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Background: To investigate the predictive value of platelet-related microRNAs (miRNAs) for bleeding 
during and after off-pump coronary artery bypass grafting (OPCABG) and the influence of dual antiplatelet 
therapy (DAPT) on miRNAs.
Methods: This prospective study included 59 patients scheduled for OPCABG. The plasma miR-126 
and miR-223 levels were measured and platelet aggregation was determined by thromboelastography 
during DAPT. The plasma miRNA levels were compared between patients treated with ticagrelor or 
clopidogrel. Multivariable logistic regression analysis was performed to determine the independent risk 
factors for bleeding during and after surgery. Active bleeding was defined as a blood loss >1.5 mL/kg/h 
for 6 consecutive hours within the first 24 hours or in case of reoperation during the first 12 postoperative 
hours. Severe perioperative bleeding was defined using the universal definition of perioperative bleeding 
in adult cardiac surgery.
Results: Higher circulating miR-223 levels [odds ratio (OR) =1.348, 95% confidence interval (CI): 1.001–
1.814, P=0.047] and lower body mass index (OR =0.648, 95% CI: 0.428–0.980, P=0.040) were independent 
predictors for severe perioperative bleeding in OPCABG. Ticagrelor treatment led to significant increases in 
circulating miR-223 levels compared with clopidogrel treatment. 
Conclusions: The plasma miR-223 levels served as a predictor for bleeding during and after OPCABG. 
Circulating miR-223 levels were significantly elevated with ticagrelor treatment compared with clopidogrel 
treatment. MiR-223 may be a novel biomarker for bleeding in cardiac surgery and can help explain the 
different efficacies of ticagrelor and clopidogrel.

Keywords: Off-pump coronary artery bypass grafting (OPCABG); miRNA; ticagrelor; clopidogrel; bleeding

Submitted Feb 28, 2020. Accepted for publication Sep 25, 2020.

doi: 10.21037/atm-20-2022b

View this article at: http://dx.doi.org/10.21037/atm-20-2022b

Introduction 

Coronary artery bypass grafting (CABG) surgery is an 
effective treatment for patients with 3-vessel coronary 
artery disease (CAD). Dual antiplatelet therapy (DAPT) 
prior to CABG may increase the risks of postoperative 
hemorrhage and blood product transfusion, leading to 

enhanced in-hospital mortality and morbidity rates (1,2). 
Off-pump coronary artery bypass grafting (OPCABG) is 
an alternative surgical technique that has been shown to 
reduce postoperative bleeding risk with recent clopidogrel 
exposure, which may be attributed to preserved coagulation 
and platelet function (3). Some indicators, including the 
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preoperative fibrinogen concentration (4), body mass index 
(BMI) (5), platelet function (6) and preoperative C-reactive 
protein levels (7), were reported to be associated with 
hemorrhage and blood product transfusion requirements 
during and after CABG. Indicators that can accurately 
predict perioperative bleeding and transfusion may help 
surgeons to conduct better prognosis evaluations and 
thus make safer decisions for cardiac surgery patients. 
MicroRNAs (miRNAs) are small noncoding RNAs 
that can regulate gene expression. MiRNAs bind to 
3'-untranslated regions (UTR) of target messenger RNAs, 
thus directing posttranscriptional repression (8). MiR-
223, the most richly expressed miRNA in platelets and 
megakaryocytes, plays a role in the development of the 
hematopoietic lineage (9). Another miRNA, miR-126, is 
highly enriched in endothelial cells as well as in platelets, 
and is responsible for maintaining endothelial homeostasis 
and vascular integrity (10). Recent research has shown 
that miR-126 and miR-223 levels are correlated with 
platelet function tests in acute coronary syndrome patients 
and might be employed to assess the responsiveness to 
antiplatelet agents (11-13). Additionally, these miRNAs in 
circulation were found to predict cardiovascular events in 
CAD patients (14,15). However, there is no study to date 
that has investigated the associations among miRNAs and 
clinical outcomes in cardiac surgery patients. This study 
aimed to investigate the relationships between platelet-
related miRNAs and perioperative bleeding in OPCABG 

surgery patients and the impact of DAPT on platelet-
related miRNAs. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2022b).

Methods

Patients

The study protocol conformed to the ethical guidelines of 
the Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of Zhongshan Hospital, 
Fudan University (No. B2017-102). A signed informed 
consent form was obtained from each of the study subjects 
or their legal guardians. CAD patients who received 
DAPT of aspirin (ASA) plus clopidogrel or ticagrelor and 
were scheduled for OPCABG were included in the study. 
Patients meeting any of the following criteria were excluded 
from the study: (I) history of cardiac surgery; (II) severe 
liver or kidney insufficiency; (III) severe infectious diseases; 
(IV) malignant diseases; (V) left ventricular ejection fraction 
<40%; (VI) hematocrit (HCT) <33%; (VII) platelet count 
<100,000 mm3; (VIII) abnormal range of prothrombin time 
or activated partial thromboplastin time; or (IX) use of 
glycoprotein IIb/IIIa inhibitors or anticoagulation drugs at 
admission (Figure 1).

A total of 59 CAD patients scheduled for OPCABG from 

Patients receiving dual antiplatelet 
therapy of ASA plus clopidogrel or 

ticagrelor (n=75)

n=16

Severe kidney dysfunction
HCT <33%
LVEF <40%
Use of other anticoagulation drugs 
or glycoprotein IIb/IIIa inhibitors

Patients scheduled for OPCABG  
(n=59)

Collecting blood samples for 
miRNA and platelet aggregation

Discontinuing P2Y12 receptor 
antagonists

OPCABG

Recording bleeding events

Figure 1 Flow chart. ASA, aspirin; HCT, hematocrit; LVEF, left ventricular ejection fraction; OPCABG, off-pump coronary artery bypass 
grafting. 
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January 2018 to December 2018 were enrolled in this study. 
As part of our center’s routine practices, ASA treatment 
remained in place and P2Y12 receptor antagonist treatment 
was halted in the patients at least 5 days prior to OPCABG. 
Patients resumed P2Y12 receptor antagonist treatment on 
the first day after surgery. 

All surgical procedures were conducted by a single 
surgeon through a  median sternotomy.  Systemic 
heparinization (1 mg/kg) was used along with additional 
doses to maintain an activated clotting time >300 s. After 
surgery, protamine sulfate (1:1) was used to neutralize 
heparin activity. A cell salvage device was used during 
the operation and salvaged blood was reinfused into the 
patient before the completion of the operation. All patients 
were transferred to the intensive care unit after surgery. 
Allogenic packed red blood cells (pRBCs) were transfused 
when the hemoglobin (Hb) level was <7 g/L. Fresh frozen 
plasma (FFP) was transfused when the blood loss exceeded  
200 mL per hour for 2 consecutive hours after surgery and 
the postoperative international normalized ratio was greater 
than 1.5. Platelets were transfused when the postoperative 
platelet count was <50,000/mm3 and the blood loss 
exceeded 200 mL per hour for 2 consecutive hours after 
surgery. Surgical re-exploration was considered when 
the chest tube drainage (CTD) volume was >200 mL/h  
for 6 consecutive hours or >400 mL during the first hour. 
Bleeding assessments were based on active bleeding 
described in previous research (16) and the universal 
definition of perioperative bleeding (UDPB) in adult 
cardiac surgery (17). Active bleeding was defined as a blood 
loss >1.5 mL/kg/h for 6 consecutive hours within the first  
24 hours or reoperation for bleeding during the first  
12 hours after surgery (16). Severe bleeding occurred when 
one or more of the six following criteria were met: CTD 
volume >1,000 mL within the first 12 hours after surgery; 
delayed sternal closure; surgical re-exploration because 
of bleeding; use of recombinant factor VIIa; transfusion 
of ≥5 units of RBCs within 24 hours of chest closure; and 
transfusion of ≥5 units of plasma within 24 hours of chest 
closure (16,18).

Detection of the percentage of platelet aggregation

The percentage of platelet aggregation was assessed by 
Thromboelastograph® Hemostasis Analyzer with a platelet 
mapping assay (Hemoscope Corp, Niles, IL, USA). The 
contribution of the P2Y12 receptor or cyclooxygenase 
pathways to the clot formation were measured by adding 

the agonist adenosine diphosphate (ADP) or arachidonic 
acid (AA) (19).

RNA isolation and real-time quantitative polymerase 
chain reaction

The first 2–3 mL of blood was discarded to avoid platelet 
activation and then peripheral venous blood samples  
(6 mL) were collected for miRNA detection in plastic 
tubes containing ethylenediaminetetraacetic acid  
anticoagulant (20). The blood was immediately processed 
to avoid the swelling of platelets and plasma was extracted 
using a 2-step centrifugation protocol within 2 hours 
(20,21). Samples were first centrifuged at 3,000 rpm for  
10 minutes at 4 ℃, and then the collected supernatants 
were centrifuged at 10,000 rpm for 10 minutes at 4 ℃. 
The final supernatants were carefully transferred to 
RNase-free tubes and stored at −80 ℃ for the subsequent 
laboratory analyses. 

The total RNA was extracted from the collected plasma 
samples using a miRNeasy Plasma Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s instructions. 
The production of RNA was detected by a NanoDrop 2000 
spectrophotometer (Thermo Scientific, USA). Heparin use 
was halted in all patients before the blood for total RNA 
extraction was collected because several studies suggested 
that heparin can interfere with the quantification of  
miRNA (22). RNA was reversely transcribed to single-
strand complementary DNA using miScript Reverse 
Transcriptase Mix (Qiagen, Hilden, Germany). The real-
time polymerase chain reaction was carried out using a 
LightCycler 480 II Real-time PCR Instrument (Roche, 
Switzerland) with QuantiFast SYBR Green PCR Master 
Mix (Qiagen, Hilden, Germany). Melting curve analysis 
was performed to assess the specificity of the expected PCR 
products. The threshold cycle (Ct) was defined as the cycle 
number at which the fluorescence exceeded the preset 
threshold value. Ct values greater than 40 were treated as 
40. The expression levels of miRNAs were normalized to 
cel-miR-39 and calculated using the 2−ΔΔCt method (23).

Statistical analysis

Statistical analysis was performed using SPSS version 21.0 
(IBM Corporation, Armonk, NY, USA). The normality 
of the distribution of continuous variable was assessed 
using the Shapiro-Wilk normality test. All continuous 
variables were presented as the mean ± standard deviation 
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if normally distributed, otherwise as the median and 
interquartile range (IQR), and were tested using the 
Student’s t-test or the Mann-Whitney U test. A log2 
transformation was applied to the miRNA data. All 
categorical variables were expressed as frequencies and 
percentages, and were tested using the chi-squared test, 
or Fisher’s exact test if necessary. Multivariable logistic 
regression analysis was used to determine the independent 
contribution of platelet-related miRNAs to perioperative 
hemorrhage. First, variables including age, gender, BMI, 
smoking status, diabetes mellitus, use of P2Y12 receptor 
antagonists (clopidogrel or ticagrelor), AA-induced 
platelet aggregation, ADP-induced platelet aggregation, 
Hb, HCT, platelet counts, mean platelet volume (MPV), 
plateletcrit (PCT), platelet distribution width (PDW), and 
miRNA levels were included in the model with univariable 
analysis for relationship with active bleeding and severe 
perioperative bleeding. The variables that yielded a P 
value of <0.2 in the univariable analysis were entered into 
the multivariable logistic regression analysis. The results 
were expressed as odds ratios (ORs) along with the 95% 
confidence intervals (CIs). Statistical significance was 
assumed with two-sided P values of <0.05.

Results

Patient characteristics

This  s tudy enrol led 59 CAD pat ients  scheduled 
for OPCABG. The mean age of these patients was  
64.46±9.45 years, and among them, 77.97% were men. 
Three patients (5.08%) experienced active bleeding and 
eight patients experienced severe perioperative bleeding 
(13.56%) (Table 1).

MiRNAs and bleeding

The model using univariable analysis indicated that BMI 
and plasma miR-223 levels yielded P<0.2 for a relationship 
with active bleeding. These two variables together with 
age and gender were tested in the multivariable logistic 
regression analysis. However, none of these selected 
variables independently predicted active bleeding (Table 2). 
Another model built with plasma miR-126 also showed no 
relationship between miR-126 levels and active bleeding 
(Table S1). 

The model using univariable analysis indicated that the 
P values of BMI, ADP-induced platelet aggregation and 
miR-223 levels were <0.20 for a relationship with severe 
perioperative bleeding. These three variables together 
with age and gender were included in the multivariable 
logistic regression analysis. A lower BMI (OR =0.648, 
95% CI: 0.428–0.980, P=0.040) and higher level of miR-
223 (OR =1.348, 95% CI: 1.001–1.814, P=0.047) were 
independent predictors of severe perioperative bleeding 
(Table 3). Another model built with plasma miR-126 levels 
showed that there was no relationship between the miR-126 
levels and severe perioperative bleeding (Table S2).

P2Y12 receptor antagonists and miRNAs

There was no difference in the baseline data at admission 
between patients taking clopidogrel or ticagrelor (Table 4).  
ADP-induced platelet aggregation was significantly 
higher in patients treated with clopidogrel compared with 
ticagrelor [39.20% (IQR, 23.43–65.65%) versus 17.50% 
(IQR, 8.90–28.70%), P=0.002]. There was no difference in 
AA-induced platelet aggregation between the two groups. 
The relative expression of miR-223, but not miR-126, 
was significantly higher in the ticagrelor group than in the 
clopidogrel group [6.04 (IQR, 2.93–8.68) versus 3.94 (IQR, 
2.64–5.13), P=0.046] (Table 5). 

Table 1 Patient characteristics

Characteristics Patients (n=59)

Age, median ± SD, years 64.46±9.45

Male, n (%) 46 (77.97)

BMI, mean ± SD, kg/m2 23.55±2.88

Active bleeding, n (%) 3 (5.08)

UDPB events, n (%)

Class 3 or class 4 UDPB bleeding 8 (13.56)

Chest tube drainage volume >1,000 mL 
within 12 hours of chest closure

2 (3.39)

Delayed sternal closure 1 (1.69)

Surgical re-exploration because of bleeding 2 (3.39)

Use of recombinant factor VIIa 0

Transfusion of ≥5 units of RBCs within  
24 hours of chest closure

6 (10.17)

Transfusion of ≥5 units of plasma within  
24 hours of chest closure

5 (8.47)

BMI, body mass index; UDPB, universal def init ion of 
perioperative bleeding; RBCs, red blood cells.

https://cdn.amegroups.cn/static/application/bb449b770eda4941d3594978f5a9020f/ATM-20-2022B-supplementary.pdf
https://cdn.amegroups.cn/static/application/bb449b770eda4941d3594978f5a9020f/ATM-20-2022B-supplementary.pdf
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Table 2 Risk factors for active bleeding

Factors
Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age >65 years 1.733 (0.148–20.323) 0.661 1.192 (0.033–43.518) 0.924

Male 0.605 (0.051–7.215) 0.691 0.435 (0.008–23.574) 0.683

Smoking 0.620 (0.053–7.240) 0.703 – –

Diabetes 0.667 (0.057–7.788) 0.746 – –

BMI 0.701 (0.447–1.100) 0.122 0.507 (0.207–1.242) 0.137

AA-induced platelet aggregation 0.991 (0.930–1.057) 0.792 – –

ADP-induced platelet aggregation 0.981 (0.926–1.038) 0.501 – –

Use of ticagrelor 1.103 (0.655–1.827) 0.705 – –

Hb 1.027 (0.956–1.104) 0.463 – –

Hct 1.092 (0.841–1.416) 0.509 – –

PLT count 0.996 (0.976–1.018) 0.746 – –

MPV 1.305 (0.502–3.391) 0.584 – –

PCT 0.372 (0.000–442.129) 0.923 – –

PDW 1.139 (0.779–1.665) 0.503 – –

Plasma miR-223 1.393 (0.979–1.982) 0.066 1.864 (0.979–3.551) 0.058

Log2 transformation was applied to miRNA data. BMI, body mass index; AA, arachidonic acid; ADP, adenosine diphosphate; Hb, 
hemoglobin; Hct, hematocrit; PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width.

Table 3 Risk factors for severe perioperative bleeding

Factors
Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age >65 years 2.885 (0.531–15.662) 0.220 1.346 (0.1666–10.878) 0.781

Male 0.923 (0.164–5.187) 0.928 2.857 (0.226–36.178) 0.148

Smoking 2.381 (0.512–11.063) 0.268 – –

Diabetes 0.406 (0.075–2.205) 0.296 – –

BMI 0.709 (0.528–0.954) 0.023 0.648 (0.428–0.980) 0.040

AA-induced platelet aggregation 0.974 (0.921–1.030) 0.357 – –

ADP-induced platelet aggregation 0.965 (0.924–1.007) 0.102 0.956 (0.905–1.011) 0.115

Use of ticagrelor 0.983 (0.589–1.643) 0.949 – –

Hb 0.989 (0.946–1.034) 0.634 – –

Hct 0.985 (0.839–1.155) 0.850 – –

PLT count 1.002 (0.989–1.015) 0.780 – –

MPV 1.000 (0.513–1.949) 0.999 – –

PCT 12.671 (0.000–373.696) 0.689 – –

PDW 0.984 (0.732–1.324) 0.916 – –

Plasma miR-223 1.201 (0.972–1.485) 0.090 1.348 (1.001–1.814) 0.047

Log2 transformation was applied to miRNA data. BMI, body mass index; AA, arachidonic acid; ADP, adenosine diphosphate; Hb, 
hemoglobin; Hct, hematocrit; PLT, platelet; MPV, mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width.
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Table 5 Platelet aggregation and the relative expression of miRNA 
levels

Variables Clopidogrel Ticagrelor P value

AA-induced platelet 
aggregation, %

15.05  
(4.20–27.58)

6.50  
(3.40–16.30)

0.105

ADP-induced platelet 
aggregation, %

39.20  
(23.43–65.65)

17.50  
(8.90–28.70)

0.002

miRNA-126 (−log2) 3.07 (0.69–5.11) 3.44  
(−0.72 to 8.10)

0.933

miRNA-223 (−log2) 3.94  
(2.64–5.13)

6.04  
(2.93–8.68)

0.046

Data are presented as median (interquartile range); log2 
transformation was applied to miRNA data. AA, arachidonic 
acid; ADP, adenosine diphosphate.

Discussion

Previous literature suggested that platelet-related miRNA 
levels were associated with platelet reactivity (20) and 
served as predictors for cardiovascular events (14,24). 
However, few studies have investigated the predictive 
values of these miRNAs in cardiac surgery patients. This 
observational study included two specific miRNAs known 
to be associated with platelet function and investigated their 
predictive values in OPCABG. We found that platelet-
related miRNA-223 may serve as an independent predictor 

for severe perioperative bleeding, and that treatment with 
the novel P2Y12 receptor antagonist ticagrelor resulted 
in elevated circulating miR-223 levels compared with 
clopidogrel in CAD patients. 

We chose to study miR-223 and miR-126 because they 
were reported to regulate P2Y12 mRNA, thus playing an 
important role in modulating platelet functions (25,26). 
A putative binding site for miR-223 has been identified 
in the 3'-UTR of the mRNA encoding P2Y12 which is 
known to amplify platelet aggregation by agonists, and 
experimental research has indicated that P2Y12 expression 
could be regulated by miR-223 in human platelets (21). 
It can be hypothesized that modulation of miR-223 levels 
influences the P2Y12 expression and platelet aggregation 
which are related to cardiovascular events. Recently, Schulte 
et al. suggested that high miR-223 levels reliably predicted 
future cardiovascular deaths in CAD patients (HR: 2.23,  
P=0.011) (14). In contrast, Keller et al. showed that all-cause 
5-year mortality rates tended to be associated with lower 
miR-223 level (HR: 0.30, P=0.063) (27). However, to date, 
no study has focused on the predictive value of circulating 
miR-223 levels on clinical outcomes in cardiac surgery 
patients. Patients treated with DAPT have increased risks of 
perioperative hemorrhage and transfusion after surgery (28), 
leading to higher mortality rates and resource utilization 
(14,15). Previous studies have shown that platelet function 
may predict blood loss and transfusion requirements after 
CABG (29). However, different detection methods of 
platelet function testing may lead to different conclusions. 
A recent study on 1,069 patients evaluated the capability of 
multiple platelet function tests, including light transmittance 
aggregometry, VerifyNow P2Y12 and Plateletworks 

Table 4 Patient characteristics in clopidogrel group and ticagrelor 
group

Characteristics
Clopidogrel 

(n=32)
Ticagrelor 

(n=27)
P value

Age, mean ± SD, years 66.22±8.13 62.37±10.59 0.120

Male, n (%) 25 (78.1) 21 (77.8) 0.974

BMI, mean ± SD, kg/m2 23.71±2.55 23.37±3.27 0.661

Smoke, n (%) 14 (43.8) 12 (44.4) 1.000

Hypertension, n (%) 27 (84.4) 19 (70.4) 0.224

Diabetes mellitus, n (%) 15 (46.9) 10 (37.0) 0.598

Medication on admission, n (%)

Statins 32 (100.0) 27 (100.0) 1.000

ACEI/ARB 13 (68.4) 6 (31.6) 0.168

Calcium-channel 
blockers

15 (53.6) 13 (46.4) 1.000

Laboratory data, mean ± SD

Hb, g/L 127.69±17.37 132.19±16.17 0.311

HCT, % 38.76±4.76 40.16±4.56 0.255

PLT count, ×109/L 214.15±62.10 218.33±50.89 0.786

PCT, % 0.25±0.07 0.23±0.05 0.444

MPV, fL 11.26±1.21 11.03±1.00 0.425

PDW, % 13.83±2.89 13.46±2.15 0.591

RBC count, ×1012/L 4.31±0.67 4.36±0.51 0.734

APTT, s 27.38±2.62 26.91±1.73 0.429

PT, s 11.58±1.21 11.42±0.62 0.529

BMI, body mass index; ACEI, angiotensin converting enzyme 
inhibitor; ARB, angiotensin receptor blocker; Hb, hemoglobin; 
HCT, hematocrit; PLT, platelet; PCT, plateletcrit; MPV, mean 
platelet volume; PDW, platelet distribution width; RBC, red 
blood cell; APTT, activated partial thromboplastin time; PT, 
prothrombin time.
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assays, and the IMPACT-R and the platelet function 
analysis system (PFA-100), to predict clinical outcomes. 
As a result, researchers found that none of the performed 
tests were able to differentiate between patients with and 
without bleeding or predict minor or major bleeding after  
discharge (30). Due to the limitations in clinical practice, 
current guidelines do not recommend routine platelet 
function tests to adjust antiplatelet therapy (31). The 
discovery of novel biomarkers that can predict perioperative 
hemorrhage in  cardiac  surgery  would be useful . 
Postoperative bleeding can be assessed by CTD volume, 
which is easily measured and has previously been used as an 
outcome measurement in clinical research (32). However, 
the CTD volume after surgery may not reflect the severity 
of bleeding in an accurate or timely manner. In the present 
study, active bleeding and UDPB were used to evaluate the 
severity of hemorrhage in cardiac surgery. Active bleeding, 
adjusted to body weight, has supposedly been to assess real-
time bleeding after surgery, and UDPB creates a simple 
5-class system to assess the severity of bleeding, which 
can be applied in practice and in clinical investigations 
to classify perioperative bleeding (16,17). In the present 
study, we did not find any variable that was related to active 
bleeding. In fact, we found that higher circulating miR-223 
levels were independent predictors of severe perioperative 
bleeding according to the UDPB. This may be because the 
UDPB consisted not only of excessive blood loss but also of 
blood product transfusion requirements. Previous studies 
suggested that severe perioperative bleeding as classified by 
UDPB was related to a poor prognosis (17). Therefore, our 
findings indicate that circulating miR-223 levels may be a 
novel biomarker of bleeding events and clinical outcomes in 
cardiac surgery patients.

The present study also showed that the more potent 
P2Y12 inhibitor, ticagrelor significantly decreased the 
percentage of ADP-induced platelet aggregation and 
increased circulating miR-223 levels in CAD patients. This 
was in line with a previous study that showed that plasma 
miR-223 levels were elevated with decreasing platelet 
reactivity (20). In addition, a recent study also investigated 
the influence of P2Y12 inhibitors on the expression of miR-
126, miR-223, miR-21, and miR-50, and revealed similar 
results. The same research group also suggested that miR-
223 levels were not significantly influenced by the cessation 
of P2Y12 inhibitor therapy for 10 days (21). This may explain 
the predictive value of miR-223 levels for perioperative 
bleeding in our study even after discontinuing ticagrelor 
and clopidogrel prior to surgery for approximately 5 days. 

In contrast, Carino et al. reported reduced circulating miR-
223 and miR-126 levels after switching from clopidogrel to 
ticagrelor (33). Another study conducted by Willeit et al. 
also suggested that further platelet inhibition by prasugrel 
decreased miR-223 and miR-126 levels in symptomatic 
carotid atherosclerosis patients (13). This discrepancy 
may be explained by the long-term intake of DAPT in our 
study’s patients, which might cause chronic adaption at the 
level of RNA transcription, while patients in Carino’s and 
Willeit’s studies had a shorter medication duration (29). In 
contrast to the miR-223 findings, we did not observe any 
different effects of clopidogrel and ticagrelor on circulating 
miR-126 levels in our study. This may be because plasma 
miR-126 was affected by multiple factors such as gene 
sequence variations (34), ASA treatment (35), smoking status 
and diabetes mellitus (36). These results suggest miR-223 
may be a novel biomarker for assessing responsiveness to 
antiplatelet therapy. Compared with clopidogrel, ticagrelor 
was shown to increase local blood flow (37), increase the 
inhibitory effect on platelet aggregation, attenuate vascular 
dysfunction and atherogenesis by inhibiting inflammatory 
activation (38), and increase the sensation of dyspnea (39). 
Ticagrelor also induced faster, greater, and more consistent 
P2Y12 inhibition, and significantly reduced the rate of death 
from vascular causes, myocardial infarction, or stroke, 
compared with clopidogrel (40). One explanation for 
these additional effects of ticagrelor may be the increased 
extracellular adenosine levels that are present. However, 
the increased adenosine was still not enough to explain the 
biological pleiotropic effects after ticagrelor treatment (41).  
MiR-223 has been demonstrated to be involved in many 
pathological processes, including angiogenesis, vascular 
remodeling, inflammation, arrhythmia promotions (42), 
and the reversal of experimental pulmonary arterial 
hypertension (43), so the different modulatory effects on 
miR-223 by ticagrelor compared with clopidogrel may 
help to explain the pleiotropic effects of ticagrelor and the 
different efficacies of the two drugs.

In conclusion, our study indicated that circulating 
miR-223 levels served as independent predictors for 
perioperative bleeding in OPCABG patients. Treatment 
with the novel P2Y12 receptor antagonist, ticagrelor resulted 
in elevated circulating miR-223 levels and decreased ADP-
induced platelet aggregation compared with clopidogrel 
treatment. These results suggest that miR-223 may be a 
novel biomarker for cardiac surgery patients and may help 
explain the different efficacies of ticagrelor and clopidogrel.

The present study has several limitations. First, the 
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sample size was small and this was a single-center study. 
In addition, we only chose two platelet-related miRNAs 
in our study; however, recent research has shown that 
other miRNAs were also associated with cardiovascular 
events in CAD patients. Furthermore, our study only used 
thromboelastography to test platelet function. However, 
different methods for platelet function testing may lead to 
different results. Therefore, other platelet function tests 
should also be investigated. Further studies will be needed 
to explore these miRNAs in detail.
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