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Antiplatelet Drugs: A Review of Their Pharmacology
and Management in the Perioperative Period

Richard Hall, MD, FRCPC, FCCP,* and C. David Mazer, MD, FRCPCT¥

In the normal course of the delivery of care, anesthesiologists encounter many patients who
are receiving drugs that affect platelet function as a fundamental part of primary and
secondary management of atherosclerotic thrombotic disease. There are several antiplatelet
drugs available for use in clinical practice and several under investigation. Aspirin and
clopidogrel (alone and in combination) have been the most studied and have the most
favorable risk-benefit profiles of drugs currently available. Prasugrel was recently approved
for patients with acute coronary syndrome undergoing percutaneous interventions. Other
drugs such as dipyridamole and cilostazol have not been as extensively investigated. There are
several newer investigational drugs such as cangrelor and ticagrelor, but whether they confer
significant additional benefits remains to be established. Management of patients who are
receiving antiplatelet drugs during the perioperative period requires an understanding of the
underlying pathology and rationale for their administration, pharmacology and pharmacoki-
netics, and drug interactions. Furthermore, the risk and benefit assessment of discontinuing or
continuing these drugs should be made bearing in mind the proposed surgery and its inherent
risk for bleeding complications as well as decisions relating to appropriate use of general or
some form of regional anesthesia. In general, the safest approach to prevent thrombosis seems
to be continuation of these drugs throughout the perioperative period except where concerns
about perioperative bleeding outweigh those associated with the development of thrombotic
occlusion. Knowledge of the pharmacodynamics and pharmacokinetics of antiplatelet drugs
may allow practitioners to anticipate difficulties associated with drug withdrawal and
administration in the perioperative period including the potential for drug interactions.
(Anesth Analg 2011;112:292-318)
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atherothrombotic disease who are receiving drugs

deliberately designed to impair the normal func-
tion of the coagulation system. The platelet is integral to the
initiation of thrombosis.' Drugs that affect platelet function
are a fundamental part of primary and secondary manage-
ment of atherosclerotic thrombotic disease.” As reviewed in
various guideline documents,® authoritative reviews, and
meta-analyses, the indications for the use of antiplatelet
drugs in the management of thrombotic diseases include
stroke,*"® acute myocardial infarction (AMI),”™ acute
coronary syndrome (ACS),'"'" angina,'* percutaneous
coronary intervention (PCI),">™'° cardiac surgery,'* "
primary”'~** and secondary cardiovascular disease preven-
tion,”'*?*2¢ peripheral vascular disease,” ! and throm-
botic disorders such as atrial fibrillation.”*> There are
several antiplatelet drugs available for use in clinical prac-
tice and several under investigation (Fig. 1).>* Management
of patients who are receiving antiplatelet drugs during the

ﬁ nesthesiologists frequently encounter patients with
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perioperative period requires an understanding of the
underlying pathology and rationale for their administra-
tion, pharmacology and pharmacokinetics, and drug inter-
actions. The risk versus benefit assessment of continuing or
discontinuing these drugs should be made bearing in mind
the proposed surgery and its inherent risk for bleeding or
thrombotic complications as well as decisions relating to
appropriate use of general or some form of regional anes-
thesia. Reports of late coronary and carotid artery stent
occlusion, particularly in the perioperative period after
discontinuation of an antiplatelet drug,®* have served to
heighten concern about the perioperative management of
these drugs. This review focuses on the perioperative use of
some of the current and investigational drugs affecting
platelet function (Table 1) by describing their pharmacology
including pharmacokinetics, pharmacodynamics, and drug
interactions of particular relevance, management in the peri-
operative period in light of the above reports, and areas where
further research should occur. Where possible, suggestions
are made about the perioperative management of these drugs
for patients receiving general or regional anesthesia.

ANTIPLATELET DRUGS

Aspirin has a central role in the prevention of thromboem-
bolic complications from atherosclerotic disease and is the
leading therapeutic drug for this purpose.®>

Pharmacokinetics

After oral administration, aspirin is rapidly absorbed from the
upper gastrointestinal (GI) tract with peak levels occurring
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Antiplatelet Drugs in the Perioperative Period

Phosphodiesterase
Inhibitors

COX- Inhibitors

Direct Indirect
Aspirin Dipyridamole Bivalirudin Heparin
NSAIDS Cilostazol Hirudin LMWH
A, Digibatran
o Argatroban
-1
PAR-1 inhibitors
. . SCH530348
Thienopyridines Epinephrine
Irreversible
Clopidogrel \ cAMP — 5” AMP GPVI
S Platelet = Collagen
Prasugrel <E2Y1 2 * o + et o,
Ticlopidine Gplibllia
ADP y Pathway inhibitors
Cangrelor poy1 2 [ec=Rios
Ticagrelor GP(;)/?IIagen

Thrombin Inhibitors

af,

= G-protein coupled Vasopressin
Receptor (GPCR)
Activated Platelet
Platelet-unstable plaque interaction
Figure 1. . COX = cyclooxygenase; NSAIDs = nonsteroidal antiinflammatory drugs;
LMWH = low-molecular-weight heparin; TxA, = thromboxane A,; PAR-1 = protease-activated receptor 1; cAMP = cyclic adenosine

monophosphate; cGMP = cyclic guanosine monophosphate; ADP = adenosine diphosphate; VASP = vasodilator stimulated phosphoprotein;
5HT = 5 hydroxytryptamine; VWF = von Willebrand factor; 5’AMP = 5’ adenosine monophosphate; PAF = platelet aggregating factor; GP =

glycoprotein; P = purinergic. (From Gladding et al.,®® with permission.)

approximately _ after ingestion.>® For the

majority of patients, there does not seem to be any addi-
tional effect on platelet activity at doses >300 mg.*” Use of
Enteric-coated formulations may considerably [délay| the

time to peak effect.*®

Pharmacodynamics

The effect of aspirin on platelet function is to

-a key platelet enzyme (cyclooxygenm
This effect can only be reversed by generation of new
platelets®” thus permitting once-daily dosing. Conditions
for which aspirin is indicated and its lowest effective dose
are given in Table 2.%

exists in 2 isoforms - and -“) and

the first step in prostanoid synthesis, the conversion

acid to_ (PG)H,. PGH, is rapidly
converted to several bioactive prostanoids including throm-

boxane A, H and ﬁ Aspirin inhibits COX by
diffusing into the COX channel within the membrane to the

catalytic site for the enzyme (an arginine 120 residue, which is
a common binding site for all COX inhibitors) and then
acetylating a serine residue (serine 529 in human COX-1 and
serine 516 in human COX-2). This prevents arachidonic acid
from gaining access to the catalytic site of the enzyme.**

February 2011 e Volume 112 ¢ Number 2

In response to various stimuli, generate

a process that is to inhibition by aspirin™ an
largely mediated by In contrast, the
generates !, a process that is much
inhibition by aspirin and largely mediate
a consequence, aspirin has measurable
on dependent H functions including

arterial blood pressure regulation,™ renal function,* or
interference with the antihypertensive effects of diuretics
and angiotensin-converting enzyme (ACE) inhibitors.** A
daili dose of BONMg aspirin is sufficient to completely

-43

production 1

Adverse Effects

The major adverse effect of aspirin administration is an
increased risk of bleeding complications,®*” albeit with a
very favorable risk-benefit ratio.*” One of the most common
sites for bleeding is the GI tract,*® although this risk may be
ameliorated by the use of gastroprotective drugs such as
proton pump inhibitors (PPIs).*’

Drug Interactions
The concomitant administration of

COXEL TBHEDHS uch o JBUBTORER and

reversible
may lead
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Table 1.

Time required to
Metabolism [recover adequate
to [active Permanent |platelet function
Mechanism of Route of platelet after drug
Drug Class action administration  required Route of elimination inactivation  administration
Aspirin Salicylate Cyclooxygenase Oral No Liver, by deacetylation Yes 30% at 48 h
enzyme to salicylic acid
inhibition
[Clopidogrel  Thienopyridine P2Y,, receptor Oral Yes Liver, by a 2-step Yes 40% at 3d
blockade process involving
CYP3A5/2CD19 to
active metabolite
Ticlopidine  Thienopyridine P2Y,, receptor Oral Yes Liver, by CYP2CD19 to Yes 4-8d
blockade active metabolite
Prasugrel Thienopyridine P2Y,, receptor Oral Yes Liver, by CYP3A4 to Yes 2-3d
blockade active metabolite
Elinogrel Sulfonylurea P2Y,, receptor Oral, IV No Liver and kidney with No 8 h after a single
blockade minimal metabolism 10-mg dose;
longer with
higher doses
Cangrelor ADP analog P2Y,, receptor I\ No Dephosphorylation No Rapid (mif-h)
blockade
Ticagrelor Cyclopentyltriazolopyrimidine P2Y,, receptor Oral No Liver, active metabolite No 57% at 24 h
blockade
Dipyridamole Phosphodiesterase inhibitor PDE inhibition Oral No Liver, enterohepatic No 2d(?)
recirculation
Cilostazol Phosphodiesterase Il PDE Il Oral No Liver, CYP3A4/2CD19 No 2d(?)
inhibitor inhibition active metabolite
Terutroban PAR-1 receptor blocking PAR-1 blockade Oral No ? ? ?
drug
E5555 PAR-1 receptor blocking PAR-1 blockade Oral No ? No ?
drug
SCH-530348 PAR-1 receptor blocking PAR-1 blockade Oral No Liver, biliary excretion No ?
drug

ADP = adenosine diphosphate; PDE = phosphodiesterase; PAR-1 = protease-activated receptor 1.

Table 2. Disorders for Which Aspirin Has Been
Shown to Be Effective and the Lowest Effective

Daily Dose

Lowest effective

Disorder daily dose (mg)
Hypertension 75
Chronic stable angina 75
Polycythemia vera 100
Unstable angina 75
Acute myocardial infarction 160
Transient ischemic attack and ischemic stroke 50
Severe carotid artery stenosis 75
Acute ischemic stroke 160
Atrial fibrillation 325
Men at high cardiovascular risk 75
Immediate postcardiac surgery graft preservation ?325

Adapted from Patrono et al.,® with permission.

inhibitors (particularly_5) to -

heart disease (including after cardiac sur-
gery”’), it is suggested that, until further research is done,
where possible, analgesic drugs with [mifimal effects on
(e.g., acetaminophen®*°®) be considered particularly
in patients who have undergone a[P@l procedure with stent
placement.

Aspirin “Reésistance” and “High on Treatment Platelet
Reactivity (HPR)”

No antithrombotic drug currently available is 100% effec-
tive in the prevention of adverse thrombotic events.®® The
incidence of [ifli€ aspirin * ” defined as the inabil-
ity of aspirin to inhibit COX-1-dependent TXA, produc-
tion, is (approximately 1 Current

to

in the
between the

4250-53 There is

and

estimates suggest that
may, however, have an
treatment at

of treated individuals

EESORSE to aspirin

and are susceptible

for the common docking site within the COX-1
channel (arginine 120), which may prevent aspirin from
acetylating the serine residue at position 529.*> Such an
interaction could occur in the perioperative period when
these drugs are often coadministered. Retrospective cohort
Studies have Gt demonstrated any [isK of myo-
cardial infarction when was administered
postoperatively with drugs.>* The coadminis-
tration of aspirin and COX-1 inhibitors after cardiac sur-
gery has not been well studied. Given the potential for COX

294 www.anesthesia-analgesia.org

to Treatment failure may be associated
with significant adverse outcomes including death, MI,
cerebrovascular accident, closure of saphenous vein
grafts, and occlusion of peripheral arterial grafts.®® The
reasons for inadequate drug effect while on treatment

have been investigated. Patient [loncompliance with the

rescribed medication may be a significant cause
_}.64 Indeed, studies reporting the incidence of

treatment failure that have not controlled for noncompli-
ance should be considered flawed methodologically.
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Antiplatelet Drugs in the Perioperative Period

Thrombin
Collagen

Aspirin

Responsiveness

COX-1 Specific

1. AA-Induced
Platelet
Aggregation
-LTA (PRP)

-TEG (Whole Blood)

2. TxB2 Metabolite
-Plasma
-PRP (AA-Induced)
-Urine

3. Verify Now
(AA-induced)

4. Flow Cytometry-
AA-induced
P-selectin, PAC-1

COX-1 Non-Specific

1. LTA-ADP and
Collagen-Induced
2. PFA-100

Figure 2.

GP libllla Activation
Platelet Activation

Clopidogrel

Responsiveness

1. ADP-Induced
Platelet
Aggregation
-LTA (PRP)

-TEG (Whole Blood)

2. Flow Cytometry-
ADP-induced
P-selectin, PAC-1

P2Y,, Specific

1. P2Y,, Reactivity Ratio-
VASP Phosphorylation-
Flow cytometry.

2. VerifyNow-P2Y,
Assay

1
1
1
1
1
1
1
1
1
;
: Point-of-Care
1
1
1
1
1
1

L

AA = arachidonic acid; ADP = adenosine

diphosphate; COX-1 = cyclooxygenase-1; CLP = clopidogrel; LTA = light transmittance aggregometry; PRP = plateletrich plasma; PAC-1 =
activated glycoprotein llb/Illa receptor; PFA-100 = platelet function analyzer-100; PLC; = phospholipaseg; ASA = aspirin; TP = thromboxane
receptor; TxB2 = thromboxane B2; TEG® = thrombelastography; VASP-P = vasodilator stimulated phosphoprotein—phosphorylated. (From

317

Gurbel and Tantry,”*" with permission.)

Moreover, failure to take antiplatelet drugs as prescribed
may place patients at increased risk for thrombotic
complications because of 63
However, a number of patients have been observed to
have inadequate response to aspirin treatment despite
receiving doses considered adequate for the majority of
patients. These patients are discovered by using an in
vitro test of platelet function (Fig. 2) (with assay limits
defined for the test by the investigator) and are described
as having " or “biochemi-
cal resistance.”®® HPR is an ex vivo diagnosis based on
testing and should be considered as a primary event.
Clinical thrombosis is a very late sign of HPR if it is
present, but is not definitive proof that HPR is the cause
of thrombosis. Differences in thrombotic outcomes for
patients whose antiplatelet dosing was based on ex vivo
platelet function test results have been demon-
strated.®®®”%® HPR is measured differently using differ-
ent tests and different values based on the drug being
evaluated and the investigator definition.

Conditions associated with an —_
such as unstable angina,®” AMI,”° diabetes,”" and cardiac
surgery’> are associated with in aspirin-treated
patients. In animals, the development of atherosclerosis

is accompanied by an JHARNALOR response ediated

February 2011 e Volume 112 ¢ Number 2

through the athway with generation of

free radicals.

Generation of inflammatory

as part of the inflammatory response leads to
and monocyte cell @tiVation with expression of

a potent stimulus for ’

turn, activated [platelets contribute to

fiion by releasmg other inflammatory mediators such as

latelet activating factor.”” leads to increases in

7278 have been demon-

in v1’cr079

In

strated to
and in an ammal model
5182 which is only
by
Other possible mechanisms for HPR include genetic
polymorphisms of the platelet glycoprotein receptor® and
COX-1 and COX-2 alleles,® generation of aspirin-
insensitive COX,*” and increased platelet turnover.®® In
combination, these factors may lead to reduced aspirin
effect?®® and increased risk for perioperative ischemic
events.”” In the perioperative period, although the effec-
tiveness of aspirin to prevent thrombotic complications has
been demonstrated,'® its efficacy may be reduced in a
substantial proportion of patients.®®

and to
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Table 3. Possible of to or
Specific for aspirin

Common to both aspirin and clopidogrel

Specific for [clopidogrel

Nonatherothrombotic causes of vascular event
(e.g., arteritis, cardiac embolism)

Baseline individual variability

® 1 Baseline platelet reactivity

e | BMI

® Diabetes/insulin resistance

Reduced bioavailability

Drug interaction: NSAIDs ® Failure to prescribe

® Poor compliance/inadequate intake

® Underdosing

Reduced bioavailability

Reduced bioavailability
Drug interaction: drugs metabolized by
the cytochrome P-450 CYP3A4 system

® Variable absorption/metabolism

Increased platelet turnover

® ' Platelet production (perioperative stress)
® Exogenous administration (transfusion)

® ' Platelet reactivity

Genetic polymorphisms
Platelet GP la/lla Ib/V/IX, and llb/llla receptors
® Collagen, VWF
® COX-1, -2
® Thromboxane A,
® Factor XlIl Val34Leu (| factor Xl activation)
Alternate pathways of platelet activation
® Activation by other pathways (e.g.,

catecholamines)
® 1 COX from nucleated cells
® non-COX-thromboxane A, synthesis
Tachyphylaxis

Genetic polymorphisms
°

o CYP3A4

® CYP2C19

NSAIDs = nonsteroidal antiinflammatory drugs; COX = cyclooxygenase; VWF = von Willebrand factor; BMI = body mass index; GP = glycoprotein.

Adapted from Michos et al.,>'® with permission.

Statistically, approximately f patients should be
expected to be ded on their response
to arachidonic acid testing.”” The optimal management
of patients with a true lack of response to aspirin has not
been clarified.”® It is mandatory to ensure that reversible
causes of failure such as lack of compliance have been
addressed.>*! of aspirin may increase the
number of aspirin responders as determined by response
to in vitro tests of platelet function.”® This has been
observed clinically after cardiac surgery,” and increased
aspirin doses have been associated with a reduction in
graft failure in the postoperative phase after cardiac
surgery.”* The use ofih drugs such
as clopidogrel alone or in combination with aspirin
might be considered.”® However, the additional
obtained has been when examined in random-
ized clinical trials.'* In addition, some patients with an
inadequate response to aspirin may [@l§6 have an inad-
equate response to Clopidogrel (i.e., dual “resistance’),
which may be particularly prevalent among women and
diabetics.”

The term “aspirin resistance” has also been used to
describe the inability of aspirin to protect individual
patients from thrombotic complications (often referred to
as clinical resistance).>>”~°° Without biochemical confir-
mation, the occurrence of a thrombotic event in a patient
while receiving aspirin therapy should more appropri-
ately be labeled as a “treatment failure,” which may have

many causes other than the inability of aspirin to inhibit
TXA, production (Table 3).'% Given the FE
ways by which are a

ischemic events can occur, it is

296
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P2Y,, RECEPTOR BLOCKING DRUGS

The Thienopyridines

Clopidogrel

Efficacy

Originally introduced as a safer drug than its precursor
ticlopidine, clopidogrel has been shown to be marginally
more effective than aspirin for the secondary prevention
of vascular events.'” Given its cost and side-effect
profile, it should only be used as the primary drug for
the prevention of cardiovascular events in patients who
are intolerant or allergic to aspirin® or to provide
enhanced protection when combined with aspirin® (al-
beit with an increased risk of bleeding'®*). Treatment
should therefore be individualized based on guideline
reCOmmendatiOnS.8_12'15'23'31'32'105_107

Pharmacokinetics
Clopidogrel is a [proditig and has [0 [diféct antiplatelet
[@GHiVity of its own. After oral administration of clopidogrel,
the drug is variably absorbed with approximately 50%
1% The majority of absorbed clopidogrel
(85%) is extensively hydrolyzed by esterases to the inactive
carboxylic acid metabolite SR 26334.'% In the liver, clopi-
dogrel is in a 2-step process by CYP3A4/3A5
with additional contributions by CYP2B6/1A2/2C9/2C19'"°
to a (R130964), which is
responsible for its effect on platelet aggregation."'" This
rocess demonstrates considerable -5-
i“z and a-component to the-is likely.
Recent investigations have identified that variants of the
“ (e.g., the loss of function CYP2C19*2
allele’ ) are associated with _ platelet -
to clopidogrel''*"'° but this may be overcome by monitoring

ANESTHESIA & ANALGESIA
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Antiplatelet Drugs in the Perioperative Period

A Clopidogrel alone

CYP3A5 expressor
genotype (*1*1/*1*3)

CYP3A5 non-expressor
genotype (*3*3)

3A4 activity 3A4 activity

F No platelet aggregation —)

nd CYP3A5 are major isoforms of the CYP3A system. Total CYP3A activity accounts for 20% of all

Figure 3. A,

B Clopidogrel in the presence
of substrates or inhibitors

CYP3A5 expressor
genotype (*1*1/*1*3)

CYP3A5 non-expressor
genotype (*3*3)

3A4 activity

3A5 activity

Platelet aggregation

phase | reactions in the liver and metabolizes >50% of drugs. Under usual conditions, in which both CYP3A4 and CYP3A5 contribute to total
CYP3A activity, CYP3A4 is probably the main contributor. Therefore, the antiplatelet activity of clopidogrel may not differ substantially between
patients with the CYP3A5 expressor genotype and those with the nonexpressor genotype. B, In the presence of multiple substrates or
inhibitors, CYP3A4 is more easily inhibited than CYP3A5, and therefore CYP3A5 becomes the main contributor to total CYP3A activity. In this
condition, total CYP3A activity would differ depending on the patient’'s CYP3A5 genotype. (Photograph by Lianne Friesen and Nicholas

Woolridge.) (From Suh et al.,*2® with permission.)

o RS e R ot NEBARGREHNIE) PR

concentrations of the parent drug, its active metabolite, and
the carboxylic acid metabolite occur Withifi approximately i
i’ml and there is little increased efficacy for doses
>600 mg because of limited drug absorption."'” The drug and
its metabolite are extensively bound to serum proteins. Elimi-
nation is by the feces (50%) and urine (50%).'” Dosage
adjustment is generally not necessary in patients with renal''®
or hepatic'® dysfunction. aggregation
reaches a level of approximately
of daily administration of

but this time can be

significantly Shortened by administering an initial [oading

dose.

120

Pharmacodynamics
Significant in antithrombotic effects
of clopidogrel has been ascribed to the variability in drug

[absorption as well as to alterations and [genetie differences

in hepatic metabolism.'?®!'3"115121 Clopidogrel’s active

metabolite binds to the “ to form
disulfide bridges with the extracellular cysteine residues
Cysl7 and Cys270'** to adenosine
diphosphate (ADP)-induced platelet aggregation.'*® The
possibility of a in platelet activity after
discontinuation of clopidogrel therapy has been raised by a
retrospective review demonstrating an increased incidence
of death and AMI clustered in the 90 days after discontinua-
tion of clopidogrel.'"** A subsequent prospective could
these results although the number of patients
studied was small.'®® Until this issue is further clarified, it is
suggested that care should be exercised when one is consid-
ering discontinuing clopidogrel before surgery.

Adverse Effects
The major side effect of clopidogrel administration is the
increased risk of bleeding.'® Use of clopidogrel in the

February 2011 e Volume 112 ¢ Number 2

perioperative period has been associated with an increased
need for surgical reexploration for bleeding and use of
blood products after cardiac surgery.'*® Use of a bleeding
management algorithm was associated with a reduction in
transfusion requirements after cardiac surgery in patients
treated with clopidogrel, although the bleeding rate was
still substantially higher than in a group of control patients
not receiving clopidogrel.'” A postoperative algorithm

basew drugs when [chest
tube was allowed the successful rein-
troduction of aspirin and clopidogrel without an increased
risk of bleeding.'®® The side-effect profile of clopidogrel
necessitating early discontinuation because of side effects
includes neutropenia, thrombocytopenia, or hemorrhagic
events.'”” Compared with aspirin, there were fewer GI symp-
toms but an increased incidence of diarrhea and rash. A rare
but significant complication of clopidogrel is the development
of thrombotic thrombocytopenic purpura.'®

Drug Interactions

Because of the requirement for metabolism of clopidogrel
by CYP3A4/3A5 to generate the active metabolite, there is
the potential for clinically
which could lead to therapeutic failure.”"
resents of the responsible for
in humans,'** although there is substantial
variability. Clopidogrel is metabolized predominantly by
the 3A4 allele; however, 3A5 may contribute as much as
50% of hepatic CYP3A activity. The antiplatelet efficacy of
clopidogrel may be influenced by 3A5 functional polymor-
phism (Fig. 3).">> There is concern that drugs that are
CYP3A substrates (e.g., lipophilic can [inhibif the
metabolism of its metabolite and thus
lead to thrombosis. demonstrated

an [increased Fisk for in patients receiving both

2
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CYP3A4 metabolized - and 1337136 How-
ever, there are significant limitations to the interpretation of

the results (reviewed in Neubauer and Mugge'?’), and

further study that accounts for confounders is required.
Clopidogrel activation to active metabolite is also de-

pendent on metabolism by the CYP enzyme system.

110

Randomized clinical trials have demonstrated the ability of
thel BB o EREH e AHPIABIBEBHEE o b BORIA
and large observational studies have, in general, demon-
strated that the combination may
0141 or readmission for ML
PPIs are recommended for patients receiving antiplatelet
drugs who have gastric irritation or bleeding,'** and be-
cause they are frequently prophylactically administered in
the perioperative period,'**'*° patients receiving this com-
bination of drugs should be monitored closely.

Given that

Clopidogrel HPR and Resistance
HPR also occurs with clopidogrel administration.®’'*® As
with aspirin, the consequences of inadequate clopidogrel
effect on platelet reactivity can be devastating including
M, stroke, and death,'*” but in the absence of biochemical
testing (Fig. 2) to establish whether HPR exists, clinical
reports of clopidogrel “resistance”'*®'** should more ap-
propriately be considered treatment failures.
The response to clopidogrel administration also has a
and therefore a small percentage of
patients would statistically be described as poor responders
based on this phenomenon alone.''> Many of the same
factors leading to aspirin HPR apply also to clopidogrel
HPR (Table 3). Clopidogrel treatment factors for nonre-
sponse that have been identified that are unrelated to
measurement of drug effect include (the
incidence of which may far outweigh any degree of phar-
macological HPR'), inability to pay for or access the
medication,'®! and inadequate education about the neces-
sity of continuing the medication at the time of hospital
discharge."®* Nevertheless, depending on the assay used, a
(k0 815) who

substantial proportion of patients

receive clopidogrel in the usual doses are reported to have
o inadequate sesponse in e of antiplatelt activity'™
and a significant proportion of these can have adverse
outcomes.® Intrinsic factors that affect the interaction of
active metabolite with its receptors (such as genetic
alterations in the CYP2C19 gene, P2Y,, receptor polymor-
phisms, or alterations in intracellular signaling mecha-
nisms) may also be involved (Table 3).'>>~'%”

However, some patients have been demonstrated to

These patients seem to be at

should be noted, however, that although dual antiplatelet
drug HPR may occur, HPR to one class of antiplatelet drugs
does not necessarily confer HPR to other classes of anti-
platelet drugs. Some nonresponders to a 300-mg initial
loading dose of clopidogrel can be converted to responders
by increasing the loading dose,'* by increasing the main-
tenance dose,'® or by increasing both the loading and
maintenance dose.'®! The degree of platelet reactivity (and
drug responsiveness) may differ depending on such things
as body mass index,''® stress,'®® and the timing of drug

298 www.anesthesia-analgesia.org

administration in relation to the degree of platelet reactivity
during the inciting event such as PCI'*® or surgery.'®® Of
note, patients seem to have a consistently Righ

of when treated with thienopyridines.'** As with
aspirin, increased levels have been identi-
fied as a factor for

period may therefore be a period of for
thrombosis.'®® Until this question has been studied, in
situations of high risk for thrombosis in which clopidogrel
was discontinued before surgery, it may be reasonable to
consider reinstitution of clopidogrel therapy with a bolus of

after adequate hemostasis has been ensured.
therapy should also include the use of

should be as as
achieved orm surgery.
[PFasugrel (CS-747, LY640315)

Prasugrel is one of several new drugs that also act at the
ﬁw (Fig. 1) and has been introduced into
practice for the prevention of thrombosis after PCL>® It
belongs to the thienopyridine class of therapeutic drugs.'®®

Antiplatelet
1% which
has been

Efficacy

Randomized clinical trials have established the efficacy of
prasugrel as an antithrombotic drug.'®® In the setting of
PCI, initial studies suggested that prasugrel produced a
greater degree of platelet inhibition than clopidogrel and
was associated with fewer incidences of major adverse
cardiac events (MI, recurrent ischemia, and clinical target
vessel thrombosis).'”*'”" In a follow-up phase III study,
patients undergoing PCI and receiving aspirin were ran-
domized to receive either prasugrel 60 mg as an initial
loading dose and then 10 mg daily (n = 6813) versus
clopidogrel 300 mg loading dose and 75 mg (n = 6795)
daily, and followed for 6 to 15 months.'”? Prasugrel admin-
istration was associated with a significant reduction in
death from cardiovascular causes, nonfatal MI, or nonfatal
stroke (9.9% vs 12.1%). In addition, prasugrel produced a
significant reduction in the rates of MI (7.4% vs 9.7%),
urgent target vessel revascularization (2.5% vs 3.7%), and
stent thrombosis (1.1% vs 2.4%). However, there was an
increased risk of bleeding events, particularly in patients
older than 75 years of age, with a small body mass index,
with a history of stroke or transient ischemic attack (TIA),
and/or in those undergoing coronary artery bypass graft
(CABG) surgery. Subgroup analysis of patients receiving
coronary artery stents (either bare metal or DES) for ACS'”®
or ST segment elevation MI'”* demonstrated improved
protection from in-stent thrombosis (and subsequent death
or MI) when prasugrel was given, without increased risk
for major bleeding complications. Other subgroup analyses
have shown greater protection using prasugrel in patients
with diabetes mellitus'”® and a reduction in subsequent
thrombotic events after the initial event.'”®

Pharmacokinetics

Animal studies have shown to be 10716100 times
in the inhibition of platelet
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Antiplatelet Drugs in the Perioperative Period

aggregation.'®® Similar to clopidogrel, prasugrel is a

to
of prasugrel to

177
t.

exhibit its antiplatelet effec
its active metabolite is than clopidogrel, involv-
ing lnly a P450-dependent step
(CYP3A4 and to a lesser extent CYP2B6),'”® leading to
increased levels of the active metabolite and hence in-
creased clinical effect.'”” Prasugrel metabolism seems to be
qvariations in CYP2C19 and CYP2C9
than clopidogrel®” and less affected by drug interactions
involving CYP3A4 for metabolism leading t
in active metabolite formation.'"" In healthy volunteers,
prasugrel is and metabolized after oral
administration with concentrations of the metabolites
occurring at 181,182 Approximately 68% of a dose is
excreted as metabolites in the urine and the remainder in
the feces."® Dose-finding studies have shown maximum
effects with an acceptable safety profile with an initial

activity during maintenance dosing with a daily
roducing a sustained response.'®'%° The
ratio of the active metabolite for prasugrel has been re-
ported to be 2.2 times higher than that for clopidogrel after
a loading dose, which may explain the faster onset of
activity, higher levels of active compound, and reduced
variability of platelet inhibition observed with prasugrel.'”

Pharmacodynamics

In common with other thienopyridine derivatives, prasug-
rel’s active metabolite (R-138727) [ifréversibly binds to the
P2Y,, receptor by forming disulfide bridges between extra-
cellular cysteine residues at positions Cys17 and Cys270 to
prevent platelet activation.'** In patients with stable coro-

nary artery disease, prasugrel produced a
than clopi-
d

ogrel."®>'*” In multiple-dose studies, the maximum anti-
platelet effect occurred after 2 days and of platelet
function occurred gradually ‘ discon-
tinuation of the drug.'®® In a study comparing platelet
aggregation response to a loading dose of prasugrel 60 mg
or clopidogrel 300 mg, the incidence of poor platelet
aggregation response after prasugrel administration was
lower (0%) than for clopidogrel (17%-43%).'*® When
healthy subjects receiving clopidogrel therapy were

switched directly to prasugrel (with or without a loading
dose),

In patients
with a demonstrated CYP2C19*2 loss of function allele with
reduced ability to generate the active metabolite of clopi-
dogrel, use of prasugrel improved platelet function inhibi-
tion in patients for whom HPR was demonstrated using
clopidogrel.'>”

Adverse Effects
The major adverse effect of prasugrel is bleeding.

In the phase III trial, prasugrel administration
was associated with a significantly ifiéréased incidence of

- adverse bléeding events (2.4% vs 1.8%; hazard ratio,

1.32).!”> There was a higher incidence of
bleeding (1% vs 0.9%), including nonfatal bleeding (1.1%

February 2011 e Volume 112 ¢ Number 2

vs 0.9%) and fatal bleeding (0.4% vs 0.1%). Although it may
be anticipated that excess bleeding might occur based on
the increased potency of prasugrel, patients at risk for
bleeding were excluded from the trial to start, prompting
one editorialist to comment that more extended use of the
drug in excluded patients would likely be associated with
an even greater risk of bleeding.'”’ He calculated a

He noted in particular
that patients with a history of were particu-
larly to the adverse (28% vs 0%)
and suggested that, at the dose tested in this trial, prasugrel
should be
Subsequent analysis of bleeding events has deter-
mined that the majority occurred during the maintenance
phase of the study and might be ameliorated in high-risk
patients (age >75 years or weight <60 kg) by a reduction in
the maintenance dose.'®”"'%

Drug Interactions
Because of the requirement for metabolism by the cytochrome
P450 system (CYP3A4/CYP2B6), there is a theoretical possi-
bility of interactions with other drugs metabolized by that
system although enzyme kinetic studies suggest this is
unlikely.139'178'193

Prasugrel HPR
Compared with clopidogrel, use of prasugrel led to [féWer
* and better clinical response in diabetic
patients.'®* Poor response to clopidogrel (as measured by
light transmission aggregometry) was attributed to reduc-
tions in the amount of measured active metabolite available
to interact with platelets as opposed to alterations in the
platelet P2Y,, receptor.

The place of prasugrel in the management of athero-
thrombotic occlusive disease remains to be determined.
Further clinical trials are ongoing (e.g., TRILOGY-ACS,
SWAP, ACAPULCO, OPTIMUS-3), examining the poten-
tial utility of prasugrel in a variety of other patient popu-
lations.'®” From a practical point of view,

but Aot Shorter 50 one could

expect that in the perioperative period there may be an
increased risk of pléeding. When, or if, it should be discontin-
ued in the perioperative period has not been studied but
a
where there is significant risk of bleeding would be in keeping
with the guidelines suggested for clopidogrel and based on

the pharmacokinetic/pharmacodynamic properties of the
drug, 165183184

Elinogrel (PRT060128)

Elinogrel is a direct-acting, reversible P2Y,, receptor inhib-
itor with a novel structure (sulfonylurea) and can be
administered both orally and IV.'®* This allows for the
rapid onset of antiplatelet activity after IV administration
and then a transition to a predictable platelet inhibition
with the oral dosing form.'*®

Efficacy

Phase I studies demonstrated the ability to inhibit ADP-
induced platelet aggregation within 20 minutes of admin-
istration; dose-dependent inhibition of platelet aggregation;
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synergism when administered with aspirin; and additional
inhibition of platelet aggregation in the Early Rapid Rever-
sal of Platelet Thrombosis with IV Elinogrel before PCI to
Optimize Reperfusion in Acute Myocardial Infarction
(ERASE-MI) study. ERASE-MI was a phase IIA study in
subjects undergoing primary PCI and randomized to re-
ceive either elinogrel or placebo before the start of the
diagnostic angiogram that preceded the primary PCI pro-
cedure.'” It was conducted in 2 phases: phase I was a
dose-escalation study examining 10 mg (1 = 10), or 20, 40,
or 60 mg (n = 20 each) or placebo; phase II was a
dose-confirmation study examining the highest tolerated
dose but was not completed because the sponsor termi-
nated the study for administrative reasons. Patients could
receive aspirin, heparin, and clopidogrel but other antico-
agulants were proscribed. No major bleeding events oc-
curred in the treated population at any dose. No differences
in adverse events were recorded although they were nu-
merically higher in the placebo group. The authors con-
cluded that elinogrel, at the doses examined in this study,
was feasible and tolerable. The drug is undergoing further
study (INNOVATE PCI NCT00751231).

Pharmacokinetics and Pharmacodynamics

After administration of a 50-mg oral dose, approximately
56% of the total dose was excreted in urine and 48% in
feces. The main circulating compound was unchanged
elinogrel and the major compound excreted in urine and
feces was the parent compound. The major metabolic route
was by demethylation to form the metabolite PRT060301
(approximately 10%)."** In a study of 20 patients who had
previously undergone PCI and were being treated chroni-
cally with clopidogrel 75 mg and aspirin 81 mg daily and
screened for the presence of HPR, elinogrel 60 mg was
given orally between 12 and 16 hours after the previous
day’s dose of clopidogrel."”” The drug had a terminal
elimination half-life of 12 hours and was cleared by the
hepatic and renal routes with only limited metabolism."”
Peak concentration was observed at 4 to 6 hours followed
by a decrease to negligible levels by 24 hours. Plasma
concentrations mirrored the pharmacodynamic effect. The
antiplatelet effect peaked at 4 to 6 hours and returned to
predosing levels by 24 hours. In patients for whom HPR
was demonstrated while receiving aspirin and clopidogrel,
additional inhibition of platelet aggregation after elinogrel
administration occurred even in subjects known to have the
CYP2C19%2 allele.'™*

Adverse Effects

In the phase I clinical trials, single-dose elinogrel was well
tolerated with no serious or clinically significant adverse
events. In the phase Ila trial, the incidence of bleeding and
serious adverse events was similar.'** In theory, because of
its sulfonylurea backbone, patients with a history of ad-
verse reactions to sulfonylurea drugs might be at increased
risk for development of allergic type reactions.

ADP RECEPTOR ANTAGONISTS
Cangrelor (AR-C69931)

Cangrelor is an ADP receptor antagonist that has been inves-
tigated in recent clinical trials'®'*® (Fig. 1).>* Because it is a

300 www.anesthesia-analgesia.org

inhibitor of platelet function, it has
the potential to play a significant role in the management of
patients with atherosclerotic disease in the perioperative period.

Efficacy
In small studies, cangrelor was an effective antithrombotic
drug in patients with ACS, unstable angina, or non-Q wave
ML'?2% In a randomized clinical trial of patients with
AMI receiving cangrelor alone, alteplase alone, or 1 of 3
differing doses of

than either drug alone. Researchers of 2 phase III
clinical trials using cangrelor in patients undergoing PCI
have recently reported their outcomes. Bhatt et al.*** per-
formed a randomized trial of the addition of cangrelor or
placebo to clopidogrel in 5362 patients undergoing PCI
(CHAMPION PLATFORM Study). The primary end point
was a composite of death, MI, or ischemia-driven revascu-
larization at 48 hours. There was no difference in the
primary end point between the 2 groups. In 2 prespecified
subgroup analyses, cangrelor produced a significant differ-
ence in the rate of stent thrombosis and death from any
cause. No differences in transfusion rate were observed
although a higher incidence of groin hematoma occurred in
the cangrelor-treated group. The trial was terminated early
when an interim analysis concluded that the trial was
unlikely to show superiority for the primary end point. The
second trial examined the effect of cangrelor or clopidogrel
administered to 8716 patients before undergoing PCI
(CHAMPION PCI Trial).?>® The same composite end point
was used as in the CHAMPION PLATFORM trial. Again,
no difference in outcome was measured. This trial also was
terminated early for lack of efficacy.

Pharmacokinetics

Given
n the absence of a loading dose) and

clearance (50 L/h) with an
This leads to rapid of
when the drug is discontinued.*”
Metabolism is by sequential dephosphorylation and there

are no active metabolites.'®” The drug is in
Pplasma and metabolism seems to be of abnor-
malities of JliVer or Kid€y| function suggesting its utility in
patients with impaired renal function.'®”

Pharmacodynamics

Cangrelor acts as a reversible inhibitor of the P2Y,, recep-
tor on the platelet surface.* It achieve

an that obtained by

Adverse Effects

In early clinical trials, cangrelor was well tolerated
(bleeding, transient increases in liver enzymes, and
bleeding at injection sites were the most common side
effects

).1997201207 In patients undergoing PCI, cangrelor

w

icebo for 18 to 24 hours, or, when compared with patients

receiving abciximab before PCI, with an increased risk of
bleeding or adverse cardiac events.”*” In the phase III

as
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Antiplatelet Drugs in the Perioperative Period

clinical trials, cangrelor administration was associated with

trends toward increased bleeding.??>?% Although the

mechanism has not been determined, concern has been

raised about the possibility of an increased incidence of
when drugs from this class are used.?%®

Drug Interactions
When given as combined therapy, cangrelor inhibited the
antiplatelet activity of clopidogrel but not when clopidogrel
was administered after cangrelor sequentially.”* The mecha-
nism was postulated to be due to inhibition by cangrelor of
the binding of the active metabolite of clopidogrel to serine
residues of the P2Y,, receptor on the platelet surface.

An IV P2Y,, inhibitor might well serve as an effective

or in situations

whereby operative intervention is a possibility, and research
on the role cangrelor might have as bridge therapy for elective
cardiac surgery is continuing. Such a drug would be an
important advance in the safe management of patients requir-
ing antiplatelet therapy in the perioperative period.

CYCLOPENTYLTRIAZOLOPYRIMIDINES
Ticagrelor (AZD6140)

Ticagrelor is an orally active — F receptor
antagonist of the cyclopentyltriazolopyrimidine class of

drugs undergoing clinical trials'®”*'® (Fig. 1).*

Efficacy
Ticagrelor has been shown to fapidly and effectively inhibit

platelet aggregation at doses ranging from 50 to 200 mg
twice daily. On day 1, [peaK [mhibifion occurred at 27674
hours whereas there was minimal inhibition demonstrated
with clopidogrel (75 mg twice a day). For the subset of 84
patients requiring CABG surgery in a phase II dose-finding
study of 2500 patients presenting with ACS,*!" there was no
increased incidence of major bleeding in ticagrelor patients
requiring surgery within 24 hours of drug administration
overall (1 of 2 patients in the clopidogrel group versus 5 of
10 ticagrelor patients), but a tendency for reduced bleeding
for patients requiring surgery between days 1 and 5 was
observed. In the trial as a whole, there were more asymp-
tomatic ventricular pauses observed in the ticagrelor-
treated patients. No differences in death occurred, but there
was a slight trend toward reduced incidence of MI in
ticagrelor-treated patients.

Ticagrelor was subsequently evaluated in a phase III,
double-blind, randomized clinical trial (Study of Platelet
Inhibition and patient Outcomes ) in patients with
ACS."? Patients with ACS, with or without ST segment
elevation, were randomized to receive ticagrelor 180%mg
- dose followed by daily (n = 9333) or
clopidogrel 300- to 600-mg loading dose followed by 75 mg
daily (n = 9291) for the prevention of cardiovascular
events. The primary end point (a composite end point of
time to the earliest occurrence of [V, q or r from
vascular causes) occurred in significantly patients
when examined at the 12-month follow-up time point
(ticagrelor 9.8% vs clopidogrel 11.7%; P < 0.001). For
patients receiving a stent, the rate of Stent thrombosis was

significantly in the group (1.3% vs 1.9%;
P = 0.009). in the rate of major -

February 2011 e Volume 112 ¢ Number 2

complications were observed (ticagrelor 11.6% vs clopi-
dogrel 11.2%; P = 0.43). Analysis of the subpopula-
tion alone revealed an [ificréased incidence of

StEOKE (0.2% vs 0.1%; P = 0.10). In the subpopulation of
patients undergoing CABG surgery, no difference in the
rate of major bleeding complications was observed (ticagre-

lor 7.4% [n = 619] vs clopidogrel 7.9% [n = 654]). An
increased incidence of major or minor bleeding (16.1% vs

14.6%; P = 0.008), dyspnea requiring discontinuation of
treatment (0.9% vs 0.1%; P < 0.001), ventricular pauses of
>3 seconds within the first week of therapy (5.8% vs 3.6%;
P = 0.01), and discontinuation as a result of any adverse
event (7.4% vs 6.0%; P < 0.001) was observed in the study
population as a whole. The authors concluded that ficagre®

An accompanying editorial suggested that, because of
its reversible effect on platelet function, ticagrelor may have
utility in patients for whom the coronary anatomy is
unknown and in whom a CABG procedure is deemed
probable.*'® In addition, for patients receiving prasugrel or
clopidogrel and requiring elective surgery,

could be considered.

as advised. These recommendations require verifica-
tion in properly conducted clinical trials. In a predefined
subset of patients undergoing a planned invasive strategy,
fewer patients randomized to the ticagrelor group had the
composite outcome of cardiovascular death, MI, or stroke
without an increased incidence of bleeding compared with
the group randomized to clopidogrel treatment*'* In a
randomized, crossover study, use of ticagrelor produced
increased platelet inhibition as compared with clopidogrel
and more patients considered nonresponsive to clopi-
dogrel*'® became responsive to ticagrelor than vice versa.

Pharmacokinetics
Ticagrelor is absorbed orally and does- require [meta-
_for its clinica1-216'21 It has one known
active metabolite, which is present in blood at a concentra-
tion approximately one-third that of the parent compound
as determined in phase I trials.*'®*'” After oral dosing in
healthy volunteers, effect on platelet inhibition was
measured a 216 The drug seems to have linear
kinetics*'” and after administration of ticagrelor
to patients with atherosclerotic disease, there was a linear
and dose-related increase in ticagrelor and its active me-
tabolite with no age- or gender-related differences.”'® The
terminal was approximately 27

Pharmacodynamics

Ticagrelor binds to the P2Y,, receptor in a reversible
manner and nearly completely induced plate-
let aggregation.”'®*'® Tt has a and of
platelet inhibition than Ticagrelor has been
shown to rapidly and effectively inhibit platelet aggrega-
tion at doses ranging from 50 to 200 mg twice daily.*'® Its
ability to interact with the P2Y,, receptor does not seem to
be affected by alterations in single nucleotide polymor-
phisms of the receptor gene.”° Ticagrelor produces more
rapid and greater inhibition of platelet aggregation than
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clopidogrel.*'®**! Doses >100 mg produced very little
additional increase in the degree of inhibition of platelet
aggregation. When compared with clopidogrel, no differ-
ences in inflammatory markers measured in a group of
patients with ACS were detected.”*

Adverse Effects

The most common adverse event after ticagrelor adminis-
tration was bleeding.*'® requiring discontinuation
of therapy occurred in a larger proportion of patients (0.9%
ticagrelor vs 0.1% clopidogrel) in the PLATO trial.*'* In the
ONSET/OFFSET study comparing ticagrelor (n = 57),
clopidogrel (n = 54), or placebo (1 = 12),*'° in patients with
stable coronary artery disease, the incidence of dyspnea
and effect on pulmonary function measured by pulmonary
function studies were examined.”*® The incidence of dys-
pnea was 38.6% in ticagrelor-treated patients, 9.3% in the
clopidogrel group, and 8.3% in the placebo group (P <
0.001). Dyspnea led to drug discontinuation in 3 patients in
the ticagrelor group and was reversible. Dyspnea occurred
early (within the first week) in the majority of affected
patients and was described as mild. No changes in pulmo-
nary function in any group were measured. Dyspnea was
not a function of altered pharmacokinetic parameters.

Dipyridamole is a pyrimidopyrimidine derivative with
vasodilator and antiplatelet properties.**

Efficacy
Previous studies using the immediate-release formulation of
dipyridamole did not, in general, show it to be superior to
other antiplatelet drugs, and its side-effect profile (mainly
headache) limited its application.”* However, more recent
guidelines now include aspirin and extended-release dipyrid-
amole as an acceptable choice for the prevention of cerebral
ischemic events in patients with noncardioembolic TIA or
stroke.**'% Dipyridamole is inferior to clopidogrel treatment
for aspirin-intolerant patients undergoing PCI and is not
recommended for patients undergoing CABG surgery.® As-
pirin continues to be the first choice for prevention of occlu-
sive vascular disease followed by clopidogrel and cilostazol
for certain populations.®

However, given the above recommendations and in
particular for stroke management, it is likely that anesthe-
siologists will encounter patients receiving the combined
therapy, i.e., aspirin and extended-release dipyridamole.
Perioperative management should weigh the risks and
benefits including the possibility of increased risk of bleed-
ing caused by the combination.

Pharmacokinetics

Absorption of oral doses of dipyridamole is quite vari-
able***” but a modified-release formulation has im-
proved the bioavailability.”*® The drug is metabolized to a
glucuronide, excreted primarily in bile, and subject to
enterohepatic recirculation with a terminal half-life of 19
hours making twice-daily dosage possible particularly
when the modified-release formulation is used.”®® Dipyrid-
amole is highly protein bound to albumin and a;-acid
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glycoprotein,®*® with consequent reduction in drug effect.>*!
Because a;-acid glycoprotein is an acute phase reactant whose
levels increase in the perioperative period,*** there is a possi-
bility of reduced drug effect because of increased protein
binding if dosing is not increased.

Pharmacodynamics

The mechanism of action is thought to be via increased cyclic
adenosine monophosphate (cAMP) by inhibition of nucleo-
tide phosphodiesterase, blockade of the uptake of adenosine
thereby increasing the amount of adenosine at the platelet
vascular interface,”” or direct stimulation of prostacyclin
release from the endothelium.?*” In high doses, drug-induced
vasodilation and tachycardia may produce myocardial isch-
emia, which may be a limiting factor for its use as an
antiplatelet drug.®** Compared with aspirin or clopidogrel,
dipyridamole produced sustained platelet inhibition but via a
broader range of mechanisms.>**?%

Adverse Effects

Use of dipyridamole is associated with an increased risk of
bleeding events.*” The most common adverse effect of
chronic administration is headache.>*® Dipyridamole has
been used for cardiac diagnostic testing including stress
echocardiograms (single-dose studies) and in that popula-
tion there is a small incidence of death (0.9:10,000), stroke
or TIA (1.22:10,000), AMI (1.76:10,000), bronchospasm
(1.22:10,000), and arrhythmias (0.81:10,000) detected.**”

Drug Interactions

When coadministered with aspirin, there is an increased
risk for bleeding.*” Although we could find no substanti-
ating reports, it is possible that there could be additive
hypotensive effects if dipyridamole was administered with
other drugs that are vasodilators, e.g., ACE inhibitors.

Cilostazol
Cilostazol is a phosphodiesterase 3 inhibitor with vasodi-
lator and antiplatelet aggregation properties>® (Fig. 1).>

Efficacy

Cilostazol has been demonstrated to be effective in the
setting of peripheral vascular disease®® and is currently
recommended for patients with moderate-to-severe dis-
abling intermittent claudication who do not respond to
exercise therapy, and who are not candidates for surgical or
catheter-based interventions.®" Cilostazol has been shown
to prevent stent thrombosis and restenosis.*****! An en-
hanced antiplatelet effect of triple therapy (with aspirin and
clopidogrel) has been demonstrated,*** although side ef-
fects with cilostazol (skin rash and GI upset) limited its
use.>***** For the prevention of stroke, Gotoh et al**
demonstrated a significant reduction in recurrence of cerebral
infarction as compared with placebo alone. In a randomized
trial examining the relative merits of cilostazol versus aspirin
in patients with an ischemic stroke using as the primary
outcome the recurrence of stroke, Huang et al.**® determined
that there was no difference in the ischemic stroke reoccur-
rence rate but patients treated with cilostazol had lower rates
of cerebral bleeding suggesting perhaps an improved safety
profile. Compared with aspirin alone, cilostazol and aspirin
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Antiplatelet Drugs in the Perioperative Period

demonstrated enhanced antiplatelet activity in patients un-
dergoing off-pump coronary artery surgery.**”

Pharmacokinetics

There is large variability in the absorption of orally admin-
istered cilostazol**® that does not seem to be attributable to
the activity of the drug transporter P-glycoprotein.*** The
drug is metabolized primarily by CYP3A4/5 with a lesser
contribution by CYP2C19 to inactive metabolites.”° It is
extensively protein bound (approximately 95% primarily to
albumin).?®! The elimination half-time for cilostazol is
approximately 10 hours.*®> No differences in pharmacoki-
netics were detected based on age or gender in healthy
subjects aged 50 to 80 years.>>'*>> Although the clearance
of cilostazol was increased in patients with renal failure*>
and decreased in patients with liver failure,”*>*** no dos-
age adjustments were necessary.

Pharmacodynamics

Cilostazol is a more potent inhibitor of platelet aggregation
than ticlopidine or aspirin.>*® Its mechanism of action is to
inhibit the intracellular enzyme phosphodiesterase 3 lead-
ing to an increase in cyclic adenosine monophosphate with
resultant decreases in platelet aggregation and vasodila-
tion.>>* Similar concerns about producing hypotension and
tachycardia as a result of vasodilation as are present with
dipyridamole are also relevant here.*®

Adverse Effects

Headache is a common side effect of treatment with cilostazol
and may be a reason some patients discontinue therapy.*” In
a postregistration placebo-controlled, randomized, double-
blind safety trial of the use of cilostazol in patients with
peripheral vascular disease, a significant proportion of pa-
tients discontinued therapy (60%).>® There was no increased
incidence of death or bleeding. A blinded post hoc analysis
demonstrated an increased risk of cerebral vascular events in
patients in the placebo arm (6.1% vs 3.2%).%°

Drug Interactions

Because of its metabolism by CYP3A4 and CYP2C19, cilosta-
zol may be involved in drug interactions with drugs also
requiring these isoforms for their metabolism. Cilostazol
metabolism was inhibited by omeprazole (a CYP2C19 inhib-
itor) and erythromycin (a potent inhibitor of CYP3A4) with
resultant decreases in plasma concentrations of cilostazol and
its active metabolite.”*>?*! Coadministration with lovastatin
(a CYP3A4 substrate) resulted in reductions in cilostazol plasma
concentrations but not to clinically significant levels.*** Lova-
statin levels were increased but not to levels requiring dosage
adjustments. There were no reports of a clinically significant

interaction when coadministered with aspirin.>>

Antiplatelet drugs may increase the risk of surgical bleed-
ing. However, there have been several reports of stent
thrombosis and death in the perioperative period when
antiplatelet drugs were discontinued.*® In addition, in-
creased mortality when surgery is delayed in patients
taking antiplatelet drugs to allow coagulation variables to
normalize has been reported.”®® These reports have raised
concern about the appropriate management of antiplatelet
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drugs in the perioperative period.”** The most appropriate
timing of surgery after insertion of a bare metal stent or
DES is still under active investigation but initial reports
suggest that

Thereafter, problems with late stent thrombosis are more
prevalent in patients receiving DESs.**® Although there
seems to be no time frame when the risk becomes zero
regardless of when a DES was inserted,?®” recent data
sugegest that the

i

As a consequence of these concerns, the American Heart
Association has released a statement'® concerning prema-
ture discontinuation of dual antiplatelet therapy in patients
with coronary artery stents. This advisory comments that
is a catastrophic event with the incidence
Jo OF It may be
more common than previously appreciated particularly
because there is increasing usage of these
than those who were origi-
nally studied (so-called * " usage).”® Although
there were few data upon which to make any recommen-
dation, the American Heart Association advisory observed
that the objective evidence for an increased risk of
bleeding during noncardiac surgery in patients with dual
antiplatelet therapy continued perioperatively was weak.
However, a recent report suggests that as many as

O
._,.,I

|

after PCI and, of these, 8.6% will have a bleeding
episode.””® These data suggest that as the use of anti-
platelet therapy after DES continues and more patients
receiving them present for elective surgery, there will be
an increased risk for adverse bleeding outcomes in this
population. The general experience with cardiac surgery is
that there are increased bleeding complications when
clopidogrel is part of dual antiplatelet therapy that is
continued into the perioperative period.'”'®2712”2 Where
possible, aspirin should be continued throughout the peri-
operative period. The

in this regard and led to increased bleeding.
There were no data supporting the efficacy of glycoprotein
IIb/Ila drugs in this situation. They suggested that, in
keeping with the advice given by a recent Food and Drug
Administration panel® for all patients receiving DES, dual
antiplatelet therapy should be continued for 12 months
after stent insertion. (Support for this recommendation has
been provided in a study that demonstrated that clopi-
dogrel use for >1 year was associated with a lower
mortality in patients having PCI and stent placement.*”?)
The panel also made additional recommendations concern-
ing the management of patients receiving a DES. These
were as follows:

1. “Before implantation of a stent, the physician should
discuss the need for dual antiplatelet therapy. In
patients not expected to comply with 12 months of

#United States Food and Drug Administration Circulatory System Devices
Panel. Available at: http://www.fda.gov/ohrms/dockets/ac/cdrh06.
html#circulatory. Last accessed November 19, 2010.
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thienopyridine therapy, whether for economic or
other reasons, strong consideration should be given
to avoiding a drug-eluting stent (DES).
2. In patients who are undergoing preparation for per-
cutaneous coronary intervention and are likely to
require invasive or surgical procedures within 12
months,

or performance of

with provisional stent implantation in-

stead of the routine use of DES.

3. A greater effort by healthcare professionals must be
made before patient discharge to ensure patients are
properly and thoroughly educated about the reasons
they are prescribed thienopyridines and the significant
risks associated with prematurely discontinuing such
therapy.

4. Patients should be specifically instructed before hospi-
tal discharge to contact their treating cardiologist before
stopping any antiplatelet therapy, even if instructed to
stop such therapy by another healthcare provider.

5. Healthcare providers who perform invasive or surgi-
cal procedures and are concerned about periproce-

dural and postprocedural bleeding must be made

aware of the potentially

Such
professionals who perform these procedures should
contact the patient’s cardiologist if issues regarding
the patient’s antiplatelet therapy are unclear to dis-
cuss optimal patient management strategy.

6. Elective procedures for which there is significant risk of
perioperative or postoperative bleeding should be de-
ferred until patients have completed an appropriate
course of thienopyridine therapy

. For patients treated with DES who are to undergo
subsequent procedures that mandate discontinuation

of thienopyridine therapy, @8pififi should be Contin-

{ied|if at all PoSSibIE and the thienopyridine restarted
as soon as possible after the procedure because of

concerns about late-stent thrombosis.

8. The healthcare industry, insurers, the US Congress,
and the pharmaceutical industry should ensure that
issues such as drug cost do not cause patients to
prematurely discontinue thienopyridine therapy and to
thus incur catastrophic cardiovascular complications.”

Clearly, these recommendations have significant implica-
tions for anesthesiologists who manage patients during the
perioperative period and will require appropriate consul-
tation with surgeons and cardiologists as well as a clear
understanding of the risk-benefit ratio for performance of
procedures such as regional blocks, epidurals, and spi-
nals.””* Given that all new antiplatelet drugs will be
required to be at least as effective as clopidogrel and the
current recommendations against the performance of re-
gional anesthesia when clopidogrel is present,*”” we sug-
gest that, where possible,

(Table 1). Although

their value as monitors of drug effect continues to
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evolve,>®™”? this may be a place for the use of platelet
function monitors in the perioperative period. Catheters
placed perioperatively should be removed before reinstitu-
tion of antiplatelet therapy.

The Society for Cardiovascular Angiography and Inter-
ventions Drug-eluting Stent Task Force have also released
their recommendations.”® They provide “practical advice”
on a number of related issues such as patient selection,
stent implantation, and medical-legal concerns. Of most
relevance to anesthesiologists is the section on dual anti-
platelet therapy. They concur with the Food and Drug
Administration panel recommendation to increase the du-
rafion of dual antiplatelet therapy to 12 months from 3
Furthermore, despite a
lack of conclusive evidence, they suggest that patients in
whom stent thrombosis may be catastrophic or lethal
should undergo platelet aggregation studies and where
appropriate, the dose of clopidogrel should be increased to
150 mg/d when platelet aggregation studies show <50%
inhibition (a study in patients with type 2 diabetes mellitus
lends some strength to this recommendation®®!). They
found no evidence that patients who have completed or
discontinued their course of dual antiplatelet therapy,
without incident, should restart thienopyridine therapy,
although they should continue taking
They reiterated that there are no proven “bridging” thera-
pies for patients who must discontinue dual antiplatelet
therapy for surgery.

Recognizing that cardiac surgery is associated with
generation of an inflammatory response leading to in-
creased platelet activation®** and turnover®® with result-
ant HPR for both aspirin and clopidogrel > the
following approaches should be considered:

* Aspirin therapy should be continued preoperatively
and throughout the perioperative period”® unless the
risk of bleeding is considered to be high or the
consequences of bleeding are significant, e.g., ophthal-
mological surgery.®®

e Although there are currently no satisfactory risk

stratification schemes with respect to the management

of bleeding risk in patients taking antiplatelet drugs in
the perioperative period,®* patients undergoing uro-
logical surgery, major vascular surgery, cardiac sur-
gery with identified risk factors®®® neurosurgery
involving the brain or spinal cord, or where the
complications of
ophthalmic surger

In patients at high risk of thrombotic complications

(e.g., those with a [DESHR'place), use of a Righer dose
of GSP (e, B25.mg) in the POSKGpERAive period

should be considered'®”* with a return to a dose of

mg daily BBUsing a variety of tests of
platelet function, Golanski et al.*® demonstrated that
37.5% of patients receiving 325 mg of aspirin after
cardiac surgery were responders at day 10 postopera-
tively, increasing to a 96% response rate at 30 days,
which forms the basis for this recommendation. In the
postoperative period for patients at high risk of
thrombotic complications (e.g., those with a DES in
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place) receiving clopidogrel, when the drug has been
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s5 < g 83 discontinued for =5 days in the perioperative period
Ho T2l E . . . .
25 ¥ £868°3 and there are no signs of ongoing bleeding, consider-
Y 2 S °G ﬁ g g - ation should be given to rebolusing the drug (300-600
E25 , 802 wd mg) with use of a higher maintenance dose (150 mg)
BEE225c<8 166,284
Eh EESSEE for 30 days."**
2 * Resumption and continuation of other standard medi-
= cal therapies including ACE inhibitors, statins,
£ 510 P &
-% - § s '; B-blockers, etc., should be initiated as soon as possible
Be g oD s % ‘ig & in the postoperative period.”®
BE T g = [} 5
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R - [} . . . . .
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Eagggéggog‘igbg suggesting
wsESSEgS082SF (8 (as opposed to 7-10 days),*****°and the use of
-8 - o -8 o8 8 2 0o Do|g . . .
s gWE o= S0 SRS rebolusing and higher maintenance doses postopera-
3 2 -0 r g tively'?*>?%2 (Table 4). There is a - of ﬂ in
. o S the recommendations (e.g., when [or if] aspirin
s 3. 5 ® (l should be discontinued preoperatively, when -clopi-
< E 5"; £ "_;g a dogrel should be discontinued preoperatively, when
S g 2 2858 Z aspirin therapy should be reinitiated postoperatively and
— = < . iy
dp) E - E & £ =P 2 at what dose, when clopidogrel therapy should be reini-
EEo 3555t S : - :
L 8Tz Ed83%:=% e g tiated and at what dose, the duration of antiplatelet
S S 3 S50M0 > = thera ostoperatively, and the role of platelet function
E 0 +SgcQLecETT © pyp P Yy p
~ = 52:885°° g monitors'®?*?), no doubt a reflection of the rapidly
< g 8588 ® E 3 advancing knowledge base upon which recommenda-
< < £ tions can be made.
o
s = .
Z % 9 = : -_ Prevention and Management
T E=g ° of Complications
g ¥ o¥c é Although the degree to which antiplatelet therapy con-
E 5§85 by tinuation contributes to transfusion requirements intra-
SHEQO 0 . : 11y 287,288
829208 > & operatively is uncertain,**’**® it has to be acknowledged
<E T RS 5 that continuing antiplatelet therapy in the perioperative
- < . . . . . .
— _‘é” g 23 g I period is not without risk for bleeding complica-
p) s g_ 288 s tions,'”?¢?712% including after performance of regional
L o 8- = 2 anesthesia,>%?°! suggesting that an individualized ap-
um i proach to management of antiplatelet therapy is prudent.
= 2 E 5 Guidelines on the management of antiplatelet therapy
p) s £E5¢ g before cardiac surgery have been published.'®***> Con-
LL E ESe 2 tinued use of clopidogrel may lead to more blood
Z S FoE g product usage and need for surgical reexploration,'®
E_ESS S each of which carries additional risk for the pa-
EsE Qo © . 203-296 s+ . ..
§ 25 E’_ 2 tient.”””=”° Similarly, continued use of aspirin may lead
c & E 5 0 ® to increased risk for transfusion and surgical reexplora-
= é’- Y o tion." Use of point-of-care platelet function monitors or
(%
< £ a 38 g standard platelet aggregometry may allow one to deter-
g5 = g mine the degree of residual drug effect and therefore the
= *nzﬁo ability to make an informed decision about the safety of
£ performing regional anesthesia. The merits of each plate-
§ E = ?D let function test to measure drug effect on platelet activity
g E S 2 have been reviewed elsewhere and will not be further
_ R I considered here.”” If the performance of regional anesthe-
8 3 2 sia is considered essential, platelet administration could be
= = 2 ided by platelet functi itoring if available.2*®
2 g guide y platelet tunction monitoring if available.
= & Other potential perioperative uses of platelet function
3 © monitoring include evaluation of patient compliance, tim-
~ £ ing of surgery, identification of “hyper-responders” for
< £ whom continuation of aspirin or clopidogrel in the periop-
L) n erative period might lead to an increased risk of bleeding,
i 2 and as part of a transfusion algorithm to guide blood
= @ component administration.®* 72997302
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o

Previous coronary stent and
need for noncardiac surgery

Y
| What type of stent? |

Bare metal stent Drug-eluting stent

N

How long since stent
was implanted?

How long since stent
was implanted?

<6 weeks

Figure 4.

. N.B. It is also essen-
tial to determine the level of compliance
with antiplatelet medication administration
when assessing risk. (From Riddell et
al.,318 with permission.)

HIGH RISK

LOW RISK

=6 weeks =1 year

N S

Presence of additional
risk factors*?

2

none few many

:

| MODERATE RISK |

<1 year

HIGH RISK

HIGH RISK

*Additional risk factors for stent thrombosis

Coronary anatomy
Bifurcation stenting

Ostial stenting

Small (<3.0 m) stent
diameter

Long (>18mm) stent length
Overlapping stents
Multiple stents

Suboptimal result

Patient

Diabetes

Renal impairment
Advanced age

Low ejection fraction
Prior brachytherapy

Stent-Indication
Acute coronary syndrome

As regards the intraoperative management, in addi-
tion to component blood therapy including [platelets, a
meta-analysis has determined that the combined use of

aspirin and antifibrinolytics did

may complications and have a role in
the management of bleeding risk in high-risk patients
receiving antiplatelet drugs perioperatively.>*® The mer-
its of which antifibrinolytic drug is best given their risk
and benefits continue to be debated®** %7 and are be-
yond the scope of this review. There may be merit in
using point-of-care devices to reduce transfusion re-
quirements and guide component therapy.’*®*>'> When
hemorrhage is severe and unresponsive to conventional
treatment, recombinant activated factor VII may be con-
sidered, although the possibility of increased thrombotic
complications must also be considered, especially in
patients with vascular disease.'??'3313

An Approach to Management
To help determine the best approach to the management
of patients in the perioperative period, Riddell et al. have

February 2011 e Volume 112 ¢ Number 2

provided some advice based on consensus opinion.>'®
The fiEst step is to the [FiSK of pleeding (not
only the quantity but also the site, e.g., ophthalmological
surgery) in consultation with the surgeon and cardiolo-

ist. The next step is to determine the [FSK of stent
_ (Fig. 4).°' Finally, by assessing both risks,
recommendations as to what to do with oral antiplatelet
drugs are provided (Table 5).°'¢

CONCLUSIONS

We have reviewed some of the issues of concern regarding
the use of antiplatelet drugs in the perioperative period. In
general, the safest approach to prevent thrombosis seems to
be continuation of these drugs throughout the periopera-
tive period except when concerns about perioperative
bleeding outweigh those associated with the development
of thrombotic occlusion. In situations in which a large
inflammatory response is expected, higher doses or use of
dual antiplatelet therapy may be indicated. Aspirin and
clopidogrel (alone and in combination) have been the
most studied and have the best-known risk-benefit pro-
files of drugs currently available. Other drugs, e.g.,
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Table 5.

Risk of surgical pleeding

Risk of stent
High
High Stop all OADs
Consider short-acting IV antiplatelet drugs
while off OADs
Proceed with surgery
Restart OADs as soon as possible after

Moderate Low

Continue at least 1 OAD if possible

Consider short-acting IV antiplatelet agents
while off OADs

Proceed with surgery

Restart OADs as soon as possible after

Continue all OADs
Proceed with surgery

Continue all OADs
Proceed with surgery

Restart OADs as soon as possible after

surgery surgery
Moderate Stop all OADs Continue 1 OAD if possible
Proceed with surgery Proceed with surgery
Restart OADs as soon as possible after
surgery surgery
Low Stop all OADs Stop all OADs

Proceed with surgery
Restart OADs as soon as possible after

surgery

Proceed with surgery
Restart OADs as soon as possible after

surgery

Continue 1 OAD if possible

Proceed with surgery

Restart OADs as soon as possible
after surgery

OAD = oral antiplatelet drug.

N.B. Where possible, compliance should be checked and appropriate platelet function tests performed.

Modified from Riddell et al.,>*® with permission.

prasugrel, dipyridamole, and cilostazol, have not been as
extensively investigated. Whether drugs such as cangre-
lor and ticagrelor confer additional benefits remains to
be established. Knowledge of the pharmacodynamics
and pharmacokinetics may allow practitioners to antici-
pate difficulties associated with drug withdrawal and
administration in the perioperative period including the
potential for drug interactions. §§
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