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Chronic kidney disease Is prevalent and
affects an ever-increasing proportion of
patients presenting with acute coronary
syndrome.

The National Kidney Foundation estimates
that 11% of the U.S. population has CKD.
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National Kidney Foundation

Table 1 vy
Classification of CKD Based on GFR
Classification Definition
Normal GFR =90 ml/min/1.73 m? with no evidence of kidney dysfunction

CAD 1 GFR >90 ml/min/1.73 m? with evidence of kidney dysfunction

CKD 2 GFR 60-90 ml/min/1.73 m?
CKD 3 GFR 30-60 ml/min/1.73 m?

CKD 4 GFR 15-30 ml/min/1.73 m?
CKD 5 GFR <15 ml/min/1.73 m

CKD = chronic kidney disease; GFR = glomerular filtration rate.



Data from clinical trials suggest that 35% to 40%
of patients presenting with ACS have some
degree of renal insufficiency.

Patients with CKD:
have a higher risk of ACS

have a significantly higher mortality

are predisposed to increased bleeding
complications.
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Overview of Factors Contributing to Platelet Dysfunction in Uremia

Shown are both intrinsic and extrinsic coagulation factors contributing to platelet dysfunction in uremia, demonstrating the mechanism of impaired platelet adhesion,
activation, and aggregation in uremic patients. ADP = adenosine diphosphate. Adapted with permission from Washam and Adams (8).



Table 1. Thrombotic abnormalities in end-stage renal disease.

Platelet factors:
— Increased platelet stimulation
— Abnormal membrane receptor expression(Gp Ib, GplIb/IIIa)
— Contact with artificial circuit
— Hyperfibrinogenemia
— Release of growth factors(PDGF) that reduce blood flow in
the vascular access
Endothelial factors:
— Increased levels of VWF
— Increased levels of thrombodulin
— Increased release of VCAM
— Oxidative stress and thus reduced NO synthesis
— Increased levels of PAI-1




Antiplatelet drugs form the bedrock of
management of patients with ACS.

Most randomized trials of these drugs
exclude patients with CKD, and current
guidelines for management of these patients
are largely based on these trials.
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Figure 1. Aspirin, beta-blockers, and angiotensin-converting enzyme (ACE) inhibitors were less likely to be provided to patients with end-stage renal
disease (ESRD) than those without ESRD. In an analysis of patu:ms considered ideal for the individual therapies, the overall administration rates were
higher, but patients with ESRD still remained less llkn:h to receive the therapy than those without ESRD. The p value for each comparison between ESRD
and non-ESRD patients was <<0.001.
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Figure 2. Thirty-day mortality was dramatically reduced by the administration of aspirin (ASA) during the hEJSP!tEJ.l.ﬂElE!EJD The p value for each mortality
comparison hetween patients m]»:m% ASA and those not receiving ASA was <<0.001. The relative risk reduction in mortality was significantly greater for
patients without end-stage renal disease (ESRD) than for those w1th ESRD in the entire cohort (63% vs. 50%, p = 0.01). After restricting the cohort to
patients ideal for ASA, rhe: reduction in mortality provided by aspirin therapy remained greater in the non-ESRD group, although it was no longer
statistically significant (65% vs. 53%, p = 0.10).
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Age-adjusted relative risk reduction for the combination of
ASA+BB on inhospital mortality, according to level of renal dys-
function in patients not in shock or heart bleck (P = 0001 for all).
The referent group is made up of patients who received neither

ASA nor BB.
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The low-dose aspirin (100 mg/day) in CKD patients
IS not associated with increased major bleeding or
progression of CKD

(U.K. HARP (Heart and Renal Protection)-1 trial and the DOPPS (Dialysis
Outcomes and Prescription Patterns Study)

Low-dose aspirin (75 to 160 mg) Is as efficacious as high-
dose aspirin (325 mg) for secondary prevention of coronary.
artery disease in patients with CKD and end-stage renal

disease
(Meta-analysis by the Antithrombotic Trialists
Collaboration)
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Clopidogrel

Recommended by the ACC/AHA and ESC
guidelines in patients with ACS

No specific recommendations exist for the
adjustment of clopidogrel dosage in renal
Insufficiency.
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The efficacy and safety of short- and long-term dual
antiplatelet therapy in patients with mild or moderate
chronic kidney disease: Results from the Clopidogrel
for the Reduction of Events During Observation
(CREDO) Trial

Patricia J.M. Best, MDD, Steven R, Stweinhbubl, MD, Peter B, Berger, MDD, Arijit Dasgupta, MD, Daniclle M. Brennan, MS,
Lymnda AL Seceech, MDD, Robert M. Califf, MDD, and Eric J. Topol, MD for dhe CRE DO Doves tigators Rocbester, MN
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Clinical Outcomes of Patients With Diabetic Nephropathy
Randomized to Clopidogrel Plus Aspirin Versus Aspirin Alone
(A post hoc Analysis of the Clopidogrel for High Atherothrombotic
Risk and Ischemic Stabilization, Management, and Avoidance
[CHARISMA] Trial)

Arijit Dasgupta, MD**_ Steven R. Steinhubl, MD"<, Deepak L. Bhatt, MD. MPH",

Peter B. Berger, MD", Mingyuan Shao, MSc®. Koon-Hou Mak. MD', Keith A.A. Fox. MB, ChB=,
Gilles Montalescot. MD, PhD", Michael A. Weber, MD'. Steven WM. Haffner, MDY,

Alexios P. Dimas. MD*, P. Gabriel Steg, MD'. and Eric J. Topol. MD™, for the CHARISMA

Investigators
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Figure 2. Kaplan-Meier estimates of cumulative incidence of CV mortality. Better Better

*Kaplan-Meier curves truncated to 30 months. Clop = clopidogrel; DN =

diabetic nephropathy: Plac = placebo. Figure 3. Forest plot of the effect of drug assignment and diabetic nephrop

athy status on the primary end point and overall mortality.
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Table 1. Antiplatelet agents and access thrombosis rate in hemodialysis.

Study Year Tnal (N) Intervention Duration (months) Access thrombosis rate
Dypiridamole:
Sreedhara™ 1994 RCT(N=107) Dipyridamole 75 mg, 72 Type I: 17% vs. 50% va.
aspurin 325 mg, both, placebo 23% vs. 32%
Type I: new graft Type II: 83% vs. 50% vs.
Type IL: recurrent 100% vs. 80%
thrombaosis
Dixon™ 2009 RCT(N=064%) Dipyridamole 200 mg + 60 40% vs. 42%
aspirin 25 mg vs. placebo
Aspirin:
Kooistra™ 1994  RCT Aspirm 30 mg vs. 3 16% (9.4% aspirn vs. 6.5%
CIOSIOVET placebo placebo, NS)
(N=153)
Clopidogrel:
Trimarchi® 2005  Prospective Clopidogrel 75 mg vs. Until diagnosis 8% vs. 92% (p=0.001)
(N=24) no antithrombotic of thrombosis
therapy
Dember’ 2008 RCT(N=877) Clopidogrel (300 mg LD 5 after AVF creation 12.2% vz. 19.5% (p=0.018)
and 75 mg daily) vs. placebe  or 1 after dialysis inifiation
Kaufman™ 2003 RCT(N=200) Clopidogrel 75 mg + aspirin 24 HR 0.51 (95% CT: 0.47-1.40)

325 mg vs. double placebos

mn favor of aspinn and
clopidogrel therapy. (p=0.45)




B s ¥ PR R e AR N I, G e eI IV G X St
Table 2. Fistula Thrombaosis

No. (%) of Patients
I |

Clopidogrel  Placebo Relative Risk
h=4352  (n=431)2 (95% Confidence Interval)®
Thrombosis at 6 wk (all pafients) 53 (12.2) 84 (19.5) 0.63 (0.46-0.97)¢
By location
Forearm fistula 31 (12.9) 60 (24.7) 0.53 (0.36-0.77)
Upper arm fistula 22 (11.3) 24 (12.8) 0.89 (0.52-1.53)

4Six of the 441 patients randomized to clopidogrel and 5 of the 436 patients randomized to placebo were not included
because patency was not evaluated.

D Relative risks were stratified for fistula location and center.

CThe 95% confidence interval reported is the repeated confidence interval adjusted for interim monitoring. The
repeated P value adjusted for interim monitoring is .018.
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Figure 1. Cumulative incidence of first bleeding events. The inci-
dence was significantly (P = 0.007) greater for the aspirin/clopi-
dogrel-treated group [hazard ratio, 1.98; 95% confidence interval (CT),
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Figure 2. Cunmlative incidence of first graft thromboses. The inci-
dences were not significantly different (P = 0.45) for the two groups
(hazard ratio, 0.81; 93% CI, 049 to 140). Pbo, placebo; T,
treatment.




;- Journal of Thrombosis and Thrombolysis 10,1 27-131, 2000,
“ 0 Kluwer Academic Publishers. Printed in The Netherdands.

A Pharmacodynamic Study of Clopidogrel in Chronic
Hemodialysis Patienits

James S. Kaufman,” Louis Fiore,” James A.
Hashargen, P Theresa Z. O Connor.® and
Gilles Perdriset”

9 chronic HD patients were studied.

Baseline platelet aggregation studies

Clopidogrel 75mg daily for 14 days.

Platelet aggregation studies

Drug stopped -final set of platelet aggregation studies 7 days later.

ADP-induced platelet aggregation was inhibited from 48 to 23% with ADP 2mM
(P.0.0113), from 59 to 38% with ADP 5mM (P.0.0166), and from 66 to 44% with

ADP 10mM (P.0.0172).
This inhibition was reversed 7 days after stopping clopidogrel.

qiverse reactions were noted. No patient had evidence of bleeding, rash or
J-intestinal (Gl) upset

% Patras University Hospital



PRU 5004

4004

300+

200+

239187

]
mn
1

0

0

308470
0

|

-
i
)

302181

-

|
Group 1

|
Group 2

& ,r{i Patras University Hospital

404

0
35.2120.2

==
s
8

-
i

+

21,3116.0

23.4114.4

0
0
0
—
0

-
1

Group 1

Group 3




PRU 5004 % 100~

r=0.43 ; -

P=0,001 .
2l P=0.005

0 ¢ o ofBo 9 o
T T
00 20 40 60 80 100 120 140 Cr 00 20 40 6.0 80 10.0 120140 Cr
FiELlfﬂ ). Corelation of creatinme (Cr) with PRU. Figure 4. Correlation of creatinine (Cr) with percentage of mhibition.

F}. _Park SH et al, Am J Cardiol. 2009; 104: 1292 |

.?" E/E. . Patras University Hospital



& 2000 by the American College of Cardiclogy Foandation ISSH O735- 1097 10485 00

Fuhlished by Elsevier Inc

dini= 1010159 jace 2009 100043

Platelets and Thrombosis

Impact of Chronic Kidney

Disease on Platelet Function Profiles in
Diabetes Mellitus Patients With Coronary
Artery Disease Taking Dual Antiplatelet Therapy

Dominick J. Angiolllo, MD, PHD,* Esther Bernardo, B5C,T Davide Capodanno, MD,*

David Vivas, MD, Manel Sabaté, MD, PHD,{ José Luis Ferreiro, MD,* Masafumi Ueno, MD,*
Pilar Jimenez-Quevedo, MD, PHD,T Fernande Alfonso, MD, PHD,t Theodore A. Bass, MD,*
Cados Macaya, MD, PHD,t Antonio Fernandez-Ortiz, MD, PHD+

Jacksonville, Florida; and Madrid, Spain

Objectives

Background

Methods

Results

Conclusions

We sought to assess the impact of renal function on platelet reactivity in patients with diabetes mellitus (M)
and coronary artery disease on aspirin and clopidogrel therapy.

Diabetes mellitus is a key risk factor for chronic kidney disease (CHD). In aspirintreated DM patients the
presence of moderate/severe CHD is associated with reduced clinical efficacy of adjunctive clopidogrel ther-
apy. Whether these findings may be attributed to differences in clopidogrelinduced effects is unknown.

This was a cross-sectional observational study in which DM patients taking maintenance aspirin and clopidogrel
therapy were studied. Patients were categorized into 2 groups according to the presance or absence of moder-
gte/severe CHD. Platelet aggregation after adenosine diphosphate (ADP) and collagen stimuli were assessed
with light transmittance aggragometry and defined patients with high posttrestrment platelst reactivity (HPPR]L
Markers of platelet activation, incleding glycoprotein llb/llla activation and P-selectin exprassion, were also de-
termined using flow cytometry.

A total of 306 DM patients were analyzed. Patients with moderate/severe CHD (n = B4) had significantly higher
ADP-nduced (60 = 13% ws. 52 = 15%, p = 0.001) and collageniinduced (49 + 20% vs. 41 + 20%, p = 0.004)
platelet aggregation compared with those without [n = 222). After adjustment for potential confownders, pa-
tients with moderate severs CHD were more likely to have HPPR after ADP (adjusted odds ratio: 3.8, 95% confi-
dence interval: 1.7 to 8.5, p — 0.001) and collagen (adjusted odds ratio: 2.4; 95% confidence interval: 1.1 to
E.4; p = 0.029) stimuli. Markers of platelet activation were significantly increased in patients with HFPR.

In DM patients with coronary antery disease taling maintenance aspinn and clopidogrel therapy, impaired renal
function is asscciated with reduced clopidogrelinduced antiplatelet effects and a greater prevalence of
HPPR. () Am Coll Cardiod 2010:55:113%-46) @ 2010 by the Amercan College of Cardiology Foundation




Platelet Aggregation According to Renal Function rrevalence of Moderate/Severe CKD and Normal

Renal Function/Mild CKD in Patients With HPPR

A

| p=0.001 |

Q1] I p=030 ! p<0001 !
& 0 2
T 80

3

3

®
T 60

3

-~ -

-

& 401

a

q
S ;
o 2

v

Q

N

0

normal renal function mildCKD  moderate/severe CKD
N

o 1
.f ﬁfﬁ\; Patras University Hospital

W
5 wadusedOR2L9CIL3Tp=0007  unadputedOR 1S, 95%C1,103.1;p=0043  wmadjusedOR,2.6;95%CL,1.3-5.0;p=0.004

0 adusted R3S, 99%CT1T5,p=0000  adjutedORD4,95%CLL1-S4p=0029  adjustedOR3 3, 95%C1,1 38 4p=001

HPRR, HPPRy;

Bmoderate/severs KD ormal mild CKD



Initial Clopidogrel response according to renal function
after a 600 mg loading dose.
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Lack of effect of chronic kidney disease on clopidogrel response with high loading
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Cardiovascular Mortality in

Chronic Kidney Disease Patients Undergoing
Percutaneous Coronary Intervention Is Mainly
Related to Impaired P2Y ;- Inhibition by Clopidogrel

Olivier Morel, WD, PHID>.*fF Soraya El Ghannudi, HITD2,.* Lauvurence Jesel, WITD,* Bogdan Radulescu, BAATD,*
Micolas ieyer, WD, PHID. ¢ Marie-Louise VWiesel, WD, & Sophie Caillard, I, Pl
Umberto Campia, WD 9 Bruno Moulin, I, PHID,|| Christian Gachet, Iy, P, §

Fatrick Ohlmann, MDD, Pl
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Prevalence of Inadequate Platelet Inhibition by
Clopidogrel in Patients Receiving Hemodialysis

To the Editor:

A wvariable antiplatelet response to clopidogrel is a well-
recognized phenomenon studied mostly in patients with percutane-
ous coronary intervention (PCI), for whom high on-treatment
platelet reactivity is associated with an elevated risk of adverse
events, including stent thrombosis. Patients undergoing mainte-
nance hemodialysis (HD) therapy present enhanced platelet reac-
tivity, and clopidogrel often is prescribed to prevent atherothrom-
botic or, specifically, vascular access thrombotic complications.'~
However, few and contradictory data for clopidogrel’s platelet
inhibitory effect in HD patients are available.”* In a randomized
comparison of prasugrel versus high clopidogrel in HD patients,”
we identified 21 of 25 (84%) with high on-treatment platelet
reactivity. In the present prospective multicenter study, we extend
this observation by defining the prevalence of high on-treatment
platelet reactivity in a larger number of HD patients.

In one tertiary center and 2 regional hospitals, all maintenance
HD patients receiving ongoing (=2 months) treatment with clopi-

dogrel, 75 mg/d, were approached for plate
ment. Exclusion criteria included long-term

treatment, acute coronary syndrome, hemo
PCI or coronary artery bypass grafting withi
count <100 X ID"’!;LL, and hematocrit <<28%
blood samples were drawn with a loose tourn
venous catheter inserted into a forearm vein
HD. Platelet-function testing was performed
(Accumetrics Inc. www.accumetrics.com) p
assay. Results are reported as P2Y12 reactio
=235 PRU considered high on-treatment pl
used Fisher exact test and 2-sample { test to an:
normally distributed continuous data and Man
data with skewed distribution (presented as
several log-binomial models did not convergg
Poisson regression models with a robust estim
mates the log-binomial maximum likelihood

the crude relative risks of clopidogrel hyp
various patient characteristics. A final multipl
model {enter method) was fitted including al
related to clopidogrel hyporesponsiveness s

level in univariate analyses. All tests were 2




e Out of 85 screened HD patients, 70 patients
(82.4%) exhibited HTPR.

e The mean PR for the overall cohort was
294.5%69.2 PRU.
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Adjusted relative risks of hyporesponsiveness to clopidogrel in patients with
chronic renal failure under haemodial ysis
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In multivariate analysis (Poisson regression model) , the use of

";@fﬁ omeprazole was independently associated with a higher risk for
% HTPR (Relative risk=1.23, 95% CIl 1.01-1.57, p=0.04).
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Prasugrel TRITON- TIMI 38

Hazard Ratio for Reduction
Prasugrel Efficacy Total No.  Prasugrel Clopidogrel in Risk
Baseline Characteristics (95% Cl) of Patients (%) (96)
Overall -~ 13,608 9.9 12.1 19
:
Unstable angina or non—ST-elevation MI + 10,074 9.9 12.1 18
ST-elevation M | 3,534 10.0 12.4 21
Sex i
Male —— 10,085 9.5 11.9 21
Female : i 3,523 11.0 12.6 12
Age |
=65 yr L : 8,322 8.1 10.6 25
6574 yr — 3,477 10.7 12.3 14
=75yr : - 1,809 17.2 18.3 6
Diabetes mellitus |
No — ] 10,462 9.2 10.6 14
Yes i | 3,146 12.2 17.0 30
Stent placement during index procedure E
Bare-metal stent only ] 6,461 10.0 12.2 20
=1 Drug-eluting stent - 6,383 9.4 11.6 18
Glycoprotein llb/llla receptor—antagonist use :
Yes -*: 7,414 10.4 12.9 21
No il 6,194 9.3 11.0 16
Creatinine clearance i
<60 ml/min —m 1,490 15.1 17.5 14
=60 ml/min — 11,890 9.0 11.1 20
D.ISCI U'.:SCI 'D.I._-"U 'D.:'i»ﬂ U'.!S'G 1.00 2.':30

= {—

Prasugrel Better Clopidogrel Better
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Prasugrel pharmacokinetics and pharmacodyvnamaics in
subjects with moderate renal impairment and end-stage
renal disease
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Fig. 3. C,.. and AUC following

prasugrel doses in subjects
with ESRD and healthy matched
subjects from Study 3.
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Antiplatelet effects of prasugrel vs. double clopidogrel in

patients on hemodialysis and with high on-treatment platelet
reactivity

O, ALE<XOPOULOS, " A& PAMNMAGIOTOU, = 1. XAMNTHOPOUOLOUWOD, " D, KOMMIMASEIS, §F G KASSIMIS, =
P. DAWLOUROS, " C. FOURTOUMASY and D. GOUMENOS T
Diepartmands of " andiobagy: amnd thdaodno gy, Pafras Lindwversify Hogpdtal Pafras, Gneescs

Patients with platelet reactivity
assessment
n=25

L 1

PRU>235
n=21 (84.0%)

Randomized

n=21

Allocated to clopidogrel 150 mg day" n=10 Allocated to prasugrel 10 mg day™' n= 11

Patients with complete day 15 datan=10

Patients with complete day 15 data n=11

Crossover to prasugrel 10 mg day™' n=10

Patients with complete day 30 datan=10

Crossover to clopidogrel 150 mg day-'n=11
Patients with complete day 30 data n = 11




Table 1 Baseline charactenstics of randomized patients

Overall, N = 21 Clopidogrel, N = 10 Prasugrel, N = 1l P
Age (years) 612 + 120 582+ 122 64.0 + 116 03
Male gender 14 (66.7) 6 (60) §(72.7) 0.7
BMI 162 + 3.5 273+ 43 252+ 23 02
Time on HD (months) 96 (6-204) 80 (6-187) 96 (11-204) 09
Hyperlipidemia 15(71.4) 7(70.0) §(T2.7) 1.0
Hypertension 18 (B5.T) 10 (100) §(72.7) 02
DM 10 (47.6) 5 (50.0) 5(45.5) 1.0
Smoking 5(218) 3 (30.0) 2(18.2) 0.6
PAD 10 (47.6) 5 (50.0) 5(45.5) 1.0
History of CAD 13(61.9) 5 (50.0) §(T2.7) 04
Ht (%) 333 £ 32 322+ 28 344 + 32 0.1
Hb (gdL™) 105+ 1.2 101+ 1.0 108+ 13 0.1
Platelets (ul.") 126520 + 67359 47800 + 64323 207180 + 66981 02
Albumin (mg dL™") 39+ 03 318 +03 41+ 0.1 0.03
Parathormone (pg mL™") 2189+ 1719 262 + 2284 1704 + 531 03
Medication
Omega-3 fatty acids § (38.1) 3 (30.0) 5453 0.7
Statin 91429) 5 (50.0) 4(36.4) 0.7
PPIs 16 (76.2) 8 (80.0) §(T2.7) 1.0
p-Blocker 13 (61.9) 7(70.0) 6(54.5) 0.7
Nitrates 5(218) 2 (20.0) 3(27.3) 1.0
ACE inhibitors 3(143) 2 (20.0) 19.1) 0.6
CCBs 4(19.0) 3 (30.0) 19.1) 0.3
Aspirin 10 (47.6) 5 (50.0) 5(45.5) 1.0
PR day 0 (PRL) 3351 + 542 M25 £ 680 RS+ 402 0.6
At least one CYP2CIP*2 allele 6 (28.6) 2(20) 4(36.4) 0.6
Two CYP2CI9*2 alleles 2(9.5) 0(0) 2(18.2) 0.5

ACE, angotensin-converting enzyme; BMI, body mass mdex; CAD, coronary artery disease; CCB, calaum channel blocker; DM, diabetes
mellitus; Hb, hemoglobin; HD, hemodialysis; Ht; PAD, peripheral artery disease; PPI, proton pump inhibitor; PR, platelet reactivity; PRU, P2Y12 ]
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Table 2 Platelet reactivity analysis

Prasugrel Clopidogrel
Platelet reactivity LS estmates (95% CI) LS estimates (95% CI) LS mean difference (95% CI) P-value
Combined data (pre-crossover and N =121 N=1 - 232 (- 1578 to — BR.T) < 0,001
post-crossover) 156.7 (132.2-181.1) 279.9 (255.5-304.4)
Combined data (pre-crossover and N=15 N=15 - 1134 (- 1529 to - 73.5) < 0,001
post-crossover) for non-carriers 162.1 (134.1-190.0) 275.5(247 5-3034)
of the CYP2C19*2 alkele
Combined data (pre-crossover and N==¢6 N=6 - 1638 (- 218.3 to - 109.2) < 0.001]
post-crossover) for carriers of at 135.1 (97.6-172.6) 208.9 (261 .4-3364)

least one CYP2CI9*2 allele

(1, confidence interval; LS, least squares. Maximum likelihood linear mixed model, with patient ID as random effect, period, treatment sequence
and treatment as fixed effects, and baseline P2Y 12 reaction units as a covarnate.

Table 3 High on-treatment platelet reacuvity rates

Prasugrel Clopidogrel P-value

Combined data N = 21 N = 21 < 0.001
(pre-crossover and 4 (19.0) 18 (B5.7)
Post-Crossowver)

Combined data N =15 N = 15 L0003
(pre-crossover and 4 (26.7) 12 (80.0)
post-crossover) for
NoON-Carriers

Combined data N =6 N = 6
(pre-crossover and 0o B (1O
post-crossover) for
CAarriers

Values are expressed as n (%0).
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Fig. 2. Platelet reactuvity PR (in P2Y 12 reaction units [PRU]J) by treat-
ment sequence. PR 1s significantly lower in patients receiving prasugrel
than 1n those receiving high-dose clopidogrel. Least squares estimates with
95% confidence intervals are presented.
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Fig. 3. Individual platelet reactivity responses according to treatment.
Lines represent means, and error bars represent 95% confidence intervals.
PRU, P2Y12 reaction units;: HI'PR., high on-treatment platelet reactivity.
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Fig. 4. Platelet reactivity (PR) by treatment sequence in non-carriers and
carriers of the CYP2C19*2 allele. Least squares estimates with 95%
&% confidence intervals are presented. PR 1s significantly lower for prasugrel
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in both carriers and non-carriers. PRU., P2Y 12 reaction units.
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Creatinine Clearance vs. Major Bleeding

1-year Mayor Bleeding (%)

» 0% Ticagrelr & Observed Clopidogrel

Kaplan-Meier Curves for Major Bleeding

| T
= 2%
Craating Cleaancs - Tisalmant <80 - Teagrabor — <60 - Chopidogml

- e = G0 cxMues - Tcagelor “ & = 50 erWore - Clopidogl

Figure 4. Deciles of baseline levels of CrCl by treatment are on the horizontal axis. A, Kaplan-Meier (KM) estimate of the yearly event
rate for PLATO major bleeding. B, Kaplan-Meier estimate of the yearly event rate for non—CABG-related TIMI major bleading.




Creatinine Clearance vs. Non-CABG TIMI Major Bleeding

1.yoar Non-CADOG TIHI Major Bleoding (%)

Creatinine Clearance (mlimin)
—— Tiomgeior — Clopa * Ob d Ticag # Obserred Clopidogrel

Kaplan-Meier Curves for Non-CABG TIMI Major Bleeding

Days Since Randomization
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Figure 5. Kaplan Meler event rate curves of (A) PLATO major bleeding and (B) non-CABG-related TIMI major bleeding In patients In the
ticagrelor (biue linas) and clopidegral (red lines) groups stratified by renal function. Patients with CKD{solid lines) and normal renal func-
tion (dotted lines) were detarmined by calculated CrCl at basalina.




Pharmacokinetics, Pharmacodynamics,
and Safety of Ticagrelor in Volunteers
With Severe Renal Impairment

Kathleen Butler, MD, and Renli Teng, PhD
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f Figunre 1. Geomefric mean plosmae concentration-fime profiles of Heagrelor (A} and AR-C1249010XX (B) in volunteers with severs renol
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TICAGRELOR PK/PD IN RENAL IMPAIRMENT

1010 4 —s— Maorrnal renal function
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Figure 4. Mean [z stondaord error of the mean [SEM]) final-extent IFA versus time in voluntesrs with severe renal impairment (o = 1a)
and normal renal funciion (n= 10} gfter a single 180-mg dose of Hcogrelor. [P, inhibifion of plofelef aggregoiion .

Table I  Inhibition of Platelet Apgregation (IPA) Parameters at Final-Extent Adenosine
Diphosphate—Induced Agpgregation After a Single Oral 180-mg Dose of Ticagrelor in
Volunteers With Either Normal Renal Function or Severe Renal Impairment

Parameter® Normal Renal Function® Severe Renal Impairment® LS Mean Mfference: Point Estimate
im=1m] [m=1m] 85% CIF

PA . % 03 (4] a0 (12) -3 [-12 ta 5]

TIPA__ . h 3.0 (2.0 to 12.0] 2.0 (2.0 to B.0) MA

—273 -7 to 1549)
26 [-1371 to 1423)

1633 (B66)
3400 [2137)

AUEC, . %-h
AUECG, ., %-h

1916 (242)
3467 (BBO)

ATTEC, ... arsa undar the afect curea O o 24 hours; AUDEC, _ ama under the effect curve 0 1o 72 bowrs; Cl, confidance intarval; IPA__, maximuom [PA;
TIPA . time 1o IPA__

a. Deta arm meazn: [S1H for IPA__, and ATTEC; madian (ranga] for TIPA_ .

b. Craatinine cleammea CoCL] = 80 ml/min.

c. CrCL = 30 mlSmin.

d. Lazst squara [L5) meam diffamnce = savera impairmant — normal.

vVer




Ticagrelor first-in-man experience in
patients on hemodialysis with high on
clopidogrel platelet reactivity

Dimitrios Alexopoulos, MD, FESC, FACC,* loanna Xanthopoulou
MD,* Pavlos Goudas MD,§ Eleni Koutroulia MD,§ Dimitrios
Goumenos, MD
(Submitted)
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HD patients under clopidogrel 75mgx1

N=27

|

PRU = 235

N=24(88.9%)

A 4

Low compliance with
study drug
N=4

Ticagrelor 90mgx2 for 15 Days

94 N=20
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Glycoprotein IIb/ITIa inhibitors.
Abciximab in hormal and CKD patients:
Similar clinical outcomes.

CKD patients more episodes of major
bleeding

(Frilling et al, ATJC 2002)
A

%&
#EAN Patras University Hospital




Lexingtorn, Ky

Table ll. Frimary end points of patients in TARGET based on
guarttile of estimated creatinine clearance

Creatinine clearance (mL/min)

The relation of renal function to ischemic and bleeding
outcomes with 2 different glycoprotein lib/Illla
inhibitors: The Do Tirofiban and ReoPro Give Similar
Efficacy Outcome (TARGET) trial

Peter B. Berger, MD.® Patricia J.M. Best,. MD.® Eric J. Topol, MD,"” Jennifer White, MS.” Peter M. DiBattiste, M1,
Albert W. Chan, MID.” Steen D. Kristensen, M. Howard €. Herrmanmn, MI»S and IDavid J. Moliterno, MW
Rochester, Minn, Cleveland, Obio, Philadelp bia, Pa, Wilmingtorn, el ovbam, N Adarbaoas, Denmiarke, cand

End
points at <70 70-90 90-114 =114
30d(%) (n=1188)(n=1114)(n=1140)(n=1183) P
Death 0.5 0.7 0.1 03 096
Ml 69 7.8 4.6 52 004
Urgent TVR 0.8 1.2 0.6 0.4 197
Primary 7.3 8.5 5.1 58 005
composite
end point

Table IV. Composite end point of death, M, and TVR at 30
days in TARGET based on dug treaiment received and the

creatining clearance

Patient group Abciximab Tirofiban P
All patients &6.0 7.5 034
Creatinine clearance (mL/min)
<70 &.0 87 074
70-20 8.2 a9 593
P0-114 4.4 58 293
<114 56 &1 J04

Dok are presented as percentages.

Table V. Thityday end poirt of Ml in TARGET based on drug

treaiment received and the creatinine dearance

Patient group Abciximab Tirofiban P
All patients 5.4 6.9 037
Creatinine clearance [mL/min)
<70 55 8.4 052
70-90 7.3 83 530
20-114 4.0 5.1 A0%
<114 51 54 789

Dato are presented as percentages.

Table VI. Multivariable logistic model for the composite end
point of death, MI, or urgent TVR ot 30 days

Variable OR (95% Cl) P

Tirofiban

Creatinine clearance (log transformation) |
Country of origin (US vs non-US) 1.47 (1.04-207) 031
Acute coronary syndrome 1.53(1.17-204) 002
Multivessel coronary artery disease (2 or 3) 1.47 (1.1-1.97) 010
Diabetes 0.68 (0.49-0%93) 014
Heart failure 1.60(1.12-228) 1010
Clopidogrel use 3 d before the procedure  0.60 (0.41-0.90) 012
Maximum lesion length 1.76(1.45213) =001

(0-10, 10-20,=>20 mm)

1.21 (0.95-1.54) .13
0.72 (0.53-099) 041




Treatment Effects of Eprifibatide in
Planned Coronary Stent iImplantation in
Patients With Chronic Kidney Disease
(ESPRIT Trial)

Donal N. Reddan, me, mHs, John Conor ©'Shea, mp, lan J. Sarembock, MB, ChB, MmD,
Kathryn A. Williams, ms, Karen S. Pieper, msc, Edward Santoian, mD, PhD,
William F. Owen, Jr., mp, Michael M. Kitt, mD, and James E. Tcheng, mD
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FIGURE 1. Kaplan-Meier curves by treatment group stratified by

renal function categories for the outcome of death, MI, and ur-



Correlates of Bleeding Events Among Moderate-

to High-Risk Patients Undergoing Percutaneous
Coronary Intervention and Treated With Eptifibatide
Observations From the PROTECT-TIMI-30 Trial

Ajay J. Kirtane, MD, SM.* Gregory Piazza, MD,* Sabina A. Murphy, MPH,} Daniela Budiu, MDD, ¥
Dravid A. Morrow, MDD, MPH, FACC .+ David J. Cohen, MDD, MS5C,* Eric Peterson, MDD, MPH, FACC §
Masser Lakkis, MD, FACC,§ Howard C. Herrmann, MD, FACC,|| Theresa M. Palabrica, MD,9
. Michael Gibson, M5, MDD, FACC.*F for the TIMI Study Group
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Figure 2. Relation of creatinine clearance (CrCl) and bleeding. I(Q)_= interquartile range.




Excess Dosing of Antiplatelet

and Antithrombin Agents in the
Treatment of Non—-ST-Segment Elevation
Acute Coronary Syndromes

Table 3. Patient-Level and Practice-Level Predictors of Excess Antithrombotic Dose
Likelihood of Receiving Excess Dose, Adjusted OR (95% CI)*

| |
Patient Unfractionated

Characteristics Heparin
Age, y

Low-Molecular-Weight
Heparin

Glycoprotein
lib/llla Inhibitor

65-74

0.76 (0.65-0.89)

4.23 (3.67-4.86)

=75

0.93 (0.79-1.11)
0.81 (0.68-0.96)

0.75 (0.63-0.89)

14.39 (12.24-16.90)

Renal insufficiency

1.25 (1.07-1.46)

0.82 (0.67-1.00)

412 (2.95-5.75

Women

0.92 (0.80-1.06)

0.73 (0.63-0.84)

Diabetes mellitus

1.04 (0.93-1.16)

1.16 (1.03-1.31)

1.35 (1.20-1.54

Prior congestive heart failure

0.86 (0.73-1.02

1.14 (0.97-1.33)

Weight, per 5-kg decrease

1.28 (1.22-1.3

1.26 (1.23-1.29)

{
{
{
3.74 (3.29-4.25
(
(
(

1.02 (1.00-1.04

Academic hospital

1.26 (1.03-1.54)

0.93 (0.76-1.15

Cardiologist

0.90 (0.77-1.

1.17 (1.02-1.34)

)
)
)
1.49 (1.23-1.81)
)
)
)

0.94 (0.82-1.06

Meadication adhaerance,

)
o)
1.02 (0.66-1.58)
06)
)

1.12 (0.97-1.3

1.02 (0.97-1.08)

1.06 (1.01-1.12)

per 5% decrease

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Aamong those patients receiving each therapy, the likelihood of receiving excass dose by patient and physician char-
acteristic in a modeal containing all varables abowve, including (not shown) number of nospital beds, race (nonwhite vs
wiite), insurance status (Medicaid, Medicare, selifnons vs health maintenance organization/jprivate), and positive
cardiac markers. Refaerence groups incluode agad less than 65 years, men, no diabetes mellitus, serum creatinine
level of less than 2.0 mgfdL (=176.8 pmolA), no prior congastive heart failure, nonacademic hospital, and care pro-
vided by noncardiologist.

1

4 A5\, Patras University Hospita




Antiplatelet and Antithrombotic Agents, Recommended Doses, Routes of Elimination,

Lo Effect of Renal Fallure on Dose, and Potentlal Strategles to Reverse Thelr Effect
Route of
Drug Recommended Dose Elimination Half-Life Effect of Renal Failure on Dose |
Aspirin 81-325 mg Renal (pH- 2-19h None
dependant)
Clopidogrel Loading dose: 300-600 mg Renal (50%), Bh None
and active  Maintenance dose: 75 mg feces (50%)
metabolite
Prasugrel Loading dose: 60 mg Renal (60-70%) 2-15h None
Maintenance dose: 10 mg
Ticagrelor Loading dose: 180 mg Biliary B-13h None
Maintenance dose: 90 mg PO BID
Abciximab 290 pg/kg bolus followed by Spleen, RES 30 min None
0.125 pug/kg/min for 12 h
Tirofiban 0.4 pg/kg/min 20-min bolus Renal (40%-70%) 14-18h CrCl <30 ml/min/1.73 m?
followed by 0.1 g /Kg/min 0.2 pg/kg/min 30-min bolus
followed by 0.05 .g/kg/min
Epitifibatide 180 pg/kg bolus followed by Renal (50%) 25 min CrCl <50 mil/min/1.73 m*
2.0 pg/kg/minfor 72 h 180 pg/kg/min bolus followed
by 1 wg/kg/min for T2 h;
contraindicated in patients on
~ Basraetal, JACC 2011 hemodialysis




CONCLUSIONS

There Is a clear dearth of studies evaluating the safety
and efficacy of antiplatelet drugs for treating CKD
patients.

Most of the recommendations are based on single-
center data or post-hoc analyses.

Novel therapies may help overcome some of the
complications observed in these patients

Further randomized trials are warranted to

objectively evaluate their efficacy for this increasingly

%& #common subgroup of patients.

. Patras University Hospital
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Safety and Efflcacy of Antiplatelet and Antithrombotic Agents Stratifled by Category of CKD

CKD 1

CKD 2

CKD 3

CKD 4

CKD 5

Comments

RCT/RP/SC/R/MA/SA

Evidence

Aspirin

Clopidogrel

Prasugrel

Ticagralor

Abciximab

Tirofiban

Eptifibatide

5E

5E

5 E

5E

5E

5E

5E

5E

5 E

5E

5E

5E

5E

5E

5E

US, NE

UK

5E

5E

5 E

5E

5E

US, NE

UK

5E

5E

5E

5E

5E

US, NE

UK

5E

SE

5E

SE

Increased risk of minor bleeding and risk

of blood transfusions in CKD 3-5.
Lack of efficacy in CREDO (20} and
CURE (22) trials in CKD 3-5. Further

studies needed to establish efficacy of

standard dose vs. double dose
clopidogrel in patients with CKD

No studies currently available on safety
and efficacy in patients with CKD. No
difference based on pharmacokinatic
and pharmacodynamic data.

May be considered over standard dose
clopidogrel. Further trials neadad to
assess afficacy vs. double dose
clopidogrel.

No interaction observed betwaen
abciximab, worsening renal function
and ischemic/bleeding outcomes.

No interaction observed between
tirofiban, worsening renal function,
and ischemic/bleeding outcomes.
Dose needs to ba adjusted for CrCl
<30 ml/min/1.73 m*

No interaction observed betwaen
eptifibatide, worsening renal function,
and ischemic/bleading outcomes.

Dosa needs to ba adjusted for CrCl
B el Feriin 5 T3

RCT (12,16,17), RP (13),
R(14), MA (18)

RCT (23), 5A {20,22)

RCT (29)

RCT {33), SA {34)

SA (40), SC (37), R (36)

SC (38), 5A (39.40)

SA (43)

Sufficient

Further studies of CKD
3-5 patients neaded

Further studies of CKD
patients needed

Sufficient

Sufficient

Sufficient

Sufficient
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Oral Antiplatelet Agents and Chronic Kidney
Disease

DMITRIOS ALEXOPOULOS, AGELLIKI PANAGIOTOU
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Key word:: Platelets, hronic kidney disease (CKD) 1= normalities varies from deep vein throm-
;l:nfitdﬂf}':'js C recognized as an independent  bosis and pulmonary embolism to hemo-
chronic ki dm;v predictor for myocardial infarc-  dialysis vascular access thrombus forma-
disease. tion, stroke and all-cause mortality due to  tion, atherosclerosis-associated thrombo-

accelerated atherosclerosis.! Cardiovas- c1z (mainly 1n the form of acute coronary
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Safety and Efficacy of Antiplatelet and Antithrombotic
Therapy in Acute Coronary Syndrome
Patients With Chronic Kidney Disease

Sukhdeep S. Basra, MD, MPH,* Peter Tsai, MD,T Nasser M. Lakkis, MD*f

Houston, Texas

Chronic Kidney disease (CKD) is prevalent and affects an ever-increasing proportion of patients presenting with
acute coronary syndrome (ACS). Patients with CKD have a higher risk of ACS and significantly higher mortality,
and are also predisposed to increased bleeding complications. Antiplatelet and antithrombotic drugs form the
bedrock of management of patients with ACS. Most randomized trials of these drugs exclude patients with CKD,
and current guidelines for management of these patients are largely based on these trials. We aim to review the

safety and efficacy of these drugs in patients with CKD presenting with ACS. (J Am Coll Cardiol 2011;58:2263-9)
i@ 2011 by the American College of Cardiology Foundation
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ABSTRACT

Objective: The phamacokinetic (FK) and phar-
macodynamic (PDV) responses to prasugrel were
compared in three studies of healthy subjects vs
those withmoderate orend-stage renali mpairment.
Methods: Two of the three protocols were paral-
lel-design, open-label, single dose (60-mg praso-
grell studies in subjects with end-stage renal
disease (ESRD: n =123 or moderate renal
impaimment (n = 10} and matched healthy sub-
jects with normal renal function s =100 The
third protocol was an open-label, single-dose
escalation (5, 10, 30 and &0 mg prasugrel) study in
subjects with ESRD (n = 16) and matched healthy
subjects with mormal renal function (# = 16k
Flasma concentrations of prasugrel’s active
me tabolite were determined and pharmacok inetic
parameter estimates were derived. Maximuom
platelet aggregation (MPA) was measured by
light transmission aggregometry using 20 gm
adenosine diphosphate as agonist

Results: Across all studies, prasugrel’s Cma. and
AUCqs; were 51% and 42% lower in subjects with
ESRD than in healthy subjects. AUC, ; did not
differ between healthy subjects and subjects with
moderate remal impairment. The magnitude of
change and time-course profiles of MPA was

Conclusion: There was no difference in pharma-
cokinetics or D responses between subjects with
moderate renal impairment and healthy subjects.
Despite significantly lower exposure to prasu-
grel's aclive metabolite in subjects with ESRD,
MPA did not differ between healthy subjects and
those with ESRD.

Eeywords: pharmacod ynamics, pharmacok inetics,
prasugrel, renal impairment, thienopyridine

INTRODUCTION

Frasugred, a new thienopyridine prodrug is
metabolized in oo o an adenosine diphosphate
(ADF) receptor antagonist, which binds irrevers-
ibly to platdet F2¥ g receptors and inhibits ATYP-
induced platelet aggregation (1). A simplified
metabolic pathway for the formation of prasugrel’s
active metabolite and its inactive metabolites is
shown in Fig. 1. In a phase 3 study (TEITOMN-TIMI
38) in patients with acute coromary syndromes
(ACS) with planned percutaneous coronary inter-
vention (PCI), prasugrel given as a 8-mg loading
dose (LIM followed by daily 10-mg maintenance
doses  (MD), oo-administered with  aspirin,
significantly reduced rates of ischasmic evenls
when compared with the standard-dose regimen




Lack of effect of chronic kidney disease on clopidogrel response with high loading and maintenance doses of clopidogrel
after Acute Coronary Syndrome

Objectives: The aim was to assess the effect of CKD on high doses clopidogrel effect in the acute phase after
600 mg and one month after high 150 mg maintenance dose.

Methods: 223 consecutive patients admitted for NSTE ACS have been prospectively included in the study,
including 179 with normal renal function or mild CKD and 44 with moderate to severe CKD. All patients

underwent PCI during initial hospitalisation. Patients received a 600 mg loading

dose of clopidogrel and 250 mg of aspirin at least 12 hours before coronary angiography and assessment
of clopidogrel response. After PCI, all patients received aspirin 75 mg and clopidogrel 150 mg at discharge.
After one month, platelet function tests were repeated to assess chronic response to clopidogrel. Blood
samples were examined with two methods: VASP and ADP-Ag.

Results: In hospital, no significant difference was observed between patients with or without CKD neither for
ADP-Ag (meantSD=49.8%x14.15 vs. 48.9%+16.4, p=0.71), nor for PRI VASP (mean+SD=44.6%+18.3 vs.
48.4%+20.7, p=0.22). One month after hospital discharge, clopidogrel response showed no significant
difference between patients with or without CKD neither for ADP-Ag (mean+SD=55.4%+14.4 vs.
52.5%+14.9, p=0.26), nor for PRI VASP(mean+SD=10.5%+19.5 vs. 43.8%+17.7, p=0.31).

Conclusions: CKD showed no significant effect on clopidogrel response, neither for acute response, nor for chronic

response with high clopidogrel doses on board.

387

et T, Frere C, Moro PJ et al. Thromb Res. 2010; 126: e400-402.
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Aspirin. The efficacy of aspirin for patients with CKD
presenting with ACS is well established. In the Cooperative
Cardiovascular Project (11), McCullough et al. (12) showed
that aspirin reduced in-hospital mortality by 64.3% to 80%

across all quartiles of creatinine clearance (CrCl). In addition,
patients who were not receiving aspirin on admission
were more likely to be in heart failure or cardiogenic shock.

A recent retrospective review of 595 patients with ACS
found that the use of aspirin was associated with a decreased
rate of ST-segment elevation myocardial infarction in patients

with GFR 60 ml/min (odds ratio [OR]: 0.5, 95%
confidence interval [CI]: 0.2 to 1.0; p 0.05) (13). Data
from the National Cardiovascular Data ACTION (Acute

Coronary Treatment and Intervention Outcomes Network)
registry, including 19,029 patients with ST-segment elevation
myocardial infarction and 30,462 with non—STsegment
elevation myocardial infarction, documented decreasing
use of aspirin with worsening severity of CKD
(14,15). The U.K. HARP (Heart and Renal Protection)-1
trial and the DOPPS (Dialysis Outcomes and Prescription
Patterns Study) showed that low-dose aspirin (100 mg/day)

in CKD patients was not associated with increased major bleeding or progression of CKD (16,17).
5 r} e In a recent meta-analysis by the Antithrombotic Trialists
%- § ';'J. Collaboration, low-dose aspirin (75 to 160 mg) was found to be
| Iy as efficacious as high-dose aspirin (325 mg) beyond the acute phase
for secondary prev ntion of coronary artery disease in patients

% Patras University HOSpvlvﬂg CKD and end-stage renal disease (18).




Clopidogrel. The current ACC/
AHA guidelines recommend the
use of clopidogrel in patients with
ACS (9,19). No specific recommendations
exist for the adjustment
of clopidogrel dosage in renal
insufficiency. A post-hoc analysis
from the CREDO (Clopidogrel
for Reduction in Events During
Observation) trial, patients with
mild and moderate CKD did not have any significant
difference in outcomes (mild 10.3 % vs. 12.8%, p 0.30;
moderate 17.8% vs. 13.1%, p 0.24) with increased risk of
bleeding with clopidogrel (20).
A post-hoc analysis of the CURE (Clopidogrel in Unstable
Angina to Prevent Recurrent Events) trial (21-23) showed no
interaction between clopidogrel and renal function (p value for
homogeneity 0.11). However, there was no significant benefit
from using clopidogrel for patients in the lowest tertile (relative
risk: 0.89 [95% confidence interval [Cl]: 0.76 to 1.05]), and
/ y patients in this group had a significant increase in minor
"&@ﬁ bleeding (hazard ratio: 1.5, 95% CI: 1.21 to 1.86) and blood
AN transfusion (3.5%).

% Patras University Hospital




Table 3. Clopidogre] pharmacodynamic studies in patients with chronic kidney dizeaze.

Study Year Population (N) Clopidogrel doze Aszay Results
Kaufman™ 2000 Hemodialysis (N=9) 15 mg for 14 days ADP-mduced platelet From 48% to 23%
aggregation From 59% to 35%
2mM, 5 mM, 10 mM From 66% to 44%
p=0.01
Park™ 2009 CED (groups IL IIT) v=. group I: 75 mg VerfyNow (PRU) Group 1239 + &7
normal renal function group II: 75 mg Group IT 308 £ 70
(group I} (N=19) group IIT: 150 mg Group IIT 302 + &1
p=0.013
Angiolillo™ 2010 Diabetic CAD patients 75 mg ADP and collagen 60 £ 13% vs. 52 £ 15%,
categorized by the platelet aggregation p=0.001
presence or absence of 49 + 20% vs. 41 £ 20%,
moderate/severe CKD p=0.004
(N=306)
Cuisset™ 2010 PCI patient, 600 mg LD + 150 ADP-mduced platelet 1 month:
44 moderate/zevere CKD  mg MD aggregation and 554% vs. 525%
179 pormal/mild CKD VASP 10.5% vs. 43.8%
(N=223)

CED - chronic lndney dizease; ADP - adenosine diphosphate; VASP - vasodilator-stimulated phosphoprotein phosphorylation assay; LD - loading dose;
LE. - low rezponder; MD - maintenance dose; PCI - Percutaneous coronary intervention; PRU - platelet reactmvity units; B - responder.
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Impact of Chronic Aspirin and Statin
I'herapy on Presentation of Patients With
Acute Myvocardial Infarction and Impaired
Renal Function
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Figure 1. Patients pretreated with aspirin or statins bad
a significantly lower incidernce of ST-segment elevation
myocardial infarction (STEMI) compared with patients
not pretreated. These results are confirmed also in
patients with impaired renal function. GFR indicates
glomerular filtration rate; NSTEMI, non—ST-segment
elevation acute myocardial infarction.
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Randomized Controlled Trial of Clopidogrel plus Aspirin to
Prevent Hemodialysis Access Graft Thrombosis

TAMES S. KAUFMAN * THERESA Z. O'CONNOR.T JANE HONGYUAN ZHANG,T
ROBERT E. CRONIN,* LOUIS D. FIORE * MICHAFL B. GANZ :

DAVID S. GOLDFARB and PETER N. PEDUZZIT FOR. THE VETERANS AFFAIRS
COOPERATIVE STUDY GROUP ON HEMODIALYSIS ACCESS GRAFT

THROMBOSIS

*Department of Feteranz Affairz Boston Healthcare Svztem and Department of Medicine, Boston Univerzity
School of Medicine, Boston, Massachusetts; "Deparmment of Veterans Affairs Cooperative Studies Program
Coordinating Center, West Haven, Connecticut: * Feterans Affairs North Texas Health Care Center. Dallas,
Texas: Cleveland Veterans Affairs Medical Center, Cleveland, Ohio: and Wew York Veterans Affairs Medical

Cantar, Naw York New Fork

Abstract Thrombosis of hemodialysis vascular access grafis
represents a major medical and economic burden Experimen-
tal and chmecal models suggest a role for antplatelet agents 1n
the prevention of thrombosis. The study was designed to de-
termune the efficacy of the combmation of aspinn and clop-
dogrel m the prevention of graft thrombosis. The study was a
randomized, double-blind tnal conducted at 30 bemodialyv=is
umts at Veteran: Affawrs medical centers. Participants under-
going hemodialysis with a polytetrafluorcethylene graft in the
arm were randomized to recerve either double placebos or
aspnn (325 mg) and clopadogrel (75 mg) daily. Participants
weare to be momtored while recering study medications for a
mmimum of 2 vr. The study was stopped after randomization
of 200 parbcipant=, as recommended by the Data Safety and
Momtoring Board because of a sigmficantly increased nsk of
bleeding among the partcipants receiving aspom and clopi-

dogrel therapy. The cumulative wmcidence of bleeding events
was significantly greater for thoze partcipants, compared with
parficipants recerving placebos [hazard ratio, 1.98; 95% con-
fidence interval (CI), 1.19 to 3.28; P = 0.007]. Twenty-three
participants 1n the placebo group and 44 partcipants mn the
actve treatment group expenenced a blesding event (P =
0.006). There was no sigmficant benefit of active treatment 1n
the prevention of thrombosis (hazard ratio, 0.81; 95% CI, 0.47
to 1.40; P = 0.45), although there was a trend toward a benefit
among partcipants who had not expenenced previous graft
thrombosis (hazard ratie, 0.52; 953% CI, 022 to 1.26; P =
0.14). In the hemodialysis population, therapy with aspinn and
clopidogrel was associated with a sigmficantly increased nsk
of bleeding and probably would not result 1n a reduced fire-
guency of graft thrombosis.



Low Responsiveness to Clopidogrel Increases Risk
among CKD Patients Undergoing Coronary
Intervention

Patrik Htun,* Suzanne Fateh-Moghadam,* Christian Bischofs,* Winston Elnanj.ra,f
Karin Miller,* Boris Bigalke,* Konstantinos Stellos,* Andreas E. May,* Marcus Flather,t

Meinrad Gawaz,* and Tobias Geisler*t

*Mdedizinische Klmlk I, Abtelhng for Kardiologle und Krelslauferkrankungen, Unieersitatskiinlkum der Eberhard-Karls-
Universitit Tobingen, Tabingen, Germany; and tClinical Trals and Evaluation Unit, Royal Brompton and Harefield
Mational Health Service Foundation Trust and Imperal College, Royal Brompton Hospital, London, United Kingdom

ABSTRACT

Patients with CKD are at higher risk for major events after percutaneous coronary
intervention (PCl) compared with subjects with normal renal function. The aims of
this study were to evaluate responsiveness to clopidegrel in patients with CKD and
to examine the effect of antiplatelet drug response on post-PCl cutcome. We
retrospectively evaluated a consecutive cohort of 1567 patients with symptomatic
coronary artery disease undergoing PCI, 848 (41%) of whom had stage 3to 5 CKD. We
assessed responsiveness to dopidegrel by ADP-induced platelet aggregation after
oral administration of a 800-mg dopidogrel loading dose and 100 mg of aspirin. In a
miuftivanate survrsal anabysis that induded 1335 (85%) of the cohort, stage 310 5 CED
and low response to clopidogrel were independent predictors of the primary end
point (composite of myocardial infarction, ischemic stroke, and death within 1 year). In
summary, a low response to clopidegrel might be an addtional risk factor for the
poorer outcomes in patients with stage 3 to 5 CKD compared with patients with better
renal function.

J Am Soc Nephml 22 deilel- i, 2011, coi: 10168 1ASK 200030330
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reactivity in patients receiving dual anti-
platelet therapy with aspirin and clopi-
dogrel and the prognostic effect of anti-
platelet drug responsiveness on the
outcome in patients with chronic kidney
disease.

RESULTS

1567 patients were enrolled in the plate-
let appregation study. The cohort con-
sisted of consecutive, unselected patients
who underwent coronary stenting for
symptomatic coronary artery disease.
Baseline characteristics for patients
R
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Effect of Clopidogrel on Early Failure

of Arteriovenous Fistulas for Hemodialysis
A Randomized Controlled Trial
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PPROXIMATELY 470000
Americans have end-stage
renal discase, and most are
treated with hemodialysis.'
A major challenge in caring for
paticnts undergoing hemodialysis is
maintaining a funcli:mmg vascular
access, which is essential for perform-
ing the dialysis procedure. The effect
of vascular access dysfunction is

. Patras University Hospital

Context The arteriovenous fistula Is the preferred type of vascular access for hemo-
dialysls because of lower thrombosis and Infection rates and lower health care expen-
ditures compared with synthetic grafts or central venous catheters. Early fallure of fis-
tuilas due to thrombosts or Inadequats maturation 15 a barmer to Increasing the prevalence
of fistulas among patlents treated with hemodialysts. Small, Inconcusive trals have
suggested that antiplatelet agents may reduce thrombosts of new fistulas.

Objective To determine whether dopldogrel reduces early fallure of hemodialysis
fistulas.

Design, Setting, and Participants Randomized, double-blind, placebo-
controfled tral conducted at9 Us centers composed of academic and community ne-
phrology practices in 2003-2007. Bight hundred seventy-seven particlipants with end-
stage renal disease or advanced chronic kldney disease were followed up untll 150 to
180 days after fistula creation or 30 days after initation of dialysls, whichever oc-
curred later.

Intervention Participants were randomly assigned to receive dopldogrel {(300-mg
loading dose followed by dally dose of 75 mg; n=441) or placebo {(n=436) for 6 weeks
starting within 1 day after fistula creation.

Main Outcome Measures The primary outcome was fistula thrombosls, deter-
mined by physical examination at & weeks. The secondary outcome was fallure of the
fistula to become sultable for dialyss. Sultabllity was defined as use of the fistulaat a di-
alysis machine Bood pump rate of 200 mL/min or more durng 8 of 12 dialyss sesslons.

Results Enroliment was stopped after 877 participants were randomized based ona
stopping rule for Intervention efflicacy. Fistula thrombosls occurred In 53 (12.2%) par-
tidpants assigned to dopldogrel compared with 84 (19.5%) partidpants assigned to
placebo (relative risk, 0.63; 95% confidence Interval, 0.46-0.97; P=.018). Fallure 1o
attaln sultability for dialysis did not differ between the dopldogrel and placebo grouwps
(61.8% vs 59.5%, respectively; relative risk, 1.05; 95% confldence Interval, 0.94-
1.47; P=40).

Conclusion Clopidogrel reduces the frequency of eady thrombosis of new
arteriovenous fistulas but does notincrease the proportion of fistulas that become sult-
able for diahysls.

Trial Registration clinicaltnals gov dentifier: NCTO0067119

JAMA. 2008 29 182 164-2171 WA AT, Lo

substantial—it is a leading reason for  Author Affiliations and Members of the Dialysis Ac-

Cess CONsortium Study Group are ksted at the end of
hu*;puall..a.r.ltm amung paucnr_l. ‘.".ILI'I. o menee




A Comparison of Clopidogrel Responsiveness in Patients With
Versus Without Chronic Renal Failure

Sang Hyun Park, MD?, Weon Kim, MD™*, Chung Su Park, MD*, Won Yu Kang, MD*,
Sun Ho Hwang, MD", and Wan Kim, MD*

We sought to compare the platelet responsiveness to clopidogrel between patients with
chronic renal failure and those with normal renal function. We conducted a prospective,
randomized, open-label, single-center trial. A total of 23 patients with normal renal
function received a usual daily dose of 75 mg of clopidogrel (group 1, 61 = 7 years). Also,
36 patients with chronic renal failure (60 * 5 years) were divided into 2 groups according
to their daily dose of clopidogrel: a daily dose of 75 mg of clopidogrel for 30 days (group
II, n = 18) or a daily dose of 150 mg (group III, n = 18). The primary efficacy variables
among the study groups using the VerifyNow P2Y12 assay were the P2Y12 reaction unit
value and the percentage of inhibition. A significant difference was found in the P2Y12
reaction unit value among the 3 groups (239 = 87 in group [, 308 £ 70 in group II, 302 +
81 in group III (p = 0.013) and in the percentage of inhibition (35 = 20 in group [, 21 =
16 in group 11, 23 = 14 in group 111, p = 0.026). No significant difference was found in the
P2Y12 reaction units or percentage of inhibition between groups Il and IIL. In conclusion,
platelet responsiveness to clopidogrel decreased more in patients with chronic renal failure
than in those with normal renal function, and this decreased platelet responsiveness to

clopidogrel was not improved by an increase in the clopidogrel dosage. © 2009 Elsevier
Inc. All rights reserved. (Am J Cardiol 2009;104:1292-1295)
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Cardiovascular Mortality in

Chronic Kidney Disease Patients Undergoing
Percutaneous Coronary Intervention Is Mainly
Related to Impaired P2Y,, Inhibition by Clopidogrel

Olivier Morel, MD, PHD,*f Soraya El Ghannudi, MD,* Laurence Jesel, MD,* Bogdan Radulescu, MD,*
Nicolas Meyer, MD, PHD,& Marie-Louise Wiesel, MD,§ Sophie Caillard, MD, PuD,||

Umberto Campia, MD,9 Bruno Moulin, MDD, PHD,| Christian Gachet, MD, PHD,§

Patrick Ohlmann, MD, PHD*

Strasbourg and Le Kremiin Bicétre, France and Chicage, Illinois

objectives We sought to determine whether low platelet response to the P2Y, . receptor antagonist clopidogrel as as-
sassed by vasodilator-stimulated phosphoprotein flow cytometry test (WASP-FCT) differentially affects out-
comes in patients with or without chronic kidney disease (CKD) undergoing percutaneous coronary interven-
tion (PC1).

BackKgnound Although both CKD and impaired platelet responsiveness to clopidogrel are strong predictors of unfavorable
outcome after PCL the impact of their association is unknown. The platelet VASP-FCT assay is specific for
the P2Y,. ADP receptor pathway. In this test, platelet activation is expressed as the platelet reactivity index
[PRI).

Methods Four-humdred forty unselected patients (CKD: 126 estimated glomemnular filtration rate [eGFR] < &0 ml/min/1.73
m ), no-CHD: 314 aGFR =60 mb/min/1.73 m?) undergoing urgent (n = 338) or planned (n = 104) PCl were
prospectively enrclled. In each subgroup, patients were classified as low-responders (LR: PRI =&1%) or respond-
ers (H: PRI <&1%) to clopidogrel.

Results Ar g mean follow-wp of 9 = 2 months, allcauvse montality, cardiac death, and possible stent thrombosis werne
higher in CKD than n no-CHD patients. Within the CKD group. the LR statws was associated with higher rates of
gll-cawse mortality (25.5% vs. 2.8%, p = 0.001), cardiac death (23.5% vs. 2.8%, p = L004), all stent thrombo-
sis [19.6% vs. 2.7%, p — 0LD03), and MACE (33.3% vs. 12.3%. p — QL0OT). Comnversely, in no-CKD patients. the
LA statwus did not affect outcomes. Multivariate analysis identified Killip class =3, drug-eluting stent implanta-
tion, and the inmteraction between LR and CHD (hazard ratio: 11.96, 95% confidence interval: 122 to 116 82,

p = 0.033) as independent predictors of cardiac death.

Conclusions In CHD patients. the presence of low platelet responsea to clopidogrel is associated with worse outcomes after
PCL () Am Coll Cardiol 2011-57-309-408) © 2011 by the American College of Cardiology Foundation
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Figure 1. Deciles of baseline levels of CrCl by treatment are on the honzontal axis. A, Kaplan-Meier estimate of the yearly event rate for
the primary composite end point of cardiowvascular (CV) death, myocardial infarction (MI), and stroke on the vertical axis. B, Total mor-
tality on the wertical axis. Each plot includes smoothed estimates of the relationships.




A Kaplan-Meier Curves for Primary Endpoint (CV Death / Ml / Stroke)
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Figure 2. Kaplan-Meier (KM) event rate curves of (A) the primary composite of cardiovascular death, myccardial infarction, and stroke
and (B) total mortality in the ticagrelor (blue lines) and clopidogrel (red lines) groups stratified by renal function. Patients with CKD (solid
lines) and normal renal function (dotted lines) were determined by calculated CrCl at baseline.
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Ticagrelor Versus Clopidogrel in Acute Coronary
Syndromes in Relation to Renal Function
Results From the Platelet Inhibition and Patient Outcomes (PLATO) Trial

Stefan James, MD, PhD: Andrzej Budaj, MD. PhD); Philip Aylward, MD, PhD); Kristen K. Buck, MD;
Christopher P. Cannon, MD; Jan H. Cornel, MD, PhDD; Robert A. Harrington, MD; Jay Horrow, MDY,

Hugo Katus, MD, PhD); Matyas Keltai, MD, PhD; Basil 5. Lewis, MD, PhDD); Keyur Parikh, MDD
Robert F. Storey, MD, PhD; Karolina Szummer, MD, Phi:;
Daniel Wojdyla, M5c; Lars Wallentin, MD, PhD

Background—Reduced renal function is associated with a poorer prognosis and increased bleeding risk in patients with
acute coronary syndromes and may therefore alter the risk-benefit ratio with antiplatelet therapies. In the Platelet
Inhibition and Patient Outcomes (FLATO) trial, ticagrelor compared with clopidogrel reduced the primary composite
end point of cardiovascular death, myocardial infarction, and stroke at 12 months but with similar major bleeding rates.

Methods and Results—Central laboratory serum creatinine levels were available in 15 202 (81.9%) acute coronary syndrome
patients at baseline, and creatinine clearance, estimated by the Cockeroft Gaolt equation, was calculated. In patients with
chronic kidney disease (creatinine clearance <60 mL/min; n=23237). ticagrelor versus clopidogrel significantly reduced the
primary end point to 17.3% from 22.0% (hazard ratio [HR], 0.77; 95% confidence interval [CI], (.65 to 0.90) with an absolute
risk recuction greater than that of patients with normal renal function (n=11 %5); 7.9% versus 8. 9% (HR. 0.90; 95% CL. 079
to 1.O2). In patients with chronic kidney disease, ticagrelor reduced total mortality (10.0% versus 14.0%; HR, 0.72; 95% (1,
0.58 to (LED). Major bleeding rates. fatal bleedings, and non—coronary bypass—related major bleedings were not significantly
different between the 2 mndomized groups (15.1% versus 143%; HR, 1.07; 95% C1, 0.88 to 1.30; 0.34% versus 0.77%; HR,
048; 95% CI, 0.15 to 1.54; and 8.5% versus 7.3%; HR, 1.28; 95% CI, 0.97 to 1.68). The interactions between creatinine
clearnce and randomized treatment on any of the outcome vanables were nonsignificant.

Conclusions—In acute coronary syndrome patients with chronic kidney disease, ticagrelor compared with clopidogrel
significantly reduces ischemic end points and mortality without a significant increase in major bleeding but with
numerically more non—procedure-related bleeding.

Clinical Trial Registration—URL:http:{fwww.clinicatnials gov. Unique identifier: NCTO0G9]1872.

(Circulation. 2010;122: 1056-1067.)

Key Words: acute coronary syndrome w bleeding m clopidogrel m mortality m myocardial infarction
m renal function




Pharmacokinetics, Pharmacodynamics,
and Safety of Ticagrelor in Volunteers
With Severe Renal Impairment

Kathleen Butler, MD, and Renli Teng, PhD

Ticagrelor, a P2Y , receptor antagonist, is approved in the
European Union and the US for the prevention of throm-
botic events in patients with acute coronary syndromes.

Renal dysfunction potentially affects drug dISpDSIIIDJ‘I!

Ticagrelor pharmacokinetics, pharmacodvnamics, and
safety in renal impairment were assessed. A single 180-
mg tJCr]gFPfDr dose was administered to volunteers with
severe renal impairment (creatinine clearance [CrCL] < 30
mL/min) and normal renal function (CrCL = 80 mL/min; n
= 10/group). Severe renal impairment did not significantly
affect ticagrelor's pharmacokinetics, pharmacodynamics,
or safety. Ticagrelor absorption and AR-C124910XX
(active metabolite] formation were rapid. In renally
impaired volunteers, ticagrelor mean maximum concen-
tration (C__ ) and area under the plasma concentration-
time curve fmm zero to infinity were 20% lower and for

\, Patras University Hospital

AR-C124910XX was 17% higher versus normal volun-
teers. Ticagrelor systemic exposure was low in 3 volun-
teers (CrCL < 20 mL/min), but data were variable. Onset
and offset of final-extent inhibition of platelet aggregation
were comparable in both groups. Inhibition of platelet
aggregation parameters and profiles were similar between
groups, indicating that platelet sensitivity to ticagrelor
was not affected b} severe renal impairment. Ticagrelor
was well tolerated in both groups with few adverse events.
No ticagrelor dose adjustment is required for renally
impaired patients.

Ticagrelor; antiplatelet therapy; renal insuffi-
ciency; pharmacokinetics; pharmacodynamics
Journal of Clinical Pharmacology, XXXX:XX:xxx-xxx
© 2011 The Authorfs)
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Extrinsic factors:
— Uremic toxins
- Anemia
— Hyvperhomocysteinemia
Plasma factors:
— Increased levels of d-dimers
— Reduced levels of protein C anticoagulant activity
— Increased levels of prothrombin fragments 1+2
— Increased levels of thrombin-antithrombin complex
(ongoing coagulation)
— Decreased levels and reduced activity of antithrombin III
— Reduced levels of protein S
— Increased levels of tissue factor
— Elevation of antiphospholipid antibodies
— Increased levels of plasmin-antiplasmin complex (1.e.
ongoing fibrinolysis)




Does Hemodialysis Affect

Clopidogrel Resistance as Measured
by VerifyNow® P2Y12 Test?

21 HD patients after therapy with clopidogrel

Blood sample was drawn from each patient before starting
and at the end of the HD session using the dialysis access.
VerifyNow P2Y12.

Difference in PRUs before and after HD (299.71 £ 48.4 vs
274.09 £ 60, p = 0.029)

In this pilot study, defining platelet reactivity in HD patients
using the VerifyNow P2Y12 has serious pitfalls in terms of
the difference In the values of pre- and post-HD blood
samples.

Geara AS, et al. Am J Cardiol. 2011;107(7):1103-4
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Table 1. Patient Demographic Characteristics

Overall Clopidogrel Responders Clopidogral Poor Responders
{n = 85) {n = 15) {n = T0) P
Age () 64.9 =129 625 =156 654 =124 0.4
Men 61 (71.8) 13 (86.7) 48 (68.6) 0.2
BMI (kg/m®) 261 + 42 248 + 4.2 262 + 42 0.8
Time on HD therapy (mao) 65 (2-262) 48 (2-132) 5B (2-262) 0.2
Time on clopidogrel therapy (mo) 33 (2-32) 24 (2-59) 36 (2-312) 01
Time since last clopidogrel dose (h) 17 (0.6-24) 17 (1-24) 15 (0.5-24) 0.3
Hyperdipidemia 44 (51.8) 7 (46.7) 37 (52.9) 0.8
Hyperension 73 (85.9) 12 (80.0) 61 (87.1) 0.4
Diabetes 28 (32.9) 3 (20.0) 25 (35.7) 04
Smoking 22 (25.9) 3 (20.0) 19 (27.1) 0.8
Prior Ml 12 (14.1) 2(13.3) 10 (14.3) 09
Prior CABG 9 (10.8) 2(13.3) 7 (10.0) 0.7
Prior PCI 14 (16.5) 1(6.7) 13 (18.6) 0.4
Hematocrit (%) 36.5 = 4.1 39.0 = 5.0 359 + 3.7 0.007
Hemoglobin (g/dL) 118156 127 1.6 1He 1.4 0.007
Platelets (=10%/L) 2219 =743 2651 = 102.4 2127 £ 640 0.01
Medication
Omega-3 fatty acids 27 (21.8) £(33.3) 22 (31.4) 09
Statins 23 (27 1) & (40.0) 17 (24.3) 0.2
PPls 41 (48.2) 4 (26.7) 37 (52.9) 0.09
Omeprazole 24 (28.2) 2(13.3) 22 (31.4) 0.2
Pantoprazole a(10.8) 0 (0} 9(12.9) 04
Esomeprazole 5(5.9) 2(13.3) 3(4.3) 0.2
Rabeprazole 3 (3.5) 0 (0} 3(4.3) 09
ACE inhibitors 16 (18.8) 3 (20.0) 13 (18.6) 09
CCBs 22 (26.9) £(33.3) 17 (24.3) 0.5
Aspirin 22 (25.9) 4 (26.7) 18 (25.7) 09
Insulin 20 (23.5) 3 (20.0) 17 (24.3) 09

.s‘" %&x Patras University Hospital



