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Abstract

Background Ticagrelor provides enhanced antiplatelet efficacy but increased risk of bleeding and dyspnea. This study aimed to dis-
play the relationship between ADP-induced platelet-fibrin clot strength (MApp) and clinical outcomes in acute coronary syndrome (ACS)
patients treated by ticagrelor. Methods Consecutive Chinese-Han patients with ACS who received maintenance dose of ticagrelor on top of
aspirin were recruited. After 5-day ticagrelor maintenance treatment, MA zpp measured by thrombelastography (TEG) were recorded for the
evaluation of ticagrelor anti-platelet reactivity. Pre-specified cutoffs of MA,pp > 47 mm for high on-treatment platelet reactivity (HTPR) and
MA spp < 31 mm for low on-treatment platelet reactivity (LTPR) were applied for evaluation. The occurrences of primary ischemic cardio-
vascular events (including a composite of cardiac death, non-fatal myocardial infarction and stroke), the Thrombolysis in Myocardial Infarc-
tion (TIMI) defined bleeding events, and ticagrelor related dyspnea were recorded after a follow-up of three months. Results Overall, 176
ACS patients (Male: 79.55%, Age: 59.91 £ 10.54 years) under ticagrelor maintenance treatment were recruited. The value of MA zpp ranged
from 4.80% to 72.90% (21.27% =+ 12.07% on average), with the distribution higher skewed towards the lower values. Using the pre-specific
cutoffs for HTPR and LTPR, seven patients (3.98%) were identified as HTPR and 144 patients (81.82%) as LTPR. After a follow-up of three
months in 172 patients, major cardiovascular events occurred in no patient, but TIMI bleeding events in 81 (47.09%) with major bleedings in
three patients. All patients with major bleedings were classified as LTPR. Ticagrelor related dyspnea occurred in 31 (18.02%) patients, with
30 (21.28%)) classified as LTPR and no one as HTPR (P = 0.02). Conclusions In ticagrelor treated ACS patients, MA ,pp measured by
TEG might be valuable for the prediction of major bleeding and ticagrelor related dyspnea. Due to the small number of patients with HTPR
after ticagrelor maintenance treatment, larger scale study should be warranted to verify the relationship between MApp defined HTPR and
ticagrelor related ischemic events.
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1 Introduction tor inhibitor. It could achieve more rapid and great platelet
inhibition than high-loading-dose clopidogrel, with the
strong effect sustaining during the maintenance phase.’* In
the PLATelet inhibition and patient Outcomes (PLATO)
trial, treatment with ticagrelor as compared with clopidogrel
significantly reduced the rate of major cardiovascular events
(MACE), without an increase in the rate of overall major
bleeding.” Therefore, ticagrelor is recommended for the
treatment of patients with ACS and PCI management in the
updated guidelines."”! However, with more potent antip-
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Dual antiplatelet therapy, with a P2Y'12 receptor inhibitor
on top of asipirin, is the recommended therapy for
secondary prevention of cardiovascular ischemic events in
patients with acute coronary syndrome (ACS) and those
undergoing percutaneous coronary intervention (PCI).'”!
Ticagrelor, a member of cyclopentyl-triazolo-pyrimidines,
is the first reversibly binding oral antiplatelet P2Y'12 recep-
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ticagrelor could be favorable for the personalized applica-
tion of P2Y'12 receptor inhibitors.

As we know, the variability in response to clopidogrel
has drawn forth the notion of high on-treatment platelet
reactivity (HTPR) and its tendency to ischemic outcomes in
ACS patients undergoing PCL'*®! Conversely, the occurren-
ce of bleeding events in patients treated with P2Y'12 recep-
tor inhibitors is related to the excessive platelet inhibition
with the consequence of low on-treatment platelet reactivity
(LTPR).""*"* In the recent updated consensus on the defini-
tion of on-treatment platelet reactivity induced by adenosine
diphosphate (ADP), the cutoffs values for HTPR and LTPR
with respect to various platelet function tests were proposed
as the therapeutic window in personalized antiplatelet ther-
apy of P2Y12 receptor inhibitors.!"**) Thrombelastography
(TEG) measured ADP-induced platelet-fibrin clot strength
(MApp) values with > 47 mm defined for HTPR and < 31
mm for LTPR were reported as the important predictors for
post-PCI ischemic or bleeding events, respectively.!'®!”!
TEG is more reflective of the physiologic character of a
blood clot in vivo, however, the utility of TEG as well as the
therapeutic window for the measurement of antiplatelet ef-
fect in ticagrelor treated patients has not been evaluated.
Therefore, the present study aimed to display the relation-
ship between MA pp measured by TEG and clinical out-
comes in ticagrelor treated ACS patients.

2 Methods

2.1 Study population

All Patients with ACS who received maintenance dose
(MD) of ticagrelor (90 mg, twice daily) and aspirin (100 mg,
once daily) in-hospital and out-hospital were consecutively
recruited at the Department of Cardiology, General Hospital
of Chinese People’s Liberation Army (GH-PLA), from
January 2014 to April 2015. Those patients that planed to
drug eluting stent (DES) placement were pretreated with a
loading dose of 180 mg ticagrelor and 300 mg aspirin be-
fore PCI according to current standard guidelines."?' Intra-
venous anticoagulant and glycoprotein IIb/Illa inhibitor
during and after PCI were administered according to the
interventional cardiologists’ discretion. Exclusion criteria
included patients’ age younger than 18 years old, known
contraindication to aspirin or ticagrelor treatment, cardiac
arrest, severe dyspnea, platelet count < 100 x 10°/L, history
of bleeding diathesis, concurrent severe illness with ex-
pected survival of < 1 month, surgery within one month or
scheduled in the year, stroke within one month, and liver or
renal dysfunction. The present study complied with the
Declaration of Helsinki was approved by the institutional

ethics committee. All of the patients gave written informed
consent for the study before the inclusion.

2.2 Platelet reactivity measurements

After 5-day maintenance ticagrelor treatment, peripheral
venous whole blood was drawn by venipuncture into vacu-
tainer tubes containing 3.2% sodium citrate (Becton-Di-
ckinson, San Jose, CA). The first 2—4 mL of blood was dis-
carded to avoid spontaneous platelet activation. Blood sam-
ple measurements were carried out using the TEG Haemo-
stasis System (Haemoscope Corporation, Niles, IL, USA).
A detailed operating instruction of this method has been
outlined previously."® The TEG Haemostasis Analyzer
with automated analytical software provides viscoelastic
quantitative and qualitative measurements of the physical
properties of a clot. Time to fibrin formation (R), angle con-
stant (o), clot formation time (K), maximum amplitude (MA)
including MAzpp, MA and MA;. MA, and MA¢, were re-
corded, representing the maximum platelet fibrin clot
strength and fibrin clot strength. MApp Was transformed
into the actual measure of clot strength (G scale, dyne/cm?),
which is calculated from [(5000 x MAApp)/(100 — MApp)].
ADP induced platelet inhibition (PIpp) was calculated by
the formula as PIopp (%) = 100% — [(MAApp — MA)/(MA|
— MAy)] x 100%. Plapp and MApp values were confirmed
at the central clinical laboratory for platelet function studies
in the Department of Cardiology, GH-PLA. All measure-
ment procedures were carried out within two hours. HTPR
was defined as the value of MApp > 47 mm, and LTPR
defined as the value of MApp < 31 mm, according to the
previous reported consensus and update on the definition of
on-treatment platelet reactivity to ADP associated with
ischemic and bleeding.!"”

2.3 Study end points and follow-up

The primary efficacy outcomes included a composite of
cardiac death, non-fatal myocardial infarction (MI) and
stroke. Secondary efficacy outcomes included a composite
of defined or probable stent thrombosis, coronary revascu-
larization, and re-hospitalization for unstable angina. The
safety outcomes included major and minor bleeding events
defined according to the updated Thrombolysis in Myocar-
dial Infarction (TIMI) criteria.'**”! The side effect of dysp-
nea related to ticagrelor was justified according to the stan-
dard procedures reported in previous literature.*") Clinical
follow-up was performed through telephone interview at the
outpatient clinics at one and three months. All collected data
were input to the database by well-trained staffs, with
source documentation double-checked to ensure accurate
data input.
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2.4 Statistical method

All statistical tests were performed with the use of SPSS
Statistics 17.0 (SPSS, Inc., Chicago, IL, USA). Continuous
variables were presented as the mean = SD and compared
using the Student’s t test, Mann—Whitney U test, or one-way
analysis of variance (ANOVA) test, as appropriate. Cate-
gorical variables were expressed as frequencies and per-
centages, which were compared with a chi-square test or
Fisher exact test. Multivariate linear regression analysis
with calculation of the adjusted B coefficient was used to
test the independent contribution of each covariate to the
value of TEG-MA spp. Adjustments were made for the pos-
sible confounding effects, including baseline demographic
[gender, age (in decades), body mass index (BMI, per 5
kg/m?), smoking status, and comorbidities (diabetes mellitus,
renal dysfunction), co-medications [pump inhibitor (PPI),
statins, or calcium channel blockers (CCBs)], and laboratory
examination [left ventricular ejection fraction (LVEF),
platelet count and creatinine-based estimates of the glome-
rular filtration rate (eGFR) (per 30 mL/min per 1.73 m?)].
Comparisons of clinical outcomes among patients were
analyzed using the chi-square test. A two-sided P value <
0.05 was used to test for the significance.

3 Results

3.1 Patients’ baseline characteristics

Baseline characteristics were detailed in Table 1. A total
of 176 eligible ticagrleor treated ACS patients were in-
cluded in the study, with 79.55% male and a mean age of
59.91 + 10.54 years old. ST-elevated myocardial infarction
(STEMI) was diagnosed in 31 (17.61%), Non-STEMI in 10
(5.68%), and unstable angina in 135 (76.70%) patients. Af-
ter admission, a total of 156 (88.64%) patients underwent
the treatment of PCIL.

3.2 Anti-platelet reactivity measured by TEG

PIspp measured by TEG was 85.92% + 17.79% on aver-
age (ranged from 4.8% to 100%) during the maintenance
treatment of ticagrelor. The value of MA,pp was 21.27% =+
12.07% on average, ranged from 4.80% to 72.90%. The
distribution of Pl,pp was skewed toward higher values,
while MA spp measured by TEG was skewed toward lower
values (Figure 1). With the pre-specific cutoffs for HTPR
(TEG-MA spp > 47 mm) and LTPR (TEG-MApp < 31 mm),
seven patients (3.98%) were identified as HTPR and 144
patients (81.82%) as LTPR.

3.3 Factors associated with anti-platelet reactivity
measured by TEG-MA ,pp

Variables affecting anti-platelet reactivity of ticagrelor

were displayed in Table 2. By multiple linear regression
analysis, we found the concomitant therapy with CCBs

Table 1. Demographic and clinical characteristics of the en-
rolled ACS patients.

Characteristics Patients (n = 176)
Male 140 (79.55%)
Age, yrs 59.91 +10.54
BMI, kg/m? 25.75+2.78
Cardiovascular risk factor
Current smoker 80 (45.45%)
Hypertension 101 (57.39%)
Diabetes 57 (32.39%)
Chronic renal failure 2 (1.14%)

Hypercholesterolemia 56 (31.82%)

Other medical history

Prior MI 28 (15.91%)

Prior PCI 50 (28.41%)

Prior CABG 4(2.27%)
Final diagnosis of ACS

ST-elevation MI 31 (17.61%)

Non-ST-elevation MI 10 (5.68%)
Unstable angina 135 (76.70%)
PCI with coronary stent placement 156 (88.64%)
Laboratory evaluation
LVEF, % 57.71+7.57
Platelet count, x 10%/uL 22426 £63.21
Total cholesterol, mmol/L 396 +1.15
Triglycerides, mmol/L 1.79 £ 1.68
HDL-C, mmol/L 1.04 £0.29
LDL-C, mmol/L 2.36+0.93
Creatinie, pmol/L 77.75 £ 19.69
Antithrombotic treatment in hospital
Aspirin 172 (97.73%)
Glycoprotein IIb/I11a inhibitor 94 (53.41%)
Heparin 138 (78.41%)
Other medication administered in hospital
ARB 30 (17.05%)
ACE inhibitors 43 (24.43%)
Beta-blockers 138 (78.41%)
CCBs 62 (35.23%)
Statins 171 (97.16%)
Diuretics 8 (4.55%)
Nitrates 103 (58.52%)
Proton pump inhibitor 22 (12.50%)

Data are presented as n (%) or median + SD. ACE: angiotensin-converting
enzyme; ACS: acute coronary syndrome; ARB: angiotensin receptor bloker;
BMI: body mass index; CABG: coronary artery bypass grafting; CCBs:
calcium channel blockers; HDL-C: high density lipoprotein cholesterol;
LDL-C: low density lipoprotein cholesterol; LVEF: left ventricular ejection

fraction; MI: myocardiac infarction; PCI: percutaneous coronary intervention.
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Figure 1. Distribution of ticagrelor anti-platelet reactivity measured by TEG in ACS patients. Figure 1A and figure 1B represent the
distribution of PI,pp and MA ,pp measured by TEG, respectively. ACS: acute coronary syndrome; MA spp: ADP-induced platelet-fibrin clot
strength; Pl,pp: ADP induced platelet inhibition; TEG: thrombelastography.

Table 2. Clinical factors related to TEG-MA  pp measured
after S-day ticagrelor maintenance treatment in ticagrelor
treated ACS patients (n = 176).

Variables B coefficient 95% CI Adjusted
P value

Age (in decades) 1.13 0.99t0 3.26 0.29
Female gender 2.64 —2.79 to 8.07 0.34
BMI (per 5 kg/m?) 111 ~3.811015.90 0.65
Current smoking status -1.72 —5.87t02.43 0.41
Diabetes mellitus —-1.52 —5.37t02.32 0.46
Renal dysfunction 9.75 —14.37 t0 33.87 0.43
PPI 3.80 —1.85t09.45 0.19
Statins -3.19 —14.04 to 7.66 0.56
CCB —4.08 —7.96 to —0.20 0.04
LVEF -0.31 —0.57 to —0.05 0.02
Platelet count 0.02 —0.01 to 0.05 0.29
eGFR (per 30 mL/min

per 1.73 ) 0.05 —-0.06 t0 0.15 0.38

*Adjusted by the baseline demographic [gender, age (in decades), BMI (per
5 kg/m®), smoking status and comorbidities (diabetes mellitus, renal dys-
function), co-medications (PPI, statins, CCB), laboratory examination
[LVEF, platelet count and creatinine-based eGFR (per 30 mL/min per 1.73
m?)]. ACS: acute coronary syndrome; BMI: body mass index; CCB: cal-
cium channel blockers; eGFR: estimates of the glomerular filtrationrate;
LVEF: left ventricular ejection; MAapp. ADP-induced platelet-fibrin clot
strength; PPI: proton pump inhibitor; TEG: thrombelastography.

[B coefficient: —4.08, 95% CI: (—7.96 to —0.20), P = 0.04]
and LVEF [ coefficient: —0.31, 95% CI: (-0.57 to —0.05), P
= 0.02] were independently associated with lower probabil-
ity effect on platelet reactivity, in other words, lower prob-
ability for HTPR. No significant influence on the value of
MA pp Was found for the characteristics of age (P = 0.29),
gender (P = 0.34), BMI (P = 0.65), comorbidity of diabetes
mellitus (P = 0.46), renal dysfunction (P = 0.43), co-medi-
cations with PPI (P = 0.19), platelet count (P = 0.29) and
eGFR (P =0.38).

3.4 Clinical outcomes in relation to HTPR and LTPR
defined by MAADP

A total of 172 (97.73%) patients completed the 3-month
follow-up, with 7 (4.07%) classified as HTPR, 24 (13.95%)
in therapeutic range, and 141 (81.98%) as LTPR. We did
not found the occurrence of primary ischemic event in any
patients. Secondary ischemic events occurred in seven pat-
ents, with two (28.57%) classified as HTPR, two (8.33%) in
therapeutic range and three (2.13%) classified as LTPR (P =
0.03). Bleeding events occurred in 81 patients, with major
bleeding in three patients, and minor bleeding in 78 patients.
All patients with major bleeding events were classified as
LTPR. No relationship was found between the occurrence
of minor bleeding events and TEG-MA,pp defined anti-
platelet responsiveness (P = 0.65). Ticagrelor related dysp-
nea occurred in 31 patients, with 30 (21.28%) classified as
LTPR, one (4.17%) in therapeutic range, but no one as
HTPR (P =0.02) (Table 3).

4 Discussion

The present study showed the relationship between
MApp measured by TEG and anti-platelet responsiveness
in ticagrelor treated ACS patients. According to the con-
sensus on the therapeutic window for P2Y12 receptor in-
hibitors, LTPR defined by MApp could predict major
bleeding and dyspnea side effect in the present ticagrelor
treated ACS patients. To the best of our knowledge, this
study is the first to evaluate the relationship between the
measurement of MA spp by TEG and the antiplatelet effects
of ticagrelor in ACS patients.

The relationship between on-treatment platelet reactivity
evaluated by ex vivo platelet function tests and clinical out-
comes in coronary artery disease (CAD) has been set
up.** ) In the present study, the distribution of MAApp
measured by TEG during ticagrelor treatment was highly
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Table 3. Relationship between clinical outcomes and TEG-
MA ,pp defined antiplatelet responsiveness in ticagrelor treated
ACS patients (n = 172).

In therapeutic HTPR

Clinical outcomes LTPR
. range MA spp> P
during 3-month MA ,pp<31mm
31<MApp < 47 mm value
follow-up (n=141)

47mm(n=24) (=7

Ischemic events

Primary events 0 0 0 -

Secondary events 3 (2.13%) 2(8.33%) 2(28.57%) 0.03
Bleeding events

Major bleeding 3 (2.13%) 0 0 -

Minor bleeding 62 (43.97%) 13 (54.17%) 3 (42.86%) 0.65

Adverse events

Ticagrelor relat-
30 (21.28%) 1 (4.17%) 0 0.02

ed dyspnea

Data are presented as N (%). Primary ischemic endpoints included a com-
posite of cardiac death, non-fatal myocardial infarction and stroke; Secon-
dary efficacy endpoints included a composite of defined or probable stent
-thrombosis, coronary revascularization, and re-hospitalization for unstable
angina; the major and minor bleeding events are defined according to the
updated TIMI criteria. ACS: acute coronary syndrome; HTPR: high
on-treatment platelet reactivity; LTPR: low on-treatment platelet reactivity;
MAapp: ADP-induced platelet-fibrin clot strength; TEG: thrombelastogra-
phy; TIMI: thrombolysis in myocardial infarction.

skewed toward lower values, indicating the strong anti-
platelet efficacy of ticagrelor in ACS patients. Similar dis-
tribution of platelet reactivity measured with different
platelet function assays in ticagrelor treated patients could
be found in previous studies.” **! As we know, antiplatelet
responsiveness of P2Y12 inhibitors may be greatly
influenced by the different assays used for evaluation.!***
Similar prevalence of HTPR (2.7%-3.5%) in ticagrelor
treated ACS patients was reported in previous studies with
the cutoff of 50% platelet reactivity index using vasodila-
tor-stimulated phosphoprotein (VASP) assay,””>> but higher
prevalence of HTPR (9.2% and 13.3%) when using multiple
electrode aggregometry test with cutoff of ADP induced
area under the curve (AUC) of 468 or 417.°° and rare oc-
currence of HTPR (0-0.6%) by VerifyNow P2Y12 assay
with the cutoff of ADP induced P2Y 12 reaction units (PRU)
of 208 to 230.°%*” The prevalence of LTPR is high in pre-
sent study, which indicates the higher bleeding risk in tica-
grelor treated patients.””’ The incidence of LTPR in tica-
grelor treated ACS patients has been reported previously in
two studies using different platelet function assays, with
25% using a VerifyNow P2Y12 cutoff < 10 PRU,”" and
65.6% using a VASP cutoff < 16%.5" In addition, variable
time for the platelet function measurement in ACS patients
may also influence the different prevalence of HTPR and

LTPR in these reported studies.'***>>]

In the present study, we found concomitant administra-
tion with CCBs was independently associated with lower
MApp values. As we know, CCBs are substrates for
CYP3A4, with non-dihydropyridine CCBs being the mod-
erate CYP3A4 inhibitors as well.”* In addition, in-vitro
studies have shown that ticagrelor is both a substrate and
weak inhibitor of the cytochrome CYP3A4 isoenzyme,””
suggesting a potential drug interaction of ticagrelor with
other CYP3A4 substrates. Therefore, CCBs potentially in-
teract with ticagrelor and change the plasma levels of tica-
grelor metabolite.!”! Future studies should be warranted to
elucidate whether CCBs could show a pharmacokinetic
interaction on ticagrelor. As for the influence of LVEF, the
serious status of heart failure may frequently reduce gastro-
intestinal motility and thereby delay oral absorption and
decrease peak plasma concentration of ticagrelor.*” The
preliminary study reported that LVEF < 35% was inde-
pendently associated with high on-clopidogrel platelet reac-
tivity,*"! indirectly supported the influence of LVEF on
platelet reactivity in ticagrelor treated ACS patients. Actu-
ally, we did not find the association between platelet reac-
tivity and age, gender, BMI, diabetes mellitus or renal dys-
function, co-medications with PPI, platelet count and eGFR
in ticagrelor treated patients. However, these variables have
been shown to influence platelet reactivity in ticagre-
lor-treated patients in the previous studies.”******! The
paradox might partly attribute to the different included pa-
tients and platelet function assay applied in the studies.

We did not observe the occurrence of MACE in the pre-
sent study, which might attribute to the relatively lower-risk
patients included and the shorter follow-up intervals. How-
ever, the low rate of ischemic events in the study indicated
the strong antithrombotic effect of ticagrelor in the ACS
patients. We observed that all patients with major bleeding
events in the study were classified as LTPR, indicating that
TEG-MApp defined antiplatelet responsiveness might be
predictive for major bleeding. However, more than 80% of
ticagrelor treated ACS patients in the present study were
classified as bleeding-related LTPR when the consensus
cut-off of MA xpp< 31 mmwas used."®'” Due to the bind-
ing characteristics of ticagrelor associated with a wider sep-
aration between antithrombotic and bleeding effects than
that seen with irreversibly binding of thienopyridines,'*!! we
suspected that the therapeutic window for ticagrelor might
be wider and the optimal predicted values of MApp for
ticagrelor-related bleeding might be lower than 31mm.
Therefore, the novel therapeutic window for ticagrelor
should be established and validated in a large cohort of ACS
patients.
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In the present study, we found ticagrelor related dyspnea
occurred in 31(18.02%) patients, with 30 (21.28%) classi-
fied as LTPR, one (4.17%) in therapeutic range, but no one
as HTPR. Preliminary studies suggested that ticagrelor in-
hibits adenosine taken up into erythrocytes, leading to
changes in regional blood flow, along with the symptom of
dyspnea.'*! Moreover, ticagrelor may inhibit platelets not
only by P2Y12 receptor inhibition but also by interacting
with adenosine, which is a potent aggregation inhibitor.*"’
Therefore, it is reasonable to understand that patients pre-
sented with LTPR could have a higher rate of dyspnea due
to the potential increased plasma adenosine by ticagrelor.
The potential higher risk for ticagrelor related major bleed-
ings and dyspnea side effects in patients with MA spp de-
fined LTPR suggests the need to verify the predictive ef-
fects of the cutoff in larger cohorts.

Several limitations in the present study should be men-
tioned. Firstly, this was a single-center study with small
sample size, which may introduce bias into the primary
findings. The duration of the follow-up was relative shorter
with limited data on efficacy and safety outcomes. Thirdly,
TEG-MApp defined HTPR and LTPR during ticagrelor
maintenance treatment were determined based on the up-
dated consensus definitions originated mainly from studies
of clopidogrel therapy, and thus may not appropriately ex-
tend to ticagrelor. Future large-scale prospective designed
trials with appropriate clinical follow-up intervals should be
warranted to establish the new therapeutic windows defin-
ing HTPR and LTPR in patients receiving ticagrelor.

In conclusion, MApp as measured by TEG could poten-
tially predict major bleeding and dyspnea side effects in
ticagrelor treated ACS patients. Due to the small number of
patients with HTPR after ticagrelor maintenance treatment,
larger scale study should be warranted to verify the rela-
tionship between MAspp defined HTPR and ticagrelor re-
lated ischemic events.
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