Peri-procedural myocardial infarction is all the same?
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Peri-procedural myocardial infarction (Ml) and
complexed procedures

Peri-procedural MI is one of the important complications
after percutaneous coronary intervention (PCI). In general,
the incidence of peri-procedural MI was reported as 2% to
30 %, which depends on the definitions of peri-procedural
MI (1). These definitions use the different types of cardiac
marker measured, the different thresholds of these markers
for diagnosis, and additional clinical criteria. Although
the pathophysiology of peri-procedural MI are not fully
understood, distal embolization of thrombus or plaques,
and occlusion of small side branch has been well known to
contribute to peri-procedural MI (1). The most relevant
risk factors are the complexed lesions (i.e., calcified lesion,
high SYNTAX score, and large necrotic core), and complex
procedures (i.e., multiple lesions and usage of rotational
atherectomy) (1). Previous studies showed that other
characteristics such as old age, diabetes mellitus (DM),
renal dysfunction and left ventricular dysfunction are also
associated with peri-procedural MI (1). Additionally, those
risk factors interact with each other and contribute to peri-
procedural MI. Patients who require rotational atherectomy
during the procedure usually have multiple risk factors of
peri-procedural MI (2). These patients are more likely to
be high age, and have the atherosclerotic risk factors (DM,
hypertension and hyperlipidemia) and renal dysfunction (2).
The lesions that require rotational atherectomy are
frequently associated with calcified plaques, long lesions
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and multiple lesions (2). Moreover, rotational atherectomy
is associated with the higher incidence of slow flow
phenomenon (3). The mechanism of this phenomenon
has been described as platelet aggregation, micro-vessel
obstruction, release of vasoactive substances, atheromatous
debris and vasospasm. Slow flow phenomenon results in
myocardial hypoperfusion, and secondary to peri-procedural
MI 4). Therefore, peri-procedural MI frequently occurred
in the patients with rotational atherectomy (4). The
decision of how the patients with peri-procedural MI
should be treated (i.e., longer hospitalization with monitor,
additional medical treatment, and coronary angiography)
must be made soon. Therefore, the important first-step is
the awareness of peri-procedural MI after PCI so that the
patients with peri-procedural MI are properly and promptly
treaded after procedure without any delay.

Different sensitivity of peri-procedural Ml based
on definitions

In the last decades, several definitions have been introduced
to identify peri-procedural MI. The World Health
Organization (WHO) defined MI based on symptoms,
electrocardiograph (ECG) abnormality and elevation
of creatine kinase (CK) (5). As technologies have been
developed, more sensitive and specific myocardial cardiac
marker became available, allowing the detection of small
amount of myocardial injury or necrosis. In 2000, the
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Table 1 The universal definitions and the SCAI definition of peri-procedural MI

Definition Year Normal baseline Elevated baseline Additional criteria
The first universal 2000 >1x URL of CKMB or >1x None None
definition (6) URL of TnT or Tnl

The second 2007 >3x URL of TnT >20% increase of TnT None
universal

definition (7)

The third universal 2012
definition (5)

>5 URL of TnT

The SCAI 2013

definition (8) URL of TnT, =5x URL of

>20% increase of TnT

Chest pain =20 mins, ECG abnormality,
angiographic evidence of flow limit, or imaging
evidence of loss of viable myocardium or new

regional wall motion abnormality

>10x URL of CKMB or >70x Additional increase of >10x New pathological Q wave in 2 contiguous leads
URL of CKMB or >70x

or new persistent LBB in ECG

CKMB or >35x URL of TnT  URL of TnT with additional

with additional criteria

criteria

CK, creatine kinase; ECG, electrocardiograph; SCAI, Society for Cardiovascular Angiography and Intervention; Tnl, troponin I; TnT,

troponin T; URL, upper reference limit.

European and American cardiology societies proposed
the first universal definition based on the elevation of
troponin levels, which noted that any necrosis related to
myocardial ischemia is recognized as MI (6). In 2007, the
second definition was established to raise the thresholds for
troponin levels, implying the different causes resulting in
MI (7). Moreover, with the development of more sensitive
cardiac marker for myocardial necrosis and advanced
imaging devices, in 2012, the current third definition was
introduced. This definition not only raised the thresholds
more but also required clinical symptoms, ECG abnormality,
or angiographic flow-limiting findings or imaging evidence
of additional loss of viable myocardium (5). Additionally,
this current universal definition defined myocardial injury
as ischemia associated to the isolated elevation of troponin
levels without ischemic findings, or cardiovascular events (5).
Recently, the Society for Cardiovascular Angiography and
Intervention (SCAI) proposed peri-procedural MI criteria
similar to MI criteria in the setting of post-coronary
artery bypass graft, which require more than 10 times
upper reference limit (URL) for CKMB and/or more than
70 times URL for troponin (8). 7Table 1 summarized
transition of each definition. Additionally, the differences
among these definitions result in variation in detection
of peri-procedural MI (18-44% in the second universal
definition, 2-20% in the third universal definition and 2-6%
in the SCAI definition) (9-13). Definition of peri-procedural
MI still remains controversial in the high sensitive
troponin era.
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Association between peri-procedural Ml and
prognosis

In addition to the controversy of its definition, the clinical
relevance of peri-procedural MI has also been an issue.
Previous several studies showed association between peri-
procedural MI and increased clinical adverse events,
while the others failed to show it. In the sub-study from
TRITON-TIMI 38 where peri-procedural MI was defined
as CK-MB levels above three times the URL on two
samples within 48 h of PCI, or above five times the URL on
a single sample, the relationship between peri-procedural
MI and cardiovascular death at 6 months was investigated.
Among 13,608 acute coronary syndrome (ACS) patients,
600 patients with peri-procedural MI (3.2%) were associated
with higher cardiovascular death relative to those without
peri-procedural MI [hazard ratio (HR): 2.1, 95% confidence
interval (CI): 1.3-4.4, P=0.004] (14). Furthermore, the
BARI 2D trial enrolling total 2,368 patients with PCI or
CABG where peri-procedural MI was defined as increase
in CK-MB levels above three times the URL after PCI and
a tenfold increase after CABG, showed peri-procedural
MI observed in 2.2% was the higher risk of cardiac
death as compared to patients without any MI (HR, 3.4;
P<0.008) (15). On the other hand, in the ACUITY trial
enrolling 7,773 patients with non-ST elevated MI, 466
patients (6.0%) who experienced peri-procedural MI,
which was defined as new increase of CK-MB levels above
three times the URL, did not show the higher risk of
cardiac death than non-MI patients (adjusted HR, 1.3;
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Table 2 Cohort studies using the third universal definition and clinical outcomes

No. of Incidence Incidence of  Follow-u Association
Study Year patients with ) P between PMI Clinical outcomes
of ACS PMI periods
PCI and outcomes

Idris 2014 742 82% 13.30% 2 year Negative  The rate of death/MI, the PMI group vs. the

etal. (12) control group: 16.9% vs. 10.3% (P=0.059)

Gili 2014 712 45% 20.20%  26+11 months Negative  Multivariate models for MACEs (OR, 0.86,

etal. (13) 95% Cl: 0.49-1.48, P=0.58, MACE is
defined as composition of death, Ml and any
revascularization

Baker 2014 7,333 0% 2.10% 1 year Negative  Death or Ml (OR 1.4, 95% ClI: 0.7-3.0, P=0.38)

etal. (10)

Liou 2015 630 58% 4.30% 1 year Positive PMI was a predictor of MACE in a multivariate

etal. (19) model (OR, 7.3, 95% ClI: 1.9-27.5, P=0.003),
MACE was defined as composition of all cause
death, MI and any revascularization

Yang 2016 516 68% PMI:10.3% 1 year Positive No significant difference in mortality (P=0.13 in

etal. (18) (MY122.5%) PMI, MYI and control groups). The composite
of death and recurrent Ml in PMI and MI groups
were significant higher than the control group
(PMI vs. MYI vs. control, 12% vs. 11% vs. 3%;
PMI vs. control, P=0.02 and MYI vs. control,
P=0.03)

Cho 2017 4,514 43% 3.20% Median of 4.7 Positive No significant association with death. (Adjusted

etal. (9) years (IQR: 2.0 HR, 1.63, 95% CI: 0.97-2.73); association with

to 7.6 years) MACE (adjusted HR, 2.07, 95% CI: 1.30-3.30)
Zeitouni 2018 1,390 0% PMI: 7% 1 year Positive  Combination of PMI and MYI groups increase
etal. (11) (MY121.6%) risk of ischemic events (cardiovascular death,

MI, ischemic stroke, refractory angina) (Adjusted
HR=1.7, 95% ClI: 1.1-2.6; P=0.004)

ACS, acute coronary syndrome; Cl, confidential interval; HR, hazard ration; IQR, interquartile range; MACE, major adverse cardiac events;
MI, myocardial infarction; MYI, myocardial injury; NA, not available; OR, odd ration; PMI: peri-procedural myocardial infarction.

95% CI: 0.85-1.98, P=0.22) (16). Moreover, a sub-study
of the EVENT registry enrolling 4,623 stable angina
patients evaluated the incidence of peri-procedural MI
and prognosis in those patients (17). Peri-procedural MI
was defined as an elevation above three times the URL
in the peak values of CK-MB and troponin I or T after
PCI. Peri-procedural MI occurred in 357 (7.7%) based
on the CK-MB criteria and 1,198 (25.9%) based on the
troponin criteria. Peri-procedural MI according to the
CK-MB criteria and troponin as continuous values was
associated with the increase of mortality (adjusted HR, 1.4,
95% CI: 1.2-1.6 and adjusted HR 1.4, 95% CI: 1.2-1.5,
respectively). However, increase above three times the URL
of CK-MB was more strongly associated with mortality
than that of troponin (adjusted HR, 2.5, 95% CI: 1.5-4.1
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and adjusted HR, 1.7, 95% CI: 1.1-2.5, respectively). Those
studies varied from stable angina to NSTEMI, selection
of CK or troponin in individual definition and threshold
of CK, CK-MB, or troponin, which may contribute to
different effects of peri-procedural MI on clinical outcomes.
Even when using the third definition, there are still similar
controversial relationship between peri-procedural MI
and outcomes (9-13,18,19) (Table 2). Baker et al. evaluated
the accuracy of the 2 definitions (second and third
definitions) (10). Of 7,333 patients, peri-procedural MI in
third and second definitions occurred in 154 (2.1%) and
2,339 patients (31.9%), respectively. Both definitions were
not associated with predictors of peri-procedural MI [odd
ratio (OR), 1.4; 95% CI, 0.7-3.0; P=0.38 and OR, 1.1; 95%
CI: 0.9-1.5; P=0.34, respectively]. The receiver-operating
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characteristic (ROC) curves show only a modest correlation
for both definitions to predict death or MI without any
improvement for the 2012 definition (ROC curve in
both definitions: 0.72). However, in 2018, more recent
prospective observational trial enrolling 1390 elective PCI
patients evaluated the association between peri-procedural
MI defined as the third universal definition and myocardial
injury (11). Peri-procedural MI and myocardial injury
occurred in 7% and 22%, respectively. The patients with
peri-procedural MI or myocardial injury had high rate of
ischemic events composed of cardiovascular death, MI,
ischemia stroke, and refractory angina (adjusted HR, 1.7,
95% CI: 1.1-2.6; P=0.004). However, in this study, the
impact of myocardial injury on clinical outcomes and
comparison of clinical outcomes between myocardial injury
and peri-procedural MI were not investigated. Therefore,
this did not directly indicate association between peri-
procedural MI and outcomes.

What we learned from this study?

This study represents the first single, prospective study
enrolling 58 near-consecutive patients with stable coronary
artery disease treated with rotational atherectomy for
calcified plaque lesion, and investigated the incidence of
peri-procedural MI in the third universal definition by
using cardiac magnetic resonance imaging (CMR) (20).
CMR was performed at 7 days after the procedure and
6 months as follow-up. First, McEntegart er al. showed
difference of sensitivity between SCAI definition and the
third universal definition of peri-procedural MI in patients
requiring rotational atherectomy, which was consistent with
previous studies. Second, even if using the third universal
definition, there was a distinct difference in detection of
peri-procedural MI between criteria with and without
CMR (24% wvs. 10%, respectively) (20). CMR presumably
reclassify the myocardial injury patients without CMR into
the peri-procedural MI patients. Third, myocardial edema
and wall motion abnormality observed at 7 days (51% and
22%, respectively) disappeared at the follow-up of 6 months
(0% and 0%), while late gadolinium enhance (LGE) at
7 days (16%) was mostly observed at 6 months (14%). This
suggests the differences between transient myocardial injury
and persisted MI in CMR. In addition, there is a concern
that the excessive inclusion of peri-procedural MI might
execute in combining good and poor prognostic patients
into one category, although the influence of the differences
on outcomes is also unclear.
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Contribution of CMR in third universal definition

The presence of ECG changes or symptoms is not so highly
sensitive to diagnose MI. Indeed, ECG in the patients with
NSTEMI does not always show abnormality. Additionally,
silent MIs are common, compromising as many as 7-30%
in all MI (8). Chest pain after PCI frequently happens in the
absence of elevated cardiac marker, which has been thought
to be non-ischemia in origin. Therefore, the absence of
ECG abnormality and ischemic symptom is not reliable to
diagnose and exclude peri-procedural MI. Regarding wall
motion abnormality, it may not occur unless the infarcted
region exceeds 20-50% of the myocardial wall (21).
Moreover, peri-procedural MI region is generally small.
Porto er al. reported that the incidence of peri-procedural
MI was 23% following PCI, but the mean infarcted size
in those MI was only 5% of the left ventricular mass (22).
Therefore, an area of peri-procedural MI is not large
enough for the wall motion abnormality to be recognized.

In the midst of development of technology in magnetic
resonance image field, the data has been accumulated
and shown a well validated technique for detection and
assessment of MI. Several previous studies using animal
models showed a nearly exact correlation of size and shape
of infarcted myocardium between delayed enhancement
CMR and histopathology (23). These studies also reported
that delayed enhancement CMR is able to distinguish
between reversible and irreversible injury independent of
wall motion, infarct age, and reperfusion status. Previous
human studies showed relationship between infarcted
region size by delayed enhancement CMR and peak CK-
MB, troponin I and measurements by positron emission
tomography (24-26). CMR is similar to single-photon
emission computed tomography (SPECT) in terms of
detection transmural MI, but superior to SPECT in
subendocardial infarction (27). These data support the
higher incidence of peri-procedural MI assessed with CMR
in third universal definition than non-CMR in the report by
McEntegart et al.

Further task

The data presented by McEntegart et al. are valuable,
because they have taught us that the different levels
of sensitivity existing in the same definition depend
on additional criteria, except for the troponin criteria.
However, this data does not support routine usage of
CMR when diagnosing peri-procedural MI. As mentioned
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above, the evidence for prognostic implications of peri-
procedural MI based on large studies are inconsistent.
Therefore, the definition and effects of peri-procedural MI
on clinical outcomes still remain controversial. Large peri-
procedural MI appears to be associated with worse clinical
outcomes, which should be similar to spontaneous MI.
However, there are no established cutoff values for cardiac
troponin and infarcted size of peri-procedural MI which
can have prognostic relevance. As this study showed, it still
remains unclear whether the effect of transient wall motion
abnormality in CMR on prognostic relevance is different
from that of the positive LGE findings. Are there any
differences of risks in patients filling current peri-procedural
MI criteria in terms of effects on clinical outcomes?
Prognostic risks might need to be stratified in the patients
filling criteria of peri-procedural MI in the third universal
definition. Further studies are needed to investigate these
unsolved issues.
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