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Background—Although the short-term and long-term beneficial effects of early coronary revascularization by primary
PTCA or thrombolytic therapy have been established for acute myocardial infarction, thrombolytic therapy .24 hours
after the onset of acute myocardial infarction has not been shown to improve clinical outcome. The purpose of this study
was to assess the effect of late revascularization by primary PTCA over a 5-year period.
Methods and Results—Eighty-three patients with initial Q-wave anterior myocardial infarction .24 hours after onset were
randomized into a PTCA group (n544) and a no-PTCA group (n539). Long-term follow-up was conducted with regard
to end points, which included cardiac death, nonfatal recurrence of myocardial infarction, and development of
congestive heart failure. Left ventricular ejection fraction and regional wall motion at 6 months after myocardial
infarction were similar in the 2 groups. Left ventricular end-diastolic and end-systolic volume indexes were significantly
smaller in the PTCA group than in the no-PTCA group (P,0.0001). With cardiac events as end points, a 5-year
Kaplan-Meier event-free survival analysis revealed that the no-PTCA group had a worse prognosis than the PTCA group
(P,0.0001). Patency of the infarct-related artery, left ventricular ejection fraction, end-diastolic volume index, and
end-systolic volume index were significantly associated with cardiac events by a Cox proportional hazards analysis
(hazard ratios 0.120, 0.845, 1.065, and 1.164, respectively).
Conclusions—In initial Q-wave anterior myocardial infarction, we conclude that even with late reperfusion, PTCA had
beneficial effects on cardiac events over the 5-year period after myocardial infarction, with the prevention of left
ventricular dilation after myocardial infarction being a possible mechanism. (Circulation. 1998;98:2377-2382.)
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E

arly reperfusion in acute myocardial infarction (AMI)
by thrombolytic therapy has been shown to reduce
infarct size, preserve left ventricular function, and improve
both the short- and long-term prognoses.1,2 Several studies
of thrombolytic therapy for the late treatment of patients
with AMI (late reperfusion) have shown that such treatment confers a survival benefit, although late reperfusion
did not reduce the infarct size or preserve left ventricular
function.3 Recently, the open-artery theory has been proposed, which suggests that even if patency of the infarctrelated artery (IRA) is achieved late, after AMI is complete, the long-term outcome of such patients is still better
than that in patients in whom patency was not achieved.4
Nevertheless, thrombolytic therapy beyond 12 hours after
the onset of symptoms did not improve the clinical

outcome, probably because it was ineffective in establishing coronary patency.5 The failure of earlier studies may be
due to the lower initial success rates of emergency PTCA
and high reocclusion rates as reported in some randomized
trials in which late PTCA was performed for occluded IRA
beyond 12 hours after the onset of AMI.6,7 Recently, Sabri
et al8 demonstrated a high initial success rate, a low
complication rate, and a low incidence of reocclusion by
late PTCA in a nonrandomized trial. In addition, Pizzeti et
al9 reported beneficial effects of “very late” (2 weeks after
myocardial infarction [MI]) mechanical reperfusion of the
IRA on left ventricular (LV) remodeling. Hochman,10 in an
editorial comment on the Pizzeti report, evaluated the
beneficial effects of late PTCA for occluded IRA after
anterior MI but stated that a randomized trial was necessary.
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We conducted this randomized trial study to assess the
effect of late mechanical reperfusion by primary PTCA and to
assess any long-term beneficial effect over a 5-year period.

Methods
Patient Selection
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The study population was selected from 101 consecutive patients
who were admitted to the coronary care unit of Okamura Memorial
Hospital, with initial Q-wave anteroseptal MI from January 1990 to
December 1992 .24 hours (ranging from 24 hours to 3 weeks) after
the onset of symptoms. Inclusion criteria were a history of persistent
ST-segment elevation of .0.2 mV in $2 leads on standard 12-lead
ECG. Only patients with total occlusion of the IRA (Thrombolysis in
Myocardial Infarction [TIMI] grade 0 or 1) were eligible for this
study. Patients were excluded for the following reasons: (1) age .80
years; (2) history of MI or cardiomyopathy; (3) history of stroke
within the previous 6 months; (4) severe valvular disease; (5) left
bundle branch block or permanent pacemaker; (6) chronic renal
failure; (7) ventricular septal defect; (8) perfusion state of the
infarct-related artery exceeded TIMI grade .1 at the initial angiography; (9) $50% stenosis in the left main coronary artery; (10)
uncertain time of reperfusion; and (11) change in medications during
the follow-up. After exclusion, 83 patients were enrolled in this
study.

Acute Catheterization and Angiography
After administering intravenous heparin (5000 U), coronary angiography (CAG) and left ventriculography (LVG) were performed with
the use of standard techniques. After baseline hemodynamic measurements, CAG was recorded in multiple angulated projections to
visualize the IRA and to evaluate the extent of collateral circulation.
Collaterals to the IRA were evaluated before intervention according
to the definition of Rentrop et al11: grade 0 to grade 3. Forty-nine
patients underwent LVG, and LV ejection fraction (LVEF), end-diastolic volume index (EDVI), and end-systolic volume index (ESVI)
were calculated by the area-length method.12 Percent regional wall
motion of the anterior wall was calculated by the centerline method13
with correction for the 30° right anterior oblique projection.

Randomization
After informed consent was obtained and TIMI grade (0 or 1 flow at
the proximal portion of the left descending artery) was confirmed,
patients were randomized into a primary angioplasty group (PTCA
group) and a no-angioplasty group (no-PTCA group). One of a group
of consecutively numbered, sealed envelopes containing a card
generated at the biostatistical core laboratory was pulled for random
selection of the patient to undergo angioplasty at the same sitting or
not at all.

Angioplasty Procedure
Primary angioplasty was performed according to the standard technique. In patients randomized into the PTCA group, an attempt at
dilatation of the IRA was required. All of the patients received
another 5000 U of heparin before angioplasty, and additional heparin
(3000 U) was administered each hour during the procedure. Angiographic success was defined as TIMI grade 2 or 3 flow and ,50%
diameter narrowing after angioplasty with the use of computerassisted quantitative coronary angiographic evaluations with an
on-line analysis system14 and digital images (ACA-DCI, Phillips).

Medical Treatment After Randomization
All of the patients were monitored for 24 hours and maintained on
heparin infusion for 24 hours, which was titrated to maintain an
activated clotting time of $200 seconds. All of the patients received
intravenous nitroglycerin for '24 hours after admission. Nitrates
and aspirin were administered orally followed by the infusion of
nitroglycerin. Other cardioactive agents (calcium channel blockers,
b-blockers, and angiotensin-converting enzyme [ACE] inhibitors)

were administered at the discretion of the physician. Medications
were not changed after randomization, and the dosage was kept
constant throughout the study period, except for warfarin.

Measurement of Cardiac Enzymes
We measured the peak creatinine kinase (CK) activity and myosin
light chain 1 (MLC1) to estimate the infarct size. Blood samples
were drawn from the femoral or antecubital vein for measurement of
CK and MLC1 at admission, every 3 hours until 2 days, and then
twice daily until 10 days after the onset of AMI. CK activity was
determined according to the method of Rosalki.15 MLC1 was
measured by ELISA.16

Follow-Up Catheterization and Angiography
Follow-up cardiac catheterization and angiography were performed 6
months after AMI in the chronic phase. All of the patients underwent
CAG to assess the occurrence of restenosis. Restenosis was defined
by quantitative coronary angiography as the recurrence of .50%
luminal narrowing in the coronary segment that had previously been
dilated. In the case of restenosis, repeat PTCA was performed to
avoid stenosis of the IRA in patients who had been randomized into
the PTCA group. In patients who were randomized into the noPTCA group, we did not perform additional revascularization procedures on the IRA. Revascularization procedures were performed
on other vessels if angina had occurred or if the patient had positive
results in exercise testing. All of the patients also underwent LVG,
and LVEF, percent regional wall motion, EDVI, and ESVI were
determined. Angiographic data were assessed by independent observers who were blinded to this study.

Long-Term Follow-Up
Long-term follow-up was conducted with regard to cardiac events as
end points, including cardiac death, recurrent nonfatal MI, and the
development of congestive heart failure (CHF). Long-term follow-up
was based on a systematic review of all of the hospital and outpatient
charts to assess rehospitalization during the follow-up period and a
final telephone interview with regard to end points.

Statistical Analysis
Data are presented as mean6SD. Differences in baseline characteristics were evaluated by Student’s t test and by the x2 test. A P value
of ,0.05 was considered significant. Differences in survival and
event-free survival between the groups were evaluated by the
Kaplan-Meier method. Comparisons were made with the use of the
log-rank test.
For clinical and angiographic variables, a multivariate analysis
was performed with the Cox proportional hazards model, run in a
stepwise manner, to assess the association with cardiac events
(cardiac death, recurrence of MI, CHF).

Results
Baseline Characteristics
Table 1 shows the baseline characteristics of the PTCA and
no-PTCA groups. The mean time to reperfusion from the
onset of symptoms was 8.2969.68 days (range 24 hours to 3
weeks) in the PTCA group. There were no significant
differences in the baseline characteristics between the groups.
The degree of heart failure as measured by the Killip
classification was similar in the 2 groups. The number of
patients taking ACE inhibitors (5 [11%] in the PTCA group,
9 [23%] in the no-PTCA group), which have been reported to
affect the long-term outcome,17 was also similar in the 2
groups. Likewise, the number of patients taking b-blockers
was also similar in the 2 groups.
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TABLE 1.

Baseline Characteristics
PTCA
(n544)

No PTCA
(n539)

P

61.8611.9

61.668.8

0.106

Male sex, n (%)

34 (77)

29 (74)

0.561

Hypertension, n (%)

19 (43)

16 (41)

0.486

Hyperlipidemia, n (%)

16 (36)

14 (36)

0.965

Diabetes, n (%)

15 (34)

16 (41)

0.122

Current smoker, n (%)

20 (45)

21 (53)

0.104

Preinfarction angina, n (%)

14 (32)

12 (31)

0.948

Age, y

Cardiogenic shock, n (%)

2 (4.5)

3 (7.6)

0.166

Anticoagulant agents, n (%)

32 (73)

29 (74)

0.866
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Antiplatelets, n (%)

28 (64)

18 (47)

0.110

b-Blockers, n (%)

12 (27)

11 (28)

0.889

Calcium blockers, n (%)

30 (68)

28 (72)

0.633

Diuretics, n (%)

11 (25)

14 (36)

0.214

5 (11)

9 (23)

0.155

Pulmonary capillary wedge
pressure, mm Hg

12.766.68

14.466.65

0.175

Cardiac index

3.1760.61

3.0860.88

0.334

Maximum CK

295762985

223561215

0.248

Maximum MLC1

23.2617.9

26.1614.7

0.493

I

35 (79)

28 (72)

II

7 (16)

10 (25)

III

2 (4.5)

1 (2.5)

IV

0 (0)

0 (0)

ACE inhibitors, n (%)
On admission

Killip class, n (%)

0.511

Values are mean6SD.

Baseline Angiographic Characteristics
The baseline angiographic characteristics of the 2 groups are
shown in Table 2. The 2 groups were similar with respect to
the initial TIMI flow grades, number of diseased vessels, and
the collaterals. The reference diameters of the occluded IRA
were also similar in the 2 groups.

Results of Angioplasty
The results of angioplasty are also shown in Table 2. Primary
PTCA for the occluded IRA was performed in 44 patients.
TIMI grade 3 flow was achieved in 38 patients and TIMI
grade 2 flow was achieved in 3 of 44 patients after angioplasty. The minimal lumen diameter of the IRA increased
from 0 to 2.4160.57 mm, and residual stenosis was
14.5611.8% after angioplasty. Successful reperfusion was
achieved in 41 (93%) patients. The remaining 3 patients who
failed to achieve $2 flow after balloon dilatation were
considered unsuccessful.

Follow-Up Angiography
CAG was performed for all of the patients 6 months after the
onset of AMI. Reocclusion was recognized in 2 patients, and
restenosis was recognized in 12 patients in the PTCA group.
Repeat angioplasty was performed in 14 restenosed patients,
and all of the procedures attempted were successful. Sponta-
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neous recanalization was recognized in 5 patients in the
no-PTCA group. Revascularization procedures were performed on other vessels in 4 (9%) of the 44 in the PTCA
group and in 4 (10%) of the 39 in the no-PTCA group. The
treated vessels were 3 right coronary artery (RCA) and 1 left
circumflex (LCx) in the PTCA group, and 2 RCA and 2 LCx
in the no-PTCA group. All of these procedures were successful without major complications.

Acute and Follow-Up LV Functions
Thirty-two of the 44 (73%) patients in the PTCA group and
17 (44%) of the 39 patients in the no-PTCA group underwent
LVG in the acute phase, and all of the study patients
underwent LVG 6 months after the onset of AMI. As shown
in Table 3, there were no significant differences between the
2 groups with respect to acute LVEF, percent regional wall
motion, EDVI, and ESVI. In the follow-up LVG, although
LVEF and percent wall motion were similar in the 2 groups,
EDVI and ESVI in the PTCA group were significantly
smaller than those in the no-PTCA group.

Long-Term Follow-Up
We were able to follow up all of the patients. During the
mean follow-up period of 50624 months, 1 patient in the
PTCA group died from CHF, and 4 patients in the no-PTCA
group died (1 reoccurrence of MI and 3 CHF). The incidence
of cardiac death was higher in the no-PTCA group, but this
difference was not statistically significant. The incidence of
other cardiac events was significantly higher in the no-PTCA
group (Table 4). The Figure shows the 5-year Kaplan-Meier
actuarial event-free survival curves for cardiac death and the
combined end points of cardiac death, CHF, and reoccurrence
of MI. Considering all of the events, the no-PTCA group had
a worse prognosis than the PTCA group.

Factors Associated With Cardiac Events
During Follow-Up
A Cox proportional hazards analysis was performed to
determine which factors were associated with cardiac events
during the follow-up period. The following were considered
independent variables: age, sex, smoking, hypertension, diabetes mellitus, hyperlipidemia, preinfarction angina, cardiogenic shock, patency of the IRA, TIMI flow grade at the
initial angiography, collateral flow (present or none), peak
CK, peak MLC1, warfarin, aspirin, b-blockers, ACE inhibitors, and LVEF, percent wall motion, EDVI, and ESVI on
follow-up LVG. As a result, the patency of the IRA, LVEF,
EDVI, and ESVI and were significantly associated with
cardiac events (P50.0074; hazard ratio 0.120, P50.0002;
0.845, P50.0111; 1.065, and P50.0152; 1.164, respectively).

Discussion
Our results indicate that late, including very late (from 24 hours
to 3 weeks after MI), PTCA for an occluded IRA after initial
Q-wave anterior MI provides a high initial success rate and has
a beneficial effect on cardiac events over a 5-year period
compared with persistent occlusion of the IRA, with the prevention of LV dilation after AMI being a possible mechanism. This
is the first report of a randomized trial for patients with initial
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TABLE 2.

Angiographic Characteristics
PTCA
(n544)

No PTCA
(n539)

P

Extent of coronary artery disease, n (3%)

0.421

1 vessel

2 (62)

2 vessels

6 (22)

27 (59)
8 (23)

3 vessels

6 (16)

4 (18)

Grade of collaterals, n (%)

0.367

0

22 (50)

24 (61)

1

13 (29)

10 (26)

2

7 (16)

2 (5.2)

3

2 (4.5)

3 (7.6)

37 (84)

34 (87)

TIMI flow grade (before randomization), n (%)
0
1
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Reference diameter, mm

0.699
7 (14)

5 (13)

2.8060.56

2.7760.55

0.808

TIMI flow grade (after randomization), n (%)
0

0 (0)

34 (87)

1

3 (7)

5 (13)

2

3 (7)

0 (0)

38 (86)

0 (0)

3
Minimal lumen diameter after PTCA, mm

2.4160.57

Residual stenosis after PTCA, %

14.5611.8

Values are mean6SD.

Q-wave anterior MI to demonstrate both a high initial success
rate and long-term clinical benefits after MI.
Previous studies of both primary PTCA and thrombolytic
therapy of the IRA within 6 hours of AMI demonstrated
lower mortality and reinfarction rates as the result of an
improvement of LV function and a reduction in infarct size.18
However, thrombolytic therapy for late-entry patients did not
have a beneficial effect after a 1-year follow-up.5,19 In the
LATE study,5 thrombolytic therapy .12 hours from the onset
of symptoms did not have a beneficial effect in patients with
AMI. Possible causes of the unfavorable outcome after
thrombolytic therapy for late-entry patients may be the
TABLE 3.

Acute and Follow-Up LV Function
PTCA

No PTCA

P

Acute

48.568.65 (n532)

47.9611.8 (n517)

0.950

Follow-up

53.968.96 (n544)

49.568.07 (n539)

0.059

Acute

10.965.32 (n532)

10.667.60 (n517)

0.798

Follow-up

11.264.63 (n544)

9.3964.53 (n539)

0.063

Acute

66.7611.1 (n532)

69.0615.5 (n517)

0.557

Follow-up

66.4611.6 (n544)

78.0613.2 (n539)

,0.0001

LVEF, %

% Wall motion

2

EDVI, mL/mm

Follow-up

34.6610.6 (n532)
31.1611.2 (n544)

Values are mean6SD.

36.0614.0 (n517)
39.8611.4 (n539)

TABLE 4. Cardiac Events During Long-Term Follow-Up
Between PTCA and No-PTCA Groups
PTCA
(n544)

No PTCA
(n539)

P

Total cardiac events

4

19

,0.0001

0.676

Death

1

5

0.064

0.0004

Development of CHF

1

10

0.0017

Recurrent AMI

3

7

0.121

ESVI, mL/mm2
Acute

relatively low rate of successful reperfusion, which was
reported to be 60% to 65%,5,6 and the high rate of reocclusion
late after successful thrombolytic therapy.6,20 The patency of
the IRA has been reported to be one of the strongest
predictors of late survival.19,21 Therefore, late-entry patients
are often not candidates for thrombolytic therapy. If primary
PTCA could give a high rate of initial successful reperfusion
and could maintain long-term patency, PTCA would be a
good strategy for treating late-entry patients.
Primary PTCA for late-entry patients with AMI has been
reported to provide a higher initial recanalization success rate
(81% to 98%)22 than thrombolytic therapy. However, in 2
small randomized trials, late PTCA was associated with low
patency rates several months after onset.6,7 In patients with
initial anterior Q-wave MI .24 hours after the onset of AMI,
we demonstrated that the success rate of primary PTCA was
93% in patients randomized into the PTCA group, and a high
patency rate (94%: 37 of 39 successful reperfusions) was seen
at 6 months after primary PTCA. We expected that primary
PTCA would have a beneficial effect even for late-entry
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fore, one possible mechanism is that primary PTCA might
relieve residual ischemia after Q-wave MI.

Importance of Patency of the IRA for Late
Cardiac Survival

Five-year Kaplan-Meier actuarial cardiac survival and event-free
curves for the PTCA (n544) and no-PTCA (n539) groups. With
regard to cardiac survival, no significant difference was
observed between the 2 groups. However, the no-PTCA group
had worse prognosis. With regard to cardiac events (including
cardiac death, nonfatal reoccurrence of MI, and development of
CHF), the PTCA group had better prognosis than the no-PTCA
group during the 5-year period.
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patients. A previous report9 demonstrated that late mechanical
opening of the IRA had beneficial effects on LV remodeling.
However, no previous studies had demonstrated long-term
beneficial clinical effects. We demonstrated that EDVI and
ESVI at 6 months after onset were significantly smaller in the
PTCA group, whereas they were equivalent between the
groups at the onset of anterior MI. In addition, primary PTCA
had long-term beneficial effects over the 5-year period after
anterior MI despite a similar LVEF and percent wall motion
of the infarct area at $6 months after onset.

Possible Mechanisms of Beneficial Effects of
Late Reperfusion
LV volumes were significantly smaller in the PTCA (late
reperfusion) group than in the no-PTCA group, whereas
LVEF was similar in the 2 groups in our study. The peak
MLC1 level was also similar in the 2 groups. The MLC1 level
has been reported to reflect the infarct size, and reaches its
peak 5 to 8 days after the onset of AMI.23 We estimated the
infarct size, even for late-entry patients, by peak MLC1. The
infarct sizes estimated from the peak MLC1 level were
similar between the groups. These results are consistent with
previous reports24 of the open artery hypothesis that late
reperfusion could prevent LV remodeling after the onset of
AMI, whereas infarct size is not preserved.
If residual persistent ischemia (viable or hibernating myocardium) is present near the risk region of the occluded IRA, late
reperfusion could restore LV function, independent of the time
after onset. Sabia et al25 showed that regional wall motion in
patients with collateral flow can be improved after successful
angioplasty a mean of 12 days after MI, and Welty et al26
reported that an open artery after coronary angioplasty for
post-MI ischemia is associated with significantly lower mortality
rates, particularly in patients with LVEF ,50%. In our study,
none of the patients complained of chest pain on admission, and
none of the patients had antegrade flow at the initial angiography. However, 22 (50%) patients in the PTCA group and 24
(61%) patients in the no-PTCA group had collateral flow at the
initial angiography. Although they were similar between the 2
groups in the grade or the presence of collaterals, CAG is
insufficient for assessing residual myocardial perfusion. There-

The open artery theory was suggested by the fact that patients
with a patent IRA after thrombolytic or spontaneous recanalization had a markedly lower mortality rate at long-term
follow-up than patients with an occluded IRA.21 However, no
previous randomized studies have assessed whether a patent
IRA by primary PTCA provides long-term beneficial effects
even for late-entry patients. In patients with initial anterior
Q-wave MI, we demonstrated that late PTCA provided a high
vessel patency rate and had beneficial effects on the incidence
of cardiac death, reoccurrence of MI, and CHF over a 5-year
period. We also showed that patency of the IRA achieved by
late PTCA was an independent predictor of improved longterm survival. Previous studies27,28 that have demonstrated an
association between IRA patency and long-term outcome
after MI included not only patients who underwent PTCA but
also those with spontaneous recanalization and those who
underwent thrombolytic therapy. In patients in whom the IRA
has already been reperfused at the initial angiography, salvage of myocardium within the risk region might have
already occurred, caused not only by the beneficial effect of
the open artery but also by ordinary early reperfusion. The
purpose of this study was to evaluate the time-independent
beneficial effects of late mechanical reperfusion, isolated
from other possible beneficial effects. Therefore, we enrolled
a homogeneous group of patients with a similar infarct
location and no antegrade flow, who were admitted late and
treated only with primary PTCA.
Accordingly, we conclude that primary PTCA could
achieve IRA patency and provides long-term beneficial effects in patients even with late-entry Q-wave anterior MI.

Study Limitations
Our study has several limitations. First, serial ventriculograms of sufficient technical quality for analysis were obtained in 73% of the patients in the PTCA group and in 44%
of those in the no-PTCA group. Thus we may have insufficient data for an evaluation in the acute stage. Although we
randomized the study patients and no significant differences
were apparent between the baseline characteristics of the
groups, we cannot rule out the possibility of a selection bias.
Second, because of the small sample size, we cannot rule out
the possibility of a type II error on the basis of our selection
criteria to evaluate the beneficial effects of late perfusion.
Third, we assessed myocardial perfusion only by the degree
of collateral flow. However, contrast ultrasound measurement
and reversible 201-thallium uptake defect may provide results
superior to those obtained by angiography. Therefore, we
cannot rule out the possibility that residual ischemia, hibernating myocardium, or stunned myocardium within the infarct area varied between the groups.
Finally, we performed CAG 6 months after the onset of
AMI to assess late vessel patency. Therefore, we cannot
evaluate sustained vessel patency throughout the follow-up
period.
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Clinical Implications
Patency of the IRA has beneficial effects on LV function and
on the prognosis after MI. Although very late-entry patients
are not candidates for thrombolytic therapy, primary PTCA
can provide revascularization of the IRA with a high success
rate. Although the rate of reocclusion has been relatively high
in previous studies, this aggressive mechanical revascularization procedure may contribute to a lower late cardiac mortality rates, and the use of stents and/or anti-platelet therapy may
help to reduce the rate of reocclusion.

Acknowledgments
We thank Hiroshi Ohshima, Etsuko Wada, and Naomi Suzuki of the
Okamura Memorial Hospital research laboratories.

References
Downloaded from http://circ.ahajournals.org/ by guest on September 1, 2017

1. Gruppo Italiano per lo Studio della Streptochinasi nell’ infarto miocardico
(GISSI). Long-term effects of intravenous thrombolysis in acute myocardial infarction: final report of the GISSI study. Lancet. 1987;2:
871– 874.
2. O’Neill W, Timmis GC, Bourdillon PD, Lai P, Ganghadarhan V, Walton
J, Ramos R, Laufer N, Gordon S, Schork MA, Pitt B. A prospective
randomized clinical trial of intracoronary streptokinase versus coronary
angioplasty for acute myocardial infarction. N Engl J Med. 1986;314:
812– 818.
3. Sheehan FH, Braunwald E, Canner P, Dodge HT, Gore J, Van Natta P,
Passamani ER, Williams DO, Zaret B. The effect of intravenous
thrombolytic therapy on left ventricular function: a report on tissue- type
plasminogen activator and streptokinase from the Thrombolysis in Myocardial Infarction (TIMI) Phase 1 Trial. Circulation. 1987;75:817– 829.
4. Braunwald E. Myocardial reperfusion, limitation of infarct size, reduction
of left ventricular dysfunction and improved survival: should the
paradigm be expanded? Circulation. 1989;79:441– 444.
5. LATE Study Group. Late Assessment of Thrombolytic Efficacy (LATE)
study with alteplase 6 –24 hours after onset of acute myocardial
infarction. Lancet. 1993;342:759 –766.
6. Topol EJ, Califf RM, Vandormael M, Grines CL, George BS, Sanz ML,
Wall T, O’Brien M, Schwaiger M, Aguirre FV, Young S, Popma JJ,
Sigmon KN, Lee KL, Ellis SG, and the Thrombolysis, and Angioplasty in
Myocardial Infarction-6 Study Group. A randomized trial of late reperfusion therapy for acute myocardial infarction. Circulation. 1992;85:
2090 –2099.
7. Dzavik V, Beanlands DS, Davies RF, Leddy D, Marquis JF, Teo KK,
Ruddy TD, Burton JR, Humen DP. Effects of late percutaneous transluminal coronary angioplasty of an occluded infarct-related coronary
artery on left ventricular function in patients with a recent (, 6 weeks)
Q-wave acute myocardial infarction (Total Occlusion post-Myocardial
Infarction Intervention study [TOMIIS]–A pilot study). Am J Cardiol.
1994;73:856 – 861.
8. Sabri MN, DiSciascio G, Cowley MJ, Goudreau E, Warner M, Kohli RS,
Bajaj S, Kelly K, Vetrovec G. Immediate and long-term results of delayed
recanalization of occluded acute myocardial infarction-related arteries
using coronary angioplasty. Am J Cardiol. 1992;69:575–578.
9. Pizzeti G, Belotti G, Margonato A, Cappelletti A, Chierchia SL. Coronary
recanalization by elective angioplasty prevents ventricular dilation after
anterior myocardial infarction. J Am Coll Cardiol. 1996;28:837– 845.
10. Hochman JS. Has the time come to seek and open all occluded infarctrelated arteries after myocardial infarction? J Am Coll Cardiol. 1996;28:
846 – 848.
11. Rentrop PK, Thronton JC, Feit F, Buskirk M. Determinants and protective potential of coronary collaterals as assessed by angioplasty model.
Am J Cardiol. 1988;61:677– 684.

12. Kennedy JW, Trenholme SE, Kasser IS. Left ventricular volume and
mass from single-plane cineangiogram: a comparison of anteroposterior
and right anterior oblique methods. Am Heart J. 1970;80:343–352.
13. Sheehan FH, Bolson EL, Dodge HT, Mathey DG, Schofer J, Woo HW.
Advantages and applications of the centerline method for characterizing
regional ventricular function. Circulation. 1986;74:293–305.
14. Haase J, Di Mario C, Slager CJ, van der Giessen WJ, den Boer A, de
Feyter PJ, Reiber JHC, Verdouw PD, Serruys PW. In-vivo validation of
on-line and off-line geometric coronary measurements using insertion of
stenosis phantoms in porcine coronary arteries. Cathet Cardiovasc Diagn.
1992;27:16 –27.
15. Rosalki SB. An improved procedure for serum creatine phosphokinase
determination. J Lab Clin Med. 1967;69:696 –705.
16. Katus HA, Yasuda T, Gold HK, Leinbach RC, Strauss HW, Waksmonski C,
Haber E, Khaw BA. Diagnosis of acute myocardial infarction: detection of
circulating cardiac myosin light chains. Am J Cardiol. 1984;54:964–969.
17. The SOLVD Investigators. Effect of enalapril on mortality and the development of heart failure in asymptomatic patients with reduced left ventricular ejection fractions. N Engl J Med. 1992;327:685– 691.
18. Michels KB, Yusuf S. Does PTCA in acute myocardial infarction affect
mortality and reinfarction rates? A quantitative overview (meta-analysis)
of the randomized clinical trials. Circulation. 1995;91:476 – 485.
19. EMERAS Collaborative Group. Randomized trial of late thrombolysis in
patients with suspected acute myocardial infarction. Lancet. 1993;342:
767–772.
20. Veen G, Meyer A, Verheugt FW, Werter CJ, de Swart H, Lie KL, van der
Pol JM, Michels HR, van Eenige MJ. Culprit lesion morphology and
stenosis severity in the prediction of reocclusion after coronary
thrombolysis: angiographic results of the APRICOT study:
antithrombolytics in the Prevention of Reocclusion in Coronary Thrombolysis. J Am Coll Cardiol. 1993;22:1755–1762.
21. Kim CB, Braunwald E. Potential benefits of late reperfusion of infarct
myocardium: the open artery hypothesis. Circulation. 1993;88:
2426 –2436.
22. Zijlstra F, De Boer MJ, Hoorntje JCA, Reiffers S, Reiber JHC,
Suryapranata H. A comparison of immediate coronary angioplasty
with intravenous streptokinase in acute myocardial infarction. N Engl
J Med. 1993;328:680 – 684.
23. Isobe M, Nagai R, Ueda S, Tsuchimori H, Nakaoka H, Takaku F,
Yamaguchi T, Machii K, Nobuyoshi M, Yazaki Y. Quantitative relationship between left ventricular function and serum cardiac myosin light
chain 1 levels in patients with acute myocardial infarction. Circulation.
1987;76:1251–1261.
24. Hirayama A, Adachi T, Asada S, Mishima M, Nanto S, Kusuoka H,
Yamamoto K, Matsumura Y, Hori M, Inoue M, Kodama K. Late reperfusion for acute myocardial infarction limits the dilatation of left ventricle
without the reduction of infarct size. Circulation. 1993;88:2565–2574.
25. Sabia PJ, Powers ER, Ragosta M, Sarembock IJ, Burwell LR, Kaul S. An
association between collateral blood flow and myocardial viability in
patients with recent myocardial infarction. N Engl J Med. 1992;327:
1825–1831.
26. Welty FK, Mittleman MA, Lewis SM, Kowalker WL, Healy RW,
Shubrooks SJ, Muller JE. A patent infarct-related artery is associated with
reduced long-term mortality after angioplasty for postinfarction ischemia
and ejection fraction ,50%. Circulation. 1996;93:1496 –1501.
27. Stack RS, O’Connor CM, Mark DB, Hinohara T, Phillips HR, Lee MM,
Ramirez NM, O’Callaghan WG, Simonton CA, Carlson EB, Morris KG,
Behar VS, Kong Y, Peter RH, Califf RM. Coronary perfusion during
acute myocardial infarction with a combined therapy of coronary angioplasty and high-dose intravenous streptokinase. Circulation. 1988;77:
151–161.
28. Ohman EM, Califf RM, Topol EJ, Candela R, Abbottsmith C, Ellis S,
Sigmon KN, Simonton CA, Kereiakes D, George B, Stack RS. Consequences of reocclusion after successful reperfusion therapy in acute
myocardial infarction. Circulation. 1990;82:781–791.

Long-Term Beneficial Effect of Late Reperfusion for Acute Anterior Myocardial
Infarction With Percutaneous Transluminal Coronary Angioplasty
Hajime Horie, Masayuki Takahashi, Kazuo Minai, Masafumi Izumi, Atsushi Takaoka, Masato
Nozawa, Hiroshi Yokohama, Tamotsu Fujita, Taizo Sakamoto, Osamu Kito, Hiroshi Okamura
and Masahiko Kinoshita
Downloaded from http://circ.ahajournals.org/ by guest on September 1, 2017

Circulation. 1998;98:2377-2382
doi: 10.1161/01.CIR.98.22.2377
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 1998 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/98/22/2377

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

