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ABSTRACT

Objectives Although diagnostic coronary angiography
(CAG) is performed worldwide, procedure-related
myocardial necrosis (PMN) following diagnostic catheter-
based procedures has not been well investigated. The

aim of this study was to determine clinical and procedural
factors associated with PMN, using a high-sensitivity
cardiac troponin | (hs-cTnl) assay, and to investigate the
clinical implications of PMN.

Methods Among 697 patients undergoing elective CAG
and pre- and post-procedural hs-cTnl (pre-Tnl, post-Tnl,
respectively) measurements, a total of 538 patients (124
female) were evaluated, with 2.2% lost during follow-up.
Minor PMN was defined as post-Tnl above the sex-specific
upper reference limit (URL), with a 20% increase from the
pre-Tnl level. Major PMN was defined as post-Tnl above
5x the URL. Clinical and procedural factors predicting PMN
and the association between PMN and major adverse
cardiac events (MACE) following CAG were examined.
Results PMN of any type was detected in 178 patients
(33.0%), while major PMN was observed in 32 patients
(5.9%). Female sex, estimated glomerular filtration rate,
procedural time, left ventricular end-diastolic pressure
(LVEDP) and fractional flow reserve measurement
independently predicted any PMN; whereas, only LVEDP
and log-transformed N-terminal pro-brain natriuretic
peptide independently predicted major PMN. The incidence
of MACE was significantly associated with major PMN. Cox
proportional-hazards models revealed that major PMN,
pre-Tnl, and the absence of statin use were independently
associated with MACE.

Conclusions Diagnostic cardiac catheteriation may
highlight cardiomyocyte susceptibility to stress in patients
with or without CAD. CAG-related major myocardial injury
might be associated with future adverse cardiac events
independently of the presence or absence of functional
stenosis.

INTRODUCTION

Diagnostic coronary angiography (CAG) has a
low rate of complication and is considered the
gold standard for the evaluation of coronary
artery disease (CAD).! More than 10 million
CAG procedures are performed annually

KEY QUESTIONS

What is already known about this subject?

» Coronary angiography (CAG) is an established
method for coronary artery disease (CAD)
assessment with quite a low rate of complication.
However, procedure-related myocardial necrosis
(PMN) following diagnostic  catheter-based
procedures has not been well investigated.

What does this study add?

» We defined PMN by high-sensitivity cardiac
troponin | (hs-cTnl) elevation following diagnostic
cardiac catheterization using two distinct criteria:
any (hs-cTnl> upper reference limit (URL)) and
major (hs-cTnl>5*URL) PMN. Any PMN was
associated with patient clinical characteristics and
catheter-procedural factors including fractional
flow reserve measurement, while major PMN
was only related to left ventricular end-diastolic
pressure. Major PMN was independently linked
to the subsequent risk of future adverse cardiac
events.

How might this impact on clinical practice?

» Diagnostic cardiac catheteriation may highlight
cardiomyocyte susceptibility to stress in patients
with or without CAD. CAG-related major myocardial
injury might be associated with future adverse
cardiac events, suggesting potential utilities of
post-procedural hs-cTnl measurement.

around the world and procedure-induced
myocardial infarction (MI) is believed to be
extremely rare; however, the phenomenon has
not been well investigated.”® Recent studies on
CAG procedure-related myocardial necrosis
(PMN) using high-sensitivity cardiac troponin
(hs-cTn) assays, which can detect subtle
myocardial necrosis, have shown that various
clinical characteristics are associated with a
hs-cTn increase above the 99th percentile value
(upper reference limit; URL).*° In addition,
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an adverse impact of hs-cTn elevation on outcomes has
been shown in the settings of acute coronary syndrome
(ACS) and percutaneous coronary intervention (PCI)-re-
lated myocardial injury.® Of note, the critical thresholds
for cardiac troponin elevation in PCl-related myocardial
injury have been controversial, ranging from 5x to 70x of
the URL.

Thresholds for CAG-related hs-cTn elevation have not
been well evaluated; in addition, the clinical implications
remain elusive. Moreover, catheter-based diagnostic
procedures have been diversified with adjunctive or provi-
sional procedures for CAG (eg, left ventriculography
(LVG), right heart catheterization (RHC), fractional flow
reserve (FFR), optical coherence tomography (OCT),
etc.). Although the clinical implications of these diag-
nostic procedures have been established, the extent of
myocardial injury caused by these procedures has not
been clarified. Therefore, the aim of this study was to
investigate the frequency, risk factors and clinical impli-
cations of PMN, as defined by two different sex-specific
cut-off values for a well validated high-sensitivity cardiac
troponin-I (hs-cTnl) assay, following CAG and adjunctive
diagnostic catheteriations.*”

METHODS

Patient population

Patients undergoing scheduled CAG for suspected
stable CAD at the Tsuchiura Kyodo General Hospital
between June 2014 and February 2016 were prospec-
tively screened. Exclusion criteria included the presence
of unstable symptoms (worsening angina or rest angina
within a month), MI episode within 30 days before
CAG, decompensated heart failure, scheduled myocar-
dial biopsy, chronic kidney disease (CKD) with dialysis,
missing patient or procedural data and unavailable
informed consent. In addition, in order to define a minor
elevation in hs-cTnl due to catheterization (described
below), patients who had an elevated hs-cTnl level above
the URL before catheterization were excluded from anal-
ysis. At our institution, elective diagnostic CAG and PCI
are performed separately in the majority of patients with
stable CAD; accordingly, no patient undergoing ad hoc
PCI was included in this study. The institutional ethics
committee approved this study protocol. All patient
data and procedural details were obtained from medical
records.

Hs-cTnl measurement and definitions of procedure-related
myocardial necrosis

Cardiac troponin-I was assessed using a commercially
available hs-cTnl assay (ARCHITECT i2000,, STAT
hs-cTnl assay, Abbott Laboratories, North Chicago, Illi-
nois, USA) immediately before catheterization and 18-24
h after the measurement (pre-Tnl and post-Tnl, respec-
tively). The 99th percentile cut-off values were defined as
32.7 ng/L for men and 17.9 ng/L for women; the limit
for a blank was 0.6 ng/L; limit of detection was 1.5 ng/L;

and coefficient of variation of 10% was 6 ng/L, as based
on a previous community cohort study of Asian healthy
individuals.® Two different sex-specific definitions of PMN
were used: minor PMN was defined as a post-Tnl level
greater than the URL that was at least a 20% increase
from the pre-Tnl level according to the diagnosis of
acute MI in the current guideline; and major PMN was
defined as a post-Tnl level >5x the URL, according to the
definition of type 4a MI in the same guideline.’ Patients
were accordingly divided into the no PMN group, the any
PMN group (patients with minor or major PMN) and
the major PMN group. Ischaemic symptoms and ECG
changes were not mandatory for the definitions of PMN
in the present study.

Procedures

Diagnostic CAG was performed via a radial, brachial or
femoral artery using a 5Fr sheath, depending on the
operator’s discretion. An iodine containing contrast
agent, iopamidol, was used throughout the study except
for patients with a history of allergy to this contrast agent.
All patients received a bolus intravenous injection of
heparin (3000 IU) before the procedure, followed by a
2000 IU bolus infusion every hour.

Adjunctive and provisional procedures. LVG was
performed following CAG if not contraindicated, and
left ventricular end-diastolic pressure (LVEDP) was
measured before the contrast agent infusion. Adjunc-
tive catheter-based examinations including aortography,
bypass graft angiography, RHC, OCT imaging and FFR
measurement were performed depending on the physi-
cian’s discretion. OCT imaging was indicated for patients
with prior PCI in whom the angiographical appearance
of the stent deserved a detailed observation, or for
those enrolled in prospective studies that required OCT
examinations. For OCT imaging, a 5Fr guiding catheter
(Heartrail, Terumo, Tokyo, Japan) was introduced into
the vessel of interest; thereafter, a 0.014-inch guidewire
was advanced to the distal area of the vessel. A frequen-
cy-domain OCT system (C8-XR™ OCT imaging catheter
and ILUMIEN OCT Intravascular Imaging System, St.
Jude Medical, St. Paul, Minnesota, USA) was used with a
pull-back speed of 20 mm/s during continuous flushing
of the contrast medium through a guiding catheter at a
rate of 3.5—4.5 mL/s for 3—4 s. FFR measurement was indi-
cated for patients with intermediate stenosis in epicardial
coronary arteries (30% to 80% diameter stenosis). The
institutional protocol for coronary physiological tests
are described elsewhere.' Briefly, a sensor-tipped coro-
nary guidewire (Pressure Wire, St. Jude Medical, St.
Paul, Minnesota, USA) was introduced into the coro-
nary artery of interest after the pressure was zeroed and
equalised to the catheter-tip pressure before crossing
the lesion. Thereafter, the wire was positioned approxi-
mately 8-10 cm distal to the ostium of the artery across
the index stenosis. Intravenous infusion of adenosine
5’-triphosphate was administered at 160 pg/kg/min to
induce steady-state maximal hyperaemia. Simultaneous
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measurement of the mean aortic pressure (Pa) and
mean distal coronary pressure (Pd) was performed in the
hyperaemic state, and FFR was calculated as hyperaemic
Pd/ hyperemic Pa.

Angiographic analysis

Coronary stenosis was visually estimated, and quantitative
coronary angiography (QCA) was indicated for lesions
with >30% diameter stenosis. QCA was performed using
dedicated offline so ftware (QAngio XA 7.3, Medis,
Leiden, Netherlands); thereafter, coronary lesions with
>50% diameter stenosis were considered significant and
multivessel disease was defined as significant stenosis in
=2 coronary arteries. In order to assess the complexity
of coronary lesions, SYNTAX and GENSINI scores were
determined in patients without prior coronary artery
bypass grafting (CABG)."" SYNTAX score was calculated
using the online version of SYNTAX score calculator
(www.syntaxscore.com), while GENSINI score was manu-
ally calculated as the sum of all segment scores, which
were the multiply of scores representing percent diam-
eter stenosis and scores of each segment.! The incidences
of coronary interventions, including PCI and CABG, that
were performed within 6 months after CAG, based on
CAG results, were also assessed.

Clinical follow-up

Clinical follow-up data were collected via a review of
the medical records and/or telephone interviews. MI
was diagnosed based on the third Universal Definition
of Myocardial Infarction.” Remote revascularisation was
defined as a revascularisation required >6 months after
the index catheterization, which excluded those required
based on the index diagnostic CAG. Major adverse
cardiac events (MACE) were defined as a composite of
death from any cause, non-fatal spontaneous MI (except
those following catheter procedures), hospital admission
due to congestive heart failure (CHF), and remote revas-
cularisation.

Statistical analysis

Categorical data are expressed as frequencies and
percentages, and were compared using the %* or Fish-
er’s exact test, as appropriate. Continuous variables with
normal distribution are expressed as mean+SD and were
compared using the Student’s t-test. Variables with a
non-normal distribution are expressed as median values
(25-75th percentiles) and were compared using Mann-
Whitney U tests. Multivariate logistic regression analysis
was performed to determine the predictors of PMN and
included factors showing a p value <0.05 in univariate
analyses, as well as log-transformed N-terminal pro-brain
natriuretic peptide (NT-proBNP). The incidence of
MACE in patients with/without PMN was assessed using
a Kaplan-Meier curve and log-rank test. We constructed
Cox proportional-hazards models to estimate the adjusted
association between major PMN and the risk of MACE.
All variables associated with adverse events obtaining a p

value <0.05 in univariate analyses, as well as age, sex and
log-transformed NT-proBNP, were then tested in a multi-
variate Cox proportional-hazards regression analysis. All
statistical analyses were performed using SPSS V.19.0
(SPSS, Chicago, Illinois, USA). A two-sided p value < 0.05
was considered statistically significant.

RESULTS

Baseline clinical features

Of 697 prospectively screened patients undergoing
scheduled CAG and hs-cTnl evaluation, 14 patients who
adjunctively underwent myocardial biopsy, 30 patients
with evolving or recent MI, 10 patients with unstable symp-
toms, 29 patients on maintenance dialysis, 59 patients
with pre-Tnl above the URL and 17 patients with insuf-
ficient clinical data were excluded. Thus, a total of 538
patients, consisting of 414 (77.0%) men and 124 (23.0%)
women, was included in the analysis. Median pre-Tnl
and post-Tnl values were 4 ng/L (IQR: 3-8 ng/L) and
16.5 ng/L (IQR: 7-39.3 ng/L), respectively. The time
interval between the measures was18-24 hours. Absolute
change in the hs-cTnl values in the total population was
9 ng/L (IQR: 2-32 ng/L), and the relative change was
300% (150-800%). PMN of any type was detected in 178
patients (33.1%), in whom 32 patients (5.9%) had major
PMN.

The baseline characteristics for patients with any/
no PMN/major PMN/no major PMN are summarised
in table 1. Patients with any PMN were significantly
older, and had a significantly higher number of women,
non-smokers and prior aspirin users than those without
PMN. Patients with any PMN also showed more frequent
aortic stenosis and aortic insufficiency, worse renal func-
tion, higher pre-Tnl levels and less prevalent mitral
regurgitation compared with patients without PMN.
Women were more prevalent among patients with major
PMN than among those without major PMN. Patients
with major PMN had been less frequently treated with
an anticoagulant or aspirin compared with those without
major PMN. More prevalent prior PCI experiences and
higher levels of NT-proBNP were observed in patients
with major PMN than in those without major PMN. No
significant differences between the PMN groups were
observed in the echocardiographic findings.

Procedural characteristics and CAG results

Characteristics of the catheterization procedures and angio-
graphic findings are summarised in table 2. In patients with
any PMN, the procedural time was longer, FFR was more
frequently performed, and LVEDP was higher than that
in patients without PMN. OCT imaging acquisition was
not significantly associated with any PMN. Compared with
patients without PMN, patients with any PMN had a higher
GENSINI score and rate of revascularisation based on the
CAG results, especially with PCI. In contrast, there were no
statistically significant differences between patients with
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Table 1 Baseline characteristics of the study population

Any PMN No PMN Major PMN No Major PMN
(n=178) (n=360) p (n=32) (n=506) P
Demographics
Age,y 69.6+9.0 67.3+10.0 0.007 70.3+7.8 67.86+9.82 ns
Female sex 58 (33.1) 65 (18.1) <0.001 12 (37.5) 112 (22.1) 0.046
Body mass index, kg/m? 24 (21.9-26.5) 24.5(22.2-26.6) ns 23.8 (21.8-26) 24.4 (22.2-26.6) ns
Cardiovascular risk factors
Hypertension 126 (71.0) 252 (70.0) ns 23(71.9) 355 (70.16) ns
Diabetes mellitus 62 (34.8) 138 (38.3) ns 11 (34.4) 189 (37.35) ns
Dyslipidemia 92 (51.7) 181 (50.23) ns 15 (46.9) 258 (50.99) ns
Smoking 110 (61.8) 258 (71.7) 0.021 18 (56.3) 350 (69.17) ns
Other comorbidities
Aortic stenosis 8 (4.5) 4(1.1) 0.012 0(0) 12 (2.37) ns
Mitral regurgitation 1(0.6) 13(3.6) 0.037 0(0) 14 (2.77) ns
Aortic insufficiency 4(2.3) 1(0.33) 0.025 1(3.13) 4(0.79) ns
Myocardial infarction 87 (48.9) 189 (52.5) ns 16 (50) 260 (51.38) ns
Congestive heart failure 8 (4.5 29 (8.1) ns 0(0) 37 (7.31) ns
Atrial fibrillation 16 (9.0) 38 (10.6) ns 13.1) 53(10.5) ns
Prior operations
PCl 120 (67.4) 260 (72.2) ns 16 (50) 364 (71.94) 0.008
CABG 4(2.3) 13(3.6) ns 0(0) 17 (3.36) ns
UCG findings
LVEF, % 62 (53-70) 64 (56-68) ns 61.5 (46.5-69.5) 63 (56-69) ns
LVH 36 (20.2) 50 (13.9) ns 9(28.1) 77 (15.2) ns
Medications
Beta blocker 87 (48.9) 200 (55.6) ns 14 (43.8) 273 (54.0) ns
ARBs/ACE inhibitors 120 (67.4) 238 (66.1) ns 25 (78.1) 333 (65.8) ns
Aspirin 124 (69.7) 281 (78.1) 0.034 19 (59.4) 386 (76.3) 0.032
Anticoagulant 15 (8.4) 41 (11.4) ns 0(0) 56 (11.1) 0.047
Statins 131 (73.6) 268 (74.4) ns 21 (65.6) 378 (74.7) ns
Bio-humoral variables
€GFR, mL/min/1.73m? 64.2 71 <0.001 62.9 68.8 ns
(54.4-75.5) (59.2-83.7) (50.7-77.6) (57.7-80.6)
LDL cholesterol, mg/dL 91.5 (74-108) 88 (75-108) ns 102 (72-118.5) 89 (74-107) ns
HDL cholesterol, mg/dL 48 (39-57) 46 (38-56) ns 49 (39.8-60.8) 46 (39-56) ns
C-reactive protein, mg/dL 0.1 (0-0.2) 0.1 (0-0.2) ns 0.1 (0-0.1) 0.1 (0-0.2) ns
NT-proBNP, ng/L 140 126 ns 358.5 126 0.003
(58-439) (53.3-289) (84.8-681) (53.8-307.5)
Pre-procedural 6(3-10.3) 4 (2-7) <0.001 5(3-12) 4 (3-8) ns
hs-cTnl, ng/L
Post-procedural 60.5 10 (6-17) <0.001 239 15.5 (7-32) <0.001
hs-cTnl, ng/L (39.8-100.8) (165.8-326.8)
Absolute changes of 50.5 (32.8-96.3) 4.5 (1-9) <0.001 218.5 8 (2-26) <0.001
hs-cTnl, ng/L (153.5-321.3)

Abbreviations: ARBs/ACE inhibitors, angiotensin receptor blockers/angiotensin converting enzyme inhibitors; CABG, coronary artery bypass
grafting; HDL, high density lipoprotein; hs-cTnl, high-sensitivity cardiac troponin-I; LDL, low density lipoprotein; LVEF, left ventricular ejection
fraction; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal pro brain natriuretic peptide; PCI, percutaneous coronary intervention;
PMN, procedure-related myocardial necrosis; UCG, ultrasound cardiography; .
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Table 2 Diagnostic catheterization procedures and CAG results

Any PMN No PMN Major PMN No major PMN
(n=178) (n=360) P (n=32) (n=506) P
Procedural characteristics
Inexperienced operator 102 (57.3) 215 (59.7) ns 17 (53.1) 300 (59.3) ns
Approach sites
Radial artery 161 (90.5) 326 (90.6) ns 28 (87.5) 459 (90.7) ns
Brachial artery 17 (9.6) 33(9.2) ns 4 (12.5) 46 (9.09) ns
Femoral artery 0(0) 1(0.28) ns 0(0) 1(0.2) ns
Right heart catheterization 18 (10.1) 23 (6.4) ns 3(9.38) 38 (7.51) ns
Fractional flow reserve 82 (46.1) 88 (24.4) <0.001 11(34.4) 159 (31.4) ns
Optical coherence tomography 44 (24.7) 92 (25.6) ns 5 (15.6) 131 (25.9) ns
Bypass graft arteriography 4(2.3) 13(3.6) ns 0(0) 17 (3.36) ns
Aortography 7(3.9) 5(1.4) ns 2 (6.25) 10 (1.98) ns
Left ventriculography 166 (93.3) 331 (91.9) ns 29 (90.6) 468 (92.5) ns
Procedural time, min 46.1 36 <0.001 411 39.1 ns
(35.2-58.1) (25.5-47.8) (31.5-58) (27.3-51.6)
CAG results
End-diastolic pressure, mm Hg 16 (13-20) 14 (11-18) <0.001 17 (13-22) 15 (11-19) 0.016
SYNTAX score 2(0-7) 4(0-10) ns 2.5(0-14.9) 3(0-9) ns
GENSINI score 22 28 0.013 23 26 ns
(11-36) (14-44) (11-53) (14-41)
Multivessel disease 31(17.9) 85 (24.5) ns 9(28.1) 107 (21.9) ns
Postintervention 37 (20.8) 112 (31.1) 0.012 10(31.3) 139 (27.5) ns
Post-PCI 34 (19.1) 104 (28.9) 0.015 9(28.1) 129 (25.5) ns
Post-CABG 3(1.7) 8(2.2) ns 1(3.1) 10 (2.0) ns

CABG, coronary artery bypass grafting; CAG, coronary angiography; PCI, percutaneous coronary intervention; PMN, procedure-related
myocardial necrosis.
Post-intervention/PCI/CABG refers to these interventions performed based on the CAG results within 6 months after CAG procedures.

Table 3 Predictors for Any PMN

Univariate models Multivariate model

Odds ratio 95% CI o] Odds ratio 95% CI P
Age>70y 1.52 1.06t0 2.18 0.024
Female sex 2.25 1.4910 3.40 <0.001 2.04 1.1910 3.54 0.01
Smoking 0.64 0.44 t0 0.94 0.021
Aspirin use 0.65 0.43100.97 0.034
Aortic stenosis 419 1.24 10 141 0.021
eGFR<60 mL/min/1.73m? 1.85 1.27 to 2.71 0.002
FFR 2.64 1.81 10 3.86 <0.001 2.61 1.59 0 4.31 <0.001
Procedural time 1.03 1.02t01.04 <0.001 1.02 1.00 to 1.03 0.014
Log-transformed NT-proBNP 1.18 1.03t01.35 0.017
EDP 1.07 1.04t01.11 <0.001 1.08 1.04t01.12 <0.001

The multivariate models comprised 497 patients who underwent left ventriculography.
Abbreviations: EDP, end-diastolic pressure; FFR, fractional flow reserve; NT-proBNP, N-terminal pro brain natriuretic peptide; PMN,
procedure-related myocardial necrosis.
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Table 4 Predictors for Major PMN

Univariate models

Multivariate model

Odds ratio 95% CI p Odds ratio 95% CI p
Female sex 2111 1.00 to 4.45 0.05
Prior PCI 0.39 0.191t0 0.80 0.01
Aspirin use 0.454 0.22 t0 0.95 0.035
eGFR<60 mL/min/1.73m? 2.074 1.01104.26 0.047
Log-transformed NT-proBNP 1.48 1.14101.91 0.003 1.43 1.051t01.97 0.023
EDP 1.093 1.03t01.16 0.004 1.07 1.01t01.14 0.033

The multivariate models comprised 497 patients who underwent left ventriculography.
Abbreviations: EDP, end-diastolic pressure; NT-proBNP, N-terminal pro brain natriuretic peptide; PMN, procedure-related myocardial

necrosis.

and without major PMN in the procedural characteristics
or CAG results except for LVEDP.

Predictors of PMN

Independent predictors of PMN are summarised in
tables 3 and 4. According to the multivariate regression
analysis, female sex (OR, 2.04; 95%CI 1.19-3.54; p=0.01),
procedural time (OR, 1.02; 95%CI 1.00-1.03; p=0.014
per min), FFR (OR, 2.61; 95%CI 1.59-4.31; p<0.001) and
LVEDP (OR, 1.08; 95%CI 1.04-1.12; p<0.001 per mmHg)
were independent predictors for any PMN. In contrast,
the independent predictors for major PMN were LVEDP
(OR, 1.09; 95%CI 1.03-1.16; p=0.033 per mmHg) and
log-transformed NT-proBNP (OR, 1.43; 95%CI 1.05-
1.97; p=0.023).

Clinical outcomes
The median follow-up period was 322 days (range: 160-450
days), during which 2 patients died, 6 patients needed

hospitalisation due to worsening CHF and 12 patients
underwent remote revascularisations. In addition, during
follow-up, 12 patients were lost (2.2%). Figure 1 shows the
Kaplan-Meier curve of survival free from MACE stratified by
the presence of any/major PMN (figure 1A and B, respec-
tively). Cumulative event numbers for the no PMN, any
PMN and major PMN groups were 15 (4.2%), 8 (4.5%) and
4 (12.5%), respectively. Patients with major PMN showed a
significantly higher MACE rate (}?<5.3, p=0.022). Stepwise
multivariate Cox proportional-hazards regression analysis
showed that major PMN, pre-Tnl, and the absence of statin
use were the independent predictors for adverse cardiac
events during follow-up (table 5). During catheterization
procedures, two patients experienced ventricular fibrilla-
tion immediately after OCT imaging; however, PMN was
not detected in those two cases. No cases of periprocedural
death, acute MI, aortic dissection, major bleeding, stroke
or contrastinduced nephropathy were observed.

A B
> 06 > 06
—5 Any PMN g Major PMN
04 — - & 04 — -
-+ -—- o+
0.2 02
0.0 0.0
T T T T T T T T
0 200 400 600 800 0 200 400 600 800
X Time X Time
Number at risk Number at risk
Any PMN- 360 244 133 138 Major PMN- 506 339 179 18
Any PMN+ 178 115 56 6 Major PMN+ 32 20 10 1

Figure 1

Kaplan-Meier survival estimates for major cardiovascular events. Curves indicate cumulative survival from major

adverse cardiovascular events (MACE) stratified by the presence of any PMN (A) and major PMN (B). Patients with PMN are
shown in dotted lines, and patients without PMN are shown in solid lines. MACE was a composite of death from any causes,
spontaneous myocardial infraction, hospital admission due to heart failure and remote revascularisation. P values were
calculated using log-rank tests. PMN, procedure-related myocardial necrosis.

6

Hamaya R, et al. Open Heart 2017;4:¢000586. doi:10.1136/openhrt-2016-000586



Interventional cardiology

Table 5 Hazard ratio for major cardiovascular events

Univariate models

Multivariate model

HR 95% CI p HR 95% CI p
Age >70 years 1.34 0.59-3.05 0.49
Female sex 0.55 0.16-1.86 0.33
Statin use 0.41 0.18-0.93 0.032 0.38 0.16-0.89 0.026
Log-transformed NT-proBNP 1.39 0.69-2.78 0.36
Pre-procedural hs-cTnl 1.08 1.02-1.14 0.008 1.08 1.01-1.16 0.024
Major PMN 3.29 1.12-9.69 0.030 3.64 1.17-11.3 0.026

Absence of satin use, preprocedural hs-cTnl, and major PMN were significantly associated with major cardiovascular events; these factors
were then put into the multivariate model together with age, sex and log-transformed NT-proBNP.
NT-proBNP, N-terminal pro brain natriuretic peptide; hs-cTnl, high-sensitivity cardiac troponin-I; PMN, procedure-related myocardial necrosis.

DISCUSSION

The present study is the first to report predictors for,
and the incidence and clinical impact of, myocardial
necrosis after diagnostic cardiac catheterizations using
two different sex-specific hs-cTnl thresholds. We provide
the following novel findings: (1) a minor elevation in
hs-cTnl above the URL was found in a third of patients,
while a major elevation in hs-cTnl consistent with type 4a
MI was found in approximately 6% of patients following
diagnostic catheterizations; (2) PMN of any type was
associated with patient characteristics and procedural
factors including FFR measurement; (3) LVEDP and
log-transformed NT-proBNP were the only independent
predictors for major PMN; and (4) MACE incidence after
diagnostic catheterization was significantly increased in
patients with major PMN, but not in those with any PMN.

Cardiac troponins detected by high-sensitive assays are
highly specific as well as sensitive markers for myocardial
injury, and are recommended in current guidelines for
the setting of ACS.”? The 99th percentile values based
on a normal population, which can only be accurately
detected by high-sensitive assays, are important for MI
diagnosis, and for predicting adverse long-term outcomes
in a number of patient subsets.”” '* Of note, myocardial
injuries should be assessed by high-sensitivity troponin
assays, specifically with the well validated URL. As all of the
subjects in the present study were Japanese, we selected
9URL from a prior large Asian community cohort study.’
In addition, we defined CAG-related troponin eleva-
tion by using two definitions: any PMN, which reflected
a mild troponin increase beyond the URL; and major
PMN, which reflected a major troponin increase above
5x the URL. These different cut-offs were found to have
different predictors and clinical implications.

Few studies have investigated CAG-related myocardial
injury, especially using hs-cTn; there are only two such
prior clinical studies.*® In these previous studies, myocar-
dial injury defined as above the URL of high-sensitivity
cardiac troponin-T (hs-cTnT) was detected in 13.5%
and 30.3% of the patients, respectively. In contrast, the
present study detected PMN in 33.1% of the patients.
This increased prevalence could be due to the high male

prevalence (77%); frequently added FFR (31.6%), which
was shown to be associated with any PMN; and prolonged
procedural time (median, 39.3 min) owing to adjunctive
procedures. Although 5.9% of the patients in the present
study had an hs-cTnl elevation above the cut-off level
for type 4a MI, no cases had chest pain or ECG changes
fulfilling the definition of type 4a MI. The frequency of
major PMN in the present study is consistent with that in
prior reports.®®

PMN of any type was significantly associated with female
sex, eGFR, procedural time, LVEDP and FFR measure-
ment. The association with the former three factors
has been implicated in prior studies; however, the most
powerful factor appears to be FFR measurement (OR;
2.555).*5 1 Importantly, there was no significant associ-
ation with other catheter-based examinations including
OCT imaging. Both FFR measurement and OCT imaging
need wiring in a coronary artery, additional infusion into
the artery and additional procedural time. Therefore,
the present results suggest that hs-cTnl elevation due to
FFR measurement may result from ATP-induced hyper-
aemia; however, the exact mechanisms of the FFR-related
minor hs-cTnl postprocedure increase remain to be
determined. In contrast, LVEDP and log-transformed
NT-proBNP were the independent predictors for more
prominent troponin elevation after CAG. One recent
report demonstrated an association between LVEDP
and serum hs-cTnT concentration in patients with HF."
Furthermore, CAG-induced troponin elevation could be
explained by increased cellular wall permeability or other
mechanisms, including ischaemia due to air or throm-
boembolism, cellular membrane disruption, apoptosis
or the formation of membranous blebs.'**" Myocardial
stretch may be caused by contrast infusion during CAG,
which might lead to the myocyte membrane increasing
the permeability of troponins from the cytosol.'®

Although it has been a matter of debate, prior reports
have demonstrated an association between PCl-related MI
and long-term adverse outcomes.”* In the present study,
major PMN was found to be significantly associated with
an increased incidence of long-term MACE. However,
no case with major PMN had ischaemic symptoms, ECG
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changes or side branch occlusion after diagnostic cath-
eterization (except for ischaemic symptoms induced by
adenosine 5’-triphosphate infusion during FFR measure-
ment). Thus, the troponin elevations were completely
subclinical. The poor prognosis clearly did not result
directly from myocardial injury caused by diagnostic
catheterization; therefore, we hypothesise that a patient
status susceptible to CAG-related myocardial injury, for
which diagnostic catheterization could cause a significant
hs-cTnl elevation, might itself imply the poor long-term
prognosis. Elevated baseline troponin is a well known
powerful predictor for adverse cardiovascular events."”
*The mechanisms of hs-cTn elevation observed in daily
activities (ie, increased cellular wall permeability) are
possibly similar to those for CAG-related troponin eleva-
tion.” ** Additionally, hs-cTnl elevation and baseline
hs-cTnl level were found to be independently associated
with MACE in the present study, implying the clin-
ical utility of measuring hs-cTnl after catheterization.
Prospective cohort studies and further basic studies are
needed in order to confirm the prognostic impact and
the detailed mechanisms of troponin elevation following
diagnostic cardiac catheterization.

LIMITATIONS

Several limitations of the present study should be consid-
ered. First, this was an observational study at a single
centre; therefore, selection bias may exist. Second, as
serial hs-cTnl change following CAG was not validated,
post-TnI could not reflect the maximum value after cath-
eterization. Third, contrast volume data for each patient
were not available. There are a number of confounders,
such as procedural time, adjunctive procedures and renal
sufficiency; however, contrast volume could be signifi-
cantly associated with CAG-related myocardial necrosis,
according to two of three prior studies.®'* Fourth,
adjunctive procedures were performed based on the
operator’s discretion, which could have led to selection
bias. Although statistically significant, the implication of
the effect of major PMN on adverse clinical outcomes
could not be verified without a higher follow-up rate and
larger number of patients, or a prospective cohort anal-
ysis.

CONCLUSION

Diagnostic cardiac catheterization may highlight cardio-
myocyte susceptibility to stress in patients with or without
CAD. The predictors for myocardial injury were different
according to the threshold. CAG-related major myocar-
dial injury might be related to future adverse cardiac
events.
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