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Pestome

O6ocHoBaHue. OcTpoe nospexaeHve Mrokapaa (OMNM) aeaseTca nepunpoLeypHbIM OCIOKHEHUEM YPECKOMKHBIX KOPOHAPHbIX BMELLATENbCTB
(YKB) y naumeHTOB cO CTabu/bHOM MWweMUYecKoi 601e3Hbio cepaua. Ero yactoTa u cBA3b C NPOrHO30M 3a60/1eBaHNA 0OCO6EHHO BaKHbl B CBA-
311 C HM3KMM PUCKOM MLIEMUYECKUX COBLITMIA B 3TOW KOropTe mauueHToB. TeM He MeHee, MO AaHHbIM INTEpaTypbl CYLLeCTBYIOT 3HaUYNTe/IbHbIe
pasauuuns B kputepuax OMM n nnpapkTom Mmokapaa (MM) 4a Tuna, n, COOTBETCTBEHHO, MX YACTOTE U UX NMPOrHOCTUHECKOM 3HadeHuU. Lienb.
M3yuntsb vactoTy v BeanunHy OMNM npu nnaHosbix YKB no ypoBHto nepunpoLeAypHOro noebilweHns Kapguocneumdpuyeckmnx depmertos (KCD),
a Takxe onpegennTb casb OMM c oTAaNeHHbIMU He61aronpUATHLIMU COBLITUAMMU Y NMAaLMEHTOB C XPOHNYECKOW KOPOHapHOW 60/1e3HbI0 cepa-
ua. Matepuansbi n meTogbl. [IpoBeseHO OAHOLEHTPOBOE OTKPbITOE PETPOCMEKTMBHOE KOrOpPTHOE UCC/eAo0BaHNe, BKAtoYMBLIee 435 nauneHToB
(367/84,4 % MyxuuH, cpegHuii Bospact 58,3+8,6 neT) n3 perncrpa naaHosbix YKB, y koTopbix 6bina oTciexeHa guHamMuka KCO B nepunpo-
ueaypHbi nepuoa. OMNM AMarHOCTMPOBaNOCh NMpU MOBbIWEHUK YPOBHA MB dpakuum kpeatuHdpocpormHassl (CK-MB) wam unm cepaeyHoro
TpononuHa | (cTn 1) >1x99 nepuenTuab URL (Upper Reference Limit — BepxHWit pedepeHTHbIV NpeAen), py 3TOM perncTpupoBascs ypoBeHb no-
BbiweHna KC® >1, 2, 3, 4 nnn >5x99 nepuentunb URL. MosbiweHne KCP >5x99 nepueHTunb URL oueHnsanock Kak 3HauntensHoe OlM, a npu
HaNNYUM KIMHUYECKNX U BU3YanU3UPYIOLMX AOKa3aTeNbCTB HOBOW NOTePU XM3HECNoCcobHOro MnokapAa — Kak nepunpoueaypHein M. lanee
b1 pacCUUTaH OTHOCUTE/bHBIN PUCK (RR) OTAaneHHbIX HE6AaroNPUATHBIX CEPAEYHO-COCYAUCTbIX OCNONKHEHWNIA, CMEPTH, @ TaKIKEe KAHNYECKM
3HaYMMbIX KPOBOTEYEHUI N BHOBb ANarHOCTMPOBAHHbIX 3/10Ka4eCTBEHHbIX OHKO0TMYeCKUX 3a6oseBaHuii B Te4eHne 5 neT nocne UHAEKCHbIX
YKB B 3aBMCUMOCTU OT YpOBHA Nepu npoueaypHoro nosbiweHna KCP. Koppenauua mexay OlNM v BbiluenepeyncieHHbIMA KOHEYHbIMU TOUKaMM
6bi1a oboblyeHa ¢ noMolbio aHanusa KannaHa-Meiiepa. PesyabTatel. YacToTta nepunpouegypHoro OMNM, gnarHocTpoBaHHOrO Mo MoBbile-
Huo KCP >1x99 nepuentunb URL coctaBuna 40,2 %, >2x99 nepueHtunbs URL — 9,7 %, >3x99 nepueHntunb URL — 6,7 %, >4x99 nepueHTunb
URL — 4,8 %, >5x99 nepueHTtunb URL — 3,5 %, M 4a Tuna —y 2 nayueHToB (0,46 %). BbigBaeHa accoumnauma «6oabworo» ONMM (>5x99 nep-
ueHTMab URL) € CepAeYHO-COCYANCTbIMU OC/IOXKHEHNAMM, B TOM YMC/Ie U CMePTe/IbHbIMM, B TedeHune 3-x neT nocae naaHosoro YKB: ans octporo
uHpapkTa Muokapaa (OMM) RR coctasun 6,516, goseputensHbiii untepsan (Cl) [2.375-17.881]; ans cMepTH OT CepAeYHO-COCYAUCTbIX MPUYMH
RR — 6,538, CI [1.695-25.227]. Moka3aHa accoumaums «ymepeHHoro» OMM (>3, Ho <5 x99 nepueHTub URL) C OCTPLIMM ULIEMUYECKUMU COBbI-
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TUAMU B TedeHue 3-x ieT nocsae naaHosoro YKB: gns OMM RR cocrasun 4,073, Cl [1.598-10.378]. BoiseneHa accouymaumns «He3HaYUTENbHOr0»
OMM (>1, Ho <3 x99 nepueHTUb URL) € BHOBb AMArHOCTMPOBAHHbBIMM 3/10Ka4eCTBEHHBIMU OHKONIOrMYeCKMMU 3a601€BaHNAMY B TedeHne 5 neT
nocne nHaekcHoro YKB: RR 2,319; CI [1.248-4.310]. BoifiBneHa accoumanus oTAaNEHHbIX TPOMBOTUHECKMX COBbITUM, TAKUX KaK TPOME03 CTEHTOB
(MHAEGKCHBIX 1 YCTAaHOB/IEHHBIX MPY MOBTOPHbIX BMELATE/IbCTBAX), OKK/IO3UMU CTEHTOB (MHAEKCHBIX M HEMHAEKCHBIX) KaK MPUYMHbLI MOBTOPHOrO
BMellaTeNbCTBa B TeyeHue 5 neT nocne ungekcHoro YKB — ¢ 6osblumntcteom noarpynn ONM. AHanus KannaHa-Meliepa BbiiBUN 3aBUCMMOCTb
KNMHUYECKM 3HAYMMbIX KPOBOTEYEHUI B TeyeHue 5 neT nocne uHgekcHoro YKB oT passuTtus «ymepenHoro» OIMM (p=0,003), a Takke ac-
couMaumio He cepAeYHO-COCYAUCTON CMepTU B TedeHue 5 neT nocne uHgekcHoro YKB ¢ «HesHaunTenbHbiM» OMM (p=0,007). 3akatoueHue.
Perncrpaums yposHa nepunpoueaypHoro nosbiweHna KCP gomkHa npoBoanTca npu naaHosbix YKB He TONbKO C Lenbio AnarHOCTUKM U Npo-
FHO3MPOBAHNA OCTPbIX U OTAANEHHBIX UWIEMUYECKUX COBLITUN, HO U A/If OL@HKN PUCKa Pa3BUTUA OKK/O3UW CTEHTOB, KANHUYECKU 3HaYUMBbIX
KPOBOTEYEHMWIA, MPOrHOCTUYECKN BaXKHOM COMYTCTBYIOLIE NaTONOMMM U CMEPTU B OTAANEHHDIN (5-N1€THUIA) NEPUOZ C Le/Ibio BbIAENEHWUS TPy
nauneHTOB, TpebylolMX akTUBHOIO HabloAeHNA, A0N0HUTENbHOrO 06CNe0BaHNA U NoAGOpa CXxeMbl ONTUMaNbHOMO JieYeHnA Ha ambynaTop-
HOM 3Tane peabuautaumu.

Knroyesbie cnoBa: uwemudeckas 6onesHb cepdya, YpecKoHoe KOPOHapHOe BMewamesbCmao, NepunpoyedypHoe noBpexoeHue MUoKapda,
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Abstract

Background. Periprocedural myocardial injury (PMI) is an acute complication of percutaneous coronary interventions (PCI) in patients with
stable coronary artery disease. Its frequency and relationship with the prognosis of the disease are especially important in elective interventions
due to the low risk of ischemic events in this cohort of patients. However, according to the literature, there are significant differences in the
criteria for PMI and type 4a myocardial infarction (MI), and, accordingly, their frequency and their prognostic value. Aim. To study the frequency
and magnitude of PMI during elective PCl in terms of the level of periprocedural increase in cardiospecific biomarkers, as well as to determine
the relationship of PMI with long-term adverse events in patients with chronic coronary artery disease. Materials and methods. A single-center
open retrospective cohort study was conducted, which included 435 patients (367/84.4 % men, mean age 58.3+8.6 years) from the elective
PCl registry. PMI was diagnosed with an increase in the level of creatine phosphokinase MB fraction (CK-MB) or or cardiac troponin | (cTn 1)
>1x99 percentile URL (Upper Reference Limit), while the level of increase in biomarkers >1, 2, 3, 4 or >5x99 percentile URL was recorded.
An increase in biomarkers >5x99 URL percentile was assessed as a large PMI, and in the presence of clinical and imaging evidence of new loss
of viable myocardium, as periprocedural Ml type 4a. Depending on the level of periprocedural increase in biomarkers, the relative risk (RR) of
developing long-term (within 5 years after index PCl) adverse cardiovascular events, death, as well as clinically significant bleeding and newly
diagnosed malignant oncological diseases was calculated. In addition, the correlation between PMI and the above endpoints was summarized
using Kaplan-Meier analysis. Results. The frequency of periprocedural PMI diagnosed by increased biomarkers >1x99 percentile URL was 40.2 %,
>2x99 percentile URL — 9.7 %, >3x99 percentile URL — 6.7 %, >4x99 percentile URL — 4.8 %, >5x99 percentile URL — 3.5 %, type 4a Ml —in
2 patients (0.46 %). An association of “major” PMI (>5x99 percentile URL) with cardiovascular complications within 3 years after elective PCl,
including fatal ones, was revealed: for acute myocardial infarction (AMI), RR — 6.516, confidence interval (Cl) [2.375-17.881]; for death from
cardiovascular causes RR — 6.538, Cl [1.695-25.227]. An association of “moderate” PMI (>3, but <5 x99 URL percentile) with acute ischemic
events within 3 years after elective PCl was shown: for AMI, RR was 4.073, Cl [1.598 — 10.378]. An association of “minor” AKI (>1, but <3
x99 URL percentile) with newly diagnosed malignant oncological diseases within 5 years after index PCI was revealed: RR 2.319; Cl [1.248-
4.310]. An association of late thrombotic events, such as stent thrombosis (index and re-interventions), stent occlusion (index and non-index)
as a reason for re-intervention within 5 years after index PCl, was found with most PMI subgroups. Kaplan-Meier analysis of the dependence
of clinically significant bleeding within 5 years after index PCl on the development of “moderate” PMI (p=0.003), as well as the association of
non-cardiovascular death within 5 years after index PCI with “minor" PMI (p= 0.007). Conclusion. Registration of periprocedural increase in
cardiac biomarkers should be carried out during planned PCl not only for the purpose of diagnosing and predicting acute and late ischemic events,
but also for assessing the risk of developing stent occlusion, clinically significant bleeding and prognostically important comorbidities in the
long-term (5-year) period in order to identification of groups of patients requiring active monitoring, additional examination and selection of an
optimal treatment regimen at the outpatient stage of rehabilitation.
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sAMI — significant acute myocardial injury, IHD — ischemic heart disease, M — myocardial infarction, CI-AKI — contrast-induced acute kidney
injury, CSF — cardio-specific ferments, HB — heart bypass, mAMI — minor acute myocardial injury, LBO — lateral branch occlusion, AMI — acute
myocardial infarction, ACS — acute coronary syndrome, ACVA — acute cerebrovascular accident, AMIn — acute myocardial injury, AKI — acute kidney
injury, CVD — cardiovascular death, modAMI — moderate acute myocardial injury, CCS — chronic coronary syndrome, PCI — percutaneous coronary
intervention, ecoCG — echocardiography, Adj OR — adjusted odds ratio, CABG — Coronary Artery Bypass Graft Surgery, CI — confidence interval,
CPK-MB — MB fraction of creatine phosphokinase, cTn I — cardiac troponin I, cTnT — cardiac troponin T, KDIGO (Kidney Disease: Improving Global
Outcomes) — a global non-profit organisation which develops and implements evidence-based clinical guidelines in kidney diseases, MACCE — major
adverse cardiac or cerebrovascular event, PACE — patient centred endpoint, PMI — periprocedural myocardial injury, UDMI — universal definition of

myocardial infarction, URL — upper reference limit, RR — relative risk

Introduction

Percutaneous coronary intervention (PCI) is gradu-
ally becoming the primary method of coronary artery
revascularisation and is believed to be a safe proce-
dure with a low level of serious procedural complica-
tions [1], which can be performed even in outpatient
settings. PCI complications, for instance, acute stent
thrombosis, coronary perforation, stroke and death, are
critical, but rare. On the contrary, periprocedural acute
myocardial injury (AMIn) is a common complication
caused by distal embolisation, lateral occlusion, dissec-
tion, blood clot and no-reflow [2-4]. Although major
AMIn are caused by technical procedural complications
in PCI, a majority of patients with higher biomarker
levels do not present with any signs of procedural com-
plications [5]. According to heart magnetic-resonance
tomography, there are two various locations of proce-
dural myonecrosis, where the average area of infarction
is approximately 5 % of the left ventricle weight; their
incidence is similar: the first location is adjacent to
the intervention site and is caused by lateral epicardial
occlusion, whereas the second one is below the inter-
vention site and is likely to be associated with impaired
microcirculation [6].

Several academic groups presented their consensus-
based expert definitions of periprocedural myocardial
injury and infarction, including various biomarkers, such
as MB fraction of creatine phosphokinase (CPK-MB) or
cardiac troponin T (cTn), their thresholds and need/no
need to perform heart imaging assessment, causing sig-
nificant differences in terms of sensitivity and specificity
of proposed diagnostic methods [7-10]. According to the
selected definition, recent studies reported high variabil-
ity in the incidence of periprocedural AMIn or peripro-
cedural myocardial infarction (MI), which is also called
type 4a MI [11, 12], which were [3, 9, 11] or were not
associated [13, 14] with unfavourable ischemic events
and long-term mortality.

Classification of threshold rise in biomarkers with
or without additional criteria as a major AMIn or peri-
procedural MI has potential consequences for patients
and healthcare providers, when it is used as a measure
of the quality of care, and also for the development and
adequate evaluation of new therapies in clinical trials.

However, predictive power of an increase in cardio-
specific ferments (CSF) in terms of recurrent cardiovas-
cular events and long-term mortality is still discussed.
Several studies demonstrated a close association between
high CPK-MB after PCI with subsequent cardiovascular
events [8]. Unfortunately, CPK-MB is no longer used in
a majority of medical institutions. The fourth Universal
Definition of the myocardial infarction working group
[9] included cTn as a biomarker of choice, since it is a
more specific and sensitive CSF for early detection of
myocardial necrosis and, therefore, facilitates early diag-
nosis and triage of patients with acute chest pain. Thus, it
has become the only biomarker which is routinely used
in periprocedural settings. Higher sensitivity can help in
identifying the tiniest differences in devices in clinical
trials. However, attempts to understand the prognostic
value of higher troponin levels associated with coronary
surgery, either individually or together with other cri-
teria, give contradicting results. Moreover, although a
majority of researchers agree that the definition of peri-
procedural MI should be related to early and late mortal-
ity, it is still a matter of argument whether this relation
is causal or just reflects predictive power of more severe
atherosclerosis.

Patients with stable ischemic heart disease (IHD)
referred to elective endovascular myocardial revasculisa-
tion make up the largest population undergoing this pro-
cedure. They have a relatively low risk of ischemic events
as compared to other patients who need PCI, therefore,
it is essential to assess the risk of periprocedural AMIn in
this group of patients [15].

The objective of this study was to evaluate the inci-
dence and extent of AMIn in elective PCI using peripro-
cedural increase in CSF, such as MB fraction of creatine
phosphokinase (CPK-MB) or cardiac troponin T (cTn),
and also to determine the association between AMIn and
late unfavourable events in patients with chronic isch-
aemic heart disease.

Materials and Methods

A single-centre open-label retrospective cohort study
was conducted in 435 patients from the register of elec-
tive PCIs, performed in the Rehabilitation Department
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of the Scientific Research Institute of Cardiology of the
Tomsk National Research Medical Centre at the Russian
Academy of Sciences. 367 subjects (84.4 %) were males;
the patient mean age was 58.3 * 8.6 years. The primary
inclusion criterion was the availability of in-patient
examination and therapy results, including changes in
cardio-specific ferments. The exclusion criterion was
urgent interventions related to the confirmed diagno-
sis of acute coronary syndrome (ACS). This study was
approved by the Local Ethics Committee at the Scientific
Research Institute of Cardiology of the Tomsk Scientific
Centre at the Siberian Branch of the Russian Academy of
Sciences (No. 126 dated December 14, 2008). The study
was conducted in accordance with the Declaration of
Helsinki. All patients included in the register provided
their consent for long-term follow-up.

PCI was performed under the standard method.
A drug-eluting stent, technique and the use of additional
devices and drugs were selected by the operator. Before
PCI, all patients received aspirin and P2Y12 inhibi-
tor (clopidogrel or ticagrelor). During the procedure,
unfractionated heparin or bivalirudin were used as
anticoagulants.

The baseline characteristics of patients and per-
formed index endovascular interventions are presented
in Table 1.

Involvement of index areas of coronary arteries in
the study group was in the form of atherosclerosis de
novo — 360 (82.7 %) patients, stent restenosis and occlu-
sion — 31 (7.1 %) patients, restenosis and occlusion of
previously installed stents — 24 (5.5 %) patients. For 38
(8.7 %) patients, the index PCI was a second step in myo-
cardial revascularisation.

Blood for CSF (CPK-MB and ¢Tn I) was drawn at
baseline, 12, 24, 48 hours after the intervention. CPK-MB
was quantified photometrically using analyser Konelab
60i, cTnl — using ELISA system (Biomerica, USA).
The 99th percentile of the upper reference level (URL)
for CPK-MB was 25 U/L, for cTnI — 1.0 ng/mL. AMIn
was diagnosed at CPK-MB or Tn I > 1 x 99th percentile
of URL; an increase in CSF of >1, 2, 3, 4 or > 5 x 99th
percentile of URL was observed.An increase in CSF of
> 5 x 99th percentile of URL was suggestive of a major
AMIn, and in the presence of clinical and imaging evi-
dence of a new loss of a healthy myocardium — as peri-
procedural IM [7, 9]. The number of acute periproce-
dural complications classified as technical (close to the
target coronary artery), local (at the site of peripheral
arterial access) and clinical (chest pain, blood pressure
response, cardiac rhythm disturbances, allergies, acute
kidney injury (AKI) etc.) was recorded. Periprocedural
AKIT was diagnosed in accordance with KDIGO 2012 cri-
teria [16].

Five years after the index PCI, disease outcomes were
evaluated: a phone interview was conducted, and medi-
cal records were analysed. Primary endpoints were 5-year
survival rate, incidence of cardiovascular deaths (CVD)

and all-cause mortality. Secondary endpoints were acute
periprocedural complications; diagnosed thrombosis
and stent restenosis, including stents deployed during
the follow-up period; incidence of adverse cardiovascu-
lar complications, such as acute myocardial infarction
(AMI), acute coronary syndrome (ACS), acute cerebro-
vascular accident (ACVA); and the incidence of clinically
significant bleeding and newly diagnosed malignancies.
Combined endpoints were MACCE (major adverse car-
diac or cerebrovascular events), including CVD, ACS
and ACVA, as well as PACE (patient centred endpoint),
including all-cause mortality, AMI and ACVA. Also, the
number of repeated interventions in patients from the
study groups one and five years after the index PCI was
evaluated; and primary causes of the damage to areas
of coronary arteries, which required repeated interven-
tions, were analysed.

Continuous data were presented as mean * stan-
dard deviation (M+SD), or as a median value with
interquartile range (Me (Q1-Q3) (depending on the
normality of distribution). Categorial data were given
in percent. Differences in continuous data were veri-
fied using t-test for independent samples (normal data)
or Mann-Whitney U test (asymmetric data). Similarly,
paired variables were verified using t-test for paired
samples (normal data) or Wilcoxon criterion (asym-
metric data). Proportional differences in categorial data
were compared using chi-square or Fisher’s exact test
(Fisher’s exact test was used when the frequency of one
or several cells was less than five). Relative risk (RR)
was calculated using cross tables, with the calculation
of 95 % confidence interval (CI). Correlation between
AMIn and endpoints was summarised using Kaplan-
Meier analysis. All probability values were two-sided;
p < 0.05 was significant.

Results

The incidence of periprocedural AMIn diagnosed
on the basis of increased CSF of > 1 x 99th percentile of
URL was 40.2 %, > 2 x 99th percentile of URL — 9.7 %,
> 3 x 99th percentile of URL — 6.7 %, > 4 x 99th per-
centile of URL — 4.8 %, > 5 x 99th percentile of URL —
3.5 %. Type 4a periprocedural MI (as per the 4-th uni-
versal definition of MI) [9] was diagnosed in 2 patients
(0.46 %).

The incidence of major acute complications from the
index PCI is presented in Figure 1.

According to angiography results performed within
5 years after the index PCI, obliterating atherosclero-
sis of coronary arteries de novo was diagnosed in 123
(29.4 %) patients. Subacute thrombosis (up to 30 days
after PCI) of stents (index or deployed during repeated
interventions) was observed in 5 (1.15 %) patients; late
thrombosis (30 days to 1 year after PCI) — in 18 (4.1 %)
patients; very late thrombosis (over one year after PCI) —
in 22 (5.1 %) patients.
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One year after the index PCI, haemodynamically
relevant restenosis of index stents were recorded in 15
(3.5 %) patients, and index stent occlusions — in 5 (1.2 %)
patients. Five years after the index PCI, their number was
30 (7.1 %) and 14 (3.3 %) patients, respectively.

Repeated interventions within a year after the index
PCI were performed in 85 (19.9 %) patients, within five
years — in 154 (36.5 %) patients. 18 (4.3 %) patients
underwent heart bypass (HB) procedure and 139
(32.9 %) patients had endovascular interventions. Causes
of repeated revascularisation procedures are presented in
Figure 3.

Then, we evaluated the risk of late adverse events
each year during 5 years after the index PCI, depending
on the rate of periprocedural AMIn. The most relevant
associations are given in Table 2.

Hence, we can see that AMIn > 1, but < 3 x 99th per-
centile of URL is not associated with late ischemic
complications of elective PCI, i.e. it is a minor event of
increased CSF and is negligible for prognosis. Moderate
AMIn (> 3, but < 5 x 99th percentile of URL) is associ-
ated with ACS and AMI during 3 years after the index
PCI. Major AMIn (> 5 x 99th percentile of URL) is asso-
ciated not inly with late adverse ischemic events, but also
with cardiovascular death during midterm follow-up.
Therefore, we were able to single out three main groups
of AMIn: minor (miAMIn), moderate (moAMIn) and
major (maAMIn).

Then we compared survival curves using Kaplan-
Meier method for primary and secondary endpoints
(AMI, ACS, CVD, all-cause mortality, non-CDV,
MACCE, PACE, clinically significant bleeding) which
were plotted during the 5-year follow-up after the index
PCI, depending on the AMIn group. The zero (baseline)
group was a group of patients without periprocedural
AMIn. The most important results of this analysis are
presented in Figures 4 to 8.

Analysis results demonstrate that miAMIn is associ-
ated with non-cardiovascular death, modAMIn — with
clinically significant bleeding, and maAMIn — with
major adverse ischemic events during the late (5 years)
period after the index PCI.

Discussion of Results

In this study, the incidence of periprocedural AMIn
was 40.2 %, with an increase in CSF of > 1 x 99th per-
centile of URL, and 3.5 % with an increase of > 5 x 99th
percentile of URL. Type 4a periprocedural MI (as per
the 4-th universal definition of MI) [9] was diagnosed in
2 patients (0.46 %).

Despite the absence of any clear evidence, in accor-
dance with the 2007 universal definition of myocardial
infarction (UDMI), type 4a MI is diagnosed, when CSF
values (cTn or CPK-MB) are 3 times higher than the
respective URL [17]. This rigorous position was softened
in the recent versions (UDMI versions 3 and 4) [7, 9]:

type 4a MI is diagnosed, if cTn values are at least 5 times
higher than 99th percentile of URL in patients with
normal baseline cTn levels, or if there is a 20 % increase
in patients with a high, but stable pre-PCI cTn level,
associated with additional criteria, such as signs of a new
myocardial infarction, or changes on ECG, imaging, or
the presence of procedural complications, which cause
reduction in coronary blood flow (coronary dissection,
occlusion of a large epicardial artery or lateral occlu-
sion/blood clot, impaired collateral blood flow, slow flow
or no-reflow, distal embolisation). A post-procedure
increase in CSF values without any additional criteria
is required in order to diagnose procedural myocardial
injury.

In 2013, the Society for Cardiovascular Angiography
and Interventions (SCAI) released an expert consen-
sus paper to argue the definition of periprocedural MI
proposed by the UDMI working group [8]. Since there
were no post-PCI threshold cTn values, the exceeding
of which impacts the long-term prognosis, the paper
favoured CPK-MB for the assessment of clinically signif-
icant post-PCI events. According to the document, clini-
cally significant MI during post-PCI period was MI with
an increase in CPK-MB values of > 10 x 99th percentile
of URL, or a lower threshold (> 5 x 99th percentile of
URL) in patients with new pathologic Q-waves in more
than two adjacent leads (or a new stable post-PCI left
bunch branch block).

In 2018, the Academic Research Consortium-2
(ARC-2) [18] published a consensus document, noting
that over the past several years, cTn has been gradually
replacing CPK-MB as a preferable biomarker of myo-
cardial damage in clinical practice; and the authors pro-
posed the cTn value of > 35 x 99th percentile of URL as
areasonable value for PCI-associated periprocedural M1.
Also, one more auxiliary criterion was required in addi-
tion to an absolute increase in ¢Tn of > 35 in order to
confirm periprocedural MI (flow-limiting angiographic
complications in a large epicardial vessel or a branch of
> 1.5 mm in diameter, new procedure-associated sig-
nificant Q-waves (or equivalent), or a significant new
abnormal procedure-associated wall movement seen on
echoCG).

Therefore, the incidence of periprocedural MI in
endovascular myocardium revascularisation in patients
with chronic coronary syndrome (CCS) varies depend-
ing on the definition and the cardiac biomarker used.
According to UDMI version 3, the incidence of type 4a
MI was 7 % when using highly sensitive ¢TnT [3] and
10 % when using ¢TnT [12], whereas when the SCAI
guidelines were used to define periprocedural MI, the
incidence was just 1.5-2.9 % [3, 11]. Recent literature
demonstrates that among 4,404 patients with CCS who
underwent PCI [19], periprocedural MI defined as per
UDMI versions 3 and 4, ARC-2 nu SCAI was recorded
in 18.0 %, 14.9 %, 2.0 % and 2.0 % of patients, respec-
tively.
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Table 1. Baseline Patient Characteristics, Coronary Lesions, and Index PCI

Group
Parameters n=435
Age, years, M+SD (min-max) 58,3+8,6 (32-81)
Body mass index, Me (Q1-Q3) 28,6 (25,8-31,7)
Family history of cardiovascular diseases, n/% 198 /46,2
Smoking, n/% 141/32,4
Diabetes mellitus, n/% 101 /23,3
History of acute cerebrovascular accident, n/% 32/74
Arterial hypertension, n/% 391/89,9
Atrial fibrillation, n/% 72 /16,6
Glomerular filtration rate (CKD-EPI) < 60 ml/min/1.73 m?, n/% 33/77
Chronic obstructive pulmonary disease, n/% 54/12,4
Multifocal atherosclerosis, n/% 92 /21,2
Charlson Comorbidity Index, Me (Q1-Q3) 3(2-4)
Previous myocardial infarction, n/% 309/71
. . L o
Previous myocardial revascularization, n/% 134/30.8
- PCI 94 /21,6
- CABG 31771
- PCI+ CABG 9/2.1
Chronic heart failure, NYHA functional class, n/%
-1 279/ 64,1
-2 140/ 32,2
-3 16 /3,7
Number of affected areas of the coronary arteries, n/%
-1 116 / 26,7
-2 155/ 35,6
-3 164 /37,7
Anatomy of a coronary lesion: n/%
- Main left coronary artery 22/5,06
- Anterior descending artery 336 /77,2
- Circumflex artery 269/61,8
- Right coronary artery 300/68,9
Index SYNTAX, Me (Q1-Q3) 11 (7-16,5)
Left ventricular ejection fraction according to ECHO-CG, %, Me (Q1-Q3) 62 (56-66)
n/% =50 % 386/ 89,15
40-49% 35/8,08
<40% 12/2,8
Target vessel, n/% - Main left coronary artery 11/2,5
- Anterior descending artery 211/ 48,5
- Circumflex artery 145/ 33,3
- Right coronary artery 197 /45,3
Intervention on chronic occlusion, n/% 110/ 25,3
Drug-eluting stents, n/% 565/ 86
Index stent length, MM, M=*SD (min-max), 33+16,1(12-107)
Me (Q1-Q3) 28 (23-38)
Index stent diameter, mm, M+SD (min-max), 3,15+0,3 (2,5-5)
Me (Q1-Q3) 3(3-3,5)
Complete revascularization, n/% 252/58,1
Volume of injected contrast, m1, Me (Q1-Q3) 250 (200-300)

Note: M+SD — mean + standard deviation; min-max — minimum and maximum value of the parameters; Me (Q1-Q3) — median with interquartile range; CKD-EPI — Chronic
Kidney Disease Epidemiology Collaboration is a research group with interests in measurement and estimation of GFR (Glomerular Filtration Rate); PCI — percutaneous coronary
interventions; CABG — Coronary Artery Bypass Graft Surgery; NYHA — stage of chronic heart failure according to the functional classification of the New York Heart Association;
Index SYNTAX — scale developed based on the results of the SYNTAX study (Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery);

ECHO-CG — echocardiography
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Figure 1. Acute
complications of index
percutaneous coronary

interventions

Note: AMI — acute myocardial
injury; CI-AKI — contrast-
induced acute kidney injury

Figure 2. Long-term
adverse events within
5 years after index
percutaneous coronary

interventions

Note: ACS — acute coronary
syndrome; CVD — death

from cardiovascular causes;
MACCE — Major Adverse
Cardiac or Cerebrovascular
Events; PACE — patient centered
endpoint.

Figure 3. Causes of
repeat revascularizations
1 year and 5 years after
index PCI
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Table 2. The risk of development of long-term adverse events depending on the magnitude of acute periprocedural
myocardial injury during elective PCI

RR CI S P

PMI >5x99 percentile URL
MACCE within 3 years after index PCI 4,486 [1.680-11.977] 0,501 0,006
CVD within 3 years after index PCI 6,538 [1.695-25.227] 0,689 0,046
AMI within 3 years after index PCI 6,516 [2.375-17.881] 0,515 0,003
PACE within 3 years after index PCI 3,850 [1.371-10.809] 0,527 0,024
Thrombosis of stents (index and non-index) during 5 years of follow-up 3,158 [1.307-7.629] 0,450 0,037
Occ.lusmn of stents (index and non-index) as a reason for re-intervention 5,143 [1.702-15.539)] 0,564 0,024
during 5 years of follow-up

PMI >4x99 percentile URL
MACCE within 4 years after index PCI 2,359 [1.009-5.517] 0,433 0,045
AMI within 3 years after index PCI 4,073 [1.598-10.378] 0,477 0,011
PACE during 5 years of follow-up 2,046 [1.154-3.627] 0,292 0,042
Thrombosis of stents (index and non-index) during 5 years of follow-up 2,658 [1.165-6.062] 0,421 0,042
Occ.lusion of stents (index and non-index) as a reason for re-intervention 5.482 [1.659-18.110] 0,610 0,024
during 5 years of follow-up
Se'cogd—stage revasFularlzatlon as a reason for re-intervention 2.907 1.404-6.021] 0.372 0,017
within 1 year after index PCI

PMI >3x99 percentile URL
AMI within 3 years after index PCI 2,715 [1.113-6.622] 0,455 0,040
Occ.lusion of stents (index and non-index) as a reason for re-intervention 3,657 [1.314-10.183] 0,522 0,032
during 5 years of follow-up
Se'cogd—stage revasFularlzatlon as a reason for re-intervention 2.433 [1.203-4.919] 0,359 0,038
within 1 year after index PCI

PMI >2x99 percentile URL
Occ.luswn of stents (index and non-index) as a reason for re-intervention 4,042 (1.33112.273] 0.567 0,029
during 5 years of follow-up

PMI >1x99 percentile URL
Newly diagnosed malignant oncological diseases during 5 years of follow-up 2,319 [1.248-4.310] 0,316 0,0062
Second-stage revascularization as a reason for re-intervention 1,933 [1.137-3.323] 0.274 0,0059

within 1 year after index PCI

Note: RR — relative risk; CI — confidence interval; S — standard error of relative risk; p — significance level; PMI — periprocedural myocardial injury; URL — upper reference limit;
MACCE — Major Adverse Cardiac or Cerebrovascular Events including cardiovascular death, acute coronary syndrome and acute cerebrovascular accident; CVD — death from
cardiovascular causes; AMI — acute myocardial infarction; PCI — percutaneous coronary interventions; PACE — patient centered endpoint, including death from any cause, acute
myocardial infarction and acute cerebrovascular accident.
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Figure 4. Kaplan-Meier curves for
new cases of ACS up to 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with the «<major»
PMI group (>5x99 percentile URL),
$=0.005

Note: ACS — acute coronary syndrome; PCI —
percutaneous coronary intervention; PMI —
periprocedural myocardial injury; URL — upper
reference limit

Figure 5. Kaplan-Meier curves

for new cases of MACCE up to

5 years after index PCI in

2 groups: comparison of no cardiac
biomarkers elevation group (group
0) with the «major» PMI group
(>5x99 percentile URL), p=0.03.

Note: MACCE — Major Adverse Cardiac or
Cerebrovascular Events including cardiovascular
death, acute coronary syndrome and acute
cerebrovascular accident; PCI — percutaneous
coronary intervention; PMI — periprocedural
myocardial injury; URL — upper reference limit

Figure 6. Kaplan-Meier curves for
new cases of PACE up to 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with the «<major»
PMI group (>5x99 percentile URL),
p=0.036.

Note: PACE — patient centered endpoint,
including death from any cause, acute myocardial
infarction and acute cerebrovascular accident;

PCI — percutaneous coronary intervention; PMI —
periprocedural myocardial injury; URL — upper
reference limit
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Figure 7. Kaplan-Meier curves for
clinically significant bleeding up to

5 years after index PCI in 2 groups:
comparison of no cardiac biomarkers
elevation group (group 0) with the
«moderate» PMI group (>3, but <5
x99 percentile URL), p=0.003.

Note: PCI — percutaneous coronary intervention;
PMI — periprocedural myocardial injury; URL —
upper reference limit
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Figure 8. Survival curves for non-
cardiovascular death at 5 years after
index PCI in 2 groups: comparison
of no cardiac biomarkers elevation
group (group 0) with «minor» PMI
group (>1 but <3 x99 percentile
URL), p=0.007.

Note: PCI — percutaneous coronary intervention;
PMI — periprocedural myocardial injury; URL —
upper reference limit
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Similar to type 4a MI, there are various definitions
of periprocedural myocardial injury in patients with
CCS who underwent PCI. UDMI version 4 [9] defines
periprocedural AMIn as any post-PCI increase in c¢Tn of
> 1 x 99th percentile of URL in patients with normal base-
line values (before PCI). According to ARC-2, a major
periprocedural myocardial injury is diagnosed at signifi-
cantly higher increase in post-PCI ¢Tn (= 70 x 99th per-
centile of URL) [18]. Predictably, the incidence of peri-
procedural myocardial injury is also dependent on the
definition and the cardiac biomarker used: 2.9 % as per
ARC-2 criteria [11] — 20 to 43 % for cardiac troponin T
(cTnT) [20], 14 to 52 % for cTnI [21] and 78 to 85 % for
highly sensitive cTnT [22].

Thus, currently there is no consensus on the defini-
tion of periprocedural myocardial infarction and injury;

the definitions by SCAI and ARC-2 set forth significantly
higher thresholds for post-PCI CSF increases as com-
pared to UDMI version 4.

According to UDMI version 4 [7], one of the key
criteria for diagnosing type 4a MI in patients with CCS
after PCI is new myocardial ischemia seen on coronary
angiography scans, suggestive of periprocedural flow-
limiting complications, such as coronary dissection,
occlusion of a large epicardial artery or lateral occlusion/
blood clot, impaired collateral blood flow, slow flow or
no-reflow, distal embolisation. ARC-2 [18] presented
detailed criteria for the definition of flow-limiting coro-
nary angiographic complications in patients undergoing
PCI and suspected periprocedural MI.

According to study results, the key causes of peri-
procedural AMIn and type 4a MI are lateral branch
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occlusion (LBO) and distal embolisation. LBO is the
most common cause of type 4a MI in patients with CCS
undergoing PCI [23, 24], and its effects on the inter-
vention outcome depend on the size of occluded lateral
branches. The incidence of LBO can be associated with
the stent type selected, type of procedure (e.g. chronic
total occlusion, rotational atherectomy, etc.) and target
segment — mid-LAD with the highest density of lateral
branches [25]. Distal coronary embolisation with an
intracoronal clot and atheromatous material can result
in no-reflow/slow-flow during PCI in patients with CCS.
It has been shown that, as of now, embolisation cannot
be completely prevented, despite the use of anticoagulant
and antiplatelet adjunctive therapy and the use of aspi-
rating or protective devices [26].

However, according to the modern idea, PCI compli-
cations seen during angiography are not always associ-
ated with higher cardiac biomarker levels, and increased
CSF can be caused by plaque degradation and local
vascular damage without any apparent coronary angio-
graphic complications [10]. Intravascular imaging meth-
ods can be used as an addition to coronary angiography
in order to better understand the pathophysiology of PCI
complications [27].

In our study, technical complications confirmed by
angiography results, including acute stent thrombosis
(0.7 %), intima dissection (3 %), lateral branch trans-
fixion (9.4 %), etc., were observed in 15.4 % of patients.
Significant AMIn of > 5 x 99th percentile of URL was
recorded just in 3.5 % of patients.

Besides, chronically elevated highly sensitive ¢TnT/I
can be seen in 30 % of patients due to comorbidities and
risk factors, such as chronic kidney disease, diabetes
mellitus, structural heart diseases, skeletal muscle dis-
eases, malignancies and elderly age [28, 29].

A recently published meta-analysis demonstrated
that higher post-PCI CPK-MB and cTn levels were
independently associated with all-cause mortality
within one year; and the following combinations of
an increase in CSF were significant for the outcome:
CPK-MB =5 and ¢Tn = 35, CPK-MB > 10 and ¢Tn < 70,
and CPK-MB > 5 and ¢Tn > 70 x 99th percentile of
URL [11].

Silvain J. et al. (2021) [30] also conducted a pooled
analysis to assess increased post-PCI cTn levels (they
analysed a pool of studies other than a study by Garcia-
Garcia HM et al. (2019) [11]) in 9,081 patients with CCS
who underwent PCI. The incidence of type 4a MI in a
group of 2,316 patients with CCS who underwent PCI
and had normal baseline cTn values, was 12.7 %, and
its presence was a strong independent predictor of all-
cause death in a year (adjusted odds ratio (Adj OR) 3.21,
95 % CI [1.42-7.27], p = 0.005). These results confirm
predictive power of the cuttoff threshold of > 5 x 99th
percentile of URL in elevated post-PCI cTn, selected by
UDMI version 4 for the definition of type 4a MI. The
incidence of periprocedural myocardial injury (seen as

elevated post-PCI cTn of > 1 x 99th percentile of URL as
per UDMI version 4) in patients with CCS and normal
baseline cTn values was 52.8 % (79.8 %, if highly sensi-
tive cTn was used); however, periprocedural myocardial
injury was not associated with all-cause death during
one year [30]. Besides, a study by Silvain J. et al. dem-
onstrated that elevated post-PCI cTn of > 3 x 99th per-
centile of URL was also an independent predictor of
all-cause death within a year in patients with ACS who
underwent PCI, suggesting that even a slight increase in
post-PCI cTn has predictive power.

On the contrary, in a consensus document pub-
lished in 2021 by the working group of the European
Society of Cardiology, patients with elevated post-PCI
cTn levels of > 1, but < 5 x 99th percentile of URL
were found to have a minor periprocedural myocar-
dial injury. A significant prognostic or major peripro-
cedural myocardial injury (in the consensus paper, it
is elevated post-PCI c¢Tn of > 5 x 99th percentile of
URL) was recorded in 18.2 % of patients with normal
baseline ¢Tn values and was an independent predictor
of all-cause damage one year later (Adj OR 2.29, 95 %
CI [1.32-3.97], p = 0.004) [10].

A recent study by Ueki Y. et al. (2022) [19] evaluated
AMIn in accordance with the criteria set forth in UDMI
version 3 and 4, ARC-2 and SCAI using highly sensitive
cTn in patients with stable coronary disease who under-
went PCI and were included in the Bern PCI Register.
This analysis is the first detailed evaluation of up-to-date
definitions of AMIn in patients undergoing elective PCI,
which is based on routine measurements of highly sensi-
tive cTn and routine assessment of additional criteria in
a large real-life population of PCI patients. The primary
endpoint was cardiac death after one year. In patients
with AMIn, one year mortality in accordance with
UDMI version 3, UDMI version 4, ARC-2 and SCAI
was 2.9 %, 3.0 %, 5.8 % and 10.0 %, respectively. ARC-2
(hazard ratio (HR): 3.90; 95 % CI: 1.54-9.93) and SCAI
(HR: 7.66; 95 % CI: 3.64-16.11) criteria were more rel-
evant in comparison with UDMI version 3 (HR: 1.76; 95
% CI: 1.04-3.00) and UDMI version 4 (HR: 1.93; 95 %
CI: 1.11-3.37) for cardiovascular death within one year
after the index PCL

Therefore, a majority of published studies evalu-
ated the association between AMIn and 1-year disease
outcome after elective PCI procedures; and there is no
general expert consensus on this matter. Nevertheless,
the clinical significance of diagnosing maAMIn is stated
in the current guidelines on endovascular myocardial
revascularisation.

We have evaluated the incidence and association
between AMIn and midterm and late adverse events
1-5 years after index endovascular intervention for
chronic coronary syndrome and found out an association
between a major AMIn and late post-PCI cardiovascular
complications, including fatal ones. At the same time, we
have demonstrated the predicative power of moderate
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Table 3. Association of periprocedural myocardial injury with complications and patient survival within 5 years after

elective PCI
Level of increase in cardiac . .
Name . Association with outcomes
biomarkers
1. Minor >1, but <3 x99 percentile URL - no association with long-term ischemic complications and cardiovascular death after
periprocedural elective PCI;
myocardial injur
Y jury — there is an association with non-cardiovascular death in the long-term (5-year)
period;
- there is an association with newly diagnosed malignant cancers within 5 years after
the index PCI;
- there is an association with index stent occlusions as a cause of re-interventions
during 5 years of follow-up;
2. Moderate >3, but <5 x99 percentile URL - there is an association with acute ischemic events (ACS, AMI, MACCE) 3 years after
periprocedural the index elective PCI;
myocardial injur
v jury - there is an association with clinically significant bleeding within 5 years after elective
PCIL;
- there is an association with stent thrombosis (index and non-index) and index stent
occlusions as a cause of re-interventions during 5 years of follow-up;
3. Major >5 x99 percentile URL - there is an association with long-term ischemic events, as well as cardiovascular death
periprocedural within 3 years after the index PCI.

myocardial injury

Note: PCI — percutaneous coronary intervention; URL — upper reference limit; ACS — acute coronary syndrome; AMI — acute myocardial infarction; MACCE (Major Adverse
Cardiac or Cerebrovascular Events) — a composite endpoint including cardiovascular death, acute coronary syndrome and acute cerebrovascular accident.

and minor AMIn in relation not only to cardiovascular
events, but also to clinically significant bleeding, as well
as non-cardiovascular death and newly diagnosed malig-
nancies during 5 years after elected PCI (Table 3).

Conclusions

Periprocedural increase in CSF values should be
recorded during elective PCI not only for diagnosis and
prediction of acute and late ischemic events, but also for
evaluation of the risk of stent occlusion, clinically signif-
icant bleeding, significant predicative comorbidity and
death during the late (5-year) period in order to identify
groups of patients requiring active follow-up, additional
observation and selection of an optimal outpatient reha-
bilitation regimen.
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