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Purpose: The purpose of this monocentric retrospective observational study is to investigate
whether a loading dose of ticagrelor treatment before percutaneous coronary intervention
(PCI) procedure improves the early reperfusion and short-term heart function in East-Asian
ST segment elevation myocardial infarction (STEMI) patients.

Patients and Methods: The study included 326 STEMI patients undergoing primary PCI in
Jiading Central Hospital. One hundred and forty patients received a loading dose of ticagrelor before
entering the catheter laboratory. One hundred and eighty-six patients received a loading dose of
ticagrelor in the catheter laboratory before the initiation of PCI. Reperfusion endpoints included the
presence of self-patency in the culprit artery, the ST-segment elevation resolution over 50% within
24 h after PCI, and the presence of no-reflow in the culprit artery. Clinical endpoints included all-
cause mortality, new-onset heart failure, reinfarction and stent thrombosis within 28 days after PCI.
Secondary clinical endpoints included mechanical complications and bleeding events.

Results: In comparison with the in-lab treatment group, the preprocedural treatment group
had a significant higher proportion of self-patency in the culprit artery (25.71% vs 16.67%,
P=0.045) and early ST-segment elevation resolution (48.57% vs 27.96%, P<0.001).
Preprocedural ticagrelor treatment was associated with a significant reduction of new-onset
heart failure (9.29% vs 18.82%, p=0.016). Stent thrombosis risks were numerically reduced
in the preprocedural treatment group (0.71% vs 1.61%, P=0.466). The rates of major
cardiovascular adverse events, reinfarctions and mortality did not differ between the two
groups. Bleeding events in the preprocedural treatment group was notn significantly higher
than the in-lab treatment group (4.39% vs 1.39%, P=0.142).

Conclusion: Preprocedural administration of a loading dose of ticagrelor was associated
with improved early reperfusion and reduced short-term heart failure in East-Asian STEMI
patients undergoing primary PCI, but care should be taken for excess bleeding events.
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Introduction

The most important treatment for patients with ST-segment elevation myocardial infarc-
tion (STEMI) is the early recovery of the infarct-related artery blood flow."* Enhanced
platelet activity contributes a lot to the highly prothrombotic state during the early stage
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of STEMI onset, so that an effective early antiplatelet treat-
ment is crucial in the preprocedural management of the
STEMI patients undergoing primary percutaneous coronary
intervention (PPCI). Prehospital administration of intravenous
platelet glycoprotein (GP) IIb/I11a inhibitors is associated with
better and earlier reperfusion,™ but its actual use is very
limited.” As an easier prehospital option, early administration
of P2Y12 inhibitors at the prehospital stage is concerned in
recent years.

Current guidelines'? recommended using P2Y12 inhi-
bitors as soon as possible after the diagnosis of STEMI,
but the clinical benefit of the upstream antiplatelet therapy
was debated. In recent years, two large clinical studies
were unfavorable to the early ticagrelor pretreatment
before primary PCI, as the antiplatelet pretreatment did
not improve the early reperfusion of the culprit arteries® or
the clinical outcomes within 30 days after PCI procedure.’
However, some researchers questioned the principal role
of ticagrelor as a merely reperfusion supporting agent.
Distal embolization of thrombus during the precatheteriza-
tion setting was reported to be associated with reduced
flow in the infarction-related artery, an increased infarct
size and reduced recovery of ventricular function.>* The
effects of upstream ticagrelor administration in reducing
risk of heart failure, however, remained unclear so far.

Furthermore, both of the previous studies were conducted
in European countries. Previous studies indicated that the East-
Asian populations that present with ACS or undergo PCI
display a dissimilar platelet reactivity following PCI or ACS
compared with the European population, which presented with
a similar or lower rate of ischemic events after PCI procedure,
in spite of a higher level of platelet reactivity during P2Y12
inhibitor treatment.'® This phenomenon suggested that East-
Asian specific evidence should be taken into consideration to
adopt the Western P2Y 12 inhibitor treatment strategies to the
regional guidelines for East-Asian patients with STEMI. Data
from clinical studies on this matter was very limited.

The purpose of our study is to investigate whether ticagre-
lor administration before catheterization procedure is asso-
ciated with better early reperfusion and preservation of heart
function in the East-Asian STEMI patients undergoing percu-
taneous coronary intervention in real-world practice.

Patients and Methods
Study Populations

This was a monocentric retrospective observational study.
We included 428 consecutive STEMI patients presenting

at Jiading Central Hospital from January 2017 to
October 2019. The diagnosis of STEMI was established
when the patient had continuous typical chest pain or
discomfort >30 minutes or other symptoms suggestive of
STEMI, and ST-segment elevation >2mm in at least two
contiguous electrocardiography leads. Ninety-one patients
admitted to hospital after 12 h from symptom onset were
excluded. Five patients without PCI treatment were
excluded. Three patients receiving thrombolysis therapy
before PCI procedure were excluded. Furthermore, since
this study was focused on STEMI patients in the East-
Asian population, we excluded three Caucasian patients
from the study cohort.

The remaining 326 patients were divided into two
groups due to their antiplatelet loading strategy. All the
patients had a clear record of ticagrelor administration
before coronary angiography procedure. For the patients
directly admitted to the emergency department (ED) of the
research center, early ticagrelor administration was sug-
gested according to the following indications: (1) confir-
mation of STEMI by electrocardiography, (2) estimated
time for catheter laboratory preparation >20 min, (3) no
evidence of contraindications of loading ose antiplatelet
treatment, especially the aortic dissection. Thus, patients
with high D-dimer levels (>800 ng/mL) were not recom-
mended to take a loading dose of ticagrelor until exclusion
of aortic dissection was made by aortic ultrasound or
computed tomography. Patients estimated to be accessible
to the catheter laboratory within 10 min after STEMI
confirmation were recommended to receive in-lab ticagre-
lor treatment in order to reduce the length of time in the
ED. Transported patients tended to receive in-lab treat-
ment due to the lack of ticagrelor in local emergency
medical service (EMS) ambulances and non-PCI hospi-
tals, and their rapid transfer from ED to catheter labora-
tory (usually <10 min), but early ticagrelor loading was
still preferred if the drug was available in the first-aid
institutions. Patients without contraindications were also
administrated with a chewable loading dose of aspirin
(300 mg) with ticagrelor or after confirmation of STEMI,
due to the physician’s discretion and the access to tica-
grelor. Detailed data on demographics, symptoms, history
of hypertension, diabetes mellitus, dyslipidemia, stroke,
coronary heart disease, myocardial infarction and stent
implantation were obtained from the electronic medical
recording system (EMRS). The time segments of first
medical contact, coronary catheterization, and P2Y12
inhibitor administration were retrieved from the Chest
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Pain Data Reporting Platform. Clinical data on serum
troponin I, creatinine, lipid profiles, PCI results, echocar-
diography, and clinical outcomes were also obtained from
the EMRS.

The study protocol was approved by the Ethics Review
Board of Jiading Central Hospital (No. 2017-ZD-03). The
authors, except for the corresponding author, were licensed
cardiology physicians of Jiading Central Hospital and pre-
served the legal rights to review the patients’ medical
records. All the patients were anonymized during data
processing and statistical analysis. Personal information
such as name, address, telephone number and citizen ID
number was not recorded in the database. The study pro-
tocol was carried out in full compliance with the
Declaration of Helsinki. Informed consent was not
required because of the retrospective nature of this study.

Definitions and Endpoints

We define the initiation of the PCI procedure as the
moment when the patient reached the operating table of
the catheter laboratory and preparation started for the
radial puncture. Thus, preprocedural treatment was
defined as the administration of the loading dose of tica-
grelor at any time before entering the catheter laboratory,
and in-lab treatment was defined as the administration of
the loading dose of ticagrelor between entering the cathe-
ter laboratory and the radial artery puncture. Primary
transported patients were defined as the patients directly
transferred from the first-aid scene to the catheter labora-
tory by local EMS ambulances. Secondary transported
patients were defined as the patients transferred from
other non-PCI hospitals. First medical contact (FMC)
was defined as any kind of the earliest medical contact
to the patient, including the emergency departments, the
ambulances of local EMS, or other medical institutions in
the local medical service network. FMC-to-wire time was
defined as the time interval from FMC to the definite
moment when the guide wire was running through the
culprit artery. Ticagrelor-to-angiography time was defined
as the time interval between the administration of ticagre-
lor and the initiation of coronary angiography to the cul-
prit artery.

The combined reperfusion evaluations included the
following aspects: (1) the presence of self-patency, which
was defined as thrombolysis in myocardial infarction
(TIMI) grade 2 or 3 flow in the culprit artery at the
initiation of angiography, which was present in the reper-
fusion condition before the angiography procedure; (2) the

presence of no-reflow, regarded as a TIMI grade 0—1 flow
in the culprit artery after primary PCI, in presentation of
the instant reperfusion after balloon inflation and stenting;
(3) the presence of ST-segment elevation resolution of
50% or above within 24 h after PCI procedure, which
indicated the microvascular reperfusion after PPCI. Rate
of adverse events was analyzed at 28 days after catheter-
ization. Primary clinical endpoints included composite
cardiovascular adverse events of all-cause mortality, new-
onset heart failure, stroke, reinfarction and definite stent
thrombosis. Patients with suggestive symptoms of heart
failure and one of the following indications at any time
after PCI were defined as new-onset heart failure: (1) acute
pulmonary edema or cardiac shock; (2) new bilateral basal
pulmonary rales covering >30% of lung fields, or the area
of rales spreading >50% compared with baseline levels
within 72 h; (3) left ventricular ejection fraction (LVEF)
<45% without definite evidence of chronic heart failure
history; (4) re-hospitalization due to acute heart failure
onset during the observation period. Bleeding events and
mechanical complications were defined as secondary clin-
ical endpoints.

Statistical Analysis

Statistical analysis was performed by SPSS 16.0 (SPSS
Inc., Chicago, IL, USA). Continuous parametric variables
were represented as mean £SD values. Categorical vari-
ables were expressed as frequency (percentage).
Parametric data between the pretreatment group and the
in-lab treatment group were compared with Student's
t-test. Nonparametric variables were compared between
groups by chi-squared tests or the Wilcoxon rank sum
test. Effects of different antiplatelet strategies on reperfu-
sion of culprit coronary artery were compared by multi-
variate logistic regression. Association between different
antiplatelet strategies and clinical endpoints was calculated
in a Cox proportional hazards model, with cardiovascular
risk factors, lipid profiles and other time-related variables
chosen using a backward stepwise selection algorithm.
Kaplan—Meier estimates of new-onset heart failure events

were calculated for different antiplatelet therapies.

Results

Study Population

The general characteristics of the study population were
listed in Table 1, and clinical profiles were listed in Table 2.
One hundred and forty patients received a 180 mg loading
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Table | Patient Characteristics and Risk Factors

Characteristics Preprocedural Group N=140 In-Lab Treatment Group N=186 P-value
Age (years) 61.42+13.65 62.47x14.17 0.501
Male 120 (85.71) 157 (84.41) 0.744
MI history 4 (2.86) 9 (4.84) 0.365
Symptom onset to FMC (min) 142.30+137.73 153.67+160.89 0.503
FMC to diagnosis (min) 19.99£18.15 36.77+27.73 <0.001
Diagnosis to ticagrelor (min) 12.64+23.04 27.53+16.40 <0.001
FMC to wire (min) 92.50+48.34 88.88+40.45 0.463
Risk factors

Hypertension 72 (51.43) 107 (57.53) 0.273
Diabetes mellitus 28 (20.0) 45 (24.19) 0.369
Smoking 75 (53.57) 114 (61.29) 0.162
Dyslipidemia 68 (48.57) 90 (48.39) 0.974
CAD history Il (7.86) 21 (11.29) 0.302
Stroke history 8 (5.71) 19 (10.21) 0.144

Abbreviations: FMC, first medical contact; MI, myocardial infarction; CAD, coronary artery disease.

Table 2 Clinical and Angiography Profiles of the Patients

Characteristics Preprocedural Group N=140 In-lab Treatment Group N=186 P-value
Arteries with lesion 250%
| Branch 35 (25.00) 36 (19.35) 0.222
2 Branches 40 (28.57) 60 (32.26) 0.475
3 Branches 65 (46.43) 90 (48.39) 0.726
Culprit artery

Left main trunk 2 (1.43) 0 (0) 0.184

Left anterior descending 80 (57.14) 94 (50.54) 0.237

Left circumflex Il (7.86) 25 (13.44) 0.111

Right coronary artery 47 (33.57) 67 (36.02) 0.646
Creatinine (umol/L) 75.63%30.55 78.20+27.03 0.425
Troponin |

Baseline (ng/mL) 1.1743.64 1.84+4.78 0.162

Peak in 72 h (ng/mL) 8.10+8.89 10.99+10.51 0.010
NT-proBNP

Baseline (pg/mL) 322.19+717.18 578.52+1490.69 0.055

Peak (pg/mL) 1667.22+3801.98 2086.34+4427.62 0.379
Triglyceride (mmol/L) 1.81%1.43 1.77£1.21 0813
Total cholesterol (mmol/L) 4.59%1.12 4.54%1.14 0.678
LDL-cholesterol (mmol/L) 2.98+1.03 3.00+1.08 0913
Killip 1I/IV 16 (11.43) 22 (11.83) 0911
Ventricular fibrillation 10 (7.14) 12 (6.45) 0.805

Abbreviation: LDL, low-density lipoprotein.

dose of ticagrelor before entering the catheter laboratory. One
hundred and eighty-six patients received a 180 mg loading
dose of ticagrelor between arrival at the catheter laboratory

and radial artery puncture. The main reasons of in-lab

ticagrelor administration in the patients directly admitted to
the ED were delayed diagnosis due to irregular ECG perfor-
mance at FMC (41 of 100 patients), and rapid transfer from
ED to catheter laboratory within 10 min after the
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confirmation of STEMI (28 of 100 patients). For the second-
ary transported patients in the in-lab treatment group, irregu-
lar ECG at FMC (16 of 52 patients), unavailability of
ticagrelor (14 of 52 patients) and inadequate early antiplatelet
treatment with 100 mg aspirin alone (11 of 52 patients) were
major reasons for late ticagrelor administration, while
64.71% primary transported patients in the in-lab treatment
group (22 of 34 patients) received delayed ticagrelor loading
dose due to the unavailability of the oral antiplatelet agents
in the ambulances, as neither aspirin nor ticagrelor were
routinely employed by the local EMS by the end of 2018.
The factors associated with the delayed ticagrelor loading in
the patients admitted directly, primary transported, and sec-
ondary transported to the research center were illustrated in
Figure 1.

The two groups were well balanced in baseline char-
acteristics. The proportions of smokers, stroke history and
myocardial infarction history were higher in the in-lab
treatment group, but the difference was not statistically
significant. No arterial fibrillation history was observed
in the study population. The troponin I level at baseline
was not significantly different between the two groups
(1.17£3.64 ng/mL vs 1.84+4.78 ng/mL, P=0.162), but
the peak value in 72 h after admission was significantly
lower in the preprocedural treatment group (8.10+8.89 ng/
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Figure | The influence factors of delayed ticagrelor administration in the STEMI
patients admitted in different ways. Atypical chief complaints included non-chest
pain chief symptoms such as abdominal pain, throat discomfort, sudden dyspnea and
syncope. High D-Dimer level was defined as 2800 ng/mL. Monotherapy of 100 mg
aspirin after prehospital confirmation of STEMI was demonstrated as inadequate
early antiplatelet. Rapid transfer was defined as <10 min from STEMI confirmation
to the patient’s arrival at the cath-lab.

Abbreviations: PCl, percutaneous coronary intervention; ECG, electrocardiogra-
phy; ED, emergency department.

mL vs 10.99+10.51 ng/mL, P=0.010). Serum NT-proBNP
in the preprocedural group at baseline (322.19+717.18 pg/
mL vs 578.52+£1490.69 pg/mL, P=0.055) and at the peak
level during hospitalization (1667.22+3801.98 pg/mL vs
2086.34+4427.62 pg/mL, P=0.323) were both numerically
lower than the in-lab treatment group. The time interval
from FMC to the confirmation of STEMI (19.99+18.15
min vs 36.77+27.73 min, P<0.001), and from confirmation
to ticagrelor administration (12.644+23.64 min vs 27.53
+16.40 min, P<0.001) were significantly shorter in the
preprocedural group. The median FMC-to-wire time inter-
val was 99 min, with no significant difference between the
two groups. The proportions of patients with high Killip
class or ventricular fibrillation attack during precatheter-
ization settings did not differ between the two groups.

The antiplatelet treatment time segments and other peri-
procedural medications were listed in Table 3. The median
time intervals from ticagrelor loading to angiography overall,
for the preprocedural treatment group, and for the in-lab
treatment group were 31, 55, and 21 min, respectively.
Loading dose aspirin was administrated before PPCI in
98.47% patients (321 of 326) except for five patients in the
in-lab treatment group who had already taken 100 mg aspirin
before seeking medical care. The proportion of early aspirin
loading dose administration (defined as >30 min before
angiography to the culprit artery), however, was significantly
higher in the preprocedural treatment group (86.42% vs
41.94%, P<0.001), which was in line with the significantly
higher proportion of early ticagrelor administration (=30 min
before angiography) in this group (86.42% vs 23.12%,
P<0.001). Delayed aspirin administration was more likely
to occur with the patients directly admitted to ED (76 of 153,
49.67%) and primary transported patients (31 of 48 cases,
64.58%), which was partly due to the unavailability of anti-
platelet medications in the ambulances, and partly because of
our “one-package” method of antiplatelet drug management,
that is, the loading dose pills of dual antiplatelet agents (three
pills of 100 mg aspirin and two pills of 90 mg ticagrelor)
were contained in a single package and delivered to the
patient as a whole in order to avoid repeated or missed
medication. Secondary transported patients, however, tended
to take loading dose aspirin separately in their first-aid insti-
tutions. Opioid use before ticagrelor administration did not
differ between the two groups (7.14% vs 6.45%, P=0.805).
The proportion of patients with thrombus aspiration or tiro-
fiban bail-out therapy during PCI procedure did not differ
between the two groups.
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Table 3 Antiplatelet Treatment Time Segments and Other Medications

Preprocedural Group N=140 In-lab Treatment Group N=186 P-value
FMC to ticagrelor loading (min) 33.35%£37.07 66.40+38.56 <0.001
Ticagrelor to angiography (min) 59.08+27.24 22.12%13.58 <0.001
230 min 121 (86.42) 43 (23.12) <0.001
<30 min 19 (13.58) 143 (76.88) <0.001
Preprocedural aspirin loading 140 (100) 181 (97.31) 0.051
230 min before angiography 121 (86.42) 78 (41.94) <0.001
<30 min before angiography 19 (13.58) 108 (58.06) <0.001
Preprocedural anticoagulants
Unfractionated heparin 127 (90.71) 182 (97.85) 0.004
Low molecular weight heparin 13 (9.29) 3 (1.61) 0.002
Bivalirudin 0 (0.0 | (0.54) 0.385
Opioid use before ticagrelor 10 (7.14) 12 (6.45) 0.805
Thrombus aspiration Il (7.86) I (5.91) 0.489
Tirofiban use during PCI 8 (5.71) 9 (4.84) 0.803

Abbreviations: FMC, first medical contact; PCl, percutaneous coronary intervention.

Culprit Artery Reperfusion

Table 4 demonstrated the reperfusion endpoint in the two
study groups. Presence of self-patency in the culprit artery
was significantly higher in the preprocedural treatment
group than in the in-lab treatment group (25.71% vs
16.67%, P=0.045). The proportion of instant TIMI3 flow
before angiography was numerically higher in the prepro-
cedural group, but the difference was not statistically sig-
nificant (20.0% vs 12.37%, P=0.060). The proportion of

Table 4 Culprit Artery Reperfusion Endpoints

Endpoints Preprocedural Inlab Treatment | P-value
Group N=140 Group N=186
TIMI flow at initiation
of CAG
TIMI 0 102 (72.86) 148 (79.57) 0.156
TIMI | 2 (1.43) 7 (3.76) 0.203
TIMI 2 8 (5.71) 8 (4.30) 0.559
TIMI 3 28 (20.0) 23 (1237) 0.060
Self-patency 36 (25.71) 31 (16.67) 0.045
TIMI flow after PCI
TIMI 0 0 (0) 3 (l.6l) 0.131
TIMI | 2 (1.43) 0 (0) 0.102
TIMI 2 2 (1.43) 2 (1.08) 0.774
TIMI 3 136 (97.14) 181 (97.31) 0.927
No-reflow after PCI 2 (1.43) 3 (1.61) 0.893
ST-segment elevation 68 (48.57) 52 (27.96) <0.001
resolution 250%
Abbreviations: CAG, coronary angiography; PCl, percutaneous coronary

intervention.

patients with ST-segment elevation resolution >50%
within 24 h after PCI was significantly higher in the
preprocedural treatment group (48.57% vs 27.96%,
P<0.001). Presence of no-reflow after PCI, however,
showed no significant difference between the two groups.

In the multivariate logistic regression analysis adjusted
for gender, age, history of hypertension, diabetes, dyslipi-
demia, smoking and previous coronary artery disease,
preprocedural ticagrelor treatment was found to be an
independent influence factor to the increasing early ST-
segment elevation resolution after primary PCI (OR:
3.057, 95%CI: 1.538-6.075, P=0.001, Table 5).

Table 5 Multivariate Logistic Regression Analysis for Influence
Factors of Early ST-segment Elevation Resolution Within 24
Hours After PCI

Odds Ratio 95%Cl P-value
Lower | Upper
Preprocedural ticagrelor 3.057 1.538 6.075 0.001
Age 265 years 0.540 0.294 0.993 0.048
Killip class = Il 0.667 0.252 1.769 0416
Self-patency 2241 1.212 4.141 0.010
No-reflow 0.463 0.035 6.111 0.559
FMC-to-wire <90 min 1.776 1.014 3119 0.045
TIMI score 26 0.261 0.103 0.659 0.004
Early aspirin loading 0.848 0.423 1.700 0.642
Opioid use before ticagrelor 0.458 0.160 1.313 0.146

Notes: Adjustment: age, gender, history of hypertension, diabetes, dyslipidemia,
smoking and previous coronary artery disease.
Abbreviations: FMC, first medical contact;
intervention.

PCl, percutaneous coronary
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Clinical Outcomes

Clinical outcome data within 28 days after primary PCI
was listed in Table 6. The proportions of patients with
new-onset heart failure in the preprocedural treatment
group was significantly lower than the in-lab treatment
group (9.29% vs 18.82%, P=0.016, Figure 2). Mean left
ventricular ejection fraction (LVEF) in the preprocedural
group was nonsignificantly lower than the in-lab treatment
group at admission (59.74+10.43% vs 60.52+10.03%,
P=0.507), but showed a greater increasing trend during
hospitalization and turned out to be higher than the in-lab
treatment group before discharge, although the difference
was not statistically significant (62.68+10.93% vs 61.42
+9.62%, P=0.286). The proportions of patients with defi-
nite stent thrombosis (0.71% vs 1.61%, P=0.466) was
numerically lower in the preprocedural treatment group,
but the difference was not statistically significant com-
pared with the in-lab treatment group. All-cause mortality
and reinfarction did not differ between the two groups. No
stroke cases were found during the observation. The pro-
portion of bleeding events in the preprocedural treatment
group was numerically higher than in the in-lab treatment
group (4.29% vs 1.62%, P=0.145). No life-threatening or
cerebral bleeding events were observed in the study
populations.

In the Cox-regression hazard model adjusted by age,
gender and multiple cardiovascular risk factors, delayed
FMC-to-wire time, high TIMI score and no-reflow were
independently related to the increasing risk of short-term
heart failure after PCI procedure, while ticagrelor pretreat-
ment was indicated to be protective to the heart failure

Table 6 Clinical Outcomes Within 28 Days After PCI

Zhang et al
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Figure 2 Kaplan—Meier curve of the 28-day heart failure events between prepro-
cedural and in-lab treatment groups. Log rank (Mantel-Cox)=5.294, P=0.021.

events (adjusted HR: 0.517, 95%CI:
P=0.039, Table 7).

0.276-0.967,

Analysis Across Drug-to-angiography
Time Quartiles

As an exploratory analysis, we divided the entire study
cohort into four groups according to the quartiles of the
time intervals from ticagrelor loading to the initiation of
8-9). The
patients in the fourth quartile (ticagrelor-to-angiography

coronary angiography procedure (Tables

time >54 min) had a longer delay in the symptom onset
to FMC time than the other quartiles. FMC-to-wire delays
in the third and fourth quartiles were significantly longer

Preprocedural Group N=140 In-lab Treatment Group N=186 P-value

LVEF (%)

On admission 59.74+10.43 60.52+10.03 0.507

Before discharge 62.68+10.93 61.4249.62 0.286
MACE 5 (3.57) 6 (3.26) 0.864

All-cause mortality 3 (2.149) 4 (2.15) 0.996

Stent thrombosis 1 (0.71) 3 (1.61) 0.466

Reinfarction 2 (1.43) 3 (l.6l) 0.893
New-onset heart failure 13 (9.29) 35 (18.82) 0.016
Secondary endpoints

Bleeding events 6 (4.29) 3(1.62) 0.145

Ventricular aneurysm 5 (3.57) 5 (2.69) 0.647

Abbreviations: PCl, percutaneous coronary intervention; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MACE, major adverse cardiovascular events.
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Table 7 Cox Regression for Risk Factors of New-onset Heart Failure in 28 Days After PCI

Hazard Ratio 95%CI P-value
Lower Upper
Preprocedural ticagrelor 0517 0.276 0.967 0.039
FMC-to-wire 2120 min 1.959 1.055 3.638 0.033
TIMI score 26 3.745 1.882 7.450 <0.001
Killip class 2Ill 1.902 0.923 3.921 0.082
No-reflow 6.772 1.461 31.393 0.015
Early ST-segment resolution 0.520 0.237 1.142 0.103
Opioid use before ticagrelor 2.565 0.992 6.634 0.052

Notes: Adjustment: age, gender, history of hypertension, diabetes, dyslipidemia, smoking, previous coronary artery disease.
Abbreviations: PCl, percutaneous coronary intervention; FMC, first medical contact.

Table 8 Time Segments and Reperfusion Endpoints Across Ticagrelor-to-angiography Time Quartiles

QI (0-19 min) N=88 | Q2 (20-31 min) N=83 | Q3 (32-54 min) N=76 | Q4 (>54 min) N=79
Symptom onset to FMC (min) 146.69+159.23 127.48+114.90 148.62+138.51 173.66+171.49
FMC-to-wire (min) 80.53£40.12 76.00£31.61 98.83+45.26%,** 108.56+50.09%**
Self-patency 25 (28.41)** 9 (10.84) 12 (15.79) 21 (26.58)**
ST-segment elevation resolution 250% 29 (32.95) 26 (31.33) 30 (39.47) 35 (44.30)
No-reflow 2 (2.27) I (1.20) 0 2 (2.53)

Notes: *Compared with QI: P<0.01. **compared with Q2: P<0.01.
Abbreviation: FMC, first medical contact.c

Table 9 Clinical Outcomes Across Ticagrelor-to-angiography Time Quartiles

QI (0-19 min) N=88 Q2 (20-31 min) N=83 Q3 (32-54 min) N=76 Q4 (>54 min) N=79
MACE 2 (227) 3 (3.61) 2 (2.63) 4 (5.06)
All-cause mortality I (1.14) 2 (2.41) 2 (2.63) 2 (2.53)
New-onset heart failure 12 (13.64) Il (13.25) 15 (19.74) 10 (12.65)
Reinfarction | (1.14) | (1.20) 1 (1.32) 2 (2.53)
Stent thrombosis | (1.14) | (1.20) 1 (1.32) | (1.27)

Abbreviation: MACE, major adverse cardiovascular events.

than in the first and second quartiles. The proportion of
early ST-segment resolution in the fourth quartile was
nonsignificantly higher than the second quartile (44.30%
vs 31.33%, P=0.086), while the early ST-segment eleva-
tion resolution rates between other groups showed no
significant difference. The rates of self-patency both in
the first quartile (28.41% vs 10.84%, P=0.004) and fourth
quartile (26.58% vs 10.84%, P=0.010) were significantly
higher than in the second quartile. The proportion of no-
reflow did not differ significantly among the four quartile
groups.

In terms of 28-day outcomes, the proportion of overall
MACE (4 of 79, 5.06%) and reinfarction events (2 of 79,
2.53%) was higher in the 4th quartile but the difference was
not significant compared with the other quartile groups. All-

cause mortality was nonsignificantly lower in the first quar-
tile (1 of 88, 1.14%). The presentation of short-term heart
failure events was numerically higher in the third quartile
(15 of 76, 19.74%), but the difference was not statistically
significant. The rates of reinfarction were nonsignificantly
higher in the fourth quartile group. Stent thrombosis risks
did not differ across the time quartiles.

Discussion

Main Findings

To our knowledge, this study was the first one on the
relationship between ticagrelor loading dose treatment
before PCI procedure and short-term heart function after
PPCI in East-Asian STEMI patients. In our study,
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preprocedural ticagrelor treatment was associated with
improved reperfusion of the infarct-related artery (IRA),
presented by increased presentation of self-patency and
early ST-segment elevation resolution. The pretreatment
strategy was also associated with a significant reduction
of new-onset heart failure risks within 28 days after PCIL.
These findings indicated that early ticagrelor loading
before entering the catheter laboratory could be beneficial
for East-Asian STEMI patients scheduled for urgent PCI
in the preservation of ventricular function. It should be
noted that preprocedural administration of ticagrelor was
observed to be associated with an increasing risk of bleed-
ing events in our study, although the difference was not
statistically significant compared with the in-lab treatment

group.

Culprit Artery Reperfusion Endpoints

In our study, preprocedural ticagrelor treatment before
entering the catheter laboratory was associated with the
increasing presence of the IRA’s self-patency and early
ST-segment elevation resolution, which was in contrast
to the results from the prior ATLANTIC trial. In the
ATLANTIC, the prehospital ticagrelor administration was
proved to be safe, but did not contribute to the improve-
ment of pre-PCI reperfusion. Some researchers interpreted
this result as being affected by the short time interval
between ticagrelor administration and access to the cathe-
terization laboratory.'' In our study, the median time inter-
val from ticagrelor loading to angiography in the
preprocedural group was 55 min, which was much longer
than the ATLANTIC trial. Further analysis by drug-to-
angiography time quartiles also indicated that despite
a longer delay in the FMC-to-wire time, patients with
a drug-to-angiography time of over 54 min presented
with a higher rate of early ST-segment elevation resolution
in the first 24 h after PCI than the patients with drug-to-
angiography time around 30 min. The difference in the
pretreatment-to-PCI time interval, in conjunction with the
difference in results of reperfusion endpoints between our
study and the ATLANTIC trial suggested that the time
interval between ticagrelor preloading and the access of
catheterization procedure could play a role in the manifes-
tation of the benefits of the pretreatment strategy.
Although patients in the first time quartile, in which the
drug-to-angiography time was less than nine minutes,
showed a similar proportion of early ST-segment elevation
resolution in comparison with the fourth quartile, it should
be noted that this quartile group had a much shorter FMC-

to-wire time of around 80 min, which was an independent
factor of improving early ST-segment elevation resolution
by itself according to the logistic regression results
(OR=1.776, P=0.045). Due to the small sample size of
this study, the interaction of FMC-to-wire time and tica-
grelor-to-angiography time in the contribution to early ST-
segment elevation resolution remained unclear, which
needs further investigation.
In addition to the
catheterization interval, the difference in upstream admin-

influence of medication-to-

istration of opioid before ticagrelor was also possible to
contribute to the reperfusion endpoints. In the ATLANTIC
trial, it was stated that morphine was administrated in half
of the study population before randomization and ticagre-
lor loading. Several prior studies observed that morphine
affected the antiplatelet effects of clopidogrel by lagging
its absorption and decreasing the plasma levels of the
P2Y12 agent as well as its active metabolite.'* '
Impaired antiplatelet effects of ticagrelor and prasugrel
associated with morphine administration were reported
by Parodi et al,'> which led to the hypothesis that mor-
phine could affect the pharmacodynamics and pharmaco-
kinetics of novel oral P2Y12 inhibitor agents, thus
reducing the potent benefit of early P2Y12 inhibitor
administration. In our study, the rate of opioid administra-
tion before ticagrelor loading was low (17 of 258 patients,
6.59%). In the logistic regression analysis, the association
between preprocedural ticagrelor treatment and early ST-
segment elevation resolution remained significant when
upstream opioid administration was added into the model
as a covariant. Thus, we considered that the interference
morphine could have on the antiplatelet effects of ticagre-
lor were likely to be ruled out in our study.

Clinical Outcomes

Two large clinical studies concentrated on the benefits of
ticagrelor pretreatment to the short-term outcomes of
STEMI patients undergoing urgent PCI were published
previously, the ATLANTIC and a sub-study of the
SWEDEHEART register. Both of the studies showed neu-
tral results in a composite ischemic endpoint of all-cause
mortality, myocardial reinfarction and definite stent throm-
bosis. New-onset heart failure after PCI, however, was not
taken as a clinical endpoint in the two studies. In the
current study, the proportion of heart failure events in 28
days after urgent PCI was significantly lower in the pre-
procedural ticagrelor treatment group than in the in-lab
treatment group. In conjunction with the positive findings

International Journal of General Medicine 2021:14

1935

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

in the presence of early ST-segment elevation resolution
and early reperfusion of the IRAs, this finding suggested
that early ticagrelor administration before PCI procedure
was potentially of benefit to preserve left ventricular func-
tion after urgent PCI procedure by improving the early
reperfusion in the IRA-related areas and preventing micro-
vascular obstructions. In a recently published study, third
generation P2Y12 inhibitors as ticagrelor and prasugrel
were associated with reduced infarction size, lower pre-
valence of microvascular obstruction, and a significantly
reduced risk of heart failure in comparison with clopido-
grel, which was considered to be affected by the short
onset of peak antiplatelet activities and lower drug resis-
tance of these novel P2Y12 inhibitors.'® Furthermore,
besides its antiplatelet effects, ticagrelor was reported to
have the potency of increasing the plasma concentration of
endogenous adenosine, which could reduce ischemia and
reperfusion injury by interfering with the production of
inflammatory mediators, oxygen species, and neutrophil
trafficking, thus contributing to the preservation of micro-
vascular function, the reduction of infarction size and the
improvement of the left ventricular function during the
peri-PCI period.'”'® In the current study, early and ade-
quate microvascular reperfusion, which was indicated by
early ST-segment elevation resolution, was proved to be
associated with better short-term prognosis of STEMI
patients. The patients with early ST-segment eclevation
resolution had a higher proportion of early ticagrelor
(56.67% vs 34.95%, P<0.001) and aspirin preloading
(61.67% vs 53.88%, P=0.171), and the prevalence of new-
onset heart failure (6.67% vs 19.42%, P<0.001) and death
(0.0% vs 3.39%, P=0.041) was significantly lower in
comparison with the patients without early ST-segment
elevation resolution. It should be noted that the early ST-
segment elevation resolution did not enter the Cox survival
model including preprocedural ticagrelor administration
(HR=0.520, 95%CI: 0.237-1.142, P=0.103), but turned
out to be an independent protective factor of short-term
heart failure events when preprocedural ticagrelor admin-
istration was removed from the model (HR=0.453, 95%CI:
0.209-0.985, P=0.046). The abolished association between
early ST-segment elevation resolution and reduction of
new-onset heart failure in the Cox survival model contain-
ing early ticagrelor administration, in conjunction with the
greater difference of the prevalence of heart failure events
between early vs late ST-segment elevation resolution
groups and early vs late ticagrelor groups, suggested that
the reduction of short-term heart failure incidents should

be considered to result from the interaction between early
ticagrelor administration and preserved microvascular per-
fusion, which was difficult to exclude in the current study
due to our low sample size. This issue should be further
investigated in large-scale randomized trials.

The proportion of definite stent thrombosis and rein-
farction within 28 days after PCI was numerically reduced
in the patients with preprocedural ticagrelor treatment,
which was in line with the results of the ATLANTIC
trial, but the difference between the preprocedural and in-
lab treatment groups did not reach statistical significance.
Furthermore, a longer duration between ticagrelor loading
and coronary angiography was not associated with fewer
MACE, stent thrombosis or reinfarction events, which
indicated that the potential benefit of early ticagrelor pre-
loading before PPCI procedure might be manifested in
other aspects such as ventricular function preservation
and microvascular protection, rather than a direct preven-
tion of periprocedural ischemic adverse events caused by
macrovascular thrombosis.

All-cause mortality did not differ between the prepro-
cedural and in-lab treatment groups, as was reported in
several other studies.!®!%1972! However, two of the three
deaths in the preprocedural group were due to nonischemic
events (one died from ventricular rupture, and the other
from cardiac shock), while three of the four deaths in the
in-lab treatment group were directly caused by stent
thrombosis and reinfarction. This may reflect a bias in
the mortality analysis caused by the imbalance between
the groups in terms of severity of the patients, which
required investigation in further large-scale studies.

Bleeding Events
Although no major bleeding events according to the
PLATO criteria were observed in the current study, the
preprocedural group showed a nonsignificant trend toward
minor bleeding events. The proportion of patients with
bleeding events in the preprocedural group was almost
three times higher than the in-lab treatment group. This
finding was in line with the result of a previous study,
which reported ticagrelor was associated with increased
bleeding risks in comparison with clopidogrel in East-
Asian populations.? This could be explained by the pro-
pensity for bleeding between East-Asian and Caucasian
populations. Compared with the Caucasians, the East-
Asians were reported to have a higher platelet reactivity
that was associated with increased bleeding risks.?
studies also

Pharmacokinetic showed higher active
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metabolite exposure rates and stronger pharmacodynamic
responses in East-Asians than the Western counterparts
when the same doses of novel P2Y12 inhibitors were
administrated.”>** The specific profiles for bleeding in
East-Asian patients indicated that the potential risk of
excess to hemorrhage events must be taken into considera-
tion when ticagrelor pretreatment is planned in East-Asian

STEMI patients in the case of scheduled primary PCI.

Limitations

This study was a single-center study with a small sample
size, which was a limitation for the statistical power of the
results. Grouping of patients was not randomized, making
it difficult to rule out observational bias. Data on plasma
adenosine, platelet reactivity and CMR for evidence of
thus,
whether the reduction of prevalence of heart failure in

microvascular obstruction were not available,

the pretreatment group was associated with early increas-
ing of plasma adenosine or reducing microvascular
obstructions was unclear. Large-scale randomized clinical
studies should be considered for further investigations on
these matters. Finally, as a retrospective observational
study with a much smaller sample size than the other
randomized clinical trials, the evidence strength of our
results was very limited, and should be regarded as
hypothesis-generating. The results should be checked in
further extensive randomized trials.

Conclusion

Early administration of loading dose ticagrelor before cor-
onary catheterization procedure was associated with
improved peri-PCI reperfusion as well as reduced risks
of new-onset heart failure in East-Asian STEMI patients
undergoing primary PCI, but the excess to bleeding events

should be taken care in clinical practice.
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