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Abstract: Background: Ticagrelor could exert a potential higher antiplatelet effect than clopidogrel and inhibit cellu-
lar uptake of adenosine, which was associated with several cardiovascular effects. We aimed to explore the associa-
tion of plasma adenosine concentration (APC) and antiplatelet effect with clopidogrel or ticagrelor in acute coronary 
syndrome (ACS) patients receiving dual antiplatelet therapy (DAPT). Methods: In this prospective, observational, 
and single-center cohort study, we enrolled 71 patients treated with ticagrelor and 85 with clopidogrel. We moni-
tored the inhibition platelet aggregation (IPA) and assessed the adenosine and cyclic adenosine monophosphate 
(cAMP) plasma concentration. Clinical data and cardiovascular events of 30 days were also collected to investigate 
the differences between the groups and hazard ratios during prognosis. Results: The IPA of ticagrelor was signifi-
cantly higher than clopidogrel (88.30 ± 13.06% vs. 60.02 ± 28.38%, P=0.001). The APC was significantly higher 
in ticagrelor therapy than clopidogrel therapy (2.88 ± 0.62 µmol/L vs. 2.56 ± 0.40 µmol/L, P=0.019). The cAMP 
plasma concentration was also significantly higher in ticagrelor therapy than clopidogrel therapy (21.91 ± 9.15 
pmol/ml vs. 18.43 ± 9.02 pmol/ml, P=0.013). The plasma levels of adenosine and cAMP were positively correlated 
with ADP-induced IPA (r=0.68, P<0.001; r=0.30, P=0.002, respectively). The multivariate analysis adjusted for the 
dyspnea revealed that the treatment with ticagrelor was independently associated with this adverse drug reaction 
(odds ratio (OR), 5.295; 95% confidence interval (CI), 1.429-19.617). Conclusion: Results from this study indicated 
that ticagrelor could increase adenosine and cAMP plasma concentration and had a potential antiplatelet effect in 
patients with ACS that might be adenosine-mediated.
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Introduction

Ticagrelor is an oral P2Y12 receptor antagonist 
[1] that is recommended for the prevention of 
clinical thrombotic events in patients with acute 
coronary syndrome (ACS), according to the 
2014 ESC/EACTS guidelines [2] on myocardial 
revascularization. Ticagrelor is a more potential 
antiplatelet drug than clopidogrel, especially for 
patients with poor CYP2C19 metabolism and 
low inhibitor platelet aggregation [3]. In PLATO 
study [4], ticagrelor could reduce the major 
adverse cardiac and cerebrovascular events 
(MACCE) compared to the standard treatment 
with clopidogrel. Also, a greater incidence of 
dyspnea was observed with the medication of 
ticagrelor [5]. These findings led to the hypoth-

esis that the pleiotropic effect of ticagrelor was 
mediated through a novel non-platelet directed 
mechanisms of action.

A number of studies concluded that ticagrelor 
might inhibit the cellular uptake of adenosine 
through the equilibrative nucleoside transport-
er-1 (ENT-1) [6], consequently leading to a supe-
rior effect on coronary blood flow and platelet 
aggregation as compared to clopidogrel in ani-
mal models [7]. Adenosine, a regulatory metab-
olite, is an important mediator of inhibition of 
platelet activation [8]. The extracellular adenos-
ine activates the platelet A2AR [9], which in turn 
stimulates the production by adenylyl cyclase of 
cAMP [10, 11] representing a dual mode of 
platelet aggregation inhibition by ticagrelor. 
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Thus, the higher potency and persistent effect 
on antiplatelet aggregation might be attributed 
to the possible adenosine-like actions of 
ticagrelor [12]. Clopidogrel has been the most 
prescribed medication for myocardial revascu-
larization for ACS patients but, it does not have 
an inhibitory effect on adenosine cellular 
uptake.

Most of the current evidence on the effect of 
ticagrelor on adenosine metabolism is derived 
from in vitro studies or from studies in healthy 
volunteers wherein the adenosine metabolism 
could not reflect the clinical effect. Therefore, 
in the current study, we aimed to test this 
hypothesis in ACS patients in vivo. Here we car-
ried out a prospective, observational, and sin-
gle-center cohort study in 156 patients with 
ACS, who never received ticagrelor and clopido-
grel therapy previously. The purpose of our 
study was to investigate the relevance of 
ticagrelor induced increasing adenosine and 
cAMP plasma concentration with the inhibition 
of platelet aggregation (IPA).

Materials and methods

We performed a prospective, observational, 
and single-center cohort study enrolling pa- 
tients with non-ST-segment elevation ACS. The 
protocol was approved by the Ethical Committee 
of Zhongshan Hospital, Fudan University. It was 
conducted in accordance with Good Clinical 
Practice and compliance with the Helsinki 
Declaration. Informed consent was obtained 
from all the patients, before undergoing any 
study procedure.

Study design

From January 2016 to March 2016, a total of 
156 Chinese patients with non-ST-segment 
elevation ACS undergoing PCI were enrolled in 
this study. All the patients were allocated to 
ticagrelor or clopidogrel according to the clini-
cian practice or evidence-based medicine. 
Blood samples were collected before coronary 
angiography and 48 h after a P2Y12-ADP recep-
tor antagonist loading dose.

Each subject underwent detailed a character-
ization including the history of smoking or alco-
hol consumption, comorbidity disease, hemo-
globin, hematocrit, platelet count, alanine 
aminotransferase (ALT), estimated glomerular 
filtration rate (eGFR), left ventricular ejection 

fraction (LVEF), and the number of stents. We 
monitored the ticagrelor induced adverse drug 
reactions of dyspnea and atrial ventricular 
block for each patient according to the PLATO 
clinical trial and C-reactive protein (CRP). We 
determined the IPA by thromboelastogram 
(TEG). The comparison of the MACCE in 30 days 
between the two groups was conducted. The 
plasma concentrations of adenosine and cAMP 
were detected by fluorescent probe adenosine 
assay kit for each.

The study was carried out at Cardiovascular 
Division of Zhongshan Hospital, Fudan Uni- 
versity, Shanghai, China. The ACS was diag-
nosed according to the European Society of 
Cardiology (ESC) criteria [2]. Patients eligible 
for inclusion were presented with a history of 
chest pain lasting for more than 20 min, unre-
sponsive to nitroglycerine. The ECG showed an 
ST segment and T wave alterations. The cardiac 
markers showed a typical rise. All the patients 
were treated with primary percutaneous coro-
nary intervention for reperfusion and drug elut-
ing stents were implanted. Patients never medi-
cated with P2Y12 receptor antagonist were 
included. The exclusion criteria were age less 
than 18 years, allergies or contraindications to 
either ticagrelor or clopidogrel, a history of 
cerebral hemorrhage, increased risk of bleed-
ing and hematologic disorder, severe liver and 
kidney insufficiency, acute and chronic infec-
tion, platelet count <100×109, requiring coro-
nary artery bypass graft (CABG) surgery after 
coronary angiography.

For antiplatelet therapy, a loading dose of 180 
mg ticagrelor followed by a daily regimen of 90 
mg twice was administered in the ticagrelor 
group and that of 300 mg clopidogrel by a daily 
regimen of 75 mg once in the clopidogrel group. 
In addition to the P2Y12 receptor antagonist 
antiplatelet treatment, all the subjects received 
aspirin for antithrombotic therapy, low molecu-
lar weight heparin for anticoagulation, statins 
for stable plaque, angiotensin converting 
enzyme inhibitors (ACEI) or angiotensin recep-
tor blocker (ARB) for ventricular remodeling, 
beta-block for reducing myocardial oxygen con-
sumption, and with proton pump inhibitors (PPI) 
for gastrointestinal discomfort.

Evaluation of platelet function

At 48 h post the clopidogrel or ticagrelor load-
ing dose, the magnitude of platelet reactivity 
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was assessed by Thrombelastograph Hemos- 
tasis Analyzer (Haemoscope Corp, Niles, IL, 
USA). The contribution of P2Y12 receptor path-
way to the clot formation could be measured by 
the addition of the agonist of adenosine diphos-
phate (ADP). The maximum amplitude of TEG 
scanning demonstrated the strength of the 
blood clot that was being formed. The platelet 
and fibrosis are the major contributors to the 
process. Thrombin that induced clot strength 
(MAThrombin) reflects the patient’s maximal poten-
tial platelet reactivity [13]. MAFibrin reflects the 
contribution of fibrin alone to the clot strength, 
whereas MA(ADP) represents the contribution of 
platelets not inhibited by clopidogrel or ticagre-
lor. Platelet aggregation in response to ADP 
was calculated with software by the formula. 

ADP-induced platelet aggregation (%)=(MAADP-
MAFibrin)/(MAThrombin-MAFibrin)×100%.

Laboratory parameters

Fasting blood samples were withdrawn under 
standardized conditions and stored at -80°C 
until further analysis. Biochemical and routine 
blood tests were conducted by the Department 
of Laboratory Medicine of Zhongshan Hospital. 
Hs-CRP was measured using a particle-en- 
hanced immunoturbidimetric assay (DiaSys 
Diagnostic Systems, Shanghai, China) on the 
HI-7600-120 Analyser (HITA). APC was mea-
sured by adenosine deaminase followed by a 
multi-step enzymatic approach resulting in the 
generation of an intermediate that reacts with 
the adenosine probe forming a fluorescent 
product. The fluorescent product (Bio Vision, 
CA, USA) was measured at Ex/Em=535/587 
nm within a detection range of 2-80 pmol. The 
cAMP assay (R&D system, Minneapolis, USA) 
was based on the competitive binding tech-

Table 1. Demographic and clinical characteristics of the study participants
Variables Clopidogrel (n=85) Ticagrelor (n=71) Statistic value P value
Age (years), mean ± sd. 65.81 ± 8.49 63.79 ± 7.45 -1.566 0.119
Male, n (%) 73 (85.88) 62 (87.32) 0.002 0.961
BMI (kg/m2), mean ± sd. 23.94 ± 1.13 24.34 ± 1.54 1.529 0.126
Smoking, n (%) 45 (52.90) 40 (56.30) 0.361 0.548
Alcohol, n (%) 19 (22.35) 17 (23.94) 0.055 0.814
Hypertension, n (%) 50 (58.82) 43 (60.56) 0.048 0.825
Diabetes, n (%) 24 (28.23) 13 (18.31) 2.106 0.147
Stroke, n (%) 7 (8.24) 9 (12.68) 0.829 0.363
ALT>75 U/L. n (%) 7 (8.24) 8 (11.27) 0.409 0.522
eGFR<60 mL/min·1.73 m2, n (%) 17 (20.00%) 10 (14.08) 0.946 0.398
Hemoglobin (g/L), mean ± sd. 135.05 ± 19.25 1132.86 ± 16.22 0.639 0.524
Hematocrit (%), mean ± sd. 39.89 ± 5.07 39.22 ± 4.41 -0.881 0.378
PLT (x109/L), mean ± sd. 212.81 ± 49.38 225.48 ± 44.06 1.675 0.096
LVEF (%), mean ± sd. 50 ± 8 52 ± 9 1.112 0.266
Coronary intervention procedure
    Number of stents, mean ± sd. 1.76 ± 1.32 1.54 ± 1.22 -1.202 0.229
Medication
    Aspirin, n (%) 85 (100.0) 69 (97.18) 2.425 0.206
    GP IIb/IIIa, n (%) 37 (51.1%) 46 (54.1%) 1.547 0.802
    LMWH, n (%) 63 (74.12) 44 (61.97) 2.648 0.104
    Statins, n (%) 85 (100) 71 (100) - 1.000
    β-block, n (%) 78 (91.76) 65 (91.55) 0.002 0.961
    ACEI/ARB, n (%) 79 (92.94) 68 (95.77) 0.168 0.681
    Nitrates, n (%) 68 (80.00%) 63 (88.73%) 2.192 0.189
    PPI, n (%) 49 (57.65) 39 (54.93) 0.116 0.733
BMI, Body Mass Index; ALT, Alanine Transaminase; eGFR, estimated Glomerular Filtration Rate; PLT, Platelet; LVEF, Left Ven-
tricular Ejection Fraction; GP IIb/IIIa, Glycoprotein IIb/IIIa; LMWH, Low Molecular Weight Heparin; ACEI, Angiotensin Converting 
Enzyme Inhibitors; ARB, Angiotensin Receptor Blocker; PPI, Proton Pump Inhibitors.
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nique. A monoclonal antibody specific for cAMP 
interacted to the goat anti-mouse antibody 
coated onto the microplate. Following a wash to 
remove excess monoclonal antibody, cAMP 
present in a sample competed with a fixed 
amount of horseradish peroxidase-labeled 
cAMP for sites on the monoclonal antibody. 
This was followed by another wash to remove 
the excess conjugate and the unbound sample. 
A substrate solution was added to the wells to 
determine the bound enzyme activity. The color 
development was quenched and the absor-
bance measured at 450 nm. The intensity of 
the color was inversely proportional to the con-
centration of cAMP in the sample. The mini-
mum detectable dose of cAMP ranged from 
0.42-8.57 pmol/mL.

Follow-up

All patients included in the study were followed 
up for 30 days from the discharge day. Major 
adverse cardiac and cerebrovascular events 
including cardiac death, occurrence of new Q 
myocardial infarction, major stroke, the need 
for target lesion revascularization, CABG per-
formed after the emergency procedure, recur-
rent hospitalization for angina or congestive 
heart failure were recorded. All participants 
were followed by their medical records.

Statistical analysis

Comparisons of continuous variables between 
the two groups were performed by Student’s 
t-test or Wilcoxon two sample test. Paired 
Student t-test or Wilcoxon sign sum test were 
used for comparison of intra-group continuous 
variables at before and after treatment. Re- 
peated measures analysis of variance was per-
formed to determine the main effect of repeat-
ed measures data between two groups. Com- 
parisons of categorical variables were assessed 
by Chi-square or Fisher’s exact test. Pearson’s r 
coefficient of correlation was used for correla-
tion studies. Binary multivariate logistic regres-

sion analysis was performed to assess the 
adjusted hazard of adverse events. Data were 
analyzed using IBM SPSS Statistics 19.0 soft-
ware, all statistical analysis was two-tailed test, 
P value <0.05 was considered statistical signi- 
ficance.

Results

Clinical characteristics

156 patients with non-ST-segment elevation 
ACS were enrolled in this study including 71 in 
ticagrelor group and 85 in clopidogrel group. 
The demographic and clinical characteristics of 
these study participants in the two groups were 
presented in Table 1. No statistical differences 
were observed in age, sex, body mass index 
(BMI), hypertension, diabetes, stroke, liver and 
kidney function, hemoglobin, hematocrit, plate-
let (PLT), left ventricular ejection fraction (LVEF), 
the number of stents, and medication between 
the two groups.

The ADP-induced IPA, CRP, hospital stays and 
costs

Compared to the clopidogrel treatment, tica- 
grelor had a putative effect on IPA. The inhibi- 
tor of ADP-induced platelet aggregation was 
markedly higher with ticagrelor treatment than 
the clopidogrel treatment (88.3 ± 13.06% vs. 
60.02 ± 28.38%, P<0.001). Regarding the CRP 
levels, we observed no difference between 
patients treated with ticagrelor and clopidogrel 
(32.83 ± 39.26 vs. 19.5 ± 15.52, P=0.234). 
Also, there is no significant difference in the 
hospital stays and costs of participants of two 
groups (Table 2).

The changes of the adenosine and cAMP 
levels

The plasma levels of adenosine and cAMP were 
similar between the patients with ticagrelor 
and clopidogrel treatment during admission 
(P=0.895 and P=0.351, respectively).

Table 2. ADP, CRP, hospital stays and costs of participants
Variables Clopidogrel (n=85) Ticagrelor (n=71) Statistic value P value
ADP (%), mean ± sd. 60.02 ± 28.38 88.30 ± 13.06 6.639 <0.001
CRP (mg/L), mean ± sd. 32.83 ± 39.26 19.50 ± 15.52 -1.189 0.234
Hospital stays (day), mean ± sd. 9.14 ± 4.02 8.45 ± 3.78 -1.297 0.195
Cost (¥), median (P25, P75) 54870 (44479, 76792) 54066 (44915, 74563) -0.236 0.813
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48 h after receiving the loading dose of P2Y12 
antagonists, APC tended to increase after 
ticagrelor treatment (P=0.042). Contrastingly, 
APC with clopidogrel treatment decreased after 
receiving the loading dose (P=0.278). Further- 
more, the adenosine level was higher in the 
ticagrelor treatment than the clopidogrel treat-
ment (P=0.001). The cAMP plasma concentra-
tion tended to increase after ticagrelor and 
clopidogrel treatment (P<0.001 for both). The 
cAMP plasma concentration significantly incre- 
ased in patients receiving ticagrelor than those 
with clopidogrel (P=0.013) (Table 3).

Laboratory parameters and IPA

48 h after receiving the clopidogrel or ticagre-
lor loading dose, we assessed the inhibitory 

effect on platelet aggregation by TEG and moni-
tored the plasma concentration of adenosine 
and cAMP. The APC and cAMP plasma concen-
tration were positively correlated with IPA in 
ACS patients (r=0.68, P<0.001; r=0.30, P= 
0.002, respectively) (Figure 1).

Adverse drug reaction and re-hospitalization

Significant differences existed in adverse drug 
reactions, which indicated that ticagrelor could 
increase the incidence of dyspnea compared 
with clopidogrel (P=0.028). However, there no 
significance was observed in the two groups 
with atrioventricular block and bleeding. All the 
study subjects were successfully followed up 
for 30 days from the discharge. Four patients in 
the ticagrelor group and thirteen from clopido-

Table 3. APC and cAMP of participants at before and after treatment (mean ± sd.)
Variables Time Clopidogrel (n=85) Ticagrelor (n=71) Statistic value P value
APC (μmol/L) Pre-treatment 2.65 ± 0.51 2.69 ± 0.60 0.132 0.895b

Post-treatment 2.56 ± 0.40 2.88 ± 0.62 3.354 0.001b

Statistic value -1.092 2.068 8.590 0.004c

P value 0.278a 0.042a 0.840 0.019d

cAMP (pmol/mL) Pre-treatment 10.08 ± 5.10 9.55 ± 4.69 -2.036 0.351b

Post-treatment 18.43 ± 9.02 21.91 ± 9.15 2.477 0.013b

Statistic value 7.013 9.408 2.690 0.103c

P value <0.001a <0.001a 138.35 <0.001d

Note: a, P value of intra-group comparison before and after treatment. b, P value of inter-group comparison. c, P value of 
inter-group effect using repeated measures analysis of variance; d, P value of time effect using repeated measures analysis of 
variance. 

Figure 1. The positive correlation between laboratory parameters and IPA in ACS patients by adenosine plasma 
concentration (A) and cAMP plasma concentration (B).
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grel group were rehospitalized within 30 days. 
No significant difference was found in the two 
groups (P=0.054) (Table 4).

The multivariate analysis adjusted for the dys-
pnea revealed that the treatment with ticagre-
lor was independently associated with this 
adverse drug reaction (OR=5.295; 95% CI, 
1.429-19.617) (Table 5).

Discussion

Platelets express a broad range of receptors 
that play essential roles in thrombus formation, 
which might be a high risk of ACS [14]. Among 
these, the P2Y12 receptor, a member of the G 
protein-coupled receptor family, has attracted 
a significant amount of attention [12, 15]. Sti- 
mulation of the P2Y12 receptor by ADP results in 
the activation of various signaling pathways 
involved in the amplification of platelet activa-
tion and aggregation [16, 17]. Clopidogrel that 
is metabolized by CYP2C19 in the liver to form 
an active metabolite is the most widely used 
P2Y12 receptor antagonist with high efficacy for 
the ACS patients [18-20]. Regarding antiplate-
let effect, ticagrelor is more potent than clopi-
dogrel and produces a rapid and robust inhibi-
tion of platelet aggregation. Moreover, ticagrelor 
could inhibit ENT-1 to exert cardioprotective 
effects by increasing the plasma concentration 
of adenosine in healthy volunteers [21]. Antip- 

increasing adenosine and cAMP plasma con-
centrations. Also, the accumulation of adenos-
ine in the blood would eventually lead to dys-
pnea in ticagrelor-treated patients to affect the 
C fibers of the vagus nerve via the activation of 
adenosine A1 and A2 receptors [8].

We found that 48 h after receiving the load- 
ing dose of P2Y12 antagonists, the inhibition of 
ADP-induced platelet aggregation was 88.3% 
for ticagrelor versus 60.0% for clopidogrel (P< 
0.001), respectively. The results of the study 
documented that ticagrelor was inferior to clop-
idogrel regarding the antiplatelet effect as a 
consequence of the loading dose. The RES- 
POND clinical trial [22] showed that ticagrelor 
could improve the antiplatelet effect for non-
responsiveness to clopidogrel. Moreover, the 
ONSET/OFFSET clinical trial [23] demonstrated 
that Ticagrelor achieved greater IPA rapidly 
than the high-loading-dose clopidogrel. 24 h 
post the last dose, the mean IPA was 58% for 
ticagrelor vs. 52% for clopidogrel. Our results 
were thus consistent with the previous studies. 
Ticagrelor is an ADP receptor antagonist that 
binds reversibly in a non-competitive manner to 
the P2Y12 receptor at distinct sites on ADP and 
does not require metabolic activation to achieve 
its antiplatelet activity [3, 24].

By monitoring the plasma adenosine concen-
tration, we also observed that the potential 

Table 4. Adverse drug reactions and re-hospitalization of the two 
groups

Variables Clopidogrel 
(n=85)

Ticagrelor 
(n=71)

Statistic 
value P value

Dyspnea, n (%) 5 (5.88) 12 (16.90) 4.837 0.028*
Atrioventricular block, n (%) 4 (4.71) 5 (7.04) 0.077 0.781
Bleeding, n (%) 2 (2.35) 3 (4.23) 0.041 0.838
Re-hospitalized, n (%) 13 (15.29) 4 (5.63) 3.718 0.054
*The crude RR for Ticagrelor vs. Clopidogrel was 2.873 (95% CI, 1.062-7.768).

Table 5. The adjusted hazard of dyspnea for Ticagrelor vs. Clopido-
grel (multivariate logistic regression)

Variables Beta 
value

Standard 
error OR (95% CI) P value

Intercept -0.5748 1.1344 - 0.6124
Age (years), <60 vs. ≥60 0.3559 0.3233 2.038 (0.574-7.238) 0.2710
Ticagrelor vs. Clopidogrel 0.8334 0.3341 5.295 (1.429-19.617) 0.0126
Note: the dependent variable of multivariate logistic regression was dyspnea, inde-
pendent variables including age and treatment.

lateleting is a biological ef- 
fect of adenosine carried 
out by the mechanism of 
inhibiting the platelet acti-
vation mainly via A2AR but 
also via A2BR [8]. In agree-
ment with the previous evi-
dence [6], our study demon-
strated that ticagrelor was 
associated with an increa- 
sed adenosine and cAMP 
plasma concentration with 
a potential antiplatelet ef- 
fect on ACS patients. We 
further identified that the 
adenosine and cAMP were 
positively correlated with 
the ADP-induced IPA. The- 
se observations suggested 
that the potential antiplate-
let effect of ticagrelor might 
be mediated through the 
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antiplatelet property of ticagrelor was related 
to the inhibition of adenosine uptake. Con- 
sistent with the previous literature [6], we also 
found increased levels of adenosine and cAMP 
in ticagrelor-treated ACS patients. The underly-
ing mechanisms may involve the inhibitor ade-
nosine uptake mediated by sodium-dependent 
concentrative nucleoside transporters and 
sodium-independent ENT [25]. Adenosine is 
also an important mediator of inhibition of 
platelet activation, and its effects are mediated 
via G-protein-coupled adenosine receptors [26, 
27]. These receptors modulate the intracellular 
cAMP levels, an inhibitor of platelet activation 
[28]. Adenosine and cAMP inhibit the platelet 
activation through activation of protein kinase 
A, which phosphorylates specific substrates 
that are necessary for this process [29]. Our 
findings demonstrated that ticagrelor had sig-
nificant off-target properties in ACS patients 
through a direct action on adenosine and cAMP 
plasma concentration. Conforming to the previ-
ous study [23], ticagrelor achieved a more 
potent antiplatelet effect compared to clopido-
grel as measured by the TEG.

Adenosine and cAMP modulate the inflamma-
tory responses to a variety of stressful condi-
tions and inhibits the release and production  
of reactive oxygen species and inflammatory 
mediators [30]. However, the potential anti-
inflammatory activity of ticagrelor has not been 
found in our study. The possible reason was 
that all the enrolled patients were medicated 
with statins which had an anti-inflammation 
effect.

Our results further showed that the APC and 
cAMP triggered by ticagrelor were positively 
correlated with ADP-induced platelet aggrega-
tion in ACS patients (r=0.68, P<0.001; r=0.30, 
P=0.002, respectively). A previous investiga-
tion involving ACS patients suggested that 
ticagrelor could augment the coronary blood 
flow velocity via the incremental APC. The 
underlying mechanism might be that the 
increasing adenosine and cAMP levels led to a 
total decrease in platelet accumulation at the 
site of vascular injury thus inhibiting the initial 
rate of platelet accumulation [17, 31, 32]. 
Adenosine and cAMP serve as a regulator of 
the rate at which the platelets adhere and 
detach from a thrombus at a site of vascular 
injury.

In the PLATO trial, ticagrelor was associated 
with an increased incidence of dyspnea, which 
was not accentuated with clopidogrel, 14.5% 
versus 8.7%, respectively [5]. Our results were 
consistent with the previous study and demon-
strated that the incidence of dyspnea was high-
er in the ticagrelor group 16.9% compared to 
the clopidogrel group 5.8%, P=0.028. Gaubert 
et al. [33] reported that ticagrelor (180 mg) sig-
nificantly enhanced the sensation of dyspnea, 
as measured by the Borg scale [34], as a con-
sequence of adenosine infusion in healthy vol-
unteers. Ticagrelor is known to induce dyspnea 
that is not associated with bronchospasm but 
through the increasing levels of adenosine [35].

In this observational study, we cannot com-
pletely exclude the possible bias by various risk 
factors and patient characteristics although no 
statistical difference was observed in the 
demographic and clinical characteristics of the 
participants. Firstly, this study was a single-
center investigation and sample size calcula-
tion was not performed, which might be limiting 
in order to derive definite conclusions. Secondly, 
we used the TEG to measure the IPA which 
might not be sufficient to diagnose fully the 
response to antiplatelet therapy. Lastly, we only 
carried out a 30-day follow-up, which might be 
limiting in drawing a definite conclusion of the 
clinical benefits of ticagrelor.

In summary, ticagrelor had a potential anti-
platelet effect which might be mediated with 
the increasing adenosine and cAMP plasma 
concentration according to our study. These 
findings provide clinical evidence for the ade-
nosine and cAMP on the biological effect in 
patients with ACS. Further, larger randomized 
controlled clinical trials will still be necessary to 
assess whether the ticagrelor induced biologi-
cal effects can be translated into an improve-
ment on the cardiovascular endpoints in 
patients with ACS. 
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