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Abstract

Aims: To evaluate the prognostic implications of baseline cardiac troponin (cTn) values in the normal range
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in stable coronary artery disease (CAD) patients successfully treated with percutaneous coronary interven-
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Methods and results: We investigated the correlation between pre-procedural cTnl levels and major clini-
cal adverse events at three years of follow-up in 1,063 consecutive stable CAD patients with normal base-
line c¢Tnl levels, successfully treated with PCI. Patients with pre-procedural cTnl levels in the upper tertile
showed an increased long-term risk of overall death (HR 3.17, 95% CI: 1.62 to 6.21; p=0.0001), cardiac
death (HR 5.09, 95% CI: 2.30 to 11.25; p=0.002), myocardial infarction (MI) (HR 2.34, 95% CI: 1.45 to 3.76;
p=0.003) and target vessel failure (TVF) (HR 1.91, 95% CI: 1.28 to 2.84; p=0.006). Pre-procedural cTnl lev-
els remained significantly correlated after adjustment for clinical and angiographic findings. Analysis of pre-

e type 4a myocardial
infarction

¢ universal definition
of myocardial
infarction

PCI values eliminated any association of post-PCI values with prognosis.

Conclusions: In stable CAD patients successfully treated with PCI, pre-procedural cTnl levels, in the upper
limits of the normal range, are associated with hard cardiac endpoints.
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Introduction

Increased baseline cardiac troponin (¢Tn) levels before percutaneous
coronary intervention (PCI) are associated with adverse outcomes!,
probably because they are a marker of the extent and complexity of
coronary artery disease (CAD)? and plaque instability*.

Studies have shown that cTn levels near but below the 99" % URL
have prognostic importance in patients with acute coronary syndromes>®,
left ventricular hypertrophy’, cor pulmonale’, stable coronary artery
disease’™, and even in subjects without overt cardiac disease'’. Thus,
an arbitrary cut-off such as the 99" % URL is too high to exclude sub-
clinical disease'!. Accordingly, we probed whether baseline ¢Tn below
the 99" % URL would augment the importance of baseline ¢Tn values.
We measured c¢Tn with a sensitive third-generation assay in patients

with clinically stable CAD undergoing uncomplicated elective PCIL.

Methods

PATIENT POPULATION

Patients with stable angina or silent ischaemia scheduled for elec-
tive procedures and angiographically successful PCI with stent
deployment (<10% residual stenosis based on visual estimation,
TIMI 3 final flow, and no angiographically detectable side branch
loss, dissection or distal embolisation) were included.

Those with acute coronary syndromes within three months
before PCI, pre-procedural cTnl above the 99" % URL, haemody-
namic instability, staged PCI, rotational or directional atherectomy,
saphenous bypass graft intervention, and/or severe systemic illness
or malignancy were excluded.

Patients with transient slow or no-reflow were included, while those
with persistent slow or no-reflow and those with angiographically detect-
able residual dissections, branch losses or distal emboli were excluded.

Demographic and clinical features and major adverse events
(death, myocardial infarction [MI], repeated coronary revasculari-
sation) were collected.

PERCUTANEOUS CORONARY INTERVENTION

PCI was performed according to the operator’s preferences. Four to
six hours before PCI, patients not on aspirin and clopidogrel received:
1) aspirin 300 mg and 100 mg daily dose thereafter; 2) clopidogrel
600 mg followed by 75 mg daily for at least one month following
BMS and 12 months following DES. Unfractionated heparin, biva-
lirudin, and/or intravenous glycoprotein IIb/I1la inhibitor use were
at the discretion of the attending physician.

PROTOCOL FOR SAMPLE ACQUISITION

Samples were obtained before PCI and 24 hours after. They were cen-
trifuged and tested for cTnl using the ultrasensitive third-generation
assay (Advia Centaur Tnl-Ultra assay; Bayer, Pittsburgh, PA, USA).
The limit of detection for this assay is 0.006 ng/dL, total imprecision of
10% occurs at 0.03 ng/dL, and the 99" percentile value is 0.04 ng/dL.

STUDY ENDPOINTS
The main endpoint was overall death. Secondary endpoints included:
cardiac death, defined as death caused by coronary heart disease or

other diseases of the heart; M1, defined according to the third univer-
sal definition'?; target vessel failure (TVF), due to restenosis >50%
with recurrent angina or evidence of myocardial ischaemia; or reste-
nosis >70% by angiographic estimation.

Follow-up began 24 hours after PCI and lasted for three years.
All secondary endpoints were ascertained by two senior cardiolo-
gists (A. Lupi, G.G. Secco). Only the initial event was counted in

patients with multiple events.

ETHICAL ISSUES
The study fulfilled local institutional review board guidelines and
conformed with the Declaration of Helsinki'®.

STATISTICAL ANALYSIS

Normally distributed data are presented as means+standard devia-
tion (SD) for continuous variables, skewed data as medians and inter-
quartiles, and dichotomous variables as proportions. Differences in
prevalence were compared with the chi-square test or Fisher’s exact
test for dichotomous variables. Continuous variables were compared
with the Student’s t-test or Wilcoxon signed rank-sum test.

Univariate correlations between baseline c¢Tnl levels and other
variables were assessed by Pearson’s or Spearman’s correlation.
Multivariate logistic regression was performed for predictors of
baseline cTnl levels in the upper tertile. Covariates tested were
male sex, age, hypertension, diabetes, dyslipidaemia, body mass
index (BMI) >30 kg/m* of body surface area (BSA), estimated
glomerular filtration rate (¢GFR) <30 mL/min, cigarette smoking
(active or quit less than two years), previous MI and/or PCI, previ-
ous CABG, peripheral artery disease, left ventricular ejection frac-
tion (LVEF), fibrinogen, high sensitivity C-reactive protein (CRP),
drug treatment before PCI with aspirin, clopidogrel, statins, beta-
blockers or ACE inhibitors/AT2 antagonists, multivessel CAD, left
main, type B2/C lesion. Univariate predictors with a p<0.10 were
included in multivariate modelling.

Baseline cTnl measurements were divided into tertiles and out-
comes were stratified, calculated and plotted with the Kaplan-Meier
method. Comparisons were performed with log-rank tests.

Relations between c¢Tnl and endpoints were assessed with Cox
proportional hazards models. Univariate associations with endpoints
were estimated for all clinical and procedural variables. To test the
independence of baseline values, cTnl was entered into a multivari-
able Cox proportional hazards model which also included univariate
predictors of mortality with p<0.10).

A p-value <0.05 was considered significant. Analyses were per-
formed with SPSS statistical software package version 16.0 (SPSS
Inc., Chicago, IL, USA).

Results

BASELINE CHARACTERISTICS

From January 2007 to January 2010, 1,249 consecutive patients
underwent elective PCI; 1,063 (85.1%) fulfilled inclusion criteria.
Clinical features are shown in Tahle 1 and details of their proce-
dures in Table 2.
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BASELINE cTnl LEVELS
Baseline cTnl was below the URL (0.04 ng/mL) in all patients
(median 0.02 ng/dL [0.01-0.03 ng/dL]).

Compared to the lowest tertile, patients in the highest tertile man-
ifested more previous cardiac disease and required more frequent
clopidogrel loading. Univariate correlations were present between
baseline ¢Tnl and fibrinogen and CRP levels (Table 3); LVEF cor-
related inversely with baseline ¢Tnl (Table 1).

cTnl increased post procedure to a median of 0.18 ng/mL (0.05-
0.79 ng/mL, p<0.0001 vs. baseline). Post-procedural ¢Tnl eleva-
tions above the URL occurred in 70.1% of patients and met the
criteria for a type 4a MI in 47.3% (Tahle 3).

Angiographic and interventional characteristics were simi-

lar across tertiles (Table 2). There was a significant univariate

correlation between pre-PCI ¢Tnl and multivessel CAD (rho=0.06,
p=0.04) and a weak correlation between baseline and post-proce-
dural cTnl values (rtho=0.13, p<0.0001). After PCI, patients in the
highest baseline tertile more frequently had abnormal cTnl levels
and more type 4a Mls (Table 3).

Multivariate analysis demonstrated that only fibrinogen and
LVEF were independently associated with pre-procedural cTnl val-
ues in the upper tertile (Table 4).

BASELINE cTnl LEVELS AND OUTCOMES

Follow-up (median 2.8 years [1.7 to 3.8 years]) was 100% complete.
Mortality occurred in 5.0%, cardiac death in 3.6%, and MI in 9.9%.
More (17.9%) underwent symptom-/ischaemia-driven PCI and 2.2%
symptom-/ischaemia-driven CABG. TVF occurred in 13.9% (Table 5).

Table 1. Clinical characteristics of the overall study population and of patients with baseline cTnl in the lower vs. upper tertile.

1,063 patients (overall study

391 patients in the lower baseline 321 patients in the upper baseline

population) cTl tertile (<0.01 ng/dL) cTol tertile (>0.03 ng/dL) I""e"e'
Count Mean=§D or Count Mean=§D or Count Mean:_SD or ( (:]v;;:r’s'
(percentage) LG (percentage) Al (percentage) e tertile)
(quartiles) (quartiles) (quartiles)

Male sex 816 (76.8%) 297 (76.0%) 251 (78.2%) 0.48
Age (years) 67.1+10.3 66.6+10.0 68.0+10.9 0.07
Hypertension 796 (74.9%) 299 (76.5%) 243 (75.7%) 0.81
Diabetes 319 (30.0%) 107 (76.5%) 103 (32.1%) 0.17
Dyslipidaemia 619 (58.2%) 234 (59.8%) 183 (57.0%) 0.45
BMI >30 kg/m? BSA 260 (24.5%) 82 (21.0%) 81 (25.2%) 0.18
eGFR <30 ml/min 115 (10.8%) 38(9.7%) 43 (13.4%) 0.12
Tobacco (active/quit <2 years) 241 (22.7%) 92 (23.5%) 81 (13.4%) 0.60
Previous MI and/or PCI 347 (32.6%) 143 (36.6%) 89 (27.7%) 0.01
Previous CABG 149 (14.0%) 55 (14.1%) 45 (14.0%) 0.99
Peripheral artery disease 132 (12.4%) 43 (11.0%) 49 (15.3%) 0.09
LVEF, % 52.7x11.2 49.2+13.0 55.1+9.6 <0.0001
Aspirin 831 (78.2%) 304 (77.7%) 241 (75.1%) 0.40
Clopidogrel 434 (40.8%) 143 (36.6%) 148 (46.1%) 0.01
Statins 653 (61.4%) 249 (63.7%) 190 (59.2%) 0.22
Beta-blockers 640 (60.2%) 254 (65.0%) 176 (54.8%) 0.007
ACE inhibitors/AT2 antagonists 540 (50.8%) 200 (51.2%) 164 (51.1%) 0.99
Clopidogrel load before PCI 643 (60.5%) 251 (65.2%) 179 (55.8%) 0.026
Abciximab 267 (25.1%) 106 (27.1%) 85 (26.5%) 0.85
Abciximab (bail-out) 261 (24.6%) 102 (26.1%) 85 (26.6%) 0.91
Bivalirudin 2(0.2%) 1(0.3%) 1(0.3%) 0.89
Aspirin 1,017 (95.7%) 371 (94.9%) 308 (96.0%) 0.50
Clopidogrel 1,054 (99.2%) 388 (99.2%) 315(98.1%) 0.19
Statins 863 (81.2%) 327 (83.6%) 264 (82.2%) 0.62
Beta-blockers 780 (73.4%) 296 (75.7%) 234 (72.9%) 0.39
ACE inhibitors/AT2 antagonists 762 (71.7%) 281 (71.9%) 230 (71.7%) 0.95
Demographic and clinical characteristics of patients by pre-procedural cTnl tertile. ACE: angiotensin-converting enzyme; AT2: angiotensin 2; BMI: body mass index; BSA: body surface area;
CABG: coronary artery bypass graft; Cl: confidence interval; eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction; MI: myocardial infarction; PCI: percutaneous
coronary intervention; SD: standard deviation
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Table 2. Angiography and PCI details of the overall study population and of patients with baseline cTnl in the lower vs. upper tertile.

1,063 patients (overall study 391 patients in the lower baseline | 321 patients in the upper baseline | p-jevel
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population) cTnl tertile (<0.01 ng/dL) cTnl tertile (>0.03 ng/dL) (lower vs.
Mean=SD or Mean=SD or Mean=SD or upper
(percentage) |median (quartiles)| (percentage) |median (quartiles)| (percentage) |median (quartiles)| tertile)

Contrast medium (cc) 283.5+138.7 278.2+144.0 290.2+142.8 0.30
Fluoroscopy time (min) 14.6+11.8 14.9+12.6 14.2+11.1 0.55
Left main CAD 47 (84.4%) 24 (6.1%) 13 (4.0%) 0.21
Multivessel CAD 468 (44.0%) 180 (46.0%) 156 (48.6%) 0.50
Type B2/C lesions 524 (49.3%) 208 (53.2%) 153 (47.7%) 0.14
Multivessel PCI 216 (20.3%) 85 (21.7%) 67 (20.9%) 0.78
Coronary vessel treated

Left main 31(2.9%) 17 (4.3%) 8 (2.5%) 0.18

Left anterior descending 467 (43.9%) 163 (41.7) 137 (42.7%) 0.79

Left circumflex 241 (22.7%) 94 (24.0%) 78 (24.3%) 0.94

Right 347 (32.6%) 125 (32.0%) 115 (35.8%) 0.28

Other 213 (20.0%) 86 (22.0%) 60 (18.7%) 0.28
Saphenous vein graft intervention 18 (1.7%) 6 (1.5%) 7(2.2%) 0.52
Predilation 700 (65.9%) 256 (65.5%) 225 (70.1%) 0.19
High pressure post-dilation 723 (68.0%) 271 (69.3%) 215 (67.0%) 0.51
Inflation time (sec) 122.2+86.9 120.8+83.2 125.6+92.9 0.47
Drug-eluting stent 512 (48.2%) 200 (51.2%) 137 (42.7%) 0.03
Cumulative stent number/patient 1.6+0.9 1.6+0.9 1.6+0.9 0.63
Cumulative stent length (mm/patient) 24 (16-38) 24 (16-42) 23 (15-38) 0.26
Transitory no-reflow 53 (5.0%) 19 (4.9%) 19 (5.9%) 0.53

Angiographic and interventional details of patients by pre-procedural cTnl tertile. CAD: coronary artery disease; Cl: confidence interval; PCI: percutaneous coronary intervention; SD: standard
deviation

Table 3. Lahoratory characteristics of the overall study population and of patients with baseline cTnl in the lower vs. upper tertile.

1,063 patients 391 patients in the lower baseline | 321 patients in the upper baseline | p-level
(overall study population) cTnl tertile (<0.01 ng/dL) cTnl tertile (>0.03 ng/dL) (lower vs.

(percentage) | median (quartlles) (percentage) | median (quamles) (percentage) | median (quartlles) tertile)
C-reactive protein (mg/dL) 0.23 (0.05-0.72) 0.16 (0.04-0.49) 0.35(0.1-0.97) 0.047
Fibrinogen (mg/dL) 430.1+126.6 415.4+114.8 450.6+132.5 0.0003
Baseline cTnl (ng/mL) 0.02 (0.01-0.03) 0.010 (0.006-0.010) 0.040 (0.030-0.040) | <0.0001
cTnl 24 hours after PCI (ng/mL) 0.18 (0.50-0.79) 0.14 (0.035-0.810) 0.21 (0.08-1.05) 0.64
Patients with abnormal cTnl after PCI 745 (70.1%) 258 (66.0%) 239 (74.5%) 0.017
Type 4a myocardial infarction 503 (47.3%) 169 (43.2%) 165 (51.4%) 0.035
Laboratory characteristics of patients by pre-procedural cTnl tertile.

Table 4. Multivariate predictors for pre-procedural cTnl levels in Compared with the lowest tertile, the highest tertile showed an
the upper tertile. increased risk of overall death (HR 3.17; Figure 1), cardiac death (HR
Variahle ‘ Odds ratio ‘ 95% Cl ‘ ) 5.09; Figure 2), MI (HR 2.34; Figure 3) and TVF (HR 1.91; Figure 4).
CRP levels 1.02 094t0112 | 059 By Cox modelling, pre-PCI c¢Tnl levels in the upper tertile were
Fibrinogen levels 101 10110 1.02 0.01 an independent predictor of cardiac death, MI and TVF, but not
Multivessel CAD 132 098t0179 | 0.07 overall mortality (Table 6, Table 7). Other independent predictors
VEF % 0.97 09510098 | <0.0001 were age, LVEF <40%, CRP levels >1 mg/dL and beta-blockers
Overall model fit Chi-square=45.10 p<oooor| (Table B, Table 7).
Hosmer & Lemeshow test Chi-square=8.82 p=0.36 When baseline ¢Tnl values were included in analysis of the prog-
CAD: coronary artery disease; CRP: high-sensitivity C-reactive protein; LVEF: left ventricular nostic value of the post-PCI values, the minor significance found

ejection fraction for a fivefold increase was eliminated.




Table 5. Clinical outcomes of the overall study population and of patients with baseline cTnl in the lower vs. upper tertile.

1,063 patients (overall study | 391 patients in the lower baseline | 321 patients in the upper baseline | Mantel-Haenszel log-rank HR
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population) cTnl tertile (<0.01 ng/dL) cTnl tertile (<0.03 ng/dL) Higher vs. lower cTnl tertiles
Count Meani_S Dor Count Mean:_s Dor Count Meani_s Dor Hazard| 95% Cl
(percentage) medl_an (percentage) medl_an (percentage) medl_an ratios | intervals
(quartiles) (quartiles) (quartiles)
FUP duration 2.8(1.7-3.8) 1.9(1.5-3.3) 3.0 (1.9-4.1)
Overall death 53(5.0%) 10 (2.6%) 29 (9.0%) 317 | 162t06.21 | 0.0001
Cardiac death 38(3.6%) 5(1.3%) 23 (7.2%) 509 | 2.30t011.25 | 0.002
Myocardial infarction 105 (9.9%) 23 (5.9%) 45 (14.0%) 234 | 145t03.76 | 0.003
Target vessel failure 148 (13.9%) 36 (9.2%) 55 (17.1%) 1.91 1.28102.84 | 0.006
Clinical outcomes of patients with baseline cTnl in the lower vs. upper tertile. Cl: confidence interval; FUP: follow-up; HR: hazard ratio; SD: standard deviation

Death from any cause Myocardial infarction

100 100
p=0.003
2 2
= p=0.0001 =
8 8
o 907 S 90
o o
© ©
2 cTnl tertiles MH log-rank test 2 cTnl tertiles MH log-rank test
a — 1 tertile p=0.005 3" vs. 2" tertile & —— 1% tertile p=0.012 37 vs. 2™ tertile
2nd tertile p=0.001 3 vs. 1 tertile 2nd tertile p=0.0008 3 vs. 1 tertile
3 tertile p=0.49 1%tvs. 2" tertile 3 tertile p=0.049 1stvs. 2™ tertile
80 T T T T T 1 80 T T T T T 1
0 365 730 1,095 1,460 1,825 2,190 0 365 730 1,095 1,460 1,825 2,190
Number at risk Days Number at risk Days
Group 1#tertile 390 349 181 114 49 1 0 Group 1tertile 390 338 172 104 46 4 0
Group 2" tertile 350 336 217 201 87 12 0 Group 2" tertile 350 313 251 180 77 7 0
Group 3“tertile 321 288 228 161 83 28 0 Group 3“tertile 321 263 201 139 66 24 0

Figure 1. All-cause mortality by pre-procedural cTnl tertile.

Cardiac death

100 ——y
2
2
3
8
g p=0.002
®
2 cTnl tertiles MH log-rank test
7 —— 1t tertile p=0.007 37 vs. 2™ tertile
2nd tertile p=0.0003 34 vs. 1 tertile
3 tertile p=0.20 1stvs. 2" tertile
80 T T T T T 1
0 365 730 1,095 1,460 1,825 2,190
Number at risk Days
Group 1* tertile 390 349 181 114 50 7 0
Group 2" tertile 350 336 277 201 87 12 0
Group 3¢ tertile 321 288 228 161 83 28 0

Figure 2. Cardiac mortality by pre-procedural cTnl tertile.

Discussion

The present study in patients undergoing PCI for stable CAD con-
firms the importance of pre-procedural cTnl levels even below the

99™ % URL. These low values presage endpoints probably related

Figure 3. Myocardial infarction by pre-procedural cTnl tertile.

Survival probability (%)

Number at risk
Group 1* tertile
Group 2" tertile
Group 3 tertile

Myocardial infarction

100
p=0.006
90
80 cTnl tertiles MH log-rank test
—— 1% tertile p=0.56 3" vs. 2" tertile
2nd tertile p=0.003 3rvs. 1 tertile
3 tertile p=0.014 1stvs. 2™ tertile
0 T T T T T 1
0 365 730 1,095 1,460 1,825 2,190
Days
390 325 167 99 37 3 0
349 293 230 160 68 9 0
320 245 190 132 62 17 0

Figure 4. Target vessel failure by pre-procedural cTnl tertile.

to their association with a greater severity of coronary artery dis-

ease. These observations are similar to data in acute coronary
syndromes?®. The patients with c¢Tnl in the upper tertile of the “nor-
mal range” are probably those who will have elevated ¢cTn with
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Table 6. Univariate and multivariate predictors for 3-year overall and cardiac death occurrence.
Overall death
Cox proportional

Variable

Unadjusted
OR (95% ClI)

hazards model
OR (95% CI)

Unadjusted
0R 95% ClI)

and prognosis in stable PCl patients

Cardiac death

Cox proportional
hazards model
OR (95% CI)
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Male sex 1.54 (0.75-3.14) 0.24 1.39(0.61-3.14) 0.46

Age (continuous) 1.10(1.08-1.14) | <0.0001 1.09 (1.05-1.13) <0.00001 | 1.12(1.07-1.16) 0.0001 | 1.10(1.05-1.16) 0.0001
Hypertension 0.97 (0.53-1.78) 0.91 0.97 (0.47-1.99) 0.93

Diabetes 1.22 (0.69-2.14) 0.50 1.23(0.63-2.39) 0.55

Dyslipidaemia 1.40 (0.72-1.66) 0.74 1.09 (0.68-1.22) 0.35

BMI >30 kg/m? BSA 0.80 (0.41-1.55) 0.51 0.82 (0.38-1.77) 0.61

eGFR <30 mL/min 3.24 (1.76-5.95) 0.0002 | 1.08(0.50-2.31) 0.84 2.02 (0.89-4.57) 0.09 0.62 (0.24-1.62) 0.34
Tobacco (active/quit for 2 years) 0.53 (0.24-1.16) 0.16 1.14(0.98-1.25) 0.21

Previous Ml and/or PCI 1.19(0.69-2.09) 0.54 1.55(0.82-2.94) 0.19

Previous CABG 142(072-282) | 032 1.90 090-4.00) | 0.09 ;‘ﬁlt'l”gl‘fl‘:]‘:l:ﬂ;

Peripheral artery disease 1.48 (0.73-3.03) 0.28 1.63 (0.72-3.69) 0.24

Statin use before PCI 0.65 (0.40-1.12) 0.12 0.69 (0.37-1.31) 0.26

Clopidogrel load in cathlab 1.07 (0.62-1.86) 0.34 1.11 (0.59-2.09) 0.76

GP IIb/llla inhibitors in cathlab 0.72 (0.36-1.42) 0.35 0.96 (0.46-2.01) 0.91

LVEF (continuous) 0.94(0.92-0.96) | <0.0001 ;‘Ltl;:‘c‘;'ﬁl"ni‘i:ﬂ; 0.93 (0.91-0.95) | <0.0001 r':]"utlt':‘c‘;'ﬁﬁfeda:ﬂ;

LVEF <40% 5.67(3.28-9.82) | <0.0001 | 2.80(1.32-5.94) 0.008 8.12 (4.31-15.31) | <0.0001 | 3.99(1.71-9.32) 0.0015
C-reactive protein (continuous) 1.03 (0.99-1.06) 0.14 1.03 (0.99-1.01) 0.15

C-reactive protein >1 mg/dL 4.49(2.46-8.20) | <0.0001 | 2.27(1.10-4.68) 0.028 6.04 (2.92-12.51) | <0.0001 | 2.95(1.25-6.97) 0.014
Fibrinogen (continuous) 1.00 (1.00-1.01) | <0.0001 | 1.00(0.99-1.00) 0.18 1.01 (1.00-1.01) 0.0009 | 1.00(0.99-1.00) 0.78
Baseline cTnl (continuous) 351067739 | 000 | o memelt 428(1311390) | 0016 | ool B

Baseline cTnl (upper tertile) 2.73 (1.59-4.67) 0.0003 | 1.49(0.76-2.95) 0.25 3.48 (1.82-6.47) 0.0002 | 2.30(1.01-5.23) 0.049
Post-procedural ¢Tnl (continuous) 1.00 (0.99-1.02) 0.68 1.01 (0.99-1.02) 0.51

Type 4a myocardial infarction 2.04 (1.18-3.56) 0.01 1.28 (0.64-2.53) 0.48 2.67 (1.35-5.27) 0.005 1.59 (0.66-3.79) 0.30
Left main CAD 1.59 (0.50-5.09) 043 1.45(0.35-6.01) 0.61

Multivessel CAD 159(093-272) | 0.09 ;‘Ltlt'l"cco'l‘;ldni‘;;‘;; 156 (083-294) | 0.17

Type B2/C lesion 1.37 (0.80-2.35) 0.25 1.25(0.66-2.36) 0.49

Multivessel PCI 1.83 (1.02-3.28) 0.044 1.33(0.63-2.83) 0.47 1.50 (0.73-3.08) 0.27

Saphenous vein graft intervention 2.43 (0.60-9.90) 0.22 3.42(0.83-14.12) |  0.09 1.34 (0.28-6.35) 0.71
Need for predilation 1.33(0.74-2.38) 0.35 1.23 (0.62-2.43) 0.55

High-pressure post-dilation 0.93 (0.53-1.63) 0.81 0.71 (0.37-1.35) 0.30

Transitory no-reflow or slow flow 2.24.(0.90-5.61) 0.08 1.45 (0.38-5.49) 0.58 2.52 (0.90-7.07) 0.08 2.04(0.41-10.17) | 0.39
DES deployment 0.62 (0.35-1.12) 0.11 0.66 (0.33-1.30) 0.23

Number of stents deployed/patient 1.16 (0.87-1.55) 0.30 1.30(0.96-1.77) 0.09 1.23(0.91-1.67) 0.19
Cumulative stent length/patient 1.00 (0.99-1.02) 0.75 1.01 (0.99-1.02) 0.40

ASA on discharge 0.75 (0.24-2.40) 0.63 1.67 (0.23-12.01) |  0.61

P2Y12 inhibitor on discharge 0.21 (0.05-0.87) 0.03 0.55(0.12-2.55) 0.45 0.15(0.04-0.61) 0.009 0.40 (0.77-2.09) 0.28
Statin on discharge 0.49 (0.28-0.88) 0.02 0.74 (0.37-1.48) 0.40 0.51 (0.26-0.99) 0.05 0.38 (0.17-0.84) 0.02
Beta-blocker 0.32(0.19-0.55) | <0.0001 | 0.40(0.21-0.77) 0.006 0.29 (0.15-0.55) 0.0002 | 0.77 (0.34-1.75) 0.53
ACE inhibitor on discharge 0.57 (0.33-0.98) 0.044 0.59 (0.30-1.18) 0.14 0.40 (0.21-0.76) 0.005 0.31 (0.14-0.70) 0.004
Overall model fit Chi-square=90.27 | p<0.0001 Chi-square=93.40 | p<0.0001

CAD: coronary artery disease; Cl: confidence interval; cTnl: cardiac troponin I; GP: glycoprotein; LVEF: left ventricular ejection fraction; OR: odds ratio; URL: upper reference limit
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Table 7. Univariate and multivariate predictors for 3-year myocardial infarction and target vessel failure occurrence.

Variable

Unadjusted

Myocardial infarction

Cox proportional

Unadjusted

Target vessel failure

Cox proportional

OR (95% CI) p-level hgaa(r:; c;;1(();Ii)el OR 95% CI) p-level hg;a(rgss ;:?;(:fl p-level
Male sex 0.99 (0.64-1.56) 0.99 1.75 (1.12-2.72) 0.014 1.71 (1.07-2.71) 0.025
Age (continuous) 1.02 (0.99-1.03) 0.06 1.01 (0.99-1.03) 0.44 0.99 (0.98-1.01) 0.44
Hypertension 1.70 (1.03-2.81) 0.04 1.60 (0.90-2.77) 0.12 0.74 (0.52-1.04) 0.09 0.73 (0.94-1.09) 0.13
Diabetes 1.14(0.76-1.71) 0.53 1.31(0.93-1.83) 0.10 1.34(0.92-1.97) 0.15
Dyslipidaemia 0.73 (0.50-1.07) 0.11 1.07 (0.77-1.48) 0.70
BMI >30 kg/m? BSA 1.12(0.73-1.72) 0.61 0.91 (0.62-1.34)
eGFR <30 mL/min 1.01 (0.54-1.88) 0.98 0.67 (0.36-1.23) 0.20
Tobacco (active/quit for 2 years) 1.10 (0.93-1.30) 0.28 0.79 (0.52-1.18) 0.25
Previous MI and/or PCI 0.91 (0.60-1.38) 0.67 0.81(0.57-1.16) 0.25
Previous CABG 0.85(0.48-1.52) 0.59 0.89 (0.55-1.44) 0.64
Peripheral artery disease 0.82 (0.44-1.52) 0.53 0.68 (0.39-1.20) 0.18
Statin use before PCI 1.38 (0.92-2.09) 0.12 1.28 (0.91-1.80) 0.16
Clopidogrel load in cathlab 0.74 (0.50-1.08) 0.12 1.33 (0.97-1.83) 0.08 1.39(0.98-1.97) 0.064
GP lIb/llla inhibitors in cathlab 0.89 (0.57-1.41) 0.63 1.06 (0.74-1.53) 0.75
LVEF (continuous) 1.00 (0.98-1.02) 0.96 1.01 (0.99-1.03) 0.10 1.03 (1.01-1.05) 0.002
LVEF <40% 1.18 (0.68-2.64) 0.56 0.72 (0.42-1.25)
C-reactive protein (continuous) 1.01 (0.98-1.05) 0.54 1.00 (0.96-1.05) 0.99
C-reactive protein >1 mg/dL 1.64 (1.02-2.66) 0.04 1.40 (0.89-2.37) 0.21 1.44 (0.95-2.18) 0.09 1.54 (1.00-2.40) 0.049
Fibrinogen (continuous) 1.01 (1.00-1.03) 0.02 1.00 (0.99-1.00) 0.13 0.99 (0.99-1.00) 0.67
Baseline cTnl (continuous) 2.24(1.37-3.85) 0.003 1.90 (1.03-3.50) 0.041 1.75 (1.10-2.78) 0.018 1.73 (1.03-2.91) 0.038
Baseline cTrl (upper tertle) 1770120260 | 0003 | TR LO2(L02-198) | 0039 | RO
Postprocedural cTnl (continuous) 1.00 (0.98-1.02) 0.91 1.00 (0.97-1.02) 0.73
Type 4a myocardial infarction 1.36 (0.93-1.99) 0.12 1.26 (0.92-1.74) 0.16
Left main CAD 0.47 (0.12-1.90) 0.29 0.98 (0.42-2.20) 0.96
Multivessel CAD 1.24 (0.84-1.81) 0.28 1.37 (1.00-1.89) 0.054 1.30(0.90-1.87) 0.16
Type B2/C lesion 1.07 (0.73-1.57) 0.73 1.53(1.11-2.12) 0.01 1.76 (1.22-2.55) 0.003
Multivessel PCI 0.90 (0.55-1.47) 0.66 1.32 (0.91-1.92) 0.15
Saphenous vein graft intervention 0.55(0.08-3.93) 0.56 0.79(0.20-3.17) 0.74
Need for predilation 1.21 (0.80-1.83) 0.36 1.16 (0.82-1.64) 0.39
High-pressure post-dilation 0.95(0.64-1.42) 0.59 0.81(0.58-1.12) 0.20
Transitory no-reflow or slow flow 1.27 (0.55-2.85) 0.59 0.98 (0.46-2.08) 0.96
DES deployment 0.67 (0.45-1.00) 0.054 0.74 (0.47-1.16) 0.18 0.56 (0.39-0.79) 0.001 0.49 (0.29-0.65) | <0.0001
Number of stents deployed/patient 1.03 (0.82-1.28) 0.80 1.05 (0.88-1.26) 0.57
Cumulative stent length/patient 1.00 (0.99-1.01) 0.54 1.00 (0.99-1.01) 0.79
ASA on discharge 0.62 (0.29-1.33) 0.23 0.59 (0.31-1.12) 0.11
P2Y12 inhibitor on discharge 0.87 (0.12-6.19) 0.89 1.15(0.16-8.09) 0.86
Statin on discharge 0.93 (0.58-1.50) 0.77 1.05(0.69-1.58) 0.84
Beta-blocker 0.65 (0.44-0.97) 0.03 0.69 (0.44-1.07) 0.10 0.70(0.50-0.99) | 0.042 0.72 (0.49-1.04) 0.08
ACE inhibitor on discharge 0.96 (0.63-1.46) 0.85 0.72 (0.51-1.00) 0.057 0.77 (0.53-1.11) 0.16
Overall model fit Chi-square=24.98 | p=0.003 Chi-square=61.29 | p<0.0001
OR: odds ratio; Cl: confidence interval; LVEF: left ventricular ejection fraction; CAD: coronary artery disease; GP: glycoprotein; cTnl: cardiac troponin I; URL: upper reference limit

high-sensitivity ¢Tn (hscTn) assays which are associated with
more extensive and more complex coronary artery disease* and
an adverse prognosis®*!'*15. As previously, when baseline values

were included in the analysis, post-procedural values did not add in

observation would have been missed.

identifying hard outcomes. Without scrutiny of baseline values, this

The third universal definition of MI states that to diagnose a type
4a MI the baseline value must be less than the 99" % URL and
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there must be increases exceeding five times the 99" percentile'.
Only one published study has adhered to these criteria'. Most have
used non-guideline-recommended high cut-off values for the pre-
PCI value, disregarding the information embedded in the measure-
ment'®. Our data add an additional caveat. Even if normal baseline
values are present, those in the upper range of normal may need to
be included to provide accurate evaluation of the contribution of the
baseline to prognosis.

hscTn assays have elucidated the diagnostic and prognostic impor-
tance of ¢Tn values previously considered “normal™!'%!7, Values
below the URL levels are associated with adverse events'®!, includ-
ing those in stable CAD®*'. Until now, there has been no informa-
tion with regard to PCI. In our cohort , the assay we used, as others?
relying on values below the 99" % URL, presaged risk in a similar
manner to hscTn in the PEACE trial®. The assay had a 10% CV value
(0.03 ng/ml) below the 99" % value. The PEACE trial data, and now
ours, suggest that the 99™ % URL values obtained with conventional
assays are too high. Recent studies with hscTn support this hypoth-
esis'®!. Tt is likely the patients in our upper tertile will have elevated
hscTn values'+15:2!22,

Our study is unique in evaluating patients with stable CAD, nor-
mal pre-PCI levels and angiographic success. Thus it represents
a “clean” model to study the baseline cTn values below the URL.
Patients with a pre-procedural cTnl in the lowest tertile had a sig-
nificantly better long-term prognosis than those in the upper tertile
with lower cardiac mortality, and a reduced incidence of myocardial
infarction and target vessel failure, consonant with data from the
PEACE trial®, Hope" and ARIC*. Our data unmask the complex
interaction between baseline values and post-PCI values and how
careful one needs to be in attributing harm to the procedure when
the signal for harm is in the baseline information. Our data hint at
the reasons for this. In patients with stable CAD, higher baseline
hscTn values are a risk factor’. They may represent remnants of
undetected episodes of coronary plaque destabilisation and/or more
extensive disease**24.

Finally, we observed a correlation between pre-PCI ¢Tnl and
post-procedural c¢Tnl elevations above the URL. Without analysis
of baseline values, one might have argued that a fivefold increase in
c¢Tn post PCI was prognostic. However, that effect was eliminated
by analysis of baseline values. Our data are in keeping with the
hypothesis that the prognostic value of ¢Tnl is linked to the under-
lying CAD complexity'<.

Study limitations

Our population was selected and thus our results cannot be extended
to unselected populations. It is also true that baseline values did not
presage overall mortality, only cardiac events. Finally, follow-up
was done by researchers not blinded to hospital charts, in which

troponin values were included.

Conclusions
Our study demonstrates that cTnl levels within the “normal range”
before PCI must be accounted for to stratify prognosis following

successful PCI in stable CAD patients and to avoid misinterpreta-
tion of post-PCI data.

Impact on daily practice

We now show that baseline pre-PCI values near the upper limit
of the normal range are related to the complexity and severity
of the underlying coronary artery disease in patients undergoing
PCI for chronic stable coronary artery disease. Probably for this
reason, these values manifest prognostic importance which cli-
nicians need to be aware of. Furthermore, taking these baseline
values into account eliminates the influence of post-PCI cTnl
elevations.
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