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Abstract

One of the major limitations of reperfusion therapy in acute myocardia in-

farction (AMI) is the presentation of no-reflow phenomenon. In 25 to 30% of
patients with AMI, myocardial blood flow is occasionally profoundly reduced,
even after coronary recanalisation, because of microvascular dysfunction -
so-called no-reflow phenomenon. Patients with this phenomenon are regarded as
ahigh risk group among patients with reperfused AMI.

Clinical studies using myocardial contrast echocardiography have demon-
strated that intracoronary injection of calcium antagonists or potassium channel
agonistsin conjunction with coronary reperfusion can augment myocardial blood
flow and that this was associated with better functional and clinical outcomes
than with percutaneous transluminal coronary angioplasty aone. Thus, it is pos-
sible to prevent reperfusion injury and improve cardiac function using a adjunc-
tive pharmacological intervention, either intravenously or by infusion directly
into the coronary artery.

1. No-Reflow Phenomenon in the
Clinical Setting

Coronary reperfusion using thrombolysis and/
or percutaneous coronary angioplasty (PTCA) has
been established as an essential therapy of acute
myocardial infarction (AM1).[%-31 However, weand
other investigators have documented that myocar-
dial blood flow isoccasionally profoundly reduced
even after coronary recanalisation.!1% Thissevere

microvascular dysfunctioniscalled no-reflow phe-
nomenon. Our studies with myocardial contrast
echocardiography (MCE) documented that sub-
stantial no-reflow phenomenon is observed in 25
to 30% of reperfused patients. The no-reflow phe-
nomenon is associated with profound and broad-
spectrum myocardial damage, poor functional out-
comes, progressive left ventricular dilation and a
high frequency of post-AMI complications.[7-10]
Therefore, patients with this phenomenon can be
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regarded as high-risk group among reperfused pa-
tients.

2. Study Protocol to Define
No-Reflow Phenomenon

To define no-flow phenomenon in a patient, we
have used the following protocol which we de-
scribeto clarify the no-flow phenomenon. Each pa-
tient with AMI rested in the supine position. On
completion of diagnostic coronary angiography and
contrast ventricul ography, 2ml of sonicated ioxagr-
ate (Hexabrix-360, Tanabe) containing sonicated
microbubbles (mean size 12um isinjected into the
left main coronary artery for MCE before and after
reperfusion.[”8] In our studies, we initiated imaging
of the apical long-axis and parasternal short-axis
views using a commercially available mechanical
sector. Images recorded on videotape were ana-
lysed using acommercially available off-line com-
puter system. The patients were divided into 2
groups based on the pattern of contrast enhancement
in the risk area by MCE performed after reperfu-
sion. The presence or absence of residual contrast
defect was the only criterion for patient classifica-
tion. The measurement used to assess reperfusion
was a risk area-length ratio: ratio = (endocardial
length of residual contrast defect after reperfusion
= no reflow area)/(endocardial length of residual
contrast defect before reperfusion = risk area).
When this length ratio exceeded 0.25, it was con-
sidered indicative of incomplete myocardial reper-
fusion, the pattern we call no-reflow phenomenon.
Recently, Lepper et al [ reported that intravenous
M CE could be used to define perfusion defects af -
ter AMI. Patientsin this study underwent MCE with
NC100100 with intermittent harmonic imaging.

3. Treatment of No-Reflow Phenomenon

Several studies have attempted to attenuate the
ischaemic myocardial damage or microvascular
dysfunction with pharmacological intervention. In
a canine study, Stahl et al.['? demonstrated that
post-ischaemic myocardia function could be en-
hanced by augmentation of blood flow with the
intravenous administration of vasodilators. Babbit
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et al.[13 demonstrated that intracoronary adminis-
tration adenosine attenuated microvascular dys-
function and augmented myocardia blood flow
after reperfusion in a canine model. Thiswas asso-
ciated with an improvement in post-ischaemic
myocardial function.

In 236 patients with AMI, Mahaffey et al.[14
demonstrated that the intracoronary administration
of adenosine enhances functional improvement
compared with a placebo control group. Finaly,
Marzilli et al.l® reported that adenosine 4mg in
2ml saline administered directly into the distal cor-
onary vascular bed in 54 patients during primary
PTCA ameliorated flow, prevented the no-reflow
phenomenon, improved ventricular function, and
was associated with a more favourable clinica
course versus controls.

These data indicate that augmentation of myo-
cardial blood flow with pharmacological interven-
tion is possible and seems to be associated with
favourable functional outcomes.

4. Role of Calcium Antagonists

Theroux et al.[18 reported that intravenous dil-
tiazem reduced mortality, reinfarction or recurrent
ischaemia and prevented the need for an urgent in-
tervention, but had no effect on coronary artery pa-
tency or left ventricular function and perfusion in
39 patientswith AMI. After coronary intervention,
a significant number of patients showed angio-
graphical slow flow. Piana et al.[*] reported that
intracoronary verapamil can rapidly augment cor-
onary blood flow, possibly as aresult of the rever-
sal of microvascular spasm.

The impact of calcium antagonists on myocar-
dial blood flow and its functional outcomes re-
mains unknown in patients with AMI.

In our study,!18! using the protocol described in
section 2 we examined the impact of intracoronary
verapamil on myocardial perfusion in relation to
functional outcomes.[*8l We administered intra-
coronary verapamil 0.5mg shortly after PTCA in
20 patients with AMI. 20 patients with reperfused
AMI served as the control group. We performed
M CE with intracoronary injection of microbubbles
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before and after intracoronary injection of verapa-
mil in order to verify the direct effect of verapamil
on post-ischaemic microvascular function. In the
verapamil group, even though a no- or low-reflow
zone was present within the risk area after PTCA,
its size substantially decreased with intracoronary
verapamil. The low-reflow ratio decreased signif-
icantly from 0.39 + 0.23t0 0.29 + 0.17 (p < 0.05)
after verapamil. And the number of frames re-
quired from the initiation of contrast injection to
the opacification of the distal landmark signifi-
cantly decreased from50+ 15t041 + 14 (p < 0.05)
after verapamil. The magnitude of the reductionin
wall motion score index, calculated as an average
of segmental scores (dysnesia/akinesia = 3 to nor-
mal = 0) of 17 segments, from day 1 to day 24 was
significantly greater in the verapamil group thanin
the control group (0.7 + 0.8vs0.2 + 1.3, p < 0.05).

These data indicate that intracoronary verapa-
mil after coronary angioplasty can attenuate micro-
vascular dysfunction and thereby augment myo-
cardial blood flow in patientswith AMI, leading to
abetter functional outcome than with PTCA alone.

5. Role of Potassium Channel Agonists

Potassium channel agonists, or adenosinetriphos-
phate (ATP)-sensitive potassium channel (KATP)
openers, are another interesting class of drug with
potential inthe adjunctivetreatment of AMI. Nico-
randil isahybrid of a KATP opener and nitrate. In
acanine study, Kitakaze et al.[*¥! documented that
nicorandil mimics the effect of ischaemic precon-
ditioning. In patients with AMI, Sakata et al.[2%
reported that the single intracoronary administra-
tion of nicorandil 2mg after angioplasty improves
microvascular function. This was associated with
more improvement in post-ischaemic myocardial
function compared with the untreated control
group.

The mechanisminvolved in the salutary actions
of nicorandil are not known for certain. The con-
tribution of reducing preload and afterload, anti-
free radical and neutrophil-modulating properties,
the opening of KATP channels and the vasodilata-
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tion of the small coronary arteries have all been
postul ated.

Despite the experimental studies suggesting
nicorandil mimics the ischaemic preconditioning
effect, the salutary effect of intracoronary nicorandil
administered just after reperfusionin clinical stud-
ies has not been as strong. Therefore, since nico-
randil was administrated before reperfusion in the
canine model, we thought that it would be better to
start administration of nicorandil before coronary
reperfusion in our clinical study as well.

Recently, we studied the impact of the intrave-
nous nicorandil in conjunction with coronary an-
gioplasty on myocardial perfusion and clinical and
functional outcomes.[21] In the treatment group (n
= 41), we administered a bolus injection of nico-
randil 4mg just after thediagnosisof AMI followed
by a continuous infusion at least for 24 hours at a
rate of 6 mg per hour. The results were compared
with a placebo control group (n = 40). The magni-
tude of decreasein wall motion score (6 +5vs3 +
4, p < 0.05) and increase in regional wall motion
was significantly greater in nicorandil group (0.7
+ 0.5vs 0.2 £ 0.7, p < 0.05). The frequencies of
post-AMI complications, including ventricular
tachycardia (VT), ventricular fibrillation (Vf),
early heart failure (HF; within 3 days after infarc-
tion), late HF (beyond the third day after infarc-
tion) and in-hospital death were all significantly
lower in nicorandil group compared with the con-
trol group (VT or VT 5vs 20%, p < 0.05; early HF
15 vs 37%, p < 0.05; late HF 3 vs 12%, p < 0.05;
in-hospital death 0 vs 10%, p < 0.05). The fre-
quency of sizable MCE no-reflow phenomenon
was significantly lower in the nicorandil group
than in the control group (control vs nicorandil, 33
vs 15%, p < 0.01) at the acute stage. These data
indicate that the augmentation of blood flow with
intravenous nicorandil is associated with signifi-
cantly better functional and clinical outcomes.

Administration of nicorandil before reperfusion
may be an important factor in its effective use. If
the no-reflow phenomenon is already established,
nicorandil is hardly delivered into no-reflow zone,
even though it is delivered by intracoronary injec-
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tion. In an experimental study, Villaneuvaet al.[22
documented that the size of no reflow varies with
timeinterval after reperfusion. The size of no-reflow
is minimal at the moment of coronary reperfusion
and it increases until 15 minutes after reperfusion
at which point we usually evaluate the presence or
absence of this phenomenon in the clinical setting.
This indicates that myocardial blood flow may
have been present at the moment of reperfusion
even in the final no-reflow zone. In such an in-
stance, nicorandil may be effectively delivered to
the post-ischaemic microvascul ar bedsin the blood
flow at reperfusion, if it is administered prior to
reperfusion. In addition, nicorandil may al so bede-
livered to the risk area by collateral flow before
coronary reperfusion.

6. Potential of Other Drugs

Other drugs that have a cardioprotective func-
tion and have been examined in patientswith AMI.
Rawischer et al.[23 and Brener et a.[24 reported
that abciximab [a glycoprotein (GP)I1a/ll1b inhib-
itor] improves coronary blood flow after PTCA.
Abciximab may inhibit platelet aggregation and
possibly thrombus formation in coronary micro-
vasculature, thereby reducing the obstruction to
coronary blood flow and the degree of ischaemia.
Woods et al.[2528] reported in the Leicester Intrave-
nous Magnesium Intervention Trial (LIMIT)-2
study, that treatment with intravenous magnesium
administered before reperfusion attenuated the
progression of myocardial necrosisin patientswith
AMI. They claimed magnesium would attenuate
reperfusion injury and calcium over loading. In
contrast, the International Studies of Infarct Sur-
vival (1S1S)-4 study did not reach the same result;
however, in this study, magnesium was adminis-
tered after reperfusion.[?”] In addition, Herog et
al.[28] has claimed that the reason why the two clin-
ical studies had different results with regard to the
effect of magnesium, is that the treatment of mag-
nesium needs to be started before reperfusion rather
than after reperfusion, and has shown this in the
canine model. Forman et al.[?% reported that intra-
coronary infusion of perfluorochemical emulsion
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(40 ml/min for 30 minutes) could prevent reperfu-
sion injury in patients with AMI because it may
attenuate the activity of neutrophilsand prevent the
infiltration of neutrophilsto the risk area. Finally,
Buerke et al.[3% and Rupprecht et al.[31 reported
that intravenous Na*/H* exchange inhibition could
be of benefit to prevent reperfusion injury in pa-
tientswith acute anterior M1 treated with direct an-
gioplasty because it may attenuate Ca2* influx into
cardiomyocytes.

7. Conclusion

Overall, several clinical studies have demon-
strated that it is possible to prevent reperfusion
injury and improve cardiac function with pharma-
cological intervention, with infusion of a car-
dioprotective agent directly into coronary artery
or intravenously in patients with AMI. We should
not be satisfied with coronary recanalisation. We
should attempt to prevent microvascular injury and
to preserve microvascular function with the ad-
junctive pharmacological treatment in patients
with AMI.
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