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Background. The aim of this study was to evaluate the prognostic values of sympathetic
nerve system using 123I-MIBG myocardial scintigraphy and using Holter electrocardiogram
(ECG) in patients with heart failure with preserved ejection fraction (HFpEF).

Methods and results. Among 403 consecutive patients with stable HF who underwent 123I-
MIBG myocardial scintigraphy and Holter ECG, we identified 133 patients (64 ± 16 years) who
had preserved ejection fraction (‡ 50%) by echocardiography. Multivariate Cox model was
used to assess if washout rate (WR) by 123I-MIBG scintigraphy and very low frequency power
(VLFP) by Holter ECG was associated with major adverse cardiovascular events (MACE).
During a mean follow-up of 5.4 ± 4.1 years, 39 MACE occurred. The lower nighttime VLFP
(HR 3.29, 95% CI 1.56 to 6.92) and higher WR (HR 4.01, 95% CI 1.63 to 9.88) were the
significant prognostic factors for MACE. As compared to high nighttime VLFP and low WR
group, MACE risk was significantly the highest in the low nighttime VLFP and high WR group
(HR 40.832; 95% CI 5.378 to 310.012, P < 0.001).

Conclusion. This study demonstrated that the nighttime VLFP adding to WR could be a
potential prognostic value among patients with HFpEF. (J Nucl Cardiol 2020;27:833–42.)
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Abbreviations
HFpEF Heart failure with preserved left

ventricular ejection fraction

HRV Heart rate variability

SDNN Standard deviation of all normal

to normal intervals

VLFP Very low frequency power

LFP Low-frequency power

HFP High-frequency power

WR Washout rate

AUC Area under the curve

ROC Receiver operating characteristic

MACE Major adverse cardiac events

INTRODUCTION

Heart failure (HF) contributed to one in every nine

deaths in 2009, and half of those who develop HF die

within 5 years of diagnosis, regardless of having

reduced or preserved left ventricular ejection fraction

(LVEF).1 Despite the high prevalence of HF with

preserved LVEF (HFpEF), its prognosis has not

improved during the past 2 decades.2 The most common

cause of HFpEF is diastolic HF, and no pharmacological

treatment has been proven to improve survival and

shown to be effective in large clinical trials of patients

with HFpEF.3 In chronic HF, abnormalities in cardiac

autonomic control, characterized by sympathetic over-

activity and parasympathetic withdrawal, potentially

contribute to the progression of the disease and are

associated with an unfavorable prognosis.4 Therefore,

assessing cardiac autonomic status is clinically impor-

tant in the management of patients with chronic HF.
123I-meta-iodobenzylguanidine (123I-MIBG) myo-

cardial scintigraphy imaging plays an important role in

the assessment of the progression of HF among patients

with chronic HF.5 123I-MIBG scintigraphy is often used

before and after treatments such as b-blockers.6 It also

has prognostic value for future cardiac events in patients

with HFpEF.7 On the other hand, heart rate variability

(HRV) analysis by using Holter electrocardiogram

(ECG) was proposed as a non-invasive tool for the

assessment of cardiac autonomic regulation8 and has

been shown to predict the clinical outcome in patients

with chronic HF.9 Although prior investigators have

demonstrated the relationship and compared the prog-

nostic value between the parameters of 123I-MIBG

scintigraphy and HRV analysis in patients with chronic

HF,10 their prognostic value among patients with HFpEF

remains unclear. The aim of this study was to evaluate

the prognostic value of 123I-MIBG scintigraphy com-

pared with that of HRV in patients with HFpEF.

METHODS

Patient Population

Among 403 consecutive patients who were admitted to

our hospital because of congestive HF and underwent 123I-

MIBG scintigraphy and Holter ECG for clinical indications

within 30 days between July 2004 and December 2016, we

finally enrolled 133 patients with preserved EF ([ 50%) on

echocardiography retrospectively (Figure 1). 123I-MIBG scinti-

graphy and Holter ECG were performed because of suspected

myocardial ischemia, cardiomyopathy, or evaluation of sym-

pathetic activity, therapeutic effect of drugs when the condition

of HF was decided to be stable by chief physician after

treatment during hospitalization. The institutional review

board approved this retrospective study and the requirement

to obtain informed consent was waived (M17089).

Echocardiographic Imaging

Echocardiographic images were obtained from the

parasternal window for the evaluation of left ventricular

function (Vivid E9device; GE Vingmed, Horten, Norway).

LVEF was calculated using the Teichholz formula.11 A LVEF

[ 50% was defined as a preserved EF.12

123I-MIBG Scintigraphy

Patients were injected with 123I-MIBG (111MBq) while

resting. Five-minute anterior planar imaging was carried out at

15 and 240 minutes after 123I-MIBG injection. All images

were acquired using a 256 9 256 matrix and a double head

gamma camera (Infinia GP3; GE Healthcare, Little Chalfont,

UK) equipped with low-energy general-purpose collimators.

The planar 123I-MIBG images were analyzed using a region-

of-interest technique to obtain semi-quantitative parameters for

tracer distribution by using software (smartMIBG ver.3.1.0.0;

FUJIFILM RI Pharma Co., Ltd, Tokyo, Japan). The 123I-MIBG

count densities of the heart (H) and the mediastinum (M) were

calculated from 15- and 240-minute images. The heart-to-

mediastinum (H/M) ratios of 123I-MIBG uptake at 15 minutes

(early H/M) and at 240 minutes (delayed H/M) were calcu-

lated. The washout rate (WR) from the myocardium was

calculated as [(H/M) at 15 minutes - (H/M) at 240 min] 9

100/(H/M) at 15 minutes (%).5 The 123I-MIBG data were

interpreted by the nuclear medicine specialist. Neither the

patient information nor the other specialists’ results were

accessible to any of the specialists.

Holter ECG

Twenty-four-hour Holter ECG recordings (FM120,

FM160, FM180, FM180S, FM200, FM960; Fukuda Denshi

Co, Ltd.,Tokyo, Japan) were performed in the study

See related editorial, pp. 843–848
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population. Recordings with atrial fibrillation, more than 15%

noise or ectopic beats during 24 hours and those with

\ 20 hours of analyzable data were excluded from the

analysis. Independent from clinical characteristics and 123I-

MIBG scintigraphy data, variables of HRV were analyzed

using the HRV system (SCM-8000; MemCalc/Chiram3, GMS

Co.,Ltd, Tokyo, Japan), according to the Task Force of the

European Society of Cardiology and the North American

Society of Pacing and Electrophysiology.8 The time domain

analysis of HRV included the standard deviation of all normal

to normal intervals (SDNN). Spectral analysis was performed

using the maximum entropy method.13 Power spectra were

quantified using the area within the following frequency band:

very low frequency power (VLFP: 0.003 to 0.04 Hz), low-

frequency power (LFP: 0.04 to 0.15 Hz), and high-frequency

power (HFP: 0.15 to 0.4 Hz). The LF/HF ratio was also

calculated by dividing LFP by HFP. The Holter ECGs’ data

were interpreted by the cardiologist. Neither the patient

information nor the other cardiologists’ results were accessible

to any of the cardiologists.

Assessment of Clinical Outcome

The endpoint was defined as the occurrence of major

adverse cardiac events (MACE) including cardiac deaths

(deaths caused by HF, acute myocardial infarction (AMI),

lethal ventricular arrhythmias, or other definitive cardiac

disorders), cardiovascular events (AMI or unstable angina),

severe HF requiring hospitalization, or stroke. For the

diagnosis of AMI, unstable angina, and stroke standard

laboratory, ECG or examination criteria were used. HF

exacerbation was defined as dyspnea, accompanied by pul-

monary edema or congestion on chest X-ray requiring

hospitalization. Only the first event was counted, even if

patients experienced several cardiac events during follow-up.

The event data were retrospectively gathered from the patients’

medical records, including in-hospital and out-of-hospital

medical records.

Statistical Analysis

Data are expressed as average ± standard deviation of

continuous variables. Continuous variables from patients with

and without events were compared using the Mann-Whitney U
test, and categorical data were analyzed using the chi-square

test. Then, age, sex, and factors with a significance level of P
value\ 0.05 were included in a univariate Cox regression

model. Thereafter, variables that were significant probable

values were included in multivariate Cox regression models to

determine whether the future occurrence of MACE was

associated with the parameters of echocardiographic imaging,
123I-MIBG scintigraphy, or HRV. To evaluate the clinical

importance of nighttime VLFP and WR, all patients were

divided into 2 groups based on their nighttime VLFP values

and WR values. Each of the cut-off value was determined

using the area under the curve (AUC) from a receiver

operating characteristic (ROC) analysis based on MACE

occurrences. The proportion of event-free patients was

Figure 1. Flow chart of patient inclusion and exclusion criteria in the study. 123I-MIBG, 123I-meta-
iodobenzylguanidine; ECG, electrocardiogram; HF, heart failure.
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estimated using the Kaplan-Meier method and compared

between each of the high and low nighttime VLFP and WR

groups by using the log-rank test. A P value\ 0.05 was

considered statistically significant. All statistical analyses were

performed using StatMate IV software version 4.01 (Advanced

Technology for Medicine and Science, Tokyo, Japan). The

results of this study were not available to the treating

physicians. Neither the patient information nor the other

investigators’ results were accessible to any of the investiga-

tors in this study.

Table 1. Characteristics of all participants with or without MACE

Total
(n = 133)

MACE
(n = 39)

No MACE
(n = 94) P value

Age (years) 64 ± 16 69 ± 11 63 ± 12 0.014

Male 84 (63) 27 (69) 57 (61) 0.350

Obesity (BMI C 25kg/m2) 34 (26) 7 (18) 27 (29) 0.195

BMI (kg/m2) 22.1 ± 4.7 20.5 ± 4.5 22.7 ± 4.7 0.007

Diabetes mellitus 28 (21) 10 (26) 18 (19) 0.403

Hypertension 67 (50) 21 (54) 46 (49) 0.607

Dyslipidemia 44 (33) 11 (28) 33 (35) 0.441

Current smoking 72 (54) 26 (67) 46 (49) 0.062

CKD (eGFR\60 mL/min/1.73 m2) 42 (32) 16 (41) 26 (28) 0.131

NYHA I/II/III/IV 33/65/22/13 5/15/11/8 28/50/11/5 \0.001

BNP 434.9 ± 611.4 718.0 ± 806.3 317.5 ± 466.3 \0.001

Echocardiography

LVEF (%) 63.1 ± 9.1 61.1 ± 9.5 64.0 ± 8.8 0.051

LAD (cm) 3.6 ± 0.8 3.94 ± 0.85 3.49 ± 0.70 0.003

LVEDVI (mL/m2) 86.6 ± 26.6 96.2 ± 30.5 82.6 ± 23.9 0.004

LVMI (g/m2) 10.2 ± 46.0 129.4 ± 44.6 102.2 ± 44.3 \0.001

Medications

B-blockers 62 (47) 21 (54) 41 (35) 0.282

Calcium blockers 27 (20) 5 (13) 22 (24) 0.167

ACEI, ARB 70 (53) 24 (62) 46 (49) 0.185

Antiplatelet drugs 48 (36) 20 (51) 28 (30) 0.064

Anticoagulation drugs 28 (21) 12 (31) 16 (17) 0.077

Statins 30 (23) 10 (26) 20 (21) 0.584
123I-MIBG scintigraphy

Delay H/M 1.94 ± 0.47 1.63 ± 0.32 2.07 ± 0.46 \0.001

Washout rate 42.0 ± 17.2 55.2 ± 14.3 36.6 ± 15.4 \0.001

Holter ECG

Total SDNN (ms) 108.7 ± 58.0 85.2 ± 41.9 118.5 ± 61.0 \0.001

Total VLFP (ms2) 1464.6 ± 1840.0 744.8 ± 991.4 1763.3 ± 2024.0 \0.001

Total LF/HF 3.71 ± 2.59 2.73 ± 2.10 4.11 ± 2.67 \0.001

Daytime SDNN (ms) 90.6 ± 45.1 72.2 ± 28.6 98.2 ± 48.6 0.001

Daytime VLFP (ms2) 1300.2 ± 1704.7 642.5 ± 793.4 1573.1 ± 1900.3 \0.001

Daytime LF/HF 3.87 ± 2.51 2.81 ± 2.20 4.30 ± 2.51 \0.001

Nighttime SDNN (ms) 82.9 ± 43.6 68.0 ± 33.5 89.1 ± 45.9 0.002

Nighttime VLFP (ms2) 1789.0 ± 2185.2 988.1 ± 1463.7 2121.3 ± 2349.8 \0.001

Nighttime LF/HF 3.34 ± 3.39 2.62 ± 2.16 3.64 ± 3.75 \0.001

MACE, major adverse cardiac events; BMI, body mass index; CKD, chronic kidney disease; NYHA, New York Heart Association;
BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; LAD, left atrial dimension; LVEDVI, left ventricular end-
diastolic volume index; LVMI, left ventricular wall mass index; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; 123I-MIBG, 123I-meta-iodobenzylguanidine; ECG, electrocardiogram; SDNN, standard deviation of N-N intervals;
VLFP, very low frequency power; LF/HF, low-frequency power/high-frequency power
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RESULTS

Patient characteristics are presented in Table 1.

Arrhythmia-induced HF and dilated cardiomyopathy

were common, each with a prevalence of 12% (n = 16).

Other patients had hypertensive heart disease (n = 15),

ischemic cardiomyopathy (n = 13), tachycardia induced

cardiomyopathy (n = 13), valvular heart disease (n = 8),

hypertrophic cardiomyopathy (n = 6), and unknown

etiology (n = 46).

Overall, 39 patients (29%) experienced MACE

during 5.4 ± 4.1 years of median follow-up. Cardiac

deaths occurred in 16 patients (AMI in 4, deterioration

of HF in 12), non-fatal AMI in 1, severe HF requiring

hospitalization in 21, and stroke in 1. Table 1 shows that

age, New York Heart Association (NYHA), BNP, left

atrial dimension (LAD), left ventricular end-diastolic

volume index (LVEDVI), left ventricular mass index

(LVMI), delayed H/M, and WR were significantly

higher, and body mass index (BMI), all types of SDNN,

VLFP, and LF/HF were significantly lower in patients

with MACE. In the univariate analysis, NYHA, BNP,

LAD, LVEDVI, LVMI, delayed H/M, WR, total SDNN,

total VLFP, daytime VLFP, daytime LF/HF, nighttime

SDNN, nighttime VLFP, and nighttime LF/HF were

determined to be the significant factors for MACE

(Table 2). The values of hazard ratio in Tables 2 and 3,

BMI, all types of SDNN, VLFP, and LF/HF were

inverted to allow better conceptualization of risk. WR,

total VLFP, daytime VLFP, daytime LF/HF, nighttime

VLFP, and nighttime LF/HF were determined to be the

significant prognostic factors of MACE in each model in

multivariate analysis after adjusting for NYHA and BNP

(Table 3, models 1–5). Among the variables of HRV,

nighttime VLFP was determined to be the most signif-

icant prognostic factor of MACE in multivariate analysis

after adjusting for NYHA, BNP, and WR (Table 3,

model 6). Therefore, we investigated the clinical impor-

tance of nighttime VLFP and WR, all patients were

divided into 2 groups based on their nighttime VLFP

values and WR values. From the ROC analysis, 74

patients were assigned to the higher nighttime VLFP

group, whereas the remaining 59 were in the lower

group; 74 patients were assigned to the low WR group,

whereas the remaining 59 were assigned to the higher

WR group. The AUC of the ROC in predicting MACE

was 0.72 for nighttime VLFP and 0.82 for WR. The cut-

off values for lower nighttime VLFP and higher WR

were 825 ms2 and 42%, respectively. Of the 39 incidents

of events, 29 cases occurred in the lower nighttime

VLFP group. The proportion of patients who experi-

enced MACE was significantly higher in the lower

nighttime VLFP group than in the higher nighttime

VLFP group (Figure 2). Of the 39 incidents of events,

31 cases occurred in the higher WR group. The

proportion of patients who experienced MACE was

significantly higher in the higher WR group than in the

lower WR group (Figure 3). Kaplan-Meier curves for

MACE in the combined groups of nighttime VLFP and

WR are shown in Figure 4. The proportion of patients

who experienced MACE was significantly higher in the

higher WR and lower nighttime VLFP group than in the

lower WR and higher nighttime VLFP group (61% vs

2%, P\ 0.001). In the multivariate Cox proportional

model, as compared to high nighttime VLFP and low

WR group, MACE risk was significantly the highest in

the low nighttime VLFP and high WR group, followed

by the high nighttime VLFP and high WR group, and

low nighttime VLFP and low WR group after adjusting

for NYHA and BNP (Table 3, model 7).

Case Presentation

Figure 5 shows a typical patient in the lower

nighttime VLFP and higher WR group. The patient

was a 66-year-old man with HF due to valvular heart

disease (clinical scenario: 2, NYHA: class III, Nohria-

Table 2. Univariate Cox regression analysis for
occurrence of MACE

Univariate analysis

HR (CI) P value

Age 1.915 (0.968–3.788) 0.062

Male 1.371 (0.694–2.708) 0.363

BMI 1.743 (0.785–3.867) 0.172

NYHA 2.077 (1.259–3.424) 0.004

BNP 2.724 (1.327–5.595) 0.006

LAD 2.382 (1.265–4.486) 0.007

LVEDVI 2.209 (1.047–4.658) 0.037

LVMI 2.401 (1.258–4.585) 0.008

Delay H/M 4.005 (1.463–10.964) 0.007

Washout rate 6.476 (2.973–14.107) \0.001

Total SDNN 3.007 (1.427–6.337) 0.004

Total VLFP 4.560 (2.161–9.622) \0.001

Total LF/HF 3.648 (1.812–7.343) \0.001

Daytime SDNN 1.199 (0.707–2.033) 0.501

Daytime VLFP 3.801 (1.923–7.516) \0.001

Daytime LF/HF 3.672 (1.858–7.258) \0.001

Nighttime SDNN 3.026 (1.532–5.976) 0.001

Nighttime VLFP 4.751 (2.310–9.771) \0.001

Nighttime LF/HF 2.192 (1.091–4.406) 0.028

HR, hazard ratio; CI, confidence interval; other abbreviations
as in Table 1
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Stevenson classification: wet and cold). He had a history

of hypertension and a smoking habit. He underwent

echocardiography and his LVEF was 59%. The score of

VLFP was 303.8 and that of WR was 55.5. In this case,

the patient had cardiac death due to deterioration of HF

240 days after Holter ECG.

DISCUSSION

In the present study of patients with HFpEF, our

findings demonstrated that HRV was associated with

increase in MACE and 123I-MIBG scintigraphic find-

ings, and the evaluation of nighttime VLFP added to

WR had predictive value for the identification of future

MACE among patients with HFpEF.

Prognostic Value of 123I-MIBG Scintigraphy
in HFpEF

Given the high-risk nature of HFpEF, prediction of

future cardiac risk by using non-invasive imaging

modalities is essential. Several prior investigations

demonstrated the prognostic utility of 123I-MIBG

scintigraphy7 or echocardiography14 among patients

with HFpEF. Katoh et al. reported that 123I-MIBG WR

was an independent predictor of cardiac events in

patients with HFpEF.7 Several underlying mechanisms

of this finding could be considered. First, the marked

sympathetic activation in patients with hypertension

depended on an impairment of the arterial baroreflex.

The serum norepinephrine level was similar in patients

with diastolic HF and systolic HF, and was markedly

increased as compared with that in normal subjects.15

Second, it was suggested that the renin-angiotensin

Table 3. Multivariate Cox regression analysis for occurrence of MACE

Multivariate analysis

HR (CI) P value

Model 1: echocardiographic imaging

LAD 1.523 (0.749–3.053) 0.248

LVEDVI 1.578 (0.697–3.576) 0.274

LVMI 1.313 (0.603–2.863) 0.493

Model 2: 123I-MIBG scintigraphy

Delay H/M 1.644 (0.444–6.085) 0.457

Washout rate 4.009 (1.627–9.878) 0.003

Model 3: HRV in total

Total SDNN 1.199 (0.493–2.914) 0.689

Total VLFP 3.226 (1.311–7.919) 0.011

Total LF/HF 3.035 (1.511–6.097) 0.002

Model 4: HRV in daytime

Daytime VLFP 2.638 (1.284–5.422) 0.008

Daytime LF/HF 2.495 (1.212–5.136) 0.013

Model 5: HRV in nighttime

Nighttime SDNN 1.179 (0.532–2.611) 0.686

Nighttime VLFP 3.687 (1.526–8.908) 0.004

Nighttime LF/HF 2.324 (1.116–4.842) 0.024

Model 6

Total VLFP 3.089 (1.431–6.670) 0.004

Daytime VLFP 2.760 (1.377–5.531) 0.004

Nighttime VLFP 3.286 (1.562–6.916) 0.002

Model 7

High nighttime VLFP, Low WR group 1 (ref) –

Low nighttime VLFP, Low WR group 17.978 (2.206–146.500) 0.007

High nighttime VLFP, High WR group 20.457 (2.414–154.162) 0.005

Low nighttime VLFP, High WR group 40.832 (5.378–310.012) \0.001

Abbreviations as in Tables 1, 2. Model 1–5, 7 adjusted for NYHA and BNP; Model 6 adjusted for NYHA, BNP, and washout rate
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system (RAS) is associated with cardiac sympathetic

activation. The activation of RAS was associated with

norepinephrine release from cardiac sympathetic nerve

endings in HF.16 Therefore, 123I-MIBG scintigraphic

findings directly reflect cardiac sympathetic nerve

activity and ongoing myocardial damage in patients

with HFpEF.

Prognostic Value of HRV add to 123I-MIBG
Scintigraphy in HFpEF

In the current study, on multivariate analysis,

nighttime VLFP showed a significant association with

cardiac events. HRV, which depends on postsynaptic

signal transduction, reflects the end-organ response of

the sinus node. In conditions characterized by marked,

persistent sympathetic condition, which is often

observed in chronic HF, the sinus node may diminish

its responsiveness to neural input.17 Bigger et al.

reported that VLFP after myocardial infarction was

Figure 2. Kaplan-Meier curve in reference to MACE stratified by Nighttime VLFP value. VLFP,
very low frequency power.

Figure 3. Kaplan-Meier curve in reference to MACE stratified by washout rate value. WR,
washout rate.
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strongly associated with a poor prognosis.18 Yamada

et al. reported that VLFP showed a significant associ-

ation with cardiac events in chronic HF.17 VLFP may be

influenced by a number of factors other than autonomic

balance such as thermoregulation, RAS, or chemore-

ceptors.19,20 Other reports showed that breathing

disorders increase the spectral power to the VLFP range

in patients with chronic HF.21 Therefore, VLFP, espe-

cially nighttime VLFP reveals sympathetic nerve system

abnormality during nighttime that is associated with

cardiac events. In previous reports about other indicators

of sympathetic nerve system disorders, breathing

Figure 4. Kaplan-Meier curve in reference to MACE stratified by combination of WR and
nighttime VLFP values. WR, washout rate; VLFP, very low frequency power.

Figure 5. Planar display of a patient in the lower nighttime VLFP and higher WR group.
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abnormalities in HF indicate a poor prognosis22 and

ambulatory blood pressure variability is a risk for organ

damage and cardiovascular events.23 These theories do

not contradict our results.

In the present study, lower nighttime VLFP and

higher WR were associated with poor prognosis for

cardiac events. It is speculated that WR evaluation

added to nighttime VLFP enables early risk stratification

of patients with HFpEF.

STUDY LIMITATIONS

This study has several limitations. The number of

patients was relatively small, which limited the statis-

tical reliability. However, our results have clearly

demonstrated that a higher WR and lower nighttime

VLFP was significantly associated with MACE. We did

not have the Biplane Simpson data of all patients in this

study. Therefore, EF calculated from Treicholz method

may be evaluated inaccurately. We also did not have

data on parameters of echocardiography such as E/e’

that may be important for determining diastolic function

in the current study. The parameter of LAD may be

inappropriate for diastolic parameter, because the

patients with valvular disease were included in this

study. Since other diastolic parameters, LVEDVI and

LVMI were calculated without using the data of LAD,

we thought LVEDVI and LVMI can be substituted LAD

for diastolic parameters. However, LVEDVI and LVMI

measured using echocardiography were included in the

analysis and did not predict MACE better than WR and

nighttime VLFP. A further limitation was that this study

retrospectively analyzed 123I-MIBG scintigraphy data,

Holter ECG data, and the outcomes from patients with

HFpEF. Therefore, the timing of examinations differed

among patients according to the severity of each

patient’s HF, and the outcomes reviewed of medical

records might have been incomplete. Future prospective

studies of large populations are needed to confirm the

prognostic value of WR and nighttime VLFP in patients

with HFpEF.

NEW KNOWLEDGE GAINED

HFpEF patients with low nighttime VLFP has a

poor prognosis. As compared to high nighttime VLFP

and low WR group, MACE risk was significantly the

highest in the low nighttime VLFP and high WR group,

followed by the high nighttime VLFP and high WR

group, and low nighttime VLFP and low WR group.

CONCLUSION

In this study, nighttime VLFP demonstrated a high

prognostic value for MACE in patients with HFpEF.

The evaluation of nighttime VLFP added to WR could

have predictive value for the identification of future

MACE among patients with HFpEF.
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