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1. INTRODUCTION
ST-segment elevation myocardial infarction 
(STEMI) is a common condition caused by intra-
coronary thrombosis following plaque rupture.1 

In patients with STEMI who undergo primary per-
cutaneous coronary intervention (PCI), intracoro-
nary thrombosis has been observed in up to 91.6% 
of cases during angiography.2 A study comparing 
900 STEMI patients investigated the relation-
ship between thrombus score and cardiac events 
(death, myocardial infarction, and recurrent re-
vascularization). The study found that the TIMI 
thrombus score was associated with 2-year mor-
tality in patients with grade 0-3 thrombus com-
pared to grade 4-5 thrombus (p<0.001).2  Thus, a 

large thrombus was identified as an independent 
predictor of mortality and major cardiac events. 
In guidelines, PCI is considered the best and most 
current treatment option for STEMI.3 Intracoro-
nary thrombus in STEMI patients is regarded as 
a negative prognostic factor for in-hospital and 
long-term adverse cardiac events.4 Early reperfu-
sion in the culprit lesion before intervention has 
been shown to create significant changes in ejec-
tion fraction (EF), microvascular obstruction, and 
infarct area.5

For patients presenting with STEMI, dual 
antiplatelet therapy (aspirin and an ADP 
antagonist) is recommended, with prasugrel 
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or ticagrelor primarily suggested. Clopidogrel 
is recommended if prasugrel and ticagrelor 
are unavailable, contraindicated, or cannot be 
tolerated.3 In this study, we aimed to investigate 
the effect of the P2Y12 inhibitor given at the time 
of admission to the emergency department on the 
thrombus score in the culprit lesion.

2. MATERIALS AND METHODS
Our study was conducted by retrospectively exam-
ining the files and coronary angiography images of 
patients with a diagnosis of STEMI followed in the 
Coronary Intensive Care Unit of Sakarya Universi-
ty Training and Research Hospital Cardiology De-
partment between 01/01/2018 and 30/08/2019 

Patients aged between 30 and 75 years, who pre-
sented with chest pain within the first 3 hours and 
underwent primary PCI, and who received dual 
antiplatelet therapy at the time of diagnosis in the 
emergency department were included in the study. 
Patients with a history of previous coronary revas-
cularization, stent thrombosis, thrombophilia, ac-
tive treatment for oncologic disease, a history of 
chemotherapy, rheumatic disease, end-stage renal 
failure, hemodialysis, those who had used oral an-
tiaggregants in the last week, those with a history 
of hematologic disorders affecting platelet func-
tion, and those with a history of cerebrovascular 
disease were excluded from the study.

Two hundred twenty five patients (189 male, 36 
female) were included in our study. The included 
patients’ demographic characteristics were 
obtained from the hospital database records. 
All patients received 300 mg of aspirin and, 60 
mg of prasugrel/180 mg of ticagrelor/600 mg 
of clopidogrel in the emergency department 
according to the guidelines at the time of diagnosis. 
All patients received UFH i.v. bolus during PCI of 
70-100 IU/kg. The patients were divided into 
three groups according to prasugrel, ticagrelor, 

or clopidogrel administration. The ECGs of the 
patients were evaluated, and the localization of 
myocardial infarction was classified.

Blood samples taken from the patients during 
admission and in the coronary intensive care unit, 
as well as other laboratory values such as urea, 
creatinine, estimated glomerular filtration rate 
(GFR), LDL, HDL, triglyceride, total cholesterol, 
and HbA1c levels, were recorded.

Coronary angiographies were performed 
by experienced cardiologists. Nonionic low-
osmolality contrast medium (Omnipaque 350 
MG/ml; GE Healthcare, Cork, Ieland) was used in 
coronary interventions. Coronary angiography 
images were reviewed by two different 
interventional cardiologists, and the culprit lesion, 
TIMI thrombus score, initial TIMI flow grade, and 
post-procedure TIMI flow grade  were evaluated.

The door-to-cross-wire time was calculated based 
on the admission and cross-wire times. Angio-
graphic classification of thrombus density was 
performed using the TIMI thrombus classification6 
, which includes Grade 0 to Grade 5 thrombus.

According to this classification:

Grade 0: Thrombus is not visible angiographically.

Grade 1: Suspected thrombus, irregularity at the 
lesion borders, decreased contrast density.

Grade 2: Definite thrombus present, size ≤1/2 of 
the luminal diameter.

Grade 3: Definite thrombus present, size <1/2-<2 
of the luminal diameter.

Grade 4: Definite thrombus present, size >2 times 
the luminal diameter.

Grade 5: Total occlusion is present. Thrombus 
burden cannot be evaluated due to this.
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2.1 Statistical Analysis 
Statistical analyses were performed using SPSS 
version 22 (SPSS Inc., Chicago, IL) software. The 
normal distribution of variables was examined 
using visual methods (histograms and probability 
plots) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Continuous variables 
were expressed as mean (±standard deviation) or 
median (interquartile range) depending on their 
normality distribution. Non-normally distributed 
variables were compared using the Kruskal-
Wallis test. Pairwise comparisons were made 
using the Mann-Whitney U test and evaluated 
with Bonferroni correction. Normally distributed 
variables were compared using a one-way ANOVA 
test. The homogeneity of variances was assessed 
using the Levene test. The chi-square test was used 
to determine whether there was a difference in 
categorical variables between the groups. Post-hoc 
analysis results were considered. A type-1 error 
level of 5% was used for statistical significance.

3. RESULTS
Two hundred twenty five atients (189 male, 36 
female) were included in our study. The mean 
age of the patients was 55.5±8.3 years, and there 

was no significant difference between the groups 
(56.2±7.1 in the clopidogrel group, 55.9±9.4 in the 
ticagrelor group, 54.1±9 in the prasugrel group; 
p=0.245). Among these patients, 114 had inferior 
MI, 79 had anterior MI, 11 had extensive anterior 
MI, 9 had inferoposterior, 6 had inferolateral, 
3 had high lateral, 2 had posterior, and 1 had 
posterolateral MI diagnosis. 

Seventy two patients received clopidogrel, 85 
received ticagrelor, and 68 received prasugrel 
loading in appropriate doses. There was no 
statistically significant difference between the 
study groups regarding age, gender, hypertension, 
diabetes mellitus, smoking status, hyperlipidemia, 
presence of coronary artery disease (Table 1)

The creatinine levels in the emergency department 
were higher in the clopidogrel group compared 
to the other groups (Clopidogrel 0.95 (0.82-1.1), 
Ticagrelor 0.84 (0.74-0.99), Prasugrel 0.85 (0.71-
0.96); p=0.002), and the GFR was lower in the 
clopidogrel group (Clopidogrel 88.0 (66.0-98.0), 
Ticagrelor 98.8 (83.2-104.0), Prasugrel 101.5 
(88.3-107.0); p<0.001) (Table 2) 

Table 1. 
Comparison of Baseline Characteristics Among the Study Groups

Parameter Clopidogrel Ticagrelor Prasugrel p-value

Age (years) 56.2±7.1 55.9±9.4 54.1±9.9 0.245

Gender (Female/Male) % 15.3/84.7 16.5/83.5 16.2/83.8 0.978

Hypertension (%) 45.8 36.5 29.4 0.130

Diabetes Mellitus (%) 29.2 22.4 29.4 0.522

Smoking (%) 63.9 77.6 77.9 0.089

Hyperlipidemia (%) 22.2 25.9 38.2 0.089

Coronary Artery Disease (%) 5.6 7.1 4.4 0.780

Family History (%) 4.2 5.9 5.9 0.867
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The culprit lesion in the patients was lo-
cated in the LAD in 89, RCA in 89, CX in 33, 
RCA’s posterolateral branch in 5, major OM 
in 4, D1 in 2, IM in 2, and PDA in 1 patient.  
The door-to-cross time, pain-to-cross time, tirofib-
an infusion rate, and no-reflow rate were similar 
among the groups (Table 3).

When initial TIMI flow rates were divided into 0/1 
and 2/3 and compared, no significant difference 
was observed among the groups (Figure 1).

The initial Grade 5 thrombus was significantly low-
er in the ticagrelor group compared to the other 
groups (Clopidogrel 77.78%, Ticagrelor 61.18%, 
Prasugrel 77.94%; p=0.017). (Figure 2).

Table 2. 
Comparison of Laboratory Values Among the Study Groups

Parameter Clopidogrel Ticagrelor Prasugrel p-value

Creatinine (mg/dL) 0.95 (0.82-1.1) 0.84 (0.74-0.99) 0.85 (0.71-0.96) 0.002*

GFR (mL/min/1.73 m²) 88.0 (66.0-98.0) 98.8 (83.2-104.0) 101.5 (88.3-107.0) <0.001**

WBC (10³/mm³) 11.0 (9.2-13.6) 11.1 (9.6-14.1) 12.2 (9.6-15.6) 0.446

LDL (mg/dL) 137.1±32.6 142.8±30.8 147.0±36.5 0.150

TG (mg/dL) 95.0 (59.0-187.5) 87.0 (56.5-166.5) 113.0 (65.3-196.5) 0.254

HDL (mg/dL) 42.0 (36.5-48.0) 43.0 (36.5-49.0) 40.0 (36.0-46.0) 0.125

HbA1C (%) 5.8 (5.5-6.2) 5.7 (5.4-6.3) 5.7 (5.5-7.5) 0.109

Initial Troponin (ng/L) 49.2 (11.7-186.0) 34.0 (8.8-154.0) 37.5 (12.3-140.5) 0.286

GFR= Glomerular Filtration Rate , WBC= White Blood Count, LDL=Low-Density Lipoprotein, TG=Triglyserides, HDL= High-
Density Lipoprotein, HbA1C: Haemoglobin A1C
 *: Creatinine is higher in the Clopidogrel group.
**:  GFR is lower in the Clopidogrel group compared to other groups.

Table 3. 
Angiographic Findings Among the Study Groups

Parameter Clopidogrel Ticagrelor Prasugrel p-value

Door-to-Cross Time (minutes) 39.0 (27.5-51.0) 38.0 (31.0-48.0) 33.5 (26.5-43.5) 0.057

Pain-to-Cross Time (minutes) 151 (96.25-196.0) 138 (95-208.5) 122 (86.5-171) 0.156

Tirofiban Infusion (%) 2.8 1.2 5.9 0.245

No-Reflow (%) 4.2 4.7 1.5 0.530
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Figure 1. 
İnitial TIMI Flow in the Study Groups

Figure 2. 
Thrombus Scores and Grades in the Study Groups
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4. DISCUSSION
In our study, the pre-procedural thrombus bur-
den in the ticagrelor group was significantly lower 
than in the other groups. This finding is believed to 
be related to the early onset of antiplatelet efficacy 
of ticagrelor. In our study, an evaluation has been 
made in terms of preoperative thrombus burden, 
and this is the first study conducted on this sub-
ject. Since our study was conducted in 2018, emer-
gency department administered P2Y12 inhibitors 
according to the 2017 ESC STEMI guidelines.7 

However, the 2023 ESC Acute Coronary Syndrome 
guidelines have reclassified P2Y12 inhibitor load-
ing as Class 2b.3  

Ticagrelor inhibits adenosine uptake from red 
blood cells and increases extracellular adenosine, 
leading to platelet aggregation inhibition and vaso-
dilation.8 In healthy volunteers, ticagrelor reached 
maximum plasma concentration within approxi-
mately 1.5 hours after the loading dose.9 In stable 
coronary artery patients, after 180 mg of ticagr-
elor loading, significant antiplatelet effects were 
achieved within the first 30 minutes, and a nearly 
complete antiplatelet effect (>80%) was observed 
within 1 hour.10 In our study, the door-to-cross 
time was 38.0 (31.0-48.0) minutes in the ticagre-
lor group, similar to the other groups, indicating 
that ticagrelor’s early-onset antiplatelet effect re-
duced thrombus burden more compared to other 
preparations.

The PLATO study demonstrated the superiority of 
ticagrelor over clopidogrel in platelet inhibition.11 
Another study comparing ticagrelor and prasugrel 
in STEMI patients found that ticagrelor had supe-
rior platelet inhibition after 5 days.12 As an active 
drug, Ticagrelor provides early platelet inhibition 
compared to prasugrel because of its mechanism.13 
Significant platelet inhibition was reported in the 
PLATO PLATELET sub-study in 4/5 of STEMI pa-
tients and 7/7 of NSTEMI patients within 1 hour 

after 180 mg of ticagrelor loading.14 Moreover, in 
a meta-analysis of 14 studies involving 1822 pa-
tients evaluating platelet inhibition, ticagrelor had 
higher platelet inhibition than prasugrel (High 
on-treatment platelet reactivity (HTPR) rates 
were 1.5% for ticagrelor and 9.8% for prasugrel 
(p<0.001)).15 This earlier onset of platelet inhibi-
tion with ticagrelor, compared to clopidogrel and 
prasugrel, is consistent with the results of our 
study favoring ticagrelor in terms of thrombus 
score.

The ATLANTIC study, published in 2014, is the 
only randomized controlled trial conducted re-
garding the timing of P2Y12 inhibitors.16 In this 
study, ticagrelor was compared in STEMI patients 
by administering it pre-hospital and in the cath-
eter laboratory. No significant differences were 
found in pre-procedural TIMI 3 flow presence, 
ST-segment resolution, or composite endpoints. 
Major and minor bleedings were similar in both 
arms. However, when other endpoints of the study 
were examined, stent thrombosis was significantly 
less in the pre-hospital group (p=0.008). Further-
more, limitations of the study mentioned delayed 
absorption due to morphine intake, and a signif-
icant difference in EKG-based primary endpoint 
was observed in patients not taking morphine. The 
study did not include an angiographic evaluation 
of thrombus burden. In our study, although there 
was no significant difference among the groups in 
terms of TIMI flow rates, the favorable difference 
in thrombus score in favor of ticagrelor may be as-
sociated with its early onset effects.

The ISAR-REACT 5 study is the trial comparing 
ticagrelor and prasugrel in patients with acute 
coronary syndrome.17 In this study, the composite 
of death from cardiovascular causes, myocardial 
infarction, or stroke occurred in 161 out of 2012 
patients (8.1%) in the ticagrelor group and 124 
out of 2006 patients (6.3%) in the prasugrel 
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group (hazard ratio, 1.32; 95% CI, 1.04 to 1.66). 
Angiographic data were not examined in the study, 
and one-year clinical outcomes were evaluated. 
According to the results of this study, despite the 
early onset of antiplatelet effect with ticagrelor, 
prasugrel is more effective in the long term.

LIMITATIONS
Our study was limited by its single-center 
design and a relatively small number of patients, 
which may have impacted the evaluation of 
clinical outcomes. Additionally, the study was 
retrospective and non-randomized and the 
results of TIMI grade flow and TIMI thrombus 
assessment conducted by operators could differ 
from evaluations done by a core lab, which could 
introduce bias. 

CONCLUSION
In our study, the thrombus burden before 
the procedure was significantly lower in the 
ticagrelor group compared to the other groups, 
while no significant difference was observed 
between the prasugrel and clopidogrel groups. 
This finding suggests that the early onset of 
ticagrelor’s antiplatelet effect may contribute to 
its effectiveness in reducing thrombus burden. 
However, further randomized and prospective 
studies are needed to confirm these findings.

Financial Support
No financial support was received from any 
institution for the study. 

Conflict of Interest
There is no conflict of interest between the 
authors.

Author contribution
All authors contributed to substantial 
contributions to conception and design (EE,MBV 
), or acquisition of data (DY,EE), or analysis and 
interpretation of data (MBV-DY), drafting the 

article or revising it critically for important 
intellectual content (EE-MBV) and final approval 
of the version to be published.

Ethical Statement
The study was performed in accordance with the 
ethical considerations of the Helsinki Declarations. 
The study was approved by the ethics committee 
of Sakarya University, with decision number 
71522473/050.01.04/77, dated September 18, 
2019. 

REFERENCES
1. Davies MJ, Thomas A. Thrombosis and acute coronary-

artery lesions in sudden cardiac ischemic death. N Engl J 
Med. 1984 May 3;310(18):1137-40. PMID: 6709008.

2. Sianos G, Papafaklis MI, Serruys PW. Angiographic 
thrombus burden classification in patients with ST-
segment elevation myocardial infarction treated with 
percutaneous coronary intervention. J Invasive Cardiol. 
2010 Oct;22(10 Suppl B):6B-14B. PMID: 20947930.

3. Robert A Byrne, Xavier Rossello, J J Coughlan, Emanuele 
Barbato, Colin Berry, Alaide Chieffo, et al. ESC Scientific 
Document Group , 2023 ESC Guidelines for the 
management of acute coronary syndromes: Developed 
by the task force on the management of acute coronary 
syndromes of the European Society of Cardiology 
(ESC), European Heart Journal, Volume 44, Issue 38, 7 
October 2023, Pages 3720–3826 

4. Sianos G, Papafaklis MI, Daemen J, Vaina S, van 
Mieghem CA, van Domburg RT, et al.  Angiographic stent 
thrombosis after routine use of drug-eluting stents 
in ST-segment elevation myocardial infarction: The 
importance of thrombus burden. J Am Coll Cardiol. 2007 
Aug 14;50(7):573-83. doi: 10.1016/j.jacc.2007.04.059. 
Epub 2007 Jul 30. PMID: 17692740.

5. Joost A, Stiermaier T, Eitel C, Fuernau G, Waha S, Desch 
S, et al. Impact of Initial Culprit Vessel Flow on Infarct 
Size, Microvascular Obstruction, and Myocardial Salvage 
in Acute Reperfused ST-Elevation Myocardial Infarction. 
Am J Cardiol . 2016 Nov 1;118(9):1316-1322.

6. Gibson CM, de Lemos JA, Murphy SA, Marble SJ, McCabe 
CH, Cannon CP, et al.; TIMI Study Group. Combination 
therapy with abciximab reduces angiographically 
evident thrombus in acute myocardial infarction: A TIMI 
14 substudy. Circulation. 2001 May 29;103(21):2550-4. 
doi: 10.1161/01.cir.103.21.2550. PMID: 11382722.

7. Borja Ibanez, Stefan James, Stefan Agewall, Manuel J 
Antunes, Chiara Bucciarelli-Ducci, et al.  ESC Scientific 
Document Group , 2017 ESC Guidelines for the 
management of acute myocardial infarction in patients 
presenting with ST-segment elevation: The Task Force 



Sakarya Med Journal, 14(3) 2024, 268-275

275

for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation of the 
European Society of Cardiology (ESC), European Heart 
Journal, Volume 39, Issue 2, 07 January 2018, Pages 
119–177

8. Nylander S, Femia EA, Scavone M, Berntsson P, Asztély 
AK, Nelander K, et al. Ticagrelor inhibits human 
platelet aggregation via adenosine in addition to P2Y12 
antagonism. J Thromb Haemost 2013;11:1867-76. 

9. Teng R, Oliver S,Hayes MA,Butler K. Absorption, 
distribution, metabolism and excretion of ticagrelor in 
healty subjects. Drug Metab Dispos. 2010;38:1514-1521

10. Gurbel PA, Bliden KP, Butler K, Tantry US, Gesheff T,Wei 
C, Teng R, et al. . Randomized double-blind assessment 
of the ONSET and OFFSET of the antiplatelet effects of 
ticagrelor versus clopidogrel in patients with stable 
coronary artery disease: The ONSET/OFFSET Study. 
Circulation. 2009;120:2577-2585.

11. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson 
H, Held C, et al. PLATO Investigators Freij A, Thorsen 
M. Ticagrelor versus clopidogrel in patients with acute 
coronary syndromes. N Engl J Med 2009;361(11):1045–
1057

12. Alexopoulos D, Xanthopoulou I, Gkizas V, Kassimis 
G, Theodoropoulos KC, Makris G, et al. Randomized 
Assessment of Ticagrelor Versus Prasugrel Antiplatelet 
Effects in Patients with ST-Segment–Elevation Myocardial 
InfarctionCirc Cardiovasc Interv.2012;5:797-804; 

13. Giorgi MA, Cohen Arazi H, Gonzalez CD, Di Girolano G. 
Beyond efficancy: Pharmatocinetic differencez between 
clopidogrel, prasugrel and ticagrelor. Expert Opin 
Pharmacother. 2011;12:1285-1295

14. Storey RF, Angiolillo DJ, Patil SB , Desai B,Ecob 
R,Husted S, Emanuelson H, et al. Inhibitory effects 
of ticagrelor compared with clopidogrel on platelet 
function in patients with acute coronary syndromes: 
The PLATO(PLATelet inhibition and patient Outcomes) 
PLATELET substudy. J Am Coll Cardiol. 2010;56:1456-
1462.

15. G. Lemesle, G. Schurtz, C. Bauters, M. Hamon. High on-
treatment platelet reactivity with ticagrelor versus 
prasugrel: A systematic review and meta-analysis. 
Journal of Thrombosis and Haemostasis. Volume 13, 
Issue 6. 2015. Pages 931-942. ISSN 1538-7836. 

16. Montalescot G, van ’t Hof AW, Lapostolle F, Silvain J, 
Lassen JF, Bolognese L, et al. ATLANTIC Investigators. 
Prehospital ticagrelor in ST-segment elevation 
myocardial infarction. N Engl J Med 2014;371(11):1016–
1027

17. Schüpke S, Neumann FJ, Menichelli M, Mayer K, 
Bernlochner I, Wöhrle J, et al; ISAR-REACT 5 Trial 
Investigators. Ticagrelor or Prasugrel in Patients with 
Acute Coronary Syndromes. N Engl J Med. 2019 Oct 
17;381(16):1524-1534. doi: 10.1056/NEJMoa1908973. 
Epub 2019 Sep 1. PMID: 31475799.


