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Background-—Periprocedural myocardial infarction (PMI) has had several definitions in the last decade, including the Society for
Cardiovascular Angiography and Interventions (SCAI) definition, that requires marked biomarker elevations congruent with surgical
PMI criteria.

Methods and Results-—The aim of this study was to examine the definition-based frequencies of PMI and whether they influenced
the reported association between PMI and increased rates of late death/ myocardial infarction (MI). We studied 742 patients; 492
(66%) had normal troponin T (TnT) levels and 250 (34%) had elevated, but stable or falling, TnT levels. PMI, using the 2007 and the
2012 universal definition, occurred in 172 (23.2%) and in 99 (13.3%) patients, respectively, whereas 19 (2.6%) met the SCAI PMI
definition (P<0.0001). Among patients with PMI using the 2012 definition, occlusion of a side branch ≤1 mm occurred in 48
patients (48.5%) and was the most common angiographic finding for PMI. The rates of death/MI at 2 years in patients with,
compared to those without, PMI was 14.7% versus 10.1% (P=0.087) based on the 2007 definition, 16.9% versus 10.3% (P=0.059)
based on the 2012 definition, and 29.4% versus 10.7% (P=0.015) based on the SCAI definition.

Conclusion-—In this study, PMI, according to the SCAI definition, was associated with more-frequent late death/MI, with �20% of
all patients, who had PMI using the 2007 universal MI definition, not having SCAI-defined PMI. Categorizing these latter patients as
SCAI-defined no PMI did not alter the rate of death/MI among no-PMI patients. ( J Am Heart Assoc. 2014;3:e001086 doi:
10.1161/JAHA.114.001086)
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P eriprocedural myocardial infarction (PMI) has had chang-
ing diagnostic criteria over the last decade. Elevation(s)

in post–percutaneous coronary intervention (PCI) blood levels
of markers of myocyte necrosis, preferably troponin T or I (TnT
or TnI), were sufficient for the diagnosis of PMI using the 2000
and 2007 universal definitions of myocardial infarction (MI),1–3

but the 2012 universal MI definition requires features
additional to biomarker elevations for the diagnosis. These
include ischemic chest pain ≥20 minutes, ischemic ECG
changes, and/or abnormal findings on either invasive or
noninvasive imaging.4 Given that chest pain is very common

post-PCI in the absence of cardiac biomarker elevations, it has
usually been assumed to be nonischaemic in origin. Con-
versely, some patients have cardiac biomarker elevations, but
do not have either chest pain or observed changes in invasive
or noninvasive imaging that would otherwise meet the criteria
for the 2012 PMI definition.5–7

Recently, the Society for Cardiovascular Angiography and
Interventions (SCAI) has developed PMI criteria similar to
post–coronary artery bypass graft (CABG) MI criteria with
biomarkers elevation ≥109 upper reference limit (URL) for
creatine kinase MB (CKMB) and/or ≥709URL for troponin.8

These PMI definition changes are likely to reduce the
frequency of this event. The consequence of changing
definitions may alter the prognostic significance of PMI.9

Also MI, including PMI, is often a component of the primary
endpoint of clinical trials, so if PMI is a less-frequent event,
then trial costs may increase.

In order to evaluate the impact of using these different
criteria to define PMI on event frequency, we examined post-
PCI levels of TnT and CKMB and other additional PMI criteria
in the 2012 universal MI definition. The influence of PMI
definition on late outcomes after PCI was also studied.
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Methods

Study Population
All patients undergoing PCI at the cardiac catheterization
laboratories of Liverpool Hospital (Sydney, Australia) have
clinical, angiographic, and procedural data recorded prospec-
tively in cardiology and laboratory databases.10 These data
include procedural indications, patient demographics, medi-
cations, angiographic and lesion characteristics, and stent
types (drug-eluting stent [DES] or bare-metal stent). The
current study includes patients undergoing PCI for stable

coronary heart disease (CHD), unstable angina, and non-ST-
segment elevation MI (NSTEMI) from October 1, 2003 to
September 2010, who had qualifying cardiac biomarkers
measurements before and after PCI. These included normal
preprocedural TnT levels, or when pre-PCI TnT levels were
elevated, and 2 stable or falling levels 6 hours apart.
Exclusion criteria included ST-segment elevation myocardial
infarction (STEMI), missing pre- and/or post-PCI TnT results,
post-PCI TnT and/or CKMB measurements >48 hours, or
elevated pre-PCI TnT levels within 72 hours that were not
stabilized or falling (Figure 1). Post-PCI outcomes are rou-

Exclusions:
- STEMI, n=1395
- Elevated TnT but not fall or stablized within 
72 hours before PCI, n=545
- Pre-PCI &/or post-PCI TnT data did not meet 
inclusion criteria (see methods), n=2449 
(stable CHD, n=1525 ; NSTEACS, n=924)

Total PCIs, n=5131 

Study cohort, n= 742 PCIs 

<3XURL,
n=406 (82.3%)

Pre-PCI TnT<URL, 
n=492 (66.3%)

Pre-PCI TnT>URL (declined or stable),
n=250 (33.7%)

>3XURL,*
n=87 (17.7%)

>20%,
n=85 (34%)

<20%,
n=165 (66%)

2012 Universal MI Definition 2007 Universal MI Definition 

PMI
n=99

(13.3%)

No PMI
n=643

(86.7%)

No PMI
n=570

(76.8%)

PMI
n=172

(23.2%)

Post-PCI TnT 

PMI
n=19

(2.6%)

No PMI
n=723

(97.4%)

SCAI Definition 

Post-PCI TnT 

Figure 1. Study population. The diagram shows the patients from the total angioplasty cohort. Also, the reasons
for exclusion from the current study for those who underwent PCI in the study period are shown. *Fifty-two
patients had post-PCI TnT >59URL. CHD indicates coronary heart disease; MI, myocardial infarction; NSTEACS,
non-ST-segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention; PMI, periproce-
dural myocardial infarction; SCAI, Society for Cardiovascular Angiography and Interventions; STEMI, ST-segment
elevation myocardial infarction; TnT, troponin T; URL, upper reference limit.

DOI: 10.1161/JAHA.114.001086 Journal of the American Heart Association 2

PMI Definitions Alter Event Rates and Prognosis Idris et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



tinely assessed for quality assurance (project QA2008/034,
approved by the Liverpool Hospital Ethics Committee).

PCI Procedures
Procedural details were as previously described.10 Stent
deployment was performed according to our institutions’ DES
selective use criteria,11,12 and angiographic successful pro-
cedures were defined as final post-PCI minimum stenosis
diameter reduction to <20% in cases after stenting or to <50%
after balloon angioplasty in the presence of grade 3 Throm-
bolysis In Myocardial Infarction (TIMI) flow.13

Definition of PMI
The 2007 universal MI definition of PMI merely required
elevation of cardiac biomarkers, preferably TnT or TnI, post-
PCI (an ischemic setting),2 whereas the 2012 universal MI
definition of PMI required ischemic chest pain ≥20 minutes,
ischemic ECG change, and/or abnormal changes on either
invasive or noninvasive imaging, in addition to elevations in
cardiac biomarkers. The SCAI definition requires elevation of
cardiac biomarkers, preferably CKMB (Table 1).4,8 Among
patients who met the TnT or CKMB criteria for diagnosis of
PMI, as required for the 2012 universal MI definition and the
SCAI definition, the data on ischemic chest pain and ischemic
ECG changes were collected from the recorded cardiology

databases. The angiographic and noninvasive imaging criteria
for diagnosis of PMI, as required for the 2012 universal MI
definition, included identifiable side-branch occlusion (defined
as ≤1 mm, >1 to <2 mm, and ≥2 mm), persistent or transient
slow or no-reflow, distal embolization, or dissection. These
were reviewed by 5 experienced interventional cardiologists,
and noninvasive imaging and disagreements were reviewed by
a consensus panel of 3 (H.I., S.L., and J.F.), if necessary.

Laboratory Assays
Venous blood samples for TnT measurements were made
using the third- and fourth-generation TnT assay (Roche,
Mannheim, Germany). Only patients with TnT and/or CKMB
measured within 48 hours post-PCI were included, and the
highest value was included for the analysis. The URL for TnT
using the third- and fourth-generation assays (used before and
after January 15, 2006, respectively) was 0.03 lg/L, defined
as the level at <10% coefficient of variation, complying with
the European Society of Cardiology (ECS)/American College
of Cardiology (ACC) consensus requirements.1

Clinical Follow-up
Late clinical outcomes included death, MI, stent thrombosis
(ST), and target vessels revascularization (TVR), defined as
ischemia-driven repeat revascularization of the culprit lesion,

Table 1. ESC/ACCF/AHA/WHF Task Force for the Universal Definition of Myocardial Infarction and SCAI Definition With PCI

2007 Universal
MI Definition 2012 Universal MI Definition SCAI Definition

Biomarkers criteria

 Normal baseline values Elevation of TnT
values >39URL

Elevation of TnT values >59URL Elevation of CKMB values ≥109URL or TnT values ≥709URL
Elevation of CKMB values ≥59URL or TnT values ≥359URL*

 Elevated baseline values,
but stable or falling

Elevation of TnT
values >20%

Elevation of TnT values >20% Increment rise of CKMB ≥109URL or TnT values ≥709URL

 Elevated baseline, but
not stable or falling

Increment rise of CKMB≥109URL or TnT values ≥709URL*

Additional criteria Not required Ischemic chest pain ≥20 minutes or
ischemic ECG changes or
angiographic evidence:

side-branch occlusion
Slow flow or no-reflow
embolization. . ... or
imaging evidence of new loss of
viable myocardium or new regional
wall motion abnormality

New pathological Q-waves in 2 contiguous leads or
new persistent LBB in ECG

ACCF indicates American College of Cardiology Foundation; AHA, American Heart Association; CKMB, creatine kinase MB; ESC, European Society of Cardiology; MI, myocardial infarction;
PCI, percutaneous coronary intervention; SCAI, Society for Cardiovascular Angiography and Interventions; TnT, troponin T; URL, upper reference limit, WHF, World Heart Federation.
*Additional criteria required.
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by PCI or CABG (as defined by the Academic Research
Consortium).14 The composite of major adverse cardiac
events (MACEs) include death/MI/TVR/ST, as previously
reported.11 In brief, trained research staff (nurses or doctors)
contacted patients, their relatives, or local physicians by
phone and were asked about recurrent cardiac symptoms
requiring hospitalization, particularly coronary revasculariza-
tion, or MI. Data regarding death were obtained from family
members, physicians, medical records, and death registry.
Other clinical outcomes, such as repeated procedures for
stent thrombosis and restenosis, were also evaluated and
documented in our database.

Statistical Analysis
Statistical analysis was performed using SPSS (version 21;
SPSS, Inc., Chicago, IL). Categorical variables were expressed
as numbers and percentages per group, continuous variables
as mean�SD for normally distributed variables, and medians
and (25th and 75th percentiles) for skewed variables. For
group comparisons, Pearson’s chi-square (v²) test or Fisher’s
exact test were used, as appropriate, for unpaired categorical
variables. McNemar’s test was used for comparison of 2
related categorical variables and Cochran’s Q test for
comparisons of 3 related categorical variables. The Student
t tests or the Mann-Whitney’s U tests (for skewed variables)
were used for continuous variables.

Multivariable analysis was performed with the logistic
regression analysis method to determine independent pre-
dictors of PMI. Variables with P values <0.2 on univariable
analysis were included in multivariable analysis models. These
included age, sex, body mass index (BMI), hypertension (HTN),
smoking, clinical indication for PCI, elevated pre-PCI TnT level,
an estimated pre-PCI glomerular filtration rate (eGFR) >30 to
<60 mL/min per 1.73 m2, using the MDRD formula
(eGFR=186.39SerumCr�1.1549age�0.20390.742 [if
female]),15 ACC/American Heart Association (AHA) class B2
and C lesions, calcified lesion, dissection, rotablation, pre-PCI
stenosis, culprit lesion length ≥20 mm, deployment of more
than 1 stent, maximum deployment pressure duration, and
TIMI 3 flow grade post-PCI applied. Odds ratio (OR) and 95%
confidence interval (CI) were reported.

Hazard ratios (HRs) with 95% CI were performed with Cox’s
regression analysis of the following events—death, MI, TVR,
and ST—which represented MACEs and combined death or
MI and at 30 days, 1 year, and 2 years in patients with, and
without, PMI according to 2007 and 2012 universal MI
definitions and the SCAI definition, respectively. Also, HRs for
death and/or MI at 2 years were adjusted for age, pre-PCI
TnT level, and eGFR >30 to <60 mL/min per 1.73 m2. Five
patients whose PCIs were unsuccessful as a result of failure to
open chronic total occlusions, and 47 patients who were lost

to follow-up, were excluded from Cox’s regression analysis of
late clinical outcomes. Kaplan-Meier’s curves for late out-
comes were compared using log-rank testing. P values <0.05
were considered statistically significant.

Results

Patients Clinical and Procedural Characteristics
This study included 742 patients who underwent PCI, 132 for
stable CHD and 610 patients for acute coronary syndrome
(315 NSTEMI and 295 unstable angina; Table 2). The mean
age was 64�11 years, 74% were males, 28% had diabetes,
and 60% had ACC/AHA class B2 and C lesions. Periprocedural
GPIIb/IIIa inhibitors were used in 20% of PCIs, and in 97% of
PCIs, at least 1 stent was deployed (32% had ≥1 DES); 4
patients had rotational atherectomy.

Patients with PMI, compared to those without, were more
likely to have HTN, had more renal dysfunction (eGFR 30 to
<60 mL/min per 1.73 m2), had longer procedural time, and
had ACC/AHA class B2 and C lesions. Demographic and
angiographic characteristics of patients with, and without
PMI, according to the 2007 and the 2012 universal
definitions of MI and the SCAI definition, are shown in
Tables 2 and 3.

Pre-PCI TnT levels were <URL in 492 (66%) and were
elevated in 250 (34%) patients. PMI using the 2007 universal
MI definition occurred in 172 (23%) patients (87 had post-PCI
TnT levels elevations >39URL, and 85 had >20% elevation
post-PCI TnT levels), whereas PMI, based on the 2012
universal MI definition, occurred only in 99 (13%) patients (44
had post-PCI TnT-level elevations >59URL and 55 with
elevated pre-PCI TnT had >20% increase post-PCI levels). The
most common additional criteria for the 2012 universal PMI
definition was side-branch occlusion in 53 patients (54%);
side-branch diameters were ≤1 mm in 48 patients, >1 to
<2 mm in 3, and ≥2 mm in 2. Other reasons included
persistent or transient slow or no-reflow in 33% and 21% had
distal embolization, whereas only 11% patients had ischemic
chest pain and 12% had ischemic ECG changes; some had >1
criteria (Figure 2). An additional 38 patients met the TnT
elevation criteria for the 2012 universal MI definition of PMI
without an additional feature (8 patients with normal pre-PCI
TnT levels and 30 with elevated pre-PCI TnT levels). According
to the SCAI definition, PMI occurred in 19 (2.6%) patients (11
with normal pre-PCI TnT and 8 with elevated pre-PCI TnT
levels; 3-way frequency comparison, P<0.001). All 19 patients
who fulfilled the SCAI definition of PMI fulfilled the 2007
universal definition of MI, but 2 of these did not fulfil the 2012
universal MI definition.

Based on our previously reported correlation between
CKMB and TnT using the equation: TnT (lg/L)=e[(1.202[InCKMB
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lg/L])�4.693+0.264(if eGFR<30)], when the pre-PCI TnT level was
<URL, and the equation: additional TnT elevation (lg/L)
=e[(1.103[InCKMB lg/L])�4.824+0.406(if eGFR<30)], when pre-PCI TnT
level >URL,10 we found the PMI frequency based on
biomarker levels of ≥109URL for CKMB, which equates to
TnT levels of ≥179URL in females and ≥339URL in males,
occurred in 32 (4.3%) patients.

Independent predictors for PMI, based on the 2007
universal MI definition, on the multivariable logistic regression
analysis model were coronary dissection, pre-PCI (TnT) >URL,
age, and coronary artery stenosis (%) pre-PCI. Applying the
2012 universal MI definition and using the same model
identified ACC/AHA class B2 and C lesions and deployment
of ≥1 stent as additional independent predictive factors.
However, using the same model for the SCAI definition of PMI,
the independent predictors were only coronary dissection and
renal dysfunction (eGFR, >30 to <60 mL/min per 1.73 m2;
Table 4).

Clinical Outcomes
Late outcomes of death—recurrent MI, TVR, and MACE—
were assessed at a median of 37 (interquartile range, 20 to
55) months post-PCI and were not significantly different in
patients with and without PMI, based on the 2007 universal
MI definition (Figure 3 and Table 5). Though according to the
2012 universal definition of MI, there was a trend toward
worse outcomes in patients with PMI, compared to patients
without PMI (death/MI at 2 years; P=0.059). However, the
SCAI definition showed an increased frequency of death/MI
at 2 years in patients with PMI, compared to those without
(P=0.015; Figure 3). Kaplan-Meier’s analysis for death, MI,
and the combination in patients with or without PMI,
according to the 2007 and the 2012 universal MI definitions
and the SCAI definition, are shown in Figure 4. The late
events of death and/or nonfatal MI were more frequent in

patients with normal pre-PCI TnT, but not in patients with
elevated pre-PCI TnT levels, according to the 3 definitions of
PMI (Table 6).

Figure 2. Additional criteria for periprocedural myocardial
infarction according to the 2012 universal MI definition. MI
indicates myocardial infarction.

Table 4. Independent Predictors of Periprocedural
Myocardial Infarction

Variables OR (95% CI) P Value

2007 MI definition

Dissection 10.72 (3.95 to 29.11) <0.0001

Pre-PCI troponin (TnT) >URL 2.76 (1.81 to 4.19) <0.0001

Age, y 1.03 (1.01 to 1.05)) 0.001

Coronary artery
stenosis Pre-PCI (%)

1.02 (1.00 to 1.04) 0.041

2012 MI definition

Dissection 5.04 (1.93 to 13.15) 0.001

Pre-PCI troponin (TnT) >URL 3.24 (1.93 to 5.44) <0.0001

Age, y 1.03 (1.01 to 1.05) 0.0

Coronary artery
stenosis Pre-PCI, %

1.03 (1.01 to 1.06) 0.020

Lesion B2/C type
(ACC/AHA)

1.95 (1.07 to 3.57) 0.030

>1 stent 1.84 (1.06 to 3.19) 0.031

SCAI definition

Dissection 10.12 (2.88 to 35.55) <0.0001

eGFR (mL/min per
1.73 m2) 30 to <60

4.13 (1.51 to 11.25) 0.006

ACC/AHA indicates American College of Cardiology/American Heart Association; CI,
confidence interval; eGFR, estimated glomerular filtration rate; MI, myocardial infarction;
OR, odds ratio; PCI, percutaneous coronary intervention; SCAI, Society for
Cardiovascular Angiography and Interventions; TnT, troponin T; URL, upper reference
limit.

Figure 3. Death/MI rate at 2 years based on the 2007 and
2012 universal MI definitions and SCAI definition. Kaplan-
Meier’s analysis P values are reported for comparisons PMI
versus no PMI. MI indicates myocardial infarction; PMI, peripro-
cedural myocardial infarction; SCAI, Society for Cardiovascular
Angiography and Interventions.
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Table 5. Different Definitions of PMI and Late Outcomes

Patients Without PMI Patients With PMI HR and 95% CI P Value

2007 MI definition, n (%) n=534 (77.4) n=156 (22.6)

30 days Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

3 (0.6)
7 (1.3)
9 (1.7)
6 (1.1)
11 (2.1)

3 (1.9)
3 (1.9)
5 (3.2)
2 (1.3)
6 (3.8)

3.43 (0.69 to 17.00)
1.48 (0.38 to 5.70)
1.91 (0.64 to 5.71)
1.15 (0.23 to 5.96)
1.88 (0.70 to 5.09)

0.131
0.573
0.245
0.865
0.213

1 year Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

21 (3.9)
26 (4.9)
45 (8.4)
32 (6.0)
63 (11.8)

6 (3.8)
13 (8.3)
18 (11.5)
16 (10.3)
24 (15.4)

1.06 (0.43 to 2.64)
1.77 (0.91 to 3.44)
1.422 (0.82 to 2.45)
1.80 (0.99 to 3.27)
1.36 (0.85 to 2.18)

0.903
0.093
0.270
0.056
0.198

2 years Death, n (%)
MI, n (%)
Death/MI, n (%)*
TVR, n (%)
MACE, n (%)

25 (4.7)
32 (6.0)
54 (10.1)
43 (8.1)
79 (14.8)

8 (5.1)
17 (10.9)
23 (14.7)
18 (11.5)
29 (18.6)

1.14 (0.51 to 2.52)
1.90 (1.05 to 3.42)
1.53 (0.93 to 2.49)
1.51 (0.87 to 2.62)
1.32 (0.86 to 2.02)

0.754
0.033
0.090
0.142
0.202

2012 MI definition, n (%) n=601 (87.1) n=89 (12.9)

30 days Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

4 (0.7)
7 (1.2)
10 (1.7)
7 (1.2)
13 (2.2)

2 (2.2)
3 (3.4)
4 (4.5)
1 (1.1)
4 (4.5)

3.40 (0.62 to 18.56)
2.94 (0.76 to 11.39)
2.75 (0.86 to 8.76)
0.98 (0.12 to 7.95)
2.12 (0.69 to 6.49)

0.158
0.118
0.088
0.984
0.190

1 year Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

24 (4.0)
30 (5.0)
52 (8.7)
39 (6.5)
74 (12.3)

3 (3.4)
9 (10.1)
11 (12.4)
9 (10.1)
13 (14.6)

0.90 (0.27 to 3.00)
2.09 (0.99 to 4.40)
1.48 (0.77 to 2.84)
1.63 (0.79 to 3.36)
1.24 (0.69 to 2.23)

0.867
0.052
0.236
0.187
0.480

2 years Death, n (%)
MI, n (%)
Death/MI, n (%)†

TVR, n (%)
MACE, n (%)

29 (4.8)
37 (6.2)
62 (10.3)
51 (8.5)
91 (15.1)

4 (4.5)
12 (13.5)
15 (16.9)
10 (11.2)
17 (19.1)

0.96 (0.34 to 2.72)
2.28 (1.19 to 4.39)
1.71 (0.97 to 3.01)
1.39 (0.71 to 2.75)
1.33 (0.79 to 2.22)

0.933
0.013
0.062
0.337
0.287

SCAI definition, n (%) n=673 (97.5) n=17 (2.5)

30 days Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

6 (0.9)
8 (1.2)
12 (1.8)
7 (1.0)
15 (2.2)

0 (0.0)
2 (11.8)
2 (11.8)
1 (5.9)
2 (11.8)

0.05 (0.00 to 4583)
10.24 (2.18 to 48.25)
6.84 (1.53 to 30.55)
5.82 (0.71 to 47.33)
5.51 (1.26 to 24.12)

0.796
0.003
0.012
0.099
0.023

1 year Death, n (%)
MI, n (%)
Death/MI, n (%)
TVR, n (%)
MACE, n (%)

26 (3.9)
36 (5.3)
59 (8.8)
45 (6.7)
82 (12.2)

1 (5.9)
3 (17.6)
4 (23.5)
3 (17.6)
5 (29.4)

1.52 (0.21 to 11.18)
3.47 (1.07 to 11.26)
2.82 (1.03 to 7.77)
2.86 (0.89 to 9.19)
2.72 (1.10 to 6.72)

0.684
0.039
0.045
0.078
0.030

2 years Death, n (%)
MI, n (%)
Death/MI, n (%)‡

TVR, n (%)
MACE, n (%)

31 (4.6)
46 (6.8)
72 (10.7)
58 (8.6)
102 (15.2)

2 (11.8)
3 (17.6)
5 (29.4)
3 (17.6)
6 (35.3)

2.44 (0.58 to 10.19)
2.75 (0.86 to 8.84)
2.92 (1.18 to 7.24)
2.23 (0.70 to 7.12)
2.65 (1.63 to 6.04)

0.222
0.090
0.020
0.175
0.020

CI indicates confidence interval; HR, hazard ratio; MACE, major adverse cardiac events; MI, myocardial infarction; PMI, periprocedural myocardial infarction; SCAI, Society for
Cardiovascular Angiography and Interventions; TVR, target vessel revascularization.
Adjusted HRs for death/MI at 2 years according to different PMI definitions were: *2007 PMI definition, HR=1.3 (95% CI, 0.78 to 2.21; P=0.302); †2012 PMI definition, HR=1.49 (95% CI,
0.80 to 2.76; P=0.208); ‡SCAI PMI definition, HR=2.70 (95% CI: 1.08 to 6.78, P=0.034).
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Discussion
In this study, we report that the frequency of PMI was
�60% lower using the 2012, compared to the 2007,
universal MI definition and even lower using the SCAI
definition. Based on the late outcome data, it appears that
PMIs, which were identified using the 2007 universal
definition of MI but did not qualify using the 2012 definition
or SCAI definition, did not influence the rates of late death
or MI. Whereas the universal definitions of PMI are not
focused on prognosis, the SCAI definition has been based
on post-CABG prognosis.

The diagnosis of PMI using the 2012 universal MI definition
requires post-PCI TnT-level elevation to >59URL, which corre-
sponds to �39URL for CKMB (mass). Using cardiac magnetic
resonance (CMR) imaging, the threshold for detection is
≥39URL for CKMB (mass), which has previously been reported
to be prognostic.16,17 However, the SCAI definition requires
post-PCI TnT-level elevation to ≥709URL or CKMB ≥109URL.8

Defining PMI, with respect of the amount of myonecrosis,
has been traditionally based on CKMB (mass) levels. The
equivalent extent of myonecrosis, in terms elevations in
troponin levels, requires definition of which troponin assay T
or I is used and, in particular, if a “conventional” or high
sensitivity assay was performed. Additionally, in the case of
TnI, detail of the assay manufacturer are also required. A
recent study showed that post-PCI troponin (various site
assays) elevations to >609URL predicts similar risk of death
to >39URL for CKMB,18 whereas we report here a less-
marked ratio between CKMB and TnT, perhaps reflecting use
of the TnT assay. The relationship between TnT levels
using the fourth-generation Roche assay and the new
“high-sensitivity” TnT assay is not linear at levels <59URL,
though these assays tend to correlate very highly at TnT levels
>109URL, that is, �>140 ng/mL (0.14 lg/L) using high-
sensitivity TnT. The SCAI definition sets similar biomarker
criteria for PMI, whether post-PCI or post-CABG, whereas the
mortality and the morbidity associated with these 2 proce-

Figure 4. Kaplan-Meier’s curve for death, MI, and combined death and MI. Actuarial outcomes for 690 patients are shown. Five patients who
had unsuccessful PCI as a result of failure to recanalize chronic total occlusion and 47 (6.3%) had <30 days follow-up; those patients were not
included in late Kaplan-Meier’s analysis. MI indicates myocardial infarction; PCI, percutaneous coronary intervention; PMI, periprocedural
myocardial infarction; SCAI, Society for Cardiovascular Angiography and Interventions.
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dures are different. Recently, the group from the Mayo Clinic
have reported an adverse prognostic association with post-
PCI TnT elevations to >0.25ng/L (259 URL), when the pre-PCI
TnT levels are normal.19 We have also shown that marked TnT
elevations post-PCI, when the baseline levels were normal, are
associated with increased late death/MI occurrences, though
number of events were small. Our findings are similar to those
of others,18 in not finding such an association when pre-PCI
TnT levels were elevated. Further it seems plausible, though
as yet unproven, that the prognostic importance of TnT
elevations may vary with the degree of left ventricular
dysfunction and/or haemodynamic instability. It is uncertain
as to whether prognostic, rather than diagnostic, criteria for
PMI will prevail.20

We found that the majority of the PMIs using the 2012
definition, which required imaging, were the result of small
side-branch occlusions, as previously reported.21 These were
apparently unappreciated by the interventionalist performing
the PCI. In routine clinical practice, these are not routinely
reported given that the vessels were generally ≤1 mm in
diameter and were only identified by careful review comparing
the pre- and post-PCI angiography. Nevertheless, the ensuing
MIs are of a similar size in term of biomarker elevation to
those previously reported on CMR and reported to be

prognostic in an earlier era.22,23 Whereas PMI has an
attributable risk for late mortality,9,10,24–26 almost all the
side-branch occlusions identified were in vessels ≤1 mm,
which were too small for side-branch protection and/or
intervention techniques. Further study is required to deter-
mine whether any strategies were feasible to reduce the
frequency of these events, which has been previously
reported to be an independent risk for late outcomes.27

Our study has some limitations. First, it is a single-center
study of PCI data collection, which limited study power,
especially with respect to mortality. Second, these data were
analyzed retrospectively and represent a subgroup of patients
—those who had qualifying cardiac biomarkers measured.
Operator-requested biomarker assays may be more frequent
in instances with clinical symptoms and complicated proce-
dures that may have resulted in a degree of selection bias,
leading to our relatively high reported incidence of PMI. Also,
high-sensitivity TnT assays only became available in June
2011. The duration of chest pain and slow flow/no-reflow
were not recorded, so we cannot specify how transient/
persistent the reduced flow was. Pre-PCI, in this CHD
population, there was incomplete database recording of left
ventricular (LV) function, and the failure to include an LV
function parameter in multivariable analysis is a limitation—

Table 6. PMI and Late Outcomes According to Pre-PCI TnT Levels

Normal Pre-PCI TnT Elevated Pre-PCI TnT

Patients Without PMI Patients With PMI P Value Patients Without PMI Patients With PMI P Value

2007 MI definition, n (%) n=382 (82.5) n=81 (17.5) n=152 (67.0) n=75 (33.0)

Death, n (%) 16 (4.2) 4 (4.9) 0.764 9 (5.9) 4 (5.3) 0.999

MI, n (%) 23 (6.0) 10 (12.3) 0.044 9 (5.9) 7 (9.3) 0.345

Death/MI, n (%) 37 (9.7) 14 (17.3) 0.047 17 (11.2) 9 (12.0) 0.856

TVR, n (%) 37 (9.7) 10 (12.3) 0.472 6 (3.9) 8 (10.7) 0.075

MACE, n (%) 59 (15.4) 16 (19.8) 0.339 20 (13.2) 13 (17.3) 0.401

2012 MI definition, n (%) n=425 (91.8) n=38 (8.2) n=176 (77.5) n=51 (22.5)

Death, n (%) 18 (4.2) 2 (5.3) 0.675 11 (6.3) 2 (3.9) 0.738

MI, n (%) 26 (6.1) 7 (18.4) 0.012 11 (6.3) 5 (9.8) 0.364

Death/MI, n (%) 42 (9.9) 9 (23.7) 0.025 20 (11.4) 6 (11.8) 0.937

TVR, n (%) 40 (9.4) 7 (18.4) 0.091 11 (6.3) 3 (5.9) 0.999

MACE, n (%) 65 (15.3) 10 (26.3) 0.077 26 (14.8) 7 (13.7) 0.852

SCAI definition, n (%) n=453 (97.8) n=10 (2.2) n=220 (96.9) n=7 (3.1)

Death, n (%) 18 (4.0) 2 (20.0) 0.065 13 (5.9) 0 (0) 0.999

MI, n (%) 31 (6.8) 2 (20.0) 0.155 15 (6.8) 1 (14.3) 0.405

Death/MI, n (%) 47 (10.4) 4 (40.0) 0.017 25 (11.4) 1 (14.3) 0.578

TVR, n (%) 45 (9.9) 2 (20.0) 0.269 13 (5.9) 1 (14.3) 0.364

MACE, n (%) 71 (15.7) 4 (40.0) 0.062 31 (14.1) 2 (28.6) 0.270

MACE indicates major adverse cardiac events cardiovascular; MI, myocardial infarction; PCI, percutaneous coronary intervention; PMI, periprocedural myocardial infarction; TnT, troponin T;
TVR, target vessel revascularization.
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though, in this population, this factor is likely to be less
important prognostically over 2-year follow-up than in a post-
STEMI cohort.

In conclusion, the 2012 universal definition of MI has
reduced the frequency of PMI by �60%, compared with the
2007universalMI definition. However, this reduction in PMI rate
seems to be mainly the result of exclusions of events that were
not prognostically significant. Furthermore, the main additional
factor in the 2012 universal MI definition accounting for these
PMI eventswas small side-branch occlusion. TheSCAI definition
of PMI resulted in much fewer events, which were associated
with a significantly increased rate of late adverse outcomes.
Whether this PMI definition or the SCAI definition will achieve
widespread acceptance awaits large, prospective studies.

Disclosures
None.

References
1. Antman E, Bassand J-P, Klein W, Ohman M, Sendon JLL, Ryd�en L, Simoons M,

Tendera M. Myocardial infarction redefined—a consensus document of The
Joint European Society of Cardiology/American College of Cardiology
committee for the redefinition of myocardial infarction. The Joint European
Society of Cardiology/American College of Cardiology Committee. J Am Coll
Cardiol. 2000;36:959–969.

2. Thygesen K, Alpert JS, White HD; Joint ESC/ACCF/AHA/WHF Task Force for
the Redefinition of Myocardial Infarction. Universal definition of myocardial
infarction. Circulation. 2007;116:2634–2653.

3. Alpert JS, Thygesen K, Jaffe A, White HD. The universal definition of myocardial
infarction: a consensus document. Heart. 2008;94:1335–1341.

4. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD; Joint ESC/
ACCF/AHA/WHF Task Force for the Redefinition of Myocardial Infarction. Third
universal definition of myocardial infarction. Circulation. 2012;126:2020–2035.

5. Kini AS, Lee P, Mitre CA, Duffy ME, Sharma SK. Postprocedure chest pain after
coronary stenting: implications on clinical restenosis. J Am Coll Cardiol.
2003;41:33–38.

6. Blankenship JC, Islam MA, Wood GC, Iliadis EA. Angiographic adverse events
during percutaneous coronary intervention fail to predict creatine kinase-MB
elevation. Catheter Cardiovasc Interv. 2004;63:31–41.

7. Jeremias A, Kutscher S, Haude M, Heinen D, Holtmann G, Senf W, Erbel R.
Nonischemic chest pain induced by coronary interventions a prospective study
comparing coronary angioplasty and stent implantation. Circulation.
1998;98:2656–2658.

8. Moussa ID, Klein LW, Shah B, Mehran R, Mack MJ, Brilakis ES, Reilly JP, Zoghbi
G, Holper E, Stone GW. Consideration of a new definition of clinically relevant
myocardial infarction after coronary revascularization an expert consensus
document from the Society for Cardiovascular Angiography and Interventions
(SCAI). J Am Coll Cardiol. 2013;62:1563–1570.

9. Prasad A, Rihal CS, Lennon RJ, Singh M, Jaffe AS, Holmes DR. Significance of
periprocedural myonecrosis on outcomes after percutaneous coronary
intervention: an analysis of preintervention and postintervention troponin T
levels in 5487 patients. Circ Cardiovasc Interv. 2008;1:10–19.

10. Shugman IM, Diu P, Gohil J, Kadappu KK, Leung M, Lo S, Leung DY, Hopkins
AP, Juergens CP, French JK. Evaluation of troponin T criteria for periprocedural
myocardial infarction in patients with acute coronary syndromes. Am J Cardiol.
2011;107:863–870.

11. Shugman IM, Hee L, Mussap CJ, Diu P, Lo S, Hopkins AP, Nguyen P, Taylor D,
Rajaratnam R, Leung D, Thomas L, Juergens CP, French JK. Bare-metal stenting

of large coronary arteries in ST-elevation myocardial infarction is associated
with low rates of target vessel revascularization. Am Heart J. 2013;165:591–
599.

12. Shugman IM, Idris H, Kadappu KK, Nguyen P, Taylor D, Rajaratnam R, Leung D,
Hopkins AP, Lo S, Juergens CP, French JK. Evaluation of a policy of selective
drug-eluting stent implantation for patients at high risk of restenosis. Heart
Lung Circ. 2013;22:523–532.

13. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, Chambers
CE, Ellis SG, Guyton RA, Hollenberg SM, Khot UN, Lange RA, Mauri L, Mehran
R, Moussa ID, Mukherjee D, Nallamothu BK, Ting HH. 2011 ACCF/AHA/SCAI
guideline for percutaneous coronary intervention: executive summary: a report
of the American College of Cardiology Foundation/American Heart Associa-
tion Task Force on Practice Guidelines and the Society for Cardiovascular
Angiography and Interventions. Circulation. 2011;124:2574–2609.

14. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es G-A, Steg PG,
Morel MA, Mauri L, Vranckx P. Clinical end points in coronary stent trials a
case for standardized definitions. Circulation. 2007;115:2344–2351.

15. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, Hogg RJ, Perrone
RD, Lau J, Eknoyan G. National Kidney Foundation practice guidelines for
chronic kidney disease: evaluation, classification, and stratification. Ann Intern
Med. 2003;139:137–147.

16. Lim CC, van Gaal WJ, Testa L, Cuculi F, Arnold JR, Karamitsos T, Francis JM,
Petersen SE, Digby JE, Westaby S. With the “universal definition”, measure-
ment of creatine kinase-myocardial band rather than troponin allows more
accurate diagnosis of periprocedural necrosis and infarction after coronary
intervention. J Am Coll Cardiol. 2011;57:653–661.

17. Morrow DA, Cannon CP, Jesse RL, Newby LK, Ravkilde J, Storrow AB, Wu AH,
Christenson RH. National academy of clinical biochemistry laboratory
medicine practice guidelines: clinical characteristics and utilization of
biochemical markers in acute coronary syndromes. Circulation. 2007;115:
e356–e375.

18. Tricoci P, Leonardi S, White J, White HD, Armstrong PW, Montalescot G,
Giugliano RP, Gibson CM, Van de Werf F, Califf RM. Cardiac troponin after
percutaneous coronary intervention and 1 year mortality in non–ST-segment
elevation acute coronary syndrome using systematic evaluation of biomarker
trends. J Am Coll Cardiol. 2013;62:242–251.

19. Herrmann J, Lennon RJ, Jaffe AS, Holmes DR, Rihal CS, Prasad A. Defining the
Optimal Cardiac Troponin T Threshold for Predicting Death Caused by
Periprocedural Myocardial Infarction After Percutaneous Coronary Interven-
tion. Circ Cardiovasc Intervent. 2014;7:533–542.

20. White H. Avatar of the universal definition of periprocedural myocardial
infarction. J Am Coll Cardiol. 2013;62:1571–1574.

21. Park DW, Kim YH, Yun SC, Ahn JM, Lee JY, Kim WJ, Kang SJ, Lee SW, Lee CW,
Park SW. Frequency, causes, predictors, and clinical significance of peri-
procedural myocardial infarction following percutaneous coronary interven-
tion. Eur Heart J. 2013;34:1662–1669.

22. Kwong RY, Chan AK, Brown KA, Chan CW, Reynolds HG, Tsang S, Davis RB.
Impact of unrecognized myocardial scar detected by cardiac magnetic
resonance imaging on event-free survival in patients presenting with signs
or symptoms of coronary artery disease. Circulation. 2006;113:2733–
2743.

23. Rahimi K, Banning AP, Cheng AS, Pegg TJ, Karamitsos TD, Channon KM, Darby
S, Taggart D, Neubauer S, Selvanayagam JB. Prognostic value of coronary
revascularisation-related myocardial injury: a cardiac magnetic resonance
imaging study. Heart. 2009;95:1937–1943.

24. Leung D, French J. End points in clinical trials: are they moving the goalposts?
Heart. 2006;92:870–872.

25. Prasad A, Singh M, Lerman A, Lennon RJ, Holmes DR, Rihal CS. Isolated
elevation in troponin T after percutaneous coronary intervention is associated
with higher long-term mortality. J Am Coll Cardiol. 2006;48:1765–1770.

26. Prasad A, Herrmann J. Myocardial infarction due to percutaneous coronary
intervention. N Engl J Med. 2011;364:453–464.

27. Pride YB,Mohanavelu S, Zorkun C, Kunadian V,Giugliano RP, Newby LK, Braunwald
E, Califf RM, Harrington RA, Gibson CM. Association between angiographic
complications and clinical outcomes among patients with acute coronary
syndrome undergoing percutaneous coronary intervention: an EARLY ACS (early
glycoprotein IIb/IIIa Inhibition in non–ST-segment elevation acute coronary
syndrome) angiographic substudy. JACC Cardiovasc Interv. 2012;5:927–935.

DOI: 10.1161/JAHA.114.001086 Journal of the American Heart Association 11

PMI Definitions Alter Event Rates and Prognosis Idris et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H


