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Abstract
Objective—To investigate whether coronary stenting limits myocardial injury and preserves left
ventricular function.
Design and setting—Prospective multicentre case–control study of primary percutaneous
transluminal coronary angioplasty (PTCA) with and without stenting, performed in seven
cardiovascular centres.
Subjects and methods—45 consecutive patients with acute myocardial infarction who were
treated with successful primary stenting (Stent group) and did not have restenosis were paired
with 45 matched control subjects with acute myocardial infarction treated by successful primary
PTCA without stenting, also with no restenosis (POBA group).
Results—In comparison with the POBA group, the Stent group—especially those patients with
a left anterior descending coronary artery lesion—had a smaller hypokinesis area (mean (SD):
15.1 (20.0) v 34.4 (24.3) chords), reduced hypokinesis area/risk area (25.2 (31.9)% v 58.8
(40.1)%), and a larger ejection fraction (63.3 (10.2)% v 51.7 (11.7)%) evaluated by quantitative
left ventriculography using the centreline method. In the Stent group, the correlation between
risk area and hypokinesis area was significantly shifted downward. Multiple logistic regression
analysis on infarct size limitation (hypokinesis area/risk area < 50%) identified preinfarction
angina in all subjects and preinfarction angina and stenting in patients with left anterior descend-
ing coronary artery leasions as explanatory factors.
Conclusions—Primary PTCA using a coronary stent is eVective in preventing myocardial injury
and restoring left ventricular function in patients with anterior acute myocardial infarction.
(Heart 2000;84:515–521)
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Early revascularisation in acute myocardial inf-
arction by primary percutaneous transluminal
coronary angioplasty (PTCA) has been shown
to limit infarct size and improve the
prognosis.1–10 However, the incidence of rest-
enosis of the infarct related artery is estimated
to be as high as 40–50%, and the incidence of
major adverse events related to recurrent
ischaemia—such as death, reinfarction, and
repeated target vessel revascularisation—has
been reported to be as high as 30% in previous
studies.8–10 Furthermore, postischaemic micro-
vascular incompetence, possibly reflecting par-
tial occlusion of the infarct related artery, distal
embolism of platelet aggregates formed at
dilated plaques, or microvascular reperfusion
injury during early reperfusion period, may still
compromise myocardial perfusion after revas-
cularisation of the epicardial coronary arteries,
and it has been suggested that this is a clinical
limitation of primary PTCA.11 12

Though thrombus formation in the stent has
been considered a theoretical risk in elective
coronary stent placement,13 unplanned stent-
ing of the infarct related artery in cases with
suboptimal or poor angiographic coronary flow
has been reported to be a safe and feasible
treatment option, with a good clinical outcome
associated with a reduced rate of restenosis and
related major adverse events.14–16 Prospective
randomised trials of primary stenting in acute
myocardial infarction have shown a reduced
incidence of cardiac events associated with

recurrent ischaemia, and a lessening of angio-
graphic restenosis or occlusion of the infarct
related artery.17–19

A recent coronary blood flow study of
elective PTCA in stable angina, using intravas-
cular ultrasound imaging and a Doppler guide
wire,20 has shown that the coronary vasodilator
reserve is significantly increased after stenting,
independently of the angiographic outcome.
Thus primary stenting of the infarct related
artery might have a beneficial eVect not only in
preserving the coronary vasodilator reserve but
also in preventing myocardial injury, restoring
left ventricular function, and preventing heart
failure in the postinfarction period.

To test the eVects of primary stenting on the
prevention of myocardial injury and the resto-
ration of left ventricular function in acute myo-
cardial infarction, we performed a comparative
case–control study between successful cases of
primary PTCA with and without stenting in
seven cardiovascular centres involved in the
NORTH (network of revascularisation therapy
in Hokkaido) investigations.

Methods
PATIENT POPULATION

Forty five consecutive patients with acute myo-
cardial infarction treated by successful and
uncomplicated primary stenting (Stent group)
and who did not have restenosis were prospec-
tively enrolled between January 1996 and
December 1998.
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The inclusion criteria were as follows:
x an unequivocal diagnosis of acute myocar-

dial infarction on the basis of chest pain per-
sisting more than 30 minutes and less than
24 hours, ST segment elevation of at least
0.1 mV in two or more ECG leads, and an
elevation of creatine kinase;

x age under 80 years;
x successful primary PTCA, defined as a

residual stenosis < 50% with TIMI (throm-
bolysis in myocardial infarction) grade 3
flow.21

The exclusion criteria were as follows:
x presence of mechanical complications, such

as ventricular septal perforation, cardiac
rupture, or papillary muscle rupture;

x postinfarction cardiogenic shock or uncon-
trollable congestive heart failure;

x angiographic restenosis of the infarcted ves-
sel, defined as > 50% diameter stenosis, or
cardiac event including abrupt closure dur-
ing the follow up period;

x presence of cardiogenic shock or the need for
urgent intra-aortic balloon pumping before
primary coronary angioplasty,

x previous coronary artery bypass grafting, or
recent (within six months) coronary inter-
vention;

x surgical and repeat non-surgical revasculari-
sation of the infarct related artery;

x left main coronary artery stenosis > 50%.
The controls were 45 patients with acute

myocardial infarction treated by successful
(optimal) primary PTCA without stenting
(plain old balloon angioplasty (POBA) group);
they were also prospectively enrolled from each
institute and were paired with the patients in
the Stent group. The controls were closely
matched to the Stent group in terms of age,

month of revascularisation (between January
1996 and December 1998), angiographic find-
ings (vessel numbers involved, collateral grade
before revascularisation, and infarct related
coronary artery), and inclusion/exclusion crite-
ria. If Stent group patients fulfilled the
exclusion criteria mentioned above owing to
restenosis and cardiovascular complications,
both patients were excluded from the study.

All patients in the Stent and POBA groups
had an infarct related artery with a reference
diameter of > 2.5 mm. While all the target
lesions were carefully examined retrospectively
by HS and KT for their suitability for stent
deployment, using previously validated
criteria,17 selection for stenting was non-
randomised. Bailout stent cases following sub-
optimal results or massive dissection after
primary PTCA were not included in the Stent
group. A coil stent was used in eight cases
(Wiktor in six, GR-II in two), and a rigid stent
in 37 cases (Palmatz-Schatz in 15, Multi-link in
12, GFX in 10). The diameter of the stent was
at least 3.0 mm in all cases.

During the acute intervention, heparin
(150 units/kg) was given intravenously, and
this was continued in a maintenance dose of
150 units/kg/day for three days after angio-
plasty; subsequently oral aspirin (81 mg/day)
was prescribed in all cases. In subjects with
stenting, the antiplatelet agent ticlopidine
(200 mg/day) was given throughout the study
to prevent abrupt thrombotic closure. Warfarin
administration was indicated in 10 subjects in
the Stent group and 10 in the POBA group.

CLINICAL CHARACTERISTICS

The clinical characteristics of the subjects are
summarised in table 1. These included coron-
ary risk factors (hypertension, hyperlipidaemia,
diabetes mellitus, smoking), preinfarction an-
gina (defined as chest pain episodes limited to
the 48 hours before infarction), Killip classifi-
cation on admission, time from symptom onset
to revascularisation, peak creatine kinase value,
and drug treatment given after admission
(angiotensin converting enzyme (ACE) inhibi-
tors, calcium antagonists, nitrates, and â
blockers).

QUANTITATIVE CORONARY ANGIOGRAPHY

Quantitative coronary angiography of the
infarct related artery was performed with a
contrast filled catheter as a reference. The
diameters of the normal segments proximal
and distal to the treated area were averaged to
determine the reference diameter. The mini-
mum lumen diameter and the percentage
diameter stenosis were calculated by single
plane, worst view angulation. Collateral flow
was graded from the initial angiography
according to the scale described by Rentrop
and colleagues,22 as follows: grade 3, complete
filling of the epicardial segment; grade 2,
partial filling of the epicardial segment; grade
1, filling of side branches without visualisation
of the epicardial segment; grade 0, no collater-
als.

Table 1 Clinical and angiographic characteristics of the study groups

Stent (n=45) POBA (n=45) p Value

Age (years) 62.1 (11.0) 61.4 (10.9) 0.762
Sex (male) 35 (78%) 32 (71%) 0.629
Coronary risk factors

Hypertension 20 (44%) 24 (53%) 0.527
Hyperlipidaemia 20 (44%) 11 (24%) 0.076
Diabetes mellitus 12 (27%) 12 (27%) 0.812
Smoking 27 (60%) 29 (63%) 0.828

Previous MI (LAD/RCA/LCx) 4 (2/1/1) 1 (0/0/1) 0.357
Preinfarction angina 23 (51%) 29 (63%) 0.286
Killip class > II 6 (11%) 3 (7%) 0.482
Coronary angiography

Infarct related artery (LAD/RCA/LCx) (20/20/5) (20/20/5) 1
Lesion numbers (SVD/DVD/TVD) (34/10/1) (35/9/1) 0.967
Collateral grade (>2/<2) 15/30 15/30 0.823

Angioplasty
Time to reperfusion (h) 8.3 (9.4) 5.4 (4.5) 0.065
Postprocedural QCA

Reference (mm) 3.23 (0.32) 3.08 (0.36) 0.04
MLD (mm) 2.80 (0.60) 2.34 (0.29) 0.0001
% Diameter stenosis 13.6 (7.3) 24.0 (4.5) 0.0001

Follow up QCA
Interval (d) 28.1 (10.0) 28.0 (6.3) 0.955
Reference (mm) 3.28 (0.31) 3.12 (0.38) 0.031
MLD (mm) 2.74 (0.37) 2.36 (0.39) 0.0001
% Diameter stenosis 16.6 (7.6) 24.8 (6.1) 0.0001

Drug treatment
ACE inhibitor 18 (40%) 24 (53%) 0.291
Calcium antagonist 14 (31%) 12 (27%) 0.816
Nitrates 43 (96%) 38 (84%) 0.16
â Blockade 9 (20%) 8 (18%) 1

Values are mean (SD) or n (%).
ACE, angiotensin converting enzyme; DVD, double vessel disease; LAD, left anterior descending
coronary artery; LCx, left circumflex coronary artery; MI, myocardial infarction; MLD, minimum
lumen diameter; QCA, quantitative coronary angiography; RCA, right coronary artery; SVD, sin-
gle vessel disease; TVD, triple vessel disease.

516 Sasao, Tsuchihashi, Hase, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.84.5.515 on 1 N

ovem
ber 2000. D

ow
nloaded from

 

http://heart.bmj.com/


QUANTITATIVE ASSESSMENT OF REGIONAL WALL

MOTION

Regional wall motion of the left ventricle was
assessed by the centreline method,23 using con-
trast left ventriculography in the 30° right
anterior oblique projection, during the sub-
acute phase (mean (SD) time after onset of
infarction, 28 (8) days), at the same time as
follow up coronary angiography. The area of
myocardium at risk (risk area) was angi-
ographically defined as the area depicted on the
30° right anterior oblique projection that was
supplied by the infarct related coronary
artery.24 The proximal limit of the risk area was
taken from the “culprit” lesion—defined as
either the lesion associated with total occlusion
or thrombus, or the most proximal severe
stenosis. The distal limit of the risk area was
defined as the termination of the infarct related
artery, as viewed in the right anterior oblique
projection. The proximal and distal limits were
marked on the diastolic contour, and the
chords thus encompassed were described as
the risk area. In subjects with infarction caused
by a left circumflex coronary artery lesion, only
those with a dominant left circumflex artery
were included.

Reference values were derived from 50 angio-
graphically normal control subjects investi-
gated in our laboratory, who were considered
to have normal left ventricular function.
Regional wall motion abnormality, or hypokine-
sis area, was defined as chord numbers with
depression of regional shortening to < −1 SD
of the control values. Left ventricular ejection
fraction was calculated by the area–length
method. The mean (SD) chord values of the
risk area were quantified as a regional function
of the risk area.

SINGLE PHOTON EMISSION COMPUTED

TOMOGRAPHY IMAGING

Myocardial perfusion single photon emission
computed tomography (SPECT) with
thallium-201 (74–111 MBq) or technetium-
99m-tetrofosmin (600–740 MBq) was per-
formed in the subacute phase (20.9 (10.4)
days) in 40 (89%) of the 45 patients in the
Stent group and in 39 (87%) of the 45 patients
in the POBA group. Myocardial uptakes on
perfusion SPECT were assessed visually by
three nuclear cardiologists using a four point
scoring system as follows: 0, normal; 1, mildly
reduced; 2, notably reduced; 3, perfusion

defect present in 19 left ventricular segments
on basal, middle, apical short axis, and long
axis slices. A defect score was calculated as the
summation of all the scores.

STATISTICAL ANALYSIS

All data are expressed as mean (SD). DiVer-
ences between mean values in the two groups
were compared using an unpaired t test.
Incidences between the two groups were com-
pared by the ÷2 test. Correlations between two
variables were determined using linear
regression analysis. DiVerences in regression
lines between the risk area and the hypokinesis
area in the two groups were tested for by analy-
sis of covariance for both intercepts and gradi-
ents.

To determine independent explanatory fac-
tors correlated with infarct size reduction, we
used an SPSS Advanced Statistics 6.1 package
for Macintosh (SPSS Japan). Multiple logistic
regression analysis was carried out after identi-
fication of significant factors on single logistic
regression analysis, using (a) all subjects and
(b) those with left anterior descending coron-
ary artery lesions. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated. We
included preinfarction angina (presence or
absence), method of primary PTCA (stenting
or POBA), revascularisation time (< 3 hours
or > 3 hours), collateral grade (> grade 2 or
< grade 2), per cent diameter stenosis (< 20%
or > 20%), and ACE inhibitor treatment
(taken after infarction or not) as factors in the
multiple logistic regression analysis.

Results
CLINICAL AND ANGIOGRAPHIC CHARACTERISTICS

Table 1 shows the clinical and angiographic
characteristics of the two groups. There were
no significant diVerences between them in
terms of age, sex, coronary risk factors, preinf-
arction angina, Killip classification, or drugs
taken after myocardial infarction. The distribu-
tion of the infarct related arteries was the same
in each group (left anterior descending, 20; left
circumflex, 5; right coronary, 20). There was
no significant diVerence in the number of sub-
jects with multivessel disease between the two
groups (11 in the Stent group, 10 in the POBA
group). In subjects with left anterior descend-
ing coronary artery lesions, proximal lesions
before the first septal branch were seen in 11
(55%) of the Stent group and in seven (35%) of

Table 2 Left ventricular function after myocardial infarction

All (n=45) LAD (n=20) Non-LAD (n=25)

Stent POBA Stent POBA Stent POBA

Time after reperfusion (days) 28.1 (10.0) 28.0 (6.3) 29.3 (11.7) 29.2 (5.6) 27.2 (8.6) 27.1 (6.7)
Volumetry analysis

Global ejection fraction (%) 61.4 (11.3) 56.8 (11.3) 63.3 (10.2) 51.7 (11.7)* 60.0 (12.1) 60.9 (9.3)
Regional function (SD/chord) −0.34 (1.59) −1.07 (1.58)* 0.28 (1.49) −1.30 (1.78)* −0.83 (1.52) −0.88 (1.40)

Infarct size analysis
Risk area (chords) 43.5 (12.2) 43.6 (14.3) 54.5 (5.8) 57.4 (6.3) 34.6 (7.9) 32.6 (7.8)
Hypokinesis area (chords) 17.6 (16.8) 24.8 (21.6) 15.1 (20.0) 34.4 (24.3)* 20.8 (15.1) 18.4 (17.3)
Hypokinesis area/risk area (%) 40.3 (34.8) 52.7 (39.8) 25.2 (31.9) 58.8 (40.1)* 51.9 (33.0) 47.8 (39.7)
Peak CK (IU/l) 2645 (1623) 2489 (1752) 1935 (1368) 2950 (1853) 2888 (1711) 2119 (1609)
Scintigraphic score 9.4 (6.4) 9.8 (7.0) 10.0 (7.0) 11.9 (8.7) 8.2 (3.8) 8.4 (5.2)

Values are mean (SD).
*Significantly diVerent from Stent group.
CK, creatine kinase; LAD, left anterior descending coronary artery lesion.
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the POBA group. There was no significant dif-
ference between the two groups in the number
of subjects who had previous myocardial
infarction (four in the Stent group, one in the
POBA group). Collateral grades between the
two groups were the same. The Stent group
had a longer time to reperfusion from symptom
onset than the POBA group (mean (SD)), at
8.3 (9.4) v 5.4 (4.5) hours (p = 0.065). The
incidence of very early revascularisation (< 3
hours after onset) was 7% in the Stent group
and 36% in the POBA group.

The Stent group had a significantly larger
reference diameter and minimum lumen diam-
eter and a smaller per cent diameter stenosis
than the POBA group, as determined by the
postprocedural and follow up quantitative cor-
onary angiography. In the Stent group, drug
induced rashes, bleeding complications requir-
ing blood transfusion, dopamine use, and

symptomatic heart failure at discharge (ex-
ceeding New York Heart Association func-
tional class II) occurred in 4.4%, 4.4%, 24.4%,
and 2.2%, respectively; the corresponding
values in the POBA group were 7.6%, 4.2%,
26.7%, and 2.0%.

LEFT VENTRICULAR FUNCTION AFTER

MYOCARDIAL INFARCTION

Table 2 shows the results of the analysis of left
ventricular function in the subacute phase. In
all subjects, the averaged SD/chord of the risk
area in the Stent group was smaller than in the
POBA group, but there were no significant dif-
ferences in left ventricular ejection fraction, risk
area, hypokinesis area, hypokinesis area to risk
area ratio, peak creatine kinase, or scintigraphic
score between the two groups. However, in
subjects with left anterior descending coronary
artery lesions, the Stent group had a lower
hypokinesis area and hypokinesis area to risk
area ratio, and a higher ejection fraction and
average SD/chord values of the risk area than
the POBA group. In subjects with lesions in the
other coronary arteries, there were no signifi-
cant diVerences in left ventricular ejection frac-
tion, average SD/chord values of the risk area,
risk area, hypokinesis area, hypokinesis area to
risk area ratio, peak creatine kinase, and scinti-
graphic score between the two groups.

There were significant correlations between
hypokinesis area and peak creatine kinase and
scintigraphic defect score (fig 1). Figure 2
shows the correlations between risk area and
hypokinesis area in the Stent and POBA
groups. Risk area was correlated with hypoki-
nesis area in both groups, and the regression
line between risk area and hypokinesis area in
the Stent group was shifted downward com-
pared with the POBA group. These findings
indicate that the ratio of hypokinesis area to
risk area in the Stent group was smaller than in
the POBA group. On the other hand, there
were no significant correlations between the
hypokinesis area to risk area ratio, minimum
lumen diameter, or per cent diameter stenosis.

Figure 1 Hypokinesis area on quantitative left ventriculography positively correlated with peak creatine kinase values
(peak CK, left panel) and scintigraphic scores (right panel).

70

50

30

–10

10

CK (IU/l)

H
yp

o
ki

n
es

is
 a

re
a 

(n
u

m
b

er
 o

f 
ch

o
rd

s)

0 2000 4000 6000 8000

POBA
Stent
Y = 0.006X + 5.2
p < 0.0001

A

70

50

30

–10

10

Scintigraphic score

0 10 20 30

POBA
Stent
Y = 1.879X + 3.4
p < 0.0001

B

Figure 2 Correlation between risk area and hypokinesis area in patients with primary
angioplasty with stenting (Stent, filled circles) and without stenting (POBA, empty circles). In
both the Stent group and the POBA group, there was a significant positive correlation between
the risk area and the hypokinesis area; however, the regression line in the Stent group
showed a downward shift, indicating a myocardial protective eVect of coronary stenting.
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MULTIPLE LOGISTIC ANALYSIS OF LEFT

VENTRICULAR FUNCTION

The hypokinesis area to risk area ratio is an
index of protection from myocardial injury. We
analysed separately those subjects with hypoki-
nesis area/risk area < 50% and > 50%. The
clinical and angiographic characteristics of
these two groups are shown in table 3.
Compared with a value of > 50%, subjects
with a value < 50% had a higher incidence of
preinfarction angina (73% v 45%, p = 0.013)
in all subjects, and both a higher incidence of
preinfarction angina (81% v 47%, p = 0.059)
and of stenting (67% v 32%, p = 0.057) in
subjects with left anterior descending coronary
artery lesions.

Single logistic regression analysis showed
that hypokinesis area/risk area < 50% was
significantly correlated with preinfarction an-
gina in all subjects, and with preinfarction
angina and stenting in the subjects with left
anterior descending coronary artery lesions,
but not with time to reperfusion (< 3 hours,
p = 0.2379), collateral grade (grade > 2,
p = 0.8369), per cent diameter stenosis
(< 20%, p = 0.0659), or ACE inhibitor treat-
ment (p = 0.4075). Multiple logistic regression
analysis showed that preinfarction angina
(p = 0.0189, OR = 3.260) in all subjects, and
preinfarction angina (p = 0.0399, OR = 4.896)
and stenting (p = 0.0391, OR = 4.486) in the
left anterior descending artery subjects were
the significant explanatory factors (table 4).

Discussion
Our study suggests that primary stenting in
anterior acute myocardial infarction is more
eVective in preventing myocardial injury and
restoring left ventricular function than POBA.

PRIMARY STENTING OF THE INFARCT RELATED

ARTERY IN ACUTE MYOCARDIAL INFARCTION

As in elective PTCA,13 bailout stenting of the
infarcted vessel has been reported to be feasible
and safe, with low rates of restenosis and major
adverse cardiac events.14–16 Prospective ran-
domised trials of primary stenting are now in
progress, and the FRESCO17 (Florence ran-
domised elective stenting in acute coronary
occlusions) and Zwolle19 trials have now docu-
mented lower restenosis rates when this is
done. However, there is no clear clinical
evidence of cardioprotective eVects with pri-
mary stenting. For example, in the FRESCO
and Zwolle trials, no data on regional wall
motion abnormalities or left ventricular func-
tional recovery in the subacute or chronic
phases were shown. Because the present study
was not designed to investigate angiographic
restenosis or cardiovascular accidents, we can-
not comment on whether primary stenting
should be performed in all cases of primary
PTCA. Our study, however, suggests that
primary stenting is eVective at preserving left
ventricular function in subjects with infarcts in
the left anterior descending coronary artery
territory.

Coronary blood flow studies in elective
PTCA and stenting have shown that stenting is
superior to POBA at improving coronary
vasodilator reserve.20 In another study of acute
myocardial infarction it was found that stenting
was superior to POBA in improving coronary
blood flow, as measured by the TIMI frame
count method.25 In acute myocardial infarc-
tion, the coronary vasodilator reserve may
influence left ventricular expansion (aneurysm
formation) and wall motion recovery (myocar-
dial remodelling). Although we did not assess
coronary vasodilator reserve in the present
study, we suggest that primary stenting may be
superior to POBA at improving the reserve
in patients with anterior acute myocardial

Table 3 Clinical and angiographic characteristics classified by hypokinesis area to risk area (H:R) ratio

All subjects LAD involvement

H:R < 50%
(n=41)

H:R > 50%
(n=49) p Value

H:R < 50%
(n=21)

H:R > 50%
(n=19) p Value

Age (years) 63.5 (9.8) 60.3 (11.7) 0.17 63.4 (8.1) 59.0 (10.0) 0.13
Coronary risk (%)

Hypertension 21 (51%) 23 (47%) 0.85 9 (43%) 12 (63%) 0.33
Hyperlipidaemia 16 (39%) 15 (31%) 0.54 10 (48%) 7 (37%) 0.71
Diabetes mellitus 13 (32%) 11 (22%) 0.45 5 (24%) 6 (32%) 0.85
Smoking 23 (56%) 33 (67%) 0.38 12 (57%) 15 (79%) 0.26

Preinfarction angina 30 (73%) 22 (45%) 0.01 17 (81%) 9 (47%) 0.06
Coronary angiography

Infarct related artery (LAD/RCA/LCx) (21/17/3) (19/23/7) 0.39 – – –
Collateral grade > 2 14 (34) 16 (33) 0.94 6 (29) 8 (42) 0.57
DS > 20% (%) 28 (68) 24 (49) 0.10 15 (71) 9 (47) 0.22

Angioplasty
Stent (%) 23 (56) 22 (45) 0.40 14 (67) 6 (32) 0.06
Reperfusion > 3 hours (%) 6 (15) 13 (27) 0.26 5 (25) 5 (26) 0.86

ACE inhibitor 19 (46%) 23 (47%) 0.88 15 (71%) 13 (68%) 0.89

Values are mean (SD) or n (%).
ACE, angiotensin converting enzyme; DS, diameter stenosis; LAD, left anterior descending coronary artery; LCx, left circumflex coronary artery; RCA, right coron-
ary artery.

Table 4 Multiple logistic regression analysis on preserved
ventricular function after successful revascularisation

Variable p Value Odds ratio (95% CI)

All cases
Preinfarction angina

Positive 0.0189 3.26 (1.22 to 8.75)
Negative 1

Constant 0.0296

LAD
Method of
revascularisation

Stent 0.0391 4.49 (1.08 to 18.67)
POBA 1

Preinfarction angina
Positive 0.0399 4.90 (1.08 to 22.23)
Negative 1

Constant 0.0268
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infarction, thereby resulting in an augmented
improvement of regional wall motion. Though
there were intergroup diVerences in lumen
diameter and per cent diameter stenosis
between the Stent group and the POBA group,
hypokinesis area was not significantly corre-
lated with minimum lumen diameter or per
cent diameter stenosis. Therefore, significant
diVerences in the hypokinesis area to risk area
ratio or in the ejection fraction between the two
groups were not influenced by minimum
lumen diameter or per cent diameter stenosis.

INFARCT LOCATION AND PREINFARCTION ANGINA

Thrombolytic treatment produces a reduction
in infarct size and preserves the ejection
fraction in both anterior and non-anterior
myocardial infarction.26 27 However, no survival
benefit has been shown for primary or rescue
PTCA in inferior myocardial infarction except
in cases of cardiogenic shock or right ventricu-
lar infarction.6 28 In the present study we
showed that primary stenting was no more
eVective than POBA in restoring left ventricu-
lar function in patients who had infarcts
outside the left anterior descending artery ter-
ritory. There could be several reasons for this.
First, the amount of myocardium at risk is
greatest with left anterior descending lesions,
so primary stenting may be expected to be
more eVective at that site. Second, regional wall
motion was assessed only by a single projection
in this study, so the risk areas obtained for the
circumflex and right coronary arteries were
small.

Brief ischaemic episodes preceding pro-
longed coronary occlusion (ischaemic precon-
ditioning) cause a reduction in infarct size. A
previous study showed that preinfarction an-
gina also reduced infarct size in the human
heart.29 In a scintigraphic study from our
department using thallium-201 and iodine-123
BMIPP tomography, it was shown that preinf-
arction angina preserved myocardial viability at
the expense of fatty acid metabolism, resulting
in augmentation of perfusion–metabolism mis-
match and functional improvement in patients
undergoing successful reperfusion.30 Unfortu-
nately, in that series the perfusion tracer studies
were done only in the subacute period and the
number of subjects was small, so we could only
reveal the area of irreversible myocardial dam-
age. Serial examinations focusing on correla-
tions between perfusion–metabolism mismatch
and perfusion recovery may show more clearly
the beneficial eVect of direct stenting. In the
present study, we found by multiple logistic
regression analysis that preinfarction angina
was a significant explanatory factor in the pres-
ervation of wall motion. As preinfarction
angina and stenting were independent explana-
tory factors for improved left ventricular func-
tion in subjects with left anterior descending
coronary artery lesions, primary stenting in
patients with preinfarction angina could aug-
ment the wall motion preserving eVects of
angina.

STUDY LIMITATIONS

Restenosis, complications and adverse clinical
events, and symptomatic heart failure are the
important determinants of outcome in primary
stenting for acute myocardial infarction. We
could show rates for only a few of the compli-
cations (drug eruptions, bleeding complica-
tions requiring blood transfusion, dopamine
use, symptomatic heart failure on discharge).
However, the aim of our study was only to test
whether successful primary stenting could be
more beneficial in restoring left ventricular
function than optimal POBA. Subjects with
suboptimal results, abrupt closure, restenosis,
reinfarction, repeated and added surgical or
non-surgical revascularisation, and cardiac
death were excluded. Thus we are unable to
comment on some of the important infor-
mation that is required before decisions can be
made about methods of revascularisation in
acute myocardial infarction. Furthermore, our
study did not clarify whether primary stenting
for acute myocardial infarction can reduce
postinfarction heart failure in the chronic
phase, or improve long term mortality. Thera-
peutic cost-eVectiveness was also not investi-
gated. A final limitation is that the Stent group
subjects (cases) and POBA group subjects
(controls) were enrolled prospectively, but the
study was not designed as a prospective
randomised trial.

CONCLUSION

Primary stenting in anterior acute myocardial
infarction may be an eVective therapeutic
option for preventing myocardial injury and
preserving regional wall motion and left
ventricular function.
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Novel expression of VCAM-1 on the mitral valve in a
patient with primary antiphospholipid antibody
syndrome
M Sugata, Y Hoshino, S Naito
A 48 year old man with valvar abnormalities (thickened
mitral leaflet with poor coaptation and severe regurgita-
tion, detected at transoesophageal echocardiography) was
diagnosed with primary antiphospholipid syndrome. After
aggressive anticoagulation, the diseased mitral valve was
successfully replaced with a porcine prosthesis. Examina-
tion of the resected posterior leaflet revealed thickened and
oedematous leaflet tissue associated with a perivascular
mononuclear infiltrate. Immunostaining revealed
VCAM-1 expression around the vasculature. These
findings suggest that the mononuclear infiltrate and

VCAM-1 expression may have played an important role in
the pathogenesis of mitral regurgitation.
(Heart 2000;84:e10www.heartjnl.com/cgi/content/full/84/
5/e10

Exercise induced supraventricular tachycardia?
N P Gall, K Lascelles, R J Wainwright
ECGs are susceptible to noise which can make their
interpretation diYcult. Exercise testing presents particular
problems in this regard, hence our reliance on an averaged
ECG for diagnosis. On occasion ECG artefacts may be
suYciently organised to render diVerentiation from a true
arrhythmia diYcult, with potentially important conse-
quences for patient management. Such a case involving a
59 year old woman who presented with exertional chest
pain and palpitations and was referred for exercise testing
is described.
(Heart 2000;84:e11) www.heartjnl.com/cgi/content/full/
84/5/e11
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