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Effects of early myocardial reperfusion and
perfusion on myocardial necrosis/dysfunction
and inflammation in patients with ST-segment
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Aims Restoration of myocardial blood flow and perfusion during percutaneous coronary intervention (PCl) measured
using Thrombolysis in Myocardial Infarction (TIMI) flow grade (TFG) and perfusion grade (TMPG) is associated
with improved outcomes in acute coronary syndrome (ACS). Associations between TFG/TMPG and changes in
biomarkers reflecting myocardial damage/dysfunction and inflammation is unknown.

Methods Among 2606 patients included, TFG was evaluated in 2198 and TMPG in 1874 with ST-segment elevation myocar-

and results dial infarction (STEMI) or non-ST-segment ACS (NSTE-ACS). Biomarkers reflecting myocardial necrosis [troponin
T (TnT)], myocardial dysfunction [N-terminal prohormone brain natriuretic peptide (NT-proBNP)], inflammation
[interleukin-6 (IL-6) and C-reactive protein (CRP)], and oxidative stress/ageing/inflammation [growth differentiation
factor-15 (GDF-15)] were measured at baseline, discharge, and 1- and 6-month post-randomization. Associations
between TFG/TMPG and changes in biomarker levels were evaluated using the Mann—Whitney—Wilcoxon signed
test. In total, 1423 (54.6%) patients had STEMI and 1183 (45.4%) NSTE-ACS. Complete reperfusion after PCI
with TFG =3 was achieved in 1110 (85.3%) with STEMI and in 793 (88.5%) with NSTE-ACS. Normal myocardial
perfusion with TMPG =3 was achieved in 475 (41.6%) with STEMI and in 396 (54.0%) with NSTE-ACS. Levels of
TnT, NT-proBNP, IL-6, CRP, and GDF-15 were substantially lower at discharge in patients with complete vs.
incomplete TFG and STEMI (P <0.01). This pattern was not observed for patients with NSTE-ACS. Patients with
normal vs. abnormal TMPG and NSTE-ACS had lower levels of NT-proBNP at discharge (P=0.01).

* Corresponding author. Tel: +46 (0)18 611950, Email: gorav.batra@ucr.uu.se
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Conclusions

Successful restoration of epicardial blood flow in STEMI was associated with less myocardial necrosis/dysfunction

and inflammation. Attainment of normal myocardial perfusion was associated with less myocardial dysfunction in

NSTE-ACS.

Graphical Abstract

PLATO Biomarker substudy

Effects of early myocardial reperfusion and perfusion on myocardial necrosis/dysfunction and
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Introduction

Early coronary angiography and revascularization are recommended
for patients presenting with either ST-segment elevation myocardial
infarction (STEMI) or non-ST-segment acute coronary syndrome
(NSTE-ACS) in order to lower the risk of subsequent recurrent is-
chaemic coronary events."* For patients presenting with STEMI, per-
cutaneous coronary intervention (PCI) should be performed without
delay, aiming to immediately restore coronary blood flow in order to
reduce myocardial damage and thereby lower the risk of events
related to myocardial dysfunction.>® For patients with NSTE-ACS,
the timing of invasive procedures is controversial as it is uncertain
whether early stabilization of the impaired coronary blood flow has
any effect on the development of myocardial damage.”®

In patients with acute coronary syndrome (ACS) undergoing PCI,
the restoration of nutritional blood flow can be evaluated by measur-
ing flow and perfusion in the epicardial coronary arteries and the
myocardial tissue, respectively. The restoration of epicardial blood
flow is usually evaluated using the Thrombolysis in Myocardial
Infarction (TIMI) flow grade (TFG) and the restoration of myocardial
tissue perfusion by TIMI myocardial perfusion grade (TMPG).*"°

Abnormal

Successful restoration of epicardial blood flow and myocardial micro-
vascular perfusion after ACS and PCl are both independently, and
when combined into an angiographic perfusion score (APS), associ-
ated with reduced risk of future cardiovascular events.'®""

In patients with ACS, the magnitude of myocardial damage can be
estimated by biomarkers reflecting myocardial necrosis [high-sensi-
tivity (hs)-cardiac troponin T (hs-TnT)], myocardial dysfunction
[N-terminal prohormone brain natriuretic peptide (NT-proBNP)],
inflammation [C-reactive protein (CRP), interleukin-6 (IL-6)], and
oxidative stress/ageing/inflammation [growth differentiation factor-
15 (GDF-15)]. The levels of these biomarkers increase in the acute
phase of ACS, and their levels and dynamic changes are associated
both with the risk of acute complications and long-term recurrent
cardiovascular events.'”

Understanding the relationships between early restoration of cor-
onary and tissue blood flow and the dynamic changes in biomarker
levels reflecting processes related to myocardial damage might pro-
vide insight into the optimal treatment strategies in patients with
STEMI and NSTE-ACS. The purpose of this study was therefore to
outline the relations between angiographic outcomes, as measured
by TFG and TMPG, and dynamic changes of biomarkers reflecting
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myocardial damage, myocardial dysfunction, inflammation, and
oxidative stress/ageing in patients with STEMI and NSTE-ACS under-
going PCI.

Methods

Study population

The PLATelet inhibition and patient Outcomes (PLATO) trial
(ClinicalTrials.gov identifier NCT00391872) was a double-blind, phase IIl,
randomized controlled trial that studied the efficacy and safety of ticagre-
lor vs. clopidogrel in 18 624 patients with ACS, including patients with
STEMI and NSTE-ACS. The follow-up was up to 12 months, with a me-
dian follow-up of 9 months. The study design, detailed endpoint defini-
tions and outcomes have been previously published.” Patients were
included in the PLATO trial if they were hospitalized for STEMI or NSTE-
ACS with onset within 24 h. For NSTE-ACS, at least two of three criteria
were required: ST-segment depression or transient elevation >1mm in
two or more contiguous leads, positive biomarker indicating myocardial
necrosis, or one additional risk factor: age >60 years, prior myocardial in-
farction (Ml) or coronary artery bypass grafting, carotid artery disease,
previous ischaemic stroke, transient ischaemic attack, carotid stenosis or
cerebral revascularization, diabetes mellitus, peripheral artery disease, or
chronic kidney disease. For STEMI, inclusion required a planned primary
PCl. Among exclusion criteria, the most important included fibrinolytic
therapy within 24 h, need for oral anticoagulation therapy, need for dialy-
sis, and clinically important anaemia or thrombocytopenia.'*

The PLATO angiographic substudy was designed in collaboration
with the academic chairs and members of the steering committee
and data were reviewed by the core lab at the academic research organ-
ization Pharmacologic/Percutaneous Endoluminal Revascularization For
Unstable Syndromes and its Evaluation (PERFUSE)."> All sites with accur-
ate angiographic equipment for digital acquisition of cineangiograms were
invited to participate in the angiographic substudy. Angiograms were
performed according to local practice patterns and saved and sent by
compact discs to the PERFUSE angiographic core laboratory for analysis.
A total of 2616 patients were included in the angiography substudy and
for these patients an assessment of pre- and post-PCl coronary blood
flow and perfusion was evaluated. In addition, all study patients at selected
sites were invited to participate in the biomarker substudy which included
venous blood sampling at baseline (randomization), discharge and after 1-
and 6-month post-randomization. Informed consent was obtained from
all patients, and the trial complied with the Helsinki Declaration.

Clinical exposure

The epicardial blood flow during coronary angiography was recorded
with a TFG score between 0 (no perfusion) and 3 (complete reperfu-
sion)."™"¢ As TFG only records epicardial blood flow and not myocardial
perfusion, TMPG was assessed to determine microvascular perfusion en-
tirely based on visual angiographic assessment and was scored 0 to 3 as
previously defined.""” TMPG 0 represents no apparent tissue-level
perfusion and TMPG 3 represents normal myocardial perfusion.’'” In
addition, APS was calculated based on TFG and TMPG scores pre- and
post-PCl, with APS 0-3 representing failed perfusion, APS 4-9 partial per-
fusion, and APS 1012 full perfusion. In this study, characteristics and out-
comes were separately reported and compared between patients with
incomplete vs. complete epicardial reperfusion blood flow (TFG <2 vs.
TFG 3), and between abnormal vs. normal myocardial perfusion (TMPG
<2 vs. TMPG 3). In supplementary analyses, characteristics and outcomes
were separately reported and compared between patients with failed-
partial vs. full perfusion (APS 0-9 vs. APS 10-12). All measurements were

assessed at the PERFUSE angiographic core laboratory, as previously
described."

Biomarker analyses

The endpoint for this angiographic and biomarker substudy were the
temporal changes in levels of hs-TnT, NT-proBNP, CRP, IL-6, and GDF-
15 during the acute phase of ACS and during follow-up. Blood samples in
the PLATO trial were collected by direct venepuncture and plasma sam-
ples were frozen at -70°C and stored in aliquots in a central repository at
Uppsala Biobank until biochemical analyses were performed at the
Uppsala Clinical Research Center (UCR) laboratory, Uppsala, Sweden.
Blood samples were obtained at baseline (median of about 10h after
admission), at discharge, and at 1- and 6-month post-randomization.
Levels of hs-TnT, NT-proBNP, and GDF-15 were analysed with sandwich
immunoassays on Cobas Analytics Immunoanalyzers (Roche
Diagnostics). C-reactive protein was analysed using the Architect plat-
form (Abbott Diagnostics). IL-6 was measured using Quantikine hs-IL-6
ELISA (R&D Systems Inc). All analyses were performed at UCR
Laboratory at Uppsala University, Sweden.

Statistics

Data management and statistical analyses were performed at UCR,
Uppsala, Sweden. Patient characteristics including demographics, risk fac-
tors, medical history, and management were assessed as medians with
25th—75th percentiles for continuous variables and as frequencies with
percentages for categorical variables. Characteristics were reported sep-
arately for patients with STEMI and NSTE-ACS, and separately for TFG
<2 (incomplete reperfusion) vs. TFG 3 (complete reperfusion), and for
TMPG <2 (abnormal myocardial perfusion) vs. TMPG 3 (normal myocar-
dial perfusion). In supplementary analyses, characteristics were reported
separately for patients with APS 0-9 (failed-partial perfusion) vs. APS 10—
12 (full perfusion). Changes of biomarker levels over time (at baseline,
discharge, 1 month and 6 months post-randomization) were presented in
a tabular format and illustrated using line graphs indicating median values
with confidence intervals. Statistical differences in biomarker levels over
time in patients with TFG <2 vs. TFG 3, TMPG <2 vs. TMPG 3 and APS
0-9 vs. APS 10-12 were evaluated using the Mann—Whitney test within
the STEMI (n=1423) and NSTE-ACS (n=1183) cohorts. In addition,
statistical differences between biomarker levels at baseline and at
discharge, 1 and 6 months [delta (A) statistics] were calculated using the
Wilcoxon signed rank test. No adjustments were made for clinical char-
acteristics or randomized treatment. Two-sided P-value of <0.05 was
considered statistically significant and no correction was made for multi-
plicity, so the results are viewed as hypothesis-generating. Statistical anal-
yses were performed with R version 3.6.0 (The R Foundation for
Statistical Computing).

Results

Baseline characteristics

The PLATO angiographic substudy included 2616 patients of whom
2606 (99.6%) had biomarker samples collected at any time point and
were therefore included in the present study. Among those included,
2198 (84.3%) and 1874 (71.9%) had TFG and TMPG measurements
collected. Baseline characteristics and angiographic measurements in
patients with STEMI and NSTE-ACS according to TFG and TMPG
post-PCl are summarized in Table 1. Baseline characteristics and
angiographic measurements according to APS are presented in
Supplementary material online, Table S1. The median age of the
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Table I Baseline characteristics

Characteristic STEMI NSTE-ACS
(n=1423) (n=1183)
TFG <2 TFG = TMPG <2 TMPG = TFG <2 TFG = TMPG <2 TMPG =
(n=192) (n=1110) (n=666) (n = 475) (n=103) (n=1793) (n=337) (n=396)
Demographics
Age (median, IQR) 61 (53-69) 58 (51-67) 59 (52-66) 58 (51-68) 66 (58-73) 64 (55-71) 65 (55-73) 64 (56-71)
Sex, male 143 (74.5) 819 (73.8) 481 (72.2) 345 (72.6) 81 (78.6) 571 (72.0) 248 (73.6) 279 (70.5)

BMI kg/m2 (median, IQR), n=2600 27.8 (25.2-30.8) 27.7 (25.1-30.7) 27.7 (24.9-304) 27.6 (25-30.8) 27.3 (24.9-29.7) 27.7 (25.2-30.9) 27.1 (24.5-304) [3] 27.8 (25.4-31.)
Risk factors

Habitual smoker 82 (42.7) 556 (50.1) 329 (49.4) 218 (45.9) 27 (26.2) 280 (35.3) 129 (38.3) 128 (32.3)
Hypertension 110 (57.3) 634 (57.1) 377 (56.6) 274 (57.7) 56 (54.4) 536 (67.6) 219 (65.0) 266 (67.2)
Dyslipidaemia 59 (30.7) 398 (35.9) 235 (35.3) 165 (34.7) 45 (43.7) 404 (50.9) 169 (50.1) 211 (53.3)
Diabetes mellitus 29 (15.1) 188 (16.9) 114 (17.1) 79 (16.6) 20 (19.4) 189 (23.8) 77 (22.8) 92 (232)
Medical history
Myocardial infarction 15 (7.8) 128 (11.5) 74 (11.1) 43 (9.1) 19 (18.4) 165 (20.8) 67 (19.9) 81 (20.5)
Heart failure 2(1.0) 23 (2.1) 10 (1.5) 8(1.7) 1(1.0) 31 39) 13 (3.9) 13(3.3)
PCI 8 (42) 75 (6.8) 39 (5.9) 27 (5.7) 12(11.7) 150 (18.9) 61(18.1) 63 (15.9)
CABG 3(1.6) 18 (1.6) 12 (1.8) 4(0.8) 11(10.7) 69 (8.7) 37 (11.0) 27 (6.8)
Non-haemorrhagic stroke 4(2.1) 24 (22) 16 (2.4) 9 (1.9) 0(0) 18 (2.3) 8(24) 7(1.8)
Peripheral arterial disease 3(1.6) 53 (4.8) 30 (4.5) 19 (4.0) 4(3.9) 53(6.7) 19 (5.6) 28 (7.1)
Chronic renal disease 4(2.1) 23 (2.1) 12 (1.8) 10 (2.1) 2(1.9) 34 (4.3) 11(3.3) 18 (4.5)
Randomized treatment
Ticagrelor 97 (50.5) 556 (51.5) 330 (49.5) 247 (52.0) 48 (46.6) 401 (50.6) 174 (51.6) 194 (49.0)
Clopidogrel 95 (49.5) 544 (49.0) 336 (50.5) 228 (48.0) 55(534) 392 (49.4) 163 (48.4) 202 (51.0)
Angiographic measurements, post-PCI
TFG
TFG=0 18 (9.4) 0 (0) 17 (2.6) 0 (0.0 22 (21.4) 0 (0.0 20 (6.0) 1(0.3)
TFG=1 25 (13) 0(0) 21(3.2) 3(0.6) 14 (13.6) 0 (0.0 12 (3.6) 1(0.3)
TFG=2 149 (77.6) 0 (0) 89 (134) 47 (9.9) 67 (65.0) 0(0.0) 26 (7.8) 27 (6.9)
TFG=3 0(0.0) 1110 (100) 535 (80.8) 424 (89.5) 0(0.0) 793 (100.0) 274 (82.5) 365 (92.6)
TMPG
TMPG=0 43 (24.3) 20 (2.1) 65 (9.8) 0 (0.0 20 (23.0) 22 (34) 44 (13.1) 0 (0.0
TMPG=1 80 (45.2) 444 (46.3) 526 (79.0) 0 (0.0 31(35.6) 202 (31.6) 236 (70.0) 0 (0.0
TMPG =2 4(2.3) 71(74) 75 (11.3) 0 (0.0 7 (8.0) 50(7.8) 57 (16.9) 0 (0.0
TMPG=3 50 (28.2) 424 (44.2) 0 (0.0 475 (100.0) 29 (333) 365 (57.1) 0 (0.0 396 (100.0)

BMI, body mass index; CABG, coronary artery bypass grafting; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; PCl, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; TFG,

Thrombolysis in Myocardial Infarction (TIMI) flow grade; TMPG, TIMI myocardial perfusion grade.
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population was 61years, and 1910 (73.3%) were men. Amongst
those included, 1423 (54.6%) had a diagnosis of STEMI and 1183
(45.4%) NSTE-ACS. Median time from symptom onset to PCl was
5.2 h for patients with STEMI and 24.3 h for patients with NSTE-
ACS, and median time from diagnostic electrocardiogram to PCl
was 1.7h for patients with STEMI and 21.0h for patients with
NSTE-ACS. Complete reperfusion after PCl with TFG 3 was
achieved in 1110 (85.3%) with STEMI and in 793 (88.5%) with
NSTE-ACS. Amongst patients with available TMPG measurement,
normal myocardial perfusion with TMPG 3 was achieved in 475
(41.6%) with STEMI and in 396 (54.0%) with NSTE-ACS after PCI.
Patients with complete vs. incomplete reperfusion were in general
younger and were more like to be habitual smokers and have risk
factors such as dyslipidaemia, diabetes mellitus, peripheral artery
disease, heart failure, and history of MI. In comparison, patients
with normal vs. abnormal myocardial perfusion were more likely
to be younger and habitual smokers (Table 1). Compared to
patients with NSTE-ACS, patients with STEMI had higher concen-
trations of hs-TnT, NT-proBNP, CRP, IL-6, and GDF-15 at dis-
charge (Tables 2 and 3).

Angiographic outcomes and biomarker
levels in patients with ST-segment eleva-
tion myocardial infarction

Temporal changes in biomarker levels between baseline, discharge,
1month and 6 months post-randomization in patients with STEMI
and with complete vs. incomplete TFG restoration and normal vs. ab-
normal TMPG after PCl are presented in Figures 1 and 2 and in Tables
2 and 3. Similarly, temporal changes in biomarker levels in patients
with full vs. failed-partial perfusion according to APS are presented in
Supplementary material online, Figure ST and Table S2. In patients
with STEMI and with successful reperfusion with the achievement of
TFG 3, median levels of hs-TnT, NT-proBNP, and IL-6 were signifi-
cantly lower at baseline prior to PCl compared to patients with TFG
<2. Similarly, patients with TFG 3 vs. TFG <2 had lower levels of hs-
TnT and NT-proBNP at discharge and 1-month post-randomization.
Median levels of CRP, IL-6, and GDF-15 were significantly lower in
patients with STEMI and with TFG 3 vs. TFG <2 on discharge
(Figure 1 and Table 2). In comparison, patients with STEMI and TMPG
3 vs. TMPG <2 had lower levels of hs-TnT at discharge with no other
associations observed (Figure 2 and Table 3). Analogous results were
observed among patients with full APS vs. failed-partial APS
(Supplementary material online, Figure ST and Table 2).

Angiographic outcomes and biomarker
levels in patients with non-ST-segment
acute coronary syndrome

In patients with NSTE-ACS, levels of hs-TnT were lower at dis-
charge in patients with TFG 3 vs. TFG <2. No other significant
associations were observed in relation to biomarker levels over
time and successful reperfusion as measured using TFG (Figure 1
and Table 2). In comparison, patients with NSTE-ACS and TMPG
3 vs. TMPG <2 had lower levels of hs-TnT, NT-proBNP, and
CRP on discharge, and also lower levels of NT-proBNP at 1
month (Figure 2 and Table 3). No other significant differences
were seen over time. A similar pattern was observed among

patients with NSTE-ACS and full APS vs. failed-partial APS
(Supplementary material online, Figure S1 and Table 2).1

Discussion

In this PLATO substudy, we assessed angiographic markers of epicar-
dial and tissue reperfusion/perfusion and their association with tem-
poral changes in biomarker levels reflecting myocardial damage,
myocardial dysfunction, inflammation, and oxidative stress/ageing in
patients with STEMI and NSTE-ACS undergoing early PCl proce-
dures. As expected, indicators of myocardial necrosis, myocardial
dysfunction and inflammation were substantially higher in the acute
phase in patients with STEMI than NSTE-ACS. Patients with STEMI
and with complete vs. incomplete reperfusion as measured by TFG
had less myocardial necrosis and dysfunction (TnT and NT-proBNP)
on discharge and 1-month post-randomization, and lower levels of
inflammatory activity (CRP and IL-6) and GDF-15 at discharge.
Similarly, patients with STEMI and with normal vs. abnormal myocar-
dial perfusion as measured by TMPG had lower levels of TnT on dis-
charge. In patients with NSTE-ACS, improved myocardial perfusion,
as measured by TMPG, was associated with lower levels of NT-
proBNP on discharge and 1-month follow-up. These findings empha-
size the importance of early successful and complete revasculariza-
tion in patients with STEMI, as well as the importance of knowledge
of timing of blood sampling when using biomarkers for prediction of
cardiovascular outcomes in patients with ACS.

Previous studies have established associations between markers of
myocardial necrosis (TnT), myocardial dysfunction (NT-proBNP)
and cardiovascular outcomes, including cardiovascular mortality and
Ml in patients with ACS and in those with chronic coronary syn-
dromes."®"? Similarly, inflammatory biomarkers (IL-6 and CRP) have
been showed to be associated with adverse cardiovascular out-
comes, and anti-inflammatory drugs have shown promise in random-
ized clinical trials as potential treatment strategies in patients with
chronic coronary syndromes.zcF23 Moreover, GDF-15, both in the
acute and chronic state after ACS, has in previous studies been asso-
ciated with recurrent cardiovascular events and major bleeding.Z‘HE’
Based on these findings, biomarker-based risk scores such as the age-
biomarkers-clinical variables (ABC) score, which incorporates TnT
and NT-proBNP, have been developed for prediction of cardiovascu-
lar mortality in patients with chronic coronary syndromes.'”

Successful early restoration of epicardial blood flow and improved
myocardial perfusion as measured using TFG and TMPG, respective-
ly, have been related to lower 30-day and long-term mortality in
patients with STEMI, and with a trend in reduction for patients with
NSTE-ACS.'>"7272? TMPG in addition to TFG adds long-term prog-
nostic information and studies have shown that early complete res-
toration of both epicardial blood flow and microvascular perfusion
are complementary when assessing risk of long-term mortality in
patients with STEMI, and can be combined into a score (APS) for risk
assessment' 2 However, the importance of the biomarker response
in relation to angiographic restoration of epicardial blood flow and
myocardial perfusion is unclear. In the current study, successful res-
toration of epicardial blood flow was associated with lower levels of
TnT and NT-proBNP at discharge and at 1-month follow-up in
patients with STEMI, but not in patients with NSTE-ACS. Similarly,
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Table 2 Temporal changes in biomarker levels in patients with STEMI or NSTE-ACS with complete vs. incomplete TFG

Biomarker STEMI NSTE-ACS
(,,_1302) ........................................................................................................... (n_s%) .............................................................................................................
-|-|:G<2 ............................. T|:G=3p_valueApva|ue T|:G<2 ............................. T |:G=3 ............................. P-valueAP-value
(n=192) (n=1110) (n=103) (n=1793)

Hs-troponin T (ng/L)

Baseline 180.0 (134.0-255.0) 98.2 (88.9—-110.0) <0.001 Ref 250.0 (162.0-326.0) 214.5 (186.0-239.0) 0.51 Ref
(n=182) (n=1083) (n=97) (n=760)
Discharge 3114.5 (2194.0-3601.0) 1736.0 (1613.0-1918.0) <0.001 <0.001 509.0 (325.0-756.0) 366.0 (310.0-446.0) 0.04 0.07
(n=172) (n=1052) (n=89) (n=1687)
1 month 16.4 (15.1-20.2) 12.0 (11.4-12.7) <0.001 0.001 10.6 (9.5-13.0) 10.9 (10.4-11.4) 0.50 0.47
(n=165) (n=1005) (n=185) (n=622)
6 months 9.2 (8.2-11.7) 8.2 (7.7-8.8) 0.07 0.004 8.2 (6.7-10) 8.8 (8.0-9.8) 0.60 0.82
(n=71) (n=442) (n=39) (n=316)
NT-proBNP (ng/L)
Baseline 232.5 (151.0-319.0) 172.0 (152.0-192.0) 0.03 Ref 337.0 (245.0-466.0) 530.0 (463.0-584.0) 0.003 Ref
(n=184) (n=1087) (n=98) (n=764)
Discharge 1120.0 (960.0-1474.0) 710.0 (658.0-778.0) <0.001 <0.001 532.0 (314.0-695.0) 432.0 (393.0-483.0) 0.49 0.003
(n=172) (n=1051) (n=89) (n=1687)
1 month 1027.0 (892.0-1284.0) 593.0 (561.0-645.0) <0.001 349.0 (214.0-484.0) 321.0 (284.0-359.0) 0.92 0.11
(n=165) (n=1005) <0.001 (n=85) (n=622)
6 months 229.0 (183.0-409.0) 188.0 (170.0-224.0) 0.07 0.83 128.0 (79.0-202.0) 141.0 (120.0-164.0) 0.68 0.32
(n=71) (n=442) (n=39) (n=316)
CRP (mg/L)
Baseline 29 (2442) 2.8 (2.5-3.0) 0.11 Ref 2.7 (2.3-33) 3.7 (3.4-4.1) 0.07 Ref
(n=181) (n=1046) (n=90) (n=1690)
Discharge 31.0 (27.0-36.0) 18.0 (17.0-19.0) <0.001 <0.001 16.0 (9.2-20.0) 12.0 (11.0-14.0) 0.30 0.03
(n=171) (n=1051) (n=89) (n=1684)
1 month 2.9 (24-34) 22 (2.0-24) 0.09 0.42 1.8 (1.3-2.4) 2.1 (1.9-2.3) 0.18 0.36
(n=165) (n=1004) (n=285) (n=622)
6 months 2.0 (1.4-3.0) 2.0 (1.7-22) 0.89 0.14 1.8 (1.0-2.3) 1.8 (1.5-2.0) 0.74 0.38
(n=70) (n=442) (n=39) (n=315)
IL-6 (ng/L)
Baseline 3.4 (3.0-3.6) 3.0 (2.8-3.2) 0.01 Ref 3.0 (2.5-3.6) 3.3 (3.0-3.6) 0.20 Ref
(n=185) (n=1094) (n=96) (n=753)
Discharge 8.9 (7.7-9.7) 6.0 (5.6-6.4) <0.001 <0.001 6.5 (4.9-8.3) 5.4 (5.2-6.1) 0.24 0.03
(n=180) (n=1072) (n=94) (n=728)
1 month 2.1 (1.9-24) 2.1(1.9-22) 0.46 0.01 1.7 (1.5-2.1) 2.0 (1.9-2.2) 0.05 0.49
(n=176) (n=1039) n=92) (n=702)
Continued
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Table 2 Continued

Biomarker STEMI NSTE-ACS
(n=1302) (n=896)
TFG <2 TFG=3 P-value A P-value TFG <2 TFG=3 P-value A P-value
(n=192) (n=1110) (n=103) (n=1793)
6 months 1.8 (1.6-2.1) 1.9 (1.8-2.0) 0.46 0.008 1.9 (1.5-2.6) 1.9 (1.7-2.0) 0.74 0.25
(n=70) (n=442) (n=39) (n=315)
GDF-15 (ng/L)
Baseline 1467.7 (1315.5-1601.5) 1464.8 (1398.9-1507.8) 0.70 Ref 1461.1 (1281.8-1600.8) 1518.2 (1452.8-1570.4) 0.36 Ref
(n=183) (n=1084) (n=97) (n=767)
Discharge 1511.7 (1431.1-1660.2) 1409.6 (1380.6—-1447.8) 0.005 0.002 1799.2 (1412.7-1930.3) 1600.0 (1532.0-1661.2) 0.55 0.08
(n=172) (n=1051) (n=189) (n=1687)
1month 1277.8 (1212.9-1417.6) 1244.8 (1198.8-1286.1) 0.32 0.64 1311.8 (1212.0-1606.0) 1411.7 (1355.8-1487.1) 0.74 0.69
(n=165) (n=1005) (n=85) (n=1622)
6 months 1190.9 (1048.7-1311.4) 1223.7 (1168.9-1289.9) 0.40 0.27 1273.0 (1072.3-1582.3) 1356.8 (1295.2-1502.1) 0.48 0.85
(n=71) (n=442) (n=39) (n=318)

CRP, C-reactive protein; GDF-15, growth differentiation factor 15; Hs-Troponin T, high-sensitivity Troponin T; IL-6, interleukin-6; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; NT-proBNP, N-terminal prohormone
brain natriuretic peptide; STEMI, ST-segment elevation myocardial infarction; TFG, Thrombolysis in Myocardial Infarction (TIMI) flow grade.
P-value: Statistical differences in biomarkers levels over time in patients with TFG <2 vs. TFP = 3 evaluated using the Mann—Whitney test.

A P-value: Statistical differences in biomarkers levels over time in comparison to baseline levels in patients with TFG <2 vs. TFP = 3 evaluated using the Wilcoxon signed rank test.
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Table 3 Temporal changes in biomarker levels in patients with STEMI or NSTE-ACS with normal vs. abnormal TMPG

Biomarker STEMI NSTE-ACS
(,,=1141) ........................................................................................................... (n=733) .............................................................................................................
TMPGSz .......................... TMPG=3P_ValueApvalue TMPGSZ .......................... T MPG=3 .......................... P-valueAP-value
(n=666) (n =475) (n=337) (n=396)

hs-Troponin T (ng/L)

Baseline 97.1(79.4-118.0) 108.0 (92.0-129.0) 0.37 Ref 252.0 (195.0-316.0) 181.5 (150.0-220.0) 0.08 Ref
(n=645) (n=463) (n=319) (n=378)
Discharge 2154.5 (1916.0-2352.0) 1602.0 (1440.0-1845.0) <0.001 0.001 470.0 (346.0-560.0) 338.0 (272.0-446.0) 0.04 0.07
(n=622) (n=459) (n=1284) (n=351)
1 month 13.0 (12.0-13.6) 11.7 (10.9-12.7) 0.01 0.19 10.9 (10.4-11.9) 10.6 (9.3-11.6) 0.41 0.08
(n=598) (n=435) (n=1263) (n=321)
6 months 8.7 (8.1-9.1) 7.7 (7.2-84) 0.17 0.66 9.2 (7.4-10.0) 8.6 (7.1-10.0) 0.87 0.02
(n=1250) (n=199) (n=121) (n=158)
NT-proBNP (ng/L)
Baseline 151.0 (134.0-174.0) 192.0 (162.0-249.0) 0.06 Ref 475.0 (414.0-585.0) 515.0 (425.0-584.0) 0.81 Ref
(n=649) (n=465) (n=321) (n=381)
Discharge 728.0 (674.0-808.0) 809.0 (691.0-898.0) 0.51 0.67 501.0 (410.0-620.0) 411.0 (326.0-466.0) 0.01 0.12
(n=621) (n=459) (n=284) (n=351)
1 month 678.5 (600.0-760.0) 598.0 (522.0-698.0) 0.03 0.003 370.0 (297.0-464.0) 282.0 (240.0-330.0) 0.01 0.17
(n=598) (n=435) (n=263) (n=321)
6 months 210.0 (184.0-263.0) 175.0 (142.0-216.0) 0.08 0.31 162.0 (123.0-224.0) 121.0 (104.0-146.0) 0.08 0.55
(n=1250) (n=199) (n=121) (n=158)
CRP (mg/L)
Baseline 2.7 (24-3.0) 2.8 (24-32) 0.60 Ref 3.0 (2.6-3.6) 3.7 (3.34.5) 0.41 Ref
(n=627) (n=451) (n=294) (n=343)
Discharge 21.0 (19.0-22.0) 18.0 (16.0-20.0) 0.05 0.06 15.0 (12.0-18.0) 11.5 (9.4-13.0) 0.03 0.001
(n=620) (n=459) (n=284) (n=348)
1 month 2.3 (2.0-2.6) 22 (2.0-2.6) 0.64 0.86 22 (1.8-24) 2.0 (1.7-2.3) 0.37 0.18
(n=598) (n=434) (n=1263) (n=321)
6 months 19 (1.6-2.2) 2.1(1.8-2.5) 0.44 0.002 1.8 (1.5-2.3) 1.6 (1.1-2.0) 0.59 0.42
(n=249) (n=199) (n=121) (n=157)
IL-6 (ng/L)
Baseline 3.0 (2.7-3.3) 3.0 (2.7-3.3) 0.97 Ref 3.3 (3.0-3.6) 3.0 (2.7-3.5) 0.42 Ref
(n=654) (n=468) (n=312) (n=377)
Discharge 6.7 (6.1-7.3) 6.4 (5.7-7.1) 0.51 0.45 6.3 (5.1-7.1) 5.6 (5.2-6.4) 0.30 0.23
(n=1638) (n=466) (n=301) (n=368)
1 month 2.1(1.9-22) 2.0 (1.8-2.1) 0.36 0.67 2.0 (1.8-2.3) 2.0 (1.9-22) 0.71 0.35
(n=1626) (n=442) (n=293) (n=358)
Continued
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Table 3 Continued

Biomarker

TMPG <2

(n=666)

NSTE-ACS

TMPG <2
(n=337)

6 months

GDF-15 (ng/L)
Baseline

Discharge

1 month

6 months

20 (1.8-2.1)
(n=249)

1482.4 (1415.9-1545.1)
(n=646)

1430.0 (1382.1-1481.7)
(n=621)

12404 (1190.7-1277.8)
(n=598)

12239 (1167.4-1337.8)
(n=250)

1.8 (1.6-2.0)
(n=199)

1420.4 (1331.9-1511.9)
(n=464)

1412.4 (1363.9-1481.4)
(n=459)

1257.5 (1163.8-1325.3)
(n=435)

1211.1 (1109.5-1285 4)
(n=199)

0.45

0.84

0.69

0.56

Ref

0.71

0.22

1.9 (1.5-2.1)
(h=121)

15209 (1432.9-1591.8)
(n=323)

1646.9 (1530.0-1796.3)
(n=284)

1403.8 (1314.1-1546.8)
(n=263)

1351.1 (1258.2-1617.6)
(n=122)

18 (1.7-2.0)
(n=157)

1472.2 (1389.4-1572.0)
(n=380)

1596.8 (1462.9-1733.0)
(n=351)

1395.8 (1314.5-1489.9)
(n=321)

1373.9 (1270.3-1512.0)
(n=159)

0.60

0.16

0.57

0.79

Ref

0.10

0.73

0.42

CRP, C-reactive protein; GDF-15, growth differentiation factor 15; hs-Troponin T, high-sensitivity Troponin T; IL-6, interleukin-6; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; NT-proBNP, N-terminal prohormone
brain natriuretic peptide; STEMI, ST-segment elevation myocardial infarction; TMPG, Thrombolysis in Myocardial Infarction (TIMI) myocardial perfusion grade.
P-value: Statistical differences in biomarkers levels over time in patients with TMPG <2 vs. TMPG = 3 evaluated using the Mann—Whitney test.

A P-value: Statistical differences in biomarkers levels over time in comparison to baseline levels in patients with TMPG <2 vs. TMPG = 3 evaluated using the Wilcoxon signed rank test.
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Figure | Dynamic changes in biomarker levels (median values with confidence interval) in patients with complete vs. incomplete Thrombolysis in

Myocardial Infarction flow grade.

restoration of epicardial blood flow was associated with lower levels
of inflammatory biomarkers (CRP and IL-6) and GDF-15 at discharge
in patients with STEMI, but not in NSTE-ACS. However, patients

with NSTE-ACS and with normal vs. abnormal myocardial perfusion
had lower levels of NT-proBNP at discharge and 1-month follow-up.
Concerning patients with STEMI, similar observations have been
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Figure 2 Dynamic change in biomarker levels (median values with confidence interval) in patients with normal vs. abnormal Thrombolysis in

Myocardial Infarction myocardial perfusion grade.

made in the Assessment of Pexelizumab (APEX)-acute myocardial in-
farction biomarker substudy in which 376 patients with STEMI had
biomarkers measured at the time of randomization and 24 h later, in

which levels of TnT, NT-proBNP, CRP, and IL-6 were reduced in
patients with complete restoration of epicardial blood.*® However,
to our knowledge, there are no previous studies on the associations
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between TFG, TMPG, and biomarker levels in patients with NSTE-
ACS.

The present findings have implications both for the timing of cor-
onary procedures and blood sampling for biomarker levels in patients
with STEMI and NSTE-ACS. The demonstration of the association
between early successful restoration of epicardial blood flow and im-
mediate and long-term reduction of biomarkers of myocardial necro-
sis/function (TnT and NT-proBNP), inflammation (CRP and IL-6),
and GDF-15 in patients with STEMI emphasizes the importance of
immediate and successful coronary reperfusion to reduce the degree
of myocardial damage and to avoid myocardial dysfunction and rein-
farction in patients with STEMI. However, how an early and success-
ful reperfusion might be achieved is a clinical challenge in itself with
pre- and peri-hospital logistics playing a key role to minimize time
between first medical contact and wire crossing. Also, optimized pre-
hospital treatment of ongoing STEMI with fibrinolytic agents or glyco-
protein lIb/llla inhibitors have in some studies been associated with
improved outcomes, but there is limited evidence with respect to if
early P2Y, inhibitor initiation might improve outcome.*"3? For ex-
ample, in the Ambulance for New ST Elevation Myocardial Infarction
to Open the Coronary Artery (ATLANTIC) trial, pre-hospital versus
in-hospital initiation of ticagrelor at a median difference of 31 minutes
was associated with similar rates of pre-PCI coronary reperfusion.®>
As such, early and successful reperfusion is important in patients with
STEMI to improve the acute and long-term prognosis, however, the
tools to further improve this are currently limited. On the other
hand, the results in our study also emphasize that in patients with
NSTE-ACS, coronary revascularization seems less urgent as early
successful epicardial reperfusion did not influence the development
of myocardial damage as assessed using biomarkers. However, still
the early performance of revascularization is important based on
the findings that attainment of normal myocardial perfusion was
associated with lower levels of NT-proBNP, which in turn is associ-
ated with improved long-term risk for new cardiovascular
events.">"7*"2% Fyrthermore, our finding emphasize that timing of
biomarker sampling in relation to PCl and in relation to revasculariza-
tion outcomes might be of importance when using biomarkers as
prognostic indicators, especially since we have shown that there are
temporal changes in biomarker concentrations in relation to revascu-
larization outcomes.

Limitations

As with all substudies, there are inherent limitations to this study that
merits consideration. First, the generalizability of this substudy might
be limited to the patients meeting the inclusion and exclusion criteria
of the PLATO trial. However, the PLATO trial included a wide range
of patients with ACS, including patients with STEMI and NSTE-ACS.
Second, this study involved multiple biomarkers in a large cohort,
however, only a subgroup of 2606 patients were included in this
angiographic and biomarker substudy and there was a drop in num-
ber of patients providing biomarker samples during follow-up at 1
and 6 months, leading to a loss in power to detect minimal differences
in biomarker levels. Furthermore, the drop in patients providing bio-
markers samples at 6 months was substantial and might be due to un-
measured confounders. Finally, not all angiographic parameters were
evaluable in all coronary angiograms. Still, this uniquely large

international trial cohort provides important information compared
to prior angiographic and biomarker studies.

Conclusions

In patients with ACS, biomarkers reflecting myocardial necrosis,
myocardial dysfunction, and inflammation were substantially higher in
the acute phase following STEMI compared to NSTE-ACS. In STEMI,
successful restoration of epicardial blood was associated with less
myocardial necrosis and dysfunction (TnT and NT-proBNP) on dis-
charge and 1-month post-randomization, and lower levels of inflam-
matory activity (CRP and IL-6) and GDF-15 at discharge. In patients
with NSTE-ACS, successful restoration of myocardial perfusion was
associated with less myocardial dysfunction (NT-proBNP) on dis-
charge and 1-month follow-up. These findings underline the import-
ance of successful restoration of epicardial blood in patients with
STEMI, and the importance of successful restoration of myocardial
perfusion in patients with ACS.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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