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Impaired coronary flow reserve immediately after
coronary angioplasty in patients with acute
myocardial infarction
Masaharu Ishihara, Hiakaru Sato, Hironobu Tateishi, Takuji Kawagoe,
Mitsuisa Yoshimura, Yuji Muraoka

Abstract
Objective-To examine coronary flow

reserve immediately after emergency

coronary angioplasty in patients with
acute myocardial infarction.
Design-A 3 F coronary Doppler

catheter was used to measure coronary

blood flow velocity in the infarct artery
and in the non-infarct artery. Maximal
hyperaemia was produced by 10 mg of
intracoronary papaverine and coronary

flow reserve was calculated.
Patients-l patients with acute

myocardial infarction undergoing both
emergency coronary angioplasty (4 7
(3 6) h after the onset of chest pain
(mean (SD))) and at follow up catheter-
isation 16 (4) days after angioplasty.
Setting-Hiroshima City Hospital.
Results-There was no stenosis of

) 50% in the coronary artery of interest.
Immediately after coronary angioplasty
the mean (1 SD) coronary flow reserve of
the infarct artery was significantly less
than that of the non-infarct artery (1-4
(0 4) v 2-8 (0 8), p < 0 001). At follow up

catheterisation the coronary flow reserve

of the infarct artery increased almost to
the value of the non-infarct artery (2-8
(1-2) v 3-1 (0-8) p = NS).
Conclusion-The coronary flow reserve

in the infarct region was severely
impaired immediately after reperfusion,
even with a widely patent infarct artery.
This could restrict the beneficial effects of
reperfusion therapy, especially when
there is a severe residual stenosis.
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Coronary reperfusion during early hours after
the onset of acute myocardial infarction can

salvage jeopardised myocardium, improve
ventricular function, and enhance survival.'2
Though emergency coronary angioplasty for
acute myocardial infarction achieves recanal-
isation of the infarct artery by achieving
minimal residual stenosis,3 previous animal
studies have shown that coronary flow reserve

in the infarct region is much reduced during
reperfusion after coronary artery occlusion45
and it may not be possible to increase coron-

ary blood flow sufficiently to revitalise poten-
tially viable myocardial tissue.
With the coronary Doppler catheter it is

possible to measure coronary blood flow

velocity in the basal state and after a
vasodilator stimulus and calculate the coron-
ary flow reserve in a target artery of the human
heart.67 Using this technique we assessed
coronary flow reserve immediately after
emergency coronary angioplasty in patients
with acute myocardial infarction.

Patients and methods
PATIENTS
We examined coronary flow reserve in 11
patients (10 men and a woman, 53 (14) years
(mean (SD))) with acute myocardial infarction
undergoing both emergency coronary angio-
plasty and follow up cardiac catheterisation.

Chest pain consistent with ongoing myo-
cardial ischaemia that persisted for > 30 min-
utes and caused at least 1 mm ST elevation
in at least two leads was diagnosed as acute
myocardial infarction. Each patient underwent
emergency cardiac catheterisation within 12
hours of the onset of symptom (4 7 (3 6) h).
Creatine kinase was measured every three
hours after hospital admission and peak serum
creatine kinase concentration was more than
twice of the upper limit of the normal range
(3127 (1330) IU/l).

Informed consent was obtained from each
patient and their next of kin for the coronary
Doppler measurement and intracoronary
papaverine injection. This study was approved
by the hospital ethics committee.

CARDIAC CATHETERISATION AND CORONARY
ANGIOPLASTY
In all patients the femoral approach was used
for ventriculography and coronary angio-
graphy. After vascular access was obtained
5000 units of heparin was administered. Left
ventriculography was performed in the 30°
right anterior oblique projection and the left
ventricular ejection fraction was calculated by
the area-length method.8 The left ventricular
end diastolic pressure was measured via a pig-
tail catheter before ventriculography. Coron-
ary angiography was performed in multiple
projections. At initial angiography each patient
had an occluded infarct artery (seven left
anterior descending artery and four left cir-
cumflex artery) and no other coronary artery
disease, which was defined as 50% narrowing of
the luminal diameter of a major vessel or a
major branch. Five patients had collateral cir-
culation supplying the infarct artery. After
initial angiography, 0-5 mg of glyceryl trin-
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itrate was infused into the left coronary ostium
and tissue plasminogen activator was infused
intravenously for over 60 minutes. After
thrombolysis, an additional 5000 units of
heparin was administered and coronary angio-
plasty was performed in a conventional man-
ner, with a balloon with the same diameter as
adjacent, non-diseased arterial segments. After
coronary angioplasty, there was no significant
residual stenosis (21 (13)%). The percentage
diameter stenosis was measured with handheld
callipers.9

MEASUREMENTS OF CORONARY BLOOD FLOW
VELOCITY (FIG 1)
After the final balloon inflation 5000 units of
heparin was administrated and the coronary
Doppler study was performed. The coronary
blood flow velocity was measured with a 3 F
coronary Doppler catheter (Millar Mikro-Tip
20 MHz Doppler catheter, model DC-101) in
the left anterior descending artery and circum-
flex artery. The Doppler catheter was placed
through an 8 F angioplasty guiding catheter
over a 0 014 inch guide wire placed distally in
the selected artery.7 Doppler flow measure-
ments were made first in the non-infarct artery.
After stable signals of baseline coronary blood
flow velocity were obtained, 10 mg of
papaverine hydrochloride (1 mg/ml 0 9%
saline) was injected through the guiding cath-
eter into the left coronary ostium and a contin-
uous recording was obtained throughout the
peak hyperaemic response for at least five
minutes.'0 After the coronary blood flow
velocity had returned to the baseline value the
Doppler catheter was advanced into the infarct
artery and positioned immediately proximal to
the infarct lesion. Again the baseline and
hyperaemic coronary blood flow velocities were
measured in the infarct artery.

Mean and phasic signals of coronary blood
flow velocity, arterial pressure obtained via the
guiding catheter, and the electrocardiogram
were continuously recorded on a multichannel
direct-writing recorder.

FOLLOW UP CARDIAC CATHETERISATION AND
MEASUREMENTS OF CORONARY BLOOD FLOW
VELOCITY
Catheterisation was performed 10 to 22 days
(16 (4) days) after emergency coronary angio-
plasty. All vasodilators were stopped at least
24 hours before the catheterisation. Left
ventriculography, coronary angiography, and
measurements of baseline and hyperaemic
coronary blood flow velocity were obtained as
before. No patient had developed reocclusion
of the infarct artery and residual stenosis was
< 50% (22 (12)%).

CORONARY FLOW RESERVE ANALYSIS
Coronary flow reserve was calculated as the
quotient of mean hyperaemic coronary blood
flow velocity and mean baseline coronary blood
flow velocity.

STATISTICAL ANALYSIS
Statistical analysis was performed with the
paired t test. A p value of < 0 05 was used to
define statistical significance. All group data
were shown as mean (1 SD).

Results
HAEMODYNAMIC DATA
The table shows the systemic haemodynamic
data. Heart rate was significantly higher
immediately after coronary angioplasty than at
the subsequent catheter study. There was no
significant difference in other haemodynamic
factors between the two study periods.

A

Non-infarct artery Papaverine 10 mg

B

Infarct artery Papaverine 10 mg
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Figure 1 Typical recordings obtained immediately after coronary angioplasty. (A) After an intracoronary injection ofpapaverine (10 mg) mean
coronary bloodflow velocity (CBFV) in the non-infarct artery rose to 3 9 times the resting velocity. (B) Intracoronary papaverine (10 mg)
increased mean coronary bloodflow velocity in the infarct artery by only 30%. The coronaryflow reserve (CFR) of the infarct artery was 1 3. ECG,
electrocardiogram.
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Table Haemodynamic data (mean (ISD) immediately after coronary angioplasty and atfollow up catheterisation

MAP (mm Hg) HR (bpm)
LVEDP LVEF

NIA IA NIA IA (mm Hg) (%)

Immediately after coronary angioplasty 95 (10) 93 (10) 75 (14) 78 (13) 23 (5) 50 (14)
At follow up 90 (14) 91(15) 69 (10) 71(10)* 21(5) 52 (11)

HR, heart rate; IA, infarct artery; LVEDP, left ventricular end diastolic pressure; LVEF, left ventricular ejection fraction; MAP,
mean arterial pressure; NIA, non-infarct artery.
*p = 0 046 versus immediately after coronary angioplasty.

Additionally, mean arterial pressure and heart
rate were similar immediately before Doppler
measurements in the infarct artery and the
non-infarct artery.

CORONARY BLOOD FLOW VELOCITY AND
CORONARY FLOW RESERVE
Intracoronary papaverine given immediately
after coronary angioplasty caused a significant
but small increase in mean coronary blood flow
velocity ofthe infarct artery (from 15-6 (1 1-5) to
20-6 (13-5) cm/s, p = 0-016). The increase in
mean coronary blood flow velocity was more
pronounced in the non-infarct artery (from 8 2
(5 5) to 19 4 (8 1) cm/s, p < 0 001). The coron-
ary flow reserve of the infarct artery was sig-
nificantly less than that ofthe non-infarct artery
(1 -4 (0 4) v 2-8 (0 8), p < 0 001).
At the subsequent catheter study intracoron-

ary papaverine significantly increased mean
coronary blood flow velocity in both the infarct

P < 0.001

P =00002

artery (from 11-3 (49) to 29-4 (10-9) cm/s,
p < 0OQ01) and the non-infarct artery (from
6-9 (3 7) to 19-1 (6 9) cm/s, p < 0 001). The
coronary flow reserve of the infarct artery was
similar to that of the non-infarct artery (2-8
(1 2)v31 (0-8)).

Figure 2 shows changes in coronary flow
reserve in individual patients between the two
study periods. The coronary flow reserve of
the infarct artery increased from 1-4 (0 4)
immediately after coronary angioplasty to 2-8
(1-2) at the subsequent catheter study
(p = 0 002). In contrast, the coronary flow
reserve of the non-infarct artery was un-
changed.

Discussion
We examined coronary flow reserve
immediately after coronary angioplasty in
patients with acute myocardial infarction. We
found that immediately after coronary angio-
plasty, coronary flow reserve in the distribution
of a widely patent infarct artery was severely
impaired and that a few weeks later it had
increased to that of the non-infarct artery.

I

Immediately after
coronary angioplasty

At follow
up

Immediately after At follovy
coronary angioplasty up

Non-infarct artery

Figure 2 Coronaryflow reserve shown for each patient immediately after corona

angioplasty and at the follow up catheterisation study.

HAEMODYNAMIC FACTORS
In the current study, heart rate was significantly
higher immediately after coronary angioplasty
than 10-22 days later. Increases of heart rate
augment coronary blood flow and it was pos-
sible that such haemodynamic factors could
have influenced the measured coronary flow
reserve.'1 Indeed, in the current study, the
mean baseline coronary blood flow velocity of
both the infarct artery and the non-infarct
artery was slightly higher immediately after
coronary angioplasty than 10-22 days later.
This is why we designed this study so that the
non-infarct artery could be used as an internal
control.

PREVIOUS STUDIES
Coronary haemodynamic indices during reper-
fusion have been extensively investigated in
animal models of a coronary occlusion followed
by reperfusion.45 Bloor and White4 showed
that hyperaemic coronary flow in the infarct
region was significantly decreased after two
hours of reperfusion and gradually returned to
almost the pre-occlusion control values during
96 hours of reperfusion. Parker et al5 showed

v that during 15 minutes of reperfusion coronary
blood flow in the infarct region in dogs was
unchanged from that in the non-infarct region,
and minimal coronary vascular resistance, cal-

ry culated from arterial pressure and hyperaemic
coronary blood flow, rose. They also reported
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that the responsiveness of the reperfused
coronary vasculature to vasodilator agents,
including intracoronary papaverine, was lower
than that in the normal coronary vasculature.'2
Our results in human subjects confirm these
experimental reports.

POSSIBLE MECHANISMS OF IMPAIRED CORONARY
FLOW RESERVE IMMEDIATELY AFTER EMERGENCY
CORONARY ANGIOPLASTY FOR ACUTE
MYOCARDIAL INFARCTION
The decreased coronary flow reserve of the
infarct artery immediately after coronary
angioplasty indicates an increase in the passive
resistance in the reperfused vascular bed. The
increased passive vascular resistance could be
attributed to changes in the adjacent myocar-
dium that tend to increase the extravascular
pressure. The acute development of intra-
cellular and interstitial oedema in the reper-
fused region has been described and this
oedema could increase extravascular pressure
and limit coronary blood flow." 4

Also the increase in passive vascular resis-
tance could result from occlusion of the
microcirculation. It has been shown that flow
may not return to all portions of the previously
ischaemic tissue after a coronary occlusion is
opened. This condition has been termed the
"no-reflow" phenomenon.'5 The no-reflow
phenomenon could reduce the extent of the
coronary vascular bed, and so decrease the
coronary flow reserve. The pathogenesis of the
no-reflow phenomenon is not well understood.
Proposed mechanisms include direct ischaemic
microvascular injury with endothelial cell
swelling,'6 increased vasomotor tone,'7 and
microvascular obstruction by leucocyte plug-
ging'8 or thrombi.'9

In addition, augmented baseline coronary
blood flow with resetting of autoregulatory
mechanisms after coronary angioplasty could
account for an impaired coronary flow reserve.
However, it was unlikely to be a main reason
why coronary flow reserve of the infarct artery
was severely impaired because there was no
significant difference in baseline mean coronary
blood flow velocity ofthe infarct artery between
the two study periods.

STUDY LIMITATIONS
Because the 3 F coronary Doppler catheter
measures blood flow velocity rather than blood
flow, changes in the vascular cross sectional area
at the site ofthe catheter could alter the relation
between blood flow and flow velocity.20 It was
shown, however, that papaverine did not alter
coronary diameter in vessels previously treated
with glyceryl trinitrate." Another limitation of
this catheter is that it measures only relative
blood flow velocity-that is, only changes in
coronary blood flow velocity.

Because we always measured coronary blood
flow velocity in the non-infarct artery first, the
differences between vessels might have been
affected by the injection of two doses of
papaverine into the infarct artery. Wilson and
White showed that the hyperaemic period
produced by intracoronary papaverine was
sufficiently short lived to allow multiple

measurements ofcoronary flow reserve within a
short interval.'0 In our study the intervals
between the first and the second intracoronary
papaverine injection were long enough for
coronary blood flow velocity to return to
baseline level. Moreover, the mean arterial
pressure and heart rate immediately before the
Doppler flow measurement of the infarct artery
were similar to those of the non-infarct artery.

Because we studied a small group the
measured coronary flow reserve could have
been influenced by the left ventricular ejection
fraction, peak creatine kinase concentration,
time to reperfusion, or presence of collateral
circulation.

CLINICAL IMPLICATIONS
The fact that acute myocardial infarction
results in an impaired coronary flow reserve in
the distribution ofa widely patent infarct artery
implies that even after successful reperfusion it
may not be possible to increase coronary blood
flow sufficiently to revitalise potentially viable
myocardial tissue.5 This may restrict the ben-
eficial effects of reperfusion therapy, especially
if a stenosis is severe.2' In addition during
reperfusion, coronary vasodilatation may not
increase coronary blood flow in the infarct
region and this may cause redistribution of
coronary blood flow from the infarct artery to
the non-infarct artery.22 Whether this impaired
coronary flow reserve during reperfusion can
be counteracted by treatment and whether
this would result in less myocardial damage
remains to be investigated.
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