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BACKGROUND: Periprocedural myocardial injury (PMI) with or without type 4a myocardial infarction (MI) might occur in patients
with non—ST-segment—elevation MI (NSTEMI) after percutaneous coronary intervention (PCI). This study investigated the
incidence and prognostic relevance of these events, according to current definitions, in patients with NSTEMI undergoing
PCI. The best cardiac troponin | (cTnl) threshold of PMI for prognostic stratification is also suggested.

METHODS: Consecutive patients with NSTEMI from January 2017 to April 2022 undergoing PCI with stable or falling pre-PCl
cTnl levels were enrolled. According to the Fourth Universal Definition of Myocardial Infarction, the study population was
stratified into those experiencing (1) PMI with type 4a M, (2) PMI without type 4a M, or (3) no PMI. Post-PCI cTnl increase
>20% with an absolute postprocedural value of 25 times the 99th percentile upper reference limit within 48 hours after
PCl was used to define PMI. The primary end point was 1-year all-cause mortality, and the secondary end point consisted
of major adverse cardiovascular events at 1 year, including all-cause mortality, nonfatal reinfarction, urgent revascularization,
nonfatal ischemic stroke, and hospitalization for heart failure. Internal validation was performed in patients enrolled between
May 2022 and April 2023,

RESULTS: Among 1412 patients with NSTEMI undergoing PCI with stable or falling cTnl levels at baseline, 240 (17%)
experienced PMI with type 4a MI, 288 (20.4%) experienced PMI without type 4a M|, and 884 (62.6%) experienced no
PMI. PMI was associated with an increased risk of adverse clinical outcomes, with patients with type 4a M| demonstrating
the highest rates of 1-year all-cause mortality and major adverse cardiovascular events. A post-PCl AcTnl >20% but <40%
showed similar outcomes to patients without PMI, whereas >40% was identified as the optimal threshold for prognostically
relevant PMI, confirmed in an internal validation cohort of 305 patients.

CONCLUSIONS: Periprocedural ischemic events were frequent in patients with NSTEMI undergoing PCl with prognostic
implications. A post-PCl AcTnl >40%, combined with an absolute postprocedural value of 25 times the 99th percentile
upper reference limit, was identified as the optimal threshold for diagnosing prognostically relevant PMI. Recognizing these
events may improve risk stratification and management of patients with NSTEMI.
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Post-PCl Myocardial Injury and Infarct in NSTEMI

Clinical Perspective

What Is New?

» This study is the first to investigate the incidence
and prognostic impact of periprocedural myocar-
dial injury (PMI) with and without type 4a myo-
cardial infarction after non—ST-segment—elevation
myocardial infarction (NSTEMI) in patients under-
going percutaneous coronary intervention (PCI).

* A considerable number of patients with NSTEMI
developed PMI with or without type 4a myocardial
infarction after PCI. These events were associated
with a significantly increased risk of 1-year adverse
outcomes and occurred more frequently than in
patients with chronic coronary syndromes.

* A post-PCI change in troponin | >40%, along with
an absolute postprocedural value of >5 times the
99th percentile upper reference limit, was identified
as the optimal threshold for defining prognostically
relevant PMI.

What Are the Clinical Implications?

* These findings suggest that PMI with or without
type 4a myocardial infarction significantly affects
outcomes in patients with NSTEMI undergoing
PCI.

e The newly identified post-PCI troponin | change
threshold >40% for diagnosing a prognostically
relevant PMI might aid risk stratification and man-
agement of patients with NSTEMI.

* The suggested criterion for defining prognostically
relevant PMI, a >40% increase within 3 to 6 hours
post-PCI combined with an absolute postproce-
dural value exceeding 5 times the 99th percentile
upper reference limit, could serve as a valuable
clinical end point in future research on the manage-
ment and outcomes of patients with NSTEMI.

(NSTEMI) is a common cardiac condition that
contributes to a substantial portion of hospital
admissions and cardiovascular morbidity and mortal-
ity worldwide."? Although NSTEMI incidence has been
increasing over the years,"® percutaneous coronary
intervention (PCI) has significantly improved prognosis,
reducing cardiovascular death and nonfatal myocardial
infarction (MI), particularly in high-risk patients.*” The
availability of new techniques and advances in medi-
cal therapy have lowered the occurrence of thrombotic
complications during and after PClI, resulting in improved
procedural success rates and patient outcomes.® None-
theless, elevation of cardiac troponin (cTn) after PCl is
still frequently observed, especially with the use of high-
sensitivity troponin tests.®'™°
The definition and prognostic role of periproce-
dural myocardial injury (PMI) and type 4a MI are well

Non—ST—segment—elevation myocardial infarction

Circulation. 2025;151:760-772. DOI: 10.1161/CIRCULATIONAHA.124.070729

Nonstandard Abbreviations and Acronyms

aHR adjusted hazard ratio

AMIPE Acute Myocardial Infarction, Prognostic
and Therapeutic Evaluation

cTn cardiac troponin

cTnl cardiac troponin |

HR hazard ratio

hs-cTnl high-sensitivity cardiac troponin |

MACE major adverse cardiovascular event

Mi myocardial infarction

NSTEMI non-ST-segment—elevation myocardial
infarction

PCI percutaneous coronary intervention

PMI periprocedural myocardial injury

UDMI Universal Definition of Myocardial
Infarction

URL upper reference limit

established in patients with chronic coronary syndromes
undergoing PCI with nonelevated baseline cTn levels.® "
Conversely, the incidence, interpretation, and prognostic
relevance of PMI and type 4a M|, as currently defined
by the Fourth Universal Definition of Myocardial Infarc-
tion (UDMI), in patients with NSTEMI (thus with elevated
baseline troponin) are still unknown, as stated in the
recent consensus document of the European Society
of Cardiology Working Group on Cellular Biology of the
Heart and the European Association of Percutaneous
Cardiovascular Interventions.® Moreover, the post-PCl
AcTn cutoff of 20% used to define type 4a Ml and PMI
after NSTEMI is based on consensus expert opinion, not
supported by robust evidence.”? A standardized defini-
tion of periprocedural ischemic events based on scien-
tific evidence, with prognostic relevance and applicable
in clinical practice, is highly warranted.®

This study aims to investigate (1) the incidence of PMI
with and without type 4a Ml in patients with NSTEMI
undergoing PCl; (2) the prognostic relevance of these
periprocedural ischemic events defined according to cur-
rent consensus (post-PCl AcTn >20% with an absolute
postprocedural value of >b times the 99th percentile
upper reference limit [URL])'?; and (3) the best post-
PCI cTn change threshold for prognostic stratification of
patients with PMI.

METHODS
Study Design and Population

The present study is a prespecified subanalysis of the observa-
tional prospective registry AMIPE (Acute Myocardial Infarction,
Prognostic and Therapeutic Evaluation; NCT03883711), eval-
uating the outcomes of patients admitted with acute Ml to S.
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Orsola-Malpighi and Maggiore Hospitals of the Bologna met-
ropolitan area. In the present analysis, we included consecu-
tive patients with NSTEMI undergoing PCl between January 1,
2017, and April 30, 2022.

The diagnosis of NSTEMI was based on the Fourth UDMI,
and patients were managed according to current guide-
lines.""2'8 From hospital admission, all patients underwent
serial measurements of cTn | (cTnl). As required for the diag-
nosis of periprocedural Ml or myocardial injury, patients were
eligible if pre-PCI cTnl levels were stable (variation <20%) or
falling.'? Exclusion criteria for the present study were unavail-
ability of serial cTnl measurements, detection of rising pre-PClI
cTnl levels (unstable, variation >200%), incomplete data at the
1-year follow-up, and lack of informed consent.

All the results were internally validated in a cohort of con-
secutive patients with NSTEMI undergoing PCl enrolled at the
same 2 centers between May 1, 2022, and April 30, 2023.

The protocol was approved by the institutional review board
(registration No. 600/2018/0ss/AOUBo). The present study
was conducted according to the Declaration of Helsinki; all
patients were informed about their participation in the study
and provided informed consent for the anonymous publication
of scientific data. Details of data collection are provided in the
Supplemental Methods. The datasets used or analyzed during
the current study are available from the corresponding author
on reasonable request.

Measurement of cTn levels

From January 1, 2017 to September 4, 2018, conventional
cTnl levels were measured by chemiluminescent immunoassay
for antigen detection (Beckman Coulter Access AccuTnl+3
assay), with a 99th percentile URL of 40 ng/L for both men
and women. From September 5, 2018, onward, high-sensitivity
cTnl (hs-cTnl) was collected with the Access hsTnl assay
(Beckman Coulter), which has a URL of 19.8 ng/L for men
and 11.6 ng/L for women.

Before PCI, cTnl measurements were performed at hospi-
tal admission (O hours), every 3 hours until the cTnl peak was
reached, and within 1 hour before coronary angiography (base-
line cTnl). After PCl, >3 measurements of cTnl were obtained: at
the end of PCl and after 3 and 6 hours. In case of an increase
in post-PCI cTnl or if clinically indicated (eg, new ischemic
symptoms or electrocardiographic changes), repeated mea-
surements were obtained every 3 hours to assess peak post-
PClI levels within the first 48 hours after PCI.

Preprocedural and postprocedural cTnl levels were used for
the current analysis. Post-PCl AcTnl (A%) was calculated as
[(post-PClI peak cTnl = baseline cTnl)/ baseline cTnl]x100.

Definitions of PMI and Type 4a M|

Type 4a Ml and PMI were adjudicated by 2 independent experts
(PP and A.S)) using all clinical and instrumental information col-
lected during the index hospitalization. According to the Fourth
UDMI, in patients with elevated baseline cTnl who had stable
(variation <20%) or falling cTnl levels, the post-PCl cTnl increase
>20% with an absolute postprocedural value of >5 times the
99th percentile URL was used for the definition of PMI, taking
into account the differences between conventional and high-
sensitivity troponin assays, as well as sex-specific differences for
hs-cTnl."? Type 4a M| was diagnosed in the presence of PMI plus
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1 of the following elements: (1) new ischemic ECG changes, (2)
development of new pathological Q waves, (3) imaging evidence
of new loss of viable myocardium or new regional wall motion
abnormality in a pattern consistent with an ischemic origin, or (4)
angiographic findings consistent with a procedural flow-limiting
complication such as coronary dissection, loss of a side branch,
slow flow, thrombus, or distal embolization.'?

Per study protocol, all patients of the final study population
underwent a standard 12-lead ECG at the time of first medi-
cal contact, on arrival at the cardiac intensive care unit, before
PClI, after PCI within 1 hour (on return to the cardiac intensive
care unit), and every morning until discharge. All patients also
underwent at least one 2-dimensional transthoracic echocar-
diography at the time of NSTEMI diagnosis and at least one
2-dimensional transthoracic echocardiography within 48 hours
after PCI. Furthermore, if clinically indicated, the patient under-
went additional ECG and echocardiography. Further details
were specified in the Supplemental Methods.

Based on the above definitions, patients were divided into
3 subgroups: (1) PMI with type 4a MI, (2) PMI without type 4a
MI, and (3) no PMI.

Follow-Up and End Points
Patients were followed up after discharge through outpatient
visits or telephone contacts using a standard questionnaire.
The primary end point of the study was 1-year all-cause
mortality. Cardiovascular deaths were defined as all deaths
except those in which the exclusive primary underlying cause
was noncardiovascular. The secondary end point was a com-
posite of major adverse cardiovascular events (MACEs) at 1
year, including all-cause mortality, nonfatal reinfarction, urgent
revascularization, nonfatal ischemic stroke, and hospitalization
for heart failure. Patients were followed up until the first event
for the calculation of MACE rates. The secondary end point
definitions are reported in the Supplemental Methods.

Statistical Analysis
Continuous variables were summarized as mean£SD or median
and interquartile range according to the normality of the fre-
quency distribution; categorical variables were summarized as
absolute and percentage frequencies. The normality of the fre-
quency distribution was assessed with the Shapiro-Wilk test.
Event-free survival was estimated with Kaplan-Meier
curves and compared between groups with the log-rank test.
Unadjusted and adjusted hazard ratios (HRs) for 1-year mor-
tality and MACEs were calculated with Cox proportional hazard
models. Age and peak pre-PCl cTnl levels, the most important
known predictors of outcome in patients with NSTEMI, were
used for adjustment. Age was considered a continuous variable,
whereas peak pre-PCl cTnl concentration was log-transformed
for normalization and expressed as a multiple of the URL. Other
variables for adjustment (ie, confounders) were identified as
the demographic and clinical characteristics associated with
both outcome and exposure (the categorical variable no PMI/
PMI without type 4a MI/PMI with type 4a MI). As potential con-
founders, we selected the main known predictors of outcome
in patients with NSTEMI, specifically sex, diabetes, chronic
obstructive pulmonary disease, complex PCI (the definition of
complex PCl is provided in the Supplemental Methods), base-
line creatinine, GRACE (Global Registry of Acute Coronary
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Events) score (coded as <140 or >140), left ventricular ejec-
tion fraction, complete revascularization (coded yes/no), prior
M, prior stroke, and peripheral artery disease. The identified
confounding factors associated with both outcome and expo-
sure were complete revascularization and complex PCI.

Receiver-operating characteristic curve analysis was per-
formed to determine which measure—pre-PCl peak cTnl lev-
els, post-PCl AcTnl, or post-PCl peak cTnl levels—was most
accurate in predicting 1-year mortality for both assays, with
the areas under the curves being compared using the Delong
test. The optimal cutoff for post-PCl AcTnl, balancing sensitivity
and specificity, was identified using the maximum Youden index
(sensitivity+specificity—1). In addition, a sensitivity analysis was
conducted on patients undergoing hs-cTnl measurements and
on those with an absolute postprocedural cTnl value 25 times
the 99th percentile URL.

Univariable and multivariable logistic regression analyses
were used to identify the baseline clinical and angiographic
variables independently associated with PMI and type 4a M.
Variables with a significance level of 0.1 in univariable models
were included in multivariable models.

All analyses were replicated in the internal validation cohort
to test the robustness of the results obtained. Statistical analy-
ses were performed with SPSS Statistics version 28.0.1.1
(IBM) and Stata version 17 (StataCorp). The significance level
was set at A<0.05.

RESULTS

As shown in the study flowchart (Figure S1), 1581 pa-
tients admitted for NSTEMI undergoing PCl and includ-
ed in the AMIPE registry were potentially eligible for the
present study. Among those, 133 patients were exclud-
ed because of elevated and unstable cTnl levels (varia-
tion >200%) at the time of PCl; 25 patients because of
unavailability of serial cTnl measurements; and 11 pa-
tients because of incomplete 1-year follow-up. The final
sample consisted of 1412 patients with NSTEMI with
stable or falling cTnl levels at baseline, all of whom had
serial cTnl measurements, ECGs, and echocardiograms
performed at the time points specified in the Methods
section and complete 1-year follow-up data.

Baseline, angiographic, and procedural characteristics
of patients with stable or falling pre-PCl cTnl levels com-
pared with patients with unstable pre-PCl cTnl levels or
no serial cTnl measurements are provided in Tables S1
and S2.

Incidence of Periprocedural Ischemic Events
According to Current Definitions

According to the Fourth UDMI, PMI occurred in 37.4%
of patients (n=524), of whom 240 (17% of the over-
all cohort) met the criteria for type 4a MI. The remain-
ing 62.6% of patients (n=884) did not experience any
periprocedural ischemic events. Tables 1 and 2 show
baseline clinical, angiographic, and procedural char-
acteristics and discharge details of the 3 subgroups.
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Periprocedural ischemic events were assessed with hs-
cTnl in most patients (n=755 patients, 53.5%); the re-
maining were evaluated with conventional cTnl (n=657
patients, 46.5%). The occurrence rate of PMI with and
without type 4a Ml did not differ between the periods of
conventional cTnl testing and hs-cTnl testing (Table S3).

Among the 240 patients who developed PMI with type
4a MI: (1) 78.3% (n=188) exhibited new ischemic elec-
trocardiographic changes or Q waves; (2) 27.9% (n=67)
showed echocardiographic evidence of new loss of via-
ble myocardium or new regional wall motion abnormality
consistent with an ischemic origin, of whom 24 patients
experienced a decrease in left ventricular ejection frac-
tion 210% between the pre-PCl and post-PCl echocar-
diography; and (3) 79.6% (n=191) had angiographic
findings indicating procedural flow-limiting complications.
Fifty-two patients (21.7%) had evidence of periproce-
dural myocardial ischemia at ECG, echocardiography, and
invasive coronary angiography. The angiographic findings
associated with type 4a Ml are presented in Table S4.

Distributions of cTnl concentrations during hospitaliza-
tion, expressed as a multiple of the URL on a log scale,
were presented by violin plots stratified according to the
occurrence of periprocedural events (Figure 1), showing
no significant differences in cTnl levels among the 3 sub-
groups at any time before PCI. Further details on pre-PClI
and post-PCl cTnl values in the 3 subgroups are shown
in Tables S5 and S6, stratified according to the specific
type of cTnl measured.

Prognostic Relevance of Periprocedural
Ischemic Events According to Current
Definitions

The overall incidence of the primary and secondary end
points was 7.2% and 15%, respectively. Patients who
experienced PMI with type 4a MI had higher rates of
all-cause mortality and MACEs at the 1-year follow-up
compared with patients with PMI without type 4a Ml cri-
teria and those without periprocedural ischemic events
(Table 3). Figure 2 shows Kaplan-Meier curves for the
primary and secondary end points at the 1-year follow-
up, illustrating worse outcomes for patients with PMI
compared with those without PMI and for patients with
adjudicated type 4a M| compared to those without adju-
dicated type 4a Ml among patients with PMI.

In the multivariable Cox regression model, patients
with PMI had a 3-fold increased risk of all-cause mortal-
ity (HR, 3.21 [95% CI, 2.14-4.82], A<0.001; adjusted
HR [aHR], 2.68 [95% ClI, 1.77-4.04], R<0.001) and an
elevated risk of MACEs (HR, 1.54 [95% ClI, 1.30-1.83],
P<0.001; aHR, 1.39 [95% CI, 1.17-1.65], A<0.001)
at the 1-year follow-up compared with those without
periprocedural ischemic events. Furthermore, among
patients with PMI, those meeting the criteria for type
4a Ml had a 3-fold increased risk of all-cause mortality
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Table 1. Baseline Characteristics of the Primary Cohort Study, Stratified According to Periprocedural Ischemic Events
PMI (n=528)
Total With type 4a MI Without type 4a M|
(n=1412) (n=240) (n=288) No PMI (n=884) P value*

Age, y 70.6£12.6 73.0£11.1% 72.2+12.9 69.4+£12.7 <0.001
Female sex, n (%) 393 (27.8) 75 (31.3) 80 (27.8) 238 (26.9) 0.415
BMI, kg/m? 27.2%+5.0 26.914.5 27.315.6 27.3+4.9 0.468
Time from symptom onset to PCI, h 30.4 (25.3 to 50.9) 30.8 (25.3 to 50.8) 30.1 (24.6 to 50.7) 30.4 (25.6 to 51.1) 0.922
Cardiovascular risk factors, n (%)

Current/past smoking 860 (60.9) 147 (61.3) 170 (59.0) 543 (61.4) 0.764

Hypertension 1080 (76.5) 187 (77.9) 217 (75.3) 676 (76.5) 0.786

Dyslipidemia 925 (65.5) 154 (64.2) 193 (67.0) 578 (65.4) 0.784

Type 2 diabetes 440 (31.2) 76 (31.7) 79 (27.4) 285 (32.2) 0.305
Medical history, n (%)

Previous MI 392 (27.8) 72 (30.0) 80 (27.8) 240 (27.1) 0.682

Previous PCI 367 (26.0) 65 (27.1) 84 (29.3) 218 (24.7) 0.537

Previous CABG 99 (7.0) 23 (9.6) 20 (6.9) 56 (6.3) 0.217

Previous stroke 93 (6.6) 14 (5.8) 21 (7.3) 58 (6.6) 0.797

COPD 180 (12.7) 34 (14.2) 37 (12.8) 109 (12.3) 0.750

PAD 141 (10.0) 30 (12.5) 30 (10.4) 81 (9.2) 0.299

Atrial fibrillation 164 (11.6) 37 (15.4) 35 (12.2) 92 (10.4) 0.095
Clinical presentation

Chest pain, n (%) 1195 (84.6) 198 (82.5) 243 (84.4) 754 (85.3) 0.537

HR, bpm 81.8+22.5 81.1+£23.9 81.3+20.5 82.1+23.9 0.995

SBP, mmHg 145.0+£27.0 142.0+26.7 147.0+£26.9 144.0£271 0.090

Creatinine, mg/dL 1.22+1.0 1.37£1.30 1.31+1.24 1.14+0.79 0.068

Hemoglobin, g/dL 13.5+2.34 13.0+2.12t 13.4+1.88% 13.7+£2.50 <0.001

GRACE score >140, n (%) 679 (48.1) 129 (53.8) 146 (50.7) 404 (45.7) 0.053

LVEF bp, % 52.5+10.7 50.9+£10.7 53.2+10.5% 52.8+10.7 0.018
Troponin measurements

Measurements of conventional cTnl/ | 657/755 (46.5/53.5) 109/131 (45.4/54.6) 137/151 (47.6/52.4) 411/473 (46.6/53.4) 0.885

hs-cTnl, n (%)

A Troponin after PCI, A% —3.39 (—41.2 t0 —36.2) 169 (53.5 to 861) 37.4 (28.8 to 146) —31.1 (—59.0 to —7.43) <0.001
Medical therapy on admission, n (%)

Aspirin 627 (44.4) 114 (47.5) 131 (45.5) 382 (43.2) 0.455

DAPT 98 (6.9) 22 (9.2) 23 (8.0) 53 (6.0) 0.169

Beta-blockers 655 (46.4) 114 (475) 145 (50.3) 396 (44.8) 0.242

RAAS inhibitors 791 (56.0) 130 (54.2) 157 (54.5) 504 (57.0) 0.621

Statins 556 (39.4) 108 (45.0) 115 (39.9) 333 (37.7) 0.117

Oral anticoagulant 133 (9.4) 35 (14.6)t 31 (10.8)% 67 (7.6) 0.003

Continuous variables are presented as median (interquartile range) or mean£SD according to the frequency distribution and categorical variables as number (percent).

BMI indicates body mass index; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; cTnl, cardiac troponin I; DAPT, dual antiplatelet
therapy; DBP, diastolic blood pressure; GRACE, Global Registry of Acute Coronary Events; HR, heart rate; hs-cTnl, high-sensitivity cardiac troponin I; LVEF bp, left
ventricular ejection fraction Simpson biplane evaluated by transthoracic echocardiogram; MI, myocardial infarction; PAD, peripheral artery disease; PCl, percutaneous
coronary intervention; PMI, periprocedural myocardial injury; RAAS, renin-angiotensin-aldosterone system; and SBP, systolic blood pressure.

Type 4a Ml was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic electrocardiographic changes; (2) development of new
pathological Q waves; (3) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality consistent with ischemic origin; or (4) angiographic
evidence of a procedural flow-limiting complication such as coronary dissection, side-branch loss, slow flow, thrombus, or distal embolization.

“Pvalues refer to omnibus comparisons among the 3 study groups (PMI with type 4a MI, PMI without type 4a MI, and no PMI) with the % test for categorical variables
or ANOVA for continuous variables. Post hoc pairwise comparisons between the 3 groups were all significant after Bonferroni adjustment of the probability level, except
for tPMI with type 4a Ml vs PMI without type 4a MI, #PMI without type 4a Ml vs no PMI.

(HR, 3.23 [95% CI, 1.90-b.51], A<0.001; aHR, 2.94
[95% CI, 1.71-5.06], ”<0.001) and a 2-fold increased
risk of MACEs (HR, 2.48 [95% ClI, 1.70-3.63], /<<0.001;

aHR, 2.25 [95% Cl, 1.563-3.30], ”<<0.001) at the 1-year
follow-up compared with those with PMI but without type
4a Ml criteria (Table 4).
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Table 2. Description of the Angiographic Findings, Procedural Characteristics, and Discharge Details of
the Primary Cohort Study, Stratified According to Periprocedural Ischemic Events

g
PMI (n=528) =}
= =
Total With type 4a Ml | Without type 4a Ml | No PMI = =
(n=1412) (n=240) (n=288) (n=884) P value* |§ =
Angiographic findings, n (%) m E
Single-vessel disease 562 (39.8) 71 (29.6)t 108 (37.5)F 383 (43.3) <0.001 5
2-Vessel disease 426 (30.2) 73 (30.4) 94 (32.6) 259 (29.3) 0.560
3-Vessel disease 367 (26.0) 85 (35.4) 70 (24.3)* 212 (24.0) 0.001
Multivessel disease (>2) 842 (59.6) 166 (69.2)+ 178 (61.8)% 498 (56.3) 0.001
Left main disease only 15 (1.1) 2 (0.8) 4(1.4) 9 (1.0 0.807
Lesion on venous or arterial coronary graft | 68 (4.8) 18 (7.5) 11 (3.8) 39 (4.4) 0.095
Chronic total occlusion 327 (23.2) 67 (27.9) 55 (19.1) 205 (23.2) 0.057
PCI
Complete revascularization, n (%) 901 (63.8) 134 (55.8) 200 (69.4)% 567 (64.1)§ 0.005
Multivessel stenting, n (%) 421 (29.8) 93 (38.8)t 106 (36.8) 222 (25.1) <0.001
Treatment of coronary bifurcation, n (%) 397 (28.1) 130 (54.2) 85 (29.5) 182 (20.6) <0.001
Gpllb/Illa inhibitors bail-out use, n (%) 49 (3.5) 30 (12.5) 5(1.7)% 14 (1.6) <0.001
>3 Stents, n (%) 350 (24.8) 85 (35.4)t 95 (33.0) 170 (19.2) <0.001
>3 Lesions treated, n (%) 362 (25.6) 86 (35.8)t 99 (34.4) 177 (20.0) <0.001
Total stent length >30 mm, n (%) 799 (56.6) 175 (72.9)t 177 (61.5) 447 (50.6) <0.001
Total stent length >60 mm, n (%) 280 (19.8) 79 (32.9)t 68 (23.6) 133 (15.0) <0.001
Stent implanted per procedure, n 1.94+1.32 2.42+1.76t 2.12+1.29 1.75+1.5 <0.001
Total stent length, mm 41.0+27.8 53.8+37.9 44.2+270 36.5+23.4 <0.001
Maximum stent diameter, mm 3.14%+0.76 3.22+0.54 3.12+0.51% 3.13+0.87 0.005
PCI with DES only, n (%) 1304 (92.4) 215 (89.6) 269 (93.4) 820 (92.8) 0.196
PCI with BMS only, n (%) 31 (2.2) 9 (3.8) 2(0.7) 20 (2.3) 0.057
PCI with balloon only, n (%) 54 (3.8) 13 (5.4) 8 (2.8) 33 (3.7) 0.282
Atherectomy, n (%) 40 (2.8) 8 (3.3) 11 (3.8) 21 (2.4) 0.385
Chronic total occlusion treated, n (%) 30 (2.1) 8 (3.3) 8 (2.8) 14 (1.6) 0.172
Complex PCI, n (%) 575 (40.7) 132 (55.0)t 141 (49.0) 302 (34.2) | <0.001
Discharge secondary medical therapy, n (%)]|
Aspirin 1370 (97.6) 225 (96.6) 282 (98.3) 863 (97.7) 0.800
P2Y12 inhibitor 1385 (98.7) 224 (96.1) 285 (99.3) 876 (99.2) 0.362
DAPT 1355 (96.6) 219 (94.0) 282 (98.3) 854 (96.7) 0.334
Beta-blockers 1208 (86.1) | 195 (83.7) 251 (87.5) 762 (86.2) 0.620
RAAS inhibitors 1174 (83.7) 188 (80.7) 240 (83.6) 746 (84.5) 0.579
Loop diuretics 569 (40.6) 100 (42.9) 120 (41.8) 349 (39.5) 0.572
Statins 1304 (92.9) 213 (91.4) 268 (93.4) 823 (93.2) 0.862
Oral anticoagulant 178 (12.6) 44 (18.3)t 33 (11.5) 101 (11.4) 0.014

Continuous variables are presented as median (interquartile range) or mean+SD according to the frequency distribution and categorical
variables as number (percent).

BMS indicates bare-metal stents; DAPT, dual antiplatelet therapy; DES, drug-eluting stent; Gpllb/Illa, glycoprotein I1b/Illa; MI, myocardial
infarction; PCI, percutaneous coronary intervention; PMI, periprocedural myocardial injury; and RAAS, renin-angiotensin-aldosterone system.

Type 4a Ml was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic electrocardiographic changes;
(2) development of new pathological Q waves; (3) imaging evidence of new loss of viable myocardium or new regional wall motion abnor-
mality consistent with ischemic origin; or (4) angiographic evidence of a procedural flow-limiting complication such as coronary dissection,
side-branch loss, slow flow, thrombus, or distal embolization.

“Pvalues refer to omnibus comparisons among the 3 study groups (PMI with type 4a MI, PMI without type 4a M, and no PMI) with the ¥?
test for categorical variables or ANOVA for continuous variables. Post hoc pairwise comparisons between the 3 groups were all significant
after Bonferroni adjustment of the probability level, except for tPMI with type 4a Ml vs PMI without type 4a MI, #PMI without type 4a Ml vs
no PMI, and §PMI with type 4a Ml vs no PML.

||[Percentages calculated on the number of patients discharged alive.
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Figure 1. Distributions of cTnl concentrations during hospitalization of the primary cohort study, stratified according to

periprocedural ischemic events.

Violin plots of initial cardiac troponin | (cTnl) value on hospital arrival (A), peak cTnl value of the non—ST-segment—elevation myocardial infarction
(M) before percutaneous coronary intervention (PCI); B), baseline cTnl values within 1 hour before PCI (C), and peak cTnl value after PCI (D).
cTnl concentrations were expressed as a multiple of the upper reference limit (URL) on a log scale, considering differences between conventional
and high-sensitivity troponin | assays, as well as between sexes. Between-group differences were evaluated by Mann-Whitney U test. Sample
sizes: overall cohort, n=1412; periprocedural myocardial injury (PMI) with type 4a M|, n=240; PMI without type 4a MI, n=288; and no PM|,
n=884. Type 4a Ml was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic electrocardiographic changes;
(2) development of new pathological Q waves; (3) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality
consistent with ischemic origin; or (4) angiographic evidence of a procedural flow-limiting complication such as coronary dissection, side-branch
loss, slow flow, thrombus, or distal embolization. ns Indicates non-significant (P>0.05).

Defining the Optimal Prognostic Threshold for
PMI

In the receiver-operating characteristic curve analysis,
post-PCl AcTnl predicted the primary outcome more ac-
curately than either pre-PCl or post-PClI peak cTnl levels
(Figure S2). In the overall cohort, the optimal threshold
for post-PCI AcTnl to predict 1-year all-cause mortal-
ity was >40%. This cutoff point provided an optimal
balance between sensitivity (54.9%) and specificity
(80.4%; Table S7). All patients were subsequently re-
classified with these thresholds. The occurrence rates of
post-PCl AcTnl levels of <20%, >20% but <40%, and
>40% were similar between the periods of conventional
cTnl testing and hs-cTnl testing (Table S8).

766  March 18,2025

Among 528 patients in the PMI group defined
according to Fourth UDMI criteria, 312 (22.1% of the
overall population) had a post-PCI AcTnl >40%, and the
remaining 216 patients had a post-PCl AcTnl >20%
but <40%. Figure 3 illustrates the cumulative incidence
curves for the primary and secondary end point at the
1-year follow-up, stratified by post-PCl AcTnl levels of
<20% (no PMI subgroup), >20% but <40%, and >40%.
The plots demonstrate worse outcomes for patients with
a post-PCl AcTnl >40% for both end points.

Similarly, Cox regression analyses showed significantly
higher risks for 1-year all-cause mortality (HR, 4.68 [95%
Cl,3.07-7.12], /<<0.001; aHR, 3.94 [95% ClI, 2.567-6.04],
P<0.001) and MACEs (HR, 3.02 [95% Cl, 2.27-4.03],
P<0.001; aHR, 2.79 [95% CI, 2.08-3.73], ~<0.001) for

Circulation. 2025;151:760-772. DOI: 10.1161/CIRCULATIONAHA.124.070729
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Table 3. The 1-Year Outcomes After PCI of the Primary Cohort Study, Stratified According

to Periprocedural Ischemic Events

PMI (n=528)
Total With type 4a Ml | Without type 4a Ml | No PMI
(n=1412) | (n=240) (n=288) (n=884) P value*
Primary end point, n (%)
All-cause mortality 102 (7.2) 47 (19.6) 19 (6.6)F 36 (4.1) <0.001
Secondary end point, n (%)
MACEs 212 (16.0) | 75 (31.3) 41 (14.2) 96 (10.9) | <0.001
All-cause mortality 102 (7.2) 47 (19.6) 19 (6.6)% 36 (4.1) <0.001
Cardiovascular death 76 (5.4) 39 (16.3) 11 (3.8)% 26 (2.9) <0.001
Reinfarction 64 (4.5) 21 (8.8) 11 (3.8)% 32 (3.6) 0.003
Urgent revascularization 63 (4.5) 18 (7.5)t 12 (4.2)% 33 (3.7) 0.042
Stroke 15 (1.1) 6 (2.5) 3(1.0) 6(0.7) 0.051
HF hospitalization 68 (4.8) 25 (10.4) 11 (3.8) 32 (3.6) <0.001

HF indicates heart failure; MACEs, major adverse cardiovascular events; MI, myocardial infarction; PCI, percutaneous
coronary intervention; and PMI, periprocedural myocardial injury.

Type 4a Ml was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic ECG chang-
es, (2) development of new pathological Q waves, (3) imaging evidence of new loss of viable myocardium or new regional
wall motion abnormality consistent with ischemic origin, or (4) angiographic evidence of a procedural flow-limiting com-
plication such as coronary dissection, side-branch loss, slow flow, thrombus, or distal embolization.

P values refer to omnibus comparisons among the 3 study groups (PMI with type 4a MI, PMI without type 4a M|,
and no PMI) with the x? test. Post hoc pairwise comparisons between the 3 groups were all significant after Bonferroni
adjustment of the probability level, except for tPMI with type 4a Ml vs PMI without type 4a MI, #PMI without type 4a M|

vs no PMI.

patients with this newly defined PMI compared with those
without periprocedural ischemic events (post-PCl AcTnl
<20%). Conversely, patients with post-PCl AcTnl levels
between 20% and 40% did not show an increased risk of
1-year all-cause mortality (HR, 1.25 [95% Cl, 0.64-2.46],
P=0.510; aHR, 1.04 [95% ClI, 0.63-2.04], P=0.920) or
MACEs (HR, 1.07 [95% ClI, 0.69-1.67], P=0.748; aHR,
0.94 [95% Cl, 0.60-1.46], P=0.782) compared with
patients with post-PCl AcTnl levels <20% (Table 5).
These findings remained consistent in the sensitivity
analysis on the subset of patients with an absolute post-
procedural cTnl concentration 25 times the 99th percen-
tile URL (81.2%, n=1146), as shown in Figure S3 and
Table S9. Among these patients, the proportion with an
adjudicated diagnosis of type 4a Ml was 0% (0/622)
in those with a post-PCI AcTnl <20%, 26.3% (56/213)
in those with a post-PCl AcTnl >20% but <40%, and
59.2% (184/311) in those with a post-PCl AcTnl >400%.

Internal Validation Cohort

The internal validation cohort consisted of 305 patients
with NSTEMI undergoing PCI with stable or decreasing
levels of hs-cTnl at the time of PCI. Baseline, angiographic,
and procedural characteristics of this population are de-
tailed in Tables S10 and S11.

The incidence of periprocedural ischemic complications
was comparable to that observed in the primary cohort
study, with PMI (defined according to the Fourth UDMI cri-
teria) occurring in 37% of patients (n=113), of whom 48
(15.7% of the validation cohort) had adjudicated type 4a Ml
whereas the remaining 63% (n=192) did not experience

Circulation. 2025;151:760-772. DOI: 10.1161/CIRCULATIONAHA.124.070729

any periprocedural ischemic events. The overall incidence
of primary and secondary end points was 7.5% and 15.1%,
respectively (Table S12). Figure S4 shows the cumulative
incidence curves for the primary and secondary end points
at the 1-year follow-up in this patient cohort. Similar to the
primary cohort study, patients with PMI had a higher risk of
1-year all-cause mortality and MACEs compared with those
without in the validation cohort. In addition, among patients
with PMI, those with adjudicated type 4a M| demonstrated
an elevated risk for both outcomes compared with those
with PMI but without type 4a Ml criteria (Table S13).

After stratification of patients by post-PCIl AcTnl lev-
els of <20%, >20% but <40%, and >40%, only a post-
PCI Ahs-cTnl >40% was independently associated with
a higher risk of all-cause mortality (HR, 4.76 [95% ClI,
1.97-11.48], <0.001; aHR, 4.15 [95% CI, 1.67-10.30],
P<0.001) and MACEs (HR, 3.30 [95% CI, 1.79-6.09],
P<0.001; aHR, 2.78 [95% ClI, 1.48-5.21], P=0.002) at
the 1-year follow-up (Table S14; Figure Sb).

Among the subgroup of patients with an absolute hs-
cTnl concentration >5 times the URL (84.6%, n=258),
the proportion of patients with an adjudicated diagnosis
of type 4a Ml was 0% (0/147) in those with a post-PClI
AcTnl £20%, 4.9% (2/41) in those with a post-PCI AcTnl
>20% but <40%, and 65.7% (46/70) in those with a
post-PCl AcTnl >40%.

Sensitivity Analysis in Patients Undergoing hs-
cTnl Testing

In the sensitivity analysis of patients undergoing hs-cTnl
measurements, PM| was associated with significantly
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Figure 2. Cumulative incidence curves for the primary and secondary end points at 1-year follow-up in the primary cohort study,

stratified by periprocedural ischemic events.

A, Primary end point stratified by the presence of periprocedural myocardial injury (PMI). B, Further stratification of the primary end point in
patients with PMI, comparing those with adjudicated type 4a myocardial infarction (MI) with those without type 4a MI. C, Secondary end point
stratified by PMI. D, Further stratification of the secondary end point in patients with PMI, comparing those with adjudicated type 4a Ml with those
without type 4a MI. Type 4a M| was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic electrocardiographic
changes; (2) development of new pathological Q waves; (3) imaging evidence of new loss of viable myocardium or new regional wall motion
abnormality consistent with ischemic origin; or (4) angiographic evidence of a procedural flow-limiting complication such as coronary dissection,
side-branch loss, slow flow, thrombus, or distal embolization. The primary end point was 1-year all-cause mortality. The secondary end point was a
composite of major adverse cardiovascular events at 1 year, including all-cause mortality, nonfatal reinfarction, urgent revascularization, nonfatal

ischemic stroke, and hospitalization for heart failure.

higher risks of 1-year all-cause mortality and MACEs.
Patients with PMI fulfilling the type 4a MI criteria had

an even higher risk compared with those with PMI but

without type 4a MI (Figure S6; Table S15). Receiver-

operating characteristic curve analysis confirmed that
a post-PCl Ahs-cTnl >40% was the optimal threshold
for predicting 1-year all-cause mortality, demonstrating
comparable sensitivity and specificity (Table S16). After

Table 4. Cox Regression Model at 1-Year Follow-Up for Primary and Secondary End Points of the
Primary Cohort Study, Stratified by Periprocedural Ischemic Events

Unadjusted HR Adjusted HR
(95% CI) Pvalue | (95% CI) P value
Primary end point
PMI vs No PMI 3.21 (2.14-4.82) <0.001 2.68 (1.77-4.04) <0.001
PMI with type 4a Ml vs PMI without type 4a M| | 3.23 (1.90-56.51) <0.001 2.94 (1.71-5.06) <0.001
Secondary end point
PMI vs No PMI 1.54 (1.30-1.83) <0.001 1.39 (1.17-1.65) <0.001
PMI with type 4a Ml vs PMI without type 4a Ml | 2.48 (1.70-3.63) <0.001 2.25 (1.53-3.30) <0.001

HR indicates hazard ratio; MI, myocardial infarction; and PMI, periprocedural myocardial injury.
Cox regression models were adjusted for age, peak troponin value before percutaneous coronary intervention (PCl), complete revascu-

larization, and complex PCI.

Type 4a Ml was diagnosed in cases of PMI accompanied by >1 of the following criteria: (1) new ischemic ECG changes, (2) development
of new pathological Q waves, (3) imaging evidence of new loss of viable myocardium or new regional wall motion abnormality consistent
with ischemic etiology, or (4) angiographic evidence of a procedural flow-limiting complication such as coronary dissection, side-branch loss,

slow flow, thrombus, or distal embolization.
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Figure 3. Cumulative incidence curves for the primary and secondary end points at 1-year follow-up in the primary cohort study,
stratified by post-PCIl AcTnl levels of <20%, >20% but <40%, and >40%.

A, Primary end point stratified by post—percutaneous coronary intervention (PCI) change in cardiac troponin | (AcTnl) levels. B, Secondary end
point stratified by post-PCl AcTnl levels. The primary end point was 1-year all-cause mortality. The secondary end point was a composite of major
adverse cardiovascular events at 1 year, including all-cause mortality, non-fatal reinfarction, urgent revascularization, nonfatal ischemic stroke, and

hospitalization for heart failure.

stratification of patients by post-PCl Ahs-cTnl values,
Cox regression models confirmed that only a post-PCl
Ahs-cTnl >40% was significantly associated with worse
outcomes (Figure S7; Table S17).

Predictors of Periprocedural Ischemic Events
After NSTEMI

Variables associated with the occurrence of PMI and
type 4a MI (as defined by the Fourth UDMI) in the
primary cohort study are comprehensively detailed in
Table S18. Independent predictors of PMI included cre-
atinine at admission (aOR, 1.20 [95% CI, 1.06—1.35]:
P=0.003), coronary bifurcation PCI (aOR, 2.62 [95% CI,
1.96-3.51]; ”R<0.001), and total stent length >60 mm
(aOR, 1.93 [95% CI, 1.39-2.69]; ”<0.001). Of these
variables, only coronary bifurcation PCl (aOR, 3.71
[95% ClI, 2.70-5.10]; A<0.001) and total stent length

>60 mm (aOR, 1.87 [95% CI, 1.30-2.68]; A<0.001)
remained independent predictors of type 4a M, along
with age (aOR, 1.02 [95% ClI, 1.01-1.04]; £=0.006).

Finally, the procedural risks shown to be independent
predictors of PMI defined according to the Fourth UDMI
were also independently associated with PMI redefined
as a post-PCl AcTnl >40% together with an absolute
postprocedural value of >b times the 99th percentile
URL (Table S19).

DISCUSSION

The main findings of this first study investigating the in-
cidence and prognostic impact of PMI with and without
type 4a Ml after NSTEMI are as follows. (1) A significant
proportion of NSTEMI patients experienced PMI, as this
complication was observed in approximately 4 out of 10
subjects, with no differences between the conventional

Table 5. Cox Regression Model at 1-Year Follow-Up for Primary and Secondary End
Points of the Primary Cohort Study, Stratified by Post-PCIl AcTnl Levels of <20%, >20%

but <40%, and >40%

Unadjusted HR Adjusted HR
(95% ClI) Pvalue | (95% CI) P value
Primary end point
Post-PCl AcTnl <20% Reference Reference
20%<post-PCl AcTnl<40% 1.25 (0.64-2.46) 0.510 1.04 (0.53-2.04) 0.920
Post-PCI AcTnl >40% 4.68 (3.07-7.12) <0.001 3.94 (2.57-6.04) <0.001
Secondary end point
Post-PCl AcTnl <20% Reference Reference
20%<post-PCl AcTnl<40% 1.07 (0.69-1.67) 0.748 0.94 (0.60-1.46) 0.782
Post-PCI AcTnl >40% 3.02 (2.27-4.03) <0.001 2.79 (2.08-3.73) <0.001

cTnl indicates cardia troponin |; HR, hazard ratio; and PCl, percutaneous coronary intervention.
Cox regression models were adjusted for age, peak troponin value before PCI, complete revascularization, and

complex PCL.
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cTnl and hs-cTnl test periods. (2) PMI was associated
with an increased risk of 1-year all-cause mortality and
MACEs. (3) Type 4a Ml had a significantly increased risk
of 1-year all-cause mortality and MACEs, even com-
pared with PMI without type 4a MI criteria. (4) A post-
PCI AcTnl >20% but <40% was associated with 1-year
outcomes similar to those observed in patients with post-
PCI AcTnl £20%. Conversely, a post-PCl AcTnl increase
of >40%, combined with an absolute postprocedural val-
ue of >b times the 99th percentile URL, was identified
as the best threshold for diagnosing a prognostically
relevant PMI. (5) Patients exceeding this threshold had
a significant 4-fold and 3-fold increased risk of 1-year
all-cause mortality and MACEs, respectively. (6) All of
these findings were further validated in an internal cohort
and in the sensitivity analysis performed on patients un-
dergoing hs-cTnl measurements.

Incidence of Periprocedural Ischemic Events in
NSTEMI

Our results showed that patients with NSTEMI are
frequently susceptible to PMI with and without type
4a MI during the periprocedural period, underscoring
the need for a more tailored management approach.
Patients with NSTEMI have a remarkably higher inci-
dence of type 4a Ml than patients with chronic coronary
syndromes, suggesting that specific factors related
to the acute setting and subsequent revascularization
procedure contribute to the increased risk.>'* In fact,
the acute phase of NSTEMI is associated with active
inflammatory response, plaque instability, and endothe-
lial dysfunction, all of which favor the development of
a prothrombotic state.®'® During PCI, disruption of a
vulnerable plaque and subsequent mechanical injury to
the coronary endothelium may trigger angiographically
evident thrombus formation, as observed in our popula-
tion, leading to type 4a ML® A previous study by Lee et
al’® revealed that patients with NSTEMI who developed
post-PCl cTn elevations exhibited coronary lesions with
greater lipid length and a higher prevalence of thin-cap
fibroatheroma analyzed with optical coherence tomog-
raphy. During PCI, these high-risk lesions were more
frequently associated with distal embolization, contrib-
uting to microvascular obstruction and myocardial in-
jury. In addition, the acute inflammatory environment
in patients with NSTEMI characterized by the release
of inflammatory mediators such as cytokines and che-
mokines may contribute to an increased susceptibility
to myocardial injury by promoting endothelial dysfunc-
tion, increasing microvascular resistance, and impairing
myocardial perfusion, increasing the risk of no reflow
during PCI'" Overall, these factors might contribute to
myocardial injury, even in the absence of overt proce-
dural complications (eg, no reflow, coronary dissection,
occlusion of a side branch).
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Furthermore, the frequent anatomical complexity of cor-
onary lesions in patients with NSTEMI (eg, a higher preva-
lence of multivessel or left main disease, calcific lesions
requiring plaque modification techniques, bifurcations, dif-
fuse disease) might contribute to a higher risk of proce-
dural complications.'® Indeed, the high burden and severity
of atherosclerotic disease might make PCl technically chal-
lenging and increase the likelihood of distal embolization,
coronary dissection, or side-branch occlusion, potentially
resulting in PMI with or without type 4a MI°

Finally, patients with NSTEMI are typically character-
ized by a complex clinical profile with multiple comorbidi-
ties (age, diabetes, hypertension, chronic kidney disease,
etc) and may therefore be more susceptible to peripro-
cedural ischemic events after PCI.'°

Prognostic Impact of Type 4a Mi

In the present study, patients with NSTEMI experienc-
ing PMI with type 4a MI had a significantly increased
risk of adverse clinical outcomes, including mortality at
the 1-year follow-up, also compared with patients with
PMI without type 4a M criteria. Type 4a Ml represents a
critical myocardial insult, triggering an enhanced inflam-
matory response and potentially exacerbating underlying
disease processes.'? These factors might ultimately lead
to progressive myocardial dysfunction, heart failure, and
an increased risk of mortality over time.>®

The key feature of type 4a Ml is the coexistence of
elements indicating the onset/exacerbation of myocar-
dial ischemia related to the PCI procedure.' Indeed, our
data confirm that the detection of new ischemic changes
on ECG or echocardiography and angiographic evidence
of the development of a flow-limiting complication pro-
vides additional prognostic information compared with
the increase in post-PCl cTn levels alone.

The strong prognostic impact of type 4a MI after
NSTEMI underscores the need for tailored effective
risk stratification and targeted interventions to improve
outcomes in this specific patient population. However, it
remains uncertain whether mortality and MACEs after
type 4a Ml in patients with NSTEMI are a consequence
of the complexity of the procedure, the vulnerability of
the patients, or the extent of iatrogenic cardiac injury.

Optimizing PMI Diagnosis

In our study, a post-PCl AcTnl increase of >40% was
identified as the optimal threshold for diagnosing prog-
nostically relevant PMI. Notably, redefining PMI using
this threshold, even when combined with an absolute
postprocedural cTnl value 25 times the 99th percentile
URL, was associated with a 4-fold increase in the risk of
1-year all-cause mortality, regardless of the presence of
new myocardial ischemia (electrocardiographic, imaging,
and angiographic criteria). In contrast, a post-PCI AcTnl
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between 20% and 40% was associated with the same
1-year all-cause mortality and MACE risk as in patients
without PMI (post-PCl AcTnl <20%). This finding could
be attributed to a higher rate of false-positive identifi-
cations, including patients with mild cTn elevations but
without clinically significant myocardial injury. Conse-
quently, including patients with minor cTn elevations, up
to a post-PCl change of 40%, in the PMI category could
attenuate the association between myocardial injury and
adverse outcomes, ultimately reducing its prognostic sig-
nificance. Furthermore, patients with NSTEMI often have
comorbidities such as chronic kidney disease, heart fail-
ure, or advanced age, which could account for increases
in post-PCl cTn values without necessarily indicating new
myocardial injury." However, this variability did not affect
outcomes; the HRs for adverse events at 1 year were
adjusted for the major known predictors of outcome in
patients with NSTEMI.

The higher threshold identified in our study com-
pared with that proposed by the Fourth UDMI aligns
with recent evidence in the context of chronic coronary
syndromes.'® As a result, the current cTn cutoffs for the
diagnosis, which are based on expert consensus rather
than robust scientific evidence, may be overly sensitive
and might warrant revision in the light of currently avail-
able data. This threshold likely represents a critical point
of myocardial damage after PCI that cannot be justified
solely by comorbidities or reduced cTn clearance. A sub-
stantial rise in cTn levels after PCI, even in the absence
of clear evidence of new myocardial ischemia, carries
considerable prognostic weight. Nonetheless, so far it
is still unclear whether management changes might be
necessary and which kind of changes might be neces-
sary after the proper identification of these events. In this
regard, it could be hypothesized that establishing a AcTn
threshold associated with adverse outcomes could aid
in identifying patients who would benefit the most from
changes in management/treatment strategy (eg, pro-
longed monitoring, intensification of secondary preven-
tion therapy). Furthermore, a post-PCl AcTnl >40% for
diagnosing PMI could be crucial in identifying patients
who may require imaging to confirm or rule out a diagno-
sis of type 4a MI. Further studies with an appropriate ran-
domized design are needed to address these questions.

Last, the proposed definition of prognostically relevant
PMI, a>40% increase 3 to 6 hours after PCI, along with
an absolute postprocedural value of 25 times the 99th
percentile URL, could serve as a valuable clinical end
point in future studies exploring management strategies
and outcomes in patients with NSTEMI.

Study Limitations

Our findings should be interpreted considering some limi-
tations. First, 1-year follow-up may be considered rela-
tively short to assess clinical outcomes; a longer follow-up
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might provide further insights into long-term outcomes
and confirm the observed associations. Moreover, 2 dif-
ferent cTnl assays (conventional cTnl and hs-cTnl) were
used during the study period. However, because each pa-
tient was consistently assessed with the same assay over
time, the analysis of AcTnl variation does not appear to
be influenced by the type of cTnl assay used. Indeed, in
our study, the post-PCl AcTnl values of patients analyzed
with conventional cTnl are similar to those of patients an-
alyzed with hs-cTnl. Furthermore, there was no change in
the frequency of PMI with or without type 4a M| between
the period of conventional cTnl assay and hs-cTnl assay
(Tables S3 and S8). Finally, our results were validated only
in an additional cohort of patients from the same sites;
external validation is needed to confirm our findings.

Conclusions

PMI with and PMI without type 4a M, as defined by the
Fourth UDMI criteria, are 2 common PCl-related compli-
cations in patients with NSTEMI, with type 4a Ml being
associated with worse outcomes. We identified a post-
PCI change in troponin threshold >40%, combined with
an absolute postprocedural value of =5 times the 99th
percentile URL, as the optimal criterion for diagnosing
prognostically relevant PMI. This threshold was strongly
linked to increased mortality and MACE, independent of
the presence of new myocardial ischemia. These findings
may improve risk stratification, guide more tailored man-
agement strategies, and ultimately enhance outcomes
for patients with NSTEMI undergoing PCI.
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