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Abstract
Background Clinical events committees (CEC) are used routinely to adjudicate suspected end-points
in cardiovascular trials, but little information has been published about the various processes used. We
reviewed results of the CEC process used to identify and adjudicate suspected end-point (postenrolment) myocardial infarction (MI) in the large Platelet Glycoprotein IIb/IIIa in Unstable Angina:
Receptor Suppression Using Integrilin (Eptifibatide) Therapy (PURSUIT) trial.
Methods The PURSUIT trial randomised 10,948 patients with acute coronary syndromes to receive
eptifibatide or placebo. A central adjudication process was established prospectively to identify all
suspected MIs and adjudicate events based on protocol definitions of MI. Suspected MIs were
identified by systematic review of data collection forms, cardiac enzyme results, and electrocardiograms. Two physicians independently reviewed all suspected events. If they disagreed whether a MI
had occurred, a committee of cardiologists adjudicated the case.
Results The CEC identified 5005 patients with suspected infarction (46%), of which 1415 (28%)
were adjudicated as end-point infarctions. As expected, the process identified more end-point events
than did the site investigators. Absolute and relative treatment effects of eptifibatide were smaller when
using CEC-determined MI rates rather than site investigator-determined rates. The site-investigator
reporting of MI and the CEC assessment of MI disagreed in 20% of the cases reviewed by the CEC.
Conclusions End-point adjudication by a CEC is important, to provide standardised, systematic,
independent, and unbiased assessment of end-points, particularly in trials that span geographic
regions and clinical practice settings. Understanding the CEC process used is important in the
interpretation of trial results and event rates.
Keywords acute coronary syndromes, adjudication, clinical events committee, clinical trials, myocardial infarction

CEC = clinical events committee; CK-MB = creatine kinase-myocardial band; ECG = electrocardiography; GUSTO = Global Use of Strategies to
Open Occluded Arteries in Acute Coronary Syndromes; MI = myocardial infarction; PURSUIT = Platelet Glycoprotein IIb/IIIa in Unstable Angina:
Receptor Suppression Using Integrilin (Eptifibatide) Therapy.
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Introduction

In the PURSUIT trial [6], a central, independent CEC systematically identified and adjudicated all suspected nonfatal MIs that occurred after enrolment and through a
30-day follow-up. The rationale for CEC adjudication was
the need for a systematic, unbiased, independent, and
standard assessment of this end-point in a large, international trial. To understand the role of such a committee,
and to provide recommendations for future efforts, we
reviewed the results of the CEC process used in the
PURSUIT trial to identify and adjudicate suspected endpoint MIs.

The PURSUIT trial

The PURSUIT trial [6] enrolled 10,948 patients at 726
hospitals in 27 countries from North America, Latin
America, Western Europe, and Eastern Europe. Patients
with acute coronary syndromes without persistent STsegment elevation were randomly assigned to placebo or
eptifibatide. The inclusion and exclusion criteria, as well as
treatment regimens, have been published elsewhere [6].
The primary end-point was a composite of death or nonfatal MI (or reinfarction in patients with MI at enrolment) by
30-day follow-up as adjudicated by the CEC. The composite end-point was also calculated using the site investigator determination of MI from case report forms. We
assessed the incidence of end-point (post-enrolment) MI
among all 10,948 patients enrolled in the PURSUIT trial.
End-point definitions

Data collection

Data were collected using standard case report forms.
Additional information collected from all patients included
cardiac enzymes, ECGs (performed at the time of the

The CEC was a group dedicated to event adjudication
within the North American Trial Co-ordinating Centre at
the Duke Clinical Research Institute. The group consisted
of a managing supervisor, clinical coordinators with a
nursing or clinical research background, administrative
assistants, cardiology fellows, and cardiology faculty
members. The CEC helped define clinical end-point
events, helped develop computer algorithms to identify
patients with suspected end-point events from data from
case report forms, worked with monitoring groups to
collect supplemental medical records for event review,
and adjudicated suspected clinical end-point events.
A schematic diagram of the clinical event adjudication
process is shown in Figure 1. Computer algorithms systematically identified key variables from the database that
could indicate the occurrence of a post-enrolment (endpoint) MI. These variables, which were determined from
clinical expertise and trial experience, included elevated
cardiac enzymes, ECG core laboratory identification of
suspected MI, recurrent ischemic events, urgent revascularisations, or site investigator assessment of a post-enrolment MI. The system was designed for broad identification
of all patients with possible MI after enrolment. A report of
all patients with suspected end-point MI was generated
according to ‘hits’ on the variables already listed.
Each patient with a suspected MI had a clinical folder
prepared by CEC staff at the Duke Clinical Research
Institute. Folders included the case report form and ancillary data forms, discharge summaries, cardiac enzyme
results, ECGs, and a data worksheet that summarised
clinical events, procedures, and cardiac enzyme information. Medical records were translated into English if necessary, using physicians literate in the other language
when possible.
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The definition of end-point MI included a first MI (for
patients without MI at enrolment) or reinfarction (for
patients who had a MI at enrolment), according to clinical,
electrocardiography (ECG), and laboratory criteria (see
Appendix). A MI present at enrolment was not considered
an end-point MI and was not adjudicated by the CEC.

Process for event adjudication

review

Methods

qualifying episode, at enrolment, at 24 hours, at first hospital discharge, and at 30-day follow-up), revascularisation procedure reports, details of ischemic episodes,
clinical complications, medications, and readmission
records. All enzyme values for each patient were
reported; study monitors then verified them against
source documents. Site investigators were asked to
submit supporting documents for patients with suspected
MI, which included discharge summaries and additional
ECGs during the suspected event. Progress notes and
procedure notes were also collected if necessary. An
independent, blinded core laboratory read the specified
ECGs and identified suspected MIs, defined as new Q
waves ≥0.04 s in two contiguous leads. Overall, data for
creatine kinase-myocardial band (CK-MB) were missing
for only 26 patients (0.2%), data for baseline ECG were
missing for 44 patients (0.4%), and data for later ECGs
were missing for 36 patients (0.3%).
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MI is an important end-point in clinical trials. The prevention of MI has in fact been the primary treatment effect
assessed in recent trials of antiplatelet and antithrombin
therapies [1–11]. CECs are now commonly used to adjudicate suspected end-point events in cardiovascular clinical trials. Limited information has, however, been
published about the classification of the cause of death
[12–16] or the adjudication of nonfatal end-points
[17–24] in these trials. The rates of end-point events can
vary considerably depending on whether committees
merely confirm events reported by investigators or
whether they adjudicate all suspected events identified by
data screening.

Current Controlled Trials in Cardiovascular Medicine

August 2001

Vol 2 No 4

Mahaffey et al

Figure 1

Process for review of suspected clinical events in the PURSUIT trial. ECG, Electrocardiography.

Each case was reviewed independently by two physicians
blinded to treatment in the phase I review. The case was
classified as resolved if the physicians agreed that a MI
had or had not occurred. Cases in which there was disagreement between the two CEC physicians were forwarded to a second-level (phase II) review for adjudication
by consensus of a committee of faculty cardiologists
(Fig. 1). The committee members were also blinded to
treatment and to the result of the phase I review. Physicians could request additional medical records, if necessary, to adjudicate a suspected event. If additional records
were obtained, the case was re-reviewed to ensure that
decisions were based on similar documents. For quality
assurance, 10% of the cases with agreement by the
phase I physicians were reviewed in a blinded fashion by
the phase II committee to determine whether there were
any systematic inconsistencies with the phase I reviews.
There were no inconsistencies found.

Statistical analysis

Variables were summarised as percentages for dichotomous variables or medians (25th and 75th percentiles) for
continuous variables. The χ2 test was used to calculate
P values.

Results
Overall, 5005 patients with suspected MI after enrolment
(46%) were identified and adjudicated by the CEC.
Table 1 presents the number of patients enrolled and the
number of patients with an end-point MI identified by the
CEC or the site, both or neither, by geographic region.
The proportion of patients with MI adjudicated by the CEC
was similar in North America, Latin America and Western
Europe, but tended to be higher in Eastern Europe.
As expected, because of the rigorous effort by the CEC to
identify all suspected MIs for adjudication, the process
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Table 1
Identification of end-point myocardial infarctions in the PURSUIT trial
CEC MI only

Site MI only

Both CEC + site MI

Neither CEC nor site MI

Eastern Europe (n = 1762)

182 (10.3%)

24 (1.4%)

129 (7.3%)

1427 (81.0%)

44 (7.5%)

8 (1.4%)

24 (4.1%)

509 (87.0%)

North America (n = 4358)

299 (6.9%)

57 (1.3%)

205 (4.7%)

3797 (87.1%)

Western Europe (n = 4243)

291 (6.9%)

78 (1.8%)

241 (5.7%)

3633 (85.6%)

Overall (n = 10,948)

816 (7.5%)

167 (1.5%)

599 (5.5%)

9366 (85.6%)

Latin America (n = 585)

commentary

Region

Data presented as n (%). CEC, clinical events committee; MI, myocardial infarction.
Table 2
Efficacy end-points (%) at 30-day follow-up
Eptifibatide*
(n = 4722)

Placebo
(n = 4739)

Absolute
reduction

Relative
reduction

P

Number needed
to treat

Death or infarction
Clinical events committee
Site investigator

14.2
8.1

15.7
10.0

1.5
1.9

9.6
19.0

0.042
0.0007

10.4
5.3

Myocardial infarction
Clinical events committee
Site investigator

12.6
6.2

13.6
7.8

1.0
1.6

7.4
20.5

0.137
0.002

13.5
4.9

End-point

* High-dose group only.
review

Table 3
Disagreements between the site investigator and the clinical events committee
Disagreements (n)
Patients with
suspected infarction, n (%)

Patients with
disagreement, n (%)

Committee no / site yes

Committee yes / site no

Eastern Europe

862 (49)

206 (24)

24

182

Latin America

253 (43)

52 (21)

8

44

North America

1779 (41)

356 (20)

57

299

Western Europe

2111 (50)

369 (17)

78

291

Overall

5005 (46)

983 (20)

167

816

Region

Discussion

The proportion of patients enrolled who had a suspected
end-point MI ranged from 41% in North America to 50%
in Western Europe (Table 3). Disagreements between the
site investigator and CEC assessment of MI occurred in

The review of the clinical-events classification process in
the current study raises some important issues for clinical
investigators. First, the rates of end-point infarction or reinfarction were higher than those reported in prior trials of
patients with acute coronary syndromes. Second, the CEC

research

9% of all patients enrolled in the trial, or 983 of the 5005
patients with suspected MI adjudicated by the CEC
(20%; Table 3). Of these 983 patients with disagreements, 816 patients had a MI assessed by the CEC but
not by the site investigator, and 167 patients had a MI
identified by site investigators but not by the CEC.

identified more end-point events than did the site investigators (Table 2). Eptifibatide reduced the incidence of
death or MI in the PURSUIT trial by 1.5% (15.7% versus
14.2%; P = 0.042) at 30 days [6]. This benefit was driven
primarily by a reduction in nonfatal MI. We noted smaller
absolute and relative treatment effects when the CECdetermined MI rates were used compared with the site
investigator-determined rates.
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identified more events than the site investigators. Third, the
site investigator and the CEC assessments of MI disagreed for 20% of the patients reviewed by the CEC.
CECs have become an integral aspect of clinical trials of
new therapies for patients with acute coronary syndromes.
The primary function of these committees has been to systematically adjudicate nonfatal end-points such as MI. The
first large trials in these patients used mortality as the
primary end-point; thus, standardised assessment of
patient outcome was not required [25–27]. More recent
trials, however, have included nonfatal end-points such as
MI, congestive heart failure, stroke, or safety measures as
part of composite clinical end-points. Myocardial infarction
has been considered a ‘hard’ end-point, but its assessment can be as difficult in clinical trials as it is in clinical
practice, because clinical, laboratory, and ECG data may
conflict and physicians often disagree whether a patient
has suffered a MI. An example of this difficulty is the evaluation of small enzyme elevations in patients undergoing
percutaneous coronary intervention [28]. Although these
low-level enzyme elevations are defined as MIs in many
trial protocols, physicians do not consistently consider
them to be infarctions in daily clinical practice and therefore may be reluctant to report them as such.
The rates of infarction as adjudicated by the CEC in the
PURSUIT trial were higher than reported in previous trials
of patients with acute coronary syndromes, for several
reasons [1,7,8,29]. First, the PURSUIT trial CEC effort
was more liberal in its identification of possible events.
Committee physicians reviewed events for almost 50% of
the patients in the trial, which is nearly double the percentage that underwent adjudication by the same CEC
group in two other trials: Integrilin to Minimize Platelet
Aggregation and Coronary Thrombosis (IMPACT-II) [9],
and Global Use of Strategies to Open Occluded Arteries
in Acute Coronary Syndromes (GUSTO-IIb) [1]. Second,
the definition of MI is evolving and has varied among clinical trials in this patient population. For example, criteria
for MI after bypass surgery in the GUSTO-IIb trial were
more stringent than those in the PURSUIT trial, requiring
two of three criteria to be met (CK or CK-MB fraction ≥5
times the upper limit of normal, two new Q waves, or new
regional wall-motion abnormalities). Finally, more cardiac
enzyme samples were collected per patient in the
PURSUIT trial than in GUSTO-IIb (median [25th, 75th] 4.5
[3,7] versus 3 [1,4]) (RA Harrington, unpublished data).
These factors, particularly the systematic collection of
cardiac enzymes (missing for only 0.2% of the patients),
contributed to a higher ascertainment of MI in the
PURSUIT trial. Trials that rely on investigator-reported MI
probably underestimate the true event rate.
Before implementation of the CEC process, the International Steering Committee agreed on the definitions for MI,
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which were based on experience and clinical expertise.
Because of the global nature of the PURSUIT investigation, attempts were made to model definitions after everyday clinical practice. The study protocol provided the
end-point definitions, so that the CEC and site investigators had the same set of criteria to classify MI. Nevertheless, the site investigators underreported infarctions.
Similar findings have been noted in prior trials
[1,9,22,23,30,31].
The strategy used to identify suspected infarctions can
affect the proportion of events with disagreements. Some
trials have confirmed events reported only by the investigators [5,7,8,11,29,30], whereas other trials have adjudicated all suspected events identified by systematic
screening of patient data [1–3,9,31,32]. In the first strategy, the CEC event rates will be the same as or lower than
the site investigator-reported rates. In the second, the
CEC event rates may be higher, lower, or the same as the
site investigator-reported rates.
The impact of adjudication of cases from other regions of
the world by physicians based in North America is
unknown. In the current study, however, medical records
were translated to English, physicians fluent in other languages were used when needed, and the criteria for reinfarction were based, for the most part, on objective data
such as enzyme and ECG data.
There are several key implications of these findings. The
strategy used to identify and adjudicate end-point events
is one of many factors to be considered when comparing
event rates between clinical studies. During trial planning,
the events classification strategy being considered may
also have an important impact on estimation of event rates
and the calculations of sample size and power. Education
and training of clinical investigators regarding end-point
definitions and ascertainment may help in minimising differences between CEC and site investigator assessments
of end-points. Finally, the strategy and rigor of the clinical
event adjudication process used may influence the interpretation of trial results by the clinical and regulatory communities. We believe that CEC adjudication of suspected
nonfatal MI end-point events is important to provide independent, unbiased, standard, systematic assessments,
particularly in trials that include broad geographic regions
and different clinical practice settings.

Conclusion
Nonfatal MI, inherently undesirable, is an important clinical
event and an important component of clinical trial endpoints. CEC adjudication of infarction is necessary to
provide standardised, systematic, independent, and unbiased assessments of end-points in clinical investigation. In
the PURSUIT trial, the assessment of infarction by site
investigators versus that of a central CEC disagreed: more
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infarctions were identified by the CEC than by the site
investigators. The impact of these findings affects the
comparison of event rates between trials as well as the
design of future trials.

Competing interests

18.

19.

None declared.
20.

The PURSUIT study was funded by grants from COR Therapeutics
(South San Francisco, CA, USA) and Schering-Plough Research Institute (Kenilworth, NJ, USA).
21.

References
1.
2.
3.
4.

5.

7.
8.

9.
10.

11.
12.
13.

15.

16.

17.

23.

24.

25.
26.

27.
28.

29.

30.

31.
32.

Appendix: definition for end-point (postenrolment) myocardial infarction
Myocardial infarction is defined by either enzyme or electrocardiography (ECG) criteria.

research

14.

22.

review

6.

The GUSTO-IIb Investigators: A comparison of recombinant
hirudin with heparin for the treatment of acute coronary syndromes. N Engl J Med 1996, 335:775-782.
The EPIC Investigators: Use of a monoclonal antibody directed
against the platelet glycoprotein IIb/IIIa receptor in high-risk
coronary angioplasty. N Engl J Med 1994, 330:956-961.
The EPILOG Investigators: Platelet glycoprotein IIb/IIIa receptor
blockade and low-dose heparin during percutaneous coronary
revascularization. N Engl J Med 1997, 336:1689-1696.
The Antiplatelet Trialists’ Collaboration: Collaborative overview
of randomised trials of antiplatelet therapy I: prevention of
death, myocardial infarction, and stroke by prolonged
antiplatelet therapy in various categories of patients. Br Med J
1994, 308:81-106.
Antman EM, for the TIMI 9B Investigators: Hirudin in acute
myocardial infarction. Thrombolysis and Thrombin Inhibition
in Myocardial Infarction (TIMI) 9B trial. Circulation 1996, 94:
911-922.
The PURSUIT Investigators: Inhibition of platelet glycoprotein
IIb/IIIa with eptifibatide in patients with acute coronary syndromes without persistent ST-segment elevation: a randomized, placebo-controlled, clinical trial. N Engl J Med 1998, 339:
436-443.
The PRISM Investigators: A comparison of aspirin plus tirofiban
with aspirin plus heparin for unstable angina. N Engl J Med
1998, 338:1498-1505.
The PRISM PLUS Investigators: Inhibition of the platelet glycoprotein IIb/IIIa receptor with tirofiban in unstable angina and
non-Q-wave myocardial infarction. N Engl J Med 1998, 338:
1488-1497.
The IMPACT-II Investigators: Randomised placebo-controlled
trial of effect of eptifibatide on complications of percutaneous
coronary intervention. Lancet 1997, 349:1422-1428.
The EPISTENT Investigators: Randomised placebo-controlled
and balloon-angioplasty-controlled trial to assess safety of
coronary stenting with use of platelet glycoprotein-IIb/IIIa
blockade. Lancet 1998, 352:87-92.
The CAPTURE Investigators: Randomised placebo-controlled
trial of abciximab before and during coronary intervention in
refractory unstable angina. Lancet 1997, 349:1429-1435.
Temple R, Pledger GW: The FDA’s critique of the anturane
reinfarction trial. N Engl J Med 1980, 303:1488-1492.
Epstein AE, Carlson MD, Fogoros RN, Higgins SL, Venditti FJ Jr:
Classification of death in antiarrhythmia trials. J Am Coll
Cardiol 1996, 27:433-442.
Remington RD: Who should code cause of death in a clinical
trial? Contr Clin Trials 1984, 5:241-244.
Moussa MA, Shafie MZ, Khogali MM, el-Sayed AM, Sugathan TN,
Cherian G, Abdel-Khalik AZ, Garada MT, Verma D: Reliability of
death certificate diagnoses. J Clin Epidemiol 1990, 43:12851295.
Narang R, Clelan GF, Erhardt L, Ball SG, Coats AJ, Cowley AJ,
Dargie HJ, Hall AS, Hampton JR, Poole-Wilson PA: Mode of
death in chronic heart failure. A request and proposition for
more accurate classification. Eur Heart J 1996, 17:1390-1403.
Mahaffey KW, Granger CB, Woodlief L, Tardiff BE, Bandy S,
Califf RM: Centralized systematic adjudication of clinical endpoints in multicenter trials of acute coronary syndromes iden-

commentary

Acknowledgements

tifies patients at high risk for adverse clinical outcomes
[abstract]. J Am Coll Cardiol 1996, 27:250A.
Tardiff BE, Mahaffey KW, Sigmon KN, Tcheng JE, Karnash SL,
Lee KL, Granger CM, Califf RM: Differences in endpoint identification by investigators versus independent review
[abstract]. Contr Clin Trials 1996, 17:25S.
Mahaffey KW, Tardiff BE, Granger CB, Woodlief LW, ClappChanning NE, Karnash SL, McCants B, Raney M, Lee KL, Califf
RM: Comparison of investigator and central events review of
myocardial infarction rates as a means to improve events
classification: results from GUSTO-IIa [abstract]. Contr Clin
Trials 1996, 17:136S.
Ives DG, Fitzpatrick AL, Bild DE, Psaty BM, Kuller LH, Crowley
PM, Cruise RG, Theroux S: Surveillance and ascertainment of
cardiovascular events. The Cardiovascular Health Study. Ann
Epidemiol 1995, 5:278-285.
Mahaffey KW, Granger CB, Tardiff BE, Woodlief L, Lee KL,
Weaver WD, Topol EJ, Califf RM, for the GUSTO-IIb Investigators: Endpoint adjudication by clinical events committee can
impact the statistical outcome of a clinical trial: results from
GUSTO-IIb [abstract]. J Am Coll Cardiol 1997, 29:410A.
Mahaffey KW, Tardiff BE, Granger CB, Lee KL, Harrington RA,
Topol EJ, Califf RM: Disagreement between site investigators
and clinical event committees is common and can affect trial
results [abstract]. J Am Coll Cardiol 1998, 31:184A-185A.
Mahaffey KW, Akkerhuis, M, Boersma H, Tardiff BE, Harrington
RA, Topol EJ, Califf RM: The identification of MI in clinical trials
is difficult and there is substantial difference between the
assessment by site investigators and a clinical events committee: results from PURSUIT [abstract]. Eur Heart J 1998,
19:55.
Näslund U, Grip L, Fischer-Hansen J, Gundersen T, Lehto S, Wallentin L: The impact of an end-point committee in a large multicentre, randomised, placebo-controlled clinical trial. Eur
Heart J 1999, 20:771-777.
The GUSTO Investigators: An international randomized trial
comparing four thrombolytic strategies for acute myocardial
infarction. N Engl J Med 1993, 329:673-682.
ISIS-2 (Second International Study of Infarct Survival) Collaborative Group: Randomised trial of intravenous streptokinase,
oral aspirin, both or neither among 17,187 case of suspected
acute myocardial infarction: ISIS-2. Lancet 1988, 2:349-360.
Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico (GISSI): Effectiveness of intravenous thrombolytic treatment in acute myocardial infarction. Lancet 1986, 1:397-401.
Califf RM, Abdelmeguid AE, Kuntz R, Popma JJ, Davidson CJ,
Cohen EA, Kleiman NS, Mahaffey KW, Topol EJ, Pepine CJ,
Lipicky RJ, Granger CB, Harrington RA, Tardiff BE, Crenshaw BS,
Bauman RP, Zuckerman BD, Chaitman BR, Bittl JA, Ohman EM:
Myonecrosis after revascularization procedures. J Am Coll
Cardiol 1998, 31:241-251.
Thrombolysis in Myocardial Ischemia (TIMI) Study Group: Effects
of tissue plasminogen activator and a comparison of early
invasive and conservative strategies in unstable angina and
non-Q-wave myocardial infarction: results of the TIMI IIIB
Trial. Circulation 1994, 89:1545-1556.
The SAVE Investigators: Effect of captopril on mortality and
morbidity in patients with left ventricular dysfunction after
myocardial infarction. Results of the Survival And Ventricular
Enlargement trial. N Engl J Med 1992, 327:669-677.
The CAVEAT Study Group: A comparison of directional
atherectomy with coronary angioplasty in patients with coronary artery disease. N Engl J Med 1993, 329:221-227.
The RESTORE Study Group: Effects of platelet glycoprotein
IIb/IIIa blockade with tirofiban on adverse cardiac events in
patients with unstable angina or acute myocardial infarction
undergoing coronary angioplasty. Circulation 1997, 96:14451453.

Current Controlled Trials in Cardiovascular Medicine

August 2001

Enzyme criteria

1. Myocardial infarction (MI) events without documentation of a prior MI during the admission: creatine kinasemyocardial band (CK-MB) elevated above the upper
limit of normal (ULN) and ≥ 3% of total CK. If CK-MB is
unavailable, then total CK > 2 × ULN.
2. MI events with documentation of a prior infarction
during the admission, either before or at enrolment:
If <18 hours since previous MI. Recurrent, severe
ischemic discomfort and new or recurrent ST-segment
elevation ≥ 0.1 mV in at least two contiguous leads,
either persisting for ≥ 30 min.
If ≥18 hours since previous MI. Re-elevation of CK-MB
to above the ULN (if prior CK-MB was within normal
range) or > 50% above the prior level (if prior CK-MB
was above the ULN). If CK-MB is unavailable: either
total CK ≥ 2 × ULN and increased by ≥ 25%; or
≥1.5 × ULN and increased by ≥ 200 IU above the previous value.
3. Periprocedural MI events (occurring during or
< 24 hours after percutaneous coronary intervention):
CK-MB ≥ 3 × ULN and > 50% above the prior nadir
value. If CK-MB is unavailable, then total CK
≥ 3 × ULN.
4. Perioperative MI events occurring during or < 36 hours
after bypass surgery): CK-MB ≥ 5 × ULN (or CK, in the
absence of CK-MB).
ECG criteria

New, significant Q waves or Q-wave equivalents ≥ 0.04 s
in at least two contiguous leads. If enzyme or ECG data
are unavailable, a MI is considered to have occurred when
there is a preponderance of clinical evidence based on
patient signs, symptoms, ECG changes, and pathological
findings. When enzyme or ECG criteria are available, they
take precedence.
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