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In Brief

This retrospective cohort study was designed to evaluate
the effect of percutaneous coronary intervention with stent
implantation on the inflammatory response in patients with
stable coronary disease. Percutaneous coronary intervention
led to elevated levels of inflammatory biomarkers. There was
an association between the elevated levels of inflammatory
biomarkers and myocardial injury in this population.

Highlights
= Previous studies have correlated inflammation with
complications after percutaneous coronary intervention.

= |n patients with stable coronary disease, percutaneous
coronary intervention leads to elevated inflammatory
biomarker levels.

= The inflammatory response is significantly correlated
with myocardial injury.
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ORIGINAL ARTICLE

Inflammatory response to elective
percutaneous coronary intervention
Is related to myocardial injury
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ABSTRACT

Introduction: In acute coronary syndrome, the release of inflammatory and myocardial injury
biomarkers after percutaneous coronary intervention is associated with poor prognosis. However,
little is known about the association between these biomarkers in patients with stable disease.
Objective: We aimed to analyze the association between the systemic inflammatory response
and myocardial injury after percutaneous coronary intervention in patients with chronic coronary
syndrome. Methods: In this retrospective observational study, we collected blood sample
data from 329 patients with chronic coronary syndrome before and 48 hours after successful
percutaneous coronary intervention. Inflammatory biomarkers, including high-sensitivity C-reactive
protein (CRP), white blood cells and subtypes, platelets, mean platelet volume, neutrophil-to-
lymphocyte ratio, and platelet-to-lymphocyte ratio, were determined. High-sensitivity cardiac
troponin | (hs-cTnl) was measured within 48 hours after percutaneous coronary intervention.
Procedural myocardial injury was defined as an increase in hs-cTnl level without any new
electrocardiographic changes or flow-limiting complications. Results: Percutaneous coronary
intervention induced a systemic inflammatory response, with elevated levels of inflammatory
biomarkers. Myocardial injury was detected in 66.7% of the patients. Spearman’s rank-order
correlation revealed an association between hs-cTnl and increased inflammatory biomarker
levels: CRP 0.570 (p<0.001), neutrophil-to-lymphocyte ratio 0.190 (p<0.001), mean platelet
volume 0.182 (p<0.001), platelet-to-lymphocyte ratio 0.180 (p<0.001), white blood cells
0.166 (p<0.001), neutrophils 0.145 (p<0.001), eosinophils 0.142 (p<0.001), lymphocytes
-0.130 (p<0.001), monocytes 0.031 (p=0.344), and platelets -0.009 (p=0.778). Conclusion:
Percutaneous coronary intervention in patients with chronic coronary syndrome induces a
systemic inflammatory reaction, which is associated with myocardial injury.

Keywords: Percutaneous coronary intervention; Acute coronary syndrome; Myocardial injury;
Neutrophis; Systemic inflammatory response; Prognosis; Inflammation; Biomarkers

INTRODUCTION

The treatment of chronic coronary syndrome (CCS) focuses on improving
outcomes and relieving symptoms. The guidelines for obstructive coronary artery
disease recommend revascularization in patients with limiting and refractory
symptoms. In this context, percutaneous coronary intervention (PCI) is often
performed, particularly in patients with lower clinical and angiographic risks.®
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However, patients undergoing PCI are at risk of
restenosis. Studies have shown that coronary artery
stents stimulate an early inflammatory response
concentrated at the stent struts within the first three
days.® This response is driven by disruption of the
endothelial layer, release of inflammatory mediators,
and activation of leukocytes, such as neutrophils,
monocytes, and lymphocytes.®

Proinflammatory mediators released during
arterial wall injury play a central role in restenosis.®
Among these mediators, high-sensitivity C-reactive
protein (hs-CRP), and more recently, hematological
indices, have received substantial attention.®) These
indices, also known as leukocyte-derived parameters,
such as the neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR), have recently
been shown to be highly sensitive biomarkers of
inflammatory disorders. These hematological indices
have also been widely used to determine the severity
of inflammation and as predictors of poor outcomes
in patients with cardiovascular diseases. Importantly,
these indices do not have a direct pathophysiological
role in procedure-related inflammation, unlike reactive
oxygen intermediates and inflammatory cytokines.®

An increase in high-sensitivity cardiac troponin
I (hs-cTnl) levels following effective PCI is common
and is defined as myocardial injury related to this
procedure.”” Postprocedural elevations of troponin
and/or creatine kinase muscle-band levels occur in
5-50% of patients undergoing successful PCI. However,
the clinical impact remains unclear.® The introduction
of the hs-cTnl assay into clinical practice, which
can distinguish small elevations of this biomarker,
makes Tn increments following PCI even more
controversial.® In the “Fourth Universal Definition
of Myocardial Infarction”,'” PCI-related MI (type 4a)
was subjectively denoted by an increase in Tn values
of more than five times the 99th percentile upper
reference limit in patients with normal baseline levels.
In addition, one of the following factors is required to
define type 4a MI: symptoms of myocardial ischemia,
novel ischemic electrocardiographic alterations,
angiographic findings reliable with a procedural
drawback, loss of myocardium, or novel regional wall
motion defects demonstrated by imaging analyses. A
significant increase in Tn levels without these elements
is arbitrarily defined as procedure-related myocardial
injury.

Taking this into account, this study was conducted
based on the hypothesis that procedure-related
myocardial injury in patients with CCS is associated
with an enhanced inflammatory response.
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OBJECTIVE
This study aimed to analyze the correlation between
myocardial injury and inflammation following

percutaneous coronary intervention in patients with
chroniccoronary syndrome. hs-CRP and hematological
indices were used to assess inflammation. The
approach proposed was to compare patients with
chronic coronary syndrome with and without
myocardial injury according to the magnitude of the
inflammatory response after elective percutaneous
coronary intervention.

METHODS

Study population

This retrospective study included 329 patients with
CCS who underwent elective PCI for revascularization
at a single center. All patients had baseline hs-cTnl
levels within reference ranges. Indications for PCI
were independent of this study, as approved by the
Ethics and Research Committee.

The diagnosis of CCS was based on the occurrence
of chest pain for more than two months with a positive
treadmill test and/or triggered by demanding exertions,
at least one-vessel disease (70-90% stenosis), and
standard left ventricular function. The presence of
these features characterized a patients as being at a
low risk.()

The exclusion criteria were PCl-related MI (type
4a), acute coronary syndrome within 3 months before
PCI, percutaneous or surgical revascularization of
less than 6 months, hemodynamic impairment, left
ventricular dysfunction (defined as ejection fraction
<50%), urgent revascularization, acute or chronic
infection or inflammatory state, and the presence of
stent restenosis.

This study was approved by the Research Ethics
Committee of Hospital Israelita Albert Einstein, CAAE:
54065516.1.0000.0071; # 1,463,667.

PCI procedure and adjunctive therapy

Elective PCI with drug-eluting stent implantation
and medical treatment was performed in accordance
with the Brazilian Society of Cardiology guidelines.!?
At the time of the procedure, all patients were
receiving statin and dual antiplatelet therapy. The
customary expected interval between the diagnostic
angiography and planned PCI was 7 days. Throughout
the stent intervention, all patients received 100U/kg
unfractionated heparin intravenously and were
monitored for activated clotting time thereafter.
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Biomarker measurements
Measurement of hs-cTnl and other hematological
biomarkers, such as LDL cholesterol, creatinine, and
completeblood count,wasperformedusinginstitutional
laboratory methods. hs-cTnl was measured with a
two-site chemiluminescent enzyme immunometric
assay (IMMULITE® 1000 Chemiluminescent Technology,
Siemens Healthcare Diagnostics, Los Angeles, CA)
48 hours after PCI. However, if the troponin levels
increased at this time point, serial measurements were
performed until the elevations resolved. Procedural
myocardial injury was defined as post-PCI hs-cTnl
values greater than 170 pg/ml without new ECG
changes or flow-limiting complications.

hs-CRP was measured using a high-sensitivity
nephelometric method (BN II, Dade Behring Inc.,
Newark, DE), which determines the agglutination of
particles by quantifying the scattered light (detection
limit >0.175 pg/dl). The intra-assay flexibility for the
lower range was <0.165 ug/dl. hs-CRP values above
3.0ug/dl were considered as elevated. Leukocytes and
subtypes, platelets, mean platelet volume (MPV),
NLR, and PLR were also determined before and 48
hours after PCI.

Study protocol

In this investigation, we wused sociodemographic,
clinical, laboratory, and angioplasty-related data extracted
from medical records. Laboratory data were obtained
from peripheral blood samples collected immediately
before and after successful uncomplicated PCI.
Ethylenediaminetetraacetic acid was used as the
anticoagulant. Blood samples were used within 2.5 hours
of collection, and patients were grouped according to
the presence of myocardial injury after PCI.

Statistical methods
The number of participants required for the study was
based on previous reports. These reports indicated that
247 patients with CCS were needed to detect a 20%
increase in hs-CRP based on a power of 0.90 and an
alpha value of 0.05. Consequently, we enrolled patients
with and without myocardial injury until we had a
sufficient number of individuals in each group.
Medians (minimum, maximum), means (* standard
deviation), and percentages were used. Baseline
data of patients with and without myocardial injury
were analyzed using Student’s #-test for continuous
variables or Fisher’s exact test for categorical variables.

The preprocedural levels of all biomarkers were
determined using the Wilcoxon rank-sum test.
Spearman’s test was used to measure the strength,
direction, and order of the correlation between
increased hs-cTnl and IBM levels. The SAS software
was used for statistical analysis.!¥ Comparisons
between baseline and each time point were performed
for each patient, and the mean comparisons were
related to zero using repeated-measures analysis of
variance of the log-transformed data. All statistical
analyses were defined as significant when p<0.05.

RESULTS

Baseline characteristics

The baseline characteristics, including demographic,
laboratory, clinical, angiographic, and medication
descriptions of patients who progressed without
(n=110) and with (n=219) myocardial injury
after PCI are displayed in table 1. Most baseline
characteristics were comparable between the two
groups. The mean age of the cohort was 65.3 = 11.7

Table 1. Baseline characteristics of the study population according to the
presence or absence of myocardial injury after elective percutaneous coronary
intervention

Without With
my.oc':ardial my'ot.:ardial p value
injury injury
(n=110) (n=219)

Demographic, laboratory, and clinical characteristics

Age (years) 649 =11.0 66.3+9.0 0.01

Men (%) 66 67 NS

Hypertension (%) 24 27 0.047

Post-PCI hs-cTnl (pg/ml) 1231 £450 1999 + 233 <0.001

LDL-cholesterol (mg/dl) 72 +18 77+ 32 0.001

Creatinine (mg/dl) 1.1£0.1 12+£0.2 NS

Previous myocardial infarction (%) 8 10 0.009

History of PCI/CABG (%) 12 14 0.008
Treated vessel with PCI

LADA (%) 45.0 59.1 0.007

LCxA (%) 8.1 1.2 0.01

RCA (%) 31.0 231 0.009
Most common hospital medications used

Aspirin (%) 98 9 NS

P2Y12 inhibitor (%) 100 100 NS

Statin (%) 100 100 NS

Beta-blocker (%) 35 39 0.001

ACE inhibitors/ARB (%) 25 22 0.003

Data are expressed in mean + standard deviation.

hs-cTnl: high-sensitivity cardiac troponin I; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft
surgery; LADA: left anterior descending artery; LCxA: left circumflex artery; RCA: right coronary artery; ACE: angioten-
sin-converting enzyme; ARB: angiotensin receptor blocker; NS: not significant.
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years, and 67.0% of the patients were men. Patients
with a significant increase in hs-cTnl levels had more
unfavorable clinical characteristics: they were older,
had higher baseline blood pressure and LDL levels,
had a history of MI and revascularization, and used
fewer beta-blockers. There were no statistically
significant differences in the use of antiplatelet agents
or statins. In addition, the left anterior descending
artery was the most commonly treated vessel in both
groups of patients, being more prevalent in those who
developed myocardial injury.

Overall, new Q-wave MI within 48 hours of PCI was
observed in 3 patients, while 5 patients had no-reflow
(TIMI flow grade <2).

Procedural levels of IBM

As shown in table 2, all patients had normal IBM
levels before and immediately after PCI. However,
after the procedure, a sharp increase in IBM levels was
observed in all the patients.

Table 2. Inflammatory biomarkers before and after percutaneous coronary
intervention in stable ischemic heart disease patients

Biomarkers Bt;fgrgzI;CI A::;;g ! RV p value
WBC (X 10%/ul) 95 104 35-10.5 <0.001
Neutrophils (%) 68.1 69.1 48-70 <0.001
Eosinophils (%) 6.0 6.9 1-7 <0.001
Lymphocytes (%) 362 345 34-50 <0.001
Monocytes (%) 20.0 21.0 20-27 <0.001
Platelets (x10%ul) 194.3 195.2 150 - 450 <0.001
MPV (fl) 12.0 129 6.5-15.0 <0.001
hs-CRP (ug/dI) 6.4 9.0 0.0-03 <0.001
NLR 2.1 22 <0.001
PLR 5.8 6.0 <0.001

Student's ¢ test was applied
RV: reference value; WBC: white blood cell; MPV: mean platelet volume; hs-CRP: high-sensitivity C-reactive protein; NLR:
neutrophil-ymphocyte ratio; PLR: platelet-lymphocyte ratio; PCI: percutaneous coronary intervention

As shown in figure 1, patients who developed
myocardial injury after elective PCI exhibited
significantly higher white blood cell (WBC), eosinophil,
and neutrophil counts, as well as MPV, hs-CRP,
NLR, and PLR values. In contrast, patients without
myocardial injury did not show any significant changes
in the levels of these biomarkers after PCI.
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Figure 1. Inflammatory biomarkers, such as white blood cell count, eosinophils,
neutrophils, mean platelet volume, high-sensitivity C-reactive protein, and
neutrophil-lymphocyte and platelet-lymphocyte ratios were markedly increased
when myocardial injury occurred after percutaneous coronary intervention

in stable ischemic heart patients. Patients without myocardial injury after
percutaneous coronary intervention did not present significant changes in these
markers

Correlation of degree of myocardial injury with
inflammatory response

Correlation analysis was used to determine the strength
and direction of the association between increased
hs-cTnl and IBM levels. hs-CRP levels showed the
strongest correlation with myocardial injury (r=0.570,
p<0.001). Other biomarkers showed significant
but weak correlations. The analysis showed that hs-
CRP level after PCI was correlated the most with
myocardial injury (p 0.579, p<0.001) followed by NLR
(p 0.190, p<0.001), MPV (p 0.182, p<0.001), PLR
(p 0.180, p<0.001), WBC (p 0.166, p<0.001),
neutrophil (p 0.145, p<0.001), and eosinophil (p 0.142,
p<0.001) counts; lymphocyte count showed a negative
correlation (p -0.130, p<0.001), while monocyte
and platelet counts after PCI did not correlate with
myocardial injury.
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Although the correlation of peak post-PCI IBM
levels with myocardial injury was significant, the
magnitude of the changes was below the clinical
decision thresholds; overall, these changes were still
within normal limits.

DISCUSSION

This study demonstrated that PCI in patients with
stable CCS induced a systemic inflammatory response
that correlated with myocardial injury. Overall,
patients with myocardial injury after PCI had higher
IBM levels, even though these were within reference
values. hs-CRP had the strongest correlation with
elective PCl-related myocardial injury, suggesting
its potential role in identifying patients at risk of
post-PCI complications.

We found that patients with CCS and normal
baseline hs-cTnl levels who developed post-PCI
myocardial injury were older, had higher baseline
blood pressure and LDL levels, had a history of MI
and revascularization, used fewer beta-blockers, and
were more likely to undergo treatment for left anterior
descending artery. There were no differences in the
previous use of antiplatelet agents and statins.

The prognostic significance of post-PCI biomarker
changes, particularly in patients with stable disease,
remains unclear. This study did not aim to evaluate the
predictive importance of the biomarker changes related
to PCI among CCS patients. Therefore, further studies
are required to address this.

Previous reports on the predictive significance of
Tn levels after elective PCI are controversial. Previous
studies have suggested that baseline Tn levels are more
predictive of outcomes than post-PCI Tn elevation.
Moreover, procedural myocardial damage may reflect
the underlying coronary pathology rather than directly
influencing prognosis. Patients presenting with acute
coronary syndrome have a worse prognosis after PCI
than those with CCS. Studies have also proposed that
the prognostic ability of post-PCI Tn is contingent on
the clinical appearance of acute coronary syndrome
and baseline Tn levels. Recent evidence suggests that
a post-PCI Tn increase predicts a 12-month adverse
outcome in patients with acute coronary syndrome but
not in those with stable conditions. In addition, late
outcomes after PCI are mostly linked to preprocedural
Tn values and not to biomarker responses. Moreover,
if preprocedural Tn levels increase, it may be difficult
to differentiate biomarker elevations due to PCI from
those due to preprocedural myocardial alterations,
and thus it is reasonable to assume that there is an
overlap between the prognostic value of baseline and
post-PCI biomarker elevations.(¥)

It has been reported that 30-day and one-year
outcomes after elective PCI are related to increased
preprocedural Tn values.® Thus, the altered inflammatory
biomarkers observed in the present study may have a
prognostic role in this setting.

Whether periprocedural myocardial damage
reflects the causal factors of clinical outcomes or is
just a reflection of a more severe coronary disease is
yet to be determined and deserves additional clinical
research. For instance, an increase in Tn after PCI
may be a biomarker for various aspects of aggravated
coronary atherosclerosis, such as severe plaque
burden,!® presence of vulnerable plaques, endothelial
dysfunction, inflammation, and microvascular injury.”
Prior findings have identified branch arterial occlusion,
dissection, and microvascular hypoperfusion due to
thrombus embolization as the main mechanisms of
ischemic injury after PCIL.(®

This study validates other reports that in the
modern practice of PCI in CCS, the occurrence of
complicated or failed procedures is uncommon, mainly
in low-risk patients. In this study, a new Q-wave MI
was observed in <1% of the patients, and the rate of
occurrence of angiographic no-reflow was 1.5%. When
PCl-related obstacles occur, the complications per se,
but not postprocedural Tn, may predict the subsequent
prognosis.

The results of this study corroborate the findings
of previous studies that detected an increase in
the biomarkers of myocardial injury after PCL.(?
Possible explanations include procedure-related
microembolization of the atherothrombotic elements
or lateral tributary artery occlusion. The management
of restenotic lesions-well known to have more fibrotic
and less lipid material than natural atheromas-
suggests further evidence for the involvement of
microembolization of atherothrombotic content in
the initiation of myocardial injury and an increase in
circulating biomarkers post-PCI. In addition, several
other factors, such as lack of statins,®® complex
lesions, bifurcation lesions, pre-dilatation, and total
stented length, are associated with elevated Tn levels
after PCL.®Y

Furthermore, there is evidence that increase in
IBM levels, such as hs-CRP, after coronary stenting
is related to clinical restenosis.?” Patients with higher
circulating hs-CRP levels after PCI likely have a
higher vascular inflammatory status.*?» Therefore,
the modulation of periprocedural inflammation
is appealing to avoid this type of complication. It is
important to note that we assessed hematological
indices to identify an active inflammatory process and
not to provide mechanistic or prognostic insights.
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In addition, we noted that the lymphocyte count
decreased after PCI. Lymphocytes modulate the
inflammatory responses at all levels of atherosclerosis,
and lymphopenia has been associated with atherosclerosis
progression and poor prognosis in conditions in which
inflammation plays a key pathophysiological role.®

Clinical relevance

To the best of our knowledge, no other clinical
research has demonstrated such clear alterations
in proinflammatory biomarkers in cohorts in which
acute MI (type 4a) was excluded after successful stent
placement in patients with stable disease. The novelty
of this study lies in the simultaneous evaluation of both
inflammatory and myocardial biomarkers in patients
with low-risk stable coronary syndromes. In previous
reports, these biomarkers have been continuously
assessed distinctly and in high-risk patients.

Our study raises the hypothesis that the degree
of the inflammatory response to coronary stenting, as
assessed by changes in IBM levels, may be involved
in the mechanisms implicated in cardiac injury and its
secondary consequences. Since the biomarkers were
determined immediately before and after PCI, we
concluded that other factors, such as medications used,
LDL, and blood pressure levels, were not responsible
for these changes.

Study limitations

The present study had several limitations. First,
it is an observational exploration, and as such, has
limitations intrinsic to this design. Second, baseline Tn
levels can be associated with cardiovascular risk factors,
more extensive CCS, and comorbidities, all of which
tend to occur among patients with altered baseline
levels of IBM. The inclusion of low-risk patients in
the current study might have had consequences such
as a reduced incidence of PCI-related complications.
Third, the small sample size decreased the statistical
power of the angiographic and clinical outcomes.
Further, any insights into the clinical outcomes were
restricted because no systematic angiographic follow-
up was performed.

CONCLUSION

This investigation demonstrated that elective
percutaneous coronary intervention in patients with
stable disease induces a systemic inflammatory response,
which correlates with the burden of myocardial injury.
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Further studies are needed to investigate the prognostic
implications of these findings and explore strategies
for modulating periprocedural inflammation. Clinical
trials using anti-inflammatory drugs, such as low-
dose colchicine, during the periprocedural period
of percutaneous coronary intervention may help
understand the role of inflammation in myocardial
injury after percutaneous coronary intervention.

ACKNOWLEDGMENTS

The authors would like to express their appreciation
to Rodrigo Prado and Milena Fonseca for their
statistical and surgical assistance, respectively.

AUTHORS’ CONTRIBUTION

Priscilla Teixeira Céo Frisso: conceptualization, data
curation, formal analysis, writing - original draft
preparation. Henrique Trombini Pinesi: methodology,
data curation, visualization, writing - original draft
preparation, writing - review and editing. Fernando
Ramos de Mattos: data curation and writing, original
draft preparation. Antonio Eduardo Pereira Pesaro
and Fabiana Hanna Rached: data curation and
validation. James Andrew de Lemos: validation,
supervision, writing, review, and editing. Marcelo
Franken and Adriano Caixeta: data curation, resources.
Antonio Carlos Palandri Chagas: resources, writing,
review, and editing. Pedro Alves Lemos Neto:
conceptualization, supervision, writing, review, and
editing. Carlos Vicente Serrano Jr.: conceptualization,
methodology, formal analysis, project administration,
writing - review, and editing.

AUTHORS’ INFORMATION

Frisso PT: http://orcid.org/0009-0004-6212-9050
Pinesi HT: http://orcid.org/0000-0002-3973-7523
Mattos FR: http://orcid.org/0000-0002-6310-7695
Pesaro AE: http://orcid.org/0000-0003-3133-4989
Rached FH: http://orcid.org/0000-0002-6304-1673
Lemos JA: http://orcid.org/0000-0003-2211-7261
Franken M: http://orcid.org/0000-0002-4286-8559
Caixeta A: http://orcid.org/0000-0002-6287-5414
Chagas AC: http://orcid.org/0000-0003-4455-6740
Lemos Neto PA: http://orcid.org/0000-0002-6782-750X
Serrano Jr. CV: http://orcid.org/0000-0002-9171-1224

REFERENCES

1. Oliveira VD, Giugni FR, Martins EB, Azevedo DF, Lima EG, Serrano JUnior CV.
The ORBITA trial: A point of view. Rev Assoc Med Bras. 2018;64(2):100-3.



Inflammatory response to elective percutaneous coronary intervention is related to myocardial injury

Borhani S, Hassanajili S, Ahmadi Tafti SH, Rabbani S. Cardiovascular stents:
overview, evolution, and next generation. Prog Biomater. 2018;7(3):175-205.

Serrano CV Jr, Ramires JA, Venturinelli M, Arie S, D'Amico E, Zweier JL,
et al. Coronary angioplasty results in leukocyte and platelet activation with
adhesion molecule expression. Evidence of inflammatory responses in
coronary angioplasty. J Am Coll Cardiol. 1997;29(6):1276-83.

Brancati MF, Burzotta F, Trani C, Leonzi O, Cuccia C, Crea F. Coronary stents
and vascular response to implantation: literature review. Pragmat Obs Res.
2017;8:137-48.

Bendary A, Wagdy B, Azm TA, Sanad O. Elevated high-sensitivity C-reactive
protein after percutaneous coronary intervention in patients with stable
coronary artery disease: a proof-of-concept study. Res Cardiovasc Med.
2018;7(3):130-6.

Dentali F, Nigro O, Squizzato A, Gianni M, Zuretti F, Grandi AM, et al. Impact of
neutrophils to lymphocytes ratio on major clinical outcomes in patients with
acute coronary syndromes: A systematic review and meta-analysis of the
literature. Int J Cardiol. 2018;266(1):31-7.

Cho MS, Ahn JM, Lee CH, Kang DY, Lee JB, Lee PH, et al. Differential rates
and clinical significance of periprocedural myocardial infarction after stenting
or bypass surgery for multivessel coronary disease according to various
definitions. JACC Cardiovasc Interv. 2017;10(15):1498-507.

Zhang M, He H, Wang ZM, Xu Z, Zhou N, Tao Z, et al. Diagnostic and
prognostic value of minor elevated cardiac troponin levels for percutaneous
coronary intervention-related myocardial injury: a prospective, single-center
and double-blind study. J Biomed Res. 2014;28(2):98-107.

Sherwood MW, Kristin Newby L. High-sensitivity troponin assays: evidence,
indications, and reasonable use. J Am Heart Assoc. 2014;3(1):e000403.

. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White

HD; Executive Group on behalf of the Joint European Society of Cardiology
(ESC)/American College of Cardiology (ACC)/American Heart Association
(AHA)/World Heart Federation (WHF) Task Force for the Universal Definition
of Myocardial Infarction. Fourth Universal Definition of Myocardial Infarction
(2018). J Am Coll Cardiol. 2018;72(18):2231-64. Review.

. Cesar LA, Ferreira JF, Armaganijan D, Gowdak LH, Mansur AP Bodanese

LC, et al. Diretriz de doenca coronéria estéavel. Arq Bras Cardiol. 2014;103(2
Supl.2):1-59.

. Feres F. Costa RA, Sigueira D, Costa JR Jr, Chamié D, Staico R, et al.

Diretriz da Sociedade Brasileira de Cardiologia e da Sociedade Brasileira de
Hemodinamica e Cardiologia Intervencionista sobre intervencdo corondria
percutanea. Arq Bras Cardiol. 2017;109(1):1-81.

. SAS Institute Inc. SAS Procedures guide for personal computers. Version. 6th

ed. Cary (NC): SAS Institute Inc.; 1985.

14.

20.

21.

22.

23.

24.

25.

Ndrepepa G, Braun S, Cassese S, Mayer K, Lohaus R, Lahmann Alet al.
Prognostic value of high-sensitivity troponin t after percutaneous coronary
intervention in patients with stable coronary artery disease. Rev Esp Cardiol
(Engl Ed). 2016,69(8):746-53.

. Zeitouni M, Silvain J, Guedeney P, Kerneis M, Yan Y, Overtchouk P, Barthelemy

0, Hauguel-Moreau M, Choussat R, Helft G, Le Feuvre C, Collet JP
Montalescot G; ACTION Study Group. Periprocedural myocardial infarction
and injury in elective coronary stenting. Eur Heart J. 2018;39(13):1100-9.

. Serrano CV Jr, de Mattos FR, Pitta FG, Nomura CH, de Lemos J, Ramires JA,

et al. Association between neutrophil-lymphocyte and platelet-lymphocyte
ratios and coronary artery calcification score among asymptomatic patients:
data from a cross-sectional study. Mediators Inflamm. 2019;2019:6513847.

. Zimarino M, Affinito V. The prognosis of periprocedural myocardial infarction

after percutaneous coronary interventions. Cardiovasc Revasc Med.
2013;14(1):32-6.

. Legrand V, Cuisset T, Chenu P, Vrolix M, Martinez C, Dens J, et al. Platelet

reactivity and cardiovascular events after percutaneous coronary intervention
in patients with stable coronary artery disease: the Stent Thrombosis in
Belgium (STIB) trial. EuroIntervention. 2014;10(2):204-11.

. Feldman DN, Kim L, Rene AG, Minutello RM, Bergman G, Wong SC. Prognostic

value of cardiac troponin-I or troponin-T elevation following nonemergent
percutaneous coronary intervention: a meta-analysis. Catheter Cardiovasc
Interv. 2011;77(7):1020-30.

Greque GV, Serrano CV Jr, Strunz CM, Soeiro A, Santos M, Pivateli F, et al.
Preprocedural statin therapy, inflammation, and myocardial injury in low-
risk stable coronary artery disease patients submitted to coronary stent
implantation. Catheter Cardiovasc Interv. 2016;87(2):222-9.

Zhang D, Xu B, Yin D, Li Y, He Y, You S, et al. Predictors and periprocedural
myocardial injury rate of small side branches occlusion in coronary bifurcation
intervention [Baltimore]. Medicine (Baltimore). 2015;94(25):e992.

Li JJ, Ren Y, Chen KJ, Yeung AC, Xu B, Ruan XM, et al. Impact of
C-reactive protein on in-stent restenosis: a meta-analysis. Tex Heart Inst J.
2010;37(1):49-57.

Munk PS, Breland UM, Aukrust P Skadberg O, Ueland T, Larsen Al
Inflammatory response to percutaneous coronary intervention in stable
coronary artery disease. J Thromb Thrombolysis. 2011;31(1):92-8.

Caixeta AM, Brito FS Jr, Costa MA, Serrano CV Jr, Petriz JL, Da Luz PL.
Enhanced inflammatory response to coronary stenting marks the development
of clinically relevant restenosis. Catheter Cardiovasc Interv. 2007;69(4):500-7.

Ommen SR, Gibbons RJ, Hodge DO, Thomson SP Usefulness of the
lymphocyte concentration as a prognostic marker in coronary artery disease.
Am J Cardiol. 1997;79(6):812-4.

einstein (Sao Paulo). 2025;23:1-7



