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Antithrombotic therapy at extremes of body weight: 

an expert position paper of the ESC Working Group on Thrombosis 

 

Supplementary material 

1. Methodology and how we reached a consensus 

Members of the writing group were chosen based on their area of expertise, 

considering the plan of the document. They prepared their contribution in pairs, consistently 

within their area of expertise. They also drafted each consensus statement at the end of 

their section. The entire document was then assembled by the two Chairs, circulated to all 

the writing group Members, who discussed and proposed changes (when applicable) for the 

entire document, including the consensus statements. The extent of disagreement before 

full consensus was reached was expressed on average by 10% (or less) of the Authors who 

made proposals of changes for the consensus statements. In the final submitted version, all 

the consensus statements were read and approved by each member of the writing group. 

2. Changes in organ function and bariatric surgery  

The volume of distribution (Vd) generally increases with body mass index (BMI) and 

total body weight (BW) seems a suitable size descriptor for Vd.1 In the absence of kidney 

and liver dysfunction, clearance can also increase and lean BW (LBW) seems a suitable 

indicator for predicting clearance changes.1 Drug properties, co-morbidities and degree of 

obesity further widen variability in drug response. Due to several, sometimes opposing and 

time-dependent obesity-associated changes, the overall effect of moderate and severe 

(class ≥2) obesity on drug pharmacokinetics is poorly predictable,2 and critical for drugs with 

a narrow therapeutic index. Approximately 15% of drugs targeting ‘blood formation, 

coagulation and thrombosis’ and 10% of cardiovascular drugs are BW-adjusted, while 30% 

and 50% of them have kidney function-adjusted dosing, respectively.3 Indirect body size 

descriptors (BMI, BW, LBW, ideal BW) have limitations in defining drug dosage because 

they rely on the assumption that body composition is similar in obese and non-obese 

subjects. Thus, the optimal descriptor to inform therapeutic strategies in obese patients 

remains undefined.1, 4 The pharmacokinetic effects of obesity on other cardiovascular drugs 

are summarized in Table S3. Importantly, cardiovascular drugs have limited pre-marketing 

evidence for moderate-to-severe obesity and underweight (BMI >35 and <17kg/m2, 

respectively), and these patients are underrepresented in randomized trials.  

Bariatric interventions include restrictive (sleeve gastrectomy, adjustable gastric 

banding) and/or malabsorptive (Roux-en-Y gastric bypass, duodenal switch) procedures5 
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that, along with their impact on BW loss, variably affect gastrointestinal anatomy, motility 

and function, and cause nutritional deficiencies.6, 7 Data on the long-term effects of different 

bariatric procedures on the pharmacokinetics of orally-administered, fixed-dose drugs are 

limited and heterogeneous.7, 8 Roux-en-Y gastric bypass, by increasing gastric pH and 

accelerating stomach emptying, can affect gastric-pH-dependent oral drug absorption.8, 9 

The residual length of small bowel and/or colon can affect absorption and biotransformation 

(Table S2).8, 10 These effects appear drug- and procedure-dependent.11  

 

3. Oral and parenteral antiplatelet drugs 

3.1 Dipyridamole  

Dipyridamole is a pyrimidi-pyridimine compound that inhibits platelet phosphodiesterase 

thereby preventing the degradation of cyclic AMP (c-AMP) to AMP, which reduces platelet 

reactivity. Dipyridamole at high doses may prevent platelet adhesion to exposed vascular 

sub-endothelial tissue. The real benefit in the setting of cardiovascular diseases was never 

demonstrated beyond particular evidence in the secondary prevention of stroke. A network 

meta-analysis12 showed the benefit of a combination of aspirin 50mg plus dipyridamole 

400mg against placebo OR 0.69 (CI 95% 0.56, 0.89) at the cost of a clear increase in the 

risk of any bleeding OR 1.95 (CI 95% 1.43, 2.78). In the PROFESS study, obesity (BMI 

≥30 kg/m2) did not influence the incidence of the primary outcome in the aspirin plus 

dipyridamole arm.13  

Consensus statement: There is no evidence to support modification of dipyridamole 

dose according to BW or BMI. 

 

3.2 Cilostazol  

Cilostazol is a phosphodiesterase III inhibitor with multiple pharmacological effects 

that include vasodilation, inhibition of platelet activation and aggregation. Cilostazol is 

approved in some countries to manage peripheral artery disease (PAD), but the benefit in 

cardiac disease is limited to reduction in the rates of in-stent restenosis without any 

significant benefit for MACE.14.  

Consensus statement: There is no evidence to support modification of cilostazol 

dose according to BW or BMI. 

 

3.3 Vorapaxar  
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Vorapaxar is a selective antagonist of the protease-activated receptor-1 (PAR-1), on 

human platelets, approved in post-MI patients without a previous history of stroke or TIA 

and in patients with PAD, on the basis of the TRA 2P-TIMI trial.15 Vorapaxar achieves a high 

level of PAR-1 inhibition following a loading dose or after more than 2 weeks of 2.5mg daily 

maintenance dose without current evidence of safety concerns related to plasma level.16 As 

compared to subjects in the normal-to-overweight range (60-100 kg), subjects weighing <60 

kg show a higher exposure to vorapaxar, as reflected by a 35% and 33% increases in Cmax 

and area under the curve (AUC) respectively.17 Obese subjects (defined as BW >100 kg) 

show a ≈20% less exposure, according to the same parameters.17  

Consensus statement: Based on pharmacological and clinical trial data, caution is 

recommended in administering vorapaxar to patients with BW <60kg,17 also considering the 

increased bleeding risk associated with this category of patients, while there is no evidence 

to modify dosing in heavier (>100 kg) patients.  

 

3.4 Cangrelor 

Cangrelor is an intravenous, reversible platelet P2Y12 inhibitor, achieving high level 

of receptor inhibition at the therapeutic dose. Currently, there is no evidence to suggest that 

any action other than standard, careful BW-adjusted dosing is required. Patients weighing 

<60 kg were ≈5% of the CHAMPION PHOENIX trial, which randomized 11,145 patients to 

BW-based cangrelor or fixed-dose clopidogrel (300 or 600 mg). The primary outcome 

(death, MI, revascularization and stent thrombosis at 48 hrs) was unaffected by low BW (OR 

0.75 95%CI: 0.39-1.45; and 0.79, 95%CI 0.66-0.94, below and above 60 kg, respectively, 

p=0.35).18 The moderate/severe GUSTO bleeding rates in the cangrelor arm were 0.5% and 

2.2% in patients above or below 60 kg, respectively, but the absolute numbers were too 

small to allow any statistically-meaningful analysis.18 Higher drug clearance has been 

reported in heavier patients,19 however the impact of BW on drug exposure is addressed by 

the BW-based dosing. Moreover, care is required if transitioning from cangrelor to either 

clopidogrel or prasugrel since it blocks the binding of clopidogrel and prasugrel active 

metabolites to the P2Y12 receptor and this negative interaction might be exacerbated by 

relative underdosing of clopidogrel or prasugrel in class ≥2 obese patients. 

Consensus statement: current evidence does not support modifying BW-based 

drug dosing of cangrelor in under- or over-weight patients. Transition from cangrelor to either 

clopidogrel or prasugrel should be performed with care. An accurate measure of BW is 

needed, especially at extremes of BW in order to avoid under- or overdosing.  
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5. DAPT duration and Body Mass.  

 There is no available sub-analysis for any BW range (high and/or low) in the majority 

of the trials exploring different DAPT duration, and namely the DES-LATE, EXCELLENT, 

ITALIC, OPTIMIZE, PRODIGY, RESET, SECURITY, IVUS-XLP, ISAR-SAFE, and 

OPTIDUAL trials, and also a recent meta-analysis of DAPT duration trials did not include 

BW data.20  

The PEGASUS-TIMI 54 trial included clinical outcomes according to BW using groups above 

and below the median BW of trial participants of 81kg, showing no significant interaction 

between these BW categories in clinical outcomes. The DAPT trial included a pre-specified 

above and below BMI 30 kg/m2 that showed safety and efficacy outcomes consistent with 

the overall trial population in obese patients. The I_LOVE_IT trial, comparing 6 vs. 12 

months DAPT with biodegradable polymer sirolimus-eluting stents, included a sub-analysis 

below and ≥30 kg/m2 BMI, which showed a trend in favour of a 12-month DAPT in obese 

subjects, although the total number of events in the obese patients was very low (4 in the 6-

months and 1 in the 12-months DAPT groups).  

The 2016 ACC/AHA Guidelines directly indicate that low-body weight (<60 kg) ‘may 

favour shorter duration DAPT’ based on the increased bleeding risk associated with this 

condition, while there is no mention of obesity. The 2017 ESC guidelines on DAPT duration 

take into consideration the available risk scores for bleeding, which do not include BW as a 

factor and do not make any direct recommendation on duration concerning BW. However, 

patients with diabetes mellitus appeared to have a greater absolute benefit from prolonged 

DAPT in PEGASUS-TIMI 54, including reduction in CAD-related death. Type 2 diabetes 

mellitus is often associated with obesity as well.  

Consensus statement: For low BW, carefully consider the degree of underweight 

and associated co-morbidities when deciding DAPT duration. For high BW, data on BMI >35 

kg/m2 are missing but the presence of diabetes mellitus associated with obesity may favour 

prolonged DAPT following MI.  

 

4. Parenteral anticoagulants 

4.1 Bivalirudin 

Bivalirudin has BW-adjusted dosing for use in PCI (Table 4) as well as other rare 

indications (heparin-induced thrombocytopenia, medical management of non-ST-elevation 

ACS)21 and optimal dosing can be controlled by ACT. BW-based dosing of bivalirudin is the 
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most accurate predictor of achieving target aPTT in obese patients with heparin-induced 

thrombocytopenia and it was suggested that different dosing strategies are not warranted 

between obese and non-obese patients.22 A large retrospective registry showed that 

bivalirudin decreased bleeding and transfusions as compared to UFH in different obesity 

classes (from 1 to ≥3); however, the in-hospital mortality was similar for the two drugs in 

morbidly-obese patients.23 Still, this non-randomized, retrospective comparison cannot 

clarify the safety of bivalirudin over UFH throughout the entire BMI spectrum. The ACUITY24 

(bivalirudin vs. UFH or enoxaparin with or without GPIs in ACS) and HORIZONS-AMI17 

(bivalirudin vs. GPI plus UFH in MI) trials did not include pre-specified analyses according 

to BW or BMI.  

The MATRIX trial comparing bivalirudin vs. UFH in ACS patients undergoing PCI included 

a subanalysis for BMI below and ≥ 25kg/m2, showing a net clinical benefit in favour of 

bivalirudin vs. UFH in patients in the overweight range ((≥ 25kg/m2) as compared to the non-

overweight counterpart (p=0.019 for interaction).19   

The recent VALIDATE-SWEDEHEART trial has recently compared BW-adjusted standard 

regimens of bivalirudin vs. UFH in MI patients undergoing PCI with the radial-artery access 

and without planned GPI use at 180 days.25 The rate of the primary composite endpoint 

(death, MI, major bleeding) was similar in the two treatment arms, and the pre-specified 

underweight group (<60 kg, ≈5% of the total population) showed no preferential benefit of 

UFH vs. bivalirudin as well. A pre-specified analysis for obesity was not reported.     

Consensus statement. Bivalirudin is given as a BW-adjusted dosing. Few data are 

available on efficacy and safety in morbidly-obese or underweight patients.  

 

5. Influence of race and gender on antithrombotics in addition to body mass  

Gender has been repeatedly shown to impact on the prescription of both antiplatelet 

and anticoagulant drugs26, 27 with women frequently being undertreated.  

Genetic differences seen between different races may have pharmacokinetic 

implications for some antithrombotics. Here we discuss these issues for individual agents. 

5.1 Antiplatelets 

Aspirin. The largest meta-analysis of the primary and secondary prevention trials, 

found no evidence to support a gender-based difference.28 There are no clinical data on the 

effects of race on aspirin, because trials generally enrol too few minority groups to allow 

subgroup analyses to be conducted reliably.  
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Clopidogrel. A collaborative meta-analysis of four, placebo-controlled trials showed 

no statistically significant differences of clopidogrel efficacy and safety in men vs. women.29 

Asiatic patients have higher frequency of 2C19 loss-of-function alleles vs. Hispanics and 

Caucasians30, 31 and, within the carrier group, Asian patients undergoing PCI seem to have 

worse outcome as compared to Caucasians.32 Thus, obese Asian patients might be 

particularly exposed to clopidogrel poor responsiveness. However, given also the evidence 

of an overall increased bleeding risk in Asians vs. Caucasians (the ‘East Asian paradox’),33 

further data on clinical outcome in the obese populations are needed. 

Prasugrel. PK studies showed that gender influenced active metabolite generation 

by <8% after adjusting for BW and age,34 which is a threshold considered not-clinically 

relevant. The TRITON-TIMI trial showed no differences according to gender35. Asians seem 

to generate 20-30% higher active metabolite after both loading and maintenance dosing of 

prasugrel,36 which seems only in part explained by an average lower BW,37 but its clinical 

impact, especially in underweight or obese patients, remains unknown. There was no pre-

specified analysis based on race on the TRITON-TIMI trial. 

Ticagrelor. Neither gender nor race appeared to affect the efficacy or safety of 

ticagrelor in the PLATO trial.38-40 

However, regarding race, it should be remarked that post-hoc analyses of race in 

individual trials that have yielded extreme results should be disregarded, unless replicable, 

and future pre-specified analyses are required. Overall, evidence on race is scarce and a 

need exists to include East Asian patients in trials to assess the efficacy and safety of 

prasugrel and ticagrelor over clopidogrel.41 

 

5.2 Oral anticoagulants 

Vitamin-K Antagonists (VKA). In an analysis of the AMADEUS trial data, women 

tended to have lower Time in Therapeutic Range (TTR) compared to men.42 Ethnicity has 

also been shown to influence drug prescriptions with black patients having poorer control of 

the quality of warfarin than white and hispanic43. Indeed, besides gender and other variables, 

race is a predictor of TTR in the SAME-TT2R2 score.44 Whether again this influence is 

mediated by differences in body mass cannot be established given the lack of dedicated 

analyses. 

Anti-Xa agents. There is no evidence that gender45, 46 or race46-48 have a major 

clinically-relevant impact on rivaroxaban and apixaban. For edoxaban, female patients show 

≈13% lower clearance, which is not clinically relevant.49 Consistently, in the ENGAGE trial, 
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pre-specified subgroup analyses did not show any influence of gender and ethnicity,50, 51 

although Asians were only 10% of the total enrolled population.  

Dabigatran. Dose-normalized dabigatran concentrations in female subjects were 

significantly ≈30% higher than in males in the RE-LY trial, independently of other variables.52 

Subgroup analyses for gender in this trial did not show significant effects, but females were 

under-represented as compared to males.53 Very large population studies on dabigatran 

usage showed that female gender was associated with higher bleeding than males as 

compared to the VKA-treated counterpart,54 and independently predicted GI bleeding as 

compared to the dabigatran-treated male conterpart.55 Therefore, female, underweight 

patients might be particularly exposed to high dabigatran concentration and bleeding risk, 

as compared to males. Dabigatran PK and clinical profiles seem unaffected by race.53, 56, 57 

Overall, it should be underlined that Hispanic and Black ethnicities are consistently poorly 

represented in all phase III trials of direct oral anticoagulations, and the majority of ethnicity-

related differences refer to non-Hispanic White vs. Asian races.58 This is particularly relevant 

in the context of obesity, because of the sharp increase in class 2+ obesity in non-Hispanic 

Blacks and Hispanics (https://www.cdc.gov/obesity/data/adult.html; 

https://stateofobesity.org/disparities/; accessed Oct 2017).   

 

5.3  Parenteral anticoagulants 

UFH. There is one report suggesting that Asians might have a slight prolongation (14 

sec within the 300-350 sec range) of ACT following the bolus of UFH before PCI as 

compared to non-Asians. However, the effect seems minor and the clinical significance 

unknown, particularly since drug dosing is monitored by ACT (or aPTT in case of VTE). 

Bivalirudin. Gender and geographical location (EU vs. non-EU) did not affect the 

efficacy of bivalirudin vs. UFH in the HORIZON-AMI and EUROMAX trials.59 However, in 

the recent VALIDATE-SWEDEHEART trial recruiting MI patients undergoing PCI with radial-

access and without planned GPIs,25 there was a trend toward a more favorable outcome 

associated with bivalirudin vs. heparin in female as compared to male patients (p=0.05 for 

interaction), with females being 26% of the enrolled population. However, whether the 

combination gender-BW had different outcomes as compared to the general population is 

unknown. 

Fondaparinux. Male gender and decreasing BW were independent predictors of 

major bleeding in a meta-analysis of VTE prevention trials,60 while there were no gender-

related difference in the pooled analysis of OASIS-5 and -6 trials.61  

https://www.cdc.gov/obesity/data/adult.html
https://stateofobesity.org/disparities/
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Table S1. Contribution of waist circumference to type 2 diabetes (T2DM), 

hypertension and cardiovascular disease (CVD)  

 

 

Classification 

Waist circumference and risk for T2DM, 

Hypertension and CVD#  

Men ≤102 cm 

Women ≤88 cm 

Men ≥ 102 cm 

Women ≥ 88 cm 

Underweight -- -- 

Normal weight -- -- 

Overweight (pre-

obesity) 

Increased High 

Obese High Very high 

    Class 1 High Very high 

    Class 2 

(moderate obesity) 

Very High Very High 

    Class 3  

(severe or morbid 

obesity) 

Extremely High Extremely High 

   Class 4  

(super-obesity) 

Extremely High Extremely High 

   Class 5  

(super-super or 

extreme obesity) 

Extremely High Extremely High 

 

# https://www.diabetes.ca/diabetes-and-you/healthy-living-resources/weight-

management/waist-circumference;  

* //www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi_dis.htm 

  

https://www.diabetes.ca/diabetes-and-you/healthy-living-resources/weight-management/waist-circumference
https://www.diabetes.ca/diabetes-and-you/healthy-living-resources/weight-management/waist-circumference
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Table S2. Metabolic effects of bariatric procedures vs. pre-surgery. 

Procedure 
 

Drug Effect 

 
 
 
 
 Roux-en-Y gastric 
bypass 8, 9, 62-64 

Metoprolol (some BCS class 
I)* 

Unaffected 

Fenofibrate, propanolol and 
lipophilic, neutral compound 
of BCS class 2 obesity*10 

Unaffected 

Posaconazole, omeprazole 
and lipophilic, weak bases of 
BCS class 2 obesity10 

Increased gastric pH and reduced 
solubility and exposure by 30-
50% (AUC and Cmax) 

Morphine 3-fold increased absorption and 
exposure (Cmax and AUC) 

Atorvastatin Highly variable reports.  

Digoxin Total exposure not affected vs. 
controls 

Warfarin Fat malabsorption and vitamin K 
deficiency, less predictable INR 
response. More frequent INR 
monitoring.  

Oral Furosemide Faster absorption but no AUC or 
Cmax differences vs. controls 

Metoprolol, nifedipine, 
isosorbide. 
Extended-release 
formulations 

Likely reduced absorption of 
drugs absorbed in the colon, 
including extended-release 
formulations of any drug.  

Any bariatric 
surgery associated 
with extended 
resection of small 
bowel9 

Digoxin Bioavailability of digoxin directly 
dependent on the length of 
remaining jejunum. More frequent 
monitoring may be needed.   

Extended colonic 
resection8, 9 

Hydrochlorothiazide Reduced AUC (halved) vs. 
controls 

Jejunoileal bypass8, 

9, 63 
Atorvastatin Increased AUC vs. pre-surgery 

(approx. 2 folds)  

Hydrochlorothiazide Reduced AUC (halved) vs. 
controls 

Biliopancreatic 
diversion with 
duodenal switch9, 63 

Atorvastatin Increased AUC vs. pre-surgery  

Any bariatric 
surgery65 

CYP3A4 metabolism 
(midazolam as probe drug) 

Increased activity vs. pre-surgery 

 

Abbreviations: AUC: Area Under the Curve; INR: international normalised ratio; BCS: 

Biopharmaceutical Classification System; Cmax maximal plasma concentration; RYGB: 

Roux-en-Y gastric bypass. *BCS class I: high solubility and high permeability drugs, class 

II: poor solubility and high permeability drugs. 
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Table S3. Pharmacokinetic or pharmacodynamic changes on obese vs. non-obese 

subjects for cardiovascular drugs other than antithrombotics 

Drug class or agent PK Clinical readouts 

Beta blockers-lipophilic 

agents3 (propranolol, 

metoprolol, nebivolol) 

Increased Vd 

Clearance 

unchanged/decreased 

(propranolol) 

Clearance increased 

(metorpolol, nebivolol) 

Calculate loading doses 

using LBW to account for 

higher lean tissue. 

Titration by monitoring 

heart rate and blood 

pressure 

Beta blockers-hydrophilic 

agents3 (atenolol, sotalol) 

Clearance and Vd 

unchanged, 

metabolism dependent 

on liver function 

Titration by monitoring 

heart rate and blood 

pressure 

Verapamil Increased Vd 

Prolonged elimination 

Calculate loading dose 

on TBW and 

maintenance dose on 

IBW 

Atorvastatin Not affected -- 

Digoxin Decreased Vd TDM more often 

 

Abbreviations: Vd: volume of distribution, LBW: lean body weight; IBW: ideal body 

weight; TDM: therapeutic drug monitoring. 

  



12 
 

 
6. References 
 
1. Green B, Duffull SB. What is the best size descriptor to use for pharmacokinetic studies in the 
obese? Br J Clin Pharmacol 2004;58(2):119-33. 
2. Jain R, Chung SM, Jain L, Khurana M, Lau SW, Lee JE, Vaidyanathan J, Zadezensky I, Choe S, 
Sahajwalla CG. Implications of obesity for drug therapy: limitations and challenges. Clin Pharmacol Ther 
2011;90(1):77-89. 
3. Sankaralingam S, Kim RB, Padwal RS. The impact of obesity on the pharmacology of medications 
used for cardiovascular risk factor control. Can J Cardiol 2015;31(2):167-76. 
4. Pai MP. Drug dosing based on weight and body surface area: mathematical assumptions and 
limitations in obese adults. Pharmacotherapy 2012;32(9):856-68. 
5. Nguyen NT, Varela JE. Bariatric surgery for obesity and metabolic disorders: state of the art. Nat 
Rev Gastroenterol Hepatol 2017;14(3):160-169. 
6. Stein J, Stier C, Raab H, Weiner R. Review article: The nutritional and pharmacological 
consequences of obesity surgery. Aliment Pharmacol Ther 2014;40(6):582-609. 
7. Titus R, Kastenmeier A, Otterson MF. Consequences of gastrointestinal surgery on drug absorption. 
Nutr Clin Pract 2013;28(4):429-36. 
8. Azran C, Wolk O, Zur M, Fine-Shamir N, Shaked G, Czeiger D, Sebbag G, Kister O, Langguth P, Dahan 
A. Oral drug therapy following bariatric surgery: an overview of fundamentals, literature and clinical 
recommendations. Obes Rev 2016;17(11):1050-1066. 
9. De Smet J, Van Bocxlaer J, Boussery K. The influence of bypass procedures and other anatomical 
changes in the gastrointestinal tract on the oral bioavailability of drugs. J Clin Pharmacol 2013;53(4):361-76. 
10. Gesquiere I, Hens B, Van der Schueren B, Mols R, de Hoon J, Lannoo M, Matthys C, Foulon V, 
Augustijns P. Drug disposition before and after gastric bypass: fenofibrate and posaconazole. Br J Clin 
Pharmacol 2016;82(5):1325-1332. 
11. Greenblatt HK, Greenblatt DJ. Altered drug disposition following bariatric surgery: a research 
challenge. Clin Pharmacokinet 2015;54(6):573-9. 
12. Niu PP, Guo ZN, Jin H, Xing YQ, Yang Y. Antiplatelet regimens in the long-term secondary prevention 
of transient ischaemic attack and ischaemic stroke: an updated network meta-analysis. BMJ Open 
2016;6(3):e009013. 
13. Sacco RL, Diener HC, Yusuf S, Cotton D, Ounpuu S, Lawton WA, Palesch Y, Martin RH, Albers GW, 
Bath P, Bornstein N, Chan BP, Chen ST, Cunha L, Dahlof B, De Keyser J, Donnan GA, Estol C, Gorelick P, Gu V, 
Hermansson K, Hilbrich L, Kaste M, Lu C, Machnig T, Pais P, Roberts R, Skvortsova V, Teal P, Toni D, 
Vandermaelen C, Voigt T, Weber M, Yoon BW, Group PRS. Aspirin and extended-release dipyridamole 
versus clopidogrel for recurrent stroke. N Engl J Med 2008;359(12):1238-51. 
14. Singh I, Shafiq N, Pandhi P, Reddy S, Pattanaik S, Sharma Y, Malhotra S. Triple antiplatelet therapy 
vs. dual antiplatelet therapy in patients undergoing percutaneous coronary intervention: an evidence-
based approach to answering a clinical query. Br J Clin Pharmacol 2009;68(1):4-13. 
15. Morrow DA, Braunwald E, Bonaca MP, Ameriso SF, Dalby AJ, Fish MP, Fox KA, Lipka LJ, Liu X, 
Nicolau JC, Ophuis AJ, Paolasso E, Scirica BM, Spinar J, Theroux P, Wiviott SD, Strony J, Murphy SA, 
Committee TPTS, Investigators. Vorapaxar in the secondary prevention of atherothrombotic events. N Engl 
J Med 2012;366(15):1404-13. 
16. Patrono C, Morais J. Update of antiplatelet drug document. 
17. Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski R, Hartmann F, 
Gersh BJ, Pocock SJ, Dangas G, Wong SC, Kirtane AJ, Parise H, Mehran R, Investigators H-AT. Bivalirudin 
during primary PCI in acute myocardial infarction. N Engl J Med 2008;358(21):2218-30. 
18. Bhatt DL, Stone GW, Mahaffey KW, Gibson CM, Steg PG, Hamm CW, Price MJ, Leonardi S, Gallup D, 
Bramucci E, Radke PW, Widimsky P, Tousek F, Tauth J, Spriggs D, McLaurin BT, Angiolillo DJ, Genereux P, Liu 
T, Prats J, Todd M, Skerjanec S, White HD, Harrington RA, Investigators CP. Effect of platelet inhibition with 
cangrelor during PCI on ischemic events. N Engl J Med 2013;368(14):1303-13. 



13 
 

19. Valgimigli M, Frigoli E, Leonardi S, Rothenbuhler M, Gagnor A, Calabro P, Garducci S, Rubartelli P, 
Briguori C, Ando G, Repetto A, Limbruno U, Garbo R, Sganzerla P, Russo F, Lupi A, Cortese B, Ausiello A, 
Ierna S, Esposito G, Presbitero P, Santarelli A, Sardella G, Varbella F, Tresoldi S, de Cesare N, Rigattieri S, 
Zingarelli A, Tosi P, van 't Hof A, Boccuzzi G, Omerovic E, Sabate M, Heg D, Juni P, Vranckx P, Investigators 
M. Bivalirudin or Unfractionated Heparin in Acute Coronary Syndromes. N Engl J Med 2015;373(11):997-
1009. 
20. Palmerini T, Della Riva D, Benedetto U, Bacchi Reggiani L, Feres F, Abizaid A, Gilard M, Morice MC, 
Valgimigli M, Hong MK, Kim BK, Jang Y, Kim HS, Park KW, Colombo A, Chieffo A, Sangiorgi D, Biondi-Zoccai 
G, Genereux P, Angelini GD, Pufulete M, White J, Bhatt DL, Stone GW. Three, six, or twelve months of dual 
antiplatelet therapy after DES implantation in patients with or without acute coronary syndromes: an 
individual patient data pairwise and network meta-analysis of six randomized trials and 11 473 patients. Eur 
Heart J 2017;38(14):1034-1043. 
21. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA, Brotons C, 
Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee D, Storey RF, 
Windecker S, Baumgartner H, Gaemperli O, Achenbach S, Agewall S, Badimon L, Baigent C, Bueno H, 
Bugiardini R, Carerj S, Casselman F, Cuisset T, Erol C, Fitzsimons D, Halle M, Hamm C, Hildick-Smith D, Huber 
K, Iliodromitis E, James S, Lewis BS, Lip GY, Piepoli MF, Richter D, Rosemann T, Sechtem U, Steg PG, Vrints C, 
Luis Zamorano J, Management of Acute Coronary Syndromes in Patients Presenting without Persistent 
STSEotESoC. 2015 ESC Guidelines for the management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation: Task Force for the Management of Acute Coronary Syndromes in 
Patients Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology (ESC). 
Eur Heart J 2016;37(3):267-315. 
22. Tsu LV, Dager WE. Comparison of bivalirudin dosing strategies using total, adjusted, and ideal body 
weights in obese patients with heparin-induced thrombocytopenia. Pharmacotherapy 2012;32(1):20-6. 
23. Delhaye C, Wakabayashi K, Maluenda G, Ben-Dor I, Torguson R, Xue Z, Suddath WO, Satler LF, 
Pichard AD, Kent KM, Lindsay J, Waksman R. Safety and efficacy of bivalirudin for percutaneous coronary 
intervention with rotational atherectomy. J Interv Cardiol 2010;23(3):223-9. 
24. Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses JW, White HD, Pocock SJ, Ware 
JH, Feit F, Colombo A, Aylward PE, Cequier AR, Darius H, Desmet W, Ebrahimi R, Hamon M, Rasmussen LH, 
Rupprecht HJ, Hoekstra J, Mehran R, Ohman EM, Investigators A. Bivalirudin for patients with acute 
coronary syndromes. N Engl J Med 2006;355(21):2203-16. 
25. Erlinge D, Omerovic E, Frobert O, Linder R, Danielewicz M, Hamid M, Swahn E, Henareh L, Wagner 
H, Hardhammar P, Sjogren I, Stewart J, Grimfjard P, Jensen J, Aasa M, Robertsson L, Lindroos P, Haupt J, 
Wikstrom H, Ulvenstam A, Bhiladvala P, Lindvall B, Lundin A, Todt T, Ioanes D, Ramunddal T, Kellerth T, 
Zagozdzon L, Gotberg M, Andersson J, Angeras O, Ostlund O, Lagerqvist B, Held C, Wallentin L, Schersten F, 
Eriksson P, Koul S, James S. Bivalirudin versus Heparin Monotherapy in Myocardial Infarction. N Engl J Med 
2017;377(12):1132-1142. 
26. Lahoz C, Mantilla T, Taboada M, Soler B, Tranche S, Lopez-Rodriguez I, Monteiro B, Martin-Jadraque 
R, Sanchez-Zamorano MA, Mostaza JM. Gender differences in evidence-based pharmacological therapy for 
patients with stable coronary heart disease. Int J Cardiol 2009;133(3):336-40. 
27. Loikas D, Forslund T, Wettermark B, Schenck-Gustafsson K, Hjemdahl P, von Euler M. Sex and 
Gender Differences in Thromboprophylactic Treatment of Patients With Atrial Fibrillation After the 
Introduction of Non-Vitamin K Oral Anticoagulants. Am J Cardiol 2017;120(8):1302-1308. 
28. Antithrombotic Trialists C, Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R, Buring J, 
Hennekens C, Kearney P, Meade T, Patrono C, Roncaglioni MC, Zanchetti A. Aspirin in the primary and 
secondary prevention of vascular disease: collaborative meta-analysis of individual participant data from 
randomised trials. Lancet 2009;373(9678):1849-60. 
29. Berger JS, Bhatt DL, Cannon CP, Chen Z, Jiang L, Jones JB, Mehta SR, Sabatine MS, Steinhubl SR, 
Topol EJ, Berger PB. The relative efficacy and safety of clopidogrel in women and men a sex-specific 
collaborative meta-analysis. J Am Coll Cardiol 2009;54(21):1935-45. 
30. Sorich MJ, Polasek TM, Wiese MD. Systematic review and meta-analysis of the association between 
cytochrome P450 2C19 genotype and bleeding. Thromb Haemost 2012;108(1):199-200. 



14 
 

31. Jang JS, Cho KI, Jin HY, Seo JS, Yang TH, Kim DK, Kim DS, Seol SH, Kim DI, Kim BH, Park YH, Je HG, 
Jeong YH, Lee SW. Meta-analysis of cytochrome P450 2C19 polymorphism and risk of adverse clinical 
outcomes among coronary artery disease patients of different ethnic groups treated with clopidogrel. Am J 
Cardiol 2012;110(4):502-8. 
32. Sorich MJ, Rowland A, McKinnon RA, Wiese MD. CYP2C19 genotype has a greater effect on adverse 
cardiovascular outcomes following percutaneous coronary intervention and in Asian populations treated 
with clopidogrel: a meta-analysis. Circ Cardiovasc Genet 2014;7(6):895-902. 
33. Jeong YH. "East asian paradox": challenge for the current antiplatelet strategy of "one-guideline-
fits-all races" in acute coronary syndrome. Curr Cardiol Rep 2014;16(5):485. 
34. Wrishko RE, Ernest CS, 2nd, Small DS, Li YG, Weerakkody GJ, Riesmeyer JR, Macias WL, Rohatagi S, 
Salazar DE, Antman EM, Wiviott SD, Braunwald E, Ni L. Population pharmacokinetic analyses to evaluate the 
influence of intrinsic and extrinsic factors on exposure of prasugrel active metabolite in TRITON-TIMI 38. J 
Clin Pharmacol 2009;49(8):984-98. 
35. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, Neumann FJ, Ardissino 
D, De Servi S, Murphy SA, Riesmeyer J, Weerakkody G, Gibson CM, Antman EM, Investigators T-T. Prasugrel 
versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 2007;357(20):2001-15. 
36. Small DS, Kothare P, Yuen E, Lachno DR, Li YG, Winters KJ, Farid NA, Ni L, Jakubowski JA, Salazar DE, 
Thieu VT, Payne CD. The pharmacokinetics and pharmacodynamics of prasugrel in healthy Chinese, 
Japanese, and Korean subjects compared with healthy Caucasian subjects. Eur J Clin Pharmacol 
2010;66(2):127-35. 
37. Small DS, Li YG, Ernest CS, 2nd, April JH, Farid NA, Payne CD, Winters KJ, Rohatagi S, Ni L. Integrated 
analysis of pharmacokinetic data across multiple clinical pharmacology studies of prasugrel, a new 
thienopyridine antiplatelet agent. J Clin Pharmacol 2011;51(3):321-32. 
38. Husted S, James SK, Bach RG, Becker RC, Budaj A, Heras M, Himmelmann A, Horrow J, Katus HA, 
Lassila R, Morais J, Nicolau JC, Steg PG, Storey RF, Wojdyla D, Wallentin L, group Ps. The efficacy of 
ticagrelor is maintained in women with acute coronary syndromes participating in the prospective, 
randomized, PLATelet inhibition and patient Outcomes (PLATO) trial. Eur Heart J 2014;35(23):1541-50. 
39. Kang HJ, Clare RM, Gao R, Held C, Himmelmann A, James SK, Lim ST, Santoso A, Yu CM, Wallentin L, 
Becker RC, Investigators P. Ticagrelor versus clopidogrel in Asian patients with acute coronary syndrome: A 
retrospective analysis from the Platelet Inhibition and Patient Outcomes (PLATO) Trial. Am Heart J 
2015;169(6):899-905 e1. 
40. Gaglia MA, Jr., Lipinski MJ, Lhermusier T, Steinvil A, Kiramijyan S, Pokharel S, Torguson R, Angiolillo 
DJ, Wallentin L, Storey RF, Waksman R. Comparison of Platelet Reactivity in Black Versus White Patients 
With Acute Coronary Syndromes After Treatment With Ticagrelor. Am J Cardiol 2017;119(8):1135-1140. 
41. Levine GN, Jeong YH, Goto S, Anderson JL, Huo Y, Mega JL, Taubert K, Smith SC, Jr. World heart 
federation expert consensus statement on antiplatelet therapy in east asian patients with ACS or 
undergoing PCI. Glob Heart 2014;9(4):457-67. 
42. Senoo K, Lip GY. Body Mass Index and Adverse Outcomes in Elderly Patients With Atrial Fibrillation: 
The AMADEUS Trial. Stroke 2016;47(2):523-6. 
43. Golwala H, Jackson LR, 2nd, Simon DN, Piccini JP, Gersh B, Go AS, Hylek EM, Kowey PR, Mahaffey 
KW, Thomas L, Fonarow GC, Peterson ED, Thomas KL, Outcomes Registry for Better Informed Treatment for 
Atrial Fibrillation R. Racial/ethnic differences in atrial fibrillation symptoms, treatment patterns, and 
outcomes: Insights from Outcomes Registry for Better Informed Treatment for Atrial Fibrillation Registry. 
Am Heart J 2016;174:29-36. 
44. Apostolakis S, Sullivan RM, Olshansky B, Lip GYH. Factors affecting quality of anticoagulation 
control among patients with atrial fibrillation on warfarin: the SAMe-TT(2)R(2) score. Chest 
2013;144(5):1555-1563. 
45. Kubitza D, Becka M, Roth A, Mueck W. The influence of age and gender on the pharmacokinetics 
and pharmacodynamics of rivaroxaban--an oral, direct Factor Xa inhibitor. J Clin Pharmacol 2013;53(3):249-
55. 



15 
 

46. Frost CE, Song Y, Shenker A, Wang J, Barrett YC, Schuster A, Harris SI, LaCreta F. Effects of age and 
sex on the single-dose pharmacokinetics and pharmacodynamics of apixaban. Clin Pharmacokinet 
2015;54(6):651-62. 
47. Zhao X, Sun P, Zhou Y, Liu Y, Zhang H, Mueck W, Kubitza D, Bauer RJ, Zhang H, Cui Y. Safety, 
pharmacokinetics and pharmacodynamics of single/multiple doses of the oral, direct Factor Xa inhibitor 
rivaroxaban in healthy Chinese subjects. Br J Clin Pharmacol 2009;68(1):77-88. 
48. Byon W, Sweeney K, Frost C, Boyd RA. Population Pharmacokinetics, Pharmacodynamics, and 
Exploratory Exposure-Response Analyses of Apixaban in Subjects Treated for Venous Thromboembolism. 
CPT Pharmacometrics Syst Pharmacol 2017;6(5):340-349. 
49. Yin OQ, Tetsuya K, Miller R. Edoxaban population pharmacokinetics and exposure-response analysis 
in patients with non-valvular atrial fibrillation. Eur J Clin Pharmacol 2014;70(11):1339-51. 
50. Krekels EH, Niebecker R, Karlsson MO, Miller R, Shimizu T, Karlsson KE, Ruff CT, Simonsson US, 
Jonsson S. Population Pharmacokinetics of Edoxaban in Patients with Non-Valvular Atrial Fibrillation in the 
ENGAGE AF-TIMI 48 Study, a Phase III Clinical Trial. Clin Pharmacokinet 2016;55(9):1079-90. 
51. Yamashita T, Koretsune Y, Yang Y, Chen SA, Chung N, Shimada YJ, Kimura T, Miyazaki K, Abe K, 
Mercuri M, Ruff CT, Giugliano RP. Edoxaban vs. Warfarin in East Asian Patients With Atrial Fibrillation- An 
ENGAGE AF-TIMI 48 Subanalysis. Circ J 2016;80(4):860-9. 
52. Reilly PA, Lehr T, Haertter S, Connolly SJ, Yusuf S, Eikelboom JW, Ezekowitz MD, Nehmiz G, Wang S, 
Wallentin L, Investigators R-L. The effect of dabigatran plasma concentrations and patient characteristics on 
the frequency of ischemic stroke and major bleeding in atrial fibrillation patients: the RE-LY Trial 
(Randomized Evaluation of Long-Term Anticoagulation Therapy). J Am Coll Cardiol 2014;63(4):321-8. 
53. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, Reilly PA, Themeles 
E, Varrone J, Wang S, Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin 
L, Committee R-LS, Investigators. Dabigatran versus warfarin in patients with atrial fibrillation. N Engl J Med 
2009;361(12):1139-51. 
54. Avgil Tsadok M, Jackevicius CA, Rahme E, Humphries KH, Pilote L. Sex Differences in Dabigatran 
Use, Safety, And Effectiveness In a Population-Based Cohort of Patients With Atrial Fibrillation. Circ 
Cardiovasc Qual Outcomes 2015;8(6):593-9. 
55. Lauffenburger JC, Rhoney DH, Farley JF, Gehi AK, Fang G. Predictors of gastrointestinal bleeding 
among patients with atrial fibrillation after initiating dabigatran therapy. Pharmacotherapy 2015;35(6):560-
8. 
56. Hori M, Connolly SJ, Zhu J, Liu LS, Lau CP, Pais P, Xavier D, Kim SS, Omar R, Dans AL, Tan RS, Chen 
JH, Tanomsup S, Watanabe M, Koyanagi M, Ezekowitz MD, Reilly PA, Wallentin L, Yusuf S, Investigators R-L. 
Dabigatran versus warfarin: effects on ischemic and hemorrhagic strokes and bleeding in Asians and non-
Asians with atrial fibrillation. Stroke 2013;44(7):1891-6. 
57. Hartter S, Yamamura N, Stangier J, Reilly PA, Clemens A. Pharmacokinetics and pharmacodynamics 
in Japanese and Caucasian subjects after oral administration of dabigatran etexilate. Thromb Haemost 
2012;107(2):260-9. 
58. Jackson LR, 2nd, Peterson ED, Okeagu E, Thomas K. Review of race/ethnicity in non vitamin K 
antagonist oral anticoagulants clinical trials. J Thromb Thrombolysis 2015;39(2):222-7. 
59. Stone GW, Mehran R, Goldstein P, Witzenbichler B, Van't Hof A, Guagliumi G, Hamm CW, Genereux 
P, Clemmensen P, Pocock SJ, Gersh BJ, Bernstein D, Deliargyris EN, Steg PG. Bivalirudin versus heparin with 
or without glycoprotein IIb/IIIa inhibitors in patients with STEMI undergoing primary percutaneous 
coronary intervention: pooled patient-level analysis from the HORIZONS-AMI and EUROMAX trials. J Am 
Coll Cardiol 2015;65(1):27-38. 
60. Eikelboom JW, Quinlan DJ, O'Donnell M. Major bleeding, mortality, and efficacy of fondaparinux in 
venous thromboembolism prevention trials. Circulation 2009;120(20):2006-11. 
61. Mehta SR, Boden WE, Eikelboom JW, Flather M, Steg PG, Avezum A, Afzal R, Piegas LS, Faxon DP, 
Widimsky P, Budaj A, Chrolavicius S, Rupprecht HJ, Jolly S, Granger CB, Fox KA, Bassand JP, Yusuf S, Oasis, 
Investigators. Antithrombotic therapy with fondaparinux in relation to interventional management strategy 
in patients with ST- and non-ST-segment elevation acute coronary syndromes: an individual patient-level 



16 
 

combined analysis of the Fifth and Sixth Organization to Assess Strategies in Ischemic Syndromes (OASIS 5 
and 6) randomized trials. Circulation 2008;118(20):2038-46. 
62. Padwal RS, Gabr RQ, Sharma AM, Langkaas LA, Birch DW, Karmali S, Brocks DR. Effect of gastric 
bypass surgery on the absorption and bioavailability of metformin. Diabetes Care 2011;34(6):1295-300. 
63. Darwich AS, Henderson K, Burgin A, Ward N, Whittam J, Ammori BJ, Ashcroft DM, Rostami-
Hodjegan A. Trends in oral drug bioavailability following bariatric surgery: examining the variable extent of 
impact on exposure of different drug classes. Br J Clin Pharmacol 2012;74(5):774-87. 
64. Darwich AS, Pade D, Ammori BJ, Jamei M, Ashcroft DM, Rostami-Hodjegan A. A mechanistic 
pharmacokinetic model to assess modified oral drug bioavailability post bariatric surgery in morbidly obese 
patients: interplay between CYP3A gut wall metabolism, permeability and dissolution. J Pharm Pharmacol 
2012;64(7):1008-24. 
65. Brill MJ, van Rongen A, van Dongen EP, van Ramshorst B, Hazebroek EJ, Darwich AS, Rostami-
Hodjegan A, Knibbe CA. The Pharmacokinetics of the CYP3A Substrate Midazolam in Morbidly Obese 
Patients Before and One Year After Bariatric Surgery. Pharm Res 2015;32(12):3927-36. 

 


