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Beyond unrecognized: heart failure with supranormal ejection 
fraction — a review of current knowledge on a novel heart 

failure phenotype

Niewydolność serca z supranormalną frakcją wyrzutową — przegląd aktualnej 
wiedzy o nowym fenotypie niewydolności serca

Paweł Maeser , Robert Morawiec , Katarzyna Piestrzeniewicz , Jarosław Drożdż
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Abstract
Heart failure with supranormal ejection fraction (HFsnEF) is a newly recognized and distinct phenotype in cardiology, 
specifically refers to the coexistence of heart failure symptoms with an ejection fraction ≥ 65%. HFsnEF patients, pre-
dominantly women, exhibit smaller left ventricular volumes, lower NT-proBNP levels, and lower rates of coronary artery 
disease (CAD) and atrial fibrillation (AF) compared to other HF with preserved ejection fraction subgroups. Treatment 
options for HFsnEF are limited, with suboptimal response to standard pharmacotherapy. Prognosis in HFsnEF is asso-
ciated with increased mortality rates as ejection fraction exceeds 60–65%. Refinement of diagnostic and treatment 
approaches is crucial for improving outcomes in this challenging patient group.
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Introduction

Heart failure (HF) has been divided into distinct phenotypes 
using the measurement of left ventricular ejection fraction 
(LVEF). HF is distinguished by reduced ejection fraction 
(HFrEF), mildly reduced ejection fraction (HFmrEF), and 
preserved ejection fraction (HFpEF) [1]. In 2019, it was ob-
served for the first time that there is a significant correlation 
between the increase in mortality rate and an increase in 
LVEF above 60–65% [2]. HF with a supra-normal ejection 
fraction (HFsnEF), a newly recognized phenotype, refers 

to patients with an EF of ≥ 65% [3], capturing significant 
interest in modern cardiology. 

Some studies suggest that HFsnEF may be a distinct 
clinical entity with its own unique characteristics, while 
others propose that it may be a variant of HFpEF or a re-
sult of other underlying medical conditions. Currently, the-
re is no widely accepted diagnostic method or treatment 
strategy for HFsnEF, and the management of this condition 
typically involves addressing the underlying causes of the 
symptoms, such as hypertension, valvular disease, or other 
cardiac disorders. It is worth noting that the current ESC 
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guidelines on HF do not indicate a distinct patient group 
with EF > 65% but acknowledge the ongoing need to furt-
her understand the characteristics of patients with HFpEF 
based on evidence gaps [1].

Definition

The topic of HFsnEF is unexplored therefore an exact 
definition describing this group of patients has not been 
established yet. Based on the available literature, where 
a changed clinical profile has been delineated in patients, 
characterized by LVEF > 60%, > 65%, and > 70% (depen-
ding on the study), one can hypothesize that this group 
includes patients diagnosed with HF, whose LVEF is > 60%. 
The authors propose their definition based on combined 
ESC guidelines (with HF classification including LVEF) [1] 
and the Universal Definition of HF [4], where HFsnEF sho-
uld be defined as a clinical syndrome consisting of typical 
symptoms (that may be accompanied by signs) in patients 
with established LVEF > 60% and objective evidence of car-
diac structural and/or functional abnormalities, including 
elevated natriuretic peptides.

Epidemiology and HFsnEF phenotype

Despite previous underestimations, it appears that HFpEF 
accounts for 50–60% of all cases of HF [3, 5]. Various 
methods of calculating EF make it challenging to accurately 
determine the prevalence of HFsn and the available data 
are confusing [6]. Based on published studies involving 
patients with HFpEF, it has been estimated that patients 
with EF ≥ 60% comprise around 15% of all patients with 
HF [7]. These estimates, however, remain uncertain, as evi-
denced by a study published in Circulation (2023) — among 
a population of over 47,000 hospitalized patients with HF 
with LVEF > 40%, a substantial 47% exhibited an LVEF ≥ 
60% [8] (Fig. 1), and on the other hand the RELAX-AHF-2 

study among patients admitted to the hospital due to HF 
recorded only 2.5% of patients with HFsnEF [9].

Even though the cutoff point for HFsnEF is sometimes 
set at an EF of 65%, changes in patient population and 
their clinical profiles are observed starting from EF ≥ 60%. 
In the whole spectrum of EF, this subgroup has been shown 
to have the highest female-to-male ratio (64.9%), stands 
out with the lowest concentration of NT-proBNP (median 
of 2234 pg/mL) and the lowest incidence rates of CAD 
(31.5%) and atrial fibrillation (34.4%) [8]. Indeed, it appears 
that the increase of EF increases the proportion of women. 
In the study of Bart J. van Essen et al. [10] women accoun-
ted for 57% of the HFpEF group and 73.5% of the HFsnEF 
group (Fig. 2). Horiuchi et al. [11], reported that patients 
with HFsnEF have smaller left ventricular volume compa-
red to other subgroups of HF also another study described 
that patients with HF and LVEF > 60% present lower left 
ventricle end-diastolic volumes and end-systolic volumes, 
but with the comparison to the LVEF 50–60% group [12]. 
In this study, a significant portion of the HFsnEF patients 
had aortic stenosis and left ventricular hypertrophy that 
may impact the smaller size of the left ventricle and higher 
EF [13]. Moreover, LVEF > 65% is relatively common in the 
population undergoing transcatheter aortic valve replace-
ment [14]. In the HFsnEF subgroup non-ischaemic aetio-
logy of HF is more common compared to the whole HFpEF 
group (73.3% vs 60.6%, p < 0.01) and non-cardiovascular 
mortality is higher (6.4% vs 3.8%, p < 0.01) [10]. 

Recently, cardiac amyloidosis has been increasingly re-
cognized as one of the various causes of HFpEF [15, 16], 
but no statistically significant association between cardiac 
amyloidosis and HFsnEF have been found until now [17].

Diagnostics

At present, the major attention is directed at the limitations 
associated with the under-recognition of HFpEF including 

Figure 1. Percentage of hospitalized patients with heart failure 
and LVEF > 40% (N = 47,026) based on their ejection fraction [7]

Figure 2. The increasing percentage of women in patient groups 
with heart failure and higher ejection fraction in the RELAX-AHF-2 
study [9]
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HFsnEF [6]. The probability of HF is based on the patient’s 
prior clinical history (e.g., CAD, AH, diuretic use), presenting 
symptoms (e.g., orthopnoea), physical examination (e.g., 
bilateral oedema, increased jugular venous pressure, 
displaced apical beat) and resting ECG [1].

The second step in the diagnostic strategy is the de-
tection of elevated levels of natriuretic peptides (BNP 
> 35 pg/mL and/or NT-proBNP > 125 pg/mL) [3].

If the probability of HF is likely, echocardiography with 
assessment of cardiac functional and structural abnorma-
lities, evaluation of EF should be performed and identifi-
cation of HFrEF, HFmrEF or HFpEF accomplished. Despite 
the existence of various diagnostic tools for HFpEF (e.g., 
HFA-PEFF), it appears to be suboptimal for diagnosing HFs-
nEF [18]. Still, there are no diagnostic scoring systems for 
separate HFsnEF detection [6].

Treatment

One of the most characteristic features of HFsnEF is 
a less effective response to pharmacological treatment. 
The post-hoc analysis of combined data from big rando-
mized, placebo-controlled trials — PARADIGM-HF and PA-
RAGON-HF have provided us with data on the impact of 
ARNI in the group of patients with HFsnEF. The hazard ratio 
(HR) for hospitalization due to HF was higher in patients 
with LVEF > 60% (1.04 [0.76–1.44]) than in patients with 
LVEF 50–60% (0.81 [0.63–1.05]) [19, 20]. Similar ob-
servations come from a post-hoc analysis of the TOPCAT 
study. It showed that the protective impact of spironolac-
tone against cardiovascular death or HF-related hospita-
lization was stronger in patients with LVEF 50–60% (HR = 
1.03 [0.80–1.32]) than in patients with LVEF > 60% (HR 
= 0.89 [0.74–1.06]) [21]. 

Candesartan in CHARM-Preserved trial was more ef-
fective in the reduction of CV death or HF-associated ho-
spitalization in patients with LVEF < 40% (HR 0.95 [0.79–
1.14]) than in patients with LVEF 50–60% (HR 0.82 [0.75–
0.91]) [22].

Concluding, it has been demonstrated that the be-
neficial effect of ARNI (sacubitril/valsartan), ARB (can-
desartan), and MRA (spironolactone) decreases with the 
increase of EF [23]. In a group of over 290,000 patients, 
beta-blockers not only failed to improve survival in patients 
with HF > 60% but resulted in an increased rate of hospi-
talizations [24]. 

 When it comes to SGLT-2 inhibitors which are curren-
tly among the most important medications in the pharma-
cotherapy of HFpEF, empagliflozin demonstrated a decre-
ased effect where EF exceeds 60%, while dapagliflozin 
was effective even at higher values of EF. In the DELIVER 
and EMPEROR-preserved trials, patients with HFpEF tre-
atment with dapagliflozin and empagliflozin showed HR of 
0.79 (0.64–0.98) and 0.80 (0.64–0.99) respectively for 

cardiovascular events. In the subgroup of patients with LVEF 
≥ 60%, in the DELIVER trial, the HR was 0.76 (0.60–0.96) 
and in the EMPEROR-preserved trial 0.87 (0.69–1.10) [25]. 

Based on the data provided, it can be concluded that 
dapagliflozin/empagliflozin, are effective medications in 
the group of patients with LVEF ≥ 60%, with a combined HR 
of 0.81 (0.69–0.96) [26, 27]. However, it is important to 
note that the use of these specific drugs should be based 
on their proven efficacy and clinical indications. 

It seems that GLP-1 analogues will also become the 
mainstay of pharmacotherapy for HFpEF. The STEP-HFpEF 
study indicates that annual treatment with these drugs 
not only allows for a significant reduction in HF symptoms 
(increase in KCCQ-CSS by 7.8 (4.8 to 10.9) p < 0.001 vs 
placebo) but also achieves a substantial decrease in ho-
spitalizations or urgent visits due to HF, with a value of 
0.08 (0.00 to 0.42). This is also a significant study for HFs-
nEF patients since 43.3% of patients enrolled in the STEP-
-HFpEF study exhibited LVEF ≥ 60% [28].

The important aspect of the treatment of patients with 
HF is improving their quality of life. In the EMPEROR-pre-
served trial, in HFsnEF group the reduction in symptom 
scores after a 52-week therapy with empagliflozin as me-
asured by the Kansas City Cardiomyopathy Questionnai-
re was 3.93 (2.86–4.99) and differed from placebo by 
0.64 (–0.86–2.13) whereas in the HFpEF subgroup, re-
duction in symptom scores was 4.54 (3.51–5.58), and 
they differed from placebo by 2.26 (0.79–3.73) (p = 0.39) 
[29]. It seems that in the HFpEF patient group, it is more 
challenging to alleviate heart failure symptoms when the 
ejection fraction is above 60%.

Prognosis

According to the available data from recent literature, 
HFpEF is associated with increased mortality as EF exceeds 
60–65%.

 In the study of Wehner et al. [2], in a population of over 
200,000 patients, the adjusted HR for all-cause mortality in 
the groups of patients distinguished by EF was: 1.73 (1.66–
1.80) in the group with EF 35–40%, 1.06 (1.04–1.0 8), in 
the group with EF 55–60%, 1.17 (1.14–1.20), in the group 
with EF 65–70%, and 1.73 (1.66–1.80), in the group with 
EF > 70%. The HR for all-cause mortality in patients with 
EF > 70 % reached a that noted in the group with EF 35–
40%, with an HR of 1.71 (1.64–1.77) [2]. 

Several interesting observations come from small stu-
dies. Supranormal EF in patients without cardiovascular 
diseases but with lower stroke volume was shown to be 
associated with an increased risk of cardiovascular events 
[30], women with HFsnEF had a significantly higher rate 
of major adverse cardiac events compared to women 
with LVEF 55–65% (p < 0.001), while no such association 
was observed in men (p = 0.74) [31]. Imamura et al. [14] 
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indicate that LVEF > 65% is associated with higher all-
-cause mortality and HF hospitalization during a 3-year 
observation period after transcatheter aortic valve repla-
cement, with an adjusted HR of 1.16 (1.02–1.31). Genetic 
and phenotypic profiling suggest that the mere presence 
of genes associated with HFsnEF is responsible for decre-
ased survival [13]. 

Conclusion 

Modern cardiology encounters challenges in effectively 
treating patients with HFsnEF, as they do not conform to 
standard treatment protocols, and there is a significant 
need to improve their outcomes. The current management 
approach for this patient group, similar to that of HFpEF 
patients, appears to be outdated and unfavourable based 
on recent research. Improperly matched medications are 
approaching the effectiveness of a placebo and may even 
be harmful, considering their adverse effects. It is also 
worth considering expanding the borderline values of EF 
for HFsnEF, as typical changes associated with this phe-
notype are already observed at EF > 60%. Emerging the 
subgroup of patients with HFsnEF in future studies might 
contribute to the development of specific diagnostic and 
therapeutic algorithms tailored precisely to this group. It is 
also important to accurately estimate the significance of 

the problem being faced, as current data on the proportion 
of patients with HFsnEF within the overall HF population 
are confusing. Special registries of HF patients conducted 
in many countries are needed. Moreover, the heterogeneity 
of the HFpEF group appears to extend beyond just HFsnEF 
patients [32], which further complicates both diagnosis 
and treatment. It’s worth noting again that in healthy indi-
viduals without concomitant cardiac diseases, LVEF > 78% 
has been associated with a statistically significant dete-
rioration in prognosis [30]. This also warrants a broader 
examination of the healthy population with supranormal 
left ventricular ejection fraction (snLVEF) and assessing 
this value in terms of risk criteria for the development of 
cardiovascular diseases. Finally, EF — a simple parameter 
assessed with echocardiography may be in future replaced 
by some other measurement and technique to identify the 
severity of HF.
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Streszczenie
Niewydolność serca z supranormalną frakcją wyrzutową jest nowym i dość odmiennym fenotypem, który dotyczy pacjen-
tów z niewydolnością serca przy jednoczesnym stwierdzeniu frakcji wyrzutowej lewej komory  ≥ 65%. Jest to grupa pa-
cjentów, zazwyczaj kobiet, którzy charakteryzują się mniejszą objętością lewej komory, niższymi stężeniami NT-proBNP 
a także rzadszym występowaniem choroby wieńcowej czy migotania przedsionków w porównaniu do pozostałej populacji 
pacjentów, którzy chorują na niewydolność serca z zachowaną frakcją wyrzutową. Na ten moment leczenie popu - 
lacji pacjentów z supranormalną frakcją wyrzutową stanowi duże wyzwanie, a odpowiedź na standardowe leczenie za-
zwyczaj jest ograniczona. W tej populacji pacjentów śmiertelność wzrasta wraz ze wzrostem frakcji wyrzutowej powyżej 
60–65%. Udoskonalenie metod diagnostycznych i leczniczych w tej grupie pacjentów zdaje się być kluczem do poprawy 
ich rokowania.

Słowa kluczowe: echokardiografia, niewydolność serca, farmakoterapia
Folia Cardiologica 2024; 19: 124–129
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