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Nicorandil, an adenosine triphosphate–sensitive potassium chan-
nel opener, reduces plasma norepinephrine concentration in pa-
tients with ischemic heart disease. However, long-term effects
on cardiac sympathetic nerve activity (CSNA) as evaluated by
123I-metaiodobenzylguanidine (MIBG) scintigraphy have not
been determined for patients with acute myocardial infarction
(AMI). Methods: We studied 40 patients with their first AMI
who were treated with intravenous nicorandil before and after
primary coronary angioplasty. After suspension of the initial intra-
venous nicorandil treatment, 20 patients were randomized to re-
ceive oral nicorandil (15 mg/d) (group A) and the other 20 patients
received a placebo (group B). All patients were also treated with
an angiotensin-converting enzyme (ACE) inhibitor or b-blockers.
The delayed heart-to-mediastinum count ratio (H/M ratio), delayed
total defect score (TDS), and washout rate (WR) were determined
from 123I-MIBG scintigraphy 3 wk and 6 mo after angioplasty.
The left ventricular (LV) end-diastolic volume (EDV), LV end-
systolic volume (ESV), and LV ejection fraction (EF) were deter-
mined by contrast left ventriculography, whereas plasma
procollagen type III amino-terminal peptide (PIIINP) concentra-
tions were also measured at the same time points. Results:
Three weeks after angioplasty, TDS, H/M ratios, WR, LVEDV,
LVESV, and LVEF were similar in both groups. After 6 mo, all of
these parameters had improved in both groups. However, the
extent of change in TDS was 29 6 6 in group A and 25 6 6
in group B (P , 0.05), whereas that in the H/M ratio was 0.15 6

0.13 and 0.07 6 0.11 (P , 0.05) and that in the WR was
212% 6 8% and 25% 6 11% (P , 0.05). The extent of change
in LVEDV, LVESV, and LVEF in group A tended to exceed that
in group B, but these changes were not statistically significant.
We found significant correlations between the percent change
in PIIINP and that of TDS from baseline to 6 mo in group A
(r 5 0.456, P , 0.05). Conclusion: Long-term nicorandil therapy
can be more beneficial for CSNA and LV remodeling than short-
term therapy in patients with AMI.
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Ischemic preconditioning is a cardioprotective phenom-
enon whereby short periods of myocardial ischemia result
in myocardial resistance to the harmful effects of subse-
quent episodes of prolonged ischemia (1). Several studies
suggest that this preconditioning effect is attributable to the
activation of adenosine triphosphate–sensitive potassium
(K-ATP) channels (2,3).

Nicorandil (N-(2-hydroxyethyl)-nicotinamide nitrate;
Chugai), a drug with both nitrate-like and K-ATP channel-
activating properties (4), has been reported to have precon-
ditioning effects in the ischemic myocardium (5). The
Impact of Nicorandil in Angina (IONA) study, a completed
randomized placebo control trial, clearly demonstrated sig-
nificant reductions in major coronary events after nicorandil
administration to patients with stable angina (6). Moreover,
this agent has been shown to be effective in the treatment of
patients with acute myocardial infarction (AMI) (7,8).

Myocardial imaging with 123I-metaiodobenzylguanidine
(MIBG), a norepinephrine analog, is a useful tool for de-
tecting abnormalities of the myocardial adrenergic nervous
system in patients with AMI (9). Myocardial risk area and
cardiac 123I-MIBG defect size are correlated in patients
undergoing reperfusion therapy for acute coronary syndromes
(10). On the basis of cardiac 123I-MIBG scintigraphic studies,
many investigations have suggested that cardioprotective
treatment can improve cardiac sympathetic nerve activity
(CSNA) in patients with heart disease (11–22). However, to
our knowledge, no reports discuss the changes in cardiac 123I-
MIBG scintigraphic findings in response to long-term admin-
istration of nicorandil in patients with AMI, although we
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previously reported that intravenous nicorandil improves
CSNA after reperfusion therapy in such patients (18).

In the present study, we compared the effects of long-term
and short-term nicorandil therapy on CSNA after reperfu-
sion therapy in patients with AMI.

MATERIALS AND METHODS

Study Population
We prospectively studied 52 patients with their first AMI. Ad-

mission criteria included prolonged chest pain (.30 min), an
electrocardiographic ST segment elevation of .2 mV in 2 or more
leads, successful reperfusion therapy within 6 h of the onset, and
.3-fold increase in serum creatine phosphokinase activities.
Patients were excluded for the following reasons: age . 80 y,
cardiogenic shock or hypotension (systolic blood pressure , 90
mm Hg), renal failure, liver dysfunction, prior myocardial infarc-
tion, or significant stenosis of the infarct nonrelated coronary artery.
Patients with diabetes or glucose intolerance were also excluded
from the study. Glucose intolerance was defined as fasting glucose
concentrations of .110 mg/dL and ,126 mg/dL or glucose
concentrations of .140 mg/dL and ,200 mg/dL at 2 h after 75-g
glucose loading.

After establishing the diagnosis of AMI, we injected a bolus of
nicorandil (4 mg). All patients underwent cardiac catheterization
with the femoral approach after an injection of 100 U/kg of heparin.
The infarct-related artery was visualized with contrast injections.
Patients with persistent occlusion of the infarct-related vessel
underwent percutaneous coronary intervention (PCI) by standard
techniques. Patients unable to achieve .50% patency or Throm-
bolysis in Myocardial Infarction (TIMI) flow grade 3 (23) were
excluded from this study. After PCI, all patients received aspirin,
ticlopidine, angiotensin-converting enzyme (ACE) inhibitors or
b-blocker.

Immediately after hemodynamic stability had been ensured and
soon after arrival at the coronary care unit, all patients received a
continuous infusion of nicorandil at 4 mg/h. Intravenous nicorandil
was continuously infused for .48 h. The study was approved by
the ethics review board of the Cardiovascular Hospital of Central
Japan, and written informed consent was obtained from all patients.

Study Protocol
In this prospective randomized study (double-blind, 1:1 ratio),

after suspension of intravenous nicorandil administration, 26 pa-
tients were randomized to receive oral nicorandil (15 mg/d) (group
A) and the other 26 patients received a placebo (group B). Follow-
up coronary angiography (CAG) and contrast left ventriculography
(LVG) (right anterior oblique 30�) were performed 3 wk after PCI.
Left ventricular (LV) end-diastolic volume (EDV), LV end-systolic
volume (ESV), and LVejection fraction (EF) were calculated by the
area–length method. These measurements were performed by an
independent observer who was unaware of each patient’s clinical
data. We also performed 123I-MIBG scintigraphy and measured
plasma procollagen type III amino-terminal peptide (PIIINP) con-
centrations at the same time points (3 wk after PCI).

After 6 mo of treatment, we repeated a series of examinations
(CAG, LVG, 123I-MIBG scintigraphy, and measurement of plasma
PIIINP concentration). Patients with significant restenosis of the
culprit lesion were excluded from the study.

123I-MIBG Imaging
The 123I-MIBG imaging method has been described previously

(19–21). 123I-MIBG was obtained from a commercial source (Fuji
Film RI Pharma Co. Ltd.). Patients were intravenously injected
123I-MIBG (111 MBq) while in the supine position. At 15 min and
at 4 h after the injection, static data were acquired in the anterior
view with a single-head g-camera (Millennium MPR; GE Health-
care) 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,
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 by a filtered
backprojection method for reconstruction.

The heart-to-mediastinum count ratio (H/M ratio) was deter-
mined from the anterior planar delayed 123I-MIBG image. The
washout rate (WR) was calculated using the following formula:
f([H] 2 [M])early 2 ([H] 2 [M])delayedg/([H] 2 [M])early · 100
(%), where [H] 5 mean counts/pixel in the left ventricle and [M] 5

mean counts/pixel in the upper mediastinum. In this study, time
decay was not corrected for the calculation of WR.

The delayed myocardial SPECT images of each patient were
divided into 17 segments as recommended by the American Heart
Association (24). Regional tracer uptake was assessed semiquan-
titatively using a 5-point scoring system (0 5 normal uptake,
1 5 mildly reduced uptake, 2 5 moderately reduced uptake, 3 5

significantly reduced uptake, 4 5 no uptake). The total defect score
(TDS) was calculated as the sum of all defect scores.

Plasma PIIINP Concentrations
Blood samples were collected from an antecubital vein after a

rest period of at least 20 min. PIIINP plasma levels were measured
by a specific immunoradiometric assay using a commercial kit
(CIS Bio International).

Serial Changes Between First and Second Scintigraphic
and Contrast Left Ventriculographic Parameters and
Plasma PIIINP Concentrations

Changes between the first (3 wk) and second (6 mo) 123I-MIBG
scintigraphic parameters (TDS, H/M ratio, and WR), contrast left
ventriculographic parameters (EDV, ESV, and LVEF), and plasma
PIIINP concentrations were calculated using the following for-
mula: d 2 (X) 5 [(X) value after 6 mo] – [baseline value of (X)],
where (X) 5 123I-MIBG scintigraphic and contrast left ventriculo-
graphic parameters or plasma PIIINP concentrations.

Data Analysis and Statistics
Statistical analysis was performed by using SPSS 12.0 for

Windows (SPSS Inc.). Numeric results are expressed as the mean 6

SD. Comparisons of baseline categoric data between the 2 groups
were performed by the 1-sided x2 contingency table method,
whereas differences between continuous variables were evaluated
using the unpaired t test. In patients undergoing repeated assess-
ments, changes from baseline were evaluated within each treatment
group using a paired t test and between the 2 groups using 2-way
ANOVA. The relationship between continuous variables was de-
termined by linear regression analysis. In all analyses, P , 0.05 was
deemed statistically significant.
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RESULTS

Clinical Characteristics

In group A, 1 patient experienced a cerebral infarction, 2
patients were excluded because of restenosis emerging 6
mo after angioplasty at the culprit lesion, and 3 patients
were excluded because the follow-up examinations was not
completely obtained. In group B, 1 patient died of conges-
tive heart failure 3 mo after admission, another patient was
excluded because of restenosis, and 4 patients were ex-
cluded because the follow-up examinations were not com-
pletely obtained. Thus, 40 of 52 patients (29 men, 11
women; mean age, 63 6 11 y; range, 44279 y) enrolled in
the trial completed the entire protocol (group A, n 5 20;
group B, n 5 20). No significant differences were observed
in clinical characteristics or cardiac medication between the
subjects in the 2 groups on their entry into the study (Table
1). The mean duration of intravenous nicorandil adminis-
tration was 54 6 16 h (range, 48296 h) in group A; the
mean duration was 56 6 15 h (range, 48296 h) in group B.
Moreover, at baseline, 123I-MIBG scintigraphic and con-
trast left ventriculographic parameters and plasma levels of
PIIINP were similar for both groups (Table 2). None of the
patients changed baseline cardiac drugs during the follow-
up period. The mean dose of enalapril was 7.2 6 3.4 mg/d
in group A versus 7.5 6 2.5 mg/d in group B. The mean

dose of perindopril was 2.3 6 1.3 mg/d in group A versus
2.5 6 1.0 mg/d in group B. The mean dose of carvedilol
was 11 6 5 mg/d in group A versus 12 6 6 mg/d in group
B. The mean dose of furosemide was 30 6 14 mg/d in
group A versus 35 6 19 mg/d in group B. Spironolactone
doses were a mere 25 mg/d in both groups.

Comparison of Cardiac 123I-MIBG Scintigraphic Findings
at 2 Weeks and at 6 Months After Treatment

Figure 1 provides a summary of TDS, H/M ratios, and
WR values. In both groups, TDS decreased significantly
after 6 mo relative to baseline values. However, the d-TDS
in group A was significantly lower than that in group B. In
both groups, H/M ratios increased significantly after 6 mo
from baseline values. However, d-H/M ratios in group A
were significantly higher than those in group B. Finally,
although the WR in both groups decreased significantly after
6 mo relative to baseline values, the d-WR in group A was
significantly lower than that in group B.

Comparison of Contrast Left Ventriculographic Findings
at 3 Weeks and at 6 Months After Treatment

Table 3 provides a summary of LVEDV, LVESV, and
LVEF. In group A, LVEDV and LVESV decreased signifi-
cantly and LVEF increased significantly after 6 mo relative
to baseline values. In group B, only LVESV decreased
significantly after 6 mo. The extent of change in LVEDV,
LVESV, and LVEF in group A tended to be more favorable
than that in group B, but these changes were not statistically
significant.

Comparison of Plasma PIIINP Concentrations at 3
Weeks and at 6 Months After Treatment

Table 3 provides plasma PIIINP concentrations. In group
A, baseline plasma PIIINP was not significantly different
after 6 mo of treatment. In group B, this parameter tended
to increase after 6 mo from baseline values, but the

TABLE 1
Clinical Characteristics of Patients

Characteristic

Group A

(n 5 20)

Group B

(n 5 20) P

Age (y) 63 6 11 65 6 10 0.551
Sex 0.723

Male 14 (70) 15 (75)

Female 6 (30) 5 (25)

Culprit coronary artery
LAD 10 (50) 10 (50) 1.000

RCA 8 (40) 7 (35) 0.744

LCX 2 (10) 3 (15) 0.633
History of stroke 2 (10) 2 (10) 1.000

Diabetes mellitus 0 (0) 0 (0) 1.000

Hypertension 11 (55) 12 (60) 0.749

Hyperlipidemia 9 (45) 10 (50) 0.751
Current smoker 14 (70) 15 (75) 0.723

Recanalization time (h) 3.6 6 1.2 3.7 6 1.5 0.817

Stent implantation 18 (90) 17 (85) 0.633

Peak CPK (IU/L) 2,275 6 1,215 2,366 6 1,542 0.837
Pharmacotherapy

ACE inhibitor 100 (100) 100 (100) 1.000

b-Blocker 16 (80) 15 (75) 0.705

Calcium antagonist 5 (25) 4 (20) 0.705
Loop diuretic 2 (10) 4 (20) 0.376

Spironolactone 6 (30) 7 (35) 0.736

LAD 5 left anterior descending coronary artery; RCA 5 right

coronary artery; LCX 5 left circumflex coronary artery; CPK 5

creatine phosphokinase.
Values are mean 6SD or number (%).

TABLE 2
Baseline 123I-MIBG Scintigraphic and Left
Ventriculographic Parameters and Plasma

PIIINP Concentrations of Both Groups

Parameter

Group A

(n 5 20)

Group B

(n 5 20) P

123I-MIBG scintigraphy
TDS 28 6 7 31 6 7 0.183

H/M ratio 1.96 6 0.36 1.88 6 0.33 0.468

WR (%) 44 6 11 46 6 10 0.551
Left ventriculography

LVEDV (mL) 82 6 54 87 6 60 0.783

LVESV (mL) 40 6 31 44 6 37 0.713

LVEF (%) 51 6 9 50 6 13 0.779
Plasma PIIINP (U/mL) 0.67 6 0.15 0.69 6 0.19 0.714

LVEDV 5 LV end-diastolic volume; LVESV 5 LV end-systolic
volume; LVEF 5 LV ejection fraction.

Values are mean 6 SD.
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differences were not significant. However, d-plasma PIIINP
in group A was significantly lower than that in group B.

Relationship Between Percent Change of PIIINP and
TDS Before and After Treatment

We found significant correlations between the percent
change in plasma PIIINP concentrations and that of TDS
evaluated by 123I-MIBG scintigraphy from the baseline to
6 mo (Fig. 2) in group A (r 5 0.456, P , 0.05). In contrast,
we found no relationship between these parameters in
group B (r 5 0.336, P 5 0.196).

Relationship Between Percent Change of LVEF and TDS
Before and After Treatment

There was a significant correlation between the percent
change of contrast left ventriculographic LVEF and that of
TDS evaluated by 123I-MIBG scintigraphy from the base-
line to 6 mo (Fig. 3) in group A (r 5 20.580, P , 0.01). In

contrast, there was no relationship between these parame-
ters in group B (r 5 20.316, P 5 0.178).

DISCUSSION

The major finding of this present study is that long-term
administration of nicorandil improves CSNA and prevents
LV remodeling more effectively than short-term therapy
after reperfusion therapy in patients with AMI.

Nicorandil has been reported to reduce infarct size and
improve recovery from postischemic contractile dysfunc-
tion when administered intravenously during occlusion or
reperfusion (7). Several potential mechanisms have been
proposed for nicorandil’s cardioprotective effects: (a) re-
duction before and after load (25), (b) improved myocardial
perfusion (26), (c) pharmacologic preconditioning (27), (d)
prevention of Ca21 overload by opening ATP-sensitive
potassium channels (28), and (d) free radical scavenging
and neutrophil-modulating properties (29). Although the

FIGURE 1. Comparison of cardiac 123I-
MIBG scintigraphic findings for TDS (A),
H/M ratio (B), and WR (C) in 2 groups.
3W 5 after 3 wk of therapy; 6 M 5 after
6 mo of therapy.
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mechanisms underlying nicorandil’s protection of the myo-
cardium during acute ischemic injury have been extensively
reported, little is known about the effects of long-term
treatment with nicorandil in infarction-induced LV dilatation
and contraction. The extent of changes in LV volume and
function have been shown to be associated with short- and
long-term prognosis in patients with heart failure caused by
ischemic cardiomyopathy (30). For this reason, increasing
effort has been directed toward pharmacologic attenuation of
LV remodeling after myocardial infarction. This study found
that long-term nicorandil therapy significantly improved LV
volume and cardiac function compared with short-term
therapy.

An analog of the adrenergic neuron–blocking agent
guanethidine, 123I-MIBG is thought to use the same mech-
anism of myocardial uptake, storage, and release as norepi-

nephrine (31). Myocardial norepinephrine concentrations
and 123I-MIBG uptake have been shown to correlate in the
failing human heart (32). Moreover, several reports suggest
that cardiac 123I-MIBG scintigraphic findings are closely
associated with LV dilatation in patients (9) and in animal
models (33) of myocardial infarction. Sakata et al. (9) have
reported that cardiac sympathetic nerve abnormalities, as
assessed by 123I-MIBG images, contribute to LV remodel-
ing after reperfusion therapy in patients with acute coronary
syndrome. On the other hand, Ogino et al. (34) report that
nicorandil inhibits CSNA evaluated by measuring plasma
norepinephrine concentration. However, no reports on car-
diac 123I-MIBG scintigraphy and left ventriculography ad-
dress the effects of long-term nicorandil therapy in patients
with AMI. In our study, we used 123I-MIBG scintigraphy and
contrast left ventriculography to examine whether long-term

FIGURE 2. Correlation between percent change in plasma
PIIINP concentrations and that of TDS evaluated by 123I-MIBG
scintigraphy from baseline to 6 mo after long-term nicorandil
therapy.

TABLE 3
Changes of LV Volume, LV Ejection Fraction, and Plasma PIIINP Concentration of Patients in Both Groups

Group A Group B

Parameter 3 wk 6 m d 3 wk 6 m d

Left ventriculography
LVEDV (mL) 82 6 54 70 6 44* 212 6 16 87 6 60 78 6 52 29 6 17

LVESV (mL) 40 6 31 29 6 22* 210 6 12 44 6 37 36 6 23* 28 6 15

LVEF (%) 51 6 9 59 6 12* 9 6 10 50 6 13 54 6 11 5 6 11

Plasma PIIINP (U/mL) 0.67 6 0.15 0.66 6 0.15 20.01 6 0.05 0.69 6 0.19 0.75 6 0.20 0.06 6 0.08y

*P , 0.05 vs. baseline.
yP , 0.05 vs. group A.
LVEDV 5 LV end-diastolic volume; LVESV 5 LV end-systolic volume; LVEF 5 LV ejection fraction; PIIINP 5 procollagen type III amino-

terminal peptide.

Values are mean 6 SD.

FIGURE 3. Correlation between percent change in contrast
left ventriculographic LVEF and that of TDS evaluated by 123I-
MIBG scintigraphy from baseline to 6 mo after long-term
nicorandil therapy.
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nicorandil therapy improves CSNA and attenuates LV re-
modeling. We found that such treatment after reperfusion
therapy improved parameters in patients with AMI.

Plasma PIIINP concentrations may constitute a biochem-
ical marker for myocardial fibrosis or LV remodeling in
patients with AMI (35,36). Tsutamoto et al. (37) have also
discussed a positive correlation between the plasma PIIINP
concentrations and LV volumes in the failing human heart.
In the present study, plasma PIIINP increased after short-
term nicorandil therapy, whereas no significant change in
this parameter was observed after long-term therapy. More-
over, we found a significant correlation between the percent
change in plasma PIIINP concentrations and that of defect
scores evaluated by 123I-MIBG scintigraphy from baseline
to 6 mo after long-term nicorandil therapy in patients with
AMI. In addition to attenuating myocardial fibrosis, long-
term administration of nicorandil may also improve CSNA
after reperfusion therapy in patients with AMI. Further
study will be required to confirm this hypothesis.

One limitation of the present study was the relatively
small number of patients with AMI enrolled. Despite the
short-term therapy group, the study design also omitted a
placebo group. In the future, we need to examine the effects
of nicorandil on CSNA and LV parameters using larger
numbers of patients and to compare the effects of the long-
term nicorandil therapy group with the results of a placebo
group.

Currently, many independent reports from different cen-
ters around the world support the idea that 123I-MIBG
myocardial scintigraphy provides useful information for
assessing patients with heart disease. This imaging modal-
ity appears valuable in predicting prognoses and for esti-
mating the long-term efficacy of therapy. However,
quantitative 123I-MIBG parameters differ between institu-
tions and between instruments, and this tracer is not widely
available. For these reasons, cardiac 123I-MIBG has yet to
achieve broad clinical acceptance, and the evidence sup-
porting the clinical value of this imaging technique remains
inadequate. We believe multicenter studies are needed to
establish the efficacy of this imaging modality.

CONCLUSION

Six months of long-term nicorandil therapy led to
significant improvements in TDS, H/M ratio, and WR,
compared with short-term therapy in patients with AMI, as
determined by 123I-MIBG scintigraphy. Long-term nicor-
andil therapy also produced results for cardiac function and
LV volumes superior to those found for short-term therapy.
The study also found significant correlation between per-
cent changes in plasma PIIINP concentrations and those of
TDS from the baseline to 6 mo after long-term nicorandil
therapy in patients with AMI. These findings indicate that
long-term nicorandil therapy can be more beneficial for
CSNA and LV remodeling than short-term therapy after
reperfusion therapy in patients with AMI.
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