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Human atrial natriuretic peptide and nicorandil as adjuncts
to reperfusion treatment for acute myocardial infarction
(J-WIND): two randomised trials

Masafumi Kitakaze, Masanori Asakura, fiyoong Kim, Yasunori Shintani, Hiroshi Asanuma, Toshimitsu Hamasaki, Osamu Seguchi,

Masafumi Myoishi, Tetsuo Minamina, Takahiro Ohara, Yoshiyuki Nagai, Shinsuke Nanto, Kouki Watanabe, Shigeru Fukuzawa,

Atsushi Hirayama, Natsuki Nakamura, Kazuo Kimura, Kenshi Fujii, Masaharu Ishihara, Yoshihiko Saito, Hitonobu Tomoike, Soichiro Kitamura,
and the J-WIND investigators*

Summary

Background Patients who have acute myocardial infarction remain at major risk of cardiovascular events. We aimed
to assess the effects of either human atrial natriuretic peptide or nicorandil on infarct size and cardiovascular
outcome.

Methods We enrolled 1216 patients who had acute myocardial infarction and were undergoing reperfusion treatment
in two prospective, single-blind trials at 65 hospitals in fapan. We randomly assigned 277 patients to receive intravenous
atrial natriuretic peptide (0- 025 pg/kg per min for 3 days) and 292 the same dose of placebo. 276 patients were assigned
to receive intravenous nicorandil (0-067 mg/kg as a bolus, followed by 1-67 pg/kg per min as a 24-h continuous
infusion), and 269 the same dose of placebo. Median follow-up was 2-7 (IQR 1-5-3-6) years for patients in the atrial
natriuretic peptide trial and 2.5 (1.5-3-7) years for those in the nicorandil trial. Primary endpoints were infarct size
{estimated from creatine kinase) and left ventricular ejection fraction (gauged by angiography of the left ventricle).

Findings 43 patients withdrew consent after randomisation, and 59 did not have acute myocardial infarction. We did
not assess infarct size in 50 patients for whom we had fewer than six samples of blood. We did not have angiographs
of left ventricles in 383 patients. Total creatine kinase was 66459-9 IU/mL per h in patients given atrial natriuretic
peptide, compared with 77878-9 IU/mL per h in controls, with a ratio of 0-85 between these groups (95% CI
0-75-0-97, p=0-016), which indicated a reduction of 14-7% in infarct size (95% CI 3-0-24-9%). The left ventricular
ejection fraction at 6-12 months increased in the atrial natriuretic peptide group (ratio 1-05, 95% CI 1-01-1-10,
p=0-024). Total activity of creatine kinase did not differ between patients given nicorandil (705205 IU/mL per h) and
controls (708527 IU/mL per h) (ratio 0-995, 95% CI 0-878-1-138, p=0-94). Intravenous nicorandil did not affect the
size of the left ventricular ejection fraction, although oral administration of nicorandil during follow-up increased the
left ventricular ejection fraction between the chronic and acute phases. 29 patients in the atrial natriuretic peptide
group had severe hypotension, compared with one in the corresponding placebo group.

Interpretation Patients with acute myocardial infarction who were given atrial natriuretic peptide had lower infarct
size, fewer reperfusion injuries, and better outcomes than controls. We believe that atrial natriuretic peptide could be
a safe and effective adjunctive treatment in patients with acute myocardial infarction who receive percutaneous
coronary intervention.

Introduction

Despite availability of effective medical treatments,
chronic heart failure remains a major cause of morbidity
and mortality worldwide." Ischaemic heart diséase, in
turn, is one of the main causes of chronic heart failure.*
“The most important treatment objectives are prevention
of acute myocardial infarction, and, in individuals who
have an acute myocardial infarction, reduction in infarct
size and ischaemia or reperfusion injury.’ Only a few
medications have been shown to decrease ischaemia or
reperfusion injury.**

Reperfusion of ischaemic myocardium reduces infarct
size and improves left ventricular function, both of
which contribute to better clinical outcomes in patients
with acute myocardial infarction.>" However,
reperfusion can also cause tissue damage.” Several

www.thelancet.com Vol 370 October 27, 2007

drugs have been trialled for the prevention or
amelioration of such injuries, but results have not been
consistently satisfactory.”" Recently, human atrial
natriuretic peptide and nicorandil have both been
shown to be effective for reduction of myocardial
damage after acute myocardial infarction in basic and
clinical studies.*® Atrial natriuretic peptide is a
candidate for adjunctive treatment after acute
myocardial infarction, because it has been shown to
suppress the renin-angiotensin-aldosterone system
and endothelin-1, both of which which modulate infarct
size and cardiac remodelling.” Nicorandil is a combined
adenosine triphosphate (ATP)-sensitive potassium
channel opener and nitrate preparation that has also
shown promise as an adjunctive treatment for acute
myocardial infarction. In the clinical setting, however,
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the beneficial effects of atrial natriuretic peptide and
nicorandil have only been tested in single-centre studies
with small sample sizes.®? The Japan working group
studies on acute myocardial infarction for the reduction
of necrotic damage by human atrial natriuretic peptide
or nicorandil (J-WIND-ANP and }-WIND-KATP,
respectively) aimed to assess the value of these drugs as
adjuncts to percutaneous coronary intervention for
patients with acute myocardial infarction.

Methods

Patients

We have described the protocols for the two trials
previously.®? In brief, we recruited patients to two
independent, investigator-initiated, investigator-led,
multicentre, prospective, randomised, single-blind,
controlled trials at 65 hospitals. 27 hospitals participated
in the atrial natriuretic peptide trial, and 38 separate
hospitals in the nicorandil trial (table 1); the two studies
were completely independent. We initially planned to
include fewer hospitals, but we increased the number to
promote enrolment of sufficient patients.

Eligibility criteria were age between 20 and 79 years;
chest pain for more than 30 min; at least 0-1 mV of ST
segment elevation in two adjacent ECG leads; admission
to hospital within 12 h of the onset of symptoms; and
one instance of acute myocardial infarction. Exclusion
criteria were a history of myocardial infarction; left main
trunk stenosis; severe liver or kidney dysfunction or
both; suspected aortic dissection; previous coronary
artery bypass grafting; and a history of drug allergy.

All patients gave written informed consentimmediately
after admission to hospital, and were asked to sign the
same consent form again after 2 weeks when they had
more time to decide. This system was applied on the
recommendation of the institutional review boards.
Only one patient, who was in the nicorandil group,
withdrew their consent at their second opportunity. We
enrolled patients from Oct 24, 2001, to Dec 13, 2005. The
study protocol was approved by the institutional review
boards and ethics committees of all participating
hospitals, and was in accordance with the Declaration of
Helsinki.

Procedures
An independent statistician generated our randomisation
lists with a computer, by the permuted-block method.
Within each centre, the block length was eight. Treatment
allocations were concealed in opaque sealed envelopes
until patients were enrolled. Physicians were not aware
of the random assignments of patients until the follow-up
stage; patients and those who analysed the data were
unaware of the treatment assignment for the duration of
the study. Both trials were designed as single-blind
studies.

277 patients who were enrolled in the atrial natriuretic
peptide trial were randomly assigned to receive an intra-

__54_

venous infusion of this drug after reperfusion treatment,
at 0025 pg/kg per min for 3 days, and 292 a placebo of
5% glucose solution by the same method. 276 patients in
the other trial were randomly assigned to intravenous
nicorandil, infused at 1-67 pgfkg per min for 24 h after
bolus injection of nicorandil at a dose of 0-067 mg/kg,
and 269 were assigned to 0-9% saline solution, by the
same method. Previous studies have shown substantial
cardiovascular protection with atrial natriuretic peptide
and nicorandil at these doses.®? Of the 276 patients
assigned to receive nicorandil, 61 were given nicorandil
orally, at the discretion of individual investigators, during
the follow-up period.

We planned- to stop the administration of treatment
drugs in case of severe hypotension, which was defined
as systolic blood pressure of less than 90 mm Hg, because
of the vasodilator effect of these drugs. The study protocol
did not restrict or specify any other diagnostic or
therapeutic methods in the acute phase (2-8 weeks after
acute myocardial infarction) or chronic phase
(612 months).

We obtained data on baseline characteristics, emergent
catheterisation, and medication at discharge after
1 month; data on follow-up catheterisation and
medication after 6 months; and data on medication after
24 months. We also followed up all patients for
cardiovascular events (ie, cardiac death, readmission to
hospital due to heart failure, new onset of acute coronary
syndrome, or revascularisation of new lesions) until the
end of August, 2006. We took blood samples to measure
concentrations of creatine kinase at a central laboratory,
before the procedure and at 1, 3, 6, 9, 12, 18, 24, 36, 48,
and 72 h after the onset of reperfusion. We analysed
total creatine kinase for all patients with at least six
blood samples. We obtained right anterior oblique views
with angiography of the left ventricle once in the acute
phase (2-8 weeks), and once in the chronic phase
(6~12 months).

Our primary endpoints were infarct size (which was
estimated as the area under the concentration versus
time curve for creatine kinase)* and ventricular ejection
fraction (which was assessed by angiography of the left
ventricle at 6-12 months after hospital admission).” The
prespecified secondary endpoints were survival rate;
cardiovascular events (such as cardiac death, readmission
to hospital for heart failure, new onset of acute coronary
syndrome, or revascularisation of new lesions);
incidence of cardiac death or readmission to hospital for

J-WIND-ANPstudy  J-WIND-KATP study

1-4 patients 7 hospitals 9 hospitals
5-9 patients 3 hospitals 13 hospitals
10-19 patients 7 hospitals 6 hospitals
More than 20 patients 10 hospitals 10 hospitals

Table 1: Distribution of patients between participating hospitals
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secondary endpoints secondary endpoints

secondary endpoints

secondary endpoints

ANP study i Nicorandil study
603 patie?t_s ?:.reened 613 patients screened
for eligibility for eligibility
603 patients 613 patients
randomised randomised
10 withdrew consent 33 withdrew consent
"1 24 had no AMI 35 had no AMI
292 patients 277 patients 269 patients 276 patients
assigned to placebo assigned to ANP assigned to placebo assigned to nicorandil
12 had insufficient 22 had insufficient 9 had insufficient N 7 had insufficient
sample points* sample points* sample points* sample points*
v v \ 4 Y
280 patients 255 patients 260 patients 269 patients
analysed for analysed for analysed for analysed for
infasct size infarct size infarct size infarct size
93 had no angiogram 124 had no angiogram 81 had no angiogram 87 had no angiogram
3 renal failure 2 renal failure 2 renal failure 2 renal failure
11 other diseases 7 other diseases 6 other diseases 4 other diseases
6 refused le— — 2 refused 3 refused le— —» 3 refused
7 restenosis 9 restenasis 3 restenosis S restenosis
5 changed hospital 5 changed hospital 67 other reasons 1 changed hospital
61 other reasons 99 other reasons 72 other reasons
Y Y Y Y
199 patients 199 patients 187 patients 190 patients
analysed for analysed for analysed for analysed for
ejection fraction ejection fraction ejection fraction ejection fraction
at 6 months at 6 months at 6 months at 6 months
0 discontinued 3 discontinued 3 discontinued 4 discontinued
participation and ] participation and participation and ] participation and
lost to follow-up lost to follow-up lost to follow-up lost to follow-up
A 4 A 4 Y A 4
292 patients 274 patients 266 patients 272 patients
assessed for assessed for assessed for assessed for

Figure 1: Trial profiles

ANP=atrial natriuretic peptide. AMI=acute myocardial infarction. *Fewer than six blood samples.

heart failure; or reperfusion injury before discharge
from coronary care unit (such as malignant ventricular
arrhythmia during reperfusion, recurrence of ST seg-
ment elevation, or worsening of chest pain). We also
assessed infarct size, estimated by peak creatine kinase
and troponin T®? left ventricular ejection fraction at
acute phase; and end-diastolic or end-systolic volume
index (assessed by angiography of the left ventricle). We
looked at the effects of each drug on the primary
endpoints in prespecified subgroups (sex, age, body-
mass index, pre-angina, elapsed time between acute
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myocardial infarction and intervention, diabetes

mellitus, hyperlipidaemia, smoking, and family history

of acute myocardial infarction). We also did post-hoc
analyses on the effect of chronic administration of
nicorandil on the ejection fraction.

All data were collected by Koteisho-kyokai (Tokyo), an
organisation established by the Japanese government in
2001-2003 and by NTT Data (Tokyo} in 2004-2006. Left
ventricular ejection fraction and end-diastolic volume
were measured by the area-length method, from
angiography of the left ventricle. Two independent
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interpreters, who were unaware of the treatment assigned
to patients, measured left ventricular ejection fractions
from the angiographs. We calculated the average value,
unless the two investigators disagreed, in which case we
referred to a third opinion.

Clinical findings and medications during the follow-up
period were reported to a data and safety committee after
registration. This committee, which consisted of three
physicians and one statistician who did not participate in
the trial, monitored all adverse events. Research nurses
or doctors visited all participating hospitals to check that
patients were registered, drugs were given, and data
collected according to the protocol. Committee members
did not provide any results to the steering committee,
because discontinuation of the study was not
recommended. :

Statistical analysis

We calculated that a sample size of 300 patients would
be needed in each group to detect a 20% reduction in
the most important primary endpoint (total creatine
kinase) with a statistical power of 80% at significance
level of 0-05 (with a two-sided t test), accounting for
dropout of some patients. We set equal sample sizes in
both groups, because we expected to see almost the
same reduction in infarct size with either treatment.
Since creatine kinase and total creatine kinase are both
log-normally distributed,” total creatine kinase was
log-transformed before analysis. The left ventricular
ejection fraction was also log-transformed before the
analysis since the distribution was skewed.

Statistical analysis was done according to a
prespecified analytical plan. Efficacy analysis was based
on intention to treat. The primary efficacy analyses for
total creatine kinase and left ventricular ejection fraction
were done simply by t test. The estimated mean and
differences on the log scale were transformed back to
the original scale and were expressed as geometric
means and ratios of geometric mean. If the calculated

95% CI for the ratio of the geometric mean did not
cross the point of no effect (ie, 1) the difference between
groups was regarded as significant. Furthermore,
analysis of covariance for the two endpoints was used to
estimate adjusted mean comparison, with effect of
covariates and the interactions. We imputed missing
data for patients by the predicted mean imputation
method, with nonlinear regression. We applied multiple
imputation techniques (with group means, Markov
Chain Monte Carlo, Bayesian bootstrap, and last-
observation-carried-forward methods) to assess the
robustness and sensitivity of our conclusions.

Proportions were examined by Fisher’s exact test. We
examined time-to-event by the Kaplan-Meier method to
estimate the survival for each group and then the
differences in survival between groups by the log-rank
test. The Cox proportional hazards model was used to
assess baseline risk factors and an adjusted hazard ratio.
The proportional hazards assumption was investigated
graphically, with a test based on Schoenfeld residuals.**

All tests were two-sided, and a p value of less than 0-05
was regarded as significant. All analyses were done
with SAS software (version 8.2). The trials are regis-
tered with Clinicaltrials.gov, numbers NCT00212056
and NCT00212030.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had
full access to all data at the end of the study, and had
final responsibility for the decision to submit for
publication.

Results

Figure 1 shows the trial profile. Table 2 shows baseline
characteristics. Median follow-up was 2-7 (IQR 1-5-3-6)
years in the atrial natriuretic peptide trial and 2.5
(1-5-3.7) years in the nicorandil trial. Table 3 shows

Data are number (%) or mean (SD), unless otherwise specified. ANP=atrial natriuretic peptide.

Atrial natriuretic peptide study Nicorandil study i

ANP (n=277) Control (n=292) p Nicorandil (n=276) Control (n=269) p 3

Age (years) 630 (10-4) 61-8(107) 01652  61.1(114) 637(10-2) 00035

Sex (male) 211(76-2%) 243 (83:2%) 00374 246 (89-1%) 220 (81-8%) 00153

Body-mass index 243(35) 24-0(2:9) 0-3733 24-2(3-0) 23-4(2-8) 0-0007

Killip classification (i, II, Il IV) ~ 88-6%,9-5%,1-1%, 0-8%  90-3%,7-5%,1-4%,0-7% 0-5274 91-1%,8-2%,0-4%,0-4%  92-0%,4-2%,2.7%,11% 07843 ’

Pre-angina 105 (44-5%) 118 (46:1%) 07862 111 (44-6%) 111 (43-9%) 09284 !

Risk factors ‘
Hypertension 137 (56-1%) 162 (62-1%) 02046 127 (485%) 137 (53-9%) 0-2190
Diabetes mellitus 81(33-8%) 86 (33-9%) 1.0000 104 (39:5%) 82 (32:9%) 01413
Hyperlipidaemia 127 (54-3%) 131 (50-6%) 04181 121 (46:7%) 114 (46-2%) 09291
Smoking 158 (63.7%) 175 (67-3%) 04022 178 (68-7%) 170 (66-1%) 05732

A srisrranasase

: Table 2: Baseline characteristics on admission
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Atrial natriuretic peptide study Nicorandil study
ANP (n=277) Control (n=292) Nicorandil (n=276) Control (n=269)
Elapsed time (h)* 4-00 (3-00-6-00) 4-00 (2:50-6-00) 3-50 (2-50-5-00) 3-50(2-50-5-00)
Infusion time (h) 1-00 (0-50-1-00) 1-00 (0-50-1-00) . 0:70(0-50-1-00) 0-75 (0-50-1-00)
IRA (LAD, LCx, RCA) 55-3%, 6-4%, 38-3% 52.3,10-6, 371% 539,7-4,387% 44-5,9.9, 45-6%
Stents 176 (63-5%) 193 (66-1%) 187 (67-8%) 183 (68-0%)
Rescue 64(231%) 92 (31:5%) 94 (34-1%) 92 (34-2%)
Intra-aortic balloon pump 17 (6-1%) 14 (4-8%) 14 (5-1%) 15 (5-6%)
Final stenosis (<75%) 246 (93-5%) 266 (94-7%) 257 (96-6%) 255(97-0%)
Final thrombolysis in myocardial 3-9%,1:9%,5-0%,89-1% 5-2%,0:7%,4-1%, 90-0% 3-7%, 0-7%, 5-2%, 90-3% 3-4%, 1-1%, 6-9%, 88-5%
infarction (0, 1, 2, 3)
Medications at 1 month
ACE inhibitor 155 (57-8%) 173 (60-7%) 164 (61-0%) 163 (62:0%) {
ARB 77(287%) 99 (34.7%) 72 (26:8%) 69 (26:2%) .
Spinorolactone 28 (10-4%) 33(11:6%) 17 (6:3%) 22 (8-4%)
B blocker 112 (41-8%) 128 (44-9%) 110 (40-9%) 121 (46-0%)
Aspirin 225 (84-0%) 252 (88-4%) 251 (93-3%) 250 (95-1%)
Nitrates ' 81(30-2%) 86 (30-2%) 50 (18:6%) 63 (24.0%) |
Statins 129 (48-1%) 156 (54-7%) 126 (46-8%) 115 (43-7%) z
Nicorandil 62 (231%) 52 (18-2%) 79 (29-4%) 34(12.9%) ;
Medications at 6 months
ACE inhibitor 103 (481%) 117 (44-8%) 120 (50-6%) 131 (53-9%) i
ARB 69 (32-2%) 110 (42-1%) 68 (28:7%) 75 (30-9%) '
Spinorolactone 26 (12:1%) 26 (10-0%) 11 (4-6%) 15 (6-2%)
B blocker 93 (43-5%) 118 (45-2%) 104 (43-9%) 113 (46-5%) !
Aspirin 179 (83-6%) 233 (89-3%) 217 (91-6%) 229 (94-2%) i
Nitrates 51(23-8%) 63 (24-1%) 37 (156%) 49 (20-2%) !
Statins 112 (52-3%) 150 (57-5%) 123 (51-9%) 118 (48-6%) '
Nicorandil 46 (21:5%) 39 (14-9%) 55 (23-2%) 23 (9-5%) i
Medications at 24 months
ACE inhibitor 66 (47:5%) 63 (37-5%) 83 (52:5%) 75 (49:3%)
ARB 42(302%) 72 (42-9%5 39 (24-7%) 43(283%)
Spinorolactone 13 (9-4%) 21 (12-5%) 9(57%) 4(2:6%)
B blocker 57 (41-0%) 61 (36-3%) 77 (48:7%) 71(46:7%)
Aspirin 113 (81-3%) 133 (79-2%) 143 (90-5%) 137 (90-1%)
Nitrates 29 (20-9%) 45 (26-8%) 23 (14-6%) 25 (16-4%)
Statins 66 (47-5%) 78 (46-4%) 81(51:3%) 71 (46:7%)
Nicorandil 26 (18-7%) 26 (15:5% ) 28 (17-7%) 11(7-2%)
Data are median (IQR), number (%) or mean (SD}, unless otherwise specified. ANP=atrial natriuretic peptide. IRA=infarct-related artery. LAD=left anterior descending
coronary astery. LCx=left circumflex artery. RCA=right coronary artery. ARB=antiotensin receptor blocker. ACE=angiotensin-converting enzyme. *Period between acute
myocardial infarction and start of intervention.
Table 3: Treatments and prescribed drugs

treatments and drugs throughout the study. Drugs used
in the chronic stage did not differ between groups in
either study, except that some patients in the nicorandil
trial were given oral nicorandil during follow-up.

Table 4 and figure 2 show infarct size and left
ventricular function at 2-8 weeks and 6-12 months in
both studies. The ratio of total creatine kinase between
the atrial natriuretic peptide and placebo groups was
0-85 (95% CI 0-75-0-97, p=0-0155); which indicates
that atrial natriuretic peptide was associated with a
reduction of 14.7% in infarct size. Subanalyses
identified no factors that enhanced or reduced the
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influence of atrial natriuretic peptide on infarct size
(figure 2). Nicorandil did not reduce infarct size
compared with placebo, and no factors affected this
finding. Treatment with atrial natriuretic peptide tended
to increase the left ventricular ejection fraction (ratio
1-043, 95% CI 1-000-1-089, p=0-0525) at 2-8 weeks
after the onset of acute myocardial infarction, and at
6-12 months (ratio 1-051, 95% CI 1-006-1.099,

. p=0-0236). By contrast, table 4 and figure 2 show that

left ventricular ejection fraction did not differ in patients
given nicorandil and controls at either 2-8 weeks or
6-12 months.
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J-WIND-ANP study . J-WIND-KATP study
Atrial natriuretic peptide Control Nicorandil Control p
Infarct size '
n 255 280 269 260
Creatine kinase (area under curve) {IU/L h) 66459-9(60258-2-73300-0) 77878-9(71550-2-84720-1) 0.016 705205 (64309-8-77331-0) 708527 (650667-771532) 0-941
Peak creatine kinase (IU/L) 24875 (2217-6-2790-3) 2784-2(2526.7-3067-9) 0141 2557-1(2306-1-2835-4) 24287.(2199-8-2681.5) 0:479
Troponin-T concentration (12-18 h) (ng/mL) 5-36 (4-76-6-03) 6-13 (5-55-6-79) 0-084 6-18 (5-51-6-93) 5-60 (4-97-6-32) 0244
Troponin T (96 h) (ng/mL) 2:57 (2-25-2-94) 2:94 (2-64-327) 0-125 2.63 (2:36-2-94) 2-89(2-61-319) 0-225
Left ventricle (2-8 weeks)
n 187 207 168 170
Median elapsed time (days)" 18-5 (IQR 15.0-27-0) 19-0 (IQR 16-0-25.0) 17-0 (IQR 14-0-23-0) 17.0 (IQR 14-0-24-0)
Ejection fraction 43-0% (41-8-44:3) 41-3% (40-0-42-6) 0.053 42:0% (40-7-433) 41-6% (40-4-42.9) 0-680
End diastolic volume index (mL/m?) 98-8 (94-4-103-4) 102-3(98-1-106-6) 0272 111-2 (106-4-116-3) 1059 (100-9-111-3) 0147
End systolic volume index (mL/m?) 54-2 (51:2-57-4) 58-3(55-5-61-4) 0.058 62-8 (59-2-66-6) 60-4 (57-0-64-1) 0-360
Left ventricle (6-12 months) '
n 155 199 190 187
Median elapsed time (days)* 196-5 (IQR 180-5-230-5) 200-5 (IQR 183.0-226-0) 195-0 (IQR 180-0-231.0) 1955 (IQR 183.0-232-0)
Ejection fraction 44.7% (43-4-46.0) 42:5% (41:2-43.9) 0024 42:5% (41:2-43-8) 43:2% (42-0-44-4) 0-460
End diastolic volume index (mt/m?) 100-6 (95-2-106-2) 100-9 (96-8-105-1) 0930 109-8 (105-4-114-4) 105-7 (100-8-110-8) 0-230
End systolic volume index (mL/m?) 54-2 (50-6-58-0) 56-0 (53~1—'58-9) 0-452 617 (58-4-65-2) 58.5 (55:1-62-1) 0-198
Data are mean (95% Cf) or median (IQR). *Time between acute myocardial infarction av'\d start of intervention. '
Table 4: Primary endpoints and other outcomes obtained by angiography of left ventricles
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Figure 3 shows reperfusion injuries, survival rates, and
cardiovascular events. Reperfusion injuries were less
common in the atrial natriuretic peptide group than in
the placebo group (ratio 0-743, 95% CI 0-58-0-952,
p=0-019). Although there were no differences between
groups in either survival rates or the incidence of
cardiovascular events, both cardiac death and readmission
to hospital for heart failure were lower in patients given
atrial natriuretic peptide than in controls (HR 0-267, 95%
CI 0-089-0-799, p=0-0112). By contrast, cardiac death
and readmission to hospital for heart failure were not
significantly lower in patients given nicorandil than in
controls (HR 0-799, 95% CI 0-307-1-973, p=0-5972).
When nicorandil was given orally throughout the study
after reperfusion treatment, the change of left ventricular
ejection fraction increased substantially between the
acute and chronic phase. The ejection fraction was 3-66%
in the 61 patients who were given nicorandil orally, and
1-47% in the 241 patients who were not (difference 220,
95% CI 0-17—4-22, p=0-0338).

In the atrial natriuretic peptide trial, 29 patients given
that drug had severe hypotension during the acute phase,
compared with one control. In the other trial, three
patients in the nicorandil group had severe hypotension,
compared with no controls. No other severe adverse
events were reported during the course of either study.

Discussion

We showed that adjunctive, acute-phase treatment with
atrial natriuretic peptide after reperfusion therapy in
patients with acute myocardial infarction reduced infarct
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size by 14-7%, increased the left ventricular ejection
fraction during the chronic phase, and decreased the
incidence of cardiac death and readmission to hospital
because of heart failure. Intravenous treatment with
nicorandil did not affect the primary endpoints, although
patients who were given nicorandil orally had better
cardiac function outcomes.

Interest in the cardioprotective effects of adenosine
has increased, because of its variety of cardioprotective
mechanisms. Unfortunately, in trials of adenosine, it
only marginally improved infarct size and showed no
clinical benefits.”® We hypothesised that treatment with
atrial natriuretic peptide and nicorandil in the acute
phase might prove more effective than chronic-phase
treatment for limitation of infarct size. The first window
of ischaemic preconditioning is mediated by opening of
the KATP channel,* which is the mechanism of action of
nicorandil; and the second window is mediated by nitric
oxide and activation of G kinase, which is the mechanism
of action of atrial natriuretic peptide.

Before this clinical trial, we had tested whether atrial
natriuretic peptide could limit infarct size in a canine
model in which the left anterior coronary artery was
ligated for 90 min, followed by 6 h of reperfusion.
Treatment with atrial natriuretic peptide reduced infarct
size by about 40% after reperfusion (unpublished data).
Our results are consistent with the finding of Hayashi
and coworkers® that infusion of atrial natriuretic peptide
immediately after reperfusion in patients with their first
anterior acute myocardial infarction increased left
ventricular ejection fraction.
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