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BACKGROUND: A valid definition of severe heart failure (HF) is essential for earlier identification, 
timely referral for advanced therapies, and to optimize clinical trial design.
OBJECTIVES: To assess the prevalence, prognostic performance, and 1-year outcomes associated with 
different definitions of severe and advanced HF (AdvHF) in patients with heart failure with reduced 
ejection fraction (HFrEF).
METHODS: We included 15,153 patients with EF < 40%, HF duration > 6 months, and no prior left 
ventricular assist device or heart transplant, from the Swedish Heart Failure Registry. Several 
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definitions of severe/AdvHF were evaluated: a simplified Heart Failure Association (HFA) definition 
(NYHA III–IV, EF < 30%, ≥2 HF hospitalizations in 12 months), the GALACTIC-Severe-definition 
(NYHA III–IV, EF < 30%, ≥1 hospitalization in 6 months), and variations adding/removing criteria 
such as NT-proBNP levels and diuretic dose to the HFA-AdvHF definition. Predictive performance 
and 1-year outcomes were analyzed.
RESULTS: The HFA-definition identified 6.4% of patients, with a 1-year cardiovascular death/HF 
hospitalization risk of 70% and all-cause mortality of 45% (AUC = 0.72). The GALACTIC-Severe 
definition identified 12.6% of patients with slightly lower but still substantial event rates (59% and 
38%, respectively; AUC = 0.73). Definitions incorporating NT-proBNP ≥2000 pg/ml had the highest 
prognostic accuracy (AUC = 0.75).
CONCLUSIONS: The HFA-AdvHF definition selected a smaller, high-risk group, while the GALAC
TIC-Severe criteria identified a broader population, with a lower, but still high risk. NT-proBNP, HF 
hospitalization history, and diuretic dose might represent valuable enrichment tools for future trials.
J Heart Lung Transplant 2026;45:1380–1393 
© 2026 The Authors. Published by Elsevier Inc. on behalf of International Society for Heart and Lung 
Transplantation. This is an open access article under the CC BY license (http://creativecommons.org/ 
licenses/by/4.0/).

Introduction

Heart failure (HF) affects over 64 million people globally,1 with 
∼10–15% progressing to advanced HF (AdvHF), characterized 
by severe symptoms, severely impaired functional capacity, 
recurrent HF hospitalizations (HHF), and high mortality.2 As 
HF prevalence and patient longevity increase, the burden of 
AdvHF is expected to escalate.3

Treatment options for AdvHF remain limited. Therapies 
proven effective in stable, chronic HF with reduced EF 
(HFrEF) show reduced benefit or have not been tested in ad
vanced stages. The LIFE trial, demonstrated poor tolerability of 
angiotensin-receptor-neprilysin-inhibitors (ARNI) and no out
come benefit over valsartan in AdvHF.4 Similarly, ambulatory 
oral and intravenous inotropes have not improved outcomes and 
often increased mortality,5–8 except for omecamtiv mecarbil, 
which provided only a modest benefit (8% reduction in cardi
ovascular [CV] mortality or HHF).

Accordingly, guidelines recommend referral for heart 
transplantation (HTx) or durable mechanical circulatory 
support (D-MCS) unless a palliative strategy is chosen.9

However, organ shortage, comorbidities and delayed re
ferrals often reduce eligibility for advanced therapies. Thus, 
earlier identification of high-risk patients and the develop
ment of innovative treatment strategies are critical to im
prove their prognosis.

To address this gap, a new HF stage, stage C2 (severe HF), 
intermediate between symptomatic HF (Stage C) and AdvHF 
(Stage D), has been recently proposed to identify high-risk 
patients earlier in the disease trajectory.10,11 In a recent post- 
hoc analysis of the GALACTIC-HF trial, patients with severe 
HF, defined by New York Heart Association [NYHA] class 
III-IV, ejection fraction [EF] < 30%, ≥1 HF within 6 months, 
experienced a 20% reduction in CV mortality/HHF with 
omecamtiv mecarbil, while no benefit was observed in the 
non-severe subgroup.12 Accordingly, the COMET-HF trial 
(NCT06736574) has been started to investigate omecamtiv 
mecarbil in a selected severe HF cohort.

Despite efforts to better characterize the subpopulation 
of HF patients at higher risk of events, real-world data 

validating their risk profile remain limited, and no studies 
have specifically examined Stage C2. A standardized defi
nition of severe HF is essential for accurate patient identi
fication, timely referral to AdvHF centers, and robust 
clinical trial design, as therapeutic response may vary sig
nificantly according to disease severity. Designing rando
mized control trials (RCTs) in high-risk HF patients poses 
additional challenges: 1) high comorbidity burden and 
competing risks may lead to neutral results; 3) low disease 
prevalence, high mortality and greater loss-to-follow-up 
rates may hinder enrollment. Real-world data can address 
these challenges and improve RCT design.

This study aimed to evaluate the prevalence, prognostic 
performance, and outcomes associated with various defi
nitions of severe and AdvHF, in a large real-world cohort 
with heart failure with reduced ejection fraction (HFrEF). 
The goal is to inform RCT design and optimize referral to 
AdvHF centers.

Methods

Data sources

We analyzed data from the Swedish Heart Failure Registry 
(SwedeHF), a nationwide continuous health quality and 
research registry established in 2000, enrolling both in- and 
outpatients with HF regardless of EF.13,14 At discharge 
from the hospital or at the outpatient visit (i.e. the index 
date), approximately 80 variables are recorded and entered 
into an electronic database managed by the Uppsala Clin
ical Research Centre (Uppsala, Sweden). Participation in 
the registry is voluntary for Swedish healthcare centers but 
aims to achieve the most comprehensive nationwide cov
erage possible. In 2022, 69 out of 76 Swedish hospitals 
participated in SwedeHF, covering ∼32% of prevalent HF 
cases in Sweden.15 Patients are included into the registry 
upon a clinical HF diagnosis until 2017, which was there
after defined by specific ICD-10 codes (I50.0, I50.1, I50.9, 
I42.0, I42.6, I42.7, I25.5, I11.0, I13.0, I13.2). The 
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inclusion and exclusion criteria remained otherwise un
changed over time.

Patients are not required to sign informed consent for 
inclusion, although they are notified about the registration 
and can opt out.

For this study, SwedeHF was linked through the per
sonal identification number, that all Swedish residents have, 
with (I) the Cause of Death Register to obtain information 
on cause-specific death, (II) the National Patient Register, 
which provided data on additional comorbidities, HHF, left 
ventricular assist devices (LVAD) implantation and HTx, 
and (III) Statistic Sweden for obtaining socioeconomic 
variables.

This study and the related linkage across registries re
ceived approval from the Swedish Ethical Review 
Authority and conform to the Declaration of Helsinki.

Study cohort

We included patients enrolled in SwedeHF between 1 
January 2011 and 31 December 2022 with EF < 40%, HF 
duration > 6 months, no previous history of LVAD im
plantation or HTx, and no missing data for NYHA and NT- 
proBNP (N-terminal pro-B-type natriuretic peptide). Given 
the limited torsemide use in Sweden, patients with un
reported loop diuretic preparations were assumed as re
ceiving furosemide if the daily dose was ≥20 mg/day. Those 
with < 20 mg/day were excluded due to the uncertainty in 
differentiating loop diuretic types. Patients with missing 
loop diuretic doses were also excluded. If multiple records 
existed for a patient, the most recent was selected (Fig. S1, 
Supplemental material).

HFrEF was defined as EF < 40% rather than ≤40% ac
cording to the recent Universal Definition and Classification 
of HF, since EF in SwedeHF has been mostly reported as a 
categorical variable (i.e. < 30%, 30–39%, 40–49%, ≥50%) 
during the study period. We selected patients with HF 
history > 6 months to ensure sufficient time for optimizing 
treatment, as severe and AdvHF are defined by persistent 
severe symptoms despite optimal medical therapy 
(OMT).16

Definitions of advanced and severe HF (Table 1, 
supplemental material)

The Heart Failure Association (HFA) - European Society of 
Cardiology (ESC) definition of AdvHF requires 4 simulta
neous criteria despite OMT1: severe and persistent symp
toms,2 severe cardiac dysfunction,3 ≥2 episodes of 
congestion, low-output syndrome or malignant arrhythmias 
requiring unplanned visits or hospitalizations in the past 
year,4 severely impaired exercise capacity. Given our focus 
on HFrEF and the available data in SwedeHF, we adapted 
the HFA-definition as follows1: NYHA class III-IV,2 EF 
< 30%,3 ≥2 HHF within the previous 12 months. This 
adapted definition (¨HFA-AdvHF definition¨) served as the 
reference in our analysis, as the HFA-definition is endorsed 

by both American and European HF Guidelines and re
presents the most widely accepted.

Alternative definitions were assessed by systematically 
removing one criterion from the HFA-AdvHF definition, 
resulting in three 2-variable definitions: 1) NYHA III-IV + 
EF < 30%, 2) NYHA III-IV + ≥2 HHF within 12 months, 3) 
EF < 30% + ≥2 HHF within 12 months.

We also tested the severe HF definition from the post- 
hoc analysis of the GALACTIC-HF trial,12 considering EF 
≤30%, NYHA class III-IV, ≥1 HHF within 6 months, which 
we re-adapted to our data as1 NYHA class III-IV,2 EF 
< 30%,3 ≥1 HHF within 6 months (“GALACTIC-Severe- 
definition”).

Recognizing the prognostic and trial-selection value of 
NT-proBNP, we incorporated it in the HFA-AdvHF defi
nition. Since no specific NT-proBNP levels have been 
universally established to define severe and AdvHF, we 
considered two cut-offs: ≥800 pg/ml as in the LIFE Trial,17

≥2.000 pg/ml representing both the median value in our 
cohort and in other RCTs enrolling AdvHF patients.4 This 
yielded two additional 4-variable definitions: 1) NYHA III- 
IV + EF < 30% + ≥2 HHF within 12 months + NT- 
proBNP≥800, 2) NYHA III-IV + EF < 30% + ≥2 HHF 
within 12 months + NT-proBNP ≥2.000.

Given that high-dose diuretics reflect disease severity18

and are used as an enrichment criterion in RCTs,19 we also 
tested a definition incorporating daily loop diuretic dosage 
into the HFA-AdvHF definition. We converted loop diuretic 
doses to furosemide equivalents (40 mg furosemide = 10 
mg torsemide = 1 mg bumetanide), and we investigated two 
cut-offs based on prior studies, i.e. furosemide equivalent 
doses > 40 and > 80 mg/day.20 By adding these variables to 
the HFA-AdvHF definition, we generated two additional 4- 
variable definitions: 1) NYHA III-IV+ EF < 30% + ≥2 HHF 
within 12 months + furosemide equivalent dose > 40 mg/ 
day, 2) NYHA III-IV + EF < 30% + ≥2 HHF within 12 
months + furosemide equivalent dose > 80 mg/day.

All the severity criteria included in these definitions 
were assessed at the index date.

Outcomes

The primary outcome was 1-year risk of CV death or first 
HHF. Secondary outcomes included 1-year risk of all-cause 
death, non-CV death, CV death, first HHF, LVAD im
plantation, HTx and the composite of death/HTx/LVAD. 
Follow-up was censored at 1 year unless death occurred 
earlier.

Statistical analysis

Continuous variables were presented as median and inter
quartile range, while categorical variables as numbers and 
percentages. Patients with missing values for EF, NYHA 
class, NTproBNP or diuretic dosage were excluded from 
the population, as these variables were required to define 
disease severity. Since all the remaining variables were 
used solely for descriptive purposes in the study population 
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and were not included in any inferential analysis, no 
method for handling missing data was applied. The pro
portion of missing values for each variable is reported in 
Table S2, Supplemental material.

Patient characteristics across different definitions are 
presented (Table 1) for descriptive purposes only, no formal 
statistical comparisons between definitions were performed.

Univariable logistic regression models were applied to 
evaluate the association between each severity criterion 
(NYHA class, EF, history of HHF, NT-proBNP levels, and 
furosemide equivalent dose) and the primary outcome. 
Odds ratios (OR) and 95% confidence intervals (CI) were 
estimated. A multivariable logistic regression model was 
then performed to assess their independent prognostic sig
nificance. Variance inflation factors (VIFs) were also cal
culated to assess multicollinearity, with VIF values 
interpreted as follows: 1 indicating no correlation, 1–5 in
dicating moderate correlation, and > 5 indicating high cor
relation.

Agreement between all the possible pairs of definitions 
was evaluated using Cohen´s kappa statistic.21 Kappa va
lues were interpreted according to the Landis and Koch 
criteria (< 0.00 poor agreement, 0.00–0.20 slight agreement, 
0.21–0.40 fair agreement, 0.41–0.60 moderate agreement, 
0.61–0.80 substantial agreement, and 0.81–1.00 perfect 
agreement).

1-year crude event rates for primary and secondary 
outcomes were calculated for each severity criterion and all 
the above-mentioned definitions (Table S1, Supplemental 
material) as the percentage of patients experiencing the 
event within the first year of follow-up.

The predictive performance of each 2-, 3- and 4-variable 
definitions (Table S1, Supplemental material) was assessed 
and compared with the HFA-AdvHF definition (reference) 
using different metrics: the Bayesian information criterion 
(BIC), the Akaike information criterion (AIC), the area 
under the curve (AUC), the Net reclassification improve
ment (NRI) and Integrated discrimination improvement 
(IDI) as well as the Brier score. More details about these 
metrics are reported in Supplements.

No additional statistical adjustments were made. This 
approach aligns with clinical practice, where HF staging 
and RCT inclusion typically rely solely on predefined cri
teria.

Statistical analyses were performed by Stata 17.0 (Stata 
Corp LLC,College Station, TX, USA). A p-value < 0.05 
was considered statistically significant.

RESULTS

Between 1 January 2011 and 31 December 2022, 165,347 
patients were enrolled in SwedeHF. After applying selection 
criteria of this study, 15,153 patients were included 
(Figure S1, Supplemental material). The median age was 75 
(IQR 67–81) years, and 25% were female (Table 1). Median 
NT-proBNP was 2066 pg/ml (IQR 818–5066), with 47% 
classified as NYHA III-IV, 43% having EF < 30%, 14% 
having experienced ≥2 HHF within 12 months prior to 

baseline, and 34% ≥1 HHF within 6 months. Among them, 
89% were outpatients, and 80% received follow-up in speci
alty care. Common comorbidities included history of ischemic 
heart disease (64%), atrial fibrillation (AF)(59%), chronic 
kidney disease (CKD)(46%). 94% received beta-blockers 
(BB), 93% renin-angiotensin system inhibitors (RASI) or 
angiotensin receptor/neprilysin inhibitors (ARNI), and 58% 
mineralocorticoid receptor antagonists (MRA). 27% had an 
HF device (16% cardiac resyncronization therapy [CRT] and 
11% an implantable cardioverter defibrillator [ICD]). 57% 
received loop diuretics with a median furosemide equivalent 
dose of 30 mg/day (IQR 0–60 mg/day).

Prevalence of severe/AdvHF according to different 
definitions

Overall, 6.4% of patients met the HFA-AdvHF-definition, 
while 22.7% met only 2 HFA criteria, 39.3% 1 criterion, 
and 31.6% fulfilled none (Figure 1). The distribution of 
additional HFA criteria among those who fulfilled at least 
one is detailed in Figure 2.

12.6% met the GALACTIC-Severe definition. Fewer 
patients fulfilled the 4-variable definitions compared with 
the HFA-AdvHF-definition, with a prevalence ranging from 
6.2% (HFA-AdvHF definition + NT-proBNP ≥800 ng/ml) 
to 2.4% (HFA-AdvHF definition + furosemide dose > 80 
mg/daily) (Table 1). In contrast, the prevalence of all the 2- 
variable definitions surpassed that of the HFA. Among 
these, the combination of NYHA III-IV with EF < 30% had 
the highest prevalence, encompassing 23.4% of patients.

Patient characteristics according to different 
definitions

HFA-AdvHF-definition

Median age was 75 (IQR 67–81), and 21% were female. 
Compared with the overall population, a higher proportion 
were inpatients (36%), although referral rates to specialty 
care follow-up were similar (80%). They exhibited a higher 
burden of comorbidities, including AF (69%) and ischemic 

Figure 1 Distribution of patients according to the number of 
HFA criteria for the AdvHF definition (NYHA class III-IV, EF 
< 30%, ≥2 HHF within 12 months). AdvHF, advanced heart 
failure; EF, ejection fraction; HFA, Heart Failure Association; 
HHF, heart failure hospitalization; NYHA, New York Heart 
Association.
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heart disease (74%). They were less likely to receive RASI/ 
ARNI (86%), but more likely to have HF devices (44%), 
MRA (59%), digoxin (16%) and loop diuretics (87%), with 
a median furosemide equivalent dose of 80 mg/daily (IQR 
40–145). Median NT-proBNP was 6639 pg/ml (IQR 
3296–13,875) and 16% had NYHA IV.

GALACTIC-Severe definition

Compared with patients meeting the HFA-AdvHF defini
tion, those fulfilling the GALACTIC-Severe criteria had a 
lower prevalence of NYHA IV (13%), lower median NT- 
proBNP level (6000 pg/ml,[IQR 2761–12,286]) and were 
less likely to have HF devices (34%). Treatment patterns 
were similar, with 94% receiving BB, 87% RASI/ARNI, 
57% MRA and 85% loop diuretics, with a median fur
osemide equivalent dose of 80 [IQR 40–120] mg/daily. 
These patients had a lower prevalence of CKD (61%), is
chemic heart disease (71%), as well as of all the other co
morbidities, except for cancer (14%) and hypertension 
(72%), which showed no significant differences.

4-variable definitions

Compared with patients meeting the GALACTIC-Severe 
and HFA-AdvHFdefinitions, these patients had a higher 
comorbidity burden, were more frequently inpatients at the 
index date, and were more likely to have an HF device. 
Those meeting the HFA-definition+furosemide > 80 mg/ 
day had the highest prevalence of NYHA IV (20%) and 
CKD (79%), along with the lowest use of RASI/ARNi 
(81%) and MRA (54%).

2-variable definitions

Patients fulfilling these definitions were more likely to be 
female and outpatients, had lower NYHA IV prevalence 
and lower median NT-proBNP levels as compared with 
those meeting the HFA-AdvHF-definition. In particular, 
those defined by NYHA III-IV + EF < 30% had lower NT- 
proBNP (4471 pg/ml, IQR 2.000–9.372) and required lower 
furosemide (40 mg/day, IQR 20–80). Additionally, they 

were less likely to have NYHA IV (9%), CKD (58%), an 
HF device (35%) and to be on MRA (57%), although their 
use of RASI/ARNI was higher (90%).

Agreement between alternative definitions

Overall agreement between alternative definitions ranged 
from moderate to substantial (Table 2). The highest con
cordance was observed among the 4-variable definitions, 
between these definitions (except those including daily 
diuretic dose) and the HFA-AdvHF definition, and between 
the HFA-AdvHF definition and the 2-variable definition 
including EF and previous HHF. The GALACTIC-Severe 
definition demonstrated moderate agreement with most 
definitions, including the HFA-AdvHF-definition (k-value 
0.5923), but only fair agreement with the 4-variable defi
nition including furosemide-equivalent dose > 80 mg/day. 
Likewise, only slight to fair agreement has been docu
mented between 2-variable definitions including HHF 
(¨NYHA + HHF¨, ¨EF + HHF¨) and 4-variable definitions 
that incorporated daily diuretic dose.

Associations between individual severity criteria 
and outcomes

In univariable analyses, each severity criterion was asso
ciated with a higher risk of the primary outcome (CV death/ 
first HHF) (Figure 3). NT-proBNP > 800 pg/ml showed the 
strongest association (OR 5.23; 95%CI 4.65–5.89), fol
lowed by ≥ 2 HHF within 12 months and a furosemide dose 
> 80 mg/daily. Multivariable analysis confirmed the in
dependent predictive role of all criteria (Figure 3), with VIF 
values indicating minimal collinearity (Table S3, 
Supplemental material).

1-year event rates across various definitions 
(Fig. 4, Table S4 Supplemental material)

Patients meeting the HFA-AdvHF definition had a 1-year 
risk of CV death/HHF of 70%. One-year all-cause mortality 
was 45%, with 79% of deaths being CV-related. CV 

Figure 2 Distribution of the HFA criteria for the AdvHF definition in the study population. AdvHF, advanced heart failure; EF, ejection 
fraction; HFA, Heart Failure Association; HHF, heart failure hospitalization; NYHA, New York Heart Association.
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mortality alone was 36%, and 59% of patients experienced 
at least 1 HHF.

Those meeting the GALACTIC-Severe definition had a 
lower, yet still substantial risk of primary outcome (59%), 
with an all-cause mortality rate of 38% (76% CV), a CV 
mortality of 29% and 49% experiencing at least 1 HHF. 
Rates of advanced therapies use were low across both 
groups: among HFA-defined patients, 3.1% underwent HTx 
and 1.9% received an LVAD, compared with 1.9% and 
1.4%, respectively, among those meeting the GALAC
TIC-Severe-definition.

Compared with patients meeting the HFA-AdvHF defi
nition, those fulfilling any 4-variable definition had higher 
event rates for both primary and secondary outcomes, ex
cept for LVAD and HTx, which were less frequent. 
Notably, while all 4-variable definitions were associated 
with a higher CV event rate than the HFA-definition, only 

those including NT-proBNP ≥2000 pg/ml or furosemide 
> 40 mg/daily showed a higher CV/non-CV events ratio.

In contrast, all 2-variable definitions had lower event 
rates for all outcomes as compared with the HFA-AdvHF- 
definition. Their CV/non-CV events ratios were also lower, 
except in the subgroups defined by EF < 30% and ≥2 HHF 
within 12 months.

Performance of the different definitions

Table 3. summarizes the prognostic performance metrics 
across the various definitions.

All 4-variable definitions showed significantly superior 
discrimination compared with the reference HFA-AdvHF 
definition (AUC 0.7155 [ 0.70647 – 0.72451]; all p < 
0.001). Their AUCs ranged from 0.7301 (0.72112 – 

Table 2 Pairwise Agreement between Alternative Severe and AdvHF Definitions Calculated using Cohen´s Kappa 

HFA-AdvHF 
def. + NT- 
proBNP  
≥2000 pg/ml

HFA-AdvHF 
def. + NT- 
proBNP ≥800 
pg/ml

HFA-AdvHF 
def. + 
furosemide- 
equivalent   
> 80 mg/day

HFA-AdvHF 
def. + 
furosemide- 
equivalent   
> 40 mg/day

HFA-AdvHF 
definition

GALACTIC-
Severe 
definition

NYHA + 
EF

NYHA + 
HHF EF + HHF

HFA-AdvHF def. + NT-proBNP  
≥2000 pg/ml

- 0.9431* 0.5378* 0.7547* 0.9263* 0.5383 0.3231* 0.6968* 0.7650*

HFA-AdvHF def. + NT-proBNP  
≥800 pg/ml

0.9431* - 0.5369* 0.7685* 0.9831* 0.5819 0.3552* 0.7494* 0.8194*

HFA-AdvHF def. + 
furosemide-equivalent   
> 80 mg/day

0.5378* 0.5369* - 0.7369* 0.5363* 0.2777 0.1513* 0.3701* 0.4165*

HFA-AdvHF def. + 
furosemide-equivalent   
> 40 mg/day

0.7547* 0.7685* 0.7369* - 0.7714* 0.4277 0.2460* 0.5603* 0.6215*

HFA-AdvHF definition 0.9263* 0.9831* 0.5363* 0.7714* - 0.5923 0.3652* 0.7653* 0.8358*
GALACTIC-Severe definition 0.5383 0.5819 0.2777 0.4277 0.5923 - 0.6436 0.4700 0.5091
NYHA + EF 0.3231* 0.3552* 0.1513* 0.2460* 0.3652* 0.6436 - 0.2838* 0.3111*
NYHA + HHF 0.6968* 0.7494* 0.3701* 0.5603* 0.7653* 0.4700 0.2838* - 0.6550*
EF + HHF 0.7650* 0.8194* 0.4165* 0.6215* 0.8358* 0.5091 0.3111* 0.6550 -

* Kappa value among nested definitions
EF, ejection fraction; HHF, heart failure hospitalization; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart
Agreement according to Kappa values: < 0.00 poor, 0.00–0.20 slight, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and 0.81–1.00 

almost perfect

Figure 3 Severity criteria and their association with the primary outcome (1-year CV death or first HHF) in univariable and multi
variable analysis. CV, cardiovascular; EF, ejection fraction; HHF, heart failure hospitalization; NT-proBNP, N-terminal pro-B-type na
triuretic peptide; NYHA, New York Heart Association.
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0.73902) for the HFA-AdvHF definition + furosemide 
equivalent dose > 40 mg/day to 0.7507 (0.74225 – 0.75920) 
for the HFA AdvHF definition + NT-proBNP ≥2000 pg/ml.

Beyond discrimination, 4-variable definitions were also 
associated with better overall model performance, as re
flected by lower AIC and BIC values (indicating better 
model fit), higher NRI, and IDI values (reflecting superior 
discrimination and reclassification), and lower Brier scores 
(indicating improved calibration). Among the 4-variable 
definitions, those incorporating NT-proBNP ≥2000 pg/ml 
consistently delivered the best overall performance. In 
contrast, all 2-variable definitions performed worse than the 
HFA-definition, with the combination of EF < 30% and ≥2 
HHF within 12 months (AUC 0.6570 [0.64768 – 0.66628], 
p < 0.01) showing the poorest performance across metrics.

The GALACTIC-Severe definition demonstrated a 
modest but significantly higher discrimination than the 
HFA-AdvHF definition by an AUC of 0.7273 (.71850 - 
0.73602) and an NRI value of 0.194 (0.164 – 0.225). It also 
demonstrated a slightly improved model fit by lower AIC 
and BIC, despite similar IDI and Brier scores.

Discussion

Large registries provide valuable insights into patient pro
filing and risk stratification, particularly for less prevalent 
sub-populations, as patients with severe and AdvHF, who 
are often underrepresented in smaller cohorts. Our analysis 
of one of the largest real-world HFrEF cohorts worldwide 
provides key findings in this setting, which might contribute 

to refining RCT design and optimizing referrals to AdvHF 
centers. In particular, we showed that: 

I) The HFA-AdvHF definition (NYHA III-IV, EF < 30; ≥2 
HHF within 12 months) identified a small, high-risk 
HFrEF subgroup (70% 1-year risk of CV death/HHF, 
45% 1-year mortality). The GALACTIC-Severe defi
nition (NYHA III-IV, EF < 30; and ≥1 HHF within 6 
months) demonstrated moderate agreement with the 
HFA-AdvHF definition and outperformed it across most 
performance parameters. Since it was less restrictive, 
doubled patient identification, maintaining high, al
though lower risk when compared to the HFA-AdvHF 
definition (59% 1-year CV death/HHF, 38% 1-year 
mortality).

II) No single criterion (e.g., NYHA class, EF, HHF, NT- 
proBNP, diuretic dose) fully captured severe and 
AdvHF complexity. Combining multiple criteria, im
proved predictive accuracy and event rates while redu
cing patient eligibility.

Profiling severe and AdvHF for patient 
characteristics and outcome

Data on severe HF epidemiology and outcomes are lacking, 
and only limited data exist on AdvHF. In our study, the 
simplified HFA-AdvHF definition was met by 6% of pa
tients with HFrEF and identified a population with a 70% 1- 
year risk of CV death or HHF and 45% all-cause mortality 
(79% CV-related). These findings align with prior studies, 
however focusing specifically on HFrEF.3,22

Figure 4 1-year event rates associated with different definitions of severe and AdvHF. AdvHF, advanced heart failure; CV, cardio
vascular; EF, ejection fraction; HFA, Heart Failure Association; HTX heart transplantation; LVAD, left ventricular assist device, NT- 
proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
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The HFA-definition selects a too high-risk group for 
AdvHF referrals, potentially missing the optimal window 
for advanced therapies. Given LVAD advancements and 
broader indications for earlier use, early identification is 
critical. An intermediate stage (C2, severe HF) has been 
proposed between symptomatic HF (stage C) and AdvHF 
(stage D), but no validated definition exists.10 In our cohort, 
applying the GALACTIC-Severe definition doubled patient 
identification while maintaining high risk of events (38% 1- 
year mortality, 76% CV-related), suggesting that avoiding a 
second HHF requirement could facilitate earlier access to 
AdvHF care. Despite the poor prognosis of AdvHF, con
sistent with prior observational studies,3,23 HTx and LVAD 
utilization remained low in our cohort, likely due to older 
median age (75 years) and high comorbidity burden.

Defining severe and AdvHF for clinical and research 
applications

Real-world data informs RCT design by refining selection 
criteria, determining sample size, and optimizing power 
calculations. In the absence of a universally accepted defi
nition of severe and AdvHF, we evaluated several defini
tions based on varying combinations of severity criteria. 
Each factor (NYHA class III-IV, EF < 30%, HHF, NT- 
proBNP, diuretic dose) was independently associated with 
increased risk of the primary outcome, with minimal col
linearity observed among them. Incorporating multiple 
variables consistently improved the performance of the 
definitions in terms of model fit, discrimination and cali
bration. These findings suggest that each criterion may 
capture different aspects of disease severity, and no single 
factor is sufficient to fully characterize the high-risk stage 
of HF.

Among all definitions tested, the 4-variable model in
corporating NT-proBNP ≥2.000 pg/ml consistently de
monstrated the strongest performance, achieving the highest 
AUC, lowest AIC, BIC, Brier score, and strongest NRI and 
IDI values. NT-proBNP emerged as a more powerful pre
dictor than diuretic dose, with model performance im
proving as NT-proBNP thresholds increased.

The GALACTIC-Severe-definition demonstrated mod
erate agreement with the HFA-definition and outperformed 
it across most metrics, including AUC, AIC, BIC, and NRI, 
although IDI and Brier score showed no significant differ
ences.

Balancing prevalence against event rates for RCT 
design and clinical implications

Our findings highlight the difficulties of developing a 
simpler yet effective definition of severe and AdvHF. While 
incorporating multiple severity criteria increases event 
rates, it delays patient identification for referral and reduces 
eligibility in the context of trial design. Indeed, while 
stringent inclusion criteria in RCT can enhance risk strati
fication, they may limit generalizability, complicate enrol
ment and escalate trial costs. Thus, our data can be used to 

identify the optimal trade-off between eligibility and de
sired event rates tailored to the specific intervention.

The HFA-AdvHF definition identified 6.4% of patients, 
with a 70% 1-year risk of CV death or HHF, while the 
GALACTIC-Severe-definition identified 12.6%, with a 
slightly lower risk, i.e. 60% risk of primary outcome. Even 
though CV events were more frequent than non-CV events, 
the latter were still significant and should be considered 
when enrolling patients in RCTs or considering them for 
advanced treatment strategies.

As compared with recent HFrEF RCTs (e.g., PARAD
IGM-HF, DAPA-HF and EMPEROR-REDUCED; Table 
S5, Supplemental material), our cohort had significantly 
higher event rates, as those trials did not focus on 
AdvHF.24–26 In contrast, the event rate in our cohort was 
closer to, but still higher than, that observed in the VICT
ORIA and GALACTIC-HF trials, which targeted higher- 
risk patients with higher NT-proBNP levels and recent 
HHF.27,28 Our findings support the use of NT-proBNP and 
HHF history as enrichment criteria to increase CV event 
rates and improve trial efficiency by minimizing competing 
risks. NT-proBNP was more effective than diuretic dose in 
predicting CV events, and among 4-variable models, only 
those including NT-proBNP ≥2000 pg/ml or furosemide 
> 40 mg/day showed a higher CV/non-CV event ratio than 
the HFA-definition.

Consistent with the known real-world vs. RCT event rate 
disparities, our study population had higher event rates than 
the MEDAMACS, LIFE and ROADMAP trials, which 
specifically targeted AdvHF patients (Table S6, 
Supplemental material).4,29,30

Notably, 2-variable models including ≥2 HHF within 12 
months + EF < 30% or NYHA III-IV increased eligibility 
while maintaining high CV event risk.

Limitations

Some limitations must be acknowledged. First, while 
SwedeHF data are comprehensive, they may not fully 
capture AdvHF patient diversity, particularly those treated 
outside Sweden or in non-specialty settings. This limits 
generalizability to different healthcare systems. While 
having a validation cohort could have mitigated this lim
itation, the availability of such cohorts in the context of 
large registries is limited. Second, although we applied the 
most recognized criteria to define severe and AdvHF, the 
use of registry data limited the inclusion of certain vari
ables, such as functional capacity, intolerance to HF 
therapy, prior inotrope use, episodes of ventricular ar
rhythmias or need for ambulatory intravenous diuretics, 
since unavailable for most or the entire study period. 
Nevertheless, the severity criteria we used reflect those 
most commonly available and routinely employed in clin
ical practice and RCT design. While the registry is gen
eralizable, both trial inclusion and AdvHF referrals may 
intentionally (and in some cases appropriately) focus on 
younger patients, and the present data may be less applic
able to such situations. Finally, while the HFA-AdvHF 
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definition encompasses patients across the entire EF spec
trum, our analysis specifically focused on HFrEF. This 
decision was guided by the generally distinct therapeutic 
approaches required for HFrEF and HF with preserved EF, 
which are also separately investigated in RCTs.

Conclusions

In this large real-world HFrEF cohort, the HFA-AdvHF 
definition identified a small subset of high-risk patients, 
while the GALACTIC-Severe-definition captured twice as 
many patients with only slightly lower but still high CV 
event risk. A less restrictive definition, like the GALAC
TIC-Severe one, may improve referral timing to AdvHF 
centers when prognosis can still be positively influenced. 
However, further validation is required, particularly within 
a targeted population eligible for LVAD or HTx. For RCT 
design, NT-proBNP, HHF history and diuretic dosage can 
help tailoring risk levels, balancing potential risk against 
enrollment feasibility.
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