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Objective: We aimed to investigate antiplatelet drug resistance 
utilizing light transmission-lumiaggregometry (LT-LA) and the 
Platelet Function Analyzer-100 (PFA-100) in patients undergoing 
cardiovascular surgery.

Materials and Methods: The study included 60 patients diagnosed 
with stable coronary artery disease and peripheral vascular diseases 
that required surgery. Participants were divided into three groups: 
patients receiving aspirin (ASA) (n=21), patients receiving clopidogrel 
(CLO) (n=19), and patients receiving dual therapy (ASA+CLO) (n=20). 
Aggregation and secretion tests by LT-LA and closure time by the PFA-
100 were used to measure antiplatelet drug resistance.

Results: Based on the adenosine diphosphate (ADP)-induced 
aggregation test, 43% of patients were resistant to ASA, 22% to CLO, 
and 15% to dual therapy. Diabetes, hypertension, and hyperlipidemia 
were the most commonly identified comorbid disorders. In patients 
with comorbid risk factors, the median value of platelet aggregation 
response to ADP was significantly higher in the ASA group than in 
the CLO and dual therapy groups (p=0.0001). In patients receiving 
ASA monotherapy, the maximum amplitude of aggregation response 
to platelet agonists was ≥70% in 43% of patients for ADP and 28% 
for collagen by LT-LA. Elevated ADP (≥0.29 nmol) and collagen (≥0.41 
nmol)-induced adenosine triphosphate release were found by LT-LA in 
66% of patients utilizing an ADP agonist and 80% of patients using 
a collagen agonist undergoing ASA therapy. Closure times obtained 
with the PFA-100 were normal in 28% of patients using collagen-
ADP cartridges and 62% of patients using collagen-epinephrine (CEPI) 
cartridges who received ASA. Recurrent thrombosis and bleeding were 
observed in 12 (20%) patients with cardiovascular disease. Three of 
these individuals (25%) showed ASA resistance with normal responses 

Amaç: Bu çalışmanın amacı kardiyovasküler cerrahi geçiren hastalarda 
light transmission-lumiaggregometry (LT-LA) ve Platelet Function 
Analyzer-100 (PFA-100) kullanarak antitrombosit ilaç direncini 
araştırmaktır. 

Gereç ve Yöntemler: Çalışmaya cerrahi gerektiren stabil koroner 
arter hastalığı ve periferik vasküler hastalık tanısı konan 60 hasta 
dahil edilmiştir. Katılımcılar üç gruba ayrılmıştır: Aspirin (ASA) 
alan hastalar (n=21), klopidogrel (KLO) alan hastalar (n=19) ve ikili 
tedavi (ASA+KLO) alan hastalar (n=20). Antitrombosit ilaç direncini 
araştırmak için agregasyon, sekresyon ve kapanma zamanının test 
edildiği LT-LA ve PFA-100 cihazları kullanılmıştır.

Bulgular: Adenozin difosfat (ADP) ile indüklenmiş agregasyon 
yanıtına göre ASA direnci 21 hastanın %43’ünde tespit edilirken, 
bunu 19 hastanın %22’sinde KLO direnci ve 20 hastanın %15’inde 
ikili ilaç direnci izlemiştir. Diyabet, hipertansiyon ve hiperlipidemi en 
sık tanımlanan komorbid hastalıklardı. Komorbid risk faktörleri olan 
hastalarda, ADP’ye verilen trombosit agregasyon yanıtının medyan 
maksimum amplitüdü ASA grubunda KLO ve ikili tedavi gruplarına 
göre anlamlı olarak yüksekti (p=0,0001). ASA monoterapisi ile tedavi 
edilen hastalarda, LT-LA’da trombosit agonistlerine karşı agregasyon 
yanıtının maksimum amplitüdü, ADP agonisti kullanan hastaların 
%43’ünde ve kolajen agonisti kullanan hastaların %28’inde ≥%70 
üzerinde bulunmuştur. ASA tedavisi sırasında LT-LA’da ADP (≥0,29 
nmol) ve kolajen (≥0,41 nmol) ile indüklenen artmış ATP salınımı, ADP 
agonisti kullanılan hastaların %66’sında ve kolajen agonisti kullanılan 
hastaların %80’inde saptanmıştır. Sadece ASA alan hastaların PFA-100 
cihazında kapanma süreleri, kolajen-ADP kartuşu kullanarak %28’sinde 
ve kolajen-epinefrin (CEPI) kartuşu kullanarak %62’sinde normaldi. 
Kardiyovasküler cerrahi geçiren hastaların 12’sinde (%20) tekrarlayan 
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Introduction

Preventing recurrent thrombotic events following cardiovascular 
surgery is crucial for individuals with coronary artery disease 
(CAD) or peripheric vascular disease (PVD). Aspirin (ASA) and 
clopidogrel (CLO) have successfully reduced thromboembolic 
events following cardiovascular surgery in long-term patient 
follow-up [1]. However, ASA and CLO resistance remain an 
important barrier in preventing  thromboembolic or ischemic 
events [2]. Platelet function testing is useful in determining 
antiplatelet drug responses. Several laboratory tests can be 
used to assess platelet function [3,4,5]. For years, classical 
light transmission aggregometry (LTA) with arachidonic acid 
(AA) or adenosine diphosphate (ADP) agonists, as well as the 
VerifyNow® rapid platelet function assay, have been successfully 
used to monitor ASA and CLO responses. The Platelet Function 
Analyzer-100 (PFA-100) and serum or urine thromboxane B2 
(TxB2) release levels can only be used to monitor ASA responses. 
The stability of the P2Y12 receptor to the vasoactive-induced 
phosphorylation (VASP) test is used to monitor CLO responses. 
Recently, light transmission-lumiaggregometry (LT-LA) using 
platelet-rich plasma has been applied to utilize platelet secretion 
concurrently with platelet aggregation for some inherited or 
acquired platelet function disorders [6]. However, few studies 
have reported ASA responses utilizing LT-LA in individuals with 
CAD [7,8,9]. Furthermore, there is only one investigation to date 
analyzing responses to ASA, CLO, and dual therapy using whole 
blood impedance aggregometry in patients with acute coronary 
syndrome who require stents [10]. No study has been found that 
investigates responses to ASA, CLO, and dual therapy using LT-
LA and the PFA-100 in patients with both CAD and PVD after 
surgery.

This study aimed to investigate antiplatelet drug resistance using 
LT-LA and the PFA-100 in patients undergoing cardiovascular 
surgery.

Materials and Methods

This cross-sectional study was carried out in a cardiovascular 
surgery clinic from January 2023 to December 2023. It was 
approved by the Ethics Committee of the Gazi University Faculty 
of Medicine (approval date: 26.12.2023, decision number: 22). 
Informed consent was obtained from the patients.

Study Groups

The study included 60 consecutive patients with stable CAD and 
PVD presenting to the cardiovascular surgery clinic. Patients 
with bleeding disorders, atrial fibrillation, critical limb ischemia, 
laboratory abnormalities (hemoglobin levels of <10 g/dL, platelet 
counts of <100,000/µL), or age of <18 years were excluded. 
Diabetes mellitus (DM), hypertension (HT), hyperlipidemia 
(HPL), deep venous thrombosis, and cerebrovascular diseases 
were identified as comorbidities. Anti-DM medications, anti-
HT medications, and statins were administered before and after 
surgery to control DM, HT, and HPL, respectively. Patients with 
PVD were given cilostazol or non-steroidal anti-inflammatory 
drugs to alleviate leg pain before surgery. These medicines were 
discontinued at least 1 week before the operations. None of the 
patients received pentoxifylline before or after surgery.

Patients were divided into three groups based on their 
antiplatelet drug use, with ASA monotherapy in group 1 
(n=21), CLO monotherapy in group 2 (n=19), and dual therapy 
(ASA+CLO) in group 3 (n=20). 

Study Design

According to our institutional policy, patients received dual 
therapy with ASA and CLO for at least 6 months for PVD and 
12 months for CAD after surgery, followed by ASA or CLO 
monotherapy in long-term follow-up. If the patient experienced 
gastrointestinal intolerance or other adverse reactions to ASA, 
CLO was initially administered. If adverse effects did not occur, 
ASA was initially administered as monotherapy. CLO was started 

to ADP-induced aggregation (≥70%) and secretion (≥0.29 nmol), as 
well as normal CEPI closure times.

Conclusion: Our findings suggest that antiplatelet drug monitoring 
by LT-LA and PFA-100 may be useful for high-risk and complicated 
cardiovascular patients.

Keywords: Antiplatelet therapy, Lumiaggregometry, Platelet Function 
Analyzer-100, Cardiovascular disorder

tromboz ve kanama tespit edildi. Bu hastaların üçünde (%25) ADP 
ile indüklenen agregasyon (≥%70) ve sekresyon (≥0,29 nmol) normal 
yanıtı yanında CEPI kartuşu ile normal kapanma sürelerini içeren ASA 
direnci bulundu.

Sonuç: Bulgularımız, LT-LA ve PFA-100 ile antitrombosit ilaç takibinin 
yüksek riskli ve komplike kardiyovasküler cerrahi hastalarında yararlı 
olabileceğine işaret etmektedir.

Anahtar Sözcükler: Antitrombosit tedavi, Lumiaggregometri, Platelet 
Function Analyzer-100, Kardiyovasküler hastalıklar
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at the standard dose without a loading dose due to the risk of 
bleeding 24 h after surgery. All patients with CAD and PVD were 
given 100 mg of enteric-coated ASA and 75 mg of CLO daily 
following surgery.

Platelet Function Testing

Platelet function testing was performed for patients who had 
taken ASA and/or CLO for at least 15 days using the Chrono-Log 
700 LA device (Chrono-Log, Havertown, PA, USA) and the PFA-100 
(Dade Behring, Deerfield, IL, USA) in the hemostasis laboratory. 
Blood samples were drawn into 3.8% vacutainer citrate tubes 
and transferred to the hemostasis laboratory within 1 h of 
collection. Platelet aggregation and secretion were measured 
using LT-LA. The maximum amplitude of response to ADP (5 
µM) and collagen (2 µM) agonists was recorded. Additionally, 
adenosine triphosphate (ATP) release was assessed in response 
to ADP (5 µM) and collagen (2 µM) agonists. The closure times 
for collagen-ADP (CADP) and collagen-epinephrine (CEPI) 
cartridges in the PFA-100 device were measured. According to 
our laboratory reference values, the upper limits for CADP and 
CEPI are 125 and 157 s, respectively. 

Antiplatelet Drug Response

ASA resistance was defined as the maximum amplitude of 
platelet aggregation response to ADP (≥70%) and the maximum 
amplitude of platelet aggregation response to collagen (≥70%) 
by LT-LA in the ASPECT study [8]. Platelet secretion defects were 
defined as decreased or absent ATP release in response to one 
or more agonists, with or without defective aggregation tests. 
The lower reference limit for ATP release produced by ADP was 
0.29 nmol and that of collagen was 0.41 nmol in healthy adults 
receiving ASA [11]. Based on our laboratory reference values, 
ASA resistance was defined as a closure time of less than 157 s 
using CEPI cartridges and less than 125 s using CADP cartridges 
in the PFA-100 device.

For CLO resistance, based on the maximum amplitude of 
platelet aggregation response to ADP, platelet dysfunction 
was classified as follows: normal function (70%-100%), mild 
dysfunction (50%-69%), moderate dysfunction (40%-49%), or 
severe dysfunction (≤39%) [12].

Dual antiplatelet resistance (ASA and CLO) was defined as ADP-
induced platelet aggregation of ≥70% [13].

Statistical Analysis

All data were analyzed using IBM SPSS Statistics 20.0. Variables 
were examined using the Kolmogorov-Smirnov test to determine 
whether they were normally distributed. Descriptive analyses 
were conducted using medians and interquartile ranges for 
non-normally distributed data. The Mann-Whitney U test was 
used to compare ADP-induced aggregation between groups. 
Significance was accepted at p<0.05.

Results

This study included 60 consecutive patients with a median 
age of 62.5 years, 74% of whom were male while 26% were 
female. CAD was observed in 46% of patients and PVD in 
54%. The common comorbid conditions included DM (42%), 
HT (36%), HPL (16%), deep venous thrombosis (8%), and 
cerebrovascular disease (5%). Patients were prescribed ASA 
monotherapy (35%), CLO monotherapy (32%), or dual therapy 
(33%) after surgery. Complications (recurrent thrombosis/
bleeding) and death were observed in 20% and 4% of the 
total cases, respectively (Table 1).

Assessment of Antiplatelet Drug Resistance 

Based on their ADP-induced aggregation responses, 43% of 
patients were resistant to ASA, 22% to CLO, and 15% to dual 
therapy. In patients receiving ASA monotherapy, the maximum 
amplitude of aggregation response to platelet agonists was 
≥70% in 43% of patients for ADP and 28% for collagen. The 
ADP-induced ATP release was above 0.29 nmol in 66% of patients 
receiving ASA treatment. Collagen-induced ATP release was 
above 0.41 nmol in 80% of patients receiving ASA treatment. 
Closure times were normal in 28% of CADP patients and 62% 
of CEPI patients on ASA monotherapy. Based on the maximum 
amplitude of platelet aggregation responses to ADP for CLO 
resistance, 48%, 26%, 4%, and 22% of patients receiving CLO 
monotherapy had severe, moderate, or mild platelet dysfunction 
and normal function, respectively. In patients undergoing dual 
therapy, the maximum amplitude of aggregation response to 
the ADP platelet agonist was ≥70% in 15% of patients (Table 1). 
Figures 1 and 2 show the numbers of patients for whom 
antiplatelet drug responses were measured by LT-LA and the 
PFA-100. In patients with comorbid conditions, the median 
maximum amplitude of platelet aggregation response to ADP 
was significantly higher in the ASA group at 74% (range: 50%-
90%) than in the CLO group at 39% (range: 20%-55%) or the 
dual therapy group at 47% (range: 33%-57%) (p=0.0001). 
There were no significant differences between the CLO and dual 
treatment groups (p=0.21) (Figure 3).

Clinical and Laboratory Findings of Complicated Patients 
Receiving Antiplatelet Drugs

Complications were observed in 12 (20%) patients undergoing 
cardiovascular surgery. Eight of them had CAD and the remaining 
four had PVD. Three patients (25%) demonstrated ASA resistance 
based on the normal response to the amplitude of ADP-induced 
aggregation using LT-LA and normal closure time utilizing CEPI 
responses and the PFA-100. Comorbid conditions were observed 
in all three of those patients, one of whom had CAD while the 
other two had PVD. These three patients developed recurrent 
thrombosis. The antiplatelet medication was changed to CLO. 
They were given anti-HT and anti-DM medications and statins 
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all at the same time. Two patients (16%) died due to bleeding 
after receiving dual antiplatelet therapy. There was no evidence 
of resistance to antiplatelet drugs in the two individuals who 
died of bleeding (Table 2). 

Discussion

In this cross-sectional study, we performed platelet function 
testing to evaluate antiplatelet drug responses in patients 
undergoing cardiovascular surgery. Our main findings were as 

Figure 1. Number of patients receiving aspirin in assessments 
of platelet aggregation and secretion using ADP and collagen 
agonists in LT-LA.
LT-LA: Light transmission lumiaggregometry; ADP: adenosine 
diphosphate; ATP: adenosine triphosphate.

Figure 2. Number of patients receiving aspirin in assessments 
of closure times using collagen-ADP (CADP) and collagen-
epinephrine (CEPI) cartridges with the PFA-100. 
ADP: Adenosine diphosphate; PFA-100: Platelet Function Analyzer-100.

Table 1. Demographic data.
Variables (n=60)  

Age, years, median (range) 62.5 (43-84)

Sex, male/female 44 (74%)/16 (26%)

Antiplatelet indication

Coronary artery disease - yes/no 28 (46%)/32 (54%)

Peripheric vascular disease - yes/no 32 (54%)/28 (46%)

Comorbid conditions

Diabetes mellitus - yes/no 25 (42%)/35 (58%)

Hypertension - yes/no 22 (36%)/38 (64%)

Hyperlipidemia - yes/no 10 (16%)/50 (84%)

Deep venous thrombosis - yes/no 5 (8%)/55 (92%)

Cerebrovascular disease - yes/no 3 (5%)/57 (95%)

Antiplatelet medication

Aspirin monotherapy 21 (35%)

Clopidogrel monotherapy 19 (32%)

Aspirin and clopidogrel dual therapy 20 (33%)

Platelet function testing

Light transmission lumiaggregometry

Aspirin resistance, n=21

Aggregation response in LT-LA

ADP-agonist <70%/≥70% 12 (57%)/9 (43%)

Collagen-agonist <70%/≥70% 15 (72%)/6 (28%)

ATP secretion in LT-LA

ADP-agonist <0.29/≥0.29 7 (34%)/14 (66%)

Collagen-agonist <0.41/≥0.41 4 (20%)/17 (80%)

PFA-100

Collagen-ADP cartridge <125 s/≥125 s 6 (28%)/15 (72%)

Collagen-epinephrine cartridge <157 s/≥157 s 13 (62%)/8 (38%)

Clopidogrel resistance, n=19

Aggregation response using ADP-agonist 
in LT-LA Platelet dysfunction 

0%-39% - severe 9 (48%)

40%-49% - moderate 5 (26%)

50%-69% - mild 1 (4%)

≥70% - normal 4 (22%)

Dual therapy resistance, n=20

Aggregation response in LT-LA

ADP-agonist <70%/≥70% 17 (85%)/3 (15%)

Complications

Thrombotic and/or bleeding events - yes/no 12 (20%)/48 (80%)

Death - yes/no 2 (4%)/58 (96%)

LT-LA: Light transmission lumiaggregometry; ADP: adenosine diphosphate; ATP: 
adenosine triphosphate; PFA-100: Platelet Function Analyzer-100.
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follows: First, patients receiving ASA had a higher rate of drug 
resistance than those on CLO or dual therapy as determined using 
LT-LA and the PFA-100 in patients undergoing cardiovascular 
surgery. Second, comorbid disease can contribute to the 
development of ASA resistance in these patients. Third, dual 
antiplatelet therapy may pose bleeding risks in patients who 
have no resistance to antiplatelet drugs.

ASA and CLO are the two best known antiplatelet drugs used 
by atherothrombotic patients [1]. ASA inhibits cyclooxygenase 
(COX1)-mediated thromboxane production, which is essential 
for platelet aggregation and activation, while CLO inhibits 
platelet aggregation and activation by binding the ADP agonist 
to the P2Y12 receptor on the platelet membrane [14]. Platelet 
function tests can be used to measure both antiplatelet drug 
responses. The VASP test is the gold standard for measuring CLO 
response; however, it is expensive and requires flow cytometry 
[2]. The COX1-specific standard tests for ASA response are AA-
induced LTA and serum TxB2 levels. AA-induced LTA has good 
specificity but low sensitivity and serum TxB2 is not platelet-
specific [2,15]. In recent years, there has been an increase in 
research into non-specific COX1 tests, such as ADP-induced 
aggregation using LT-LA testing [7,8,9]. In this study, we used 
the LT-LA test, which assesses simultaneous platelet aggregation 
and secretion using various agonists, and the PFA-100 assay to 
rapidly determine ASA response. In addition, the ADP-induced 
aggregation test was used to measure ASA, CLO, or both via 
LT-LA.

In an extensive review encompassing numerous instruments, 
antiplatelet drug resistance or non-response was reported for 
1-45% of patients using both medications, 4-60% of patients 

using ASA, and 4%-30% of patients using CLO [2]. The highest 
rate of ASA resistance was found with the PFA-100, whereas 
the lowest rate was found with AA-induced LTA and serum TxB2 
testing in that review. In our study, which used ADP-induced 
platelet aggregation with LT-LA, ASA resistance was found in 
43% of cases, CLO resistance in 22%, and resistance to both 
drugs in 15%. Similarly, we observed a higher rate (62%) of 
ASA resistance using the CEPI response with the PFA-100. In a 
detailed study, the authors demonstrated that prolonged CEPI 
was a crucial indicator of ASA response [16]. However, the rate 
of ASA resistance using collagen-induced platelet aggregation 
(28%) was lower than that of ADP-induced platelet aggregation 
(43%) in our study. Ohmori et al. [17] showed that collagen-
induced aggregation was more sensitive than ADP in assessing 
ASA responses in a group of Japanese patients using ASA due 
to cardiovascular events, and it was revealed that collagen as 
an agonist was more useful in monitoring ASA resistance. The 
difference in ASA resistance rates is likely to be the result of 
measurement method variability or a lack of COX1-specific 
assays. Furthermore, platelet secretion tests are not commonly 
used to evaluate antiplatelet drug response. In a small number 
of healthy individuals receiving ASA, a lower reference limit was 
determined as a result of ADP- and collagen-induced ATP release 
[11]. In that study, platelet secretion deficiency was defined at 
values below 0.29 nmol for ADP and 0.41 nmol for collagen-
induced ATP release. Parallel to that study, we used the same cut-
off values to assess platelet secretion defects for ASA response. 
Only 34% of the ASA-treated individuals had ADP-induced 
ATP secretion deficiencies while 20% had collagen-induced 
ATP secretion defects, indicating that ASA was not sufficient 
to impair secretion. Similarly, another study found that only 
20% of low-dose ASA patients exhibited ADP- and collagen-
induced ATP secretion defects [18]. This study concluded that 
ASA’s suppression of cyclooxygenase was insufficient to prevent 
collagen-induced ATP release. Our findings indicate that much 
more research on drug-induced platelet secretion defects is 
required to confirm their usefulness for assessing antiplatelet 
drug response. In addition, both ADP- and collagen-induced 
platelet aggregation can be used to screen for further ASA 
resistance.

Although the definitive cause of ASA and CLO resistance 
is unknown, drug incompatibility, drug-drug interactions, 
genetics, and concomitant diseases may all contribute to the 
development of drug resistance [4,19,20]. A few studies have 
identified DM, HT, and HPL as the most common risk factors 
for comorbidities [21,22]. Similarly, DM and HT were the most 
common risk factors in our study and the ASA group had a 
higher median ADP-induced aggregation value, indicating 
ASA resistance in the presence of comorbid conditions. In a 
comprehensive study, thromboembolic complications were 
identified in 24% of patients with ASA resistance [23]. Similarly, 

Figure 3. Comparison of antiplatelet drug response based on 
ADP-induced platelet aggregation using LT-LA in patients with 
comorbid conditions.
ADP: Adenosine diphosphate; LT-LA: light transmission lumiaggregometry.
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we found that 25% of complicated patients (n=3) who 
experienced recurrent thrombotic events were unresponsive to 
ASA as measured by platelet aggregation, secretion, and CEPI 
responses. They were changed to antiplatelet medications. Due 
to comorbid conditions, they had received concurrent anti-HT/
anti-DM/statin treatment. Furthermore, a large population-
based cohort study found that the risk of bleeding ranged from 
5% to 18% in CAD patients receiving dual or triple antiplatelet 
drugs [24]. In our study, two (16%) of 12 complicated patients 
died as a result of bleeding while receiving dual antiplatelet 
drugs for CAD and PVD. Platelet function tests indicated no 
evidence of antiplatelet drug resistance in these two cases. Our 
findings suggest that comorbid risk factors such as DM, HT, and 
HPL may have contributed to the development of antiplatelet 
drug resistance and physicians should be aware of the risk 
of bleeding associated with dual antiplatelet therapy in the 
presence of comorbid conditions.

Study Limitations 

The main limitations of our study were the small sample size, 
the high cost of genetic testing, and the lack of repeated 
measurements of aggregation, secretion tests, and closure 
times using LT-LA and the PFA-100 due to a limited budget. 
Furthermore, we did not perform COX1-specific tests such as 
serum TxB2 measurements, AA-induced platelet aggregation, or 
VerifyNow platelet testing because they were not available in 
our laboratory. Our study did not evaluate patient treatment 
compliance or postoperative blood requirements. Future 
research is needed to assess both COX1-specific and non-specific 
diagnostic methods as well as patient adherence in large patient 
populations. 

Conclusion

Our findings suggest that in high-risk patients undergoing 
complicated cardiovascular surgery, initial dual therapy is 
more beneficial, but in subsequent monotherapy, CLO may be 
preferred to ASA due to the high resistance rate of the latter. 
If ASA is the suggested initial antiaggregant, ASA resistance 
monitoring using LT-LA and the PFA-100 is required.
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