Diagnostic recommendations and phenotyping for heart failure
with preserved ejection fraction: knowing more and understanding
less?
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In 1982 John Goodwin was discussing hypertrophiccardiomyopathylbut his statement could
apply even more to the ever-expanding tangle of diagnostic and prognostic criteria, classifications,
scores, and phenotypes in which we are now enmeshed when considering heart failure (HF) in
patients who have a normal left ventricular ejection fraction (EF).The syndrome was known as
diastolic HF2,3before it became HF with normal EF.4In 2005 the guideline task force of the European
Society of Cardiology (ESC) referred to preserved left ventricular EF (PLVEF)3after the term had been
introduced by the CHARM-Preserved clinical trialists in 2003.5'Heart failure with preserved ejection
fraction’ (HFpEF) was then adopted by the ESC guidelines in 2008,6since when that label has
beenretained7,8(Tablel). The cut-point for a normal EF has been kept at>50% without any
consensus statement having cited a normative database, and the same shortcoming has been
maintained even in the most recent international consensus that proposes four stages and four
types of HF.9Instead, the choice has been based on ‘historical’7,80or ‘traditional’9grounds.
Unvalidated variations have also been made in consecutive recommendations for assessing diastolic
function, with major impact on prevalence but without evidence of improved performance or
utility.10

There is growing appreciation that this is not a trivial issue: imprecision of diagnostic criteria for
HFpEF has contributed to the heterogeneity of patients recruited into therapeutic trials and to the
preponderance of negative outcomes. Rather than reassessing the recommendations completely,
however, additional criteria were added such as natriuretic peptides in 20074and left ventricular
volume in 2012.7The concept of HF with mid-range ejection fraction (HFmrEF) was introduced in
20168in recognition that subjects around the arbitrary cut-point for EF were being excluded from
trials, but EF is a continuously distributed variable that alone is neither sufficient to indicate cardiac
output nor predictive of left ventricular filling pressures. Diagnostic utility of the HFA-PEFF scoreThe
most recent ESC consensus statement for diagnosing HFpEF attempted to introduce more
concordance by proposing a scoring system for diastolic indices, structural changes, and
biomarkers.11The HFA-PEFF score was developed after an extensive review of the literature but it
had not been validated before publication. An alternative diagnostic score called H2FPEF was
derived from one cohort and tested in another, using a pulmonary capillary wedge pressure
(PCWP)=15 mmHg at rest or>25 mmHg during exercise as the reference; its C-statistic was 0.84.12At
least five studies of the diagnostic performance of the HFA-PEFF score have now been published.13—
17Barandiaran Aizpurua et al.13reported that it can rule in HFpEF with very high specificity (93%)
and positive predictive value (98%) but they determined its accuracy by evaluating patients selected
by some of the same f actors incorporated in the HFA-PEFF score.



more realistic evaluation tested the score against invasive haemodynamic studies. Compared with
HFpEF defined as a PCWP2>15 mmHg either at rest or during exercise, the C-statistic of the HFA-PEFF
score was 0.73.14The mean age of subjects in that study was only 59 years, and 23% of156
individuals were misclassified. In an older cohort, 72% of 286 subjects aged>75 years with a history
of hospitalisation for HF and an EF>50%, were classified by the HFA-PEFF score as having an
intermediate probability.15The authors suggested that the HFA-PEFF score may identify early
disease, but another possibility is that it may over diagnose HFpEF in the elderly because the criteria
in the score are not adjusted forage. The largest reported evaluation of the diagnostic performance
of the HFA-PEFF score was performed in patients and matched controls free of cardiovascular
disease who had unexplained dyspnoea. They had participated in the TOPCAT and RELAX trials, in
which case they were presumed to have HFpEF, or in the ARIC study, in which case they were
presumed not to have HF. A low HFA-PEFF score was reported to rule out HFpEF with extremely high
sensitivity (99.5%) and negative predictive value (95.7%), while a high HFA-PEFF score ruled in HFpEF
with good specificity (82.8%) and positive predictive value (79.9%).16That evaluation, however, was
also made in a group with high pre-test probability. Other investigators have tested the HFA-PEFF
score against indices of cardiac functional reserve. Faxen et al.17reported that the score was
unrelated either to coronary flow reserve or to the6-min walk test distance. They also found
differences in the mean HFA-PEFF score between countries. Parcha et al.16reported that the score
did not correlate with peak oxygen consumption.

Prognostic utility of the HFA-PEFF and H2FPEF scores

Although the HFA-PEFF and H2FPEF algorithms were both developed for primary diagnosis, at least
five studies have now compared their utility instead to estimate prognosis.16,18-21In an elegant
and very thorough retrospective cohort study, Verbrugge et al.18included 443 consecutive patients
with EF>250% who had been hospitalised and treated with intravenous diuretics for acute HF.
Patients with an identifiable specific aetiology such as ischaemia or valve disease were excluded.
Their mean age was 78 years and they constituted a high-risk group since 69% died during an
average follow-up of 28 months. Increasing values of each score similarly and strongly predicted
increased risk of mortality. Intra-individual variations between the scores are not reported. Sotomi
et al.19reported similar performance of the HFA-PEFF score in 804 patients afterlyear while
Selvarajet al.20investigateda population with a much lower pre-test probability of HF. In
641participants aged 67-90 years with unexplained dyspnoea,11%were judged high-risk by the
H2FPEF score and 26% were high-risk according to the HFA-PEFF score. The overall prognostic power
of each score was good, but only 27 subjects (4%) were designated to be at high risk by both scores
while 28% had discordant findings.

In the MEDIA study, Huttin et al.21evaluated both scores in515 subjects with HFpEF according to the
2007 ESC consensus criteria (Tablel). They proposed a new MEDIA echo score incorporating four
simple echocardiographic measurements, which together with clinical variables and natriuretic
peptides had good predictive power for mortality and recurrent hospitalisation atlyear, both in the
derivation cohort (C-statistic0.78) and when retested in the KaRen study (C-statistic 0.69).Adding the
MEDIA score increased the C-statistics of both the HFA-PEFF and H2FPEF scores in the same group
by 0.09 and 0.12 respectively. Before implementing these new algorithms widely, it is salutary to
note that the MAGGIC (Meta-Analysis Global Group in Chronic Heart Failure) score, using clinical
variables and including EF as the only imaging parameter, has similar prognostic value in HFpEF.
In407 patients who had required diuretics during an acute admission with a clinical diagnosis of HF
confirmed by Framingham criteria, and who had a normal EF and raised brain natriuretic peptide,t
he MAGGIC score predicted outcomes at a mean follow-up of 3.6 years with C-statistics of 0.74 for



mortality and 0.66 for recurrent cardiovascular hospitalisation.22The HFA-PEFF and H2FPEF
algorithms may diagnose different types of patients20yet fortuitously have similar predictive power.
The H2FPEF score is weighted towards atrial fibrillation, observed in 34% of its derivation cohort,
whereas the HFA-PEFF score includes measurements of left ventricular long-axis function and
natriuretic peptides. Unsurprisingly, both perform less well in people with low or intermediate
likelihood of HFpEF — when they would be most useful. There is little need for a score that identifies
patients in whom a diagnosis of HF can be made by simpler criteria, or for a score that predicts
outcomes without indicating how they might be changed. And of course, performance as a
prognostic score does not prove causality.

Phenotyping by artificial intelligence

The optimal diagnostic and prognostic criteria for HF may differ and vary by aetiology, whether the
HF is acute or chronic, and whether the EF is normal or reduced. Trying to lump together all patients
with the syndrome of HFpEF according to a single diagnostic algorithm has not been conspicuously
successful in identifying effective treatments, so it is illogical to refine diagnostic criteria without
evidence that their application leads to better outcomes. An alternative approach that has become
extremely popular is to use machine learning to explore specific phenotypes of HFpEF and diastolic
function, in the hope of uncovering causative mechanisms of disease for which targeted treatment
can be developed — but so far, the trend may be adding to our confusion rather than resolving it. We
have identified at least14 reports of machine learning used to investigate patients with HFpEF.23-40
They show considerable diversity of design and inclusion criteria and more variability of input data,
as summarised in Table 2. Three studies that applied the modelling technique of latent class analysis
for a similar objective are also listed.24,31,32Most studies had no control groups and only two
included data collected during27,28or immediately after exercise.30 None integrated data from all
potential sources including demographic and clinical variables, biomarkers and proteomics,
structural and functional imaging at rest and during exercise, and genomics, in a population at risk. A
minority of studies retested their findings in an independent population. Different studies have
identified between two and six phenogroups of HFpEF. Many relate to known risk factors and
elements of HFpEF pathophysiology (Table 3andFigurel), while some give new insights. Most studies
have identified phenotypes that predict varying outcomes. A few provide the first hints that this
approach might identify phenogroups with differential responses to drugs. For example, TOPCAT
participants with low H2FPEFscores (<6) were more likely to benefit from spironolactone(hazard
ratio 0.47),41while subjects in phenogroup 3 from a study in China, who had a high prevalence of
ischaemic heart disease and type 2 diabetes, had a lower mortality and fewer hospitalisations if they
were taking a beta-blocker or angiotensin-converting enzyme inhibitor (absolute risk
reductions>10% at 5 years).39

Building a bridge to understanding

Diagnostic standards are indeed important, since using dissimilar criteria to select patients for
clinical trials has a major impact.42Knowledge of HFpEF is advancing but we need concerted action
stop improve our understanding and develop new treatments. Unfortunately, none of the consensus
recommendations has really been based on a prospective evaluation and evidence of beneficial
impact, whether for diagnosis, prognosis, or choice of treatment. Clinical trialists need to bypass too
simple diagnostic recommendations and embrace more detailed characterisation of subjects as they
are recruited for new studies. Some less common phenotypes such as amyloidosis and
haemochromatosis are rather mono factorial and already amenable to specific treatments. For more
complex phenotypes, we should reconsider predefined and often composite end points as the only
outcomes that can be accepted. What about a really large ‘allcomers’ HF randomised controlled



trial, with fully characterised subjects selected not by EF but because of dyspnoea and reduced
exercise capacity, or other independent criteria, and with an adaptive design? Then our diagnostic
guidelines and our prognostic scores for HFpEF really would be useful.
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