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Abstract

Aims Abnormal left ventricular diastolic response to preload stress can be an early marker of heart failure (HF). The aim of
this study was to assess clinical course in patients with HF with preserved ejection fraction (HFpEF) who underwent preload
stress echocardiography. In the subgroup analysis, we assessed the prognosis of patients with unstable signs during preload
stress classified by treatment strategies.
Methods and results We prospectively conducted preload stress echocardiographic studies between January 2006 and De-
cember 2013 in 211 patients with HFpEF. Fifty-eight patients had abnormal diastolic reserve during preload stress (unstable
impaired relaxation: unstable IR). Of 58 patients with unstable IR, 19 patients were assigned to additional therapy by increased
or additional therapy and 39 patients were assigned to standard therapy. Composite outcomes were prespecified as the pri-
mary endpoint of death and hospitalization for deteriorating HF. During a median period of 6.9 years, 19 patients (33%)
reached the composite outcome. Unstable group with standard therapy had significantly shorter event-free survival than sta-
ble group. Patients with uptitration of therapy had longer event-free survival than those with standard therapy group after
adjustment of laboratory data (hazard ratio, 0.20, 95% confidence interval, 0.05–0.90; P = 0.036); the 10 year event-free sur-
vival in patients with and without uptitration of therapy was 93% and 51%, respectively (P = 0.023).
Conclusions Patients with unstable sign had significantly shorter event-free survival than patients with stable sign. After ad-
ditional therapy, the prognosis of patients with unstable signs improved. This technique may impact decision-making for im-
proving their prognosis.
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Introduction

Identification of individuals at risk for heart failure (HF)
brings preventive strategies and maximizes the benefit of
interventions.1–3 HF with preserved ejection fraction (HFpEF)
currently represents around 50% of HF cases and is well
known as a leading cause of morbidity and mortality. Due
to the increasing prevalence of HFpEF and lack of evidence
for medications, we need an effective assessment of HFpEF.4

There is no room for doubt that echocardiographic
examinations can be useful to clarify the aetiologies of HF
and predict outcomes. Because HF often occurs even when
the ejection fraction (EF) is normal, left ventricular (LV)

diastolic dysfunction plays a principal role in the manage-
ment of this phenotype of HF.5

The mitral inflow pattern has been used to assess LV
diastolic function. However, the mitral inflow pattern
dynamically varies with a change in loading conditions.
Several investigators showed that the responses of mitral
inflow to nitroprusside or leg lifting identified subgroups of
patients who have markedly different prognoses despite
similar baseline mitral inflow patterns.6,7 In our previous
papers, we used leg-positive pressure (LPP) as an alternative
technique for non-invasive preload augmentation, and we
estimated the LV diastolic reserve by the change in mitral
inflow pattern.8–11 Impaired responses to an increment
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during preload stress provided additional prognostic informa-
tion to conventional echocardiographic parameters in HF.12,13

Thus, abnormal LV diastolic response to preload stress can be
an occult sign of HF. On the other hand, the effective treat-
ment in HFpEF patients with unstable signs during preload
stress is unclear, and a therapeutic option should be tested
in further studies. There are few standards of care for HFpEF
with LV diastolic dysfunction in the clinical setting. The
renin-angiotensin-aldosterone system (RAAS) affects both
blood pressure (BP) and volume by regulating vascular tone
and sodium reabsorption, respectively.14,15 Theoretically, the
administration of RAAS inhibitors (RAASi) can inhibit HF
progression. We hypothesized that additional RAASi might
prevent future clinical worsening in HFpEF patients with
unstable signs.

The aim of this study was to assess clinical course in
patients with HFpEF who underwent preload stress
echocardiography. In the subgroup analysis, we assessed
the prognosis of patients with unstable signs during preload
stress classified by treatment strategies.

Methods

Study population

We designed a prospective, single-centre, open-label,
non-randomized trial of unstable impaired relaxation (IR)
with uptitration of RAASi [angiotensin-converting enzyme
inhibitors (ACEi) or angiotensin II receptor blockers (ARB)].
We prospectively conducted preload stress echocardio-
graphic studies between January 2006 and December 2013
in 211 patients with HFpEF for evaluation of their haemody-
namic status. Patients with HFpEF were defined as having a
clear history of HF with typical symptoms that were accompa-

nied by signs, including pulmonary congestion by chest
radiography and BNP elevation (≥35 pg/mL), and an
EF ≥ 50%.2,16–18 Exclusion criteria were (i) moderate/severe
aortic or mitral regurgitation or mitral stenosis; (ii) atrial
fibrillation; (iii) severe primary diseases of other organs; and
(iv) technically inadequate two-dimensional and Doppler
echocardiograms. Seventy-seven patients had abnormal
diastolic reserve during preload stress (unstable IR). Of 58
patients with unstable IR, 19 patients were assigned to
additional therapy by increased or additional RAASi and 39
patients were assigned to standard therapy (Figure 1).

All patients with unstable IR were followed in our hospital
according to the research protocol (follow-up visits at least
every 3 months). Medications were selected after a
discussion with the patients evaluating the BP (systolic BP:
over 125 mmHg) for uptitrating RAASi (enalapril up to
10 mg/day or candesartan up to 8 mg/day) and benefits of
treatment for unstable IR. In the additional therapy group,
patients agreed to initiate or uptitrate RAASi to have a
therapeutic option for preventing future cardiovascular (CV)
events related to an abnormal response to preload stress.
The medication dosage was maintained for patients with
uptitration or additional therapy throughout the study
period. The protocol was registered with the University
Hospital Medical Information Network Clinical Trial Registry
as UMIN000015915. This study was approved by the local
ethics committee and Institutional Review Board of the
University of Tokushima, and written informed consent was
obtained from all subjects (protocol: 2550-2).

Echocardiographic assessment

Transthoracic echocardiography was performed by
experienced sonographers/doctors using a commercially
available ultrasound machine. Measurements and recordings

Figure 1 Patient selection. HFpEF, heart failure with preserved ejection fraction; IR, impaired relaxation; RAASi, renin-angiotensin-aldosterone system
inhibitors.
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were obtained according to the American Society of Echocar-
diography recommendations.19 Mitral inflow was recorded
from the apical long-axis or four-chamber view. The peak
early diastolic (E) and peak atrial systolic (A) velocities were
measured. The mitral annular motion velocity was recorded
from the apical four-chamber view with a sample volume
placed at the lateral and septal side of the mitral annulus
using pulsed tissue Doppler echocardiography. Early diastolic
peak velocity (e′) was measured, and the ratio of E to
averaged e′ was calculated. All Doppler recordings were
performed during an end-expiratory breath hold. The mean
values of three consecutive cardiac cycles were used in the
analysis.

Preload stress echocardiography

Preload stress echocardiography is easily used to assess sev-
eral CV diseases in the clinical setting.9,20–22 We customized
a commercially available leg-massage machine (Leg Compres-
sion System, Corona Industries LTD, Tokushima, Japan) and
used a setting of 90 mmHg based on findings from our
studies.8,11 Doppler echocardiographic variables were ob-
tained at baseline and during LPP. All patients tolerated
90 mmHg LPP without any complications. The LV diastolic
dysfunction was divided into two categories according to
changes in the mitral inflow and mitral annular velocity dur-
ing LPP: Stable IR was defined as normal left atrial pressure
(LAP) at rest and during LPP, and unstable IR was defined as
normal LAP at rest and elevated LAP during LPP. LAP was de-
fined on the basis of E/A (cut-off: 0.8 and 2), E wave velocity
(cut-off: 50 cm/s), and averaged E/e′ (cut-off: 14) using the
recommendations (Figure 2).23

In our previous study, we have examined the haemody-
namic study using 6 F high-fidelity manometer-tipped cathe-
ters. In patients with unstable IR, LV end-diastolic pressure
increased from 15.8 ± 4.7 to 20.5 ± 5.0 mmHg and the E/A
significantly increased from 0.69 ± 0.10 to 1.29 ± 0.28 during
LPP (all P values < 0.05).8 Thus, the LPP can increase preload
appropriately and the increased preload leads to changes of
Doppler parameters in the clinical setting.

Clinical outcomes

All patients were followed up at Tokushima University Hospi-
tal. They underwent follow-up visits at least every 3 months.
The duration of follow-up was begun at the initial preload
stress echocardiography and ended in May 2021. In cases
where hospital visits were interrupted, patients’ events were
determined by telephone interview. The primary endpoint
was a composite of hospitalization for deteriorating HF or
CV death. Preload stress echocardiographic data were
blinded to the attending physicians after initiation of this
study.

Statistical analysis

Data are presented as mean ± standard deviation (SD). Data
were tested for normality using the Kolmogorov–Smirnov
test. Continuous variables were compared using an unpaired
Student’s t-test or Mann–Whitney U test as appropriate,
whereas categorical variables were compared using the χ2

test or Fisher’s exact test, as appropriate. The association of
clinical variables with the outcome was identified by Cox

Figure 2 Flow chart to identify the stable and unstable impaired relaxation (IR). LAP, left atrial pressure; LPP, leg-positive pressure.
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proportional-hazards models in univariate and multivariate
analyses. A hazard ratio (HR) with a 95% confidence interval
(CI) was calculated for each variable. The scaled Schoenfeld
residuals for each independent variable were plotted against
time to assess the assumption of proportional hazards; these
correlations were found to be non-significant. Statistical
analysis was performed using standard statistical software
packages (SPSS Software 21.0, SPSS Inc, Chicago, IL, USA;
MedCalc Software 17, Mariakerke, Belgium; R 4.0.5, R
Foundation for Statistical Computing, Vienna, Austria).
Statistical significance was defined by P < 0.05.

Results

Patient characteristics

Baseline characteristics of the study group were presented in
Table 1. The study population consisted of 58 patients with
unstable IR. In this cohort, 19 of 77 patients had been treated
with an increased dose of RAASi (n = 11) or the initiation of
RAASi (n = 8) at the next visit (within 1 month of the initial

echocardiographic study). Clinical background, echocardio-
graphic variables, and haemodynamic parameters did not dif-
fer between patients with and without uptitration of RAASi
except for E wave and E/A ratio. In patients with uptitration
of RAASi, systolic BP was slightly decreased from 131 ± 16
to 125 ± 16 mmHg at follow-up. There was no difference in
systolic BP between patients with and without uptitration
of RAASi (130 ± 25 vs. 125 ± 14 mmHg) at follow-up. We ex-
amined the follow-up preload stress echocardiography in 9 of
19 patients with uptitration of RAASi. At follow-up of preload
stress echocardiography (median period: 10 ± 3 months),
eight of nine patients improved the response from unstable
IR to stable IR, and one patient did not change response
during preload stress.

Changes of Doppler parameters during
leg-positive pressure

Doppler parameters at rest and during LPP were shown in
Table 2. The E wave, E/A, and E/e′ ratios were significantly
increased (all P < 0.05) during LPP. BPs were also increased

Table 1 Clinical characteristics

All Standard therapy Uptitration of RAASi P value

N 58 39 19
Age (years) 67 ± 12 69 ± 11 63 ± 15 0.10
Male, n (%) 26 (45) 19 (49) 7 (37) 0.40
BSA (m2) 1.6 ± 02 1.6 ± 02 1.5 ± 0.2 0.47
Heart rate (b.p.m.) 67 ± 16 69 ± 17 62 ± 11 0.24
Systolic BP (mmHg) 134 ± 23 133 ± 24 136 ± 20 0.76
Clinical history

Hypertension, n (%) 41 (71%) 29 (74%) 12 (63%) 0.41
Hyperlipidaemia, n (%) 27 (47%) 18 (46%) 9 (47%) 0.93
ICM, n (%) 17 (29%) 11 (28%) 6 (32%) 0.80

Medications
RAASi, n (%) 28 (48%) 18 (46%) 10 (53%) 0.65
Beta-blocker, n (%) 22 (38%) 14 (36%) 8 (42%) 0.66
Diuretics, n (%) 13 (22%) 10 (26%) 3 (16%) 0.38
Aldosterone antagonist, n (%) 3 (5%) 3 (8%) 0 (0%) 0.08

Laboratory data
eGFR (mL/min/1.73 m2) 62 ± 22 59 ± 20 69 ± 24 0.13
BNP (pg/mL) 155 (76, 319) 115 (77, 242) 230 (56, 456) 0.13

Echocardiographic parameters
LVEF (%) 63 ± 8 61 ± 8 65 ± 8 0.14
LVEDVi (mL/m2) 52 ± 16 54 ± 16 48 ± 16 0.16
LVESVi (mL/m2) 20 ± 9 21 ± 10 16 ± 7 0.06
LVMi (g/m2) 155 ± 51 148 ± 48 170 ± 55 0.16
LAVi (mL/m2) 33 ± 13 34 ± 14 33 ± 11 0.73
E (cm/s) 63 ± 15 65 ± 16 58 ± 12 0.07
A (cm/s) 88 ± 25 76 ± 14 88 ± 31 0.10
E/A 0.74 ± 0.14 0.76 ± 0.14 0.70 ± 0.13 0.10
e′ (cm/s) 5.6 ± 1.9 5.7 ± 1.7 5.5 ± 2.4 0.79
E/e′ ratio 12.8 ± 5.0 12.6 ± 4.1 13.4 ± 6.6 0.67
TR-V (m/s) 2.4 ± 0.3 2.4 ± 0.3 2.5 ± 0.3 0.19

Note: Data are presented as number of patients (percentage), mean ± standard deviation (SD), or median (interquartile range). Abbrevi-
ations: A, late diastolic transmitral flow velocity; BNP, brain natriuretic peptide; BP, blood pressure; BSA, body surface area; E, early dia-
stolic transmitral flow velocity; e′, early diastolic mitral annular motion; eGFR, estimated glomerular filtration rate; ICM, ischaemic
cardiomyopathy; LAVi, left atrial volume index; LVEDVi, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction;
LVESVi, left ventricular end-systolic volume index; LVMi, left ventricular mass index; RAASi, renin-angiotensin aldosterone system inhibi-
tors; TR-V, tricuspid regurgitant velocity.
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during LPP, and heart rates were not changed. L-wave
(mid-diastolic forward flow velocity of mitral inflow) occurred
in 11 patients with unstable IR during LPP.

Unstable impaired relaxation on treatment

During a median period of 6.9 years, 19 patients (33%)
reached the composite outcome. In the uptitration of RAASi
group, two patients (11%) reached the composite outcome
with one CV death and one HF admission. In the standard
therapy group, 17 patients (44%) reached the composite out-
come with 2 CV deaths and 15 HF admissions.

HRs of the relevant parameters were shown in Table 3. In
univariate analysis, age (HR, 1.05; P = 0.05), estimated glo-
merular filtration rate (eGFR) (HR, 0.98; P = 0.04), and
uptitration of RAASi (HR, 0.21; P = 0.03) were associated with
event-free survival. In multivariate Cox proportional-hazards
models, uptitration of RAASi was independently associated
with event-free survival (Table 4). The robustness on
uptitration of RAASi was tested using two models, and

uptitration of RAASi had a consistently significant association
with event-free survival in every model, and HRs were similar.

Figure 3 shows the time to event of patients stratified ac-
cording to stable group and unstable group with standard
therapy. Unstable group with standard therapy had signifi-
cantly shorter event-free survival than stable group; the
10 year event-free survival in stable group and unstable
group with standard therapy was 86% and 51%, respectively
(P < 0.001).

Figure 4 shows the time to event of patients stratified ac-
cording to standard or uptitration of RAASi groups. Patients
with uptitration of RAASi had longer event-free survival than
those with standard therapy group after adjustment of eGFR
(HR, 0.20, 95% CI, 0.05–0.90; P = 0.036); the 10 year event-
free survival in patients with and without uptitration of RAASi
was 93% and 51%, respectively (P = 0.023). Table 5 shows the
BPs at baseline and follow-up with or without outcomes.
There is no difference of systolic BP at baseline and
follow-up between patients with outcome and without out-
come. Three patients did not reach the target dose of RAASi
due to hypotension (BP < 100 mmHg, n = 1), dizziness (n = 1),
and fatigue (n = 1).

Discussion

We demonstrated that 58 of 211 HFpEF patients with Grade I
diastolic dysfunction had impaired LV diastolic reserve (unsta-
ble) by preload stress echocardiography. Patients with unsta-
ble IR had significantly shorter event-free survival than pa-
tients with stable IR. In addition, patients with unstable IR
who had additional treatment had longer event-free survival
than those with standard therapy. To our knowledge, this is
the first study to suggest a clinical potential of early interven-
tion in patients with unstable IR based on preload stress
echocardiography to improve their outcomes.

Impaired left ventricular diastolic reserve

The management of the HF remains a matter of debate. The
large capacity of haemodynamic circulation indicates that HF
is usually diagnosed late in its course, and an asymptomatic
stage precedes the onset. Patients with HF at an early stage
may present with almost normal resting haemodynamics
but show an abnormal response to stress by an increase in
blood flow.24,25 From the perspective of haemodynamics dur-
ing preload stress, the clinical utility of mitral inflow assess-
ment has previously been described in several studies.6,7 LV
diastolic reserve assessed by mitral inflow was associated
with clinical outcomes compared with resting echocardio-
graphic parameters. In the previous study, we showed that
patients with unstable IR based on mitral inflow assessment
during preload stress had significantly shorter event-free sur-

Table 3 Univariate associations of event

Univariate model

HR 95% CI P value

Age 1.05 1.00–1.11 0.05
Male, % 0.84 0.32–2.18 0.72
Hypertension, n (%) 1.13 0.40–3.17 0.82
Hyperlipidaemia, n (%) 0.98 0.39–2.48 0.97
ICM, n (%) 1.87 0.72–4.84 0.20
eGFR (mL/min/1.73 m2) 0.98 0.95–0.99 0.04
Log BNP 1.53 0.52–4.51 0.44
LVEF (%) 0.98 0.92–1.04 0.55
LVEDVi (mL/m2) 1.01 0.98–1.04 0.64
LVESVi (mL/m2) 1.03 0.98–1.08 0.34
LVMi (g/m2) 1.00 0.99–1.01 0.66
LAVi (mL/m2) 1.01 0.97–1.05 0.57
E (cm/s) 1.03 0.99–1.06 0.08
A (cm/s) 1.01 0.99–1.03 0.29
E/A 4.83 0.19–122.5 0.34
e′ (cm/s) 0.89 0.69–1.16 0.39
E/e′ ratio 1.05 0.95–1.16 0.37
TR-V (m/s) 2.70 0.78–9.39 0.12
Uptitration vs. standard therapy 0.21 0.05–0.92 0.03

Abbreviations: See Table 1. CI, confidence interval; HR, hazard
ratio.

Table 2 Changes of echocardiographic parameters during
leg-positive pressure (LPP)

Rest LPP

E (cm/s) 63 ± 15 91 ± 17*
A (cm/s) 88 ± 25 94 ± 23
E/A 0.74 ± 0.14 1.00 ± 0.25*
e′ (cm/s) 5.6 ± 1.9 5.4 ± 0.9
E/e′ 12.8 ± 5.0 16.8 ± 3.2*
Systolic BP (mmHg) 134 ± 23 136 ± 24*
Heart rate (b.p.m.) 67 ± 16 67 ± 16

Abbreviations: See Table 1.
*P < 0.05, vs. rest.
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Figure 3 Survival curves in unstable group with standard therapy and stable group.

Figure 4 Unadjusted and adjusted survival curves in patients with and without uptitration of RAASi (renin-angiotensin-aldosterone system inhibitors).
CI, confidence interval.

Table 4 Multivariate associations of event

Model 1 (χ2: 7.6) Model 2 (χ2: 7.3)

HR 95% CI P value HR 95% CI P value

Age 1.05 0.99–1.11 0.08
eGFR (mL/min/1.73 m2) 0.98 0.95–1.01 0.15
Uptitration vs. standard therapy 0.24 0.04–0.99 0.048 0.20 0.05–0.90 0.036

Abbreviations: See Tables 1 and 3.
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vival than with stable IR.8 Most resting echocardiographic
measures were similar between the stable IR and unstable
IR groups. This emphasizes the importance of stress echocar-
diography to identify unstable IR. The mechanism of mitral
inflow changes by preload stress has been well explained.26

Preload stress can augment venous return and lead to a right-
ward shift of LV filling volume on an end-diastolic pressure–
volume relationship (EDPVR). Patients with low operant
stiffness did not show marked changes in Doppler profile
after preload intervention (low operant stiffness, stable IR).
Patients with low operant stiffness occurred on the flat
portion of the EDPVR. Patients with high operating stiffness
had a changed mitral inflow profile showing PN (unstable
IR; high operant stiffness). The non-invasive assessment of
EDPVR should be examined to assess operant stiffness in fur-
ther studies.

Treatment for left ventricular diastolic reserve

HF guidelines recommend that we distinguish between HF
with reduced ejection fraction (HFrEF) and HFpEF because
the two groups have different treatment options.3 Although
ACEi/ARB agents are effective in HFrEF, clear evidence was
not observed in HFpEF.27 Thus, the target of RAASi should
be reconsidered especially in HFpEF practice. Generally, it
has been shown that lowering BP can reduce the risk of HF
hospitalizations.28 In our cohort, additional RAASi have im-
proved the prognosis of HFpEF with unstable condition dur-
ing preload stress. LV diastolic reserve has been implicated
as a potential contributor to the development of cardiac dys-
function in patients with early phase HF. In our cohort, based
upon attending physician decision, many of our patients were
treated with an increased dose of RAASi. The increased dose
of RAASi can lead to decreased BP. Thus, one possible expla-
nation of the mechanism was that the lower BP can mainly
influence our results. In our data, the systolic BP was signifi-
cantly decreased after the initiation of additional therapies.
At follow-up of preload stress echocardiography, 82% of pa-
tients improved the response from unstable IR to stable IR

in the additional therapy group. Thus, the data support the
hypothesis. Unfortunately, our population is too small to
compare types of RAASi. A future randomized controlled
study comparing the prognosis differences in patients with
impaired cardiac reserve is warranted. Another explanation
of the mechanism was that the presence of coronary artery
disease (CAD) (around 40% of patients) could have explained
the beneficial effect of RAAS administration because of aug-
mented wall tension with LPP and subsequently subendocar-
dial ischemia.

Overactivation of the RAAS associated with myocardial fi-
brosis is thought to be one of the pathogenic mechanisms
of diastolic HF.29 Angiotensin II and aldosterone also increase
inflammatory cytokines causing endothelial myocardium
injury.30 In this study, although there was no difference in
BP between patients with and without uptitration of RAASi,
patients with uptitration of RAASi had a more favourable
prognosis. Uptitration of RAASi to patients with unstable
signs may balance the RAAS and decrease inflammatory cyto-
kines, independent of a decrease in BP.

Clinical implications

In our study, unstable condition during preload augmentation
was related to the CV events, and we can use this condition
as an early marker of subclinical LV diastolic dysfunction.
From our subgroup analysis, the patients with uptitration of
RAASi were associated with better outcomes than those
without uptitration of RAASi. Figure 5 shows a potential
approach using preload stress echocardiography in HFpEF.
Preload stress echocardiography can be considered to assess
LV cardiac reserve. In our results, not only stress echocardi-
ography but also clinical backgrounds were the important
factors for the primary endpoint. Therefore, we should assess
and control risk factors before considering therapeutic inter-
vention. When we consider the additional therapy, we should
also check the tolerability or RAASi by BP and kidney
function.

Table 5 Blood pressures at baseline and follow-up with or without outcomes

Standard therapy (n = 39) Uptitration of RAASi (n = 19) P value

At baseline
Systolic BP (mmHg) 132 ± 23 131 ± 16 0.82
Systolic BP in patients with outcomes (mmHg) 136 ± 25 129 ± 14 0.14
Systolic BP in patients without outcomes (mmHg) 130 ± 20 132 ± 16 0.75

At follow-up
Systolic BP (mmHg) 130 ± 25 125 ± 14 0.31
Systolic BP in patients with outcomes (mmHg) 134 ± 27 122 ± 18 0.13
Systolic BP in patients without outcomes (mmHg) 129 ± 24 126 ± 15 0.70

Dose level at follow-up, no. (%)
50% (5 mg enalapril or 4 mg candesartan) — 3 (16)
100% (10 mg enalapril or 8 mg candesartan) — 16 (84)

Note: Maximal dose indicates for Japanese population. Abbreviations: See Table 1.
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Limitations

This is a non-randomized study and has potential flaws
relating to selection bias, unmeasured covariates, and
non-random allocation to treatment. We did not use the tri-
cuspid valve regurgitant velocity during preload stress for the
classification, because data were limited, and it would be
more clinically useful to make a simple classification. In the
further study, the tricuspid valve regurgitant velocities during
preload stress will be assessed for the clinical setting.
Because follow-up stress echocardiography was not
prespecified in the protocol, the lack of follow-up stress echo-
cardiographic data in all patients is another limitation. We
prospectively conducted preload stress echocardiographic
studies between January 2006 and December 2013. Because
evidences of prognostic values were not established during
this period, only 32% of patients with unstable IR pattern
agree to the treatment changed. Although there is no differ-
ence of physicians’ type between standard therapy and
uptitration of RAASi, the physicians’ experience may affect
the results. In our country, where most of the population is
Asian, the upper limit of RAASi is set lower than the Western
standard. Even if recent sodium-glucose cotransporter
(SGLT)-2 inhibitors can improve the prognosis in HFpEF, there
was no patient with SGLT-2 inhibitors in this cohort due to
the inclusion period of this study (between January 2008
and December 2013). Although the treatment will be, in prin-
ciple and if possible, unchanged during the interval, the other

medications might affect on outcomes in this study.
Unfraternally, we did not gather the detail of medication
modifications during the study period. According to these
limitations, especially the treatment part of this study should
be considered as hypothesis-generating. We believe that
larger prospective multicentre studies are warranted.

Conclusions

Patients with unstable IR had significantly shorter event-free
survival than patients with stable IR. This technique is poten-
tially more practical than other stress echocardiography
methods and may impact decision-making for medications
in HFpEF.
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