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Validation of the 2016 ASE/EACVI Guideline
for Diastolic Dysfunction in Patients With
Unexplained Dyspnea and a Preserved Left
Ventricular Ejection Fraction

Amo A. van de Bovenkamp “*, MD, MSc*, Vidya Enait, BSc*; Frances S. de Man "=, PhD; Frank T. P. Oosterveer, BSc;
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BACKGROUND: Echocardiography is considered the cornerstone of the diagnostic workup of heart failure with preserved ejec-
tion fraction. Thus far, validation of the 2016 American Society of Echocardiography/European Association of Cardiovascular
Imaging (ASE/EACVI) echo-algorithm for evaluation of diastolic (dys)function in a patient suspected of heart failure with pre-
served gjection fraction has been limited.

METHODS AND RESULTS: The diagnostic performance of the 2016 ASE/EACVI algorithm was assessed in 204 patients evaluated
for unexplained dyspnea or pulmonary hypertension with echocardiogram and right heart catheterization. Invasively measured
pulmonary capillary wedge pressure (PCWP) was used as the gold standard. In addition, the diagnostic performance of H,FPEF
score and NT-proBNP (N-terminal pro-B-type natriuretic peptide) were evaluated. There was a poor correlation between indexed
left atrial volume, E/e’ (septal and average) or early mitral inflow (E), and PCWP (=0.25-0.30, P values all <0.01). No correlation
was found in our cohort between e’ (septal or lateral) or tricuspid valve regurgitation and PCWP. The correlation between diastolic
function grades of the ASE/EACVI algorithm and PCWP was poor (r=0.17, P<0.05). The ASE/EACVI algorithm had a sensitivity
and specificity of 35% and 87%, respectively; an accuracy of 67% and an area under the curve of 0.56. Moreover, in 30% of
cases the algorithm was not applicable or indeterminate. H,FPEF score had a modest correlation with PCWP (r=0.44, P<0.0001),
and accuracy was 73%; NT-proBNP correlated weakly with PCWP (r=0.24, P<0.001), and accuracy was 57%.

CONCLUSIONS: The 2016 ASE/EACVI algorithm for the assessment of diastolic function has a limited diagnostic accuracy in
patients evaluated for unexplained dyspnea and/or pulmonary hypertension, and especially sensitivity to detect diastolic dys-
function was low.

Key Words: diagnostics m echocardiography ® heart failure with preserved ejection fraction ® right heart catheterization

See Editorial by MacNamara and Sarma

with preserved ejection fraction (HFpEF) is rising and suspected for HFpEF.?® Echocardiography is a pow-
it is soon expected to be the predominant phenotype erful tool to detect systolic dysfunction or valvular
in heart failure.! Guidelines position echocardiography abnormalities. However, left ventricular (LV) diastolic

In our aging population, the incidence of heart failure at the center of the diagnostic workup in patients
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CLINICAL PERSPECTIVE

What Is New?

e The American Society of Echocardiography/
European Association of Cardiovascular
Imaging algorithm has a low sensitivity (35%) to
detect elevated filling pressures in patients with
unexplained dyspnea and a preserved left ven-
tricular ejection fraction.

e |Individual echo-parameters of the algorithm
(E/e’, €, indexed left atrial volume, and tricuspid
valve regurgitation) have no significant correla-
tions or only modest correlations with invasively
measured filling pressures.

What Are the Clinical Implications?

e Normal or grade | diastolic dysfunction on
echocardiogram does not rule out relevant di-
astolic dysfunction in a symptomatic patient.

¢ |n case of unexplained dyspnea, other diagnos-
tic tools (eg, H,FPEF score, exercise echocar-
diography, or right heart catheterization) should
be considered to diagnose or rule out heart fail-
ure with preserved ejection fraction.

Nonstandard Abbreviations and Acronyms

ASE American Society of
Echocardiography

EACVI European Association of
Cardiovascular Imaging

HFpEF heart failure with preserved ejection
fraction

LAVi maximal left atrial volume indexed for
body surface area

LAVi-min  minimal left atrial volume indexed for
body surface area

PCWP pulmonary capillary wedge pressure

PH pulmonary hypertension
RHC right heart catheterization
TRV tricuspid regurgitation peak velocity

dysfunction, the hallmark feature of HFpEF, is more dif-
ficult to assess with echocardiography, especially early
in the disease.

It is important to determine whether echocardiog-
raphy is sensitive and specific enough to diagnose di-
astolic dysfunction in patient with a preserved ejection
fraction. Knowing the strengths and pitfalls of our di-
agnostic instruments will allow for a critical appraisal of
our diagnostic workup and a cordate use of advanced
diagnostic tools, such as exercise echocardiogram
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and right heart catheterization (RHC) in the setting of
unexplained dyspnea and/or pulmonary hypertension
(PH).#

Over 20 parameters have been suggested to nonin-
vasively assess LV compliance and LV filling pressures.?
In 2016, the American Society of Echocardiography
(ASE) and the European Association of Cardiovascular
Imaging (EACVI) proposed a simple algorithm to as-
sess LV diastology.? The algorithm has demonstrated
a moderate to high diagnostic accuracy in assessing
LV filing pressures in patients evaluated for coronary
artery disease and known myocardial disease, when
validated against invasively measured LV filing pres-
sures as the gold standard.>® However, thus far vali-
dation of the echo-parameters and the echo-algorithm
specifically for patients suspected for HFpEF has been
limited "

The present paper examines the diagnostic per-
formance of the 2016 ASE/EACVI algorithm in a large
cohort of patients that are referred to a tertiary cen-
ter for unexplained dyspnea and/or PH, using inva-
sively measured pulmonary capillary wedge pressure
(PCWP) as reference. In addition, this paper examines
the diagnostic performance of other commonly used
diagnostic tools, including NT-proBNP (N-terminal pro-
B-type natriuretic peptide) and the H,FPEF score, a re-
cently developed clinical score to predict the likelihood
of HFpEF."2

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

We retrospectively analyzed all patients evaluated for
unexplained dyspnea and/or PH between 2015 and
2017. Patients were included if both RHC and trans-
thoracic echocardiography (with complete evaluation
of diastolic function) were performed in our center dur-
ing the diagnostic workup (typically the same day or
the day before/after). Because of a low incidence of
elevated filling pressures in the initial cohort, the cohort
was complemented with additional cases with PCWP
>15 mm Hg at rest between 2011 and 2014 and 2018
and 2020.

Patients with other cardiac disease (eg, LV ejec-
tion fraction (LVEF) <50%, relevant left-sided valvular
pathology, congenital heart disease, obstructive cor-
onary artery disease, and hypertrophic cardiomyopa-
thy) as potential causes for elevated LV filling pressures
and symptoms were excluded (Figure $1).2 In addition,
atrial fibrillation, left bundle branch block, and ventric-
ular paced rhythm at time of echocardiography were
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excluded, as the 2016 ASE/EACVI algorithm cannot
be used in these cases.? In case of doubles, the first
case was used for analysis. Before referral, significant
other cardiac and extracardiac explanations of symp-
toms were already explored (this does not preclude
the presence of comorbidity), such as coronary artery
disease, chronic obstructive lung disease, obstructive
sleep apnea syndrome, and interstitial lung disease. In
accordance with the European Society of Cardiology
guideline, PCWP >15 mm Hg at rest, in the absence
of other causes for elevated LV filling pressures, was
diagnostic for (manifest) HFpEF.2

These investigations were performed for clinical
reasons and all data was collected for quality control.
Therefore, our medical ethical committee waived the
requirement of informed consent.

Echocardiography

Echocardiography was performed by experienced so-
nographers using commercially available ultrasound
systems (Philips iE33/EPIQ7 system equipped with a
X5-1 xMATRIX array transducer). Patients underwent
a comprehensive echocardiographic examination.'®
Images were stored and the following measurement
were analyzed off line (Philips Xcelera R4.1): LV end-
systolic and end-diastolic volume and left atrial volume
by Simpson’s biplane, maximal and minimal left atrial
volume were indexed for body surface area (LAVi,
LAVi-min, respectively); pulsed-wave Doppler mitral
inflow E(-max) and A(-max) velocity, tissue Doppler
septal and lateral e’ velocity, continuous wave tricuspid
regurgitation peak velocity (TRV); LVEF, left atrial ejec-
tion fraction, mitral valve E/A ratio, and averaged E/e’
were derived.

Based on the 2016 ASE/EACVI recommenda-
tions, in patients with a preserved LVEF (>50%) and
no structural heart disease, LV diastolic function was
graded as normal, diastolic dysfunction, or indeter-
mined (if equal number of parameters for LV diastol-
ogy are either positive or negative), using parameters
E/e’, € velocity (septal and/or lateral), TRV, and LAVi.?
Patients with a structural heart disease (eg, LV hy-
pertrophy, right ventricular dysfunction, or ischemic
heart disease) and/or diastolic dysfunction were fur-
ther graded according to transmitral valve E/A ratio,
E velocity and E/e’, TRV, and LAVi; with diastolic
dysfunction grade |, LV filling pressure is considered
normal, or with diastolic dysfunction grade Il or Ill,
LV filling pressures are considered elevated. Diastolic
dysfunction grade Il or higher, in the absence of other
causes for elevated LV filling pressures, was diag-
nostic for HFpEF. In the recalibrated ASE/EACVI al-
gorithm, echo-parameter cutoffs were replaced by
the cutoffs optimal for our cohort. In additional anal-
yses of the algorithm, LAVi was replaced by left atrial
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ejection fraction or LAVi-min. Echocardiographic
analyses were performed by 2 investigators (V.E.
and A.A.B), who were blinded for the hemodynamic
assessments.

Right Heart Catheterization

RHC was performed in supine position, while pa-
tients were on their chronic medication. Procedures
were performed on patients in a nonfasting state, to
prevent confounding of dehydration. RHC was per-
formed by an experienced team,™ through a 9F sheath
via the right internal jugular vein, using a fluid-filled
7F Swan-Ganz catheter (131HF7, Baxter Healthcare).
Transducers were zeroed at midthoracic level in each
patient.'®'® Pressure tracings were digitized and ana-
lyzed by 2 investigators experienced in hemodynamic
assessment (FT.P.O and M.L.H.), who were blinded for
the echocardiographic assessments. Pressures were
measured at end-expiration. Mean right atrium pres-
sure and PCWP were taken at mid-A wave. Cardiac
output was assessed by thermodilution, using the av-
erage values of >3 measurements with maximally 10%
variance.

H,FPEF Score

The H,FPEF score was calculated based on the fol-
lowing parameters: body mass index >30, 2 points;
hypertension, 1 point; atrial fibrillation, 3 points; PH
(as evaluated by echocardiography), 1 point; age
>60 years, 1 point; early mitral inflow velocity/sep-
tal mitral annular early diastolic velocity (E/e’" septal)
>9, 1 point.’? Conforming with Reddy et al, a H,FPEF
score of >6 was used to diagnose and <1 was used
to rule out HFpEF."? Indeterminate H,FPEF scores (2—-
5) were used in the correlation analysis but excluded
in further analyses of the diagnostic performance.
In addition, the diagnostic properties of the discrete
and continuous variant of the H,FPEF score were
compared.

Statistical Analysis

Normal distribution of the data was checked and data
were log-transformed if applicable. Results are re-
ported as mean+SD in case of a normal distribution
or median [interquartile range] in case of a nonnormal
distribution. Pearson’s correlation coefficient was used
to evaluate the correlation between PCWP at rest and
the individual echocardiographic parameters; in case
of nonnormal distribution Spearman’s rank correlation
was used. Missing data were not imputed. A P<0.05
was considered significant. NT-proBNP >125 ng/L was
considered elevated in accordance with the European
Society of Cardiology guideline.® Receiver operat-
ing characteristics analysis was performed in order
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to assess the discriminative properties for elevated
PCWP of the individual echo-parameters, the origi-
nal and recalibrated 2016 ASE/EACVI algorithm, the
H,FPEF score, and NT-proBNP. DelLong’s method
was used to compare areas under the curve (AUC).
The optimal cutoff of individual echo-parameters for
our cohort was determined using Youden’s index, with
exception of E and E/A’s lower limits where the optimal
cutoff was defined having a sensitivity >90%, and E/A’s
upper limit optimal cutoff was defined by a specificity of
>90%. In a subanalysis the ASE/EACVI algorithm was
also compared using PCWP >12 mm Hg as cutoff, as
this was used in the original validation study.® Potential
(confounding) effect of conduction disorders, revealed
by the ECG, on the diagnostic performance of the
echo-algorithm was assessed using receiver operat-
ing characteristics analyses. To adjust for the relatively
high prevalence of precapillary PH (PCWP <15 mm Hg
and mean pulmonary arterial pressure >25 mm Hg),
subanalyses were performed without precapillary PH.
Time in days between RHC and echocardiogram was
calculated and added to the linear regressions in order
to assess the possible confounding effect of time. R
Statistics (version 3.6.1) was used for analyses.

RESULTS

Patient Characteristics

This study evaluated 476 patients, of which 204
unique patients met the inclusion and exclusion cri-
teria (Figure S1. Flowchart of patient selection). The
patient characteristics and echocardiographic and
hemodynamics data are shown in Tables 1 and 2. All
patients with PCWP at rest >15 mm Hg (n=87) were
diagnosed with HFpEF. The diagnoses of patients
with PCWP <15 mm Hg (n=117) consisted mainly of
chronic tromboembolic PH, other types of PH and
no pulmonary or cardiac disease (Table S1). Patients
with elevated filling pressures were more likely to be
on diuretics compared with patients with low filling
pressures (72% versus 40%, respectively, P<0.001).

Weak Correlation Between PCWP and
Individual Echo-Parameters for LV
Diastology

Correlation between the individual echo-parameters
and PCWP are shown in Table 3 (regression plots are
shown in Figure S2). Echo-parameters TRV, and €’ sep-
tal and lateral did not correlate statistically significant
with PCWP. All other echo-parameters for diastolic
function significantly correlated with PCWP, although
the relation was only fair at best (~=0.15-0.30). AUC
by receiver operating characteristics analysis of the
ASE/EACVI algorithm parameters ranged from 0.47
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Table 1. Patient Characteristics
PCWP PCWP
<15 mm Hg >15 mm Hg
(n=117) (n=87)
Sex (female) 67 (57%) 57 (66%)
Age, y 62 (14) 66 (10)
Body mass index, kg/m? 27.5(5.2) 32.0 (7.0)
Body surface area, m? 1.97 (0.27) 2.09 (0.27)
Mean blood pressure, 100 (13) 100 (14)
mm Hg
Heart rate, beats per min 78 (16) 75 (15)
New York Heart Association class
1 10 (9%) 4 (5%)
2 48 (41%) 23 (26%)
3 55 (47%) 50 (58%)
4 3 (3%) 10 (12%)
N-terminal pro-B-type 168 [87-932] 484 [131-1200]
natriuretic peptide, ng/L*
Physical examination®
Jugular venous pressure 2 (4%) 13 (30%)
elevated
Pulmonary congestion 8 (7%) 21 (25%)
Edema 24 (22%) 49 (61%)
Medication
Calcium-antagonist 20 (17%) 22 (25%)
Beta blocker 20 (17%) 40 (46%)
Angiotensin-converting 38 (33%) 45 (52%)
enzyme inhibitor/
angiotensin receptor
blocker
Diuretics 47 (40%) 63 (72%)
Hydrochlorothiazide 15 (13%) 13 (15%)
Loop diuretic 31 (27%) 49 (56%)
Mineralocorticoid 14 (12%) 26 (30%)
receptor antagonist
Comorbidities
Pulmonary hypertension* 79 (68%) 79 (91%)
Hypertension 42 (36%) 51 (59%)
Renal dysfunction$ 49 (42%) 37 (43%)
Obesity 41 (35%) 43 (49%)
Hypercholesterolemia 34 (29%) 21 (24%)
Obstructive sleep apnea 14 (12%) 22 (25%)
syndrome
Rheumatoid disorders 23 (20%) 9 (10%)
Diabetes mellitus 14 (12%) 17 (20%)
Coronary artery disease 13 (11%) 16 (18%)
Chronic obstructive 12 (10%) 17 (20%)
pulmonary disease
Atrial fibrillation 8 (7%) 17 (20%)
H,FPEF score
H,FPEF score 3(2) 42

PCWP indicates pulmonary capillary wedge pressure.

*Available in 97% of cases.

fJugular venous pressure, pulmonary congestion, and edema assessment
were inconclusive or unavailable in 113, 11, and 13 of the cases, respectively.

*Based on invasive measurements (mean pulmonary arterial pressure
>25 mm Hg).

SDefined as estimated glomerular filtration rate <60 mL/min per 1.73 m?.
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Table 2. Echocardiography and Hemodynamics

PCWP <15 mm Hg PCWP >15 mm Hg
(n=117) Measurable (%) (n=87) Measurable (%)

Echocardiogram

Left ventricular ejection 55 (53-60) 89% (100% teichert) 55 (63-60) 49% (100% teichert)

fraction (%)

E, cm/s 65.2 (19.1) 99% 75.5 (23.9) 100%

Septal &, cm/s 6.7 (2.0) 93% 6.9 (2.3 91%

Lateral &/, cm/s 9.5(2.8) 96% 9.7 (3.2 98%

E/e’ septal, cm/s 9.7 [7.9-11.8] 93% 11.5[9.4-14.3] 91%

E/e’ average, cm/s 8.1[6.4-9.7] 89% 9.4 [7.3-111] 89%

E/A 0.82[0.66-1.0] 97% 0.94 [0.77-1.4] 93%

Tricuspid regurgitation 3.4 (0.8) 72% 3.3[2.8-3.9] 70%

velocity, m/s

Maximal left atrial volume 26.0 [21-32.2] 87% 32.6 [27.3-43.0] 75%

indexed for body surface area,

mL/m?

Minimal left atrial volume 11.6 [8.6-15.8] 78% 17.4 [11.7-29.0] 62%

indexed for body surface area,

mL/m?

Left atrial ejection fraction (%) 55 [46-62] 78% 41 [29-58] 62%
Hemodynamics

Arterial saturation (%) 95 [92-97] 95 [92-97]

Venous saturation (%) 67 (10) 65 (10)

Mean right atrial pressure, 6 [4-9] 10 [8-13]

mm Hg

Diastolic RVP, mm Hg 4 [2-7] 6 [4-10]

Systolic RVP, mm Hg 54 [35-77] 61 [46-81]

Diastolic PAP, mm Hg 20 [14-28] 25 [19-31]

Systolic PAP, mm Hg 55 [35-76] 58 [45-80]

Mean PAP, mm Hg 34 [22-46] 39 [29-49]

PCWP, mm Hg 11 [8-12] 17 [16-20]

PVR® 292 [143-566] 222 [123-489]

SVR, dynxs/cm® 1410 (507) 1230 (490)

Cardiac index, L/min per m? 3.0 (1.0) 3.2(1.3)

E indicates early diastolic transmitral flow velocity; €, early diastolic mitral annular tissue velocity; E/A, early to late diastolic transmitral flow velocity; PAP
indicates pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RVP, right ventricular pressure; and

SVR, systemic vascular resistance.

to 0.69. Using the 2016 ASE/EACVI algorithm cutoff
values, sensitivity and specificity of parameters TRV,
LAVi, E/e’, and e’ ranged from 16% to 74% and 21%
to 96%, respectively, with an accuracy ranging from
43% 10 67%.

Sensitivity and specificity only marginally improved
using cutoff values optimized for our study cohort.
After exclusion of precapillary PH, TRV correlated sta-
tistically significant with PCWP. As a marker of quality
control, TRV? assessed by echocardiogram and inva-
sive measured systolic pulmonary arterial pressure had
a very strong correlation (r=0.82, P<0.001). There was
no confounding effect of time in days (median [inter-
quartile range]: O [-6, 45]) between RHC and echocar-
diogram, and the relationship between the individual

J Am Heart Assoc. 2021;10:e021165. DOI: 10.1161/JAHA.121.021165

echo-parameters or NT-proBNP with PCWP. In addi-
tion to the ASE/EACVI parameters two alternative left
atrial parameters were evaluated. LAVi-min and left
atrial ejection fraction showed a stronger correlation
with PCWP (r=—0.35 and r=0.35) and a better diagnos-
tic performance (combined sensitivity and specificity,
and accuracy) compared with LAVi; however, AUC was
not statistically significant between the 3 parameters
(P=0.10-0.76).

Limited Diagnostic Accuracy of the 2016
ASE/EACVI Algorithm

Conform the ASE/EACVI algorithm, all patients
with myocardial disease (eg, left or right ventricular
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hypertrophy, right ventricular dysfunction, or history
of coronary artery disease) started in step B of the al-
gorithm (n=185). According to the algorithm, LV filling
pressures were normal in 128 of the patients, of which
9 patients had a normal diastolic function and 119 pa-
tients had a diastolic dysfunction grade | (Figure 1).
Noninvasively assessed LV filling pressures were el-
evated in 35 of the patients, of which 27 patients and
8 patients had diastolic dysfunction grade Il or grade
I, respectively.

In 30% of the patients, the echo-algorithm could not
be used to determine diastolic function. In 12% of the
patients evaluated for diastolic dysfunction, the ASE/
EACVI algorithm could not be used because of limita-
tions of the algorithm (of which 8% were due to atrial
fibrillation and 4% to other causes (Figure S1). In ad-
dition, in 41 patients (20%) of the final cohort diastolic
function could not be determined (step 1 of the echo-
algorithm) or diastolic dysfunction grade could not be
determined (step 2) by the echo-algorithm.

The correlation between individual diastolic function
grades and PCWP was poor (r=0.17, P<0.01). With di-
astolic dysfunction grade Il as cutoff for predicted el-
evated filling pressures, the ASE/EACVI algorithm had
an AUC of 0.56 (P<0.001); sensitivity and specificity
were 35% and 87%, respectively, with an overall accu-
racy of 67% (Figures 2 and 3, Table 4).

Exclusion of patients with precapillary PH did not
improve the diagnostic performance of echocardiog-
raphy (Table 4). Recalibrating the ASE/EACVI algorithm
using cutoffs optimized for our cohort (Table 3 for cut-
off values and specifications) improved the sensitivity,
but this was at the expense of specificity. Overall diag-
nostic accuracy, therefore, remained unchanged.

Replacing LAVi by LAVi-min in the ASE/EACVI algo-
rithm resulted in a minimal improvement in diagnostic
performance. Replacing LAVi by left atrial ejection frac-
tion worsened the diagnostic accuracy of the echo-
algorithm. Assessing the diagnostic performance of
the ASE/EACVI algorithm using PCWP >12 mm Hg as
reference did not result in a higher diagnostic accuracy
of the echo-algorithm either (Table 4). We found no ef-
fect of (incomplete) right bundle branch block (n=57) or
intraventricular conduction disorders in general (n=89)
on diagnostic performance of the ASE/EACVI algo-
rithm (P=0.63 and P=0.33, respectively).

Diagnostic Performance of NT-proBNP
and the H,FPEF Score

As shown in Figure 4A, the correlation between NT-
proBNP and PCWP was poor (=0.24, P<0.001).
Sensitivity of NT-proBNP to detect elevated LV filling
pressures in patients with a preserved ejection frac-
tion was moderate, but specificity and AUC were
low (Figure 3 and Table 4). Subanalyses showed an
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Figure 1. Diastolic function according to the 2016 ASE/EACVI algorithm.

ASE/EACVI indicates American Society of Echocardiography/European Association of Cardiovascular

Imaging.

increase in diagnostic performance after exclusion of
precapillary PH. Of note, 22% of the patients with el-
evated PCWP had a NT-proBNP <125 pg/L and 58%
of the patients with normal PCWP had an elevated
NT-proBNP.

As shown in Figure 4B, the H,FPEF score and PCWP
had a fair correlation (=0.44, AUC=0.67, P<0.0001).
Using a H,FPEF score of >6 to diagnose and a H,FPEF
score of <1 to rule out manifest-HFpEF (n=52); sensi-
tivity and specificity were 88% and 59%, respectively,
with an overall diagnostic accuracy of 73% (Figure 3
and Table 4). The diagnostic accuracy of the contin-
uous variant of the H,FPEF score (r=0.38, AUC=0.65)
was comparable to the discrete variant of the H,FPEF
score. Receiver operating characteristics curves and
diagnostic properties per cutoff values of both H,FPEF
scores are shown in Table S2 and Figure S3. Of note,
9 patients with low PCWP at rest were later diagnosed
with masked-HFpEF, these patients had a H,FPEF
score of 4 [4-6]; of whom 7 patients were stratified as
intermediate likelihood and 2 were stratified as high
likelihood of HFpEF.

DISCUSSION

This study evaluated the diagnostic accuracy of the
2016 ASE/EACVI echo-algorithm in a large cohort of
patients with unexplained dyspnea or PH with LVEF
>50%, that is, patients with potential HFpEF. The cur-
rent study demonstrated that the echo-parameters
used to assess diastolic function in the ASE/EACVI al-
gorithm have a poor correlation with filling pressures
in patients with a preserved LVEF. Consequently, the
ASE/EACVI algorithm has only a modest diagnos-
tic performance in these patients, primarily driven by

J Am Heart Assoc. 2021;10:e021165. DOI: 10.1161/JAHA.121.021165

a low sensitivity. In other words, with echocardiog-
raphy relevant diastolic dysfunction is easily missed.
Interestingly, we found that the ASE/EACVI algorithm
did not perform better than some of its individual com-
ponents (E/e” and LAVi). Moreover, in almost 1 out
of 3 patients, the echo-algorithm could not be used
to determine whether elevated filling pressures were
present.

Previous validation studies have reported conflict-
ing results regarding the diagnostic performance of
2016 ASE/EACVI echo-algorithm. In contrast to our
results, initial validation studies of the echo-algorithm
have reported a moderate to good overall diagnostic
performance.5® This large difference in diagnostic
performance may be explained as these initial studies
included only patients with known cardiac disease or
(suspected) coronary artery disease,®® while exclud-
ing patients with pulmonary disease (the main differ-
ential diagnosis for HFpEF).® Also, Andersen et al and
Lancellotti et al reported that diagnostic performance
was lower in patients with LVEF >50%, compared
with patients with LVEF <50%.%8 Although Lancellotti
et al and Balanay et al reported a modest accuracy
in patients with a LVEF >50% (67% and 76%, re-
spectively), this was because of a high specificity in
contrast to a low sensitivity (sensitivity 11% and 57 %,
respectively).6’

More recently, 3 papers evaluated the diagnos-
tic performance of the 2016 ASE/EACVI algorithm
in patients with LVEF >50%.'%"'” Ran et al reported
high sensitivity and specificity (84% and 80%, re-
spectively) in patients with PH of different etiologies.!”
This was in a relatively small study (N=63) and other
cardiac causes for elevated filling pressure were not
excluded, which may have overestimated diagnos-
tic performance. In accordance with our study, the
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2 remaining studies reported low diagnostic accu-
racy of the echo-algorithm in patients suspected for
HFpEF.'%" Furthermore, a recently published system-
atic review underlined the limited evidence available
for the individual echo-parameters in patients with
HFpEF and found only a modest correlation between
E/e” and LV filling pressures in patients with HFpEF
(r=0.62).9

When developing the 2016 ASE/EACVI algorithm,
specificity was preferred over sensitivity, and the ob-
served low(er) sensitivity may therefore not come as
a surprise.? Therefore, we explored whether recali-
brating of the algorithm using the Youden’s index im-
proved diagnostic accuracy, which however was not
the case.

Our study did not show a statistically significant
difference in diagnostic performance between LAVi-
min and LAVi, despite previous literature report-
ing a superiority of LAVi-min.'®® Further research is
needed to evaluate whether this parameter should be
implemented in a more accurate diagnostic tool for
the evaluation of HFpEF. In this respect, other novel

J Am Heart Assoc. 2021;10:e021165. DOI: 10.1161/JAHA.121.021165

echo-parameters, such as global longitudinal strain
and left atrial strain by speckle tracking,?°-?? are also
of interest.

Alternatives for the 2016 ASE/EACVI
Algorithm for Diastolic Dysfunction

In our study, the H,FPEF score had the best diagnostic
performance, and NT-proBNP had the worst. However,
subanalysis showed that the low discriminative power
of NT-proBNP in this study was because of the high
prevalence of precapillary PH, which is also a known
causes for elevated NT-proBNP (because of increased
right ventricular filling pressures). It is important to note
that almost a quarter of the patients with elevated LV
filling pressures had normal NT-proBNP levels. This
phenomenon has been frequently reported and is
commonly linked to the relative low LV wall tension in
HFpEF compared with HFrEF.23-25 In a recent system-
atic review, the low sensitivity of NT-proBNP was again
confirmed.?® Nevertheless, some clinicians still use the
low NT-proBNP as an absolute rule-out method.
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Figure 3. Receiver operating characteristics analysis.

ASE/EACVI indicates American Society of Echocardiography/European Association of
Cardiovascular Imaging; DD, diastolic dysfunction; and NT-proBNP, N-terminal pro-B-type
natriuretic peptide.

On the other hand, the H,FPEF score showed a  studies.'>?” Of note, the H,FPEF score was developed
good diagnostic accuracy in diagnosing HFpEF in our  to diagnose manifest and masked HFpEF combined.
cohort, and these results are in line with other validation In our study the H,FPEF score was compared with

Table 4. Diagnostic Accuracy of the Tested Algorithms and Diagnostic Tools

Algorithms r P Value AUC Sensitivity Specificity Accuracy PPV NPV
ASE/EACVI 0.17 0.03 0.56 35% 87% 67% 63% 68%
ASE/EACVI—excluding precap PH 0.20 0.05 0.56 35% 88% 53% 85% 1%
ASE/EACVI—optimized cutoffs 0.30 <0.0001 0.68 71% 62% 66% 56% 76%
ASE/EACVI—minimal left atrial volume indexed for 0.24 <0.01 0.58 43% 85% 70% 62% 73%
body surface area
ASE/EACVI—left atrial ejection fraction -0.02 0.80 0.53 43% 37% 40% 37% 43%
ASE/EACVI vs PCWP >12 mm Hg 0.17 0.03 0.55 30% 88% 56% 74% 48%
Other diagnostic tools
NT-proBNP 0.24* <0.001 0.61 78% 42% 57% 50% 71%
NT-proBNP—excl. precap PH 0.44* <0.0001 0.78 78% 65% 74% 85% 54%
H,FPEF score 0.44 <0.0001 0.67 88% 59% 73% 67% 84%

ASE/EACVI indicates American Society of Echocardiography/European Association of Cardiovascular Imaging; AUC, area under the curve; NT-proBNP, N-
terminal pro-B-type natriuretic peptide; PCWP, pulmonary capillary wedge pressure; PPV, positive predictive value, NPV, negative predictive value; precap PH.,
precapillary pulmonary hypertension; and r, correlation.

*Pearson’s correlation coefficient after log-transformation.
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PCWP at rest rather than to PCWP at exercise. As a
result the specificity found in our study will likely be an
underestimation. Combined with the simplicity of the
score, and its applicability in all patients (despite, for
example, the presence of atrial fibrillation), the H,FPEF
score deserves to have an important position in the
workup in the evaluation of HFpEF.

Strengths and Limitations

The strength of our study is the comparison of the
echocardiogram to the gold standard (PCWP), and to
our knowledge, the largest validation study of the 2016
ASE/EACVI algorithm for diastolic dysfunction in pa-
tients evaluated for unexplained dyspnea or PH. RHCs
and echocardiograms were performed and evaluated
by experienced staff in a tertiary center specialized in
HFpEF and PH, blinded for echocardiography. In ad-
dition, other causes for elevated filling pressures (eg,
ischemia and severe valve disease) were thoroughly
investigated and ruled out. Moreover, integrating the
H,FPEF score and NT-proBNP in this study enabled
easy comparison between different diagnostic tools.

A limitation is that echocardiography and RHC were
not always performed on the same day, so day-to-day
fluctuations in filling pressure could have influenced
the correlations. However, statistical analysis showed
no signs of confounding by time. Moreover, HFpEF is
a relatively stable chronic disease, which implies that
days between the echocardiogram and the RHC (in
the same diagnostic workup) should not influence the
diagnosis of HFpEF.

Another important limitation of our study is a po-
tential patient bias: this study was performed in a ter-
tiary center. Therefore, our cohort mainly contained
referred patients, in whom there was doubt about the
diagnosis, which may have resulted in a lower sensi-
tivity for our particular patient cohort. However, our

J Am Heart Assoc. 2021;10:e021165. DOI: 10.1161/JAHA.121.021165

study evaluated the diagnostic performance of echo-
cardiography and compared it with invasive measure-
ments in patients at rest. It is now established that a
large number of patients with HFpEF have normal fill-
ing pressures at rest but a significant and pathophys-
iological rise in LV filling pressures during exercise, a
patient group that has been named “masked” HFpEF
or “early” HFpEF.#28 For this reason, guidelines now-
adays recommend to perform exercise echocardi-
ography or exercise -RHC in patients suspected for
HFpEF, despite “normal” echocardiography at rest in
symptomatic patients.?? If the 2016 ASE/EACVI al-
gorithm would have been compared with PCWP at
exercise instead of PCWP at rest, sensitivity of the
echo-algorithm would be even lower than was found
now.*

Clinical Implications

In patients with dyspnea and/or PH, echocardiog-
raphy remains the first screening tool to evaluate
for possible cardiac involvement. Systolic dysfunc-
tion and/or valvular disease are easily detected, but
because of low sensitivity, a “normal” echo does
not safely rule out relevant diastolic dysfunction in a
symptomatic patient. Therefore, when dyspnea re-
mains unexplained, even when NT-proBNP is low, we
propose to calculate the H,FPEF score to quantify the
pretest likelihood for HFpEF. In case of an intermedi-
ate score (H,FPEF score 2-5), more advanced diag-
nostics is advised (exercise echocardiography: E/e” at
exercise; exercise RHC) to definitely rule out or to rule
in. Furthermore, the low diagnostic accuracy of NT-
proBNP and echocardiogram in diagnosing HFpEF
has important consequences for clinical trials using
mainly NT-proBNP and echocardiogram as inclusion
criteria. Therefore, more robust inclusion criteria (eg,
invasive or exercise tests) are warranted for clinical
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trials. In addition, multiple studies over the years have
compared or validated other methods to evaluate/pre-
dict diastolic dysfunction (eg, ECG, cardiac magnetic
resonance imaging, and biomarkers) to echocardio-
gram.?%3% These results should be interpreted with the
knowledge that correlation between echocardiogram
and filling pressures is modest at best, repeating these
studies with invasive measurements as comparator is
to be considered.

CONCLUSIONS

The 2016 ASE/EACVI algorithm for the assessment
of diastolic function has a limited diagnostic accuracy
for diagnosing HFpEF. This paper underlines the im-
portance of advanced diagnostics, such as exercise
echocardiogram or exercise-RHC, in symptomatic
patients with an intermediate a priori likelihood for
HFpEF.
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SUPPLEMENTAL MATERIAL



Table S1: Diagnoses of patients with PCWP<15mmHg

Diagnoses n=117

Chronic thrombo-embolic pulmonary disease, n (%) 57 (49%)
CTEPH, n (%) 55 (47%)
CTED, n (%) 2 (2%)

Masked HFpEF® 9 (8%)

iPAH, n (%) 7 (6%)

COPD, n (%) 6 (5%)

PH with systemic disease (PH-group V) 5 (4%)

PVOD 3 (3%)

Other, n (%) 8 (7%)

(e.g. Interstitial lung disease, NSIP, ILD, pulmonary cancer)

No cardiac or pulmonary disease

No pulmonary or cardiac diagnosis 18 (15%)

Asymptomatic PH-gene carriers, n (%) 4 (3%)

"Patients were labelled as masked-HFpEF (PCWP at rest <15mmHg but an abnormal increase in filling

pressures during a diastolic stress test) based on; exercise RHC (n=5), positive fluid challenge (n=2),

repeat RHC after 1 year (n=1), or consensus based on clinical parameters and follow-up without

performing diastolic stress test (n=1). CTEPH, chronic thrombo-embolic pulmonary hypertension;

CTED, chronic thrombo-embolic pulmonary disease (without PH; HFpEF, heart failure with preserved

ejection fraction; iPAH, idiopathic pulmonary hypertension; COPD, chronic obstructive pulmonary

disease; PH, pulmonary hypertension, PVOD, pulmonary veno-occlusive disease; NSIP, nonspecific

interstitial pneumonia; ILD, interstitial lung disease.



Table S2. Diagnostic properties of the H.FPEF-score (continuous vs. discrete)

H,FPEF-score to diagnose patients with manifest-HFpEF

Diagnostic test (n=133) Sensitivity  Specificity PPV NPV
H,FPEF-score (discrete)

>1 (n=132) 100% 1% 43% 100%
>2 (n=121) 96% 13% 45% 83%
>3 (n=96) 86% 38% 51% 78%
>4 (n=66) 63% 61% 55% 69%
>5 (n=41) 42% 78% 59% 64%
26 (n=30) 33% 86% 63% 63%
>7 (n=10) 14% 97% 80% 60%
>8 (n=5) 7% 99% 80% 59%
>9 (n=3) 4% 99% 67% 58%
H,FPEF-score (continuous)

>10% (n=132) 100% 1% 43% 100%
225% (n=122) 96% 12% 45% 82%
>50% (n=106) 88% 26% 47% 74%
>68% (n=83) 74% 46% 51% 70%
>90% (n=47) 47% 74% 57% 65%
>95% (n=22) 25% 89% 64% 61%
>99% (n=6) 9% 99% 83% 59%

HFpEF, heart failure with preserved ejection fraction; PPV, positive predictive value; NPV, negative

predictive value.



Figure S1. Flow chart of patient selection

Assessed patients with right heart catheterisation for

eligibility (N = 476)

* Cohort 2015-2017 (n=298)

* Complemented with patients between 2011-2014 &
2018-2020 with PCWP 215 mmHg (n=178)

Insufficient data(quality) (n=205)

No echocardiogramin our center(n = 142)

No echocardiogramin our center in the same diagnostic
work-up (n=35)

No complete diastolic assessment (11)

Echocardiogram of insufficient quality (n=5)

Right heart catheterisation data insufficient quality (n=1)
Insufficient data in medical chart (n=5)

v

Other causes for elevated left ventricular filling pressures (n=41):

(mildly) reduced LV ejection fraction (LVEF < 50%) (n =19)
> moderate mitral insufficiency (n=4)

> moderate aortic valve stenosis (n=1)

Pericardial effusion/restriction (n=1)

Congenital disease (n=10)

Hypertrophic cardiomyopathy (n=1)

Patients with preserved left ventricular function assessed
for diastolic dysfunction (n=232)

A4

Diastolic dysfunction not assessable with the
2016 ASE/EASCVI-algorithm (n=28):

Mitral valvuloplasty/replacement (n = 4)
Moderate-severe mitral valve calcification (n=1)
Moderate mitral valve stenosis (n=1)

Left bundle branch block / LV pacing(n=4)
Atrial fibrillation during echocardiogram (n = 18)

Included in final analysis (N=204)




Figure S2. Regression plots individual echo-parameters
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Regression plots are between PCWP and (A) e’ septal; (B) e’lateral; (C) E; (D) E/A; (E) E/e’ average; (F)

E/e’ septal; (G) peak tricuspid regurgitation velocity; (H) LAVi; (I) LAVi-min; and (J) LAEF. LAV,

indexed left atrial volume; LAVi-min, indexed minimal LA volume; LAEF, left atrial ejection fraction;

PCWP, pulmonary capillary wedge pressure;



Figure S3. ROC-analysis of the discrete and continuous H,FPEF-score
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