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Abstract
Purpose Nicorandil, an adenosine triphosphate-sensitive po-
tassium channel opener, improves cardiac sympathetic nerve
activity (CSNA) in ischemic heart disease or chronic heart
failure. However, its effects on CSNA and myocyte dysfunc-
tion in acute heart failure (AHF) remain unclear. We investi-
gated the effects of adding intravenous nicorandil to standard
therapy on CSNA and myocyte dysfunction in AHF.
Methods We selected 70 patients with mild to moderate
nonischemic AHF who were treated with standard conven-
tional therapy soon after admission. Thirty-five patients were
assigned to additionally receive intravenous nicorandil (4–
12 mg/h; group A), whereas the remaining patients continued
their current drug regimen (group B). Delayed total defect
score (TDS), delayed heart to mediastinum count (H/M) ratio,
and washout rate (WR) were determined by 123I-
metaiodobenzylguanidine (MIBG) scintigraphy within 3 days
of admission and 4 weeks later. High sensitivity troponin T
(hs-TnT) level was also measured at the same time points.

Results After treatment, MIBG scintigraphic parameters sig-
nificantly improved in both groups. However, the extent of the
changes in these parameters in group A significantly exceeded
the extent of the changes in group B [TDS −11.3±4.3 in group
A vs −4.0±6.0 in group B (p<0.01); H/M ratio 0.31±0.16 vs
0.14±0.16 (p<0.01); WR −13.8±7.8 % vs −6.1±8.9 %
(p<0.01)]. The hs-TnT level decreased significantly from
0.052±0.043 to 0.041±0.033 ng/ml (p<0.05) in group A,
but showed no significant change in group B. Moreover, in
both groups, no relationships between the extent of changes in
MIBG parameters and hs-TnT level were observed.
Conclusion Adding intravenous nicorandil to standard thera-
py provides additional benefits for CSNA and myocyte dys-
function over conventional therapy alone in AHF patients.
Furthermore, the mechanisms of improvement in CSNA and
myocyte dysfunction after nicorandil treatment in AHF pa-
tients were distinct.

Keywords Nicorandil . Acute heart failure . Sympathetic
nervous system

Introduction

Sympathetic nervous system activation is a cardinal patho-
physiological abnormality associated with heart failure in
humans [1]. Therefore, plasma norepinephrine concentrations
affect the prognosis of patients with heart failure [2].
Myocardial imaging with 123I-metaiodobenzylguanidine
(MIBG), an analogue of norepinephrine, is useful for detect-
ing cardiac sympathetic nerve activity (CSNA) abnormalities
in patients with chronic heart failure (CHF) [3, 4].
Furthermore, CSNA evaluated by cardiac 123I-MIBG scintig-
raphy has useful prognostic value in CHF [4–6]. Plasma
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concentrations of troponin T (TnT), a marker of myocyte in-
jury [7], can also be used for risk stratification of patients with
CHF [8, 9] or acute heart failure (AHF) [10, 11]. This bio-
marker has well-known broad implications in prognosis, treat-
ment selection, development of new treatments, and under-
standing of the underlying mechanisms [12].

As a drug with both nitrate-like and adenosine triphosphate
(ATP)-sensitive potassium channel-activating properties [13],
nicorandil [N-(2-hydroxyethyl)-nicotinamide nitrate, Chugai,
Tokyo, Japan] has been reported to reduce the incidence of
cardiac events in patients with ischemic heart disease [14, 15]
or CHF [16]. It has been reported that CSNA is modulated by
the activation of ATP-sensitive potassium channels [17], sug-
gesting that nicorandil can improve CSNA by activating ATP-
sensitive potassium channels in patients with CHF [16].
Moreover, this agent exerts protective effects against myocyte
injury in experimental animal models of heart failure [18].

Accordingly, this study was performed to determine wheth-
er nicorandil treatment improves CSNA, as evaluated by 123I-
MIBG scintigraphy, and affects myocyte function in patients
with AHF, and to evaluate the relationship between CSNA
and myocyte dysfunction after nicorandil treatment.

Materials and methods

Patient population and study protocol

Between June 2008 and May 2010, 198 patients were admit-
ted to our institutions with a first episode of decompensated
AHF with a left ventricular (LV) ejection fraction (EF) <45 %.
Patients were excluded from the study for the following rea-
sons: cardiogenic shock or hypotension (defined as systolic
blood pressure <80 mmHg; 22 patients), acute coronary syn-
drome including acute myocardial infarction (29 patients),
severe renal or liver dysfunction (18 patients), and need for
mechanical support (mechanical ventilation, intra-aortic bal-
loon pumping, LV assist device, or cardiac resynchronization
therapy; 21 patients). None of the patients had a history of HF
(Fig. 1).

Soon after admission, standard therapy including a vasodi-
lator and/or diuretics was started. Furthermore, if necessary,
low-dose dopamine or dobutamine was started for blood pres-
sure maintenance. In this prospective randomized study
(open-label, 1:1 ratio), after hemodynamic stability was
established, 108 patients were randomized to receive intrave-
nous nicorandil (4–12 mg/h) in addition to standard therapy
(group A; n=54) or to continue their established drug regimen
(groupB; n=54) (Fig. 1). In case of high (>150mmHg) or low
(<90 mmHg) systolic blood pressure, the doses of dopamine/
dobutamine or nicorandil were adjusted to maintain a constant
blood pressure. Nicorandil was continuously infused for>
3 days (mean 5.9 days; Table 1) in group A. The design was

a prospective study, and all procedures performed in studies
involving human participants were in accordance with the
ethical standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and its
later amendments or comparable ethical standards. Informed
consent was obtained from all individual participants included
in the study.

During or after intravenous treatments for AHF, patients
received oral diuretics, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers (ARBs),
and/or beta-blockers. In the present study, no patient was treat-
ed with oral nicorandil therapy, because we evaluated the ef-
fects of adding intravenous nicorandil to standard therapy on
CSNA and myocyte dysfunction in patients with AHF. In
group A, one patient experienced a cerebral infarction after
admission, and in group B, three patients died of progression
of congestive heart failure. All the remaining patients
underwent stress perfusion scintigraphy or coronary angiog-
raphy; 15 patients in group A and 12 patients in group B were
excluded because of coronary artery disease (Fig. 1).

We performed 123I-MIBG scintigraphy and echocardiogra-
phy within 3 days of admission and 4 weeks later (mean
4.1 weeks). High sensitivity troponin T (hs-TnT) and N-
terminal pro-B-type natriuretic peptide (NT-proBNP) concen-
trations were measured before treatment (soon after admis-
sion) and at 7 days and 4 weeks after admission.

Three patients from group A and four patients from group
B were excluded because of incomplete follow-up examina-
tions. Thus, 70 of 77 patients enrolled in the trial completed
the entire protocol (group A, n=35; group B, n=35) (Fig. 1).

Cardiac 123I-MIBG scintigraphy

The 123I-MIBG imaging method used has been described pre-
viously [19, 20]. In brief, 123I-MIBG was obtained from a
commercial source (FUJIFILM RI Pharma Co. Ltd, Tokyo,
Japan). Patients were injected intravenously with 123I-MIBG
(111 MBq) while in a supine position. At 15 min and at 4 h
after injection, static data were acquired in the anterior view
with a single-head gamma camera (Millennium MPR, GE
Medical Systems, Waukesha, WI, USA) equipped with a
low-energy, general-purpose, parallel-hole collimator. Static
images on a 128×128 matrix were collected for 5 min with a
20 % window centered on 159 keV, corresponding to the 123I
photopeak. After the static planar images were acquired, sin-
gle photon emission computed tomography (SPECT) images
were obtained. The camera was rotated over 180° from the 45°
right anterior oblique position to the 45° left posterior oblique
position in 32 views with an acquisition time of 40 s per view.
Scans were acquired in a 64×64 matrix, and the images were
reconstructed by a filtered backprojection method.

The heart to mediastinum count (H/M) ratio was deter-
mined from the anterior planar delayed 123I-MIBG image.
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The washout rate (WR) was calculated from early and delayed
planar images. Regional tracer uptake was assessed semiquan-
titatively using a 5-point scoring system (0=normal to 4=no
uptake) in 17 segments on the delayed SPECT image as rec-
ommended by the American Heart Association [21]. The total
defect score (TDS) was calculated as the sum of all defect
scores. At our laboratory, the normal range for the delayed
TDS is 6–10, the delayed H/M ratio range is from 2.18 to
2.70, and the normal WR range is from 20 to 30 %, as previ-
ously reported [19, 20].

Echocardiography

Echocardiography was performed using the standard method
in a blinded manner. Two independent and experienced echo-
cardiographers with no knowledge of the study performed all
measurements. LV end-diastolic volume (EDV), LV end-

systolic volume (ESV), and LVEF were calculated using the
2-D biplane method [22].

Plasma hs-TnT and NT-proBNP concentrations

Blood was sampled before treatment (soon after admission)
and at 7 days and 4 weeks after admission. Serum levels of hs-
T n T a n d N T- p r o B N P w e r e m e a s u r e d b y
electrochemiluminescence immunoassay (ECLIA) on the
Cobas 6000 analyzer (Roche Diagnostics Ltd.).

Statistical analysis

The analyses were performed using SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA) or SAS version 9.1 (SAS Institute Inc.,
Cary, NC, USA) software. Numerical results were expressed
as the mean±SD. In all analyses, p<0.05 was considered sta-
tistically significant.

From June 2008 through May 2010, 
198 patients admitted to our institution with 
their 1st episode of ADHF with LVEF < 45%. 

Nicorandil (Group A; n = 54) Non-Nicorandil (Group B; n = 54)

Excluded subjects (n = 22)
by cardiogenic shock or hypotension

Excluded subjects (n = 29)
by acute coronary syndrome 

Excluded subjects (n = 18)
by severe renal or liver dysfunction

Excluded subjects (n = 21)
by severe heart failure 

Excluded subjects (n = 1)
by cerebral infarction

Excluded subjects (n = 3)
by loss to follow-up evaluation 

Excluded subjects (n = 3)
by heart failure death

Excluded subjects (n = 4)
by loss to follow-up evaluation 

1st Evaluation

2nd Evaluation

70 patients enrolled in the trial completed the entire protocol

Nicorandil (Group A; n = 35) Non-Nicorandil (Group B; n = 35)

Excluded subjects (n = 15)
by coronary artery disease

Excluded subjects (n = 12)
by coronary artery disease

Fig. 1 Flow diagram of
participants in current study.
ADHF acute decompensated
heart failure, LVEF left
ventricular ejection fraction
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Categorical data were compared between the two groups
using two-sided chi-square tests, and differences between con-
tinuous variables were evaluated using the unpaired t test
(Table 1). In patients who underwent 123I-MIBG scintigraphic
and echocardiographic assessments, changes from baseline
were evaluated within each treatment group using paired t

tests and between the two groups using two-way analysis of
variance (ANOVA; Fig. 2 and Table 2). For validation, a two-
way repeated measures ANOVA was used to examine the
changes in the NT-proBNP and hs-TnT levels from before to
after treatment (Fig. 3). Furthermore, to evaluate the contribu-
tion of the degree of change inWR (i.e., delta-WR), univariate

Table 1 Clinical characteristics of the AHF patients in both groups

Group A (n=35) Group B (n=35) p value

Age (years) 74±14 75±11 0.741

Sex (male/female) 26/9 21/14 0.203

Height (cm) 163±13 161±12 0.506

Weight (kg) 61±13 60±12 0.739

Clinical status at admission

NYHA class III/IV 34 (97 %) 33 (94 %) 0.555

SBP (mmHg) 144±35 142±38 0.820

DBP (mmHg) 82±26 84±27 0.753

HR (bpm) 92±25 96±23 0.480

Cause of heart failure

IDCM 19 (54 %) 22 (63 %) 0.467

Hypertensive 14 (40 %) 9 (26 %) 0.203

Others 2 (6 %) 4 (11 %) 0.393

Intravenous nicorandil infusion

Dose (mg/h) 7.2±2.7 – –

Duration (days) 5.9±2.4 – –

Intravenous catecholamine infusion

Dopamine dose (mg/h) 3.2±1.5 (n=11) 3.0±1.7 (n=8) 0.814

Duration (days) 4.2±2.4 (n=11) 3.9±2.8 (n=8) 0.802

Dobutamine dose (mg/h) 2.5±1.3 (n=8) 2.4±1.6 (n=7) 0.926

Duration (days) 3.8±2.6 (n=8) 3.4±2.9 (n=7) 0.825
123I-MIBG scintigraphic data

TDS 45.3±10.4 42.9±11.0 0.373

H/M ratio 1.58±0.27 1.62±0.24 0.515

WR (%) 58.9±15.3 55.3±15.0 0.324

Echocardiographic data

LVEDV (ml) 202±59 192±53 0.458

LVESV (ml) 139±62 134±50 0.712

LVEF (%) 33±10 32±10 0.991

NT-proBNP (pg/ml) 7,069 (2,567–14,186) 7,067 (2,526–13,027) 0.989

hs-TnT (ng/ml) 0.052±0.043 0.047±0.044 0.664

Medical treatment

ACE-I and/or ARB 34 (97 %) 33 (94 %) 0.555

Beta-blocker 30 (86 %) 31 (89 %) 0.721

MR antagonist 25 (71 %) 24 (69 %) 0.794

Diuretics 35 (100 %) 35 (100 %) 1.000

Data are presented as the mean value±SD, median (25–75 % quartiles), or number (%)

AHF acute heart failure,NYHANewYork Heart Association, SBP systolic blood pressure,DBP diastolic blood pressure,HR heart rate, IDCM idiopathic
dilated cardiomyopathy, MIBG metaiodobenzylguanidine, TDS total defect score, H/M heart to mediastinum count, WR washout rate, LVEDV left
ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, LVEF left ventricular ejection fraction,NT-proBNPN-terminal pro-B-type
natriuretic peptide, hs-TnT high sensitivity troponin T, ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, MR miner-
alocorticoid receptor
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and stepwise multivariate analyses were used to examine the
variable of interest (Table 3).

Results

Clinical characteristics

There were no significant differences in clinical characteristics
or cardiac medications including intravenous catecholamine
infusion between the two groups. At baseline, the TDS, H/M
ratio,WR, LVEDV, LVESV, LVEF, NT-proBNP level, and hs-
TnT level were similar between the two groups (Table 1).

Comparison of cardiac 123I-MIBG scintigraphic findings
at baseline and after treatment

Figure 2 and Table 2 summarize the TDSs, H/M ratios, and
WRs. In both groups, TDS significantly decreased after
4 weeks relative to that at baseline. However, the delta-TDS
in group A was significantly lower than that in group B. In
both groups, the H/M ratio significantly increased after
4 weeks compared with that at baseline. However, the delta-
H/M ratio was significantly higher in group A than in group B.
Finally, in both groups, the WR significantly decreased after
4 weeks relative to that at baseline. However, the delta-WR in
group Awas significantly lower than that in group B.
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Fig. 2 Comparison of cardiac
123I-MIBG scintigraphic findings
for TDS (a), H/M ratio (b), and
WR (c) in the two groups. TDS
total defect score, H/M heart to
mediastinum count, WR washout
rate, BSL baseline, 4W after
4 weeks of therapy
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Comparison of echocardiographic findings at baseline
and after treatment

Table 2 also provides a summary of the LVEDV, LVESV, and
LVEF. In both groups, after 4 weeks, LVEDV and LVESV
significantly decreased and LVEF significantly increased rel-
ative to baseline. Changes in LVEDV and LVESV were sig-
nificantly greater in group A than in group B. The change in
LVEF tended to bemore favorable in group A than in group B,
although not significantly.

Evaluation of factors predicting increased delta-WR

Table 3 shows the results of the univariate and multivariate
analyses to assess factors predicting an increase in delta-WR.
In the univariate analysis, age, non-beta-blocker treatment,
and non-intravenous nicorandil treatment were predictive fac-
tors. The non-hypertensive etiology, non-ACE inhibitor treat-
ment, non-ARB treatment, non-mineralocorticoid receptor an-
tagonist treatment, and nicorandil dose in this study tended to
be predictive factors, but these factors were not statistically

Table 2 Changes in total defect score, H/M ratio, WR, LV volume, and LVEF in both groups

Group A Group B

Baseline 4 weeks Delta Baseline 4 weeks Delta

123I-MIBG scintigraphy

TDS 45.3±10.4 34.0±10.2* −11.3±4.3 42.9±11.0 38.9±11.8** −4.0±6.0***
H/M ratio 1.58±0.27 1.89±0.26* 0.31±0.16 1.62±0.24 1.76±0.28** 0.14±0.16***

WR 58.9±15.3 45.1±14.5* −13.8±7.8 55.3±15.0 47.2±14.9** −6.1±8.9***
Echocardiography

LVEDV (ml) 202±59 170±58* −32±15 192±53 182±53** −10±20****
LVESV (ml) 139±62 111±59* −28±14 134±50 123±49** −11±18****
LVEF (%) 33±10 38±12* 5±5 32±10 35±11** 3±5

Values are means±SD

MIBG metaiodobenzylguanidine, TDS total defect score, H/M heart to mediastinum count, WR washout rate, LVEDV left ventricular end-diastolic
volume, LVSDV left ventricular end-systolic volume, LVEF left ventricular ejection fraction

*p<0.001 vs baseline; **p<0.01 vs baseline; ***p<0.01 vs group A; ****p<0.05 vs group A

Group A (n=35)

Group B (n=35)

D

E

*p < 0.05,  by 2-way repeated 
measures ANOVA
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Fig. 3 Comparison of plasma
NT-proBNP (d) and hs-TnT (e)
concentrations at baseline and
after treatment. NT-proBNP N-
terminal pro-B-type natriuretic
peptide, hs-TnT high sensitivity
troponin T, BSL baseline, 7D after
7 days of therapy, 4W after
4 weeks of therapy
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significant. The stepwise multivariate analysis identified non-
beta-blocker treatment and non-intravenous nicorandil treat-
ment as significant independent predictors of increasing delta-
WR in the AHF patients.

Comparison of plasma NT-proBNP and hs-TnT
concentrations at baseline and after treatment

Figure 3 summarizes the plasma NT-proBNP and hs-TnTcon-
centrations. In group A, plasma NT-proBNP concentrations
significantly decreased after 7 days and after 4 weeks of treat-
ment. However, in group B, these parameters significantly
decreased only at 4 weeks. The hs-TnT concentrations in
group A significantly decreased after 4 weeks relative to those
at baseline. By contrast, in group B, baseline and posttreat-
ment hs-TnT concentrations did not differ significantly.

Relationship between plasma hs-TnT concentrations
and 123I-MIBG scintigraphic findings
before and after treatment

The extent of changes in the 123I-MIBG scintigraphic param-
eters was not related to the extent of changes in the hs-TnT
level in group A (TDS, r=−0.020, p=0.913; H/M ratio, r=
0.121, p=0.493; and WR, r=−0.204, p=0.242) or in group B
(TDS, r=0.053, p=0.764; H/M ratio, r=0.158, p=0.366; and
WR, r=−0.150, p=0.392).

Discussion

Patients in this study were stratified into a group that received
intravenous nicorandil in addition to standard therapy and a
group that received conventional therapy alone.
Improvements in 123I-MIBG scintigraphic and echocardio-
graphic parameters were observed in both groups, with more
favorable changes occurring in the group receiving nicorandil.
Stepwise multivariate analyses showed that non-intravenous
nicorandil treatment had independent and significant predic-
tors of increasing delta-WR in AHF patients. The hs-TnT
concentrations significantly decreased in the group receiving
nicorandil, but did not change significantly in the group re-
ceiving conventional therapy alone. Moreover, the extent of
changes in MIBG parameters and hs-TnT level were not re-
lated in either group.

Nicorandil exerts a vasodilatory effect mainly on the sys-
temic veins, as do conventional nitrates, but it also dilates
arteries, including peripheral arteries, by opening ATP-
sensitive potassium channels [13]. Previous reports have indi-
cated that intravenous administration of nicorandil in the acute
phase improves cardiac output, reduces pulmonary pressure,
and modulates hemodynamic parameters in patients with
AHF [23]. Several potential mechanisms have been proposed
for the cardioprotective effects of nicorandil: (1) reduction in
pre- and afterload [24], (2) improved myocardial perfusion
[25], (3) prevention of Ca2+ overload by opening ATP-
sensitive potassium channels [26], and (4) free radical scav-
enging and neutrophil-modulating properties [27]. Moreover,
nicorandil has a pharmacological preconditioning effect [28],
and this effect has been reported to provide cardioprotection
against ischemia. Therefore, there have been many reports of
favorable effects for patients with ischemic heart disease. We
previously reported that intravenous nicorandil improves
CSNA in patients with acute coronary syndrome [29].
However, little is known about the effects of intravenous ad-
ministration of nicorandil on CSNA evaluated by 123I-MIBG
scintigraphy in patients with nonischemic AHF. In our study
patients, TDS, H/M ratio, andWR determined by cardiac 123I-
MIBG scintigraphy were all significantly improved after ad-
dition of intravenous nicorandil to standard therapy compared
with the standard therapy alone.

Furthermore, in this study, the stepwise multivariate anal-
yses revealed that the non-intravenous nicorandil treatment
had independent and significant predictors of increasing
delta-WR in AHF patients. Given our previously reported
observation that delta-WR is the best currently available prog-
nostic indicator of heart failure [6], our findings demonstrated
for the first time that intravenous nicorandil treatment may be
the available agent for improving CSNA and for preventing
cardiac events of patients with AHF.

On the other hand, in nonischemic HF patients, the exact
mechanisms by which nicorandil exerts a cardioprotective

Table 3 Univariate and multivariate linear model of delta-WR

Univariate Multivariate

Correlation
coefficient

p
value

Beta
coefficient

p
value

Age 0.240 0.035 0.211 0.080

Gender (male=1) 0.132 0.277

Hypertensive etiology
(yes=1)

−0.207 0.084

NYHA 0.023 0.769

ACE-I −0.218 0.070

ARB −0.210 0.082

Beta-blocker −0.320 0.008 −0.266 0.016

MR antagonist −0.219 0.068

Intravenous nicorandil −0.328 0.005 −0.268 0.015

Nicorandil dose (per 1 mg/
h increase)

−0.216 0.071

Baseline LVESV 0.163 0.284

Baseline LVEF −0.129 0.342

NYHA New York Heart Association, ACE-I angiotensin-converting en-
zyme inhibitor, ARB angiotensin receptor blocker, MR mineralocorticoid
receptor, LVESV left ventricular end-systolic volume, LVEF left ventric-
ular ejection fraction
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effect remain unknown. Neglia et al. [30] reported that myo-
cardial blood flow is severely depressed in the whole heart in
HF patients with nonischemic cardiomyopathy. Therefore, it
seems plausible that nicorandil may have ischemic
preconditioning-like effects that improve microvascular circu-
lation during the acute phase, as myocardial flow is depressed
during this period; this assumption may account for the better
outcome, as was the case in the prior study [23].

123I-MIBG is an analogue of the adrenergic neuron-
blocking agent guanethidine, which is thought to utilize the
same myocardial uptake and release mechanisms as norepi-
nephrine [31]. Therefore, cardiac 123I-MIBG imaging is a use-
ful tool for detecting abnormalities of the myocardial adrener-
gic nervous system in CHF patients [3, 4]. Furthermore, many
reports have suggested that the HF treatments can improve
CSNA on the basis of cardiac 123I-MIBG scintigraphic find-
ings [19, 20, 32–34]. However, limited 123I-MIBG scintigra-
phy data exist on the effects of intravenous nicorandil therapy
on CSNA in AHF patients. In this study, we examined wheth-
er adding intravenous nicorandil to standard therapy improved
123I-MIBG scintigraphic parameters in our AHF patients. We
found that the group receiving additional nicorandil showed
improvement compared with the group receiving convention-
al therapy alone. Given our previously reported observation
that the extent of changes in 123I-MIBG scintigraphic param-
eters is the best currently available prognostic indicator for HF
patients [6], our findings demonstrated for the first time that
adding intravenous nicorandil to standard therapy may im-
prove the prognosis of AHF patients.

It has been reported that in the failing heart release of
norepinephrine is enhanced, whereas its uptake is prevented
[35]. Kang et al. [36] demonstrated that norepinephrine
release and uptake are modulated by the activation of
ATP-sensitive potassium channels in experimental rat
models. As nicorandil is well known to activate ATP-
sensitive potassium channels and has cardioprotective ef-
fects [13], it may attenuate CSNA. Therefore, we hypothe-
size that the addition of nicorandil therapy can improve
CSNA in AHF patients. However, further study will be
required to confirm this hypothesis.

The measurement of circulating cardiac TnT levels plays a
fundamental role in the diagnosis and management of acute
coronary syndromes [37, 38]. In addition to its role in ische-
mic heart disease, accumulating data provide evidence of the
importance of TnT level measurement in AHF patients [10,
11]. The extent of changes in hs-TnT level has been shown to
be associated with long-term LV function and prognosis in
patients with HF caused by nonischemic cardiomyopathy
[39]. For this reason, increasing efforts have been directed
toward pharmacologically decreasing hs-TnT levels following
HF. This study found that adding intravenous nicorandil to
standard therapy significantly decreased hs-TnT levels com-
pared to conventional therapy.

Adding intravenous nicorandil to standard therapy im-
proved not only cardiac 123I-MIBG scintigraphic findings,
but also myocyte dysfunction (i.e., decreasing plasma hs-
TnT level) in AHF patients. However, the extent of changes
in MIBG parameters was not related to the change in hs-TnT
concentrations in these patients. Therefore, the mechanisms of
the improvement in CSNA and the improvement in myocyte
dysfunction after nicorandil treatment in AHF patients were
distinct. We need to clarify the related mechanisms of im-
provement in myocyte dysfunction after nicorandil treatment
in the future.

In this study, TDS was calculated from SPECT imaging,
whereas H/M ratio and WR were determined from anterior
planar imaging. In general, for evaluation of 123I-MIBG im-
aging, both H/M ratio and WR are frequently used and clini-
cally useful [4, 5, 32] compared with TDS. Moreover, it is
known that dilated LV volume affects defect score because
of the partial volume effect [40]. However, in this study, there
were significant correlations between TDS and H/M ratio
(baseline r=−0.739, p<0.001, and 4 weeks r=−0.751,
p<0.001) or WR (baseline r=0.865, p<0.001, and 4 weeks
r=0.884, p<0.001). Therefore, we believe that TDS in this
study can be useful for evaluation of CSNA as well as H/M
ratio and WR.

Study limitations

The small number of AHF patients in this study limited the
statistical power, caused by a prospective, single-center trial.
The quantitative 123I-MIBG parameters differ between insti-
tutions and between instruments, because the choice of colli-
mator influences the value of the H/M ratio andWR. For these
reasons, cardiac 123I-MIBG has yet to achieve broad clinical
acceptance; thus, few multicenter trials using the imaging mo-
dality have been conducted. However, it has been reported
that the correction method can standardize the 123I-MIBG im-
aging among various gamma cameras and various collimators
[41]. In the future, we need to examine the effects of adding
intravenous nicorandil to standard therapy on CSNA by a
prospective, multicenter trial with larger numbers of patients,
using the previously reported correction method [41].

Conclusion

123I-MIBG scintigraphic and echocardiographic parameters
improved in both groups, but more significantly in the group
receiving intravenous nicorandil in addition to standard ther-
apy. The hs-TnT concentrations significantly decreased in the
group receiving nicorandil, whereas no significant change was
observed in the group receiving conventional therapy alone.
Moreover, the extent of changes in MIBG parameters was not
related to the extent of changes in the hs-TnT levels in both
groups. These findings indicate that adding intravenous
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nicorandil to standard therapy may provide additional benefits
for CSNA and myocyte dysfunction over conventional thera-
py alone in AHF patients. Furthermore, the mechanisms of
improvement in CSNA and myocyte dysfunction after
nicorandil treatment were distinct.

Conflicts of interest None.
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