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Aims The 2016 European Society of Cardiology Heart Failure Guidelines defined a new category: heart failure with mid-range 
ejection fraction (HFmrEF) of 40–49%. This new category was highlighted as having limited evidence and research was ad
vocated into underlying characteristics, pathophysiology, and diagnosis. We used multi-parametric cardiovascular magnetic 
resonance (CMR) to define the cardiac phenotype of presumed non-ischaemic HFmrEF.

Methods 
and results

Patients (N = 300, 62.7 ± 13 years, 63% males) with a clinical diagnosis of heart failure with no angina symptoms, history of 
myocardial infarction, or coronary intervention were prospectively recruited. Patients underwent clinical assessment and 
CMR including T1 mapping, extracellular volume (ECV) mapping, late gadolinium enhancement, and measurement of myo
cardial blood flow at rest and maximal hyperaemia. Of 273 patients in the final analysis, 93 (34%) patients were categorized 
as HFmrEF, 46 (17%) as heart failure with preserved ejection fraction (HFpEF), and 134 (49%) as heart failure with reduced 
ejection fraction (HFrEF). Nineteen (20%) patients with HFmrEF had evidence of occult ischaemic heart disease. Diffuse 
fibrosis and hyperaemic myocardial blood flow were similar in HFmrEF and HFpEF, but HFmrEF showed significantly lower 
native T1 (1311 ± 32 vs. 1340 ± 45 ms, P < 0.001), ECV (24.6 ± 3.2 vs. 26.3 ± 3.1%, P < 0.001), and higher myocardial per
fusion reserve (2.75 ± 0.84 vs. 2.28 ± 0.84, P < 0.001) compared with HFrEF.

Conclusion Patients with HFmrEF share most phenotypic characteristics with HFpEF, including the degree of microvascular impairment 
and fibrosis, but have a high prevalence of occult ischaemic heart disease similar to HFrEF. Further work is needed to confirm 
how the phenotype of HFmrEF responds to medical therapy.
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Graphical Abstract

There is limited research into the mechanisms of heart failure with mildly reduced ejection fraction (HFmrEF, 40–49%). Using cardiovascular mag
netic resonance, we have shown that patients with HFmrEF share most phenotypic characteristics with heart failure with preserved ejection fraction 
(HFpEF, ≥50%), including the degree of microvascular impairment and fibrosis. However, they also have a high prevalence of occult ischaemic heart 
disease similar to heart failure with reduced ejection fraction (HFrEF, <40%).

Keywords heart failure • mildly reduced • ejection fraction • cardiovascular magnetic resonance • HFmrEF

Introduction
Heart failure (HF) has historically been classified based on left- 
ventricular (LV) ejection fraction (EF) and divided into two groups: 

HF with reduced ejection fraction (HFrEF) and HF with preserved 
ejection fraction (HFpEF). The 2016 European Society of Cardiology 
(ESC) Heart Failure Guidelines defined a new, middle, category: HF 
with mid-range ejection fraction (HFmrEF) of 40–49% between 
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HFrEF (EF ≤ 40%) and HFpEF (EF ≥ 50%),1 recently renamed as HF 
with mildly reduced ejection fraction.2

Heart failure with rEF and HFpEF have been shown to have different 
patient characteristics, outcomes, and therapeutic response.3,4 Within 
clinical trials, the HFmrEF group has often been excluded, split, or 
grouped with HFpEF.4,5 The 2016 ESC guidelines highlighted this new 
category as an area with a gap in evidence and advocate research 
into underlying characteristics, pathophysiology, and diagnosis.

The categorical classification of HF based solely on LVEF has been 
challenged reflecting overlap in epidemiology, pathophysiology, and 
clinical manifestation across the defined groups. Large epidemiological 
registries have shown HFmrEF to most closely resemble HFrEF in terms 
of age and sex distribution and presence of ischaemic heart disease 
(IHD), but with less ventricular and atrial dilatation.6–8

Cardiovascular magnetic resonance (CMR) can identify high risk fea
tures in HF such as inducible ischaemia, ischaemic scar, focal, and diffuse 
fibrosis. These characteristics have not previously been described for 
HFmrEF. However, across the HF spectrum, they have been shown 
to be potential markers of prognosis and may be helpful in guiding 
therapy.

We used CMR to define the cardiac phenotype of presumed non- 
ischaemic HFmrEF specifically comparing the prevalence of occult 
IHD and tissue characteristics to HFpEF and HFrEF.

Methods
Study population
Patients seen in cardiology clinics and referred for a CMR scan following a 
clinical diagnosis of HF were prospectively recruited (N = 300). Patients 
were excluded if they had a known history of coronary artery disease (sten
osis >70% on angiography, myocardial infarction, previous percutaneous 
coronary intervention, or coronary artery bypass grafting) or symptoms 
of angina. Other exclusion criteria included hypertrophic cardiomyopathy, 
amyloidosis, congenital heart disease, advanced renal failure, or contraindi
cation to CMR or gadolinium-based contrast agents

Patient characteristics
Patients underwent clinical assessment on the day of their CMR appoint
ment, including medical history, New York Heart Association (NYHA) 
function class, risk factors, and medical management. In patients with an 
LVEF ≥50%, an H2FPEF score9 was calculated using previous echocardio
gram results, where available, and medical history. Where the H2FPEF 
score indicated that a diagnosis of HFpEF was unlikely (score < 2), these pa
tients were excluded from further analysis. Haematocrit (Hct) was mea
sured from a blood sample taken at the time of the CMR scan.

Study protocol
All CMR studies were undertaken on a 3T system (Siemens Magnetom 
Prisma, Erlangen, Germany). Participants were advised to avoid caffeine 
for 24 h before the study. The protocol (Figure 1) consisted of cine imaging, 
native, and post-contrast T1 mapping using a MOdified Look Locker 
Inversion recovery (MOLLI) sequence, stress and rest perfusion using 
free breathing, motion corrected (MOCO) automated in-line perfusion 
mapping,10 and MOCO bright blood late gadolinium enhancement (LGE). 
T1 and perfusion maps were acquired as three short axis, 8 mm slices, at 
basal, mid, and apical levels, with slice spacing varied on a per patient basis 
to cover the left ventricle. LGE images were acquired as a short-axis stack 
and in four-, three-, and two-chamber views. When it was unclear if en
hancement seen on bright blood LGE was ischaemic, a dark blood LGE 
stack was also acquired.11 A full protocol is available in Supplementary 
data online, Supplement 1.

For perfusion imaging, adenosine was infused for a minimum of 3 min, at 
a rate of 140 µg/kg/min and increased up to a maximum of 210 µg/kg/min if 

there was insufficient haemodynamic response (heart rate increase 
<10 b.p.m.) or there was no symptomatic response. Images were acquired 
over 90 dynamics to allow for poor ventricular function. A 10 min interval 
was kept between perfusion acquisitions. An intravenous bolus of 
0.05 mmol/kg gadobutrol (Gadovist, Leverkusen, Germany) was adminis
tered at 5 mL/s followed by a 20 mL saline flush using an automated injec
tion pump (Medrad MRXperion Injection System, Bayer). Perfusion 
mapping was performed using the Gadgetron streaming software image re
construction framework.10

Qualitative analysis
LGE was reported if enhancement was identified on two orthogonal planes 
or, where available, on both bright and dark blood LGE images. Ischaemic 
LGE was defined as involving the subendocardium in a typical coronary dis
tribution. Inducible ischaemia was defined as a visual perfusion defect affect
ing >1 segment present at stress but not at rest, or matching infarct on LGE 
imaging, in a coronary distribution.

Quantitative analysis
T1 and perfusion maps were analysed using cvi42 software (Circle 
Cardiovascular Imaging, Calgary, Canada). Endocardial and epicardial bor
ders were drawn excluding papillary muscles, right-ventricular insertion 
points marked, and a 16-segment American Heart Association (AHA) mod
el was used.12 In order to minimize partial volume effect, a 10% offset was 
applied to endocardial and epicardial borders. T1 times and myocardial 
blood flow (MBF) were measured for each of the 16 segments. Where 
the left-ventricular outflow tract was included, or partial volume effect 
meant segments were too thin to contour, these segments were excluded 
from further analysis (184 segments in total; 4%). In order to report global 
microvascular function (rather than the effects of occult coronary artery 
disease or replacement fibrosis) segments with ischaemia or late gadolinium 
enhancement were also excluded from analysis. T1 times and MBF values 
for all remaining segments were averaged to provide a global value.

Myocardial perfusion reserve (MPR) was calculated as stress:rest MBF. 
Extracellular volume (ECV) was calculated using the formula ‘myocardial 
ECV = (1−Hct) × (ΔR1myocardium/ΔR1blood), where R1 = 1/T1’. These 
were calculated for each segment and averaged to provide a global value.

Statistical analysis
Analysis was performed using SPSS 23 (IBM SPSS, Armonk, NY, USA). 
Normality of distribution was assessed using the Shapiro–Wilk test. Data 
are presented as mean (±standard deviation) for continuous data and num
ber (percentage) for categorical data.

Continuous variables were analysed using analysis of variance with post- 
hoc Bonferroni correction to compare groups. Categorical data were ana
lysed using χ2 test or Fisher’s exact test. Correlation was assessed using 
Pearson r correlation. Statistical tests were two-tailed and P < 0.05 was con
sidered significant. Multiple regression analysis was performed to examine 
the relationship between tissue characteristics and ejection fraction, age, 
and sex.

This study complies with the Declaration of Helsinki; the locally ap
pointed ethics committee has approved the research protocol (Ref. 17/ 
YH/0300) and informed consent was obtained from all subjects.

Results
Of the 300 patients who were prospectively recruited, a total of 27 
were excluded from analysis due to adenosine contraindications (n = 
4), because data could not be analysed (n = 4) or because of exclusion 
criteria identified after the CMR scan (n = 19; Figure 2).

Of the 273 patients included in the final analysis, 134 (49%) met cri
teria for HFrEF, 93 (34%) had HFmrEF, and 46 (17%) had HFpEF 
(HFpEF score median 4, interquartile range 3–6).

http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac204#supplementary-data
http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac204#supplementary-data
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Figure 1 CMR protocol. At least 10 min was left between stress and rest perfusion acquisitions. Post-contrast T1 mapping was carried out at least 
15 min after contrast injection.

Figure 2 Recruitment into study. Three hundred patients were prospectively recruited prior to clinical CMR. About 273 were included in final 
analysis.
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Clinical characteristics
Age and sex distribution of HFmrEF patients fell between HFpEF and 
HFrEF but no significant differences were seen in cardiovascular risk 
factors between HFmrEF patients and other groups (Table 1). 
Groups were comparable for co-morbidities. There were no differ
ences in functional class between the groups. HFmrEF patients re
ported symptoms of breathlessness in similar proportions to HFpEF 
patients, and less than HFrEF patients. Diuretic and mineralocorticoid 
antagonist therapy was lowest in HFpEF and highest in HFrEF.

HFmrEF fell between HFpEF and HFrEF for left- and right-ventricular 
volumes and mass (Table 2).

Prevalence of occult ischaemic heart 
disease
Ischaemic LGE was seen in 58 patients (21%) and was more frequent in 
both HFmrEF and HFrEF (17 and 31%) than in HFpEF (2%), P < 0.001. 
Inducible ischaemia was seen in 20 (7%) overall, most commonly 
HFmrEF (9.7%) and HFrEF (7.5%) and less often in HFpEF (2.2%), P = 
0.278. Non-ischaemic LGE was detected in 91 patients (33%) and the 
prevalence was not significantly different between groups. The pres
ence of occult IHD (defined as either inducible ischaemia or ischaemic 

LGE) was 20% in HFmrEF and 33% in HFrEF but only 4% in the HFpEF 
group (P < 0.001 for trend; Table 3).

Tissue characteristics
Native T1 was highest in HFrEF with no significant difference between 
HFmrEF and HFpEF; HFpEF 1310 ± 34 ms, HFmrEF 1311 ± 32 ms, and 
HFrEF 1340 ± 45 ms, HFpEF vs. HFmrEF P = 1.0, HFmrEF vs. HFrEF P < 
0.001 (Table 4).

ECV showed the same pattern with highest ECV in HFrEF (implying 
more interstitial expansion); HFpEF 25.0 ± 2.7%, HFmrEF 24.6 ± 3.2% 
and HFrEF 26.3 ± 3.1%, HFpEF vs. HFmrEF P = 1.0, HFmrEF vs. 
HFrEF P < 0.001.

Stress MBF showed no difference between HFmrEF and HFpEF, but 
significantly lower values in HFrEF then the other groups. HFpEF 1.96 ± 
0.27 mL/g/min, HFmrEF 1.89 ± 0.62 mL/g/min, and HFrEF 1.51 ± 
0.50 mL/g/min, HFpEF vs. HFmrEF P = 1.0, HFmrEF vs. HFrEF P < 0.001.

Within HF patients, rest MBF was not significantly different between 
the three groups; HFpEF 0.78 ± 0.27 mL/g/min, HFmrEF 0.71 ± 
0.19 mL/g/min, and HFrEF 0.70 ± 0.22 mL/g/min, HFpEF vs. HFmrEF 
P = 0.170, HFmrEF vs. HFrEF P = 1.0.

MPR was not different between HFmrEF and HFpEF (P = 1.0) but 
was lower in HFrEF compared with HFmrEF (2.28 ± 0.84 vs. 2.75 ± 
0.84 ml/g/min, P < 0.001; Table 4).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Clinical features

All patients 
273

HFpEF 
46

HFmrEF 
93

HFrEF 
134

P-value HFpEF:HFmrEF HFmrEF:HFrEF

Age 62.88 ± 12.4 60.39 ± 11.0 61.2 ± 14.3 64.9 ± 12.3 0.022 1.0 0.058

Female, n (%) 104 (36.2) 24 (52.2) 36 (38.7) 34 (25.3) 0.002 0.132 0.032

Hct 43.7 (4.4) 42.6 (4.2) 42.9 (4.1) 44.6 (4.4) 0.003 1.0 0.014

Symptoms

NYHA 1 183 (63.8) 33 (71.7) 65 (69.9) 75 (56.0)

2 90 (31.4) 9 (19.6) 24 (25.8) 53 (39.6) 0.051 0.460 0.091

3 14 (4.9) 4 (8.7) 4 (4.3) 6 (4.5)

SOBOE 106 (36.9) 15 (32.6) 28 (30.0) 60 (44.8) 0.059 0.764 0.026

Orthopnoea 48 (16.7) 7 (15.2) 11 (11.8) 28 (20.9) 0.189 0.575 0.075

Peripheral oedema 45 (15.7) 8 (17.4) 14 (15.0) 22 (16.4) 0.931 0.722 0.782

Risk factors

Diabetes 52 (18.1) 4 (8.7) 16 (17.2) 29 (21.6) 0.139 0.179 0.410

Hypertension 122 (42.5) 18 (39.1) 40 (43.0) 60 (44.8) 0.800 0.662 0.792

Hypercholesterolaemia 72 (25.1) 9 (19.6) 29 (31.2) 31 (23.1) 0.242 0.148 0.176

Stroke/TIA 38 (13.2) 4 (8.7) 8 (8.6) 23 (17.2) 0.108 0.985 0.065

AF 112 (39) 15 (32.6) 40 (43.0) 57 (42.5) 0.444 0.238 0.943

Smoking history 159 (55.4) 23 (50.0) 52 (55.9) 77 (57.4) 0.678 0.510 0.817

BMI (kg/m2) 27.96 ± 4.94 28.7 ± 5.30 28.1 ± 4.9 27.6 ± 4.9 0.420 1.000 1.000

Medications

Antiplatelet 55 (19.2) 10 (21.7) 16 (17.2) 26 (19.4) 0.806 0.519 0.675

Beta-blocker 225 (78.4) 38 (82.6) 76 (81.7) 106 (79.6) 0.825 0.898 0.627

Statin 119 (41.5) 15 (32.6) 35 (37.6) 67 (50.3) 0.055 0.561 0.065

ACEi/ARB 241 (84.0) 36 (78.3) 81 (87.1) 117 (87.3) 0.285 0.179 0.962

MRA 64 (22.3) 4 (8.7) 14 (15.1) 45 (33.6) <0.001 0.293 0.002

Diuretic 116 (40.4) 10 (21.7) 27 (29.0) 78 (58.2) <0.001 0.360 <0.001

AF, atrial fibrillation; BMI, body mass index; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid antagonist; NYHA, New York 
Heart Association class; SOBOE, shortness of breath on exertion; TIA, transient ischaemic attack.
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These findings remained when those with imaging evidence of occult 
IHD were removed from analysis (see Supplementary data online, 
Supplement 2).

Correlation between LVEF and tissue 
characteristics
When EF was considered as a continuous variable in all patients, there 
were weak but significant negative correlations between EF and T1 (r = 
−0.39, P < 0.001), and EF and ECV (r = −0.26, P < 0.001).

There was a significant correlation between stress MBF and EF (r = 
0.34, P < 0.001) and MPR and EF (r = 0.30, P < 0.001). In addition, re
gression analysis was performed confirming the correlation of EF 
with T1 (or ECV) and stress MBF (or MPR) independent of age and 
sex (see Supplementary data online, Supplement 3).

Discussion
This study has shown that among 273 patients being investigated for the 
aetiology of HF, those with HFmrEF share most phenotypical charac
teristics including extent of diffuse fibrosis and microvascular function 
with HFpEF but have a similar incidence of occult IHD as patients 
with HFrEF.

Incidence of occult IHD
The incidence of IHD in HFmrEF in unselected HF populations has been 
reported to range from 41 to 61%,6,13 similar to HFrEF and higher than 
in HFpEF.6,7,13–16 Our cohort was more selective and excluded patients 
with symptoms or history of IHD and the incidence of IHD in all sub
groups was therefore lower than in previous studies. However, the 
overall trend of IHD being more prevalent in HFmrEF than in HFpEF 
and similar to HFrEF remained. At 20%, the incidence of occult IHD 
in HFmrEF patients was comparable with that in high risk groups 
such as older adults17 and those with Type 2 diabetes18 with important 

potential prognostic implications. Silent ischaemia and infarction are as
sociated with an increased risk of adverse cardiac events.17,19–21 The 
subset of patients with ischaemic HFmrEF may therefore have a worse 
prognosis than those with no IHD. Within our study, 26% of the 
HFmrEF population with occult IHD were not receiving either antipla
telet agents or anticoagulation and 60% of patients were not receiving 
statin therapy, suggesting opportunities for better secondary preven
tion therapy in this patient group22 although it remains to be shown 
if such treatment can modulate risk.23

Diffuse fibrosis
Within our patient group, T1 and ECV in HFmrEF were similar to 
HFpEF but significantly lower than in HFrEF. Previous studies have ex
amined the significance of ECV in both preserved and reduced LV ejec
tion fraction. In HFpEF, ECV has been shown to be increased when 
compared with controls, it was a predictor of disease severity such 
as LV stiffness24 and baseline brain natriuretic peptide,25 and was asso
ciated with adverse outcomes including hospitalization for HF and 
death.25,26 CMR registry data have shown that increased ECV is asso
ciated with increased risk of HF hospitalization and mortality across 
the spectrum of ejection fraction, including patients with HFmrEF.27

The evidence for ECV as a prognostic marker in both HFpEF and 
HFrEF makes it likely that it also has prognostic relevance in HFmrEF 
and assessment of ECV may help identify subgroups of patients for tar
geted anti-fibrotic treatment.

Myocardial perfusion
Patients with HFmrEF had reduced stress MBF compared with controls 
similar to patients with HFpEF, but significantly higher values compared 
with HFrEF. These findings remained consistent when those with evi
dence of occult IHD were removed from the analysis.

Microvascular dysfunction leading to chronic hypoperfusion and pro
gressive deterioration in LV function has been suggested as a patho
physiological mechanism for HF.28 The correlation between EF and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Volumetrics

All patients 
273

HFpEF 
46

HFmrEF 
93

HFrEF 
134

P-value (all HF) HFpEF:HFmrEF HFmrEF:HFrEF

LVEF (%) 39.8 ± 12 55.3 ± 4.4 45.2 ± 2.8 28.9 ± 8.0 <0.001 <0.001 <0.001

LVEDVi (mL/m2) 111 ± 36 85.0 ± 15 101 ± 25 130 ± 39 <0.001 <0.001 <0.001

LV mass indexed (g/m2) 67.6 ± 19 58.8 ± 15 63.2 ± 18 75.5 ± 18 <0.001 0.236 <0.001

RVEDVi (mL/m2) 77.8 ± 22 71.3 ± 18 75.7 ± 20 81.9 ± 25 0.011 0.812 0.124 

RVEF (%) 49.6 ± 13 56.8 ± 10 52.5 ± 10 44.1 ± 13 <0.001 0.124 <0.001

LVEDVi, indexed left-ventricular end-diastolic volume; RVEDVi, indexed right-ventricular end-diastolic volume; RVEF, right-ventricular ejection fraction.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Presence of ischaemic heart disease or late gadolinium enhancement

All patients 
273

HFpEF 46 HFmrEF 
93

HFrEF 134 P-value HFpEF:HFmrEF HFmrEF:HFrEF

Regional ischaemia 20 (7.3) 1 (2.2) 9 (9.7) 10 (7.5) 0.278 0.107 0.553

Ischaemic LGE 58 (21.2) 1 (2.2) 16 (17.2) 41 (30.6) <0.001 0.011 0.022

IHD 65 (23.8) 2 (4.3) 19 (20.4) 44 (32.8) <0.001 0.013 0.040

Non-ischaemic LGE 91 (33.3) 16 (34.8) 25 (26.9) 50 (37.3) 0.254 0.336 0.100

Ischaemic heart disease was seen in a significantly higher proportion of patients with HFmrEF compared with HFpEF, and lower compared with HFrEF.

http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac204#supplementary-data
http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac204#supplementary-data
http://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeac204#supplementary-data
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stress MBF that we have demonstrated supports this hypothesis, al
though cannot provide evidence of a causal relationship. Previous stud
ies have shown decreased stress MBF in DCM29,30 and severe systolic 
HF, which has been presumed to be secondary to microvascular dis
ease. In addition, impaired stress MBF is associated with poor prognosis 
in patients with LV dysfunction, independent of the level of impair
ment.30 This theory also presents a potential target for medical therapy 
to slow progression, including in patients with HFmrEF.

We found no correlation between EF and resting MBF. Some previ
ous reports had shown reduced MBF in DCM,30,31 suggesting that it 
may contribute to the development of LV dysfunction through a state 
of chronic, low-grade hypoperfusion. However, these findings are less 
consistent between studies, with one PET (positron emission tomog
raphy) study showing no difference between controls and DCM 
groups,28 and another CMR study showing higher resting MBF in 
DCM compared with controls.29 Resting MBF is subject to multiple fac
tors which can be difficult to control in clinical studies, which may ex
plain the heterogeneity of reported correlations between resting 
MBF and EF.

Nomenclature
The classification of patients with HF and ejection fraction between 40 
and 50% remains inconsistent. ESC guidelines classify this group as a 
separate entity, suggesting potential unique characteristics, while the 
AHA guidelines have broadly included this group with HFpEF.32

Within the AHA group, there are two categories, either HFpEF border
line (EF 40–49%) or HFpEF recovered (40–49%) with evidence of pre
vious EF <40%. These two groups would differ significantly in 
treatment options, with one behaving similarly to HFpEF and unlikely 
to benefit prognostically from medical therapies, and the other requir
ing traditional HFrEF treatments to maintain this recovered EF. 
Distinguishing between these groups without prior imaging evidence 
is difficult, and tissue characteristics may differ between the two and 
help inform diagnosis. This distinction points to the potential import
ance of aetiology rather than EF as a marker for treatment, an area 
where CMR plays a key role, as demonstrated by the proportion of si
lent IHD identified in our cohort.

An alternative to the classification of HF according to LVEF is to con
sider it as a continuous spectrum of disease, defined by phenotype and 
aetiology.33,34 A key argument in support of this approach is that LVEF 
is not fixed but can fluctuate significantly over time. In a prospective 
study of patients with a diagnosis of HF, 57% of those initially categor
ized as HFmrEF changed their EF class within one year, with 24% redu
cing to HFrEF and 33% increasing in EF to the HFpEF category. Despite 
the change in LVEF, the underlying disease aetiology in these patients 
will not have changed. In this context, HFmrEF would be a ‘milder’ 
form of HFrEF, demonstrating impaired systolic function, and may 

warrant treatment with conventional HF therapies,34 indeed, retro
spective analysis from previous trials have suggested that patients 
with HFmrEF show some benefit from treatment similar to those 
with HFrEF,35–37 leading to the recent change in nomenclature from 
‘mid-range’ to ‘mildly reduced’.2 Our results demonstrate correlations 
in T1, ECV, and stress MBF with EF across all patients with HF and thus 
support the view of HF as a continuum with the most important distinc
tion being its aetiology rather than the degree of LV impairment. CMR 
may play an important role in the identification of different phenotypes 
of HFmrEF to optimize their risk stratification.

Limitations
Patients in this study were prospectively recruited from clinical care, 
where a CMR scan had been requested by the treating clinician. This 
may have introduced a degree of referral bias where patients not 
deemed suitable for CMR may have been excluded reducing the pro
portion of patients with AF, more frail or elderly patients, or those 
with decompensated HF symptoms. A large proportion of our patients 
had NYHA Class I symptoms at the time of scanning, potentially be
cause they had been commenced on appropriate medical therapy prior 
to their scan. This may mean that categorization of HF by EF has chan
ged from what it would have been at first clinical diagnosis, but repre
sents real-world assessment of this patient group. While patients were 
advised to avoid caffeine prior to their scan, this was not tested for, and 
previous studies have shown that some patients will still have detect
able levels of caffeine at the time of their scan, which may influence 
the effects of adenosine.

Conclusion
This study provides a detailed description of the HFmrEF phenotype. 
Patients with HFmrEF share most phenotypic characteristics with 
HFpEF, including the degree of microvascular impairment and fibrosis, 
but have a high prevalence of occult IHD similar to HFrEF. Detailed im
aging assessment of patients with HFmrEF may be appropriate to opti
mize secondary prevention. Further work is needed to confirm how 
the unique phenotype of HFmrEF responds to medical therapy.
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Supplementary data are available at European Heart Journal – 
Cardiovascular Imaging online.
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Table 4 Parametric data

All patients 
273

HFpEF 
46

HFmrEF 
93

HFrEF 
134

P-value (all HF) HFpEF:HFmrEF HFmrEF:HFrEF

Native T1 (ms) 1325 ± 41 1310 ± 34 1311 ± 32 1340 ± 45 <0.001 1.0 <0.001

ECV (%) 25.5 ± 3.1 25.0 ± 2.7 24.6 ± 3.2 26.3 ± 3.1 <0.001 1.0 <0.001

Stress MBF (mL/g/min) 1.72 ± 0.59 1.96 ± 0.61 1.89 ± 0.62 1.51 ± 0.50 <0.001 1.0 <0.001

Rest MBF(mL/g/min) 0.72 ± 0.22 0.78 ± 0.27 0.71 ± 0.19 0.70 ± 0.22 0.070 0.170 1.0

MPR 2.50 ± 0.84 2.62 ± 0.73 2.75 ± 0.84 2.28 ± 0.84 <0.001 1.0 <0.001

Values of native T1, ECV, and stress MBF were not significantly different between HFpEF and HFmrEF. T1 and ECV were significantly higher in HFrEF, and stress MBF significantly lower, 
when compared with HFmrEF.
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