF is
common. HF registries can include all HF patients, independent of age or comorbidity profile, and thus reflect reality in health-
care management.

Methods The Icelandic Heart Failure Registry (IHFR) was created in the autumn of 2019 and has operated since 1 January
2020. Based on the Swedish Heart Failure Registry (SwedeHF), it quickly acquired several extensions. All patients admitted
for HF to the Department of Cardiology (DC) at Landspitali — The National University Hospital of Iceland are included. Several
variables are collected, including the aetiology of HF, comorbidities, clinical assessment at admission, blood tests, imaging re-
sults, treatment given and medical therapy at discharge.

Results During the 3 years from 2020 to 2022, the DC admitted 1890 patients. As some were readmitted during the study
period, the true total was 2384 admissions. Because the IHFR 2023 edition includes 327 variables, automation of many of
them is imperative for data collection.

Conclusion HF is a heterogenous disease with numerous underlying factors. HF management differs among HF phenotypes.
A registry can serve as an unbiased indicator of care quality and has the potential to be studied in the future to assess the
long-term effects of HF treatment. A registry like the IHFR, therefore, can impact the treatment of all patients recorded in
it, reduce the rate of readmissions and even optimize HF management costs.
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Introduction

In developed countries, the prevalence of heart failure (HF) is
generally reported as 1%—2% in adults, but it is likely even
higher because of underreporting in older persons.*™ The
prevalence among individuals who are >70 years old is ap-
proximately 10%, but HF is much less common (1%) in pa-
tients younger than 55.°77 Age-adjusted HF incidence has
been falling in developed countries, probably reflecting the
more efficient care of patients with cardiovascular disease
(CVD), which protects them from severe myocardial damage

and its subsequent reduced ejection fraction (EF). Neverthe-
less, the number of new patients with HF continues to in-
crease because of population ageing and growth.®™° Acute
HF (AHF) is the leading cause of hospitalization among indi-
viduals over 65 years of age; these patients have high read-
mission rates and high mortality rates.**

More than half of HF patients have HF with preserved ejec-
tion fraction (HFpEF), and over half of all HF hospital admis-
sions have been shown to involve HFpEF patients.>** This
proportion has been rising due to increased obesity-related
disorders, for example, hypertension and diabetes, in the
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general population.*®** HFpEF is projected to become the
most dominant HF phenotype, affecting 1 in 10 adults during
their lifetime.™®

Clinical HF treatment trials are conducted on selected co-
horts, only a few of which include elderly patients (as they
are often excluded due to increased comorbidities), among
whom HF is more common than in younger patients. Clinical
registries can offer inclusion of every patient reported with
HF, independent of the patient’s age or comorbidity profile.
A registry can work as an indicator of the quality of care
and impact the treatment of all included patients. This can re-
duce both the morbidity and mortality of patients, reduce the
rate of readmissions and optimize the costs of HF
management.*®

The Icelandic Heart Failure Registry (IHFR) was founded in
2019 by Dr. Ingimarsdéttir, an Icelandic HF specialist and
alumna of the Postgraduate Course in Heart Failure (PCHF) at
the University of Ziirich, to map the epidemiology of HF in
Iceland. It has been operational since 1 January 2020. All highly
symptomatic HF cases [New York Heart Association (NYHA)
classes llI-1V] in Iceland (population 387 758 on 1 January
2023)"7 are referred to the Department of Cardiology (DC) at
Landspitali University Hospital in the capital, Reykjavik. The
coverage of AHF cases is thus very high but does not extend
to chronic HF cases in primary care or admitted to internal
medicine and geriatric departments.

Few studies on HF have been carried out in Iceland. In
2017, Einarsson et al. used the Age Gene/Environment Sus-
ceptibility (AGES) material from the Icelandic Heart Associa-
tion (IHA) and found that the incidence of HF among the
elderly (66-98 years old) was 16.5 per 1000 individuals.'® Be-
fore the implementation of the IHFR, no routine recording of
HF had been carried out in Iceland. Only International Classi-
fication of Diseases Version 10 (ICD-10) codes from medical
institutions involving HF diagnosis have been available to as-
sess the scope of the HF burden, but no such study has been
carried out to date. In the Heart Failure Association Atlas, no
data on the incidence and prevalence of HF in Iceland are
available, only the average length of stay, which is 11.1 days
and is among the longest in Europe.®

The original framework of the IHFR was based on the
structure of the Swedish Heart Failure Registry (SwedeHF,
or RiksSvikt in Swedish).2° The main reason for choosing this
model for the IHFR was that SwedeHF has been shown to be
a valuable tool to improve the management of HF patients,
and both countries have similar healthcare systems with
equal access for all inhabitants. However, several extensions
were added from the very beginning, as both imaging and ge-
netic mapping have offered great possibilities for diagnosing
the underlying causes of HF in more detail. In Iceland, as in
other Nordic countries, each inhabitant has a unique personal
identification number. This facilitates follow-up and makes
the registry more reliable. The primary aim of the IHFR was
to map the epidemiology of HF in Iceland, with the secondary
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aim of creating an assessment tool for the quality of care of
hospitalized HF patients. The IHFR underlines the goal of
creating conditions for research on HF in Iceland, and the
aim is to fill a big gap in evidence concerning AHF assess-
ment, care and prognosis in Iceland. The proactive registra-
tion of admitted HF patients makes it possible to enhance
HF management by interacting with the treating medical
teams while patients are still admitted and during their
subsequent outpatient visits. Thus, the quality of care assess-
ment primarily focuses on the only national university hospi-
tal but may in the future also include smaller healthcare facil-
ities that may join the IHFR, for example, general practice
and smaller district hospitals. A possible aim for the future
is to participate in international randomized clinical trials
that use the registry to provide pragmatic answers to rele-
vant clinical questions.

Methods

The IHFR was implemented in the Nationwide Heilsugatt
Health IT System, which covers the electronic health records
(EHRs) for all patients in Iceland and operates according to
the ISO/IEC 27001:2013 standard. The inclusion criteria are
that patients should be at least 18 years old, clinically
assessed as having HF and admitted to the DC at Landspitali
University Hospital. Patients are recorded in the registry by
means of a rule engine, which adds any patient whose
admission record includes the term ‘heart failure’ or has
any of the following ICD-10 diagnoses, which cover HF:
150.0, 150.1, 150.9, 111.0, 113.0, 113.2, 142.0, 142.6, 142.7 and
142.9 (Figure 1).2*

All patients admitted to the DC are reviewed daily, and if
the rule engine has not identified a particular HF patient, that
patient is manually added to the IHFR. The criteria for aiding
the identification process of these HF patients are mainly an
elevation in the N-terminal pro-brain natriuretic peptide
(NT-proBNP) above the individual patient’s baseline and if
the admitting physician writes ‘heart failure’ on the summary
of the daily list of admissions to the DC. If this is present, an
assessment that the patient is truly suffering from HF is made
by an HF specialist. Patients identified by the rule engine are
scrutinized during their registration; if they were admitted
due to causes other than HF, no registration is made, and
they are excluded. A new form in the IHFR is completed for
every admission, so a single patient can have several forms
in the registry. Therefore, it is possible to see all HF readmis-
sions of all individual patients over time.

Variables

The only demographic variables registered are the patient
identification number, date of birth and gender. For those
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Figure 1 Overview of the data collection process for the Icelandic Heart Failure Registry (IHFR). cMRI, cardiac magnetic resonance imaging; CT, com-
puted tomography; ECG, electrocardiogram; ICD-10, International Classification of Diseases Version 10.
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patients who answer the quality of life (QoL) questionnaires,
there is information on education level, marital status and
smoking status as well.

QoL assessment

To assess HF patients’ Qol, the IHFR adopted two question-
naires from SwedeHF: the EuroQol-5 Dimension (EQ 5D)
and the Kansas City Cardiomyopathy Questionnaire-12
(KCCQ-12).%%?2 The General Anxiety Disorder 7 Questionnaire
(GAD-7) and the Patient Health Questionnaire-9 (PHQ-9)
were added to screen for anxiety and depression,
respectively.’*?®> All of these are tick-box handouts—two
medical students interview visually impaired patients. Since
May 2023, an inpatient mobile device application has been
available that sends the QoL questionnaires directly to the
mobile device of each patient. Upon completion, the answers
are transferred into the patient’s medical chart, covering the
current (or recent) admission (Figure 1). Many patients do
not have smartphones, which makes this process difficult.

The aetiology of HF and the possible precipitating
trigger

The IHFR’s detailed recording of underlying causes (aetiology),
with 51 unique causes documented, provides a comprehen-
sive overview of the diversity across phenotypes (see
Appendix S1). An HF specialist goes through all recorded pa-
tients and determines the aetiology of HF for each individual
patient. In some instances, it can be difficult to ascertain the
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main underlying cause because there is more than one
significant contributing factor. Therefore, the ability to record
a second underlying cause or possible precipitating trigger has
been added. An HF patient with reduced ejection fraction
(HFrEF) caused by ischaemic heart disease (IHD) with regional
abnormality may become decompensated due to ventricular
tachycardia, making IHD the aetiology and ‘arrhythmia — ven-
tricular tachycardia’ the second underlying cause or precipi-
tating factor. To take another example, a patient with cardiac
amyloidosis (CA) might present with atrioventricular conduc-
tion delay and extreme bradycardia, making CA the aetiology
and ‘arrhythmia — bradycardia’ the trigger.

Previous medical history

The registry records comorbidities, for example, IHD and
whether the patient has undergone certain cardiac proce-
dures (Table 1). The baseline kidney function is assessed by
taking a 3 month average of the estimated glomerular filtra-
tion rate (eGFR) of the last available eGFR measurements, as-
suming that they are not older than 1 year. This definition
was recommended by nephrologists at Landspitali — The Na-
tional University Hospital of Iceland. If prior measurements
are not available or exceed 1 year, the baseline eGFR is re-
corded as ‘unknown’.

Clinical assessment

To assess the clinical extent of HF at admission, that is, the ef-
fect on general physical capacity, the IHFR, like the SwedeHF,
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Table 1 Type of previous cardiac intervention and comorbidity
variables reported in the registry.

Previous cardiac intervention
Percutaneous coronary intervention (PCl)
Coronary artery bypass graft (CABG)
Open-heart valve surgery
Transcatheter aortic valve implantation (TAVI)
MitraClip implantation
Transcatheter tricuspid repair
Interatrial shunt device placement
Hypertension
Sleep apnoea
Atrial fibrillation
Stroke
Haemorrhagic
Thrombotic
Transient ischaemic attack (TIA)
Minor stroke
Major stroke
Diabetes
Type 1
Type 2
Unknown
Chronic obstructive pulmonary disease (COPD)
Heart valve disease
Peripheral artery disease
Cancer
Type
Stage
Baseline kidney function

uses the NYHA functional class and Killip classification.?®’

The Killip classification was originally used for patients who
had suffered an acute myocardial infarction; it takes physical
examination into account as well as the development of HF,
but it is not suitable for all HF patients. To provide extra infor-
mation, other clinical signs of HF were added to the registry,
including raised jugular venous pressure, ascites, sacral oe-
dema, liver enlargement (hepatomegaly) and leg oedema
grades 1-4.%8

Laboratory results

On the admission day and 24 h later, certain blood tests are
measured (Table 2). The registry automatically calculates iron
saturation. The highest troponin T value during admission is
recorded. Forty-eight hours after admission, a rule engine
checks which blood tests have been measured, flagging any
of the tests in Table 2 that have not been ordered. New re-
quests for these tests are sent to the central laboratory re-
sponsible for performing the measurements.

Investigation results at admission

The electrocardiogram (ECG) results are recorded in three
sections: atrial rhythm, ventricular rhythm and QRS duration,
which is recorded in milliseconds (see Appendix S1).
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Table 2 Laboratory results measured in the registry.

Haemoglobin Admission and 24 h later

Sodium Admission and 24 h later
Potassium Admission and 24 h later
Creatinine Admission and 24 h later

eGFR Admission and 24 h later
NT-proBNP (if available) Admission and discharge

Iron During hospitalization
Iron-binding capacity During hospitalization
Ferritin During hospitalization
HbA1c During hospitalization
Troponin T During hospitalization

Abbreviations: eGFR, estimated glomerular filtration rate; HbA1c,
glycated haemoglobin; NT-proBNP, N-terminal pro-brain natri-
uretic peptide.

The left ventricular ejection fraction (LVEF) is recorded,
and its determination method—transthoracic echocardiogra-
phy (TTE), trans-oesophageal echocardiography (TOE), myo-
cardial scintigraphy or cardiac magnetic resonance imaging
(cMRI)—is specified. All patients undergoing a TTE have mul-
tiple echo variables recorded (see Appendix S1). The LVEF is
divided into preserved EF (>50%, HFpEF), mildly reduced EF
(41%—-49%, HFmrEF), reduced EF (<40%, HFrEF), unknown
EF and improved EF (HFimpEF).?° In the IHFR, HFimpEF is de-
fined as a normalization of EF, that is, EF > 50% after treat-
ment for a patient originally diagnosed with HFrEF. In the Eu-
ropean Society of Cardiology (ESC) HF Guidelines from 2021,
it is mentioned that patients with a history of reduced
LVEF < 40% (HFrEF) who later present with LVEF > 50%
should be considered to have recovered HFrEF or ‘HF with
improved LVEF’ (rather than HFpEF).* It was therefore de-
cided to call this group HFimpEF in the IHFR. In the same year,
2021, the Heart Failure Society of America, the Heart Failure
Association of the ESC, the Japanese Heart Failure Society
and the Writing Committee of the Universal Definition of
Heart Failure published a position paper on the universal def-
inition and classification of HF. According to them, ‘HFimpEF’
is defined as HF with a baseline LVEF < 40%, a >10 point in-
crease from baseline LVEF and a second measurement of
LVEF > 40%.%° The IHFR has been operational since 1 January
2020, and it was decided from the very beginning to use a full
recovery of EF to describe this group. In light of Bozkurt
et al’s study,*® a more suitable name for this group in the
IHFR could be ‘recovered’ LVEF, or HFrecEF.

A chest X-ray is recorded as not performed, normal, pulmo-
nary venous congestion and/or cardiomegaly. The spirometry
results of the ratio of the forced expiratory volume in the first
1 s to the forced vital capacity (FEV1/FVC ratio) and (if avail-
able) the value of the diffusing capacity of the lungs for carbon
monoxide (DLCO) are recorded. The type of in-hospital device
implantation is recorded (see Appendix S1). Icelandic HF pa-
tients needing left ventricular assist device (LVAD) implanta-
tion or heart transplantation are sent to Gothenburg,
Sweden, for those procedures. These registration options
are only available in the 2024 version of the registry and are
tick-box options (yes/no).
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Medications and doses

The admission procedure includes recording whether the pa-
tient needed diuretic treatment and/or received an iron infu-
sion. It is also recorded whether the patient received vasoac-
tive treatment (Table 3). On discharge, certain medications
are recorded, including the total dosage per 24 h. The record
further includes information on whether the patient uses
multi-dose dispensing. If the patient is not discharged with a
certain type of medication, the reason for inadequate treat-
ment is recorded: adverse reaction, discomfort, chronic kid-
ney disease, hypotension, hyperkalaemia, bradycardia, unable
to take tablets (reduced consciousness or swallowing prob-
lems), refusal to take the medication, unknown, palliative care
or not indicated. Medications of patients at admission are not
recorded specifically in the registry, but such information is
available in the EHRs of the hospital.

Planned follow-up

The death of any patient during the current admission is re-
corded. When a living patient is discharged, the record states
whether the patient is followed up in the HF outpatient clinic,
sees a cardiologist in a private clinic or is managed by their
general practitioner (GP). When a patient is readmitted or
comes to the HF outpatient clinic, the data from the last ad-
mission can be easily retrieved from the registry, and the at-
tending physician can get a quick, comprehensive, up-to-date
overview of the patient being treated.

The data collection process

Figure 1 shows the IHFR data collection process. The green
arrows show automatic processes. The most important of
these are blood test results, height, weight, blood pressure
and heart rate. The blue arrows show processes that require
manual entry into the data form. An arrow for manual inclu-
sion is not shown in the figure. The purple arrow shows the
processes currently under development. These are, first,
hotkeys to incorporate the PDF reports of ECG, spirometry
and imaging results directly into the registration form, saving
manual entry time. Second, the IT department will research
the acquisition of electronic data—the medication at dis-
charge (with exact dosage) and cardiac echocardiography var-
iables—from other computer systems for direct importation
into the registration form. Currently, it is possible to retrieve
epidemiology data from the registry that can be used to an-
swer various research questions. Real-time registration
makes it possible to give feedback to the cardiology ward if
treatment is inadequate—for example, if the admitted pa-
tient is not on guideline-mediated therapy. Lastly, the data
can be used to select patients for clinical trials based on inclu-

RIGHTSE LI MN iy

Table 3 Overview of the drugs that are recorded during admission
and upon discharge.

During admission
Furosemide i.v. or p.o.
Iron i.v.—type and dose
Vasoactive treatment
Dobutamine
Dopamine
Isoprenaline
Levosimendan
Milrinone
Epinephrine
Norepinephrine
Nitroglycerin
Upon discharge
Angiotensin-converting enzyme inhibitors (ACEls)
Angiotensin receptor blockers (ARBs)
Beta-blockers (BBs)
Mineralocorticoid receptor antagonists (MRAs)
Angiotensin receptor neprilysin inhibitors (ARNIs)
Sinus node inhibitors
Loop diuretics
Bumetanide
Furosemide
Torasemide
Non-loop diuretics
Bendroflumethiazide
Hydrochlorothiazide
Metolazone
Indapamide
Digoxin
Amiodarone, including the day of initiation; the most current
thyroid-stimulating hormone level is then registered
Medication for cardiac amyloidosis
Tafamidis or other
Cholesterol-lowering drugs
Statins
Ezetimibe
Fibrates
PCSK9 inhibitors
Nitrates—short or long acting
Acetylsalicylic acid
P2Y12 inhibitors
Clopidogrel
Prasugrel
Ticagrelor
Anticoagulation
Warfarin
Dabigatran
Rivaroxaban
Apixaban
Edoxaban
Other
Vericiguat
Omecamtiv mecarbil
Sodium-glucose cotransporter-2 (SGLT2) inhibitors
Dapagliflozin
Canagliflozin
Empagliflozin
Ertugliflozin
Sotagliflozin
Oral/subcutaneous hypoglycaemic agents
Insulin
Metformin
Glucagon-like peptide-1 analogues
Dipeptidyl peptidase-4 inhibitors
Sulfonylurea
Repaglinide
Thiazolidinedione
Alpha-glucosidase inhibitors

Abbreviations: P2Y12, purinergic receptor type Y, subtype 12;
PCSK9, proprotein convertase subtilisin/kexin type 9.
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sion and exclusion criteria found in the registry. When a pa-
tient is readmitted and a new form is established, past an-
swers can automatically be imported into the new form, al-
though each variable must be confirmed with a mouse click
before registration in the new form. Within the coming years,
it is planned to start a biobank with the blood of all patients
(not only HF patients) admitted to the DC at Landspitali Uni-
versity Hospital. This will open up numerous research oppor-
tunities, including examining genetic associations with HF.
Discussions are ongoing concerning the available blood sam-
ples that will be in the future biobank, their quantities, acces-
sibility and terms of use for prospective researchers.

Outcomes

The IHFR can be linked to several national registers in Iceland.
The Population Register can be used to calculate the incidence
and mortality rates of HF. The National Patient Register can be
used to assess the number of HF admissions and look at co-
morbidities. The Cause of Death Register can give information
on vital status, date of death and whether the patient died of
CVD or other causes. The Surgeon General in Iceland has a na-
tional register for all prescriptions, which is available to all
physicians through the Nationwide Heilsugatt Health IT Sys-
tem. This can help monitor the dispensation of prescribed
drugs and assess adherence to medication.

Access to the registry

Access to the registry is controlled by the director, and cur-
rently, only HF physicians and nurses in the HF outpatient
clinic at Landspitali — The National University Hospital of Ice-
land have access to it. Patients can opt out if they do not
want to answer QoL questionnaires, but all clinical variables
are recorded as part of quality assurance, and patients do
not sign an informed consent form because the data are
pseudonymized and cannot be traced back to individuals.
Only aggregated data are reported in analyses, and patient
privacy and data security are managed by the strict rules that
apply to the EHRs in the Heilsugatt Health IT System. Only
with the approval of the Scientific Research Committee for
Health Research of Landspitali — The National University Hos-
pital of Iceland are specified healthcare professionals given
access to the data. The current data access protocol aims to
promote high-quality HF research. Healthcare professionals
in Iceland are invited to propose new research projects that
address significant questions in this field.

Validity

The IHFR has not gone through external validity. Many of the
variables are from SwedeHF, and several extensions have
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been adopted from the European Unified Registries on Heart
Care Evaluation and Randomized Trials (EuroHeart). Never-
theless, it is extremely important to validate it, and there
may be opportunities to do so by collaborating with SwedeHF
to ensure data accuracy and reliability, which would instil
more confidence in the data’s integrity. This could potentially
be beneficial for both parties.

Results

From 1 January 2020 to 1 January 2023, data from a total of
1890 patients were collected, and 2384 registrations were
made; some of the patients were readmitted. The data col-
lection for the years 2020, 2021 and 2022 is complete (shown
in Table 4), that is, manually validated by an HF specialist.

HF is a heterogeneous disease with many different under-
lying causes. Figure 2 shows that IHD is the main underlying
cause of HF among patients with HFrEF and HFmrEF, while
the underlying causes of those with HFpEF are more
scattered. Most HFpEF patients have HF due to diastolic dys-
function (DD), IHD, hypertension, atrial fibrillation or valvular
heart disease (VHD). The IHFR offers a unique opportunity to
map the distribution of rare causes of HF, such as Fabry dis-
ease, post-partum cardiomyopathy (PPCM) and CA. The most
common underlying causes of HFimpEF are atrial fibrillation
and IHD.

Figure 3 shows the number of admissions per month and
the age distribution of patients admitted with AHF to the
DC at Landspitali — The University Hospital of Iceland from
January 2020 to January 2023. On average, the patients were
74.9 years old. Breaking this down by gender, women aver-
aged 78.3 years, and men averaged 72.8 years. The second
plot illustrates the monthly admission rate, showing an aver-
age of 64.7 admissions per month.

Discussion

The IHFR offers a nationwide perspective on HF epidemiology
in Iceland using real-world data and may, in the future, be
studied in the potential assessment of the long-term effects
of HF treatment for all patients. Much effort has been put
into improving data quality by increasing the number of

Table 4 The Icelandic Heart Failure Registry records overview for
the years 2020-2022.

Year

2020 2021 2022
No. of patients 666 592 632
No. of complete registrations 837 745 802
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Figure 2 Underlying causes of heart failure (HF) among different HF phenotypes. HFmrEF, HF with mildly reduced ejection fraction; HFpEF, HF with

preserved ejection fraction; HFrEF, HF with reduced ejection fraction.

Ischaemic heart disease -
Atrial fibrillation
Hypertension -
Valvulvar heart disease -
Diastolic dysfunction -
Dilated Cardiomyopathy (DCM) - 1
Cardiac amyloidosis - -
Pneumonia/serious infection -
Bradycardia/serious block <N
Pulmonary hypertension without pulmonary embolus -
Alcohol abuse L
Pulmonary embolus -l
Broken heart disease N
Hypertrophic Cardiomyopathy (HCM) -l
Ventricular tachycardia -3l
Adult Congenital Heart Disease (ACHD) -4l
Endocarditis -l
Substance abuse -1l
Cardiotoxic drugs -
Myocarditis -
Left ventricular non-compaction (LVNC) -
Pericarditis -
Unknown -
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) 4
Cardiac sarcoidosis -4
Other N

0 100 200

HFrEF . HFmrEF W HFpEF
' ' ' ' '
300 400 500 600 700
Count

Figure 3 Age distribution and number of admissions per month for admissions in 2020, 2021 and 2022.
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variables. To date, one bachelor’s thesis®! and one master’s
thesis®? from the University of Iceland have been published
using data from the IHFR, one looking at HF phenotypes
and survival and the other evaluating whether HF patients
are receiving HF medication in accordance with the HF Guide-
lines of the ESC.*® Both authors are currently writing manu-
scripts for publication in peer-reviewed medical journals.
Their research is essential in mapping the landscape of HF
in Iceland and evaluating the quality of HF treatment.
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The importance of understanding HF phenotypes
and aetiologies

As HF is a very heterogeneous disease, it is important not
only to understand the different HF phenotypes and their
prognoses but also to focus on the aetiologies. It is well
known that HF is underdiagnosed, especially when it comes
to HFpEF.3 For this reason, it may not be possible to draw
clear conclusions regarding the true incidence and prevalence

ESC Heart Failure (2024)
DOI: 10.1002/ehf2.15012

51801 SUOWILIOD SAITRRID 3[qedtjdde 3 Ag pauiA0B 812 SO YO ‘8N J0 S9N 0} X117 3UIIUO 3|1 UO (SUORIPUOD-PLE-SWLBYLIOY" A3 1M AZRic 1PUIIUO//StNL) SUORIPUOD PLE SLLB L 33 89S *[1Z02/0T/2] U Afiqi8uIluO A8|IM ‘BU-HY AQ ZTOST ZJUe/200T OT/I0p/W0d" 3| 1M ARRIq 1 jBu 1 |uO//:Sdy WO papeojumoq 0 ‘22855502


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fehf2.15012&mode=

I.J. Ingimarsdottir et al.

of different HF phenotypes from the IHFR. In the Nordic
countries, HFpEF has primarily been treated by GPs. However,
the HFpEF population is growing and is more heterogeneous,
with a rise in metabolic syndrome. In Iceland, the prevalence
of obesity was 23.9% and type 2 diabetes was 7.1%, accord-
ing to the latest available data from 2016,>* and has probably
increased since then and may have contributed to a rise in
HFpEF in Iceland.

The role of the IHFR in quality of care

Most patients with highly symptomatic HF (NYHA classes Ill—-
IV at presentation) are referred to Landspitali University Hos-
pital, and the number of new HF diagnoses can give a rough
estimate of the incidence of AHF in Iceland. Most of these pa-
tients, particularly those with new-onset HF, are offered a
follow-up appointment at the HF outpatient clinic at
Landspitali University Hospital. Currently, the medical team
there is routinely contacted if patients registered in the IHFR
are on suboptimal treatment. In this way, the IHFR is already
being used as a quality-of-care indicator and can impact the
treatment of all included patients, hopefully reducing the rate
of readmissions and even optimizing HF management costs.

The advantages and limitations of a small
nationwide registry

In the international context, Iceland is tiny. What can a small
nationwide registry offer to the international community?
The advantages are clearly the grade of precision and the
high data coverage that is representative of the whole pa-
tient population in daily clinical practice. This makes the effi-
cacy—effectiveness gap negligible, and registry trials based on
the IHFR can be well suited to real-world effectiveness stud-
ies. Such studies can further improve knowledge on the gen-
eralizability of trial results for daily clinical practice.

The potential of artificial intelligence (Al) in
registry data collection

The strong, accessible IT department at Landspitali — The Na-
tional University Hospital of Iceland is the cornerstone of a
strong registry that is constantly under development, with
the adaptability and capacity of data collection processes
growing continually. In contrast, a disadvantage of SwedeHF
is its low coverage (54%) of prevalent HF in the inpatient
setting.>® While the IHFR nearly covers all HF admissions to
the DC, a notable limitation is its exclusion of HF inpatients
from the geriatric and internal medicine departments. How-
ever, there is potential for these departments to contribute
to the IHFR in the future. HF patients in the HF outpatient
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clinic may also be included in the future. This will require fur-
ther funding, as the only funding until now has been for the
employment of medical students to conduct QoL assess-
ments—a volunteer HF specialist has been carrying out the
registration and assessing the underlying HF factors. How-
ever, the Icelandic Ministry of Health provides funds for the
IT department to conduct various IT healthcare tasks. This in-
cludes their work on IHFR development, for which the au-
tomatization of data collection is vital because it is extremely
important to increase the IHFR’s feasibility and patient enrol-
ment as well as to ensure external validity. The IT depart-
ment, working alongside an Al expert from the University of
Iceland, is exploring the use of Al for processing medical re-
cords in the IHFR through natural language processing
(NLP). This involves inputting admission notes from EHRs,
with all personal identifiers removed, into advanced language
models like ChatGPT. The goal is to identify key variables and
conduct analysis. Early experiments have yielded encouraging
outcomes, as detailed in Appendix S1.

Incidence and demographics of AHF in Iceland

A clear strength of the IHFR is that it captures nearly all AHF
cases in Iceland. Given the size of the Icelandic population
and the fact that approximately 800 admissions of AHF are
hospitalized every year, the incidence of AHF is around 2
cases per 1000 inhabitants per year. This is consistent with
the median annual HF incidence of 3.2 cases per 1000
person-years in the 12 participating countries in the ESC HF
Atlas.* In Europe or the United States, the reported HF inci-
dence has been shown to be between 1 and 9 cases per 1000
person-years, depending on the diagnostic criteria used and
the population studied.®®* We did not observe seasonal varia-
tion in AHF admissions, but notably, it has been reported for
other countries.?” Possibly, this seasonal effect is not as
strong in Iceland as there is less seasonal variation in the
weather compared with other countries, and further data
would be required to detect it. As of the end of 2022,
68.8% [95% uncertainty interval (Ul): 66.5%—-71.1%] of pa-
tients in the IHFR were aged 70 years or older.

Updates to the IHFR and harmonization with
international guidelines

Updates to the IHFR were carried out on 1 January 2021, 2022,
2023 and 2024. Variables have been added but none removed,
so the IHFR is still comparable to the SwedeHF registry. On 1
January 2024, the registry underwent an update to include ad-
ditional variables such as laboratory results, echocardiogram
parameters and more comprehensive details on HF patients
with amyloidosis as an underlying cause. More precise data
registration on cMRI findings is on the drawing board.
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The impact of Covid-19 on the IHFR

The registry started at the beginning of the Covid-19 pan-
demic, and here, we briefly address its impact on the IHFR.
The Icelandic authorities conducted a mitigation strategy
against Covid-19 from the very beginning, and the Icelandic
government developed a national vaccination strategy opera-
tion to vaccinate the entire population.38 Therefore, the
Covid-19 situation was manageable, and the health system
held its ground. No increase in the number of HF admissions
to the DC (and thus registrations in the IHFR) was noted dur-
ing Covid-19 in 2020 and 2021, as these patients were
treated in special Covid-19 wards and intensive care units at
Landspitali University Hospital. The number of myocarditis
admissions at the hospital was unchanged from 2019 to
2020 and was only slightly higher in 2021, seeming to reflect
normal variation.? It is not unlikely that Covid-19 myocarditis
has been underreported in the intensive care units of our
hospital, but this was not observed in the DC. There was a sig-
nificant reduction in HF follow-up visits to the HF outpatient
clinic in 2020 due to the pandemic, and the original plan to
invite these patients to the IHFR registration was abandoned,
leaving only HF admissions to the DC for decompensated HF
or AHF.

The future of international collaboration in HF
research

In 2019, the ESC decided to co-ordinate the development of
the EuroHeart.*® Their primary goal was to establish a net-
work of national registries with standardized data variables,
thereby improving the quality of the collected observational
data related to CVD. The EuroHeart project’s concept was
based on the success of established registries, such as the
Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated According to
Recommended Therapies (SWEDEHEART).*! During the pilot
phase, six countries, including Iceland, adopted the proposed
EuroHeart standard and began collecting data according to its
specifications.*? On 1 January 2022, the IHFR was updated to
include all 84 Level 1 (mandatory) variables and most of the
79 Level 2 (optional) variables. These variables are distributed
across nine defined domains of HF care: demographics, pa-
tient characteristics and comorbidities, presentation details,
medication prior to encounter, health-related QolL, investiga-
tions, in-hospital management, discharge details and dis-
charge or post-encounter medication.*®

In the years to come, it is hoped that value can be added
by combining national HF registries into a EuroHeart-like net-
work to initiate and collaborate on quality improvement ef-
forts, observational research and registry-based randomized
controlled trials. For the burden of disease to be correctly es-
timated and the right conclusions drawn regarding the out-
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comes of all patients in registries, data collection needs to
be of good quality and have sufficiently high coverage of
the population. This would give a more realistic picture of
healthcare management. Al may become a revolutionary fac-
tor in data collection and data quality in the near future.
Therefore, Iceland can soon be at the forefront of interna-
tional collaboration in HF research. Linking epidemiological
data from the IHFR to a biobank would be a crucial step in
further underpinning the genetic basis of a disease, improv-
ing preventive measures and even contributing to personal-
ized (precision) medicine in the future.

Conclusion

The IHFR, established in 2019, has become a vital resource for
understanding HF in Iceland. Focusing primarily on AHF ad-
missions, it gathers extensive data on patient backgrounds,
clinical conditions and treatments. This wealth of information
offers insights into HF causes, treatment effectiveness and
patient outcomes. The IHFR not only benefits Icelandic
healthcare but also serves as a model for other countries’
HF registries. Its ongoing development and potential expan-
sion promise to enhance HF research and patient care both
nationally and internationally.
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