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Objective: The prognostic significance of troponin elevation following
percutaneous coronary intervention (PCl) remains debated. This study aimed
to evaluate the association between different thresholds of post-PCl cardiac
troponin | (cTnl) and mortality.

Methods: From January 2012 to July 2017, 5,218 consecutive patients
undergoing elective PCl with pre-PCl cTnl < 99th percentile of the upper
reference limit (URL) were included. Levels of cTnl were measured before
PCI and every 8 h for 24 h after procedural. The outcomes were 3-year
cardiac mortality.

Results: Patients had a mean age of 66.2 years, 27.6% were women, 67.0%
had hypertension, and 26.2% had diabetes mellitus. During the 3 years of
follow-up, cardiac death occurred in 0.86%, 1.46%, 1.69%, 2.36%, and 2.86%
of patients with cTnl <1, > 1to <5, > 5to < 35, > 35 to < 70, and > 70
times URL. The cardiac mortality rate was moderately increased with higher
peak clInl values, but the Kaplan—Meier curve demonstrated no significant
association between any increment of cTnl and either cardiac or non-cardiac
mortality. Isolated cTnl increment of > 5 x URL, > 35 x URL, and > 70 x URL
was occurred in 1,379 (26.4%), 197 (3.8%), and 70 (1.3%) patients, respectively.
In multivariate Cox regression analysis and Fine-Gray model, none of the
above cTnl thresholds was significantly associated with an increased risk
of cardiac death.

Conclusion: In patients who underwent elective PCI, post-PCl cTnl elevation
is not independently associated with cardiac mortality.

periprocedural myocardial infarction, percutaneous coronary intervention,
retrospective study, troponin, coronary artery disease
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Introduction

More than 5 million patients each year are treated with
percutaneous coronary intervention (PCI) worldwide (1). As
the most frequent complication, the rate of periprocedural
myocardial infarction (PMI) remains high, with potentially
worse long-term outcomes (2). Biomarkers, such as creatine
kinase MB (CK-MB) and cardiac troponin (cTn), have been
used to diagnose PMI. However, the peak biomarker thresholds
that define PMI markedly vary across different guidelines (3-
7). This includes the Third (3) and Fourth (4) Universal
Definition of Myocardial Infarction (UDMI) criteria, Academic
Research Consortium-2 (ARC-2) (5), and the Society for
Cardiovascular Angiography and Interventions (SCAI) (6).
Several studies have shown that increment of post-PCI CK-
MB is independently predictive of poor prognosis (8-11).
However, the european society of cardiology (ESC) Study
Group recommended that CK-MB is no longer needed to
detect PMI (12). Although cTn is more sensitive than CK-
MB, adopting a troponin-based definition of PMI remains
debatable because of its uncertain prognostic significance (2,
8, 13, 14). Currently, the cutoff thresholds of post-PCI c¢Tn
elevation that define PMI are based on expert consensus
opinion (15).

The present study explored whether different thresholds of
cTn elevation after elective PCI could predict 3-year cardiac
mortality in coronary artery disease (CAD) patients with pre-
PCI c¢Tn values < 99th percentile upper reference limit (URL).

Materials and methods

Study population

This was a retrospective single-center study. Consecutive
patients treated with elective PCI from January 2012 to July 2017
with pre-PCI cardiac troponin I (cTnl) levels < 99th percentile
URL were screened at Sir Run Run Shaw Hospital of Zhejiang
University. Each patient was included in the analysis only
once (i.e., at the patient’s first PCI procedure in our hospital).
The inclusion criteria were (1) patients who received elective
successful stent implantation; (2) patients with pre-PCI ¢Tnl
and CK-MB levels < 99th percentile URL, and available ¢Tnl
measurements every 8 h for 24 h post-PCI; and (3) patients with
complete 3-year follow-up.

Exclusion criteria included (1) patients experienced MI 30-
day prior to elective PCI; (2) patients had chronic total occlusion
whether the lesions would be opened or not; and (3) loss to
follow-up within 3 years after PCL

The study was conducted with strict adherence to the ethical
principles outlined in the Declaration of Helsinki (as revised in
2013) and was approved by the ethics review committee at Sir
Run Run Shaw Hospital (no. KY20201217-36).
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Biochemical measurements

Blood samples for cTnl measurements were obtained
before PCI (at admission) and every 8 h after PCI (usually
24 h), and the highest values of post-PCI ¢Tnl would be
collected for analysis. Standard ¢Tnl was measured using the
enzyme-linked fluorescent assay (VIDAS Troponin I Ultra,
bioMérieux). The 99th percentile URL for this measurement
was 0.11 ng/ml. For this analysis, the different thresholds of
peak cTnl were formulated according to the isolated myocardial
biomarker criterion for the 4th UDMI definition (4), ARC-
2 (5), and SCAI (6) (cTnl > 5 x URL, > 35 x URL,
and > 70 x URL, respectively).

Endpoint

The outcomes were all-cause, cardiac, and non-cardiac
mortality during 3 years of follow-up after PCI. Follow-up was
performed by telephone contact yearly after PCI.

Statistical analysis

Statistical analysis was conducted using SPSS version 22.0
(Chicago, IL, United States) and Stata 17.0 (TX, United States).
Continuous variables were expressed as mean =+ SD for variables
with normal distribution or median (interquartile range) for
variables with skewed distribution. Categorical variables were
presented as frequencies.

Cardiac mortality and non-cardiac mortality of CAD
patients with normal baseline myocardial biomarkers were
compared among patients stratified by commonly used cTnl
intervals (< 1, > 1 to < 5, > 5 to < 35, > 35 to < 70,
and > 70 x URL). Event rates were calculated using the Cox
model and were compared using the log-rank test. When cardiac
death and non-cardiac death occurred as competitive events,
the Fine-Gray model was performed for analysis. Adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs) for
cardiac mortality and non-cardiac mortality were calculated
by multivariable Cox regression analysis to compare groups as
follows: cTnl < 5vs. > 5 x URL, ¢Tnl < 35 vs. > 35 x URL,
and c¢Tnl < 70 vs. > 70 x URL. All p-values were 2-sided, and
statistical significance was set at p < 0.05.

Results

Patient characteristics
The design of the present study is shown in Figure 1. After

excluding 11 patients with missing post-PCI cTnl values, 479
within 30-day MI, 518 with chronic complete occlusion, and 318
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6,544 consecutive patients underwent elective PCl
between January 2012 to Juny 2017 with normal
baseline cTnl value
1,326 excluded:
479 with Ml within 30 days;
518 with chronic complete occlusion;
11 without data of post-PCl cTnl;
318 did not complete 3-year follow-up;
5,218 consecutive patients with normal baseline cTnl
value and 3-year follow-up (n = 5218)
progressive intervals of biomarker criteria according
cTnl (N =5,218) to PMI definition (N = 5,218)
<1XURL 1to5 XURL 5to35 XURL 35to 70 X URL >70 X URL <5 vs 25X URL® <35 vs 235X URL" <70 vs 270 X URL®
(N=2,331) (N =1,508) (N=1,182) (N=127) (N =70) (N = 3,839 vs 1,379) (N = 5,021 vs 197) (N = 5,148 vs 70)
FIGURE 1

Study flowchart. From January 2012 to July 2017, 6,544 consecutive patients underwent PCl with normal baseline cTnl value. After excluding 11
patients with baseline increased or missing post-PCI cTnl values, 479 within 30-day MI, 518 with chronic complete occlusion, and 318 patients
who were lost to follow-up, 5,218 consecutive patients with 3-year follow were finally included in this analysis. cTnl, cardiac troponin |; M,
myocardial infarction; PCI, percutaneous coronary intervention; URL, upper reference limit. ?According to biomarker criteria of PMI defined by
third and fourth universal definition of myocardial infarction criteria; Paccording to biomarker criteria of PMI defined by Academic Research
Consortium-2; “according to biomarker criteria of PMI defined by the Society for Cardiovascular Angiography and Interventions

patients who were lost to follow-up, 5,218 consecutive patients
with 3 years of follow-up were finally included in this analysis.
All included patients underwent elective PCI from January 2012
to July 2017 and had normal baseline ¢Tnl and 3 years of follow-
up.

The key demographic data, angiographic features, and
procedural characteristics of the patients are listed in Table 1.
As shown, patients had a mean age of 66.2 years, 27.6%
were women, 67.0% had hypertension, and 26.2% had diabetes
mellitus. Most of the patients had a one-vessel disease (74.9%).
The left anterior descending CAD was involved in 68.8% of the
patients, with moderate or severe complexity lesions (type B2/C)
present in 68.5% of patients. Stents with a median length of
36 mm per patient were implanted.

Post-PCI cTnl result

The frequencies of cTnl elevations by different cutoff values
varied considerably (Table 1). The occurrence of post-PCI ¢Tnl
increments was 55.3%, and cTnl >3 x ,>5x,>10 x,>35 %,
and > 70 x URL occurred in 1,803 (34.6%), 1,379 (26.4%), 739
(14.2%) 197 (3.8%), and 70 (1.3%) of cases.

Post-PCl cTnl and mortality
During the 3-year follow-up, 130 (2.49%) all-cause mortality

events occurred, of which 67 (1.28%) were of cardiovascular
mortality. Figure 2 shows increasing mortality across intervals
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of troponin increment and the 3-year cardiovascular mortality
stabilizes for troponin intervals.

Kaplan-Meier curves for cardiac and non-cardiac deaths
showed no significant difference between the 5 groups (log-
rank p for cardiac death = 0.521; log-rank p-value for non-
cardiac death = 0.532, Figure 3). In the multivariate Cox
regression analysis, the ¢Tn ratio was not an independent
predictor of cardiac or non-cardiac death after adjustment for
age, gender, hypertension, diabetes mellitus, current smoking,
low-density lipoprotein cholesterol, glomerular filtration rate,
left ventricular ejection fraction, prior MI, number of diseased
vessels, the complexity of lesions, and total stented length (p-
value for all > 0.05, Table 2). The multivariate Fine-Gray model
indicated that ¢Tn ratios were not independently associated
with cardiac death [subdistribution HR (SHR) 1.101, 95% CI
0.865-1.403, p = 0.433].

Cardiac troponin I ratios that have been proposed
according to biomarker criteria and according to the 4th UDMI,
ARC-2, and SCAI definitions were ¢Inl > 5 x , > 35 x ,
and > 70 x URL. After adjustment for age, gender,
hypertension, diabetes mellitus, current smoking, low-
density lipoprotein cholesterol, glomerular filtration rate,
left ventricular ejection fraction, prior MI, the number of
diseased vessels, the complexity of lesions, and total stented
length, none of the various myocardial injuries defined by
different isolated post-cTnl values was significantly associated
with the rate of cardiac mortality or non-cardiac mortality
(p-value for all > 0.05, Table 3 and Figure 4). The multivariate
Fine-Gray model indicated that ¢Tnl ratios > 5 x, > 35 x ,
and > 70 x URL were not associated with cardiac death
(cTnl > 5 x URL: SHR 1.304, 95% CI 0.767-2.216, p = 0.327;
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TABLE 1 Baseline clinical characteristics, angiographic
characteristics, and procedural characteristics of the study population
(N =5,218).

Clinical characteristics

Age (years), mean & SD 66.2 £10.4
Female, n (%) 1,441 (27.6)
BMI (kg/m?), mean =& SD 246+ 6.4
Current smoking, n (%) 1,173 (22.5)
Diabetes, n (%) 1,366 (26.2)
Hypertension, n (%) 3,494 (67.0)
Prior stroke, n (%) 452 (8.7)
Prior ML, n (%) 410 (7.9)
Prior PCL n (%) 1,264 (24.2)
Perioperative medications, n (%)
Clopidogrel 4,743 (90.9)
Ticagrelor 372(7.1)
ACEI/ARB 2,955 (56.6)
Beta-blocker 2,670 (50.2)
Calcium-channel blocker 1,647 (31.6)
eGFR (mL/min/1.73 m?) 79.6 £ 28.9
LDL-C (mmol/L), mean + SD 2.1+0.88
LVEF (%), mean + SD 65.1+9.4
Angiographic characteristics
Lesions of vessels, n (%)
Left main 563 (10.8)
Left anterior descending 3,590 (68.8)
Left circumflex 1,511 (29.0)
Right coronary artery 1,981 (38.0)
Number of diseased coronary arteries, n (%)
1 3,909 (74.9)
2 1,219 (23.4)
3 90 (1.7)
AHA/ACC classification B,/C, n (%) 3,574 (68.5)
Calcification, n (%) 854 (16.4)
Procedural characteristics, techniques
FFR/IVUS/OCT, n (%) 745 (14.3)
Total stent length per patient (mm), median 36 (23,58)
(IQR)
Mean stent size > 2.5 mm, n (%) 4,520 (86.6)
Balloon pre-dilation, n (%) 4,459 (91.6)
Balloon post-dilation, n (%) 4,778 (91.6)
Rotational ablation, n (%) 67 (1.3)
Number of patients with ¢Tnl above
threshold, n (%)
>1 x URL 2,887 (55.3)
>3 x URL 1,803 (34.6)
>5x URL 1,379 (26.4)
> 10 x URL 739 (14.2)
> 20 x URL 380 (7.3)
> 35 x URL 197 (3.8)
> 70 x URL 70 (1.3)

Data are presented as mean + SD or % (n/N). ACEIL angiotensin-converting
enzyme inhibitors; AHA/ACC, American Heart Association/American College of
Cardiology; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated
glomerular filtration rate; FFR, fractional flow reserve; IQR, interquartile range;
IVUS, intravascular ultrasound; LDL-C, low-density lipoprotein cholesterol; LVEF,
left ventricular ejection fraction; MI: myocardial infarction; OCT, optical coherence
tomography; PCI, percutaneous coronary intervention; SD, standard deviation; URL,
upper reference limit.

c¢Tnl > 35 x URL: SHR 0.415, 95% CI 0.057-3.006, p = 0.384;
c¢Tnl > 70 x URL: SHR 1.212, 95% CI 0.166-8.843, p = 0.850).
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FIGURE 2

Bar graph of 3-year mortality rate by different ranges of
post-PCl peak cTnl normalized to the upper reference limit. URL,
upper reference limit; cTnl, cardiac troponin .

Discussion

In this large-scale study that included more than 5,000
consecutive patients who underwent PCI, isolated post-PCI
cTnl of any cutoff showed no significant association with
cardiovascular mortality.

Comparison with previous studies

There is a debate regarding the prognostic significance
of cTnl elevations after PCI. On the one hand, numerous
studies and meta-analyses have noted a significant association
between an increment of post-PCI ¢Tn and mortality (13,
16-20). A large meta-analysis of 44,972 chronic patients with
coronary syndrome who underwent PCI from 24 prospective
studies demonstrated that cTn levels > 3 x URL was associated
with increased mortality at 1 year [odds ratio (OR) 1.51, 95%
CI 1.05-2.17]. However, this meta-analysis did not adjust for
other factors affecting the outcomes (16). In a more recently
patient-level pooled analysis of 9,081 patients who underwent
PCI, cTn levels > 5 x URL were strongly associated with 1-
year mortality with an adjusted OR of 2.29 (19). On the other
hand, in contrast to these studies, there have been reports
showing no prognostic information from post-PCI ¢Tn (21-
23). In a pooled analysis that included 13,038 patients with
ACS who underwent PCI from 2 trials, Tricoci et al. (9)
did not find an increased mortality rate with a isolated ¢Tn
ratio > 5 x URL or even > 10 x URL. In addition, several
studies reported that cTn elevation > 70 x URL, which was
required as an SCAI criterion, did not increase the risk of
adverse outcomes (8, 14). In a pooled analysis of 13,452 patients
from 5 trials and 1 registry, Hector et al. (14) showed neither
significant association between cTn elevations at any degree and
increased mortality nor between cTn elevation > 70 x URL
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post-PCl peak cTnl values in patients with elective PCI. URL, upper reference limit; cTnl, cardiac troponin |.

TABLE 2 Hazard ratios for 3-year mortality with different thresholds of post-PCl peak cTn values.

Event %(n/N) Unadjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value
All-cause mortality

<1 x URL 1.93 (45/2888) Reference - Reference -
1-5 x URL 2.65 (40/1508) 1.378 (0.900, 2.109) 0.140 1.022 (0.658, 1.585) 0.924
5-35 x URL 3.30(39/1182) 1.717 (1.118, 2.636) 0.014 1.048 (0.661, 1.661) 0.842
35-70 x URL 2.36 (3/127) 1.220 (0.379, 3.927) 0.738 0.738 (0.227, 2.406) 0.615
> 70 x URL 4.39 (3/70) 2.242 (0.697, 7.213) 0.176 1.146 (0.352, 3.735) 0.821
P value for trend 0.014 0.961
Cardiovascular mortality

<1 x URL 0.86 (20/2888) Reference - Reference -
1-5 x URL 1.46 (22/1508) 1.704 (0.930, 3.122) 0.084 1.213 (0.648, 2.268) 0.546
5-35 x URL 1.69 (20/1182) 1.979 (1.065, 3.678) 0.031 1.098 (0.567, 2.126) 0.781
35-70 x URL 2.36 (3/127) 2.749 (0.817,9.252) 0.102 1.484 (0.433, 5.088) 0.530
> 70 x URL 2.86 (2/70) 3.355 (0.784, 14.352) 0.103 1.625 (0.373, 7.067) 0.518
P value for trend 0.007 0.521
Non-cardiovascular mortality

<1x URL 0.87 (25/2888) Reference - Reference -
1-5 x URL 1.19 (18/1508) 1.114 (0.608, 2.042) 0.727 0.875 (0.469, 1.632) 0.675
5-35 x URL 1.61(19/1182) 1.500 (0.826, 2.724) 0.183 0.990 (0.518, 1.894) 0.977
35-70 x URL 0.00 (0/127) - - - -
> 70 x URL 1.43 (1/70) 1.336 (0.181, 9.857) 0.777 0.704 (0.093, 5.312) 0.734
P value for trend 0.477 0.532

Covariates used in the adjusted model include age, gender, hypertension, diabetes mellitus, current smoking, low-density lipoprotein cholesterol, glomerular filtration rate, left ventricular
ejection fraction, prior MI, number of diseased vessels, complexity of lesions, and total stented length. URL, upper reference limit.

TABLE 3 Hazard ratios for 3-year mortality in patients with different post-PCl peak cTnl values according to the biomarker criterion of the 4th
UDMI, ARC-2, and SCAI definitions.

Event % (n/N) % (n/N) Unadjusted HR (95% CI)  P-value  Adjusted HR (95% CI)  P-value
All-cause mortality
<5x URLvs. > 5 x URL 2.21(85/3839) 3.26 (45/1379) 1.478 (1.035, 2.259) 0.033 1.012 (0.693, 1.477) 0.952
< 35 x URLvs. > 35 x URL 2.47 (124/5021) 3.05 (6/197) 1.233(0.511, 3.105) 0.616 0.862 (0.377, 1.969) 0.724
<70 x URLvs. > 70 x URL 2.47 (127/5148) 4.29 (3/70) 1.751 (0.469, 9.429) 0.944 1.119 (0.353, 3.542) 0.849
Cardiovascular mortality
<5x URLvs.>5 x URL 1.09 (42/3839) 1.81 (25/1379) 1.661 (1.020, 3.024) 0.042 1.05 (0.627, 1.757) 0.854
<35 x URLvs. > 35 x URL 1.23 (62/5021) 2.54 (5/197) 2.062 (0.789,9.771) 0.112 1.394 (0.555, 3.498) 0.480
<70 x URLvs. > 70 x URL 1.26 (65/5148) 2.86 (2/70) 2.276 (0.435, 28.28) 0.239 1.456 (0.352, 6.018) 0.603
Non-cardiovascular mortality
<5x URLvs.>5 x URL 1.12 (43/3839) 1.45 (20/1379) 1.295 (0.762, 2.201) 0.340 0.953 (0.544, 1.670) 0.866
<35 x URLvs. > 35 x URL 1.23 (62/5021) 0.51 (1/197) 0.410 (0.057, 2.955) 0.376 0.324 (0.045, 2.356) 0.266
<70 x URLvs. > 70 x URL 1.20 (62/5148) 1.43 (1/70) 1.189 (0.165, 8.574) 0.864 0.761 (0.104, 5.561) 0.788

Covariates used in the adjusted model include age, gender, hypertension, diabetes mellitus, current smoking, low-density lipoprotein cholesterol, glomerular filtration rate, left ventricular
ejection fraction, prior MI, number of diseased vessels, complexity of lesions, and total stented length. ARC-2, Academic Research Consortium-2; SCAI, Society for Cardiovascular
Angiography and Interventions; UDMI, Universal definition of myocardial infarction; URL, upper reference limit.
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FIGURE 4

Three-year Kaplan—Meier curves for all-cause death (A,D,G), cardiovascular (B,E,H), and non-cardiovascular death (C,F,1) in patients who
underwent PCl with different post-PCl peak cTnl values according to the biomarker criterion of the 4th UDMI, ARC-2, and SCAI definitions
ARC-2, Academic Research Consortium-2; SCAI, Society for Cardiovascular Angiography and Interventions; UDMI, Universal definition of

myocardial infarction; URL, upper reference limit.

with 1-year mortality (HR 1.628, 95% CI 0.88-3.00, p = 0.120).
Similarly, in a recent study of 4,031 patients who underwent left
main PCI, no level of post-PCI ¢Tn elevations was associated
with cardiac or all-cause mortality, even for > 70 x URL
(8). Our results are consistent with these studies showing
no increase in cardiac and all-cause mortality irrespective
of ¢Tn increment at any cutoff even when c¢Tn increment
is > 70 x URL.

Based on the results of our study, PCI-related MI defined
solely on cTn elevations may be inappropriate. This could
be because ¢Tn is too oversensitive to define PCl-related
myocardial damage. While as another cardiac biomarker, CK-
MB has shown a strong association with adverse outcomes in
many previous studies (8-10). Furthermore, the combination
of additional evidence of coronary ischemia improved the
prognostic significance, compared with isolated cTn elevations.
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Tricoci et al. observed a twofold increase in mortality among
patients with c¢Tn elevations and clinical or angiographic
complications, whereas isolated ¢Tn > 5 x or > 10 x URL
increment was not associated with mortality (9).

Limitations

Several limitations should be noted. First, because of
the retrospective nature of our study, only biomarker data
were available, while data on ischemic symptoms (i.e.,
chest pain after PCI), electrocardiographs, and angiograms
were hard to collect. Thus, this study is aimed to explore
the long-term prognostic significance of isolated post-
PCI cTnl elevation but not the prognostic significance of
PMI. Second, although we adjusted for several potential
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confounders in the models, residual confounding due to
unmeasured or unknown factors remains possible. For
example, plaque characteristics was not accessible in this study
because intravascular ultrasound/optical coherence tomography
(IVUS/OCT) were only used in part of patients. Third,
patients with increased pre-PCI cardiac biomarkers were not
included in the study. Thus, our results are generalizable to
patients with a normal baseline only. Similarly, our findings
apply to standard cTn only but not to high-sensitivity
cTn.

Conclusion

In patients with CAD who underwent elective PCI, post-
PCI cTn elevations of any degree were not predictive of
cardiac mortality in the absence of procedural complications or
evidence of new myocardial ischemia.

Data availability statement

The original contributions presented in this study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Review Committee at Sir Run Run
Shaw Hospital. Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

References

1. Faxon DP, Leopold JA, Abbott JD, McElhinney DB, Williams DO. Circulation:
cardiovascular interventions: the first 10 years. Circ Cardiovasc Interv. (2018)
11:e006901. doi: 10.1161/CIRCINTERVENTIONS.118.006901

2. Hanna EB, Hennebry TA. Periprocedural myocardial infarction: review and
classification. Clin Cardiol. (2010) 33:476-83. doi: 10.1002/clc.20819

3. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al.
Third universal definition of myocardial infarction. Circulation. (2012) 126:2020-
35. doi: 10.1161/CIR.0b013e31826e1058

4. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al.
Fourth Universal Definition of Myocardial Infarction (2018). Circulation. (2018)
138:e618-51. doi: 10.1161/cir.0000000000000617

5. Garcia-Garcia HM, Mcfadden EP, Farb A, Mehran R, Stone GW, Spertus
J, et al. Standardized end point definitions for coronary intervention trials:
the academic research consortium-2 consensus document. Circulation. (2018)
137:2635-50. doi: 10.1161/circulationaha.117.029289

6. Moussa ID, Klein LW, Shah B, Mehran R, Mack M], Brilakis ES, et al.
Consideration of a new definition of clinically relevant myocardial infarction after

Frontiers in Cardiovascular Medicine

07

10.3389/fcvm.2022.833522

Author contributions

YL and DL reviewed the literature and contributed to the
manuscript drafting. LZ, TX, QL, JH, and YW contributed to the
data collection, interpretation, and analysis. WZ was responsible
for conception, design, and administrative support. All authors
issued final approval for the version to be submitted.

Acknowledgments

We would like to express their gratitude to Hema
Darinee Teeroovengadum (Sir Run Run Shaw Hospital, College
of Medicine, Zhejiang University) for the expert linguistic
services provided.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

coronary revascularization: an expert consensus document from the society for
cardiovascular angiography and interventions (SCAI). JACC. (2013) 62:1563-70.

7. Thygesen K, Alpert JS, White HD. Universal definition of myocardial
infarction. Eur Heart J. (2007) 28:2525-38. doi: 10.1016/j.jacc.2013.08.720

8. Wang H, Xu B, Dou K, Guan C, Song L, Huang Y, et al. Implications
of periprocedural myocardial biomarker elevations and commonly used MI
definitions after left main PCI. JACC. (2021) 14:1623-34. doi: 10.1016/j.jcin.2021.
05.006

9. Tricoci P, Newby LK, Clare RM, Leonardi S, Gibson CM, Giugliano RP,
et al. Prognostic and practical validation of current definitions of myocardial
infarction associated with percutaneous coronary intervention. JACC Cardiovasc
Interv. (2018) 11:856-64. doi: 10.1016/j.jcin.2018.02.006

10. Ioannidis JP, Karvouni E, Katritsis DG. Mortality risk conferred by
small elevations of creatine kinase-MB isoenzyme after percutaneous coronary
intervention. JACC. (2003) 42:1406-11. doi: 10.1016/s0735-1097(03)01044- 1

11. Park DW, Kim YH, Yun SC, Ahn JM, Lee JY, Kim WJ, et al. Frequency, causes,
predictors, and clinical significance of peri-procedural myocardial infarction

frontiersin.org


https://doi.org/10.3389/fcvm.2022.833522
https://doi.org/10.1161/CIRCINTERVENTIONS.118.006901
https://doi.org/10.1002/clc.20819
https://doi.org/10.1161/CIR.0b013e31826e1058
https://doi.org/10.1161/cir.0000000000000617
https://doi.org/10.1161/circulationaha.117.029289
https://doi.org/10.1016/j.jacc.2013.08.720
https://doi.org/10.1016/j.jcin.2021.05.006
https://doi.org/10.1016/j.jcin.2021.05.006
https://doi.org/10.1016/j.jcin.2018.02.006
https://doi.org/10.1016/s0735-1097(03)01044-1
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lietal.

following percutaneous coronary intervention. Eur Heart J. (2013) 34:1662-9. doi:
10.1093/eurheartj/eht048

12. Jaffe AS, Lindahl B, Giannitsis E, Mueller C, Cullen L, Hammarsten O, et al.
ESC study group on cardiac biomarkers of the association for acute cardiovascular
care: a fond farewell at the retirement of CK-MB. Eur Heart J. (2021) 42:2260-4.
doi: 10.1093/eurheartj/ehaal079

13. Novack V, Pencina M, Cohen DJ, Kleiman NS, Yen CH, Saucedo JF
et al. Troponin criteria for myocardial infarction after percutaneous coronary
intervention. Arch Intern Med. (2012) 172:502-8. doi: 10.1001/archinternmed.
2011.2275

14. Garcia-Garcia HM, Mcfadden EP, Von Birgelen C, Rademaker-Havinga T,
Spitzer E, Kleiman NS, et al. Impact of periprocedural myocardial biomarker
elevation on mortality following elective percutaneous coronary intervention.
JACC Cardiovasc Interv. (2019) 12:1954-62. doi: 10.1016/}.jcin.2019.07.014

15. Bulluck H, Paradies V, Barbato E, Baumbach A, Botker HE, Capodanno
D, et al. Prognostically relevant periprocedural myocardial injury and infarction
associated with percutaneous coronary interventions: a consensus document of the
ESCWorking group on cellular biology of the heart and European association of
percutaneous cardiovascular interventions (EAPCI). Eur Heart J. (2021) 42:2630-
42. doi: 10.1093/eurheartj/ehab271

16. Li Y, Pei H, Bulluck H, Zhou C, Hausenloy DJ. Periprocedural elevated
myocardial biomarkers and clinical outcomes following elective percutaneous
coronary intervention: a comprehensive dose-response meta-analysis of 44,972
patients from 24 prospective studies. Eurolntervention. (2020) 15:1444-50. doi:
10.4244/eij-d-19-00737

17. Koskinas KC, Ndrepepa G, Riber L, Karagiannis A, Kufner S, Zanchin
T, et al. Prognostic impact of periprocedural myocardial infarction in patients

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2022.833522

undergoing elective percutaneous coronary interventions. Circ Cardiovasc Interv.
(2018) 11:e006752. doi: 10.1161/circinterventions.118.006752

18. Liou K, Jepson N, Kellar P, Ng B, Isbister J, Giles R, et al. Prognostic
significance of peri-procedural myocardial infarction in the era of high sensitivity
troponin: a validation of the joint ACCF/AHA/ESC/WHF universal definition of
type 4a myocardial infarction with high sensitivity troponin T. Heart Lung Circ.
(2015) 24:673-81. doi: 10.1016/j.hlc.2015.01.007

19. Ferreira RM, De Souza ESNA, Salis LHA, Da Silva RRM, Maia PD, Horta
LFB, et al. Troponin I elevation and all-cause mortality after elective percutaneous
coronary interventions. Cardiovasc Revasc Med. (2017) 18:255-60. doi: 10.1016/j.
carrev.2017.01.008

20. Silvain ], Zeitouni M, Paradies V, Zheng HL, Ndrepepa G, Cavallini C, et al.
Procedural myocardial injury, infarction and mortality in patients undergoing
elective PCI: a pooled analysis of patient-level data. Eur Heart J. (2021) 42:323-34.
doi: 10.1093/eurheartj/ehaa885

21. Cottens D, Maeremans J, Mccutcheon K, Lamers S, Roux L, Duponselle J,
et al. Prognostic value of the high-sensitivity troponin T assay after percutaneous
intervention of chronic total occlusions. J Cardiovasc Med. (2018) 19:366-72. doi:
10.2459/jcm.0000000000000660

22. Ndrepepa G, Colleran R, Braun S, Cassese S, Hieber ], Fusaro M,
et al. High-sensitivity troponin t and mortality after elective percutaneous
coronary intervention. JACC. (2016) 68:2259-68. doi: 10.1016/j.jacc.2016.0
8.059

23. Christensen MK, Huang H, Torp-Pedersen C, Trydal T, Ravkilde J. Incidence
and impact on prognosis of peri-procedural myocardial infarction in 2760 elective
patients with stable angina pectoris in a historical prospective follow-up study.
BMC Cardiovasc Disord. (2016) 16:140. doi: 10.1186/s12872-016-0293-4

frontiersin.org


https://doi.org/10.3389/fcvm.2022.833522
https://doi.org/10.1093/eurheartj/eht048
https://doi.org/10.1093/eurheartj/eht048
https://doi.org/10.1093/eurheartj/ehaa1079
https://doi.org/10.1001/archinternmed.2011.2275
https://doi.org/10.1001/archinternmed.2011.2275
https://doi.org/10.1016/j.jcin.2019.07.014
https://doi.org/10.1093/eurheartj/ehab271
https://doi.org/10.4244/eij-d-19-00737
https://doi.org/10.4244/eij-d-19-00737
https://doi.org/10.1161/circinterventions.118.006752
https://doi.org/10.1016/j.hlc.2015.01.007
https://doi.org/10.1016/j.carrev.2017.01.008
https://doi.org/10.1016/j.carrev.2017.01.008
https://doi.org/10.1093/eurheartj/ehaa885
https://doi.org/10.2459/jcm.0000000000000660
https://doi.org/10.2459/jcm.0000000000000660
https://doi.org/10.1016/j.jacc.2016.08.059
https://doi.org/10.1016/j.jacc.2016.08.059
https://doi.org/10.1186/s12872-016-0293-4
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Prognostic significance of troponin increment after percutaneous coronary intervention: A retrospective study
	Introduction
	Materials and methods
	Study population
	Biochemical measurements
	Endpoint
	Statistical analysis

	Results
	Patient characteristics
	Post-PCI cTnI result
	Post-PCI cTnI and mortality

	Discussion
	Comparison with previous studies
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


