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A B S T R A C T   

Background: Chronic renal failure (CKD) is associated with the presence of increased platelet reactivity and lower 
clinical benefit of clopidogrel. Ticagrelor has a more favorable pharmacodynamic and pharmacokinetic profile 
compared to clopidogrel, which has translated into better clinical outcomes in patients with acute coronary 
syndrome (ACS). We conducted a prospective mechanistic cohort study in order to investigate the impact of renal 
failure on the pharmacokinetics and pharmacodynamics of ticagrelor in patients with acute ACS. 
Methods: Patients were divided into two groups based on their estimated renal clearances (eGFR ≥ 60 mL/min 
and eGFR < 60 mL/min). Platelet function was determined using the VerifyNow system at baseline, after the 
ticagrelor loading dose and at discharge. In addition, levels of ticagrelor and its active metabolite (AR- 
C124910XX) were determined in the first hour after loading dose. 
Results: 48 patients were recruited (eGFR ≥ 60 mL/min: 35 and eGFR < 60 mL/min: 13). There were no sig
nificant differences between the groups in terms of platelet inhibition after the loading or after 7 days of 
treatment (p = 0.219). However, the levels of ticagrelor and its active metabolite were lower in subjects with 
normal renal function than in CKD, especially at 4 (p = 0.02 and 0.04 respectively) and 6 h of loading (p = 0.042 
and 0.08 respectively). 
Conclusion: No differences in platelet inhibition were observed after treatment with ticagrelor in patients with 
different renal function, although patients with renal impairment showed higher levels of ticagrelor and AR- 
C124910XX after 4 h of the loading dose.   

1. Introduction 

Dual antiplatelet therapy, consisting in aspirin and a P2Y12 inhibitor, 
is the cornerstone of the prevention of thrombotic events in patients 
with coronary artery disease (CAD) [1–3]. Several clinical factors have 
been associated with impaired clopidogrel-induced effects. Moreover, 
these clinical factors are strongly related to the presence of high on- 
treatment platelet reactivity (HPR), which is also associated with the 
occurrence of adverse thrombotic events despite correct treatment 
compliance, including stent thrombosis. Additional common factors are 
diabetes mellitus, acute coronary syndrome (ACS), obesity or chronic 
kidney disease (CKD) [2]. Indeed, CKD is highly associated with an 
increased risk of atherothrombotic events in patients with CAD [4,5]. 

Pharmacodynamic (PD) studies have shown that patients with impaired 
renal function are characterized by reduced clopidogrel-induced anti
platelet effects and higher rates of HPR compared with patients with 
preserved renal function [4,6]. This observation encouraged the search 
for new more potent antiplatelet therapies, leading to the development 
of other P2Y12 receptor antagonists, such as ticagrelor. 

Ticagrelor has a more favorable pharmacokinetic (PK) and PD profile 
than clopidogrel [7], which translated into better clinical outcomes in 
patients with ACS [8]. Interestingly, ticagrelor showed an impressive 
clinical benefit in patients with CKD in comparison with those patients 
without renal impairment [9]. However, PK and PD profiles of ticagrelor 
in ACS patients with CKD and with normal renal function, as well as 
rates of HPR, have been not described yet and represent the rationale for 

Abbreviations: CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; ACS, Acute Coronary Disease; HPR, High Platelet Reactivity. 
* Corresponding author at: Servicio de Cardiología, Hospital Virgen de la Arrixaca, Ctra. Madrid-Cartagena, S/N, 30120 El Palmar, Murcia, Spain. 

E-mail address: antonio.tello@carm.es (A. Tello-Montoliu).  

Contents lists available at ScienceDirect 

IJC Heart & Vasculature 

journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature 

https://doi.org/10.1016/j.ijcha.2023.101195 
Received 5 December 2022; Received in revised form 28 February 2023; Accepted 6 March 2023   

mailto:antonio.tello@carm.es
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2023.101195
https://doi.org/10.1016/j.ijcha.2023.101195
https://doi.org/10.1016/j.ijcha.2023.101195
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2023.101195&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


IJC Heart & Vasculature 46 (2023) 101195

2

the present study. 

2. Methods 

2.1. Study population and design 

The present is a prospective, parallel design study, aimed to compare 
platelet reactivity between ACS patients with normal renal function or 
CKD, after one week of ticagrelor treatment. We also assessed PK data in 
both groups. Patients recruited fulfilled the following inclusion criteria: 
(1) Diagnosis of non-ST elevation-ACS according to the current guide
lines; (2) Patients within 12 h after the symptoms onset; (3) Received a 
loading dose or under chronic treatment with aspirin (100 mg/day); (4) 
Age between 18 and 80 years old; and (5) Body mass index (BMI) be
tween 18 and 35 kg/m2. Exclusion criteria for this study included: 
known allergies to aspirin, ticagrelor or clopidogrel; concomitant use of 
oral anticoagulants; hemoglobin < 10 mg/dL; platelet count < 80x106/ 
mL, blood dyscrasias; active bleeding or hemodynamic instability; pa
tients on hemodialysis or peritoneal dialysis; a change in estimated 
glomerular filtration rate (eGFR) ≥ 15 mL/min/1.73 m2 within 90 days 
prior to enrollment or eGFR < 15 mL/min/1.73 m2, known infectious 
diseases or neoplasia, baseline ALT > 2.5 times the upper limit of 
normal, sick sinus syndrome or high degree AV block without pace
maker protection, drugs interfering CYP3A4 metabolism (to avoid 
interaction with ticagrelor, i.e. ketoconazole, itraconazole, clari
thromycin, ritonavir, etc.), and pregnant females. All candidates were 
screened in the Cardiology Department of Hospital Clínico Universitario 
Virgen de la Arrixaca (Murcia, Spain). The study protocol conforms to 
the ethical guidelines of the 1975 Declaration of Helsinki. 

An informed consent was obtained from each patient. They were 
divided according to their renal function as normal (eGFR ≥ 60 mL/min/ 
1.73 m2) and CKD (eGFR < 60 mL/min/1.73 m2) assessed by the 
Cockcroft-Gault formula [10]. Patients were treated with a loading dose 
(LD) of 180 mg of ticagrelor at the enrolling and maintenance ticagrelor 
regiment (90 mg/twice daily) for at least 7 ± 2 days. After this period, 
the referring attending physician decided to maintain ticagrelor or 
switch to another antiplatelet agent. Investigators and patients were 

aware of treatment assignment. However, laboratory personnel were 
blinded to treatment assignment. Compliance to aspirin and ticagrelor 
was assessed by interview and pill counting. Blood sampling for the 
study was divided in two phases: Phase 1 included baseline during 
treatment with aspirin (T0) and blood samples at 30 min, 1, 2, 4 and 6 h 
after 180 mg loading dose of ticagrelor (T1); Phase 2 involved 7 ± 2 days 
of maintenance treatment of ticagrelor 90 mg twice a day (T2). A flow 
diagram of the study is presented (Fig. 1). 

2.2. Blood sampling and laboratory assessments 

Peripheral venous blood samples were drawn through a short venous 
catheter inserted into a forearm vein and collected in citrate and serum 
tubes at each study time point for all laboratory assessments. The first 
2–4 mL of blood were discarded to avoid spontaneous platelet 
activation. 

Platelet function testing was carried out by VerifyNow System, a 
turbidimetric based optical detection system which measures platelet 
induced aggregation as an increase in light transmittance (Accumetrics, 
San Diego, CA) and was utilized according to manufacturer’s in
structions, as previously described [11,12]. On the other hand, tica
grelor active metabolite assessment was performed with liquid 
chromatography with tandem mass spectrometry. This assay has been 
performed at phase 1, in timepoints (T1) including baseline and at 30 
min, 1, 2, 4 and 6 h after ticagrelor LD. Venous blood samples (2 mL) 
were collected into lithium heparin tubes. Plasma samples were pre
pared by centrifugation (1500 g, 10 min, 4 ◦C) within 30 min, and stored 
frozen (-20 ◦C) until analyzed. Ticagrelor and AR-C124910XX plasma 
concentrations were analyzed, after protein precipitation, using a fully 
validated liquid chromatography with the tandem mass spectrometry 
method [13,14]. Lower limits of quantification were 5 ng/ml (tica
grelor) and 2.5 ng/ml (AR-C124910XX). Covance Laboratories Inc. – 
Indianapolis, Indiana (USA) performed these experiments. 

In addition, hematological and biochemical parameters were ob
tained, including routine hemogram, lipid profile, glucose, and creati
nine clearance. 

Fig. 1. Study design.  
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2.3. Statistical analysis 

The primary endpoint was the comparison of the PRU values deter
mined by VerfifyNow-P2Y12 system between normal renal function and 
CKD patients after 7 ± 2 days of treatment with ticagrelor. Given the 
lack of preliminary data in this field, we chose an arbitrary sample size of 
60 patients (30 patients in each group) according to previous in
vestigations [15,16] and in line with recommendations for pilot in
vestigations [17]. However, we had to finish the recruitment 
prematurely because of the low inclusion rate mainly due to concomi
tant anticoagulant therapy and the initial use of ticagrelor. 

Continuous variables were expressed as a mean ± standard deviation 
(SD) or median [interquartile range, IQR], when appropriate. Categor
ical variables were expressed as frequencies and percentages (%). Paired 
Student’s T test or Wilcoxon T test was used to compare continuous 
variables. Comparisons between categorical variables were performed 
using McNemar test or binomial exact test. Per protocol, missing data 
were not imputated. Differences between groups depending on renal 
function were studied by the unpaired T test for independent samples, or 
the Mann-Whitney U test (as appropriate) for continuous variables. In
fluence of the antiplatelet therapy or the renal function at different time 
points of platelets function tests or biomarkers levels were performed by 
analysis of variance for repetitive measures for one between-subjects 
factor. Both factors can be studied simultaneously by analysis of vari
ance (ANOVA) for repetitive measures for two between-subjects factors. 
To control the influence of other covariables affecting or interfering 
measures (as different distribution of patients with diabetes mellitus 
between groups), analysis of covariance (ANCOVA) has been carried 
out. A two-side p-value < 0.05 was considered statistically significant. 
Statistical analysis was performed using SPSS v.15.0 software (SPSS Inc. 
Chicago, IL). 

3. Results 

3.1. Recruitment and baseline characteristics 

Between December 2015 and February 2019, 200 patients were 
screened in the Emergency Department after being accepted for 
admission in the Cardiology Department. Of them, 52 patients meeting 
study inclusion criteria were identified and provided their written 
consent to participate in the study; and 2 patients withdrew after 
screening. Thereafter, 1 patient was excluded since underwent hemo
dialysis therapy during the hospital stay; and 1 patient was excluded 
because underwent urgent percutaneous coronary intervention, thus 
missing several time points, giving a final sample size of 48 patients 
(CKD, n = 13; preserved renal function, n = 35). 

Baseline characteristics are depicted in Table 1. In brief, CKD pa
tients were older with a numerical tendency to present with more pre
vious atherosclerotic disease (more previous myocardial infarction and 
cerebrovascular disease). Also, there was a numerical tendency to higher 
percentage of cardiovascular risk factors among CKD patients. 

All patients were admitted for moderate-high risk ACS, with an 
estimated GRACE risk score of 127.7 ± 36.3 (CKD: 137.5 ± 51.3 vs. 
Normal: 123.4 ± 30.3; p = 0.268). More than half of these patients 
presented with multivessel coronary disease. There were no differences 
in presentation between both groups (Table 2). 

3.2. Platelet function 

After ticagrelor 180 mg LD, platelet reactivity decreased signifi
cantly, reaching about 90% of reduction at 4 h after (CKD: PRU baseline 
192.0 ± 93.8vs. PRU 4 h 29.7 ± 30.1; Normal: PRU Baseline 195.5 ±
68.3vs. PRU 4 h 16.7 ± 27.7). There was no difference between groups 
regarding to the platelet inhibition (p = 0.219). In addition, there was 
observed a strong platelet inhibition by PRU at 1 week, without differ
ences between groups (CKD 45.2 ± 63.2 vs. Normal: 41.9 ± 50.4, p =
0.856) (Fig. 2). 

3.3. Pharmacokinetic assessment 

After ticagrelor 180 mg LD, ticagrelor levels were lower in patients 
with normal renal function compared to CKD patients, particularly at 4 h 
[CKD:1110.0 (924.0–1370.0) ng/mL vs. Normal:708.0 (538.5–940.0) 
ng/mL; p = 0.002] and at 6 h [CKD:708.5 (456.3–1055.3) ng/mL vs. 
Normal:466.0 (350.8682.3) ng/mL; p = 0.042] after LD. Also, AR- 
C124910XX showed lower levels in normal patients compared with 
CKD patients, mainly at 4 and 6 h after ticagrelor LD [at 4 h CKD: 302.0 
(225.0–312.0) ng/mL vs. normal: 171.5 (132.5–247.5) ng/mL; p =
0.004; at 6 h CKD: 185.5 (161.8–204.5) ng/mLvs. Normal: 129.0 
(103.3–172.8) ng/mL; p = 0.008] (Fig. 3). 

4. Discussion 

4.1. PK and PD profile of ticagrelor 

Initial data in ticagrelor PK and PD profiles have come from healthy 
volunteers [18]. Recent investigation conducted in CKD patients has 
demonstrated an improved PD and PK profile of ticagrelor in compari
son with clopidogrel in ACS setting [19]. However, a direct comparison 
of PK and PD profiles of ticagrelor in ACS according to renal function has 
not been performed yet. The present study was designed trying to 

Table 1 
Basal characteristics,   

Total CKD Normal P value 

N 48 13 35  
Age 65.9 ± 10.9 75.1 ± 6.3 62.5 ± 10.3  <0.001 
Gender male 36 (75%) 9 (69.2%) 27 (77.1%)  0.574 
BMI 28.1 ± 4.3 28.8 ± 3.8 27.9 ± 4.5  0.636 
Hypertension 37 (77.1%) 12 (92.3%) 25 (71.4%)  0.126 
DM 23 (47.9%) 6 (46.2%) 17 (48.6%)  0.826 
Dyslipemia 33 (68.8%) 10 (76.9%) 23 (65.7%)  0.457 
Smoker 15 (31.3%) 5 (38.5%) 21 (60.0%)  0.100 
PAD 4 (8.3%) 0 4 (11.4%)  0.203 
Previous ACV/TIA 5 (10.4%) 3 (23.1%) 2 (5.7%)  0.080 
Previous MI 18 (37.5%) 7 (53.8%) 11 (31.4%)  0.154 
Creatinine (mg/dL) 1.0 ± 0.38 1.38 ± 0.50 0.87 ± 0.21  0.003 
eGFR (mL/min) 137.4 ± 365.3 46.7 ± 8.8 97.4 ± 32.6  < 0.001 

BMI: Body mass index; DM: Diabetes mellitus, PAD: Peripheral artery disease, 
ACV: Acute cerebrovascular disease; TIA: Transitory isquemic attack; MI: 
Myocardial infarction. eGFR: estimated glomerular filtration rate. CKD: Chronic 
kidney disease. 

Table 2 
Index event characteristics.   

Total CKD Normal P 
value 

ECG:     
Normal 12 (25.5%) 5 (38.5%) 7 (20.6%)  0.616 
Descent ST 20 (42.6%) 4 (30.8%) 16 (47.1%)  
T negative 8 (17.0%) 2 (15.4%) 6 (17.6%)  
Indetermined 7 (14.9%) 2 (15.4%) 5 (14.7%)  
Hs TnT peak 68.0 

(21.5–116.0) 
94.0 
(25.5–346.6) 

66.0 
(18.0–114.0)  

0.188 

LVEF (%) 54.2 ± 11.2 48.6 ± 16.7 56.2 ± 7.7  0.134 
Coronary 

anatomy     
LM 1 (2.1%) 0 1 (2.9%)  0.532 
0 7 (14.9%) 1 (7.7%) 6 (17.6%)  0.637 
1 14 (29.8%) 3 (23.1%) 11 (32.4%)  
2 16 (34.0%) 16 (46.2%) 10 (29.4%)  
3 10 (21.3%) 3 (23.1%) 7 (20.6%  
Grace risk score 127.7 ± 36.3 137.5 ± 51.3 123.4 ± 30.3  0.268 

Hs TnT: High sensitivity Troponin T. LVEF: Left ventricle ejection fraction. LM: 
Left main. CKD: Chronic kidney disease. 
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address this question. After ticagrelor LD, there was a strong and 
consistent decrease in platelet reactivity reaching the peak at 4 h, which 
is in line with previous studies including acute patients (with ACS) [20]. 
Moreover, there was no difference between both CKD and normal 
groups in terms of platelet inhibition. The inhibition remains at 1 week, 
without differences between groups. Thus, the strong inhibition among 
CKD patients (and similar to normal patients) may explain the main
tained clinical benefit among both groups showed in the clinical trial 
[9]. 

On the other hand, there were higher levels of ticagrelor and its 
active metabolite (AR-C124910XX) in CKD patients in comparison with 
normal renal function patients, showing a peak at 4 h. Although these 
differences in both ticagrelor and AR-C124910XX levels did not confer 
different levels in platelet inhibition, this “improved” PK profile may be 

one of the plausible reasons explaining the similar platelet inhibition 
levels showed in normal renal function and CKD patients. Moreover, 
these excess of ticagrelor and AR-C124910XX levels may act through the 
inhibition of adenosine reuptake. This effect has been related to bene
ficial outcomes (such as improvement in myocardial perfusion), which 
could be more important in patients with impaired renal function 
[21,22]. Thus, we could hypothesize that these may be some reasons for 
the impressive clinical benefit in patients with CKD in comparison with 
patients without renal impairment found in PLATO trial [9]. However, 
this observation is matter of debate [6] and remains poor understood. 
The ongoing TicagRelorOr Clopidogrel in severe or terminal chronic 
kidney patients Undergoing PERcutaneous coronary intervention for 
acute coronary syndrome (TROUPER) trial [23], has been designed to 
compare the efficacy of ticagrelor and clopidogrel in stage > 3b CKD 

Fig. 2. Platelet function profiles of normal and CKD patients over the time, assessed by VerifyNow-P2Y12 system. ACS: acute coronary syndrome, ASA: aspirin. 
eGRF: estimated glomerular filtration. PD: pharmacodynamics, PK: pharmacokinetics, PRU: Platelet Reactivity Units. 

Fig. 3. AR-C124910XX and ticagrelor plasma levels [ng/mL] over the time in normal and CKD patients.  
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patients presenting with ACS and scheduled for an invasive strategy. 
The question is why ticagrelor showed a different PK profile in CKD 

patients when no effect of renal function has been reported previously 
[9,24]. It is well known that CKD associates a higher rate of intoxication 
by certain drugs, even when they do not require dose adjustment due to 
renal function, since CKD can affect different PK stages [25,26]. A 
number of studies indicate that intestinal function could be altered in 
CKD, which would also affect the bioavailability of drugs. These changes 
may be related to a decrease in the first pass metabolism or a reduction 
in intestinal extrusion by membrane transporters. In fact, some authors 
have reported the inhibition of some isoforms of cytochrome P450 
located in the enterocyte, thus inhibiting this first pass intestinal meta
bolism [27]. Other authors have related a decrease in intestinal 
expression of membrane transporters, such as P-glycoprotein and 
multidrug-resistance-related protein (MRP) 2, as contributor in the 
increased bioavailability of drugs in CKD [28]. 

Compounds as tacrolimus exhibits hepatic and intestinal metabolism 
after oral administration, is also influenced by renal function with a 
decrease in its bioavailability in animal models. Specifically, the drug 
concentration is increased by 35% in uremic rats compared to normal 
controls [29]. This is interesting since ticagrelor is also a substrate of the 
CYP3A4 isoform of cytochrome P450, and this enzyme is responsible of 
the formation of the major active metabolite of ticagrelor (AR- 
C124910XX) [7]. Furthermore, ticagrelor has a molecular weight of 
522,567 g/mol, which is interesting if we consider that Kimura et al. 
reported a higher intestinal absorption of molecules with molecular 
weight < 1000 in another experimental model of renal failure [30]. 

These phenomena may explain the higher ticagrelor and AR- 
C124910XX levels in CKD patients observed in the present study. 
However, this is the first study showing such difference in ACS patients, 
in whom the proved pleiotropic effect of ticagrelor, different from the 
one mediated by P2Y12 inhibition, may explain clinically relevant 
benefits. For example, many studies reported that ticagrelor increases 
adenosine plasma levels in patients with ACS [31]. More recently, it has 
been demonstrated an influence in the metabolic pathways of amino 
acids (cysteine, methionine, phenylalanine, tyrosine and tryptophan) 
and phospholipids (glycerophosphoethanolamines and glycer
ophosphoserines) in the stable phase [32,33]. 

The present study may explain the clinical benefit showed by tica
grelor in patients with CKD, encouraging further investigation in this 
topic. The hypothesis of better antiplatelet responses due to an improved 
pharmacokinetic profile in renal failure merits more focused research, 
since it could reinforce the use of this agent in this clinical setting. 
Additionally, it is important to highlight that CKD is associated with 
other vascular territories disease, thus our results are potentially trans
latable to a broad range of CKD patients who may require antiplatelet 
therapy (i.e., cerebrovascular, pheripheral disease). 

4.2. Study limitations 

There are some limitations to acknowledge. The first one is the small 
size, particularly in the CKD group. CKD patients are underrepresented 
in the majority of studies due to the difficulties to fulfill all inclusion and 
exclusion criteria. Second, there is no receptor binding analysis. Thus, 
the relationship between ticagrelor levels and PD effect is not directly 
tested. Third, the grouping did not follow the principle of a single var
iable (i.e., there was a significant difference between the CKD group and 
the normal group). Also, we did not genotype for cytochrome poly
morphisms (mainly CYP3A4) which may be related in the differences 
reported [34]. In addition, a small part of ticagrelor is metabolized by 
CYP3A5, so we cannot exclude the influence of different genotypes in 
the research conclusion. Other limitation to acknowledge is that the 
known pleiotropic effect attributed to ticagrelor was not assessed in the 
present study. Considering the increase of ticagrelor’s metabolite in this 
population, these pleiotropic effects might be enhanced among CKD 
patients, representing another cause to explain the improved clinical 

profile. Finally, although we propose some possible explanations, this 
study is not designed to clarify the mechanism why patient with renal 
impairment showed higher levels of ticagrelor and AR-C124910XX, thus 
further investigation is needed. 

5. Conclusion 

Ticagrelor loading dose achieves similar platelet inhibition in CKD 
and normal renal function patients admitted for non-ST elevation ACS. 
However, there is a significant increase in ticagrelor and AR-C124910XX 
levels in CKD patients compared with those with normal renal function. 
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