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[\ Antithrombotic Choices

m \What are the immediate goals?

Prevent peri-procedural thrombosis

Minimize bleeding risk

m Aret
m Aret
m Aret

Nere any unigue thrombotic risks?
nere unigue bleeding risks?

nelr drug-drug Iinteractions?

m \What Is available and lalb experience?

m \What are the cost implications?

m Are there relevant future events to
consider?
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Delayed drug absorption




Intravenous Antithrombotics

Antiplatelets Antithrombins

J Aspirin m Heparn

H [nienopyndines L MWH
> Clopidogre] -+ Daligparin
2 Prasugrs) -~ Enoxaparin
> Ticagrelor © Fondaparinux
- Cangrelor s DTl

=GP lIb/llla * Lepirudin
© Abciximab - Bivalirudin
* Eptifibatide 2 Argairogealr)

. Tirofiban > Dapigairear)




Antithrombotic Options

Numerous Class | Permutations

m Aspirin: (S options)
= None; low; nign first aese
B [nienopyridines: (12 options)
©  Cangrelor alone or In transition
°  Clopiadogrel, Prasugrel, Ticagrelor:
* Short or long DAPT course

B Antithrombin (4 options)
* Heparin, LMWH, Fonaaparinux
* Bivalirudin

B Oral factor lla or Xa inhibitors (#? of options)




2014 ESC/EACTS Guidelines

A

iplatelet therap

ASA is recommended for all patients without contraindications at an initial oral loading dose of 150-300 mg

(or 80—150 mg iv.), and at a maintenance dose of 75—100 mg daily long-term regardless of treatment strategy. 774,776,754

A P2Y . inhibitor is recommended in addition to ASA, and maintained over 12 months unless there are 3317341 825
contraindications such as excessive risk of bleeding. Options are: T

* Prasugrel (60 mg loading dose, 10 mg daily dose) in patients in whom coronary anatomy is known and who are 337
proceeding to PCI if no contraindication '
3

* Ticagrelor (180 mg loading dose, 90 mg twice daily) for patients at moderate-to-high risk of ischaemic events, I
regardless of initial treatment strategy including those pre-treated with clopidogrel if no contraindication

= Clopidogrel (600 mg loading dose, 75 mg daily dose), only when prasugrel or ticagrelor are not available or are ,
contraindicated B 812,825

GP lIb/llla antagonists should be considered for bail-out situation or thrombotic complications. -_

Pre-treatment with prasugrel in patients in whom coronary anatomy is not known, is not recommended. B
Pre-treatment with GP llb/llla antagonists in patients in whom coronary anatomy is not known, is not recommended. A 357815

Windecker S et al. Eur HeartJ 2014;35:2541-2619



2014 ESC/EACTS Guidelines

Anticoagulant therapy
Anticoagulation is recommended for all patients in addition to antiplatelet therapy during PCI.

The anticoagulation is selected according to both ischaemic and bleeding risks, and according to the efficacy—safe
& & I3 5 ¥ s
profile of the chosen agent.

Bivalirudin (0.75 mg/kg bolus, followed by 1.75 mgfkgfhour for up to 4 hours after the procedure) is recommended
as alternative to UFH plus GP lib/llla receptor inhibitor during PCI.

lUFH is recommended as anticoagulant for PCI if patients cannot receive bivalirudin.

In patients on fondaparinux (2.5 mg daily s.c.), a single bolus UFH (85 IU/kg, or &0 IUfkg in the case of concomitant
use of GP llb/llla receptor inhibitors) is indicated during PCI.

Enoxaparin should be considered as anticoagulant for PCl in patients pre-treated with subcutaneous enoxaparin.

Discontinuation of anticoagulation should be considered after an invasive procedure unless otherwise indicated.
Crossover of UFH and LMWH is not recommended.

Windecker S et al. Eur HeartJ 2014;35:2541-2619
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ESC Guidelines

Eurepean Heart joumal (2016) 37, 267-315 ESC GUIDELINES
doi 310109 3 evurhen rtyfehv3I20

2015 ESC Guidelines for the management
of acute coronary syndromes in patients
presenting without persistent ST-segment
elevation

Task Force for the Management of Acute Coronary Syndromes
in Patients Presenting without Persistent ST-Segment Elevation
of the European Society of Cardiology (ESC)

Authors/Task Force Members: Marco Roffi* (Chairperson) (Switzerland),

Carlo Patrono* (Co-Chairperson) (ltaly), Jean-Philippe Collet (France),

Christian Mueller’ (Switzerland), Marco Valgimigli (The Netherlands),

Felicita Andreotti (ltaly), Jeroen ). Bax (The Netherlands), Michael A. Borger
(Germany), Carlos Brotons (Spain), Derek P. Chew (Australia), Baris Gencer
(Switzerland), Gerd Hasenfuss (Germany), Keld Kjeldsen (Denmark),

Patrizio Lancellotti (Belgium), Ulf Landmesser (Germany), Julinda Mehilli (Germany),
Debabrata Mukherjee (USA), Robert F. Storey (UK), and Stephan Windecker
(Switzerland)

Roffi M et al. Eur HeartJ 2016;37:267-315



Anticoagulation in NSTEMI

: b
Recommendations @ Level m

Parenteral anticoagulation is
recommended at the time of diagnosis
according to both ischaemic and
bleeding risks.

Fondaparinux (15 mg s.c. daily) is
recommended as having the most
favourable efficacy—safety profile
regardless of the management

Bivalirudin (0.75 mg/kg iv. bolus,

after the procedure) is recommended
as an alternative to UFH plus GPIlIb/llla
inhibitors during PCI.

is recommended in patients
undergoing PCl who did not receive
any anticoagulant.

In patients on fondaparinux (2.5 mg
s.c. daily) undergoing PCI, a single iv.
bolus of UFH (70-85 1L/

60 IU/kg in the case of concomitant
use of GPIb/llla inhibitors) is
recommended during the procedure.
Enoxaparin (1 n s.C. twice daily)
or UFH are recommended when
fondaparinux is not available.

Enoxaparin (1 mg/kg s.c. twice daily)
or UFH are recommended when
fondaparinux is not available.

Enoxaparin should be considered as an
anticoagulant for PCl in patients
pretreated with s.c. enoxaparin.

Additional ACT-guided i.v. boluses ¢
UFH during PCI may be considered

following initial UFH treatment.

Discontinuation of anticoagulation
should be considered after PCl, unless
otherwise indicated.

Crossover between UFH and LMWH
is not recommended.

Roffi M et al. Eur HeartJ 2016;37:267-315




Anticoagulation During PCI

European Heart Journal (2016) 37, 3376-3385 REVIEW
£ URCFEAN doi:10.1093/eurheartj/ehw061

=OCIETY OF
ARTAOLOGY &

Controversies in cardiovascular medicine

Anticoagulation in coronary intervention

Uwe Zeymer'* Sunil V. Rao?, and Gilles Montalescot?

"Klinikum Ludwigshafen und Institut fiir Herzinfarktforschung Ludwigshafen, Bremserstrasse 79, 67063 Ludwigshafen, Germany; “The Duke Clinical Research Institute,
Durham, NC, USA; and *ACTION Study Group, Institut de Cardiologie, Centre Hospitalier Universitaire Pitié-Salpétriere, Paris, France

Received 4 July 2015; revised 28 January 2016; accepted 28 January 2016; online publish-ohead-of-print 5 March 2016

Percutaneous coronary intervention (PCl) induces thrombin generation and is associated with the risk of acute, subacute, or long-term ischae-
mic events. Therefore, intravenous anticoagulation is recommended to minimize thrombotic complications. The intensity and duration of antic-
oagulation needed are dependent on the clinical presentation (elective PCl for stable coronary artery disease, PCl for non-ST elevation acute
coronary syndromes, or primary PCl for ST-segment elevation myocardial infarction) and procedural features. As both ischaemic and peripro-
cedural bleeding complications are associated with acute and long-term mortality, the optimal level of anticoagulation and the best agents are a
matter of debate. Despite a number of limitations and the lack of large randomized clinical trials, unfractionated heparin (UFH) is still been used
in the majority of interventions. Intravenous enoxaparin, a low-molecular-weight heparin, leads to a more predictable level of anticoagulation
and has been compared with UFH in patients with elective PCl and primary PCl with favourable results. The direct thrombin inhibitor bivalir-
udin has been studied in numerous trials and consistently shown to reduce bleeding complications when compared with UFH with or without
glycoprotein lIb/llla inhibitors. This review will summarize the current status of anticoagulation for PCl and the results of most recent trials and
give recommendations for different clinical scenarios.

Keywords Percutaneous coronary intervention e Anticoagulation e Thrombin inhibition

Zeymer U et al. Eur Heart) 2016;37:3376-3385



Anticoagulation During PCI

Table 4 Recommendations for anticoagulation in different indications in the current ACC/AHA and ESC guidelines

UFH

Stable coronary artery disease
ESC 2014 I

ACC/IAHA 2011

MNSTE-ACS
ESC 2015 | (in patients who cannot
receive bivalirudin)

ACC/AHA 2014

Enoxaparin

lla (in patients pre-treated
with enoxaparin)
lib (in patients pre-treated

with enoxaparin)

STEMI

ESC 2014
ACC/AHA 2013

lla

Mot mentioned

Fondaparinux Bivalirudin

Mot mentioned | (in patients with HIT)
lla {in patients with
high bleeding risk)

| (if used additional UFH
during PCI)

Ill'as sole anticoagulant
during PCI

Zeymer U et al. Eur Heart) 2016;37:3376-3385



Anticoagulation During PCI

GPlIb/llla inhibitors during PCI should
be considered for bailout situations or
thrombotic complications.

It is not recommended to administer
GPlib/lla inhibitors in patients in whom
coronary anatomy is not known.

Zeymer U et al. Eur Heart) 2016;37:3376-3385



Anticoagulation During PCI

Recommendations for combining antiplatelet agents
and anticoagulants in non-ST-elevation acute coronary

syndrome patients requiring chronic oral

anticoagulation

Recommendations

During PCI, additional parenteral
anticoagulation is recommended,
irrespective of the timing of the last
dose of all NOACs and if INR.is <<15 in
VEA-treated patients.

Uninterrupted therapeutic
anticoagulation with VEA or NOACs
should be considered during the
periprocedural phase.

Zeymer U et al. Eur Heart) 2016;37:3376-3385



SYNERGY

30-Day Death or M Bleeding

.UFH . Enoxaparin

20% 15%

12%
15%

9%

Enoxaparin 14.0%

10%
6%

0,
5% 3%
N=10,027
Hazard Ratio, 0.96
(95% ClI, 0.86-1.06)

1 1 1 1 1 0
0] 5 10 15 20 25 30

Days from Randomization TIMI Major TIMI Minor

SYNERGY Trial Investigators. JAMA 2004;292:45-54



SYNERGY

Crossovers from LMWH to UFH

40%

30%

20%

Events

10%

0%

Death/MI Transfusion

The SYNERGY Trial Investigators. JAMA 2004;292:52



SYNERGY: PCI Cohort

TIMI Major Bleeding Among Crossovers

15%
12%
OR = 3.89 OR = 2.68
P =0.002 P <0.001
2 9%
c
(b)
>
L]
6%
3%
0%
UFH —» LMWH LMWH — UFH
(n=70) (n = 295)

White HD et al. Am Heart J 2006;152:1042



HORIZONS-AMI

30-Day Endpoints

16%

. Heparin (n=1802)
__| Bivalirudin (n=1800)

12%

RR=0.60
P<0.001

8% 9.2%

4% 4.9%

Death/MI/uTVR Death/MI/ All Death Major
Major Bleeding uTVR Bleeding

Stone GW et al. N Engl J Med 2008;358:2218-2230



ISAR-REACT 3

30-Day Endpoints

12%

. Heparin (n=2281)
__| Bivalirudin (n=2289)

9%

6%

3%

Death/MI/UTVR Death/Ml/ MI Major
Major Bleeding uTVR Bleeding

Kastrati et al. N Engl J Med 2008;359:688



Major Bleeding by Access Site

12%

10%

8%

6%

4%

2%

HORIZONS ACUITY

B Heparin + GPI
=1 Bivalirudin

2.1%

0.9%

Femoral Radial Femoral
n=3,371 Nn=226 n=11,989

B Heparin + GPI
_J Bivalirudin

Radial
n=798



Bivalirudin Meta-analysis

@'PLOS ‘ ONE

RESEARGH ARTICLE
Critical Appraisal of Bivalirudin versus
Heparin for Percutaneous Coronary
Intervention: A Meta-Analysis of Randomized
Trials

Anthony A. Bavry'2* Islam Y. Elgendy?, Ahmed Mahmoud?, Manoj P. Jadhav?,
Tianyao Huo?

1 North Florida/South Georgia Veterans Health System, Gainesville, Florida, United States of America,
2 Department of Medicine, University of Florida, Gainesville, Florida, United States of America

* anthony.bavry @va.gov

= 15 PCI RCTs of bivalirudin versus heparin with 30-day outcome
= N = 25,824 (STEMI, NSTEMI, and elective cases)
= Similar intended use of GP lIb/llla inhibtors between groups

Bavry A et al. PlosOne 2015;10:e0127832



Bivalirudin Meta-analysis

Stent Thrombosis

Events, Events,

OR (95% Cl) Treatment  Control

Elective cases

NAPLES il 1.00 (0.14, 7.14) 2/418 2/419

ARMYDA-7 BIVALVE 7.58 (0.15,382.02) 1/198 0/203

ARNO 1.95 (0.20. 18.80) 2/425 1/425

ISAR-REACT 3 1.33 (0.56, 3.13) 12/2289 9/2281
Desphande et al 2012 (Excluded) 0/49 0/52

Subtotal (I-squared = 0.0%, p = 0.820) 1.41 (0.68, 2.93) 17/3379 12/3380

Acute coronary syndrome cases
MATRIX 2015 1.30 (0.85, 2.01) 47/3610 36/3603
BRIGHT 2015 0.66 (0.19, 2.30) 4/735 6/729
HEAT-PPCI 2014 3.39 (1.65, 6.98) 24/905 6/907
EUROMAX 2014 2.53 (0.94,.6.81) 17/1089 2/460
ACUITY-PCI 2007 1.24 (0.77, 1.98) 39/2609 31/2561
SWITCH il 2012 (Excluded) 0/51 0/49

Subtotal (I-squared = 53.9%, p = 0.069) 1.50 (1.14, 1.97) 131/8999 81/8309

Overall (l-squared = 16.9%, p = 0.292) 1.49 (1.15, 1.92) 148/12378 93/11689 100.00

Bivalirudin associated with a decreased ’ Bivalirudin associated with an increased
hazard of stent thrombosis hazard of stent thrombosis

Bavry A et al. PlosOne 2015;10:e0127832



Heparin </= 75 units/kg
NAPLES IlI

ACRIPAB

HEAT-PPCI

SWITCH 1l
ARMYDA-7 BIVALVE
TENACITY
ACUITY-PCI
REPLACE-1

Desphande et al

2015
2014
2014
2012
2012
2011
2007
2004
2012

Subtotal (l-squared = 0.0%, p = 0.546)

Heparin >/= 100 units/kg

MATRIX
BRIGHT
EUROMAX
Xiang et al
ARNO
ISAR-REACT 3

2015
2015
2014

2013 €
2010
2008

Subtotal (I-squared = 9.8%, p = 0.353)

Overall (I-squared = 63.5%, p =0.001)

Bivalirudin Meta-analysis

Major Bleeding

OR (95% Cl)

1.28 (0.58, 2.84)
7.39 (0.15, 372.38)
1.15(0.69, 1.92)
7.10 (0.14, 358.35)
0.52 (0.05, 5.07)
0.28 (0.06, 1.39)
1.11 (0.90, 1.38)
0.77 (0.35, 1.70)
(Excluded)

1.09 (0.91, 1.31)

0.57 (0.41, 0.79)
0.39 (0.14, 1.07)
0.35(0.20, 0.62)
0.13 (0.00, 6.70)
0.36 (0.13, 0.97)
0.66 (0.49, 0.90)
0.55 (0.45, 0.67)

0.80 (0.70, 0.92)

Events,

Treatment

14/418
1/50
32/905
1/51
1/198
1/185
196/2609
11/532
0/49
257/4997

51/3610
4/735
28/1089
0/110
4/425
70/2289
157/8258

414/13255

Events, %

Control Weight

11/419
0/50
28/907
0/49
2/203
5/198
174/2561
14/524
0/52
234/4963

90/3603
11/729
29/460
1/108
12/425
104/2281
247/7606

481/12569 100.00

Bivalirudin associated with a decreased

hazard of major bleeding

Bivalirudin associated with an increased
hazard of major bleeding

Bavry A et al. PlosOne 2015;10:e0127832




Bivalirudin Meta-analysis

30-Day Events

Randomization to Randomization to

Outcome Bivalirudin Better  Heparin Better OR (95% C|) )
(n = 13,255) (n = 12,569)

MACE 7.7% -.- 1.04 (0.94—-1.14) 0.46
Major Bleeding 3.5% .._ 0.80 (0.70 — 0.92) 0.001
NACE 10.8% 0.91 (0.84 — 0.99) 0.028
Stent Thrombosis 1.0% 1.49 (1.15-1.92) 0.002

0

Bavry A et al. PlosOne 2015;10:e0127832



CHAMPION Trials

Effect of cangrelor on periprocedural outcomes in
percutaneous coronary interventions: a pooled analysis of
patient-level data

CHAM PION-PHOENEX
n=10942 mITT

Cangrelor bolus then infusion

[Pa ]

I:I Clopidogrel 600 mg oral

)0 mg oral

Cangrelor bolus then infusion Clopidogrel 600 mg oral

[Pa ]

Steg PG et al. Lancet 2013;382:1981-1992



CHAMPION Trials

48-Hour 30-Day
Death, Ml, IDR, ST Death, MI, IDR, ST
10% 10%
8% OR=0.81 3% OR=0.89
(0.71-0.91) (0.81-0.98)
P=0.0007 P=0.001
6% 6%
4% 4%
A A
0] 0)
Clopidogrel Cangrelor Clopidogrel Cangrelor

n=12,542 n=12,565 n=12,542 n=12,565

Steg PG et al. Lancet 2013;382:1981-1992



CHAMPION Trials

xnit rate (%)

Evwe

— Clopidogrel
Log-rank p value=0-0007 Cangrelor

— Clopidogrel

Log-ran k pva lue=0-0080 Cang relor

5 0 15
Number at risk
Cangrelor 12475 11910 11817
Clopidogrel 12435 11761 11672

Steg PG et al. Lancet 2013;382:1981-1992

At 48 Hours
0.9% ARR
19% RRR

OR 0.81 (0.71-0.91)
P=0.007

At 30 Days
0.7% ARR
13% RRR

OR 0.87 (0.78-0.97)
P=0.001




CHAMPION Trials

ACUITY Blood
Major Bleeding Transfusions
10% 5%
8% OR=1.53 A%
(1.34-1.76)
P<0.0001
6% 3%
OR=1.29
4% 2% (0.94-1.76)
A 1%
0] 0)
Clopidogrel Cangrelor Clopidogrel Cangrelor

n=12,542 n=12,565 n=12,542 n=12,565

Steg PG et al. Lancet 2013;382:1981-1992



CHAMPION Trials

Cangrelor
(n=12565)
GUSTO bleeding
Severe/life threatening
Moderate
Severe/moderate
Mild

Mild,
and =5 cm haema

Any GUSTO bleed
TIMI bleeding
Major
Minor
TIMI major/ minor
ACUITY bleeding
Major
Major excluding haematoma =5 cm
Minor

Minor excluding ecchymosi
and <5 cm haematoma

ACUITY major/mimor

Any blood transfusion

Table 5: Non-CABG-related bleeding events at 48 h

Clopidogrel ~ OR (95% Cl)
(n=12542)

139 (1.24- 1.56)

1-35 (126~ 1-45)

=0-0001

0-007 1

0-1053

=0-0001
0-1154

Steg PG et al. Lancet 2013;382:1981-1992



Optimal Anticoagulation—does It exist?

Bleeding

Thrombosis

intensity x duration



Summary

« Summary—for ACS/PCI there are between
30 and 1200 different combinations of
options for the anticoagulation strategy

* |schemic events are lowered by 1-1.5% and
bleeding events are increased by 1-1.5%

« Advice—become very knowledgeable and
comfortable with one drug at a time and
then with one combination of
anticoagulants, before exploring the next



