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Safety of the DOAC’s
… and the novel antiplatelet 

agents



Topics

 Are the DOAC’s safe?

 Reversibility

 Monitoring

 Choice and duration of anticoagulation

 Dealing with new antiplatelet agents



Let’s assume …

That for 

– DVT therapy, and 
– Non-valvular atrial fibrillation 

that the DOAC’s are at least non-inferior to 
LMWH / VKA alternative



The Risk See-Saw in choice of anti-
coagulant

Lower bleeding
Risk

Availability of
Proven antidote



Thromboprophylaxis in Medical 
Patients

 MAGELLAN1

– Thromboprophylaxis in medically ill patients
– Randomised, double blinded

 Rivaroxaban (35+/-4 days) v clexane (10+/-4 days)
 Non-inferiority assessment at 10 days
 Superiority assessment at 35 days

– Efficacy:
 Non-inferior at 10 days: 78 v 82 events
 Superior at 35 days: 131 v 175 events (p=0.02)

– Safety
1 Cohen AT et al. N Engl J Med 2013;368:513-523.



Safety Outcomes.

Cohen AT et al. N Engl J Med 2013;368:513-523.



Re-ALIGN STUDY

 Prospective, randomised, open-label Phase II
 2 populations:

– Undergoing bileaflet mechanical mitral or aortic valve 
replacement

– Undergone mitral valve replacement 3 months ago.
 Dabigatran (adjusted dose based on trough levels) 

versus warfarin (INR 2.0-3.0)
 12 week study duration

 Early study termination

Eikelboom JW et al. N Engl J Med 2013;369:1206-1214.



Kaplan–Meier Analysis of Event-free Survival.

Eikelboom JW et al. N Engl J Med 2013;369:1206-1214.

p=0.24

p=0.01
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Figure 1. Kaplan–Meier Analysis of Event-free Survival. Panel A shows event-free survival from the first thromboembolic event (i.e., stroke, systemic embolism, transient ischemic attack, or myocardial infarction) or death (P=0.24). Panel B shows event-free survival from the first bleeding event (P=0.01). In each panel, the vertical line indicates the start of the RE-ALIGN extension trial (RE-ALIGN-EX) and the P value was calculated with the use of the Wald chi-square test.



Bleeding Definitions

 Major bleeding
– Drop in Hb of 20g/L
– 2U PRBC transfusion
– Intracranial
– Retroperitoneal
– Death

 Clinically significant non-major
– Medical intervention
– Unscheduled physician review
– Study interruption / discontinuation
– Pain, or effect on activities



Cumulative Risks of a First Event of Major Bleeding and of Any Bleeding among Patients 
Randomly Assigned to Dabigatran or Warfarin.

Schulman S et al. N Engl J Med 2009;361:2342-2352.
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Figure 2. Cumulative Risks of a First Event of Major Bleeding and of Any Bleeding among Patients Randomly Assigned to Dabigatran or Warfarin. The hazard ratio with dabigatran for major bleeding at 6 months was 0.82 (95% CI, 0.45 to 1.48; P=0.38), and the hazard ratio with dabigatran for any bleeding at 6 months was 0.71 (95% CI, 0.59 to 0.85; P<0.001).



Number of patients at risk

Rivaroxaban 4150 4018 3969 3924 3604 3579 3283 1237 1163 1148 1102 1034 938

Enox/VKA 4131 3932 3876 3826 3523 3504 3236 1215 1149 1109 1071 1019 939

Similar Efficacy with less Major 
Bleeding Risk

1Recurrent VTE measured in the ITT population; 2Major bleeding measured from the safety population as a secondary outcome measure 
Prins et al, 2013
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Time Rivaroxaban
n (%)

Enoxaparin/VKA
n (%)

21 days 39 (0.9) 50 (1.2)

3 months 69 (1.7) 82 (2.0)

12 months 86 (2.1) 95 (2.3)

HR=0.89
95% CI 0.66–1.19
p<0.001 (non 
inferiority)

Number of patients at risk

Rivaroxaban 4130 3921 3862 3611 3479 3433 2074 1135 1095 1025 969 947 499

Enox/VKA 4116 3868 3784 3525 3394 3348 1835 1109 1065 990 950 916 409
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HR=0.54
95% CI 0.37–0.79
p=0.002

Time Rivaroxaban
n (%)

Enoxaparin/VKA
n (%)

21 days 16 (0.4) 33 (0.8)

3 months 28 (0.7) 49 (1.2)

12 months 20 (1.0) 72 (1.7)

Recurrent VTE1 Major Bleeding2
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Key pointsIn the pooled analysis of EINSTEIN DVT and EINSTEIN PE, rivaroxaban had non-inferior efficacy with respect to the primary efficacy endpoint compared with enoxaparin/VKA1This treatment effect was apparent by day 21 – the end of the intensified rivaroxaban treatment phase (15 mg bid for 21 days),1 during which the risk of recurrence is the highest2Pooled results reflected the non-inferiority achieved with rivaroxaban in the individual EINSTEIN DVT and EINSTEIN PE studies3,4Additional detailsIndividual study results (primary efficacy endpoint: rivaroxaban vs enoxaparin/VKA)EINSTEIN DVT: 2.1% vs 3.0%; HR=0.68; 95% CI 0.44–1.04; p<0.0013EINSTEIN PE: 2.1% vs 1.8%; HR=1.12; 95% CI 0.75–1.68; p=0.0034Abbreviationsbid, twice daily; CI, confidence interval; DVT, deep vein thrombosis; HR, hazard ratio; ITT, intention-to-treat; PE, pulmonary embolism; VKA, vitamin K antagonist; VTE, venous thromboembolismReferencesPrins MH, et al. Thromb J 2013;11:21Limone BL et al. Thromb Res 2013;132:420–426The EINSTEIN Investigators. N Engl J Med 2010;363:2499–2510The EINSTEIN–PE Investigators. N Engl J Med 2012;366:1287–1297



Effective treatment of Frail* VTE patients with a significantly reduced 
incidence of major bleeding

Efficacy:
frail‡

Efficacy:
non-frail‡

Major
bleeding: 
frail#

Major
bleeding:
non-frail#

Favours
rivaroxaban

Favours 
Enox/VKA

n=10 n=35 n=30 n=37

Rivaroxaban
Enoxaparin/VKA

73%
relative risk
reduction‡

p=0.011

*One or more of: >75 years old, CrCl <50 ml/min, low body weight (≤50 kg); #safety population (N=8246); frail patients (n=1567); 
‡ITT population (N=8281); frail patients (n=1573)
Prins MH et al. Thromb J 2013 
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Key pointsPatients with a VTE who are elderly (>75 years), have impaired renal function (CrCl <50 ml/min) or low body weight (≤50 kg) are of particular concern to physiciansThe risk of bleeding during anticoagulation treatment is potentially increased in these patients2–5Elderly patients are at a higher risk of VTE/recurrent VTE, and are more likely to have concomitant disease2Severe renal impairment was associated with an increase in the incidence of fatal PE within the first 2 weeks of diagnosis, far exceeded the risk of fatal bleeding3AbbreviationsCrCl, creatinine clearance; ITT, intention-to-treat; PE, pulmonary embolism; VKA, vitamin K antagonist; VTE, venous thromboembolismReferencesPrins MH et al. Thromb J 2013;11:21Roussin A. Int Angiol 2014Monreal M et al. Am J Med 2006;119:1073–1079Kubitza D et al. Br J Clin Pharmacol 2010;70:703–712Barbara R et al. J Thromb Haemost 2005;3:856–862
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Treatment-Emergent Major Bleeding 
Across Subgroups
Rivaroxaban Standard 

anticoagulation HR (95% CI)
n/N (%) n/N (%)

All patients 19/2505 (0.8) 43/2010 (2.1)
Age

<60 years 8/1286 (0.6) 11/785 (1.4)
≥60 years 11/1219 (0.9) 32/1225 (2.6)

Weight
≤70 kg 7/522 (1.3) 14/495 (2.8)
>70–<90 kg 3/843 (0.4) 14/663 (2.1)
≥90 kg 6/599 (1.0) 12/482 (2.5)

Active cancer at baseline
Yes 2/144 (1.4) 13/338 (3.8)
No 17/2361 (0.7) 30/1672 (1.8)

First available CrCl
<50 ml/min 3/98 (3.1) 9/194 (4.6)
≥50–<80 ml/min 3/410 (0.7) 10/366 (2.7)
≥80 ml/min 12/1047 (1.1) 16/757 (2.1)

Note: some demographic parameters have data missing
Propensity score-adjusted population

Favours
rivaroxaban

Favours 
standard 

anticoagulation
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AbbreviationsCI, confidence interval; CrCl, creatinine clearance; HR, hazard ratio; VTE, venous thromboembolism



Pooled Data – Fatal Bleeding

Adam S, Ann Intern Med 2012; 157: 796



Pooled Data – Major Bleeding

Adam S, Ann Intern Med 2012; 157: 796



Pooled Data – GIT Bleeding

Adam S, Ann Intern Med 2012; 157: 796



Is outcome after bleeding different?

Majeed et al 2012 ASH: Abstract 19

Resource utilization for 
major bleeds inthe 
RE-LY study

Dabigatran N=741 Warfarin N=421 P-value

Major bleeds transfused 
with red cells, n (%)

439 (59) 210 (50) 0.0013

Major bleeds transfused 
with plasma, n (%)

147 (20) 127 (30) <0.0001

Major bleeds treated with 
vitamin K, n (%)

70 (9) 115 (27) <0.0001

Mean length of stay in 
intensive care, days 
(SD)

1.9 3.2 0.03

Bleeds requiring invasive 
procedure, n (%)

79 (9) 59 (14) 0.09



Is outcome after bleeding different?

Outcomes based on event reports from 
5 phase III trials

Dabigatran 
N=696

Warfarin N=425 P-value

30-day mortality after the 1st major bleed, 
n/N (%)

57/627 (9.1) 53/407 (13.0) 0.044

Efficacy of management of bleed: good/moderate/poor

Overall 67%/24%/9% 57%/29%/14% 0.09

With hemostatic agents (plasma, factors, 
vitamin K)

59%/26%/14% 58%/30%/12% 0.61

With vitamin K alone 53%/42%/5% 59%/38%/3% 0.64

Majeed et al 2012 ASH: Abstract 19



Outcome of bleeding – post-hoc analysis of ROCKET-AF

Piccini et al (2014) European Heart Journal 35(28): 1873-1880



When it all goes wrong …

WHO YOU GONNA CALL?



Bleeding management protocols are 
currently in place

1. Consider delaying or 
discontinuing next dose#

Reconsider concomitant medication

2. Symptomatic and local measures
Mechanical compression

Surgical intervention/haemostasis
3. General volume management 

Maintain diuresis 
Fluid replacement/haemodynamic support

Transfusion (whole blood/packed cells/FFP)
(consider tranexamic acid)

4. Special haemostatic management
Consider coagulation factor products†

(PCC, aPCC, rFVIIa)
(dabigatran: IDARACUZIMAB)

Minor 
bleeding

Major 
bleeding

Bleeding in 
anticoagulated 

patient*

Life-
threatening 

bleeding

*Assessment of bleeding should also include location; #temporary or permanent discontinuation should always balance the risk of bleeding against 
the increased risk of thromboembolic events occasioned by the discontinuation
†The clinical efficacy of coagulation factor products in active bleeding has not been established for novel oral anticoagulant agents

Heidbuchel et al, 2013; Makris et al, 2012; Peacock et al, 2012
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AbbreviationsaPCC, activated prothrombin complex concentrate; FFP, fresh frozen plasma; PCC, prothrombin complex concentrate; rFVIIa, recombinant activated factor VIIaReferencesHeidbuchel et al. Europace 2013;15:625–651Makris et al. Br J Haematol 2012;160:35–46Peacock et al. Clin Cardiol 2012;35:730–737



ASH 2008



In a randomized, double-blind, placebo-controlled trial, twelve healthy male subjects received Rivaroxaban 
20mg twice daily for two and a half days. One group (n=6) was then randomized to receive a single bolus of 50 
IU/kg PCC (Co-fact ®, Sanquin, the Netherlands) while the other group (n=6) was given a similar volume of 
saline.

RESULTS: 
The prothrombin time (PT) was significantly prolonged by Rivaroxaban (15.8 sec ± 1.3 versus 12.3 ± 0.7 at 
baseline; p< 0.001). 
Immediately after the infusion of PCC, the PT normalised almost completely (12.8 ± 1.0; p< 0.001), which was 
sustained for 24 hours. Saline did not reverse the PT prolongation (16.2 ± 0.8; p= 0.4). 
Furthermore, Rivaroxaban inhibited the endogenous thrombin potential (ETP) (51% ± 22, baseline 92 ± 22; 
p= 0.002), with normalisation after administration of PCC (114 ± 26; p< 0.001), but not after saline (41 ± 6; p= 
0.2).

CONCLUSIONS: This study provides the first data that Prothrombin Complex Concentrate reverses the 
anticoagulant effect of Rivaroxaban in humans and may serve as an antidote for the new oral factor Xa 
inhibitors.

1094 Prothrombin Complex Concentrate Reverses 
the Anticoagulant Effect of Rivaroxaban In Healthy 
Volunteers

Oral and Poster AbstractsPoster Session: Antithrombotic Therapy: Poster ISaturday, December 4, 2010, 5:30 PM-7:30 PMHall A3/A4 (Orange 
County Convention Center) Poster Board I-74

Elise S Eerenberg, MD*, Meertien K Sijpkens, BSc*, Pieter W Kamphuisen, MD*, Joost CM Meijers, PhD and Marcel Levi, MD*Vascular 
Medicine, Academic Medical Centre, University of Amsterdam, Amsterdam, Netherlands
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Idarucizumab

 Monoclonal antibody fragment that binds DABIGATRAN

 Binds in high-affinity 1:1 molar ratio

 Binds to dabigatran 350 times more avidly than thrombin

 Given as 2 x 2.5g 50mL boluses, no greater than 15 mins 
apart

 Most larger hospitals are developing protocols



Idarucizumab

Pollack CV Jr et al. N Engl J Med 2015;373:511-520.



Pollack CV Jr et al. N Engl J Med 2015;373:511-520.

Time Course of the Dilute Thrombin Time and Ecarin
Clotting Time before and after Administration.

Idarucizumab
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Figure 1. Time Course of the Dilute Thrombin Time and Ecarin Clotting Time before and after the Administration of Idarucizumab. The analyses included 51 patients who had serious bleeding (group A; Panels A and C) and 39 who required urgent surgery or intervention (group B; Panels B and D). Idarucizumab was administered in two infusions. Blood samples were obtained at baseline, after the first infusion, at 10 to 30 minutes after the administration of the second infusion, and at 1, 2, 4, 12, and 24 hours. Data are presented as box-and-whisker plots, in which the top and bottom of the rectangles indicate the 75th and 25th percentiles, respectively; the horizontal lines within the rectangles indicate the 50th percentile; the lines above and below the rectangles indicate the 90th and 10th percentiles, respectively; and the dots above and below the lines indicate the 95th and 5th percentiles, respectively. The dashed lines indicate the upper limit of the normal range for the tests.



Andexanet Alpha

 Recombinant modified human factor Xa decoy protein

 Binds in high-affinity 1:1 molar ratio

 Catalytically inactive

 Now FDA approved



Siegal DM et al. N Engl J Med 2015;373:2413-2424.

Andexanet AlphaAndexanet.
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Figure 1. Time Courses of Anti–Factor Xa Activity before and after Administration of Andexanet. Anti–factor Xa activity among persons who had received anticoagulation treatment with apixaban or rivaroxaban was measured before and after the administration of andexanet or placebo on study day 4. Dashed lines indicate the end of administration of the bolus or infusion. Panel A shows data from participants in the apixaban study (ANNEXA-A) who received andexanet, as a 400-mg intravenous bolus, or placebo; Panel B participants in the rivaroxaban study (ANNEXA-R) who received andexanet, as an 800-mg intravenous bolus, or placebo; Panel C participants in the apixaban study who received andexanet, as a 400-mg intravenous bolus plus a 4-mg-per-minute infusion for 120 minutes, or placebo; and Panel D participants in the rivaroxaban study who received andexanet, as an 800-mg intravenous bolus plus a 8-mg-per-minute infusion for 120 minutes, or placebo. Different scales along the x axis in each graph are used to enable visualization of the immediate, short-term dynamics as well as the longer-term dynamics of anti–factor Xa activity after andexanet treatment. The points on the graph represent the mean anti–factor Xa activity level, and I bars indicate the standard error. There was a significant difference (P<0.05) in the percent change in anti–factor Xa activity (relative to the pre-bolus activity level) between andexanet and placebo until 2 hours after administration of the bolus or infusion.



Monitoring the NOACS

 Not routinely required
 Selected populations e.g. renal impairment, 

elderly, low body weight
 In situations of clinical bleeding or peri-

operatively



Therapeutic Dabigatran (Pradaxa)



Clotting & Chromogenic
Hyphen Biomed
Stago

Dabigatran level



Clotting & Chromogenic
Hyphen Biomed
Stago

Dabigatran level
Echis Carinatus



Therapeutic Rivaroxaban (Xarelto)



Rivaroxaban

T
R
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but Rx trials using 10,20 or 30mg bd.  So conc used here represent Rx peaks and supra therapeutic levels,



Monitoring of Xa inhibitors

 Xa inhibitors may be monitored using anti Xa 
assay
– i.e. similar to LMWH’s

 However, the standard curve for EACH drug 
will be different, and will require individual 
laboratory calibration



2016 ACCP / Chest Guidelines

 Updated recommendations around DOAC’s

 Substantially altered recommendation for 
unprovoked DVT / PE’s

Kearon Chest. (2016);149(2):315-352



Choice of anticoagulation:

 2. In patients with DVT of the leg or PE and no 
cancer, as long-term (first 3 months) 
anticoagulant therapy, we suggest dabigatran, 
rivaroxaban, apixaban, or edoxaban over 
vitamin K antagonist (VKA) therapy (all 
Grade 2B).



Each option is distinctive …

Dabigatran Rivaroxaban Apixaban

Type Direct Thrombin Anti Xa Anti Xa

Half-life 12-14 hrs 9-13 hrs 8-15 hrs

Bioavailability 7% 80% 66%

Elimination 80% 66% (half inactive) 27%

Dosing Interval bd Daily (after bd) bd

Protein Binding 35% >95% 87%



DVT / PE after surgery

 5. In patients with a proximal DVT of the leg or 
PE provoked by surgery, we recommend 
treatment with anticoagulation for 3 months 
over 
– (i) treatment of a shorter period (Grade 1B), 
– (ii) treatment of a longer time-limited period (eg, 6, 12, 

or 24 months) (Grade 1B), or 
– (iii) extended therapy (no scheduled stop date) (Grade 

1B).



DVT / PE triggered by transient risk 
factor

• 6. In patients with a proximal DVT of the leg or 
PE provoked by a nonsurgical transient risk factor, 
we recommend treatment with anticoagulation 
for 3 months over 
– (i) treatment of a shorter period (Grade 1B) and 
– (ii) treatment of a longer time-limited period (eg, 6, 12, or 

24 months) (Grade 1B).

• We suggest treatment with anticoagulation for 
3 months over extended therapy 
– if there is a low or moderate bleeding risk (Grade 2B)
– if there is a high risk of bleeding (Grade 1B).



Unprovoked DVT / PE

• 9. In patients with a first VTE that is an unprovoked proximal DVT of 
the leg or PE and who have a 

– (i) low or moderate bleeding risk (see text), we suggest extended 
anticoagulant therapy (no scheduled stop date) over 3 months of 
therapy (Grade 2B), and 

– (ii) high bleeding risk (see text), we recommend 3 months of 
anticoagulant therapy over extended therapy (no scheduled stop 
date) (Grade 1B).

• Remarks: 
– Patient sex and D-dimer level measured a month after stopping 

anticoagulant therapy may influence the decision to stop or extend 
anticoagulant therapy (see text). 

– In all patients who receive extended anticoagulant therapy, the continuing 
use of treatment should be reassessed at periodic intervals (eg, annually).



ACCP Recommendations for duration of Rx 
in non-cancer associated thrombosis

 Transient (reversible) risk factor -> 3 months

 Unprovoked -> indefinite therapy
– Consider shorter duration in low-risk bleeding



Updated ACCP  Guidelines:
Cancer Associated Thrombosis

 Choice
– LMWH as initial choice (over all oral 

anticoagulants) (Grade 2C)

 Duration
– Extended anticoagulation beyond 3 months

 Low bleeding risk (Grade IB)
 High bleeding risk (Grade 2B)

Kearon Chest. (2016);149(2):315-352



Is there a benefit to extended 
secondary prophylaxis?



Brighton TA et al. N Engl J Med 2012;367:1979-1987.

Risks of First Recurrent Venous Thromboembolism and 
Major Vascular Events.

Aspirin v placebo
•Up to 4 years of Rx

Aspirin arm: 4.8% / year
Placebo arm: 6.5% / year

No signif increase in risk of 
bleeding

Presenter
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Figure 1. Risks of First Recurrent Venous Thromboembolism and Major Vascular Events. Panel A shows the cumulative risk of a first recurrence of venous thromboembolism, defined as symptomatic deep-vein thrombosis or pulmonary embolism. Panel B shows the cumulative risk of major vascular events (a composite of recurrent venous thromboembolism, myocardial infarction, stroke, or cardiovascular death). The inset shows the same data on an enlarged y axis.



Becattini C et al. N Engl J Med 2012;366:1959-1967.

Risk of Recurrence of Venous Thromboembolism in 
Patients Randomly Assigned to Aspirin or Placebo.

Aspirin v placebo
•2 years of Rx

Aspirin arm: 6.6% / year
Placebo arm: 11.2% / year

No signif increase in risk of 
bleeding
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Figure 2. Risk of Recurrence of Venous Thromboembolism in Patients Randomly Assigned to Aspirin or Placebo. Panel A shows the cumulative risk of recurrent venous thromboembolism during the entire study period, and Panel B shows the risk during treatment. Panel C shows the results of an analysis of risk during the study period after adjustment for age, sex, index event (pulmonary embolism or deep-vein thrombosis), and duration of anticoagulant therapy.



EINSTEIN CHOICE

• n= 3365 patients
• Equipoise around need for ongoing therapy

• Randomised to:
– Rivaroxaban 20mg daily
– Rivaroxaban 10mg daily
– Aspirin 100mg

• 1o endpoint: composite of symptomatic, recurrent 
fatal or non-fatal DVT or PE, and unexplained death 
where PE could not be excluded

Weitz JI et al. N Engl J Med 2017. DOI: 10.1056/NEJMoa1700518



Weitz JI et al. N Engl J Med 2017. DOI: 10.1056/NEJMoa1700518

Kaplan–Meier Rates of Recurrent Fatal or Nonfatal 
Venous Thromboembolism and Major Bleeding.
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Figure 2. Kaplan–Meier Rates of Recurrent Fatal or Nonfatal Venous Thromboembolism and Major Bleeding. Kaplan–Meier curves are shown for the first event of recurrent fatal or nonfatal venous thromboembolism during the individual intended treatment periods (Panel A) and for the first episode of major bleeding during the period between the administration of the first dose of a study drug and 48 hours after the administration of the last dose (Panel B). In each panel, the inset shows the same data on an enlarged y axis.



Incidence of outcomes

• Median of 351 days f/up 
• 1o Endpoint

– Rivaroxaban 20mg 1.5%
– Rivaroxaban 10mg 1.2%
– Aspirin 4.4%

• Major or clinically relevant bleeding
– Rivaroxaban 20mg 3.3%
– Rivaroxaban 10mg 2.4%
– Aspirin 2.0%



Platelet function and molecular targets of antiplatelet agents. 

Michelson A D Hematology 2011;2011:62-69

©2011 by American Society of Hematology
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Platelet function and molecular targets of antiplatelet agents. Initial platelet adhesion to damaged vessel walls is mediated by exposed collagen binding to platelet surface GPVI and integrin α2β1 and by VWF binding to the platelet surface GPIb-X-V complex. Thrombin, generated by the coagulation cascade, is a potent activator of human platelets via 2 platelet surface receptors: PAR1 and PAR4. Three groups of platelet surface receptors provide important positive feedback loops for platelet activation: (1) P2Y1 and P2Y12 receptors are stimulated by ADP released from platelet dense granules; (2) 5-HT2A receptors are stimulated by serotonin (5-HT) released from platelet-dense granules; (3) the thromboxane prostanoid (TP) receptor is stimulated by TXA2 generated by the platelet COX1-dependent signaling pathway. Platelet-to-platelet aggregation is mediated by fibrinogen and, at high shear flow, VWF binding to the activated molecular conformation of GPIIb-GPIIIa. Platelet-monocyte adhesion is initially mediated by the binding of platelet surface P-selectin (which is only expressed on the platelet surface after platelet degranulation) to its constitutively expressed counterreceptor PSGL-1 on the monocyte surface. Molecular targets of FDA-approved antiplatelet agents are shown in blue. Unfractionated heparin, low-molecular-weight heparin, and direct thrombin inhibitors such as lepirudin, argatroban, bivalirudin, and dabigatran, unlike PAR1 antagonists, are anticoagulants rather than specific antiplatelet drugs. However, their inhibition of thrombin results in less platelet activation. Molecular targets of antiplatelet agents in clinical development are shown in green. Investigational strategies for novel antiplatelet agents are shown in red. LMWH, low molecular weight heparin; PG, prostaglandin; PSGL-1; P-selectin glycoprotein ligand 1; TX, thromboxane; UFH, unfractionated heparin. (Reproduced with permission from Michelson.1)



Novel Anti-Platelet Agents

 Prasugrel (Effient)
 Clopidogrel (Plavix; Iscover etc)
 Ticagrelor (Brilinta)



Prasugrel

 Thienopyridine (like clopidogrel)
– Prodrug
– Irreversible binding to P2Y12
– More rapid onset of action
– More predictable metabolism 

 Esterase dependent
 Less influence of CYP450 e.g. CYP 2C19, 2C9



TRITON-TIMI
 Randomised trial
 Clopidogrel load (300mg) + 75mg ongoing versus

Prasugrel load (60mg) + 10mg ongoing
 6-15 months planned treatment duration

 n=608

Wiviott SD et al. N Engl J Med 2007;357:2001-2015.



Cumulative Kaplan–Meier Estimates of the Rates of Key Study End Points during the Follow-up 
Period.

Wiviott SD et al. N Engl J Med 2007;357:2001-2015.
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Figure 1. Cumulative Kaplan–Meier Estimates of the Rates of Key Study End Points during the Follow-up Period. Panel A shows data for the primary efficacy end point (death from cardiovascular causes, nonfatal myocardial infarction [MI], or nonfatal stroke) (top) and for the key safety end point (Thrombolysis in Myocardial Infarction [TIMI] major bleeding not related to coronary-artery bypass grafting) (bottom) during the full follow-up period. The hazard ratio for prasugrel, as compared with clopidogrel, for the primary efficacy end point at 30 days was 0.77 (95% confidence interval [CI], 0.67 to 0.88; P<0.001) and at 90 days was 0.80 (95% CI, 0.71 to 0.90; P<0.001). Data for the primary efficacy end point are also shown from the time of randomization to day 3 (Panel B) and from 3 days to 15 months, with all end points occurring before day 3 censored (Panel C). In Panel C, the number at risk includes all patients who were alive (regardless of whether a nonfatal event had occurred during the first 3 days after randomization) and had not withdrawn consent for follow-up. The P values in Panel A for the primary efficacy end point were calculated with the use of the Gehan–Wilcoxon test; all other P values were calculated with the use of the log-rank test.



Thrombolysis in Myocardial Infarction (TIMI) Bleeding End Points in the Overall Cohort at 15 
Months.

Wiviott SD et al. N Engl J Med 2007;357:2001-2015.



Ticagrelor

 Cyclopentyl-triazolo-pyrimidine 
 Does not require metabolism to be active, 

but metabolites are active
– More predictable effects

 Reversible inhibitor
 Rapid onset, but slow offset
 CYP P450 substrate



PLATO
 Randomised, double blind, double-dummy 

trial
 Clopidogrel load (300mg) + 75mg ongoing 

versus ticagrelor load (180mg) + 90mg bd 
ongoing

 12 months planned treatment duration

Wallentin NEJM 2009; 361: 1045



Cumulative Kaplan–Meier Estimates of the Time to the First Adjudicated Occurrence of the 
Primary Efficacy End Point.

Wallentin L et al. N Engl J Med 2009;361:1045-1057.
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Figure 1. Cumulative Kaplan–Meier Estimates of the Time to the First Adjudicated Occurrence of the Primary Efficacy End Point. The primary end point — a composite of death from vascular causes, myocardial infarction, or stroke — occurred significantly less often in the ticagrelor group than in the clopidogrel group (9.8% vs. 11.7% at 12 months; hazard ratio, 0.84; 95% confidence interval, 0.77 to 0.92; P<0.001).



Cumulative Kaplan–Meier Estimates of the Time to the First Major Bleeding End Point, According 
to the Study Criteria.

Wallentin L et al. N Engl J Med 2009;361:1045-1057.
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Figure 2. Cumulative Kaplan–Meier Estimates of the Time to the First Major Bleeding End Point, According to the Study Criteria. The time was estimated from the first dose of the study drug in the safety population. The hazard ratio for major bleeding, defined according to the study criteria, for the ticagrelor group as compared with the clopidogrel group was 1.04 (95% confidence interval, 0.95 to 1.13).



Bleeding with Novel Antiplatelet Drugs

 Clopidogrel / Prasugrel
– Desmopressin / DDAVP

 17 health volunteers
 Improvements in platelet aggregomtery

– Platelets
 Theoretical 

– short half-life of agents

Leihthauser Clin Hemorheol Microcirc 2008; 39: 293



Bleeding with Novel Antiplatelet Drugs

 Ticagrelor
– Problematic due to slow off-set 

-> persistent activity despite reversibility
– Not dialyzable

– Evidence of in vitro of improvement in platelet 
aggregation with addition of normal platelets1,2

 probably proceed with desmopressin / platelet transfusions
 efficacy predicted to be less than with prasugrel

– Supportive cares / transfusion support

1 Nylander et al, ACC-13 1300-190
2 Hobel et el, Clinical Therapeutics, 35 (8): E10-E11



Surgical Procedures

 Cessation only necessary if bleeding risk 
high

 Dabigatran ~ 24 hrs prior
 Rivaroxaban ~ 48 hrs prior

 Antiplatelet agents ~ 7-10 days prior
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