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Abstract

Aims The diagnosis of heart failure with preserved ejection fraction (HFpEF) remains challenging based on resting assessments.
Exercise echocardiography is often used to unmask abnormalities that develop during exercise, but the diagnostic criteria
have not been standardized. This study aimed to elucidate how cardiologists utilize exercise echocardiography to diagnose
HFpEF in real-world practice.

Methods An international web-based survey involving 87 cardiologists was performed. We also performed a retrospective cross-

and results sectional study to investigate the impact of different exercise echocardiographic diagnostic criteria in 652 dyspnoeic patients

who underwent exercise echocardiography. The HFA-PEFF algorithm was the most commonly used exercise echocardiog-
raphy criterion for HFpEF diagnoses (48%), followed by the ASE/EACVI criteria (24%) and other combinations of multiple
parameters (22%). Among 652 patients, the proportion of HFpEF diagnosis varied substantially according to the criteria used
ranging from 20.1% (ASE/EACVI criteria) to 44.3% (HFA-PEFF algorithm). Many cases (49.4—70.5%) remained indeterminate
after exercise echocardiography, but only 41% of surveyed cardiologists would utilize exercise right heart catheterization to
resolve an indeterminate result. Despite these diagnostic uncertainties, 54% of surveyed cardiologists would utilize exercise
echocardiography results to initiate sodium—glucose co-transporter 2 inhibitors.
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Conclusion

In real-world practice, exercise echocardiographic criteria utilized across cardiologists vary, which meaningfully impacts the

frequency of HFpEF diagnoses, with indeterminate results being common. Despite these diagnostic uncertainties, many
cardiologists initiate pharmacotherapy based on exercise echocardiography. The lack of consensus on universal diagnostic
criteria for exercise echocardiography and approaches to indeterminate results may limit the delivery of evidence-based

treatment for HFpEF.

Graphical Abstract

£~ =5
@  Aninternational web-based survey involving A retrospective cohort of 652 dyspneic patients
87 cardiologists from 13 countries who underwent exercise echocardiography
Proportions of Ex Echo Do you utilize Ex Echo to Proportions of HFpEF
diagnostic criteria used initiate SGLT2 inibitors? diagnosis
“ 1007 omm —
801
60 1
401
20 44.3%
20.1%
B HFA-PEFF Algorithm 0
| ASE/EACVI Ex Echo AEE’EA:V' 2?‘“"’_:5:':
Other combinations of x=ehe garitnm
multiple echo parameters
Il Exercise E/e' alone ;::'";FJFF i
’ :Indeterminate
B TR velocity alone B : Non-cardiac dyspnea
Others
Keywords diagnosis ® exercise stress echocardiography ® heart failure with preserved ejection fraction ® questionnaire ® survey
H exercise protocols and diagnostic criteria have not been established. As a
Introduction Xercise p iagnostic criterta hav '

Recent clinical trials have shown convincing beneficial effects of pharmaco-
therapy in heart failure with preserved ejection fraction (HFpEF), such as
sodium—glucose co-transporter-2 (SGLT?2) inhibitors and glucagon-like
peptide-1 (GLP1-) agonists."™ This makes its correct and early identifica-
tion more impor‘tant.4 Nevertheless, the diagnosis of HFpEF among peo-
ple with chronic dyspnoea but without overt congestion remains
challenging and relies on the demonstration of objective evidence of
elevated left ventricular (LV) filling pressures by diagnostic tests such
as natriuretic peptide or standard echocardiography.® Importantly, LV
filling pressures are often normal in patients with HFpEF at rest but in-
crease abnormally during physiological stress, such as exercise.””""
Recent guidelines recommend using exercise stress testing to detect
such haemodynamic abnormalities during exercise in cases of diagnostic
uncertainty based on restingassessments,'>~'# and exercise stress echocar-
diography (i.e. diastolic stress echocardiography) being non-invasive is often
used for the identification of occult HFpEF.7'1O’15_19 However, universal

result, their application in clinical practice may vary widely, affecting the
diagnosis (or prevalence) and ultimately the management of HFpEF.

Accordingly, our main objective was to investigate the current prac-
tice of exercise stress echocardiography by collecting opinions from
various cardiologists via a web-based international survey. We also per-
formed a cross-sectional study to determine the impact of different
diagnostic criteria on the proportion of HFpEF diagnoses using a large
cohort of individuals undergoing exercise echocardiography.

Methods

An international survey for exercise stress

echocardiography

This international web-based survey was designed to determine current prac-
tices regarding exercise stress echocardiography for the evaluation of HFpEF
or dyspnoea. A group of HF or echocardiography specialists (Y.N.V.R, F.H.V,,
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JHY, KN, T.H,and M.O.) developed and edited the survey, which included
16 individual questions (see Supplementary data online, Supplementary
Materials). The survey was distributed to cardiologists through social
networking services (SNS) [X (former Twitter) and Facebook] of the
Echocardiography Laboratory, Gunma University Hospital, the Japanese
Association of Young Echocardiography Fellow (JAYEF), and individual in-
vestigators. The questionnaire was also emailed to investigators’ colleagues.
This survey was approved by the Ethics Board of the Gunma University
Hospital (HS2023-057). The data underlying this article cannot be shared
publicly due to the privacy of individuals who participated in the study.

A cross-sectional study

To investigate the impact of different criteria on HFpEF diagnosis, we per-
formed a retrospective cross-sectional study. Consecutive series of 865 pa-
tients who were referred to the Gunma University echocardiographic
laboratory for exercise stress echocardiography for the evaluation of unex-
plained dyspnoea between September 2019 and November 2023 were
identified. We excluded patients without symptoms, current or previously
documented reduced ejection fraction (EF <50%), significant left-sided
valvular heart disease (>moderate regurgitation, >mild stenosis); infiltra-
tive, restrictive, or hypertrophic cardiomyopathy, non-group Il pulmonary
hypertension (PH), those younger than 20 years old, those who did not per-
form ergometer exercise echocardiography, and duplicate cases. This study
was also approved by our Institutional Review Board with a waiver of in-
formed consent (HS52023-118).

Details of the exercise stress echocardiographic examination in our la-
boratory are described previously.'®'”'® Briefly, all patients underwent
semi-supine ergometer exercise, starting with a 20 watts (W) load for
5 min, with 20 W-increments in 3 min to participants’ exhaustion (Angio
imaging, Lode B.V., Groningen, Netherlands). Echocardiographic images
were recorded at baseline and at all stages of exercise to obtain trans-mitral
inflow, mitral annular tissue velocities, tricuspid regurgitation (TR) velocity,
and LV outflow pulse Doppler time—velocity integral.

The diagnosis of HFpEF was coded using different schemes: the recom-
mendations from the American Society of Echocardiography/European
Association of Cardiovascular Imaging (ASE/EACVI) for the assessment
of LV diastolic dysfunction;'* and the HFA-PEFF diagnostic algorithm
from the Heart Failure Association (HFA) of the European Society of
Cardiology (ESC)." The diagnosis of HFpEF was first coded from resting
echocardiographic data using the ASE/EACVI recommendations for the as-
sessment of elevated LV filling pressure (see Supplementary data online,
Figure S1A). Then, exercise stress echocardiography was considered abnor-
mal (i.e. HFpEF) when all of the following criteria were met: septal E/e’ > 15
during exercise, exercise TR velocity >2.8 m/sec, and septal e’ velocity at
baseline is <7 cm/sec (see Supplementary data online, Figure S1B)."* The re-
sults were normal (non-cardiac dyspnoea) when septal E/e’ ratio was <10
with exercise and peak TR velocity was <2.8 m/sec with exercise. If either
the resting or exercise result was positive, the diagnosis of HFpEF was
coded.

The HFA-PEFF algorithm calculates a score based on resting echocardi-
ography and natriuretic peptide levels (0—6 points, Step 2). A score >5
points was defined as HFpEF while a score of <2 was considered as non-
cardiac dyspnoea. Among patients with intermediate scores (2—4 points),
two or three points were added depending on the E/e’ ratio and TR velocity
during exercise stress echocardiography (Step 3). A diagnosis of HFpEF was
coded if the combined score from Ste}p 2 to Step 3 was >5 points (see
Supplementary data online, Figure $2)."

The reproducibility of E/e’ and TR velocity during peak exercise was
assessed in 30 randomly selected patients. Intra- and inter-observer
agreement was evaluated after the same observer and another experi-
enced reader repeated the analysis using intraclass correlation coeffi-
cients (ICCs).

Statistical analysis

Data are reported as mean (standard deviation), median (interquartile
range: IQR), or number (%) unless otherwise noted. Between-group differ-
ences were compared using the y* test. Within-group differences were
compared by paired t-test or Wilcoxon signed rank test. All tests were two-
sided, with statistical significance set at P < 0.05. All statistical analyses were
performed using JMP 17.1.0 (SAS Institute, Cary, NC, USA).

Table 1 Characteristics of the participants
n=87
Region, n (%)
East Asia (Japan, South Korea) 65 (75%)
Europe (Belgium, France, Germany, Italy, Portugal, Spain) 18 (21%)
North America (USA) 3 (3%)
Others 1(1%)
Specialty and subspecialty,® n (%)
General cardiologist 43 (49%)
Echocardiography specialist 63 (72%)
Heart failure specialist 59 (68%)
Other cardiovascular imaging specialist 2 (2%)
EP specialist 1(1%)
Interventional cardiologist 10 (11%)
Others 2 (2%)
Experience of ESE, n (%) (n=86)
0-1 years 8 (9%)
2-5 years 27 (32%)
6-10 years 26 (30%)
>10 years 25 (29%)
Number of ESE performed at practicing hospital per year, n (%)
1-50 cases 32 (37%)
51-100 cases 17 (19%)
101-300 cases 24 (28%)
301-500 cases 6 (7%)
>500 cases 8 (9%)
Percentage of ESE for HFpEF or dyspnoea
0% 4 (5%)
1-25% 41 (47%)
26-50% 12 (14%)
51-75% 22 (25%)
76-100% 8 (9%)
RA pressure estimation method during ESE?, n (%) (n=81)
Use resting RAP value 33 (41%)
Measure IVC-based RAP during exercise 27 (33%)
Use fixed value (e.g. 10 mmHg) 22 (27%)
Measure IVC-based RAP in the recovery 10 (12%)
Measure peripheral venous pressure 2 (2%)
Others 1(1%)

EP, Electrophysiology; ESE, exercise stress echocardiography; HFpEF, heart failure with
preserved ejection fraction; IVC, inferior vena cava; RAP, right atrial pressure; RVSP,
right ventricular systolic pressure; TR, tricuspid regurgitation; and USA, United States
of America.

“Multiple answers allowed.

Results

The international survey

Characteristics of participants

A total of 87 cardiologists from 71 hospitals in 13 countries participated
in this survey during ~5 weeks from 10 August to 19 September 2023.
The characteristics of the participants are shown in Table 1. The largest
number of participants was from Japan (64%), followed by Belgium,
Italy, and South Korea (Table 7). Nearly half of the participants (44%)
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Which items do you routinely measure during exercise stress
echocardiography for the evaluation of HFpEF or dyspnea?*
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Figure 1 Frequency of echocardiographic variables measured during exercise stress echocardiography. ¥Multiple answers allowed. Values are ex-
pressed as percentages. E/€’, the ratio of early diastolic mitral inflow to mitral annular tissue velocities; HFpEF, heart failure with preserved ejection
fraction; IVC, inferior vena cava; LVEF, left ventricular ejection fraction; LVOT-PWV, left ventricular outflow tract pulse wave Doppler; mPAP/CO slope,
the slope of estimated pulmonary artery mean pressure to cardiac output; MR, mitral regurgitation; TAPSE, tricuspid annular plane systolic excursion;
TMF, trans-mitral inflow velocity pattern; TR, tricuspid regurgitation; and TV s, systolic tissue velocity at the lateral tricuspid valve.

were practicing at hospitals with more than 100 exercise stress echo-
cardiography cases per year. Sixty-three participants (72%) were echo-
cardiography specialists and 59 (68%) were heart failure specialists
(Table 7). More than half of the participants (59%) had >6 years of ex-
perience with exercise stress echocardiography.

Echocardiographic variables measured during
exercise

Figure 1 demonstrates echocardiographic variables routinely measured
during exercise echocardiography at the surveyed cardiologists’ medic-
al centre. TR velocity, trans-mitral inflow velocity, E/e’ ratio, and mitral
e’ velocity were assessed in more than 85% of the participants. Several
cutoff values of TR velocity during exercise are proposed for an HFpEF
diagnosis.">™"* Of the participants who answered with a single cutoff
value (n=78), the most commonly proposed cutoff for exercise TR
velocity was 3.3 m/sec (49%), followed by 2.8 m/sec (17%) and 3.4
m/sec (10%; Figure 2). Similarly, an estimated right ventricular systolic
pressure (eRVSP) during the exercise of 60 mmHg was the most fre-
quently used cutoff value for an HFpEF diagnosis (28%), followed by
50 mmHg (17%) and 35 mmHg (15%; Figure 2). Thirty-three (41%) par-
ticipants responded that they would use resting right atrial (RA) pres-
sure value when estimating exercise RVSP (Table 7). The severity of
mitral regurgitation was also assessed in most of the participants
(75%). One-third of the participants reported that they would obtain
mPAP/CO slope or ultrasound B-lines during exercise.

Diagnostic criteria of HFpEF by exercise stress
echocardiography

Of 81 participants who responded, nearly half of the participants (48%)
reported that they use the HFA-PEFF algorithm (i.e. exercise avg. E/e’
>15 and exercise TR velocity >3.4 m/sec) for the diagnosis of
HFpEF, followed by the ASE/EACVI criteria (23%; i.e. exercise avg. E/e’
> 14, exercise TR velocity >2.8 m/sec, and septal e’ velocity at baseline
<7.0 cm/sec) or other combinations of multiple parameters (22%;
Figure 3). In participants who reported using multiple echocardiograph-
ic parameters, two would use the combination of trans-mitral inflow
velocity pattern and TR velocity and other two would use the

combination of trans-mitral inflow velocity pattern, E/e’ ratio, and TR
velocity, while the remaining would use other combinations (e.g. E/e’
ratio, TR velocity, mPAP/CO slope, ultrasound B-lines, inferior vena
cava, etc.). Some cardiologists answered that they diagnose HFpEF
based on a single echocardiographic parameter (exercise E/e’ ratio,
n=2; and exercise TR velocity, n=2). A comparison of responses
from Asia and Europe reveals that the HFA-PEFF algorithm was used
more frequently in Asia than in Europe (54.8% in Asia vs. 23.5% in
Europe) while the use of the ASE/EACVI criteria was similar (24.2%
in Asia vs. 23.5% in Europe). The use of other combinations of multiple
parameters was more commonly used in Europe than in Asia (16.1% in
Asia vs. 47.1% in Europe).

Questionnaires for therapeutic implication of
exercise echocardiography and invasive
cardiopulmonary exercise test

Of 84 participants who answered, the majority (n = 45, 54%) would ini-
tiate SGLT?2 inhibitors based on the results of exercise stress echocar-
diography. Approximately half of all participants (n=52%) reported
that invasive cardiopulmonary exercise tests are available in their hos-
pitals. Two-thirds of the participants (64%) responded that they would
consider an invasive exercise haemodynamic test if concern for PAH
was present, followed by negative exercise echocardiographic results
but high suspicion for HFpEF (55%), low diagnostic quality examination
(e.g. poor image quality; 45%), and intermediate exercise echocardio-
graphic results (41%; Figure 4).

Results of the retrospective cross-sectional

study

The final cohort of the retrospective cross-sectional study included 652
subjects. Overall, patients were elderly and predominantly women
(59.4%), with multiple cardiac and metabolic comorbidities, but only
modestly elevated natriuretic peptide levels (Table 2). On average, LV
end-diastolic volume and mass index, LA volume, and eRVSP were nor-
mal, with a borderline elevation of E/e’ ratio at rest. During exercise,
E/e’ ratio and eRVSP were significantly increased, with a modest in-
crease in mitral e’ velocity (all P < 0.0001).
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Please indicate the cut-off value of TR velocity/eRVSP during exercise
that you consider as "abnormal” for the diagnosis of HFpEF

TR velocity
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® 34mfs
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B 40 mmHg

eRVSP

B 60 mmHg
Others
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Figure 2 Cutoff values of TR velocity and estimated right ventricular pressure during exercise for HFpEF diagnoses. Values are expressed as
percentages. eRVSP, estimated right ventricular systolic pressure; and other abbreviations as in Figure 1.

Which of the following methods do you most frequently use for the
diagnostic criteria of HFpEF based on exercise stress echocardiography?

2.5% 1.2%

Bl HFA-PEFF Algorithm

[0 ASE/EACVI 2016

Other combinations of
multiple echo parameters

Bl Exercise Efe’ alone

[ TR velocity alone

Multiple parameters
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Figure 3 Proportions of most frequently used diagnostic criteria for HFpEF by exercise stress echocardiography. Values are expressed as percen-
tages. ASE/EACVI, the American Society of Echocardiography/European Association of Cardiovascular Imaging; CPET-ESE, cardiopulmonary exercise
test and exercise stress echocardiography; HFA-PEFF, the Heart Failure Association Pre-test assessment, echocardiography and natriuretic peptide,

functional testing, final aetiology; and other abbreviations as in Figure 1.

Figure 5 shows the frequency of HFpEF diagnosis according to different
diagnostic criteria. The rate of HFpEF diagnosis was the lowest (n =55,
8.4%) when the ASE/EACVI resting criteria were applied. The addition
of the ASE/EACVI-based exercise echocardiography criteria to the
resting ASE/EACVI assessments resulted in a modest increase in HFpEF
diagnosis (n= 131, 20.1%), with a large number of indeterminate cases
(n =460, 70.5%). When the resting HFA-PEFF algorithm (Step 2) was ap-
plied, the rate of HFpEF diagnosis was increased to 31.7% (n = 207), but a
large number of cases remained inconclusive (2—4 points; n = 404, 62.0%).
The frequency of HFpEF diagnosis was increased to 44.3% (n = 289), with
a decreased rate of indeterminate cases (n = 322, 49.4%).

The intra-observer ICCs for exercise E/e’ ratio and TR velocity were
0.87 and 0.87, respectively. The corresponding inter-observer ICCs
were 0.83 and 0.93, respectively.

Discussion

The diagnosis of HFpEF remains challenging. Current guidelines recom-
mend exercise stress echocardiography for the evaluation of HFpEF,
but it remains unclear how it is performed in real-world clinical practice
and how the results are interpreted to guide treatment. This study is
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When do you consider exercise right heart catheterization
in the diagnostic evaluation of HFpEF?*
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Figure 4 Indications for exercise right heart catheterization for the diagnosis of HFpEF. *Multiple answers allowed. Values are expressed as percen-
tages. ESE, exercise stress echocardiography; PAH, pulmonary artery hypertension; and other abbreviations as in Figure 1.

the first investigation to determine the current practice of exercise
stress echocardiography by collecting worldwide opinions from cardi-
ologists via a web-based international survey. The main findings are as
follows: (i) the exercise echo diagnostic criteria utilized for HFpEF diag-
nosis differed among individual cardiologists, with the HFA-PEFF algo-
rithm and the ASE/EACVI criteria being the two most frequently
used criteria; (i) the prevalence of HFpEF diagnoses in patients with
dyspnoea differed substantially depending on the criteria that were
used; (iii) more than half of the participating cardiologists indicated
that they would start SGLT?2 inhibitors based on the results of exercise
stress echocardiography; and (iv) indeterminate results were common
in our retrospective cohort, and less than half of cardiologists would re-
fer for confirmatory exercise right heart catheterization in the presence
of indeterminate results. These data provide important clinical implica-
tions: they point out inconsistencies in the worldwide evaluation of
HFpEF with exercise stress echocardiography, and they emphasize
the need for universal protocol and diagnostic criteria to maximize
its utility in clinical practice.

Variety of echocardiographic parameters

measured during exercise

The diagnosis of HFpEF is challenging among patients with euvolemia
because cardiac congestion is difficult to evaluate non-invasively and
many patients develop abnormal haemodynamics only during physio-
logical stress, such as exercise.*'" Recent guidelines emphasize the im-
portance of exercise stress testing to detect such abnormalities,’ "
and exercise stress echocardiography has been increasingly advocated
as an initial test to enhance the diagnosis of HFpEF.”'%">~"* However,
there are no universal protocols, measurements, or diagnostic criteria
for exercise stress echocardiography for the evaluation of HFpEF. This
may affect the quality of the test and ultimately clinical management.
In this international survey, we obtained opinions from cardiologists,
the majority of whom had >6 years of experience with exercise echo-
cardiography. We found that trans-mitral inflow velocity, mitral €’

velocity, E/e’ ratio, and TR velocity were the four most frequently ob-
tained parameters during exercise echocardiography. This may be re-
lated to the current consensus statements,'> ¥ but data to support
the accuracy and optimal combination of imaging parameters to esti-
mate LV filling pressures during exercise remain limited.”® Some studies
have demonstrated robust correlations of exercise echocardiographic
parameters (e.g. E/e’ ratio, TR velocity) with invasively measured
da‘ca,7’21_23 but others have not reproduced these favourable correla-
tions.?>>* There is no agreement concerning cutoff values of diagnostic
variables and they are based on expert consensus opinion.">™* In fact,
our survey found that cutoff values of TR velocity or estimated RVSP
varied widely among physicians (Figure 2). The current study reveals
the important, previously unrecognized limitations of exercise stress
echocardiography. Other important limitations also exist: an isolated
increase in TR velocity is not sufficient to diagnose HFpEF because it
may be caused by precapillary pulmonary arterial hypertension or a
normal hyperdynamic response to exercise in the absence of LV dia-
stolic dysfunction."? In addition, TR velocity alone cannot account for
increased RA pressure during exercise. In our survey, many cardiolo-
gists reported using resting or fixed RA pressure to estimate RA pres-
sure during exercise. This may lead to serious underestimation of RA
and RVSP, and thus HFpEF diagnosis.>"** Recent studies have demon-
strated the potential utility of emerging parameters such as ultrasound
B-lines and mPAP/CO slope,'®%>~2" and further investigations are re-
quired on the combined accuracy of these multiple parameters.

The diversity of diagnostic criteria and its
adverse effects

The primary limitation of exercise stress echocardiography for the
evaluation of HFpEF is the lack of validated diagnostic criteria.'® To ad-
dress the impact of different diagnostic criteria in real-world practice,
we combined the international survey and cross-sectional study. Our
survey demonstrated that the diagnostic criteria used varied significant-
ly among individual cardiologists (Figure 3). Overall, the HFA-PEFF
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Table 2 Baseline characteristics

Age (years)

Female, n (%)

Body mass index (kg/m?)
Comorbidities

Coronary artery disease, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)

Atrial fibrillation, n (%)

COPD, n (%)

H,FPEF score (points)
Medications (n = 647)

ACEI, ARB, or ARNI, n (%)
Beta-blockers, n (%)

Loop diuretics, n (%)

MRA, n (%)

SGLT?2 inhibitors, n (%)
Laboratories

BNP (pg/mL), n=1272
NT-proBNP (pg/mL), n =434
Creatinine (mg/dL), n=617
Vital signs

Heart rate (bpm)

Systolic BP (mmHg), n =643
Resting echocardiography

LV end-diastolic volume (mL), n =625
LV mass index (g/m?), n = 641
LV ejection fraction (%)

LA volume index (mL/m?), n = 645
E-wave (cm/sec), n =651

Mitral €’ (cm/sec), n= 650

E/e’ ratio (septal), n = 649
eRVSP (mmHg), n=615
Exercise echocardiography

Peak (W)

Peak mitral €’ (cm/sec), n =650
Peak E/e’ ratio (septal), n = 649
Peak eRVSP (mmHg), n = 607

704 +£12.3
387 (59.4%)
239+5.1

58 (9%)
136 (21%)
479 (73%)
148 (23%)
52 (8%)
22, 4)

236 (36%)
137 (21%)
140 (22%)
65 (10%)
47 (7%)

51 (20, 120)
157 (78, 492)
0.78 (0.66, 0.98)

72+14
128 +19

72 +26
83+23
63+7
29 (22, 39)
70+22
64+19
11.7+£47
22+8

55+24
87+25
138+53

42+13

Data are mean + SD, median (interquartile range), or n (%).

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin-receptor blockers;
ARN, angiotensin-receptor—neprilysin inhibitors; BNP, B-type natriuretic peptide;
BP, blood pressure; COPD, chronic obstructive pulmonary disease; E/e’ ratio, the
ratio of early diastolic mitral inflow to mitral annular tissue velocities; eRVSP,
estimated right ventricular systolic pressure; LA, left atrial; LV, left ventricular; MRA,
mineralocorticoid-receptor antagonists; NT-pro BNP, N-terminal pro B-type
natriuretic peptide; and SGLT?2, sodium—glucose co-transporter-2.

algorithm and the ASE/EACVI criteria were the two most frequently
used criteria. Differences in the frequency were observed between
Asia and Europe, but most importantly, the proportion of HFpEF diag-
noses in patients with dyspnoea differed substantially according to the
diagnostic criteria used (Figure 5). Although the accuracy of these two
diagnostic criteria is beyond the scope of the current study due to the

lack of the gold standard of invasive exercise haemodynamic test, the
large difference in the proportion of HFpEF or indeterminate diagno-
sis caused by the different diagnostic criteria used suggests that appro-
priate treatment may not be delivered to patients in clinical practice.
Indeed, our survey revealed that the majority of cardiologists would
initiate SGLT?2 inhibitors based on the results of exercise stress echo-
cardiography. Further studies are warranted to establish an evidence-
based criterion for exercise stress echocardiography to diagnose
HFpEF with definitive ascertainment of HFpEF or non-cardiac dys-
pnoea status by the gold standard of invasive exercise haemodynamic
testing.

Future perspectives

In this cross-sectional study, a large proportion of patients were classi-
fied as intermediate/indeterminate, especially by current exercise cri-
teria, an issue that contributes to the diagnostic challenges for HFpEF
by exercise stress echocardiography. Invasive exercise haemodynamic
test is the gold standard test to diagnose or rule out HFpEF.G"13
Notably, less than half of cardiologists surveyed would consider an ex-
ercise right heart catheterization with an inconclusive exercise echocar-
diogram result, suggesting further clarification of this category and
optimal approach is needed. In addition, invasive haemodynamic exer-
cise testing is not available in many hospitals worldwide and the optimal
approach to diagnosis in these settings from an indeterminate exercise
echocardiogram is uncertain. As such, further studies are needed to de-
velop and validate the optimal exercise echocardiography criteria for
the diagnosis of HFpEF.

Limitations

The current investigation has certain limitations. Although this survey
was open access, distribution of the survey through SNS might be lim-
ited to reach a wide range of cardiologists worldwide. For example,
physicians who were not on SNS would have been excluded from
the study. Because the survey was targeted to cardiologists who per-
form exercise echocardiography, the number of participants was rela-
tively small, with a limited number of countries. Half of the participating
cardiologists were practicing in Japan, which might limit the generaliz-
ability of the results. Many surveyed cardiologists might practice at spe-
cialized centres, which also introduced bias. The retrospective nature of
the cross-sectional study might introduce selection bias. The cross-
sectional study did not address the diagnostic accuracy of the two
diagnostic schemes. We did not assess advanced echocardiographic
parameters, such as LV and RV longitudinal strain. The percentage of
cardiologist responses regarding the prescription of SGLT2 inhibitors
should be interpreted in light of the fact that exercise echocardiography
was not an inclusion criterion in the two large clinical trials of SGLT2
inhibitors."? Nevertheless, this is the first investigation to determine
the current real-world practice of exercise stress echocardiography
for the diagnosis of HFpEF.

Conclusion

In real-world practice, exercise echocardiography criteria used for
HFpEF diagnosis vary among cardiologists, even among those with years
of experience with exercise echocardiography. While many cardiolo-
gists consider initiating SGLT?2 inhibitors based on the results of exer-
cise stress echocardiography, the frequency of HFpEF diagnoses varies
substantially depending on the diagnostic criteria used. The lack of uni-
versal diagnostic criteria may limit the delivery of appropriate treatment
to patients with HFpEF. Further studies are needed to establish the
optimal protocol and diagnostic criteria for the diagnosis of HFpEF.
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Figure 5 Proportion of HFpEF diagnosis according to the different diagnostic criteria. Values are expressed as percentages. Ex, exercise; and other

abbreviations as in Figures 1 and 3.
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