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Revascularization of the Infarct-Related
Artery: Never Too Late?
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ABSTRACT

During the early phase of an acute myocardial infarction (MI), current consensus is
that reperfusion of the infarct-related artery (IRA) should be implemented as soon
as possible, more effectively accomplished via percutaneous coronary intervention
(PCI). The clinical approach to the occluded IR A late after MI remains controversial,
but current practice shows a strong trend in favour of PCI, which is based on the late
open artery hypothesis. However, late PCI on IRAs also has the potential for harm
from procedure-related complications. An attempt is made herein to critically over-
view the current data on this important topic, mainly based on recent meta-analyses
with somewhat diverging results, indicating that clinical judgment and an individual-
ized approach still remains a valid guide.

INTRODUCTION

During the early phase of an acute myocardial infarction (MI), current consensus
is that reperfusion of the infarct-related artery (IRA) should be implemented as soon
as possible. According to the current ACC/AHA/SCAI and ESC guidelines primary
percutaneous coronary intervention (PCI) is the treatment of choice when delivered
rapidly (no longer than 90 minutes from patient’s first medical contact), by experienced
teams in high-volume centers, specifically when the time from the onset of symptoms
is shorter than 12 hours."? In this early phase the main goal is myocardial salvage,
which is critically time-dependent. Prompt restoration of blood flow reduces infarct
size, preserves global left ventricular function, and thus improves patient survival.

Unfortunately, the number of patients treated within 12 hours of the onset of
symptoms is still disappointing, since 8.5% to 40% of patients present beyond 12
hours.? The clinical approach to the occluded IR A late after MI remains variable and
controversial, but current practice shows a strong trend in favour of PCI, which is based
on the late open artery hypothesis.*> According to this theory late patency of an IRA
is associated with reduction in adverse post-infarction remodelling, increased electri-
cal stability, and provision of collateral vessels to other coronary beds for protection
against future events.® It was initially conceived during the fibrinolytic era when several
studies suggested that the effects of IRA reperfusion on left ventricular function and
survival might, to some extent, be independent of one another.”® Further support was
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provided by nonrandomized, retrospective studies of patients
with a first MI, where long-term survival was found to be
substantially better among those with anterograde flow in the
infarct-related artery than among those whose infarct-related
artery was persistently occluded.”* Other studies showed that
patients with a persistently occluded IR A after MI were more
likely than those with a patent artery to have late potentials on
signal-averaged electrocardiography and inducible ventricular
tachyarrhythmias during invasive programmed electrical
stimulation.!* 2 The late open artery hypothesis thus forms a
solid theoretical basis in favour of late intervention in order
to reperfuse occluded IR As. However, late PCI on IR As also
has the potential for harm from procedure-related complica-
tions, distal embolization of atherothrombotic debris resulting
in myocardial injury, and loss of recruitable collateral flow to
other coronary territories.'>**

RANDOMIZED TRIALS TESTING THE LATE
OPEN ARTERY HYPOTHESIS

Several randomized trials of small or modest sample sizes
compared PCI versus medical therapy for total IR A occlusion
late after MI. Although their results were not definitive, po-
tential improvements in left ventricular function and probably
even clinical events suggested that late opening of occluded
arteries after MI should be seriously considered.’*? These
studies were followed by the publication of OAT (Occluded
Artery Trial) in 2006, which was the first large, randomized
trial to test the late open artery hypothesis.? This trial tested
the hypothesis that routine PCI for total occlusion 3 to 28
days after MI would reduce the composite endpoint of death,
re-infarction, or NYHA class IV heart failure. Stable patients
(n =2166) with an occluded infarct artery after MI (of whom
almost 20% received fibrinolytic therapy for the index event)
were randomized to optimal medical therapy and PCI with
stenting or optimal medical therapy alone. Inclusion criteria
included total occlusion of the infarct-related artery with
TIMI grade 0 or 1 anterograde flow and left ventricular (LV)
ejection fraction (LVEF) less than 50% or proximal occlusion
of a major epicardial artery with large myocardial region at
risk. Exclusion criteria included NYHA class III or IV heart
failure, serum creatinine greater than 2.5 mg/dL, left main
or 3-vessel disease, clinical instability, or severe inducible
ischemia on stress testing if the infarct zone was not akinetic
or dyskinetic. The 4-year combined end point was 17.2% in
the PCI group and 15.6% in the medical therapy group (haz-
ard ratio-HR 1.16, 95% confidence intervals-CI 0.92 to 1.45,
p = 0.2). Re-infarction rates tended to be higher in the PCI
group, which may have attenuated any benefit in LV remodel-
ling. There was no interaction between treatment effect and
any subgroup variable. It should be noted that even in the
absence of significant effects on hard end-points, the OAT
study showed that patients treated with PCI were significantly
less likely to have angina at 4, 12, and 24 months, while that

difference disappeared at the third year of follow up.

The Total Occlusion Study of Canada 2 (TOSCA-2) was
a substudy of OAT which included 332 patients who were
submitted to repeated coronary and LV angiography one
year after randomization.?? Patients in the PCI group had the
IRA patent in 83% of cases while this was true for only 25%
of the medically treated patients. Despite this difference no
significant benefit of the PCI strategy was found concerning
LV function, in concert with the OAT results.

These results have challenged the late open artery hy-
pothesis and its clinical implications. Because of the findings
of the OAT trial a new recommendation was included in the
latest 2007 focused update® of the ACC/AHA/SCAI 2005
PCI guidelines: PCI of a totally occluded infarct artery greater
than 24 hours after STEMI is not recommended (Class I11)
in asymptomatic patients with 1- or 2-vessel disease if they
are hemodynamically and electrically stable and do not have
evidence of severe ischemia (Level of Evidence: B).

Two recent meta-analyses testing the strategy of late PCI
to recanalize an IRA

The first meta-analysis by Ioannidis and Katritsis*
included data from the small and medium sized studies pub-
lished before OAT (Table 1), as well as data from the OAT
trial and its sub-study TOSCA-2. The 2617 patients included
were examined for clinical outcomes including death, MI,
death or MI and congestive heart failure (CHF), while for
653 of them a change in LVEF could be determined. There
were no statistically significant differences for any clinical
outcome, with trends for an increase in M1 (risk ratio 1.26, P
= 0.19) and decrease in CHF (risk ratio 0.67, P = 0.19) in the
PCI arm. The PCI arm showed a slight superiority in LVEF.
The authors concluded that the open artery hypothesis does
not seem to translate into clinically meaningful advantages
and that benefits of late reperfusion do not justify the costs
and high radiation times for both patients and physicians
encountered with interventions for recanalization of totally
occluded IRAs.

In the second and most recent meta-analysis by Abbate et
al,® studies were included if they compared PCI with medical
management and randomized clinically stable patients >12
hours and up to 60 days after acute MI. Studies included
were finally the same as in the meta-analysis of loannidis and
Katritsis, with the inclusion of four additional studies, TOPS,?
ALKK,?” BRAVE-2? and SWISSI I1? (Table 2). The analysis
comprised 3560 patients yielding significantly improved sur-
vival in the PCI group (odds ratio-OR: 0.49, 95% CI: 0.26 to
0.94, p = 0.030). These benefits were associated with similarly
favourable effects on cardiac remodelling, such as improved
LVEF in the PCI group.

The results of these two meta-analyses initially seem
contradictory, however one can find an explanation when the
four additional trials included in the second meta-analysis are
closely examined. Their inclusion criteria were not adapted
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to strictly test the late open artery hypothesis. The BRAVE- 2
study, which comprised 365 patients, examined whether rou-
tine PCI of MI late-comers, in the time window of 12-48 hours
after symptom onset, could provide benefit over initial medi-
cal therapy.® It showed that infarct size can be significantly
reduced with such a strategy, however only 56.6% of patients
submitted to PCI were found with an occluded IRA (defined
as having TIMI flow 0 or I) at the time of intervention. A trend
towards a reduction of the composite of death, MI or stroke
at 30 days was also found (relative risk reduction: 33%). The
ALKK study included 300 clinically stable patients, 8-42 days
after MI.”” The IRA was found occluded in less than one third
of patients randomized to PCI or medical therapy, and PCI
was related to a significant mortality reduction (4% versus
11% with medical therapy), during long-term follow up (56
months). Re-infarction and the need for revascularization were
also reduced significantly. The SWISSI II study included 201
patients, who had ST-elevation MI (STEMI) or non-STEMI
within the last three months, silent ischemia documented by
stress imaging and 1 or 2 vessel disease suitable for PCI.?®
Stents were not used and patients were followed for 10 years.
Death, non fatal MI or revascularization were significantly re-
duced with PCI (HR: 0.33), as was exercise induced ischemia.
TOPS was a smaller study (87 patients) published in the early
90s.% Patients were randomized to PCI or medical therapy if
at 4-14 days after thrombolysis they had a negative stress test
and an IRA with >50% stenosis. Less than 15% of patients
had an occluded IRA. Infarct free survival was somehow
worse with PCI at 1 year (88.7% vs 100%), but angina-free
survival was better. In general, these four studies added to
the meta-analysis of Abbate et al® a large number of patients
(n=953) with clinical scenarios more encouraging towards an
interventional strategy. Their addition apparently led to an
analysis with results in favour of PCI, in contrast to the study
of Ioannidis and Katritsis ** which included only studies closer
to the late open artery hypothesis paradigm.

HOW TO DEAL WITH THE IRA OF A
LATE-COMER IN CLINICAL PRACTICE

According to the latest focused update of the ACC/AHA/
SCALI guidelines,” PCI is recommended (Class I) after suc-
cessful fibrinolysis or in patients not undergoing primary
reperfusion within the first 12 hours, when any of the following
is true: objective evidence of recurrent MI (class I, C), pres-
ence of moderate or severe spontaneous or induced ischemia
after MI (class I, B), cardiogenic shock or hemodynamic in-
stability (class I, B). Furthermore, it is reasonable to perform
routine late PCI after an MI (class Ila, C) in patients with
LVEF <0.40, heart failure, serious ventricular arrhythmias
or even documented CHF only during the acute episode with
subsequent LVEF>(0.40. However, PCI of a totally occluded
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IRA>24 hours after an STEMI is not recommended (Class
III, B— OAT contribution) in asymptomatic patients with 1- or
2-vessel disease if they are hemodynamically and electrically
stable and do not have evidence of severe ischemia.

These latest guidelines mix two groups of patients: those
successfully submitted to fibrinolysis and late-comers who did
not benefit from either fibrinolysis or primary PCI. In the first
group there has been myocardial salvage and the latest ESC
guidelines recommend routine coronary angiography and, if
applicable, PCI early after effective thrombolysis (Class I, A)
up to 24 hours after thrombolysis independent from angina
and/or ischemia.? The second group, late-comers who did
not benefit from an early reperfusion (either thrombolysis
or primary PCI), is quite heterogeneous. On the one hand
and according to the guidelines, those who are clinically
unstable should undoubtedly be treated with late PCI. On
the other hand, those who are clinically stable can differ in
many aspects: the time from symptom onset to presentation,
the number of diseased coronary vessels, whether the IRA
is occluded or spontaneously reperfused, the IRA territory,
the presence and extent of silent or symptomatic ischemia,
the presence of previously infracted myocardium, the LVEF
and of course numerous other factors defining their general
medical condition and their risk profile.

The OAT results,* further supported by the meta-analy-
sis of Toannidis and Katritsis,** are by strict terms the best
evidence to date testing the late open artery hypothesis.
However, their discouraging results should not be interpreted
as an argument against PCI to recanalize IR As in all MI late-
comers. There is some debate on whether OAT patients are
representative of real-life treatment scenarios. OAT excluded
those patients with post-infarction angina and/or moderate to
severe ischemia. However, one-third to two-thirds of patients
have residual symptomatic or silent ischemia after AMIL.*
Recruitment in the OAT study was indeed difficult and inter-
rupted early; the explanation could be that many cardiologists
believed PCI was beneficial for this group, leaving potentially
less ideal candidates available for randomization. In addition,
length of follow-up was limited, since less than one-half of the
patients in OAT had a follow-up that reached 3 years. Of note,
despite the lack of benefit concerning death, MI or NYHA
class IV heart failure, there was significant relief from angina
found with PCI during the first two years of follow up.

The most recent meta-analysis of Abbate et al.” gave
results in favor of PCI for a mixed population of late-comers
after MI, but only after including data from trials not suitable
to strictly test the late open artery hypothesis.

CONCLUSION

The final message is that clinically stable late-comers
after an acute MI are a diverse group, and decisions about
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late PCI on their IR As should be individualized. The correct
approach should not be to routinely recanalize any IRA, but
rather to search for correct arguments before doing so, after
thoroughly but swiftly analyzing any given patient’s clinical
situation. For the moment the existing evidence seems still
incomplete and current guidelines, although helpful, can not
replace the physician’s judgment in many clinical scenarios
of real practice.

REFERENCES

1.

10.

11.

Smith SC, Jr., Feldman TE, Hirshfeld JW, Jr., et al. ACC/
AHA/SCAI 2005 guideline update for percutaneous coronary
intervention: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
(ACC/AHA/SCAI Writing Committee to Update 2001 Guide-
lines for Percutaneous Coronary Intervention). Circulation
2006; 113: €166-286.

. Silber S, Albertsson P, Aviles FF, et al. Guidelines for percuta-

neous coronary interventions. The Task Force for Percutaneous
Coronary Interventions of the European Society of Cardiology.
Eur Heart J 2005; 26: 804-847.

. Schomig A, Mehilli J, Antoniucci D, et al. Mechanical reper-

fusion in patients with acute myocardial infarction presenting
more than 12 hours from symptom onset: a randomized control-
led trial. JAMA 2005; 293: 2865-2872.

. Fox KA, Goodman SG, Anderson FA, Jr., et al. From guide-

lines to clinical practice: the impact of hospital and geographical
characteristics on temporal trends in the management of acute
coronary syndromes. The Global Registry of Acute Coronary
Events (GRACE). Eur Heart ] 2003; 24: 1414-1424.

. Berger AK, Edris DW, Breall JA, et al. Resource use and qual-

ity of care for Medicare patients with acute myocardial infarc-
tion in Maryland and the District of Columbia: analysis of data
from the Cooperative Cardiovascular Project. Am Heart J 1998;
135: 349-356.

. Hillis LD and Lange RA. Myocardial infarction and the open-

artery hypothesis. N Engl J Med 2006; 355: 2475-2477.

. Kennedy JW, Ritchie JL, Davis KB and Fritz JK. Western

Washington randomized trial of intracoronary streptokinase
in acute myocardial infarction. N Engl J Med 1983; 309: 1477-
1482.

. Randomised trial of intravenous streptokinase, oral aspirin,

both, or neither among 17,187 cases of suspected acute myo-
cardial infarction: ISIS-2. ISIS-2 (Second International Study of
Infarct Survival) Collaborative Group. Lancet 1988; 2: 349-360.

. Cigarroa RG, Lange RA and Hillis LD. Prognosis after acute

myocardial infarction in patients with and without residual an-
terograde coronary blood flow. Am J Cardiol 1989; 64: 155-160.
Lamas GA, Flaker GC, Mitchell G, et al. Effect of infarct ar-
tery patency on prognosis after acute myocardial infarction. The
Survival and Ventricular Enlargement Investigators. Circulation
1995; 92: 1101-1109.

Lange RA, Cigarroa RG, Wells PJ, et al. Influence of antero-
grade flow in the infarct artery on the incidence of late poten-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tials after acute myocardial infarction. Am J Cardiol 1990; 65:
554-558.

Kersschot IE, Brugada P, Ramentol M, et al. Effects of early
reperfusion in acute myocardial infarction on arrhythmias in-
duced by programmed stimulation: a prospective, randomized
study. J Am Coll Cardiol 1986; 7: 1234-1242.

Singh M, Rihal CS, Lennon RJ, et al. Prediction of complica-
tions following nonemergency percutaneous coronary interven-
tions. Am J Cardiol 2005; 96: 907-912.

Porto I, Selvanayagam JB, Van Gaal WJ, et al. Plaque volume
and occurrence and location of periprocedural myocardial
necrosis after percutaneous coronary intervention: insights from
delayed-enhancement magnetic resonance imaging, thromboly-
sis in myocardial infarction myocardial perfusion grade analysis,
and intravascular ultrasound. Circulation 2006; 114: 662-669.
Werner GS, Richartz BM, Gastmann O, et al. Immediate
changes of collateral function after successful recanalization of
chronic total coronary occlusions. Circulation 2000; 102: 2959-
2965.

Dzavik V, Beanlands DS, Davies RF, et al. Effects of late per-
cutaneous 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 Inter-
vention Study [TOMIIS]--a pilot study). Am J Cardiol 1994; 73:
856-861.

Horie H, Takahashi M, Minai K, et al. Long-term beneficial ef-
fect of late reperfusion for acute anterior myocardial infarction
with percutaneous transluminal coronary angioplasty. Circula-
tion 1998; 98: 2377-2382.

Yousef ZR, Redwood SR, Bucknall CA, et al. Late intervention
after anterior myocardial infarction: effects on left ventricular
size, function, quality of life, and exercise tolerance: results of
the Open Artery Trial (TOAT Study). J Am Coll Cardiol 2002;
40: 869-876.

Steg PG, Thuaire C, Himbert D, et al. DECOPI (DEsobstruc-
tion COronaire en Post-Infarctus): a randomized multi-centre
trial of occluded artery angioplasty after acute myocardial inf-
arction. Eur Heart J 2004; 25: 2187-2194.

Silva JC, Rochitte CE, Junior JS, et al. Late coronary artery
recanalization effects on left ventricular remodelling and con-
tractility by magnetic resonance imaging. Eur Heart J 2005; 26:
36-43.

Hochman JS, Lamas GA, Buller CE, et al. Coronary interven-
tion for persistent occlusion after myocardial infarction. N Engl
J Med 2006; 355: 2395-2407.

Dzavik V, Buller CE, Lamas GA, et al. Randomized trial of
percutaneous coronary intervention for subacute infarct-re-
lated coronary artery occlusion to achieve long-term patency
and improve ventricular function: the Total Occlusion Study of
Canada (TOSCA)-2 trial. Circulation 2006; 114: 2449-2457.
King SB, 3rd, Smith SC, Jr., Hirshfeld JW, Jr., et al. 2007 fo-
cused update of the ACC/AHA/SCAI 2005 guideline update for
percutaneous coronary intervention: a report of the American
College of Cardiology/American Heart Association Task Force
on Practice guidelines. J Am Coll Cardiol 2008; 51: 172-209.

27



24.

25.

26.

28

HOSPITAL CHRONICLES 4(1), 2009

Ioannidis JP and Katritsis DG. Percutaneous coronary inter-
vention for late reperfusion after myocardial infarction in stable
patients. Am Heart J 2007; 154: 1065-1071.

Abbate A, Biondi-Zoccai GG, Appleton DL, et al. Survival and
cardiac remodeling benefits in patients undergoing late per-
cutaneous coronary intervention of the infarct-related artery:
evidence from a meta-analysis of randomized controlled trials. J
Am Coll Cardiol 2008; 51: 956-964.

Ellis SG, Mooney MR, George BS, et al. Randomized trial of
late elective angioplasty versus conservative management for
patients with residual stenoses after thrombolytic treatment of
myocardial infarction. Treatment of Post-Thrombolytic Sten-
oses (TOPS) Study Group. Circulation 1992; 86: 1400-1406.

27.

28.

29.

Zeymer U, Uebis R, Vogt A, et al. Randomized comparison
of percutaneous transluminal coronary angioplasty and medical
therapy in stable survivors of acute myocardial infarction with
single vessel disease: a study of the Arbeitsgemeinschaft Lei-
tende Kardiologische Krankenhausarzte. Circulation 2003; 108:
1324-1328.

Erne P, Schoenenberger AW, Burckhardt D, et al. Effects of
percutaneous coronary interventions in silent ischemia after
myocardial infarction: the SWISSI II randomized controlled
trial. JAMA 2007; 297: 1985-1991.

Coletta C, Sestili A, Seccareccia F, et al. Influence of contractile
reserve and inducible ischaemia on left ventricular remodelling
after acute myocardial infarction. Heart 2003; 89: 1138-1143.



