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Abstract

Aims The role of diastolic dysfunction (DD) in prognostic evaluation in heart failure (HF) patients with impaired systolic func-
tion remains unclear. We investigated the impact of echocardiography-defined DD on survival in HF patients with mid-range
(HFmrEF, EF 41-49%) and reduced ejection fraction (HFrEF, EF < 40%).

Methods and results A total of 2018 consecutive hospitalized HF patients were retrospectively included and divided in two
groups based on baseline EF: HFmrEF group (n = 951, aged 69 + 13 years, 74.2% male) and HFrEF group (n = 1067, aged
68 + 13 years, 76.3% male). Clinical data were collected and analysed. All patients completed >1 year clinical follow-up. The
primary endpoint was defined as all-cause death (including heart transplantation) and cardiovascular (CV)-related death.
All-cause mortality (30.8% vs. 24.9%, P = 0.003) and CV mortality (19.1% vs. 13.5%, P = 0.001) were significantly higher in
the HFrEF group than the HFmrEF group during follow-up [median 24 (13—36) months]. All-cause mortality increased in pro-
portion to DD severity (mild, moderate, and severe) in either HFmrEF (17.1%, 25.4%, and 37.0%, P < 0.001) or HFrEF (18.9%,
30.3%, and 39.2%, P < 0.001) patients. The risk of all-cause mortality [hazard ratio (HR) = 1.347, P = 0.015] and CV mortality
(HR = 1.508, P = 0.007) was significantly higher in HFrEF patients with severe DD compared with non-severe DD after adjust-
ment for identified clinical and echocardiographic covariates. For HFmrEF patients, severe DD was independently associated
with increased all-cause mortality (HR = 1.358, P = 0.046) but not with CV mortality (HR = 1.155, P = 0.469).

Conclusions Echocardiography-defined severe DD is independently associated with increased all-cause mortality in patients
with HFmrEF and HFrEF.
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Introduction

Steadily increased life expectancy worldwide® is associated
with increased prevalence of heart failure (HF) in the aging
population.” The overall incidence of HF has been estimated
to be 100-500 per 100 000 persons at risk in the general pop-
ulation, based on data from European countries and the
USA.3>™ Despite recent substantial improvements in medical
care,® the outcome related with HF remains generally

ominous. A recent systematic review and meta-analysis sum-
marized survival data from 1.5 million patients with chronic
HF across 60 studies; it was reported that the pooled survival
rates at 1 month, 1, 2, 5, and 10 years were 65.7%, 86.5%,
72.6%, 56.7%, and 34.9%, respectively. The 5 year survival
rate between 2000 and 2009 was as high as around 60%.”
Understanding and defining the risk factors related to the
ominous outcome of HF is paramount in the effort to reduce
disease burden and improve the outcome. Echocardiographic
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detected left ventricular ejection fraction (LVEF) serves as a
primary parameter used for risk stratification and therapy
planning in current clinical practice. Based on the recent pop-
ulation studies, however, the outcome of HF patients with
preserved or moderately reduced LVEF appeared to be com-
parable with patients with severely reduced LVEF.® Accord-
ingly, great efforts were made to identify additional
echocardiographic markers for predicting outcomes of pa-
tients with HF.° Numerous studies have demonstrated prog-
nostic impact of echocardiographic defined diastolic
dysfunction (DD) in a wide variety of patients with preserved
and reduced LVEF.'®*® However, it remains not fully clear
whether evaluation of DD could provide additional prognostic
information in HF patients with impaired systolic function. A
recent clinical study reported that echocardiographic evalua-
tion of DD defined by tissue Doppler marker abnormality (i.e.
E/E’) could provide additional prognostic information in pa-
tients with non-severe systolic dysfunction (LVEF 36-49%),
but not in those with severe systolic dysfunction
(LVEF < 35%)."

The purpose of the present study, therefore, was to inves-
tigate the prognostic impact of DD grade defined based on
the current recommendations* with minor modification on
all-cause mortality and cardiovascular (CV) mortality of HF
patients with mid-range LVEF (HFmrEF, LVEF 41-49%) and re-
duced LVEF (HFrEF, LVEF < 40%) hospitalized in our centre
from 2009 to 2017. We sought to confirm whether DD grade
might provide incremental prognostic value on outcome of
HFmrEF and HFrEF patients.

Methods

Study population

This retrospective cohort study included consecutive hospi-
talized HF patients in our department between July 2009
and December 2017 who underwent echocardiographic ex-
amination. Inclusion criteria were as follows: (i) hospitalized
patients with echocardiography examination at baseline with
sufficient image quality; (ii) echocardiography-derived
LVEF < 50% at baseline; and (iii) completion of a clinical
follow-up for at least 1 year after initial echocardiographic ex-
amination. We initially screened 2365 consecutive patients
during this time window; data from 2018 patients meeting
all these four inclusion criteria were analysed (Figure I).
The diagnosis of chronic HF was defined according to the
most recent guidelines of the European Society of
Cardiology.'® The investigation conformed to the principles
outlined in the Declaration of Helsinki and was approved by
the local ethics committee at the University of Wirzburg.
Written informed consent was obtained from all patients or

their guardians prior to study start. The study is registered
with the NCT Number NCT03966729 (REDEAL-HF trial).

Standard echocardiography measurements

Standard transthoracic echocardiographic examination was
performed (GE, Vingmed Vivid 7 or IE9, Horten, Norway).
Measurements were made offline according to the current
guidelines in a remote workstation (EchoPAC Version 113,
GE, Horten, Norway).'®” Left ventricular (LV) end-diastolic
dimension (LVEDD), end-diastolic thickness of the posterior
wall (LVPWd), and the septum (IVSd) were measured using
M-mode in the parasternal LV long-axis view. Right ventricular
(RV) end-diastolic basal and mid-dimensions and end-systolic
right atrial area (RAA) were measured in the RV-focused apical
four-chamber view. Left atrial (LA) volume was also measured
in both the apical four-chamber and two-chamber views at
end-systole using the biplane disk summation technique
method of disks. Left atrial volume index (LAVi) was calculated
by dividing LA volume by body surface area of subjects. LVEF
was measured with the biplane Simpson method in apical
four-chamber and two-chamber views. Tricuspid annular
plane systolic excursion (TAPSE) and mitral annular plane
systolic excursion (MAPSE) at the septal and lateral sites were
measured in the apical four-chamber view by M-mode
imaging. LV mass indexed to body surface area was estimated
by LV cavity dimension and wall thickness at end-diastole: LV
mass (g) =0.8x[1.04x (LVEDD +LVPWd +1VSd)® — LVEDD?] +0.6.
Meanwhile, peak tricuspid regurgitation jet velocity (TRVnax)
was measured with colour Doppler and continuous-wave
Doppler. Systolic pulmonary artery pressure (sPAP) was
derived from using the simplified Bernoulli equation in
combination with an estimated right atrial pressure (RAP):
SPAP = 4V? + RAP, where V indicates the TRV ,.x. RAP was es-
timated from inferior vena cava diameter and respiratory
changes.

Diastolic dysfunction evaluation

Pulsed-wave Doppler echocardiography was performed in the
apical four-chamber view to obtain mitral inflow velocities for
LV filling patterns evaluation. Peak velocity of early (E) and
atrial (A) diastolic filling and deceleration time of E wave were
measured, and the E/A ratio was calculated. Tissue Doppler
derived early diastolic mitral annular velocity (E’) was ac-
quired at the septal and lateral mitral annular sites, and then
septal, lateral, and average E/E’ were calculated. Besides
pulsed-wave Doppler parameters for the evaluation of filling
patterns, we used additional parameters including LAVi, sep-
tal E/E’ ratio, and TRV, to identify DD classification in pa-
tients with sinus rhythm and atrial fibrillation (AF),
respectively. All measurements were averaged from 3 heart
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Figure 1 Study protocol. E/E’ ratio, the ratio of early diastolic filling velocity to mitral annular velocity; HFmrEF, heart failure with mid-range ejection
fraction; HFrEF, heart failure with reduced ejection fraction; HTx, heart transplantation; LAVi, left atrial volume index at end-systole; LVEF, left ventric-

ular ejection fraction; TRV,.,, peak tricuspid regurgitation jet velocity.

Patients with LVEF <50% identified from echocardiography database
between 2009 and 2017
n=2365

E/E", LAVi, TRV, ;)

Patients were included for final analysis who
« suffered from at least two previous episodes of HF requiring hospital admission
¢ underwent a standard echocardiographic examination at baseline
* performed comprehensive assessment of diastolic function {i.e. mitral inflow pattern,

n=2018

l

HFmrEF
n=951
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Completed a clinical follow-up for at least 1 year
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cycles in sinus rhythm and from 5 heart cycles in AF. DD was
graded according to the current recommendations of the
American Society of Echocardiography and European Associa-
tion of Echocardiography (ASE/EAE) in 2016 * with minor
modification (Figure 2). We adopted the diagnostic criteria
of HF patients with sinus rhythm to AF patients by the judge-
ment of three parameters (LAVi > 34 mL/m? septal E/E’
ratio > 14, and TRV .« > 2.8 m/s). Similar to sinus rhythm
patients, AF patients with all three positive parameters are
defined as severe DD, with two positive parameters defined
as moderate DD, and with one positive parameter defined
as mild DD.

Clinical follow-up

All patients were clinically followed up for a median of 24
(13-36) months by reviewing the medical record information
or by telephone interview. The primary endpoint was defined
as all-cause death [including heart transplantation (HTx)] and
CV death. CV deaths were defined as deaths from an acute
myocardial infarction, sudden cardiac death, death due to
HF, death due to stroke, death due to CV procedures, death

due to CV haemorrhage, death due to other CV causes, and
HTx.'®

Statistical analysis

Continuous variables are expressed as mean + standard devi-
ation or median (interquartile range). Normal distribution of
continuous variables was explored by inspecting skewness,
kurtosis, and Q—Q plots. Continuous variables with normality
distribution were compared using unpaired Student’s t-test
or one-way analysis of variance, and data with skewed distri-
bution were tested by non-parametric tests: Mann—Whitney
U test or Kruskal-Wallis H test, as indicated. Categorical vari-
ables, expressed as count (percentage), were compared using
a similar approach employing y* and Fisher’s exact test, as
appropriate.

Risk factors predicting primary endpoints (i.e. all-cause
death and CV death) were sought using univariable and mul-
tivariable Cox proportional hazard regression models. Hazard
ratios (HRs) with 95% confidence intervals (Cls) were calcu-
lated. Clinical and echocardiographic risk factors, which
significantly associated with both all-cause death including
HTx and DD grade (P value < 0.10 for initial difference
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Figure 2 An algorithm for grading diastolic dysfunction in heart failure patients with left ventricular ejection fraction < 50% in this study. DD, diastolic
dysfunction; E wave, pulsed-wave Doppler derived early diastolic mitral inflow velocity; E’, tissue Doppler derived early diastolic mitral annular velocity;
E/A ratio, the ratio of early to late diastolic filling velocity; E/E’ ratio, the ratio of early diastolic filling velocity to mitral annular velocity; LAVi, left atrial
volume index at end-systole; TRV 4y, peak tricuspid regurgitation jet velocity.

‘ Pulsed-wave Doppler derived mitral valve flow |
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comparisons), were identified as potential confounders to
build multivariable Cox regression models. Prognostic perfor-
mance of DD grade defined by the simplified echocardio-
graphic algorithm was determined using multivariable Cox
regression models after adjustment for clinical confounders
and clinical plus other echocardiographic confounders. A
two-tailed probability value of less than 0.05 was considered
significant. Statistical analysis was performed using IBM SPSS,
Version 25 for Windows (IBM, Armonk, NY).

Results
Clinical characteristics and outcomes

Patients were divided into HFmrEF (n = 951) and HFrEF
(n = 1067) groups according to systolic function at baseline
visit. Clinical characteristics and outcomes of patients with
HFmrEF and HFrEF are shown in Table 1. The mean age
was 69 + 13 years in the HFmrEF group and 68 + 13 years
in the HFrEF group; 74.2% of HFmrEF patients and 76.3%
of HFrEF patients were male. The proportion of New York
Heart Association (NYHA) functional class IlI-IV was signifi-
cantly higher in the HFrEF group compared with the HFmrEF
group (42.6% vs. 25.1%, P < 0.001). The prevalence of dia-
betes and hyperuricaemia and the proportion of implantable
cardioverter defibrillator or cardiac resynchronization ther-
apy defibrillator (CRT-D) were significantly higher in the

HFrEF group than in the HFmrEF group. Other CV
co-morbidities and risk factors were similar between the
two groups. Serum N-terminal pro-B-type natriuretic peptide
concentration corresponding to echocardiographic measure-
ments was available in 804 patients of this cohort (322 in
HFmrEF and 482 in HFrEF). The median value of N-terminal
pro-B-type natriuretic peptide was significantly higher in pa-
tients with HFrEF than that in patients with HFmrEF (median
3241 vs. 1688 pg/mL, P < 0.001). Angiotensin-converting
enzyme inhibitors or angiotensin |l receptor antagonists,
beta-blockers, mineralocorticoid receptor antagonist, digi-
talis glycosides, and loop diuretics were more frequently
used in patients with HFrEF than in patients with HFmrEF.
Additionally, during the whole observation period, 4.3%
(41/951) of HFmrEF patients and 12.7% (136/1067) of HFrEF
patients were treated with sacubitril/valsartan (ARNI) in this
cohort, and all began after the year of 2016. Among the
ARNI users in HFmrEF patients during follow-up, the propor-
tion of EF < 40% at the time of ARNI application was 78%
(32/41).

During follow-up period of 24 (13-36) months, 237
patients with HFmrEF (all-cause death n = 235 and HTx
n = 2) and 329 patients with HFrEF (all-cause death
n = 318 and HTx n = 11) reached the primary endpoint. Of
these, CV death was defined in 93 HFmrEF patients and
150 HFrEF patients. All-cause mortality (30.8% vs. 24.9%,
P =0.003) and CV mortality (14.1% vs. 9.8%, P = 0.003) were
significantly higher in the HFrEF group compared with the
HFmrEF group.
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Table 1 Baseline clinical characteristics in patients with HFmrEF and HFrEF
HFmrEF HFrEF
N = 951 N = 1067 P value
Age (years) 69 = 13 68 = 13 0.399
Male [n (%)] 706 (74.2) 814 (76.3) 0.268
Body mass index (kg/mz) 27.5 £ 5.1 27.2 £5.1 0.223
NYHA class lI-IV [n (%)] 239 (25.1) 455 (42.6) <0.001
Cardiac risk factors and co-morbidities [n (%)]
Obesity 373 (39.2) 403 (37.8) 0.503
Atrial fibrillation 312 (32.8) 362 (33.9) 0.595
Dyslipidaemia 286 (30.1) 337 (31.6) 0.464
Hypertension 650 (68.3) 711 (66.6) 0.412
Diabetes 265 (27.9) 348 (32.6) 0.021
Smoking 305 (32.1) 354 (33.2) 0.597
Hyperuricaemia 82 (8.6) 126 (11.8) 0.019
Anaemia 537 (56.5) 595 (55.8) 0.751
Renal dysfunction (eGFR < 60 mL/min/1.73 m?) 384 (40.4) 483 (45.3) 0.027
Coronary artery disease 558 (58.7) 592 (55.5) 0.148
Percutaneous coronary intervention 335 (35.2) 312 (29.2) 0.004
Coronary artery bypass grafting 155 (16.3) 181 (17.0) 0.689
Stroke/transient ischaemic attack 82 (8.6) 95 (8.9) 0.824
Chronic obstructive pulmonary disease 110 (11.6) 139 (13.0) 0.319
Peripheral vascular disease 68 (7.2) 89 (8.3) 0.319
Implantable cardioverter defibrillator 73 (7.7) 169 (15.8) <0.001
Cardiac resynchronization therapy defibrillator 19 (2.0) 69 (6.5) <0.001
NT-proBNP (pg/mL)
No. 322 482
Median (25th-75th) 1688 (658-4629) 3241 (1377-7892) <0.001
HF-related medications [n (%)]
ACEis or ARBs 696 (73.2) 832 (78.0) 0.012
Beta-blockers 718 (75.5) 878 (82.3) <0.001
Mineralocorticoid receptor antagonists 186 (19.6) 450 (42.2) <0.001
Digitalis glycosides 93 (9.8) 166 (15.6) <0.001
Loop diuretics 461 (48.5) 712 (66.7) <0.001
Clinical outcomes
Follow-up duration (months) 24 (14-36) 24 (12-37) 0.308
All-cause death [n (%)] 235 (24.7) 317 (29.7)*
HTx [n (%)] 2(0.2) 12 (1.1)*
Cause of death [n (%)] 0.047
CV death (HTx included) 128 (54.0) 204 (62.0)
Non-CV death 103 (43.5) 111 (33.7)*
Undetermined 6 (2.5) 14 (4.3)
All-cause mortality (HTx included) [n (%)] 237 (24.9) 329 (30.8) 0.003
CV mortality (HTx included) [n (%)] 128 (13.5) 204 (19.1) 0.001

ACEis, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor antagonists; CV, cardiovascular; eGFR, estimated glomer-
ular filtration rate; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFrEF, heart failure with reduced ejection frac-
tion; HTx, heart transplantation; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.

“P < 0.05 vs. HFmrEF.

Comparisons of baseline clinical and echocardiographic
characteristics between HF patients with ischaemic and
non-ischaemic aetiology are displayed in Supporting Infor-
mation, Tables SI and S2. Patients with ischaemic HF
aetiology were older and had higher prevalence of male
sex, hypertension, diabetes, dyslipidaemia, smoking, periph-
eral vascular disease, and use of digitalis glycosides com-
pared with patients with non-ischaemic HF aetiology in
both the HFmrEF and HFrEF groups. Additionally, the preva-
lence of renal dysfunction and chronic obstructive pulmo-
nary disease was higher in HFrEF patients with ischaemic
aetiology. Besides smaller RV and right atrial diameters in
the HFmrEF patients with ischaemic aetiology, the majority
of echocardiographic parameters were similar between

HFmrEF patients with ischaemic or non-ischaemic aetiology.
LV end-diastolic diameter and RAA values and the preva-
lence of severe mitral regurgitation were lower, while LVEF
and lateral MAPSE values are higher in the HFrEF patients
with ischaemic aetiology than those with non-ischaemic
aetiology. All-cause mortality rate was lower in HFmrEF pa-
tients with ischaemic aetiology than in HFmrEF patients with
non-ischaemic aetiology (all-cause mortality 21.7% vs.
295%, P = 0.006; CV mortality 12.7% vs. 14.5%,
P = 0.428). In contrast, all-cause mortality and CV mortality
were higher in HFrEF patients with ischaemic aetiology than
in HFrEF patients with non-ischaemic aetiology (all-cause
mortality 35.0% vs. 25.7%, P = 0.001; CV mortality 22.8%
vs. 14.5%, P = 0.001).
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Impact of simplified echocardiographic
algorithm-defined diastolic dysfunction grades on
all-cause mortality

The proportion of mild, moderate, and severe DD defined by
simplified echocardiographic algorithm was 33.1% (315/951),
47.5% (452/951), and 19.3% (184/951) in HFmrEF patients,
respectively (Table 2). All-cause mortality increased in pro-
portion to DD severity: 17.1% (54/315) in the mild DD group,
25.4% (115/452) in the moderate DD group, and 37.0%
(68/184) in the severe DD group (P < 0.001, Figure 3A). As
shown in Table 2, besides DD-related parameters, lower
TAPSE, MAPSE_septal, and severe mitral regurgitation were
also closely related to higher all-cause mortality in HFmrEF
patients after adjustment for age and sex.

In patients with HFrEF (Table 3), mild, moderate, and se-
vere DD were identified in 21.4% (228/1067), 45.2% (482/
1067), and 33.5% (357/1067) of patients, respectively. Similar
to HFmrEF patients, all-cause mortality increased in propor-
tion to DD severity: 18.9% (43/228) in the mild DD group,
30.3% (146/482) in the moderate DD group, and 39.2%
(140/357) in the severe DD group (P < 0.001, Figure 3B).
Higher RVD_basal, RVD_mid, RAA, and lower TAPSE,
MAPSE_septal, and MAPSE_lateral values were significantly
related to higher all-cause mortality in HFrEF patients after
adjustment for age and sex.

In addition, echocardiographic parameters significantly as-
sociated with both all-cause mortality and DD severity
(P < 0.10) were defined as confounders entered into the mul-
tivariable Cox regression models in the HFmrEF and HFrEF
groups (Supporting Information, Tables S3 and S4).

Cardiac risk factors and cardiovascular
co-morbidities associated with all-cause mortality
and diastolic dysfunction grades

Univariable Cox regression models showed that age, NYHA
class Ill-IV, AF, diabetes, dyslipidaemia, coronary artery dis-
ease, peripheral vascular disease, chronic obstructive pulmo-
nary disease, renal dysfunction, and the use of HF
medications were predictors of all-cause mortality rate in
the HFmrEF group. Of these risk factors, age, male gender,
NYHA class, AF, diabetes, peripheral vascular disease, renal
dysfunction, and the use of mineralocorticoid receptor antag-
onists, digitalis glycosides, and loop diuretics also significantly
related to DD severity in HFmrEF patients. Same analyses
were made to determine the clinical confounders in HFrEF
patients, showing that age, male gender, NYHA class IlI-IV,
AF, diabetes, renal dysfunction, CRT-D, and the use of miner-
alocorticoid receptor antagonists, digitalis glycosides, and
loop diuretics were associated with both all-cause mortality
and DD severity (Table 4). The use of ARNI was associated

with lower all-cause mortality in both HFmrEF (unadjusted
HR = 0.258, 95% Cl 0.083-0.808, P = 0.020) and HFrEF
(unadjusted HR = 0.398, 95% CI 0.244-0.648, P < 0.001)
patients. However, the association between the use of ARNI
and DD severity is not significant in both groups (HFmrEF
group: 2.9% in mild DD, 4.6% in moderate DD, and 6.0% in
severe DD, P = 0.226; HFrEF group: 13.6% in mild DD,
11.8% in moderate DD, and 13.4% in severe DD, P = 0.714).
ARNI was therefore not added into Cox models as a potential
confounder in this study.

Independently prognostic performance of
diastolic dysfunction grades for all-cause
mortality

As shown in Table 5, severe DD was significantly and inde-
pendently associated with increased all-cause mortality risk
after adjustment for clinical plus other echocardiographic
confounders (vs. mild or moderate DD: HR 1.358, 95% CI
1.005-1.834, P = 0.046) in HFmrEF patients. For HFrEF pa-
tients, severe DD also significantly and independently associ-
ated with increased all-cause mortality risk after adjustment
for clinical and echocardiographic confounders (vs. mild or
moderate DD: HR 1.347, 95% ClI 1.059-1.713, P = 0.015).

Independently prognostic performance of
diastolic dysfunction grades for cardiovascular
mortality

For HFmrEF patients, although there was a trend of increased
CV mortality rate with increasing grade of DD (5.4% vs. 11.7%
and 12.5%, P = 0.006), the significance between DD grades
and CV mortality rate disappeared after adjustment for clini-
cal and other echocardiographic confounders (P > 0.05). For
HFrEF patients, severe DD remained as independent determi-
nant for increased CV mortality risk (vs. mild or moderate DD:
HR 1.493, 95% Cl 1.059-2.105, P = 0.022) after adjustment for
clinical and echocardiographic confounders.

Discussion

Diastolic dysfunction was graded based on the ASE/EAE 2016
recommendations* with minor modification, in that DD was
graded with LAVi, E/E’, and TRV ,.x not only for HFmrEF and
HFrEF patients in sinus rhythm; we also adopted the criteria
for patients in sinus rhythm to AF patients in this study. Their
impact of DD on predicting all-cause mortality and CV mortal-
ity in patients with HFmrEF or HFrEF was investigated in a
real-world clinical cohort. The main findings of this study
are as follows. (i) All-cause mortality increases in proportion
to DD severity in both HFmrEF and HFrEF patients. (ii)
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Figure 3 Kaplan—Meier curves displaying the estimated survival probability for patients with HFmrEF and HFrEF stratified by mild, moderate, and se-
vere DD. DD, diastolic dysfunction; HFmrEF, heart failure with mid-range ejection fraction; HFrEF, heart failure with reduced ejection fraction.
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Multivariable survival analysis shows that severe DD remains
as independent determinant of increased risk of all-cause
mortality and CV mortality in patients with HFrEF, after ad-
justed for identified cardiac risk factors and co-morbidities,
CRT-D, the use of HF medications, and other echocardio-
graphic parameters associated with mortality in this cohort.
(iii) Severe DD remains as independent determinant of in-
creased risk of all-cause mortality in patients with HFmrEF af-
ter adjusted for cardiac risk factors and co-morbidities, the
use of HF medications, and other echocardiographic indices.
To our best knowledge, this is the first clinical analysis show-
ing the incremental prognostic value of DD severity in
HFmrEF and HFrEF patients.

The present study confirmed findings from previous stud-
ies reporting that severity of systolic dysfunction as
expressed by reduced LVEF is a determinant of mortality in
HF patients.?® All-cause mortality was significantly higher in
HFrEF patients than in HFmrEF patients (30.8% vs. 24.9%,
P =0.003). The impact of DD in HF patients with impaired sys-
tolic function, however, remained elusive until now. A cross
project analysis from the German Competence Network
Heart Failure demonstrated that the echocardiographic eval-
uation of DD could provide further prognostic information in
particular in subject with non-severe systolic dysfunction (i.e.
LVEF 35-50%) but not in subjects with severe systolic dys-
function (LVEF < 35%), in whom DD was graded by the
Doppler parameter E/E’ > 15 only.”® In the current study,
our data show that severe DD is significantly and indepen-
dently associated with increased all-cause mortality risk and
CV mortality risk in HFrEF patients. The main reason for the
divergent results between our study and previous observa-
tions might be that the compressive assessment of DD with
three parameters (LAVi, E/E’, and TRV,,.,) might be superior
to using one single parameter (E/E’ > 14).*® The results from
our study thus suggest comprehensive assessment of DD

valuable for predicting outcome of HFmrEF and HFrEF
patients. Moreover, DD grade also remained as a powerful
independent predictor of outcome after adjustment of numer-
ous well-known clinical and echocardiographic risk factors.

Diastolic dysfunction is just one side of the coin; other
clinical and echocardiographic parameters certainly play a
crucial role on the outcome of HFmrEF and HFrEF patients
as well. The prevalence of NYHA class llI-IV, diabetes,
hyperuricaemia, and renal dysfunction was significantly
higher in HFrEF patients than in HFmrEF patients. These fac-
tors might jointly be responsible for the higher mortality rate
in HFrEF patients as compared with HFmrEF patients.
Univariable regression analysis showed that age, NYHA class
-1V, AF, diabetes, and renal dysfunction are common risk
factors for mortality rate in HFmrEF and HFrEF patients, while
peripheral vascular disease and coronary artery disease serve
as additional risk factors for HFmrEF and HFrEF patients.
Targeting these (co-)morbidities might be crucial to improve
general outcome of HFmrEF and HFrEF patients.

In line with previous research,?®?' HFrEF patients with
ischaemic aetiology present distinct clinical characteristics
and worse prognosis compared with patients with
non-ischaemic HF in this study. Conversely, HFmrEF patients
with ischaemic HF present better prognosis compared with
patients with non-ischaemic HF. These results should be con-
sidered in the risk stratification among HFrEF and HFmrEF pa-
tients with either ischaemic or non-ischaemic aetiology.

Besides DD-related echocardiographic parameters, our re-
sults showed that reduced TAPSE and MAPSE_septal are risk
factors for mortality rate in HFmrEF patients, while increased
RVD_basal, RVD_mid, and RAA values and reduced TAPSE,
MAPSE_septal, and MAPSE_lateral were risk factors for mor-
tality rate in HFrEF patients after adjustment of age and sex.
These results indicate more significantly reduced longitudinal
systolic function and RV function contributed to the worse
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Table 4 Cardiac risk factors and co-morbidities associated with all-cause death/heart transplantation rate in patients with HFmrEF and

HFrEF

Univariable HR (95% Cl)

HFmrEF (n = 951)
Age (10 years)
Male
NYHA class IlI-IV
Obesity
Atrial fibrillation
Diabetes
Dyslipidaemia
Coronary artery disease
Peripheral vascular disease
Chronic obstructive pulmonary disease
Renal dysfunction
Implantable cardioverter defibrillator
Cardiac resynchronization therapy defibrillator
HF medications
ACEis or ARBs
Beta-blockers
Mineralocorticoid receptor antagonists
Digitalis glycosides
Loop diuretics
HFrEF (n = 1067)
Age (10 years)
Male
NYHA class IlI-IV
Obesity
Atrial fibrillation
Diabetes
Dyslipidaemia
Coronary artery disease
Peripheral vascular disease
Chronic obstructive pulmonary disease
Renal dysfunction
Implantable cardioverter defibrillator
Cardiac resynchronization therapy defibrillator
HF medications
ACEis or ARBs
Beta-blockers
Mineralocorticoid receptor antagonists
Digitalis glycosides
Loop diuretics

1.565 (1.390-1.761)
0.813 (0.611-1.082)
1.903 (1.459-2.481)
0.783 (0.598-1.027)
1.594 (1.231-2.064)
1.412 (1.078-1.849)
0.516 (0.378-0.705)
0.662 (0.513-0.855)
1.857 (1.235-2.793)
2.321 (1.693-3.182)
2.350 (1.815-3.042)
0.741 (0.432-1.272)
0.913 (0.340-2.455)

0.451 (0.347-0.585)
0.635 (0.481-0.839)
0.639 (0.448-0.912)
2.447 (1.782-3.361)
2.347 (1.789-3.078)

1.532 (1.386-1.695)
1.065 (0.824-1.376)
1.628 (1.311-2.022)
0.986 (0.787-1.235)
1.511(1.212-1.884)
1.408 (1.128-1.759)
1.024 (0.815-1.287)
1.520 (1.215-1.901)
2.031 (1.477-2.793)
1.430 (1.068-1.915)
2.734 (2.177-3.435)
1.353 (1.028-1.782)
1.620 (1.106-2.374)

0.540 (0.425-0.686)
0.674 (0.514-0.884)
0.706 (0.564-0.883)
1.355 (1.036-1.773)
1.663 (1.296-2.134)

Pvalue Mild DD Moderate DD Severe DD P value
N = 315 N = 452 N =184
<0.001 64 14 71 £ 11 73 12 <0.001
0.155 251 (79.7) 322 (71.2) 133 (72.3) 0.025
<0.001 40(12.7) 122 (27.0) 77 (41.8) <0.001
0.077 117 (37.1) 188 (41.6) 68 (37.0) 0.362
<0.001 59 (18.7) 138(30.5) 115(62.5) <0.001
0.012 67 (21.3) 141 (31.2) 57 (31.0) 0.006
<0.001 92(29.2) 135(29.9) 59 (32.1) 0.791
0.002 190 (60.3) 263 (58.2) 105 (57.1) 0.744
0.003 15(4.8) 34 (7.5) 19 (10.3) 0.061
<0.001 34 (10.8) 57 (12.6) 19 (10.3) 0.624
<0.001 82(26.0) 198(43.8) 104 (56.5) <0.001
0.277 26 (8.3) 34 (7.5) 13 (7.1) 0.878
0.857 5(1.6) 7 (1.5) 7 (3.8) 0.149
<0.001 239(75.9) 328(72.6) 138 (75.0) 0.563
0.001 232 (73.7) 348 (77.0) 148 (80.4) 0.215
0.014 63 (20.0) 79 (17.5) 48 (26.1) 0.048
<0.001 12 (3.8) 48 (10.6) 37 (20.1) <0.001
<0.001 102 (32.4) 240(53.1) 119(64.7) <0.001
N = 228 N = 482 N = 357
<0.001 65+ 12 70 £ 12 68 =+ 14 <0.001
0.631 172 (75.4) 352 (73.0) 290 (81.2) 0.021
<0.001 69(30.3) 196(40.7) 190 (53.2) <0.001
0.901 79 (34.6) 172 (25.7) 152 (42.6) 0.069
<0.001 47 (20.6) 152 (31.5) 163 (45.7) <0.001
0.003 58 (25.4) 161 (33.4) 129 (36.1) 0.024
0.837 80(35.1) 158 (32.8) 99 (27.7) 0.131
<0.001 122 (53.5) 285 (59.1) 185 (51.8) 0.087
<0.001 18 (7.9) 42 (8.7) 29 (8.1) 0.919
0.016 27 (11.8) 65 (13.5) 47 (13.2) 0.828
<0.001 70(30.7) 222 (46.1) 191 (53.5) <0.001
0.031 35 (15.4) 65 (13.5) 69 (19.3) 0.071
0.013 7 (3.1) 29 (6.0) 33(9.2) 0.011
<0.001 188(82.5) 387(80.3) 270 (75.6) 0.101
0.004 192 (84.2) 403 (83.6) 299 (83.8) 0.979
0.002 107 (46.9) 185(38.4) 167 (46.8) 0.021
0.026 17 (7.5) 77 (16.0) 74 (20.7) <0.001
<0.001 117 (51.3) 329(68.3) 266 (74.5) <0.001

ACEis, angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor antagonists; Cl, confidence interval; DD, diastolic dysfunc-
tion; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, haz-

ard ratio; NYHA, New York Heart Association.

outcome in HFmrEF and HFrEF patients. Assessing and moni-
toring these parameters might be helpful on risk stratification
of HFmrEF and HFrEF patients.

Atrial fibrillation is common in HF patients, and E/A ratio is
not available in these patients. We adopted the ASE/EAE al-
gorithm for sinus rhythm patients and used LAVi, septal E/
E’, and TRV, to grade DD for HF patients with AF, since
the structural and functional properties of DD might be sim-
ilar in sinus rhythm and AF patients except A wave is not
available in AF patients. This modification makes the DD com-
parison between sinus rhythm and AF patients more objec-
tive with the identical criteria. Other parameters like mitral
deceleration time and isovolumic relaxation time could also
be used to define DD in AF patients as suggested by ASE/
EAE guidelines. Nevertheless, these time-dependent parame-
ters could be significantly affected by heart rate, which is

always irregular in AF patients; thus, these parameters might
be linked with much larger variabilities as that of LAVi, E/E’,
and TRV .. Subgroup analysis indicated that all-cause mor-
tality was significantly higher in AF patients with severe DD
in both the HFmrEF and HFrEF groups as compared with AF
patients with non-severe DD (Supporting Information, Figure
SI). Future studies are warranted to validate if these criteria
are also feasible to predict the all-cause mortality in HFmrEF
and HFrEF patients with AF.

Andersen et al. reported that about 40% of patients with
reduced EF might still have normal filling pressure.?? It is to
note that there is no report of filling pressure in untreated
HF patients. It thus remains unknown if the normal filling
pressure detected in these HF patients was the consequence
of effective HF medication or not. Normal filling pressure
alone could not deny the presence of DD, especially in the
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Table 5 Multivariable Cox regression models of DD for predicting all-cause mortality and CV mortality in patients with HFmrEF and HFrEF

Model 1 Model 2

Clinical plus other echo
covariates adjusted

Clinical covariates
adjusted HR

Events Event rate P value (95% Cl) P value HR (95% Cl) P value
All-cause mortality
HFmrEF® (n = 951) 237/951 24.9%
DD grade
Mild 54/315 17.1% Reference Reference
Moderate 115/452 25.4% 1.003 (0.718-1.400) 0.987 0.963 (0.689-1.348) 0.827
Severe 68/184 37.0% <0.001 1.419(0.972-2.072) 0.070 1.321 (0.896-1.947) 0.160
Severe vs. non-severe 37.0vs.22.0% <0.001 1.416 (1.056-1.899) 0.020 1.358 (1.005-1.834) 0.046
HFrEF® (n = 1067) 329/1067 30.8%
DD grade
Mild 43/228 18.9% Reference Reference
Moderate 146/482 30.3% 1.228 (0.870-1.735) 0.243 1.110 (0.781-1.576) 0.561
Severe 140/357 39.2% <0.001 1.826 (1.284-2.595) 0.001 1.466 (1.008-2.133) 0.045
Severe vs. non-severe 39.2vs. 26.6% <0.001 1.559(1.245-1.951) <0.001 1.347 (1.059-1.713) 0.015
CV mortality
HFmrEF® (n = 951) 128/951 13.5%
DD grade
Mild 22/315 7.0% Reference
Moderate 70/452 15.5% 1.445 (0.884-2.362) 0.142
Severe 36/184 19.6% <0.001 1.535 (0.875-2.693) 0.135
Severe vs. non-severe 19.6 vs. 12.0% 0.007 1.155(0.772-1.729) 0.483
HFrEF® (n = 1067) 204/1067  19.1%
DD grade
Mild 23/228 10.1% Reference Reference
Moderate 84/482 17.4% 1.260 (0.789-2.013) 0.334 1.164 (0.726-1.867) 0.529
Severe 97/357 27.2% <0.001 2.212(1.326-3.393) 0.002 1.707 (1.044-2.792) 0.033
Severe vs. non-severe 27.2vs. 15.1% <0.001 1.771(1.334-2.351) <0.001 1.508 (1.118-2.036) 0.007

Cl, confidence interval; CV, cardiovascular; DD, diastolic dysfunction; HFmrEF, heart failure with mid-range ejection fraction; HFrEF, heart

failure with reduced ejection fraction; HR, hazard ratio.

Model 1: Clinical covariates were included into the Cox models using the backward elimination method (likelihood ratio) for every ob-

served variable. Model 2: Both clinical and echocardiographic covariates were included into the Cox models using the backward elimina-

tion method (likelihood ratio) for every observed variable.

“Clinical covariates for patients with HFmrEF included age, sex, New York Heart Association class llI-1V, atrial fibrillation, diabetes, periph-
eral vascular disease, renal dysfunction, mineralocorticoid receptor antagonists, digitalis glycosides, and loop diuretics; other echocardio-
graphic covariates included interventricular septum wall thickness at end-diastole, septal mitral annular plane systolic excursion, tricuspid
annular plane systolic excursion, basal right ventricular diameter at end-diastole, right atrial area at end-systole, and mitral regurgitation.

°Clinical covariates for patients with HFrEF included age, sex, New York Heart Association class lll-1V, atrial fibrillation, diabetes, coronary
artery disease, renal dysfunction, mineralocorticoid receptor antagonists, digitalis glycosides, loop diuretics, and cardiac
resynchronization therapy; other echocardiographic covariates included left ventricular dimension at end-diastole, left ventricular ejec-
tion fraction, septal mitral annular plane systolic excursion, tricuspid annular plane systolic excursion, basal right ventricular diameter

at end-diastole, right atrial area at end-systole, and mitral regurgitation.

case of enlarged LA, higher E/E’, and TRV, values. Defining
the association between comprehensive non-invasive assess-
ments of DD with the three parameters used in the current
study with invasively measured filling pressure in untreated
HF patients in a dedicated study might clarify this issue, be-
cause invasive filling pressure measurements are often not
available in daily clinical practice. The ASE/EAE recommenda-
tions, which emphasize the role of non-invasive echocardio-
graphic indexes, might offer more convenience on
evaluating DD status in patients with reduced EF. A modified
algorithm based on the current guideline might also favour
the DD grading for AF patients as shown in our study. In ad-
dition, identifying DD severity by using diastolic filling pattern
derived from pulsed-wave Doppler suffers some uncer-
tainties. Suboptimal Doppler signals could lead to misinter-
pretation. A presence of E/A ratio > 2 might be found in a

heart with normal or mildly impaired diastolic function but
not always a sign of severe DD with a restrictive pattern.
We measured both septal and lateral E' and calculated
septal, lateral, and average E/E’ in this study. Although aver-
aged E/E’ was finally used as recommended,* the data of this
cohort indicate that prognostic performance of septal E/E’
might be comparable with lateral E/E’ or averaged E/E’ in
patients with HFmrEF [area under the ROC curve (AUC):
0.619, 0.597, and 0.616, respectively, P > 0.05]. Moreover,
prognostic performance of septal E/E’ was even better than
lateral E/E’ (AUC: 0.615 vs. 0.568, P = 0.007) and comparable
with average E/E’ (AUC: 0.615 vs. 0.597, P = 0.118) in patients
with HFrEF (Supporting Information, Figure S2). This is in line
with findings from previous clinical studies also suggesting
that septal and lateral E/E’ are equally useful in predicting
cardiac events in the general population. On the other hand,
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measuring both sites does not provide further predictive
value than measuring a single site.>®> Accordingly, septal E/E’
was selected as a predominant component for grading DD
instead of average E/E’ in our study.

Clinical implication

The present study highlights prognostic value of echocardio-
graphic determination of DD in HFmrEF and HFrEF patients.
The echocardiographic algorithm including three predomi-
nant parameters (i.e. LAVi, septal E/E’, and TRV,,.,) is easy
to obtain in clinical practice and feasible for defining DD
severity and predicting the outcome in HFmrEF and HFrEF
patients with various cardiac rhythms. Severe DD serves as
an independent determinant for all-cause mortality for both
HFmrEF and HFrEF patients after adjustment of clinical and
other echocardiographic covariates. It is to note that DD
grade was not found independently associated with CV mor-
tality in patients with HFmrEF after adjusted for identified
clinical risk factors. This might reflect the ability of modern
medication and intervention on reducing the cardiac mortal-
ity in HFmrEF patients, and the benefit achieved by these
targeted strategies might thus outweigh the impact of or
normalize DD in these patients. This finding might be
interpreted as a hint for DD being the ‘straw that breaks
the camel’s back’ for CV death in HFrEF, but not in HFmrEF
patients.

Limitation

Patients with HF with preserved EF were not included in
the urrent study. Current echocardiographic recommenda-
tions suggest a different algorithm for grading DD in patients
with HF with preserved EF as compared with patients with re-
duced EF (<50%). Careful investigation of the ideal diagnostic
workup for DD grading and clarification of clinical implica-
tions in this particularly heterogeneous patient collective re-
mains a main task for the future. Another study limitation is
that we did not acquire data on hospitalizations due to HF
in our current study. The impact of DD on rehospitalization
due to HF in patients with HFmrEF and HFrEF therefore also
needs to be explored in future studies. In addition, the drug
regimens and titration/optimization during follow-up are
not available in this retrospective cohort.

Conclusions

Echocardiography-derived DD is an independent prognostic
indicator of increased all-cause mortality in both HFmrEF
and HFrEF patients. Future studies are warranted to investi-
gate potential incremental value of serial measurements

and changes seen over time for therapy planning and
improving prognosis.
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HFmrEF, heart failure with mid-range ejection fraction;
HFrEF, heart failure with reduced ejection fraction; DD,
diastolic dysfunction.

Figure S2. Comparison of prognostic performance among
septal, lateral, and average E/E’ for all-cause mortality by
Receiver Operating Characteristic (ROC) curves. Prognostic
performance of septal E/E’ is comparable with lateral E/E’
or averaged E/E’ in patients with HFmrEF (A, AUC: 0.619,
0.597, and 0.616, respectively, P > 0.05). Moreover, prognos-
tic performance of septal E/E’ is better than lateral E/E’ (B,
AUC: 0.615 vs. 0.568, P = 0.007), and comparable with
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average E/E’ (AUC: 0.615 vs. 0.597, P = 0.118) in patients
with HFrEF. HFmrEF, heart failure with mid-range ejection
fraction; HFrEF, heart failure with reduced ejection fraction;

E/E’ ratio, the ratio of early diastolic filling velocity to mitral
annular velocity; AUC, area under ROC curve.
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