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CARDIOTHORACIC ANESTHESIA, RESPIRATION AND AIRWAY

Brief review: Coronary drug-eluting stents and

anesthesia

[Article de synthese court : Les tuteurs covonariens actifs et Panesthésie |

Aparna R. Dalal MD, Stanlies D’Souza Mmp, Mark S. Shulman MD

Purpose: Anesthesiologists managing patients with drug-eluting
stents (DES) face the challenge of balancing the risks of bleeding
vs perioperative stent thrombosis (ST). This article reviews DES
and the influence of antiplatelet medications related to their
use. A perioperative management algorithm is suggested. Novel
P2Y 12 antagonists currently under investigation, including can-
grelor and prasugrel are considered, as well as their potential
role in modification of perioperative cardiovascular risks and
management of patients with DES.

Source: A PubMed search of the relevant literature over the
period 1985-2005 was undertaken using the terms “drug-elut-
ing stent”, “coronary artery stent”, “bare metal stent”, “anti-
platelet medication”, “aspirin”, “clopidogrel.”
Principal findings: Delayed re-endothelialization may render
both sirolimus-eluting and paclitaxel-eluting stents susceptible
to thrombosis for a longer duration than bare metal stents.
Stent thrombosis may be associated with resistance to anti-
platelet medication. In patients with a DES, a preoperative
cardiology consultation is essential. Elective surgery should be
postponed if the duration between DES placement and non-
cardiac surgery is less than six months. For semi-emergent
procedures, both aspirin and clopidogrel should be continued
during surgery unless clearly contraindicated by the nature of
the surgery. If the risk of bleeding is high, then modification of
antiplatelet medications should be considered on a case-by-case
basis.

Conclusion: A profound increase in the number of patients
with DES requires anesthesiologists to be familiar with their
associated antiplatelet medications, and strategies for risk
modification of ST and possible hemorrhagic complications in
the perioperative setting.

Objectif : Les anesthésiologistes qui prennent en charge des
patients porteurs de tuteurs coronariens actifs (TCA) font face
au défi d’évaluer le risque de saignement en regard du risque de
thrombose du tuteur dans la période périopératoire. Cet article
traite des TCA et de I'influence des agents antiplaquettaires utilisés
concurremment. Un algorithme de prise en charge est présenté.
Les nouveaux antagonistes P2Y |2 maintenant a I'essai, comme le
cangrelor et le prasugrel, sont présentés, ainsi que leur réle éven-
tuel sur la modification du risque cardiovasculaire périopératoire et
de la prise en charge des patients avec TCA.

Source : Une recherche d’articles pertinents a I'aide de PubMed
pour la période 1985-2005 a été entreprise en utilisant les termes
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“drug-eluting stent”, “coronary artery stent”, “bare metal stent”,

» o«

“antiplatelet medication”, “aspirin”, “clopidogrel.”

Constatations principales : Les tuteurs au sirolimus et au
paclitaxel retardent la réendothélialisation. lIs sont donc plus sus-
ceptibles de former une thrombose plus longtemps que les tuteurs
métalliques nus. Une thrombose due au tuteur peut entrainer une
résistance aux agents antiplaquettaires. Une consultation en car-
diologie est essentielle pour les patients avec un TCA. Une chirurgie
réglée doit étre reportée pour les patients porteurs de TCA depuis
moins de six mois. Pour les urgences relatives, il est recommandé
de poursuivre le traitement a I'aspirine et au clopidogrel a moins
que le type de chirurgie ne le contre-indique. Si le risque de saigne-
ment est élevé, une modification du traitement antiplaquettaire
doit étre envisagée au cas par cas.

Conclusion : A cause du nombre croissant de patients porteurs de
TCA, les anesthésiologistes doivent se familiariser avec les agents
antiplaquettaires et avec les stratégies visant a modifier le risque
de thrombose et de complications hémorragiques possibles dans le
cadre d’une chirurgie.
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ERCUTANEOUS coronary intervention

(PCI) now surpasses coronary artery bypass

grafting (CABG) as the most frequent revas-

cularization procedure for coronary artery
disease (CAD). Prior to the introduction of drug-
eluting stents (DES), patients with multivessel CAD
requiring revascularization would often undergo
CABG surgery instead of PCI because of concerns
regarding restenosis with bare metal stents (BMS).
Other factors such as left main discase, diabetes mel-
litus, and technical feasibility also influenced the deci-
sion to proceed with CABG surgery. In the current
era of DES, it is likely that surgery will continue to be
performed only for more complex subsets. Replacing
CABG as the preferred therapy for two- and three-
vessel CAD has enormous potential for patient well-
being, productivity, and cost-savings to the health care
system. In the United States, the reimbursement rates
for CABG and PCI with DES differ by approximately
$15,000.! Thus, the market for DES is expanding
exponentially, and DES are now available in more than
80 countries worldwide.

Drug-eluting stents have significantly reduced the
incidence of in-stent restenosis, but are also associ-
ated with the potential for an increased incidence
of late stent thrombosis (ST). This is especially true
in patients who require non-cardiac surgery and
discontinue their antiplatelet therapy. The prognosis
of patients who develop late ST is poor, and these
individuals face a significant mortality risk.> While
perioperative mortality rates specifically related to
DES have yet to be determined, the problem recently
prompted the U.S. Food and Drug Administration
(FDA) to issue a physician communication regarding
this issue.A

Anesthesiologists are likely to encounter more
patients preoperatively who have been treated with
DES. Several important issues emerge when dealing
with perioperative patients who have an implanted
DES. These include defining the safe period after
which a recently stented patient can undergo elective
surgery, modification of antiplatelet therapy for semi-
emergent procedures, and obtaining a preoperative
cardiology consultation. Evaluation of perioperative
cardiovascular risk is essential, even if antiplatelet
medication is continued throughout the perioperative
period. Guidelines regarding perioperative manage-
ment of DES and the concurrent use of antiplatelet
agents have yet to be established. This article reviews

A FDA Patient Safety News: Show # 43, September 2005.
Importance of antiplatelet therapy with drug-eluting stents.
Available from URL; www.fda.gov/psn.

the best currently available information on DES,
required antiplatelet therapy, and anesthetic impli-
cations of DES. An approach to the perioperative
management of the patient with a DES is presented.
Finally, novel P2Y12 antagonists are considered, and
their potential impact on perioperative risk and man-
agement is reviewed. A PubMed search of the relevant
literature over the period 1985-2005 was undertaken
using the terms “drug-eluting stent”, “coronary artery
stent”, “bare metal stent”, “antiplatelet medication”,

“aspirin”, and “clopidogrel.”

Advantages of DES over BMS

Coronary balloon angioplasty is limited by vessel
recoil, spasm, and abrupt closure. Bare metal stents
may prevent these complications, however, they are
associated with restenosis rates of 25-30%.3 Restenosis
is the narrowing of a stented coronary artery due to
the development of neo-intimal hyperplasia within the
stent. The combination of arterial trauma and foreign
body response results in an acute and chronic inflam-
matory reaction. Activation of cytokines and growth
factors results in smooth muscle migration and pro-
liferation results in scar tissue formation within the
stent, thus narrowing the vessel lumen. This process
generally begins to occur in the first six to eight weeks
after stenting,* but can be seen beyond one year fol-
lowing stent placement.®

Drug-eluting stents were introduced to reduce
the rate of restenosis. The drug eluted from the stent
inhibits smooth muscle and endothelial cell prolif-
eration,® thereby delaying the inflammatory response.
The stent then becomes layered with endothelial
cells, albeit at a slower pace than seen with BMS.
Endothelialization of the stent causes the device to
be incorporated into the artery, becoming more a
part of the vessel rather an implanted foreign body.
Theoretically, complete healing of DES may take up
to two years.”

Two stents have received approval from both
the Food and Drug Administration in the United
States and the Conformite Europeene (CE) from
British Standards Institution. Taxus (Boston Scientific,
Natick, MA, USA) and Cypher (Cordis, Miami, FL,
USA) are currently manufacturing DES while a third
stent, Endeavor (Medtronic, Minneapolis, MN, USA)
has recently acquired the CE mark, and is expected
to receive FDA approval in the near future. Cypher
is a sirolimus-eluting stent (SES). Sirolimus is a
natural fermentation product produced by the fungus
Streptomyces hygroscopicus. It is a macrolide antibiotic
with potent antifungal, immunosuppressive, and anti-
mitotic activities.® It produces cell-cycle arrest in the
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TABLE 1

Trial and no. of patients  Stent TLR(%)  TVF(%)

Taxus IV (n = 1,314) Taxus stents 7.1 10
BMS 17.1 19.4

Sirius'® (7 = 1,058) Cypher stents 8.5 9.8
BMS 26.7 24.8

Endeavor IT'® (z = 1,197) Endeavor stent 7.8 9.9
BMS 15.7 17

Target lesion revascularization (TLR) is the need for a repeat pro-
cedure in the stented area. Target vessel failure (TVF) represents
the key clinical outcome, and is defined as the composite of death,
Q-wave myocardial infarction, and clinically driven repeat revascu-
larization of the target vessel.!3 BMS = bare metal stents.

G1/S phase transition and is regarded as a cytostatic
agent. Sirolimus-eluting stents are coated with 140
ng of sirolimus per square centimetre, which slowly
eludes over a course of four to six weeks. The Taxus
stent is a paclitaxel-eluting stent (PES). Paclitaxel is an
anti-neoplastic drug that is derived from a Pacific Yew
Tree (1nxus brevifolin). It produces cell-cycle arrest
in the G,/M phase transition and is regarded as a
cytotoxic agent.”! Paclitaxel-eluting stents are coated
with paclitaxel 100 pg-cm?, with a bimodal release
that is completed in approximately two weeks.!!
Endeavor from Medtronics elutes zotarolimus, a siro-
limus analogue. Other available DES include Xience V
from Guidant which elutes everolimus, and TriMaxx/
Zomaxx from Abbott which elutes biolimus.

The function of stents can be evaluated in terms of
target lesion revascularization and target vessel failure.
Clinical trials comparing DES with BMS have been
conducted!?!® (Table I). There is now an abundance
of clinical trial data showing the superiority of DES
over BMS for the prevention of in-stent restenosis.

A meta-analysis of randomized trials has demon-
strated that the rates of death, myocardial infarction
(MI), and ST for both SES and PES stents are similar.
The angiographic restenosis rate for SES was 9.3% »s
13.1 % for PES. Event rates for SES »s PES were 0.9%
and 1.1% respectively, for ST, 1.4% and 1.6% respec-
tively for death; and 4.9% and 5.8% respectively for the
composite of death or ML.1¢

To be effective, DES require a biocompatible
polymer coating that can hold and release the drug
in a time-controlled fashion. The drug is eluted in
sufficient quantity to prevent cell accumulation and
narrowing of the central lumen. This form of endovas-
cular release also lessens the incidence of systemic side
effects of the drug released from the stents.!” Since a
DES is designed to delay the inflammatory response,
thus reducing neo-intimal hyperplasia and in-stent
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FIGURE 1 Schematic diagram depicting mechanism of
action of sirolimus and paclitaxel. Sirolimus is a cytostatic
agent and acts on G1/S phase transition. Paclitaxel is a
cytotoxic agent and acts on G2/M phase transition. Both
drugs produce cell cycle arrest.

FIGURE 2 Schematic diagram depicting mechanisms of
action of aspirin and clopidogrel. Aspirin blocks cyclooxy-
genase enzyme 1 (Cox-1) which converts arachidonic acid
to prostaglandin G2/M2. This leads to inhibition of throm-
boxane A2 (TxA2) production. Clopidogrel irreversibly
inhibits the adenosine diphosphate (ADP) P2Y12 receptor.
This leads to inhibition of phosphorylation of vasodilator-
stimulated phosphoprotein (VASP). Glycoprotein I1b/IIIa
receptor is not activated. Ultimately, platelet aggregation
and activation is inhibited.

restenosis, the endothelialization of the stent may also
be delayed, thereby potentially increasing the risk of
subacute ST.

Antiplatelet medications for DES

Thrombus formation must be prevented with the
use of appropriate medications until the stents have
completely endothelialized. Platelets play a major
role in thrombus formation after coronary stenting.
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Uncontrolled and progressive platelet activation and
adhesion through a series of self-sustaining ampli-
fication loops may lead to intraluminal thrombus
formation, vascular occlusion, transient ischemia, or
infarction.!® Currently available antiplatelet agents
interfere with specific steps in the activation process,
including adhesion, release and/or aggregation, and
have a measurable impact on the risk of arterial throm-
bosis that cannot be disassociated from an increased
risk of bleeding.'8

Aspirin binds to the enzyme cyclooxygenase (COX)
preventing conversion of arachidonic acid to throm-
boxane (Figure 2). Clopidogrel and ticlopidine®
act on the adenosine diphosphate (ADP) receptor
which contains P2Y1 and P2Y12 subtypes. The
P2Y12 receptor is responsible for the completion
and amplification of the response to ADP and to all
platelet agonists, including thromboxane, thrombin,
and collagen. It plays a central role in the formation
and stabilization of a thrombus.!® The stimulation of
P2Y12 is also essential for ADP-mediated complete
activation of glycoprotein (GP) IIb/IIla and GP Ia/
1la, and further stabilization of platelet aggregates.?’
Thus, clopidogrel and ticlopidine irreversibly inacti-
vate the P2Y12 receptor via the covalent binding of
an active metabolite generated in the liver.2! Blocking
ADP binding results in a coupled biochemical reac-
tion that inhibits binding of fibrinogen to the GP
IIb/11la receptor on the platelet surface. Thus, the
platelet is irreversibly modified, rendering it unable to
aggregate.

The American College of Cardiology/American
Heart Association (ACC/AHA) guidelines recom-
mend that aspirin should be given to the patient with
suspected ST elevation MI as early as possible, regard-
less of the strategy for reperfusion and regardless of
whether additional antiplatelet agents are adminis-
tered.?? True aspirin allergy is the only exception to
this recommendation. Aspirin alone has little or no
effect on angiographic or clinical restenosis, but long-
term aspirin therapy is useful for secondary prevention
of cardiovascular events.?*> However, lower doses of
aspirin, 75-100 mg, are used in combination with
other antithrombotic agents. This is because a higher
dose of aspirin is associated with increased risk of
bleeding when used along with clopidogrel, without
any added benefit.?* Platelet inhibition with aspirin
lasts until a significant pool of new platelets is synthe-

B TICLID ® (ticlopidine hydrochloride) Prescribing information.
Available from URL; www.rocheusa.com/products/ticlid /
pi.pdf.

sized. Complete recovery of platelet aggregation may
occur in 50% of cases by day three and in 80% of cases
by day four?® (Table IT).

Clopidogrel therapy is initiated either prior to
or immediately following the stenting procedure.
Another thenopyridine derivative, ticlopidine, can also
be used. Therapeutic effects are similar with these two
drugs. However, ticlopidine is limited by side effects
such as neutropenia and thrombocytopenia.2®

As compared with conventional anticoagulant ther-
apy, combined antiplatelet therapy after the placement
of coronary artery stents reduces the incidence of
cardiac events and hemorrhagic and vascular com-
plications.?” Therefore, post-PCI, both aspirin and
clopidogrel therapy are commenced. As aspirin and
clopidogrel have different mechanisms of action, the
combination therapy is more effective than using
cither agent alone to prevent ST.?8 This combination
therapy is more effective in preventing ST compared
to aspirin and warfarin.?® Certain patients may also
need anticoagulation for atrial fibrillation, post-MI
cardiomyopathy, left ventricular or left atrial throm-
bus, history of previous cerebrovascular accident, and
presence of mechanical aortic or mitral valves. The use
of oral anticoagulation with warfarin and aspirin also
appears to be acceptable.??

Clinical trials have shown that long-term clopido-
grel administration significantly reduces major clinical
events.?! The ACC/AHA guidelines recommend that
for patients who have undergone PCI, clopidogrel,
75 mg daily, should be given for at least one month
following BMS implantation, for at least three months
after SES, for six months after PES implantation, and
for up to 12 months in patients who are not at high
risk for bleeding.?? The duration of therapy varies for
each stent and is based on the data from clinical trials
used for FDA approval of that stent. The European
Society of Cardiology (ESC) recommends six to 12
months of clopidogrel therapy after DES.” Many car-
diologists at our institution prescribe clopidogrel for
at least one year after DES implantation, followed by
lifelong aspirin therapy.

Clopidogrel 300 mg loading dose should be
administered at least six hours prior to the stent-
ing procedure.?? Repeated doses of clopidogrel 75
mg-day™! inhibit platelet aggregation with inhibition
reaching a steady state between days three and seven
following PCI. At steady state, the average inhibi-
tion level observed with clopidogrel 75 mg daily is
between 40-60%. The observed bleeding time is typi-
cally prolonged by a factor of 1.7.¢

Clopidogrel is contraindicated in patients with
active pathological bleeding. Infrequent complica-
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TABLE II Comparison of currently available P2Y12 antagonists with medications under investigation

Clopidogrel Ticlopidine Prasugrel Cangrelor
(CS-747) (AR-C6993IMX)
Status Approved and marketed Approved and marketed  In production and yet In production and yet

to be approved. Targeted  to be approved
availability 2007-2008 Targeted availability

2007-2008.
Manufacturer Sanofi-Sythelabo / Roche Laboratories Inc.  Eli Lilly and Co, The Medicines
Bristol-Myers Squibb Sankyo Pharma. Company
Company
Compound Thienopyridine Thienopyridine Thienopyridine ATP derivative—P2T
purinoreceptor
antagonist’®
Nature of drug Prodrug Prodrug Prodrug e
Action on receptor Irreversible Irreversible Irreversible Reversible
Action via Liver metabolite which 20 liver metabolites, no  Liver metabolite Direct
is a carboxylic acid specific metabolite which  R-138727%*
derivative.® accounts for activity has
been isolated.?’
Dose Loading 300 mg. 250 mg bid 0.3-3 mg-kg™ % 4 pg-kg!-min’!
Daily 75 mg OD infusion.”?
Daily dose with action 75 mg OD produces 250 mg bid produces 10 mg oral dose daily NA
40-60% platelet inhibition 50 % platelet inhibition ~ produces significant
between day 3 and day 7.3%  within 4 days.?’ platelet inhibition after
2 days.”®
Recovery of platelet function Platelet function returns Platelet function returns 2 days after Within 60 min of
to baseline 5 days after to normal within two wks discontinuation’® discontinuation of
discontinuation.3® of discontinuation.? infusion. Plasma half
life < 9 min??
Route of administration Oral Oral Oral Intravenous
Onset of action Dose dependent Maximal platelet Dose dependent, At 1 hr post-infusion,
within 2 hr3® inhibition (60-70%) 30 min” mean inhibition of PA
achieved after 8-11 days?® 40.7 = 36.7% 2
Antiaggregatory activity Partial Partial Same as clopidogrel®® Complete platelet
inhibition 2192
Antithrombotic activity Baseline—for comparison  Similar to clopidogrel Greater than clopidogrel®  Significant
Potency Baseline—for comparison ~ Lesser than clopidogrel Greater than clopidogrel®®  Greater than
clopidogrel
Major clinical phase 2 NA NA JUMBO-TIMI 267 TMC-CAN-0402
and 3 trials Results not yet
published.
Major frequent ~ —eemmeeomeeees Life threatening Data not available Data not available.
complication other neutropenia,
than bleeding agranulocytosis, aplastic

anemia, TTD.
TTP = thrombotic thrombocytopenic purpura; ATP = adenosine 5 triphosphate.

tions include intracranial hemorrhage (0.4%) and  Resistance to antiplatelet medications
severe neutropenia (0.5%). A rare complication after ~ The potential risk of ST in patients with DES

coronary stenting has been described where clopido- ~ who experience resistance to antiplatelet medica-
grel therapy produced thrombotic thrombocytopenic  tion must be considered in the perioperative setting.
purpura (TTP).33 Clopidogrel-induced platelet activa-  Potential causes of aspirin resistance include complex

tion and aggregation were observed in this patient,
resulting in ST. The incidence of clopidogrel-induced - - — -
C PLAVIX ® (clopidogrel bisulfate) Prescribing information.

TTP is very low (four €ases per onc million patients Available from URL; http://products.sanofi-aventis.us /plavix 4

exposed).© Blavixhemi.
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drug interactions, genetic polymorphisms of COX-1
and other genes involved in thromboxane synthesis,
up-regulation of non-platelet sources of thrombox-
anc biosynthesis, and increased platelet turnover.?*
Antiplatelet effects of aspirin are variable in different
individuals and probably have a continuous and broad
distribution as does blood pressure. Moreover, no test
of platelet function is recommended to assess the anti-
platelet effect of aspirin in an individual patient.!*3*
Hence, there is no established cut-off at present to
distinguish between the presence or absence of aspirin
resistance.?*

It has been proposed that the term clopidogrel
resistance encompasses patients for whom the drug
does not achieve its pharmacological effect, and failure
of therapy reflects patients who have recurrent events
on therapy.?® Causes of clopidogrel resistance include
genetic polymorphisms of the P2Y12 receptor and of
CYP3As, accrued release of ADP, and up-regulation
of other platelet activation pathways.?® The prevalence
of clopidogrel non-response in patients is between 4%
and 30% 24 hr after administration.’’*3 No single
standard validated method is available to measure
clopidogrel efficacy.36:44

Platelet function can be assessed by monitoring
vasodilator-stimulated phosphoprotein, which directly
measures the function of the clopidogrel target, the
P2Y12 receptor,** or using platelet aggregometry,
flow cytometry of P-selectin, impedance aggregation,
and the platelet function analyzer.®* Bleeding time
is rarely used, as it is highly operator dependent and
poorly reproducible.3*

CABG after failed percutaneous transluminal
coronary angioplasty (PTCA)

Patients may present for CABG after failed stent
placement for events such as ongoing ischemia, threat-
ened occlusion with significant myocardium at risk,
hemodynamic compromise, foreign body in a critical
anatomical position, and hemodynamic compromise
in patients with impairment of the coagulation sys-
tem.*® Such patients usually have received 75-325 mg
of aspirin, the dose variation depending on whether
the patients was already on chronic aspirin therapy.
A 300 mg loading dose of clopidogrel is generally
administered six hours prior to the PTCA. However,
if given at the time of the procedure, clopidogrel may
be supplemented with GP Ila/IIIb antagonists.??
Such patients presenting for CABG are at high risk for
perioperative bleeding and are very likely to require
perioperative transfusion therapy.

Non-cardiac surgery and druyg eluting stents

Surgery for patients with DES should be performed
at centres where interventional cardiology and cardiac
surgery facilities are available at all times. Patients
undergoing non-cardiac surgery soon after placement
of coronary stents are at increased risk of ST in the
perioperative period. This risk is clearly elevated when
antiplatelet therapy is discontinued due to concerns
of bleeding. The risk is also elevated, however, when
antiplatelet therapy is continued. This may be a result
of enhanced fibrin generation in the immediate post-
operative period leading to a hypercoagulable state.*¢
Alternatively, if there are bleeding complications as a
result of dual antiplatelet therapy, the bleeding can
lead to hypotension and reduced perfusion through
the stent, resulting in thrombosis.

Although there are no data which quantify the risks
of surgery in patients receiving antiplatelet therapy,
most cardiologists recommend that if surgery is nec-
essary, dual-antiplatelet therapy should be continued
perioperatively unless specifically contraindicated by
the nature of the surgery, for example, intracranial
procedures. The risk of ST will be increased in the
perioperative period regardless of whether or not the
antiplatelet therapy is continued.

It is essential that the anesthesiologist be part of the
multidisciplinary team which determines the optimal
time for surgery in these patients. The authors recom-
mend an algorithmic approach to the clinical decision-
making process as outlined in Figure 3. For all surgical
patients who have undergone PCI, it is important to
document when the stent was inserted and whether
the patient received a BMS or DES. The duration of
dual antiplatelet therapy should be confirmed whether
aspirin monotherapy has been continued, while ques-
tioning for any history suggestive of antiplatelet medi-
cation resistance.

Elective surgical procedures
It is thought that all elective procedures should be
delayed for at least four to six weeks in patients who
have received a BMS.*” However, there are no guide-
lines from the AHA/ACC/ESC for the appropriate
delay for non-cardiac surgery following coronary
stenting with DES. In addition, this period may
require variation according to the stent structure,
polymer coating, and the type of drug eluted.
According to ESC, prolonged administration of
clopidogrel (> six months) is mandatory to avoid
late ST.” The ESC also concludes that in patients
undergoing urgent major non-cardiac surgery, DES
should not be implanted and BMS are probably a
safer choice. Thus, the authors conclude that elective
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ALGORITHM FOR THE PERIOPERATIVE MANAGEMENT OF A PATIENT WITH DES
(Ensure availability of Interventional Cardiology and Cardiac Surgery Services)

Elective surgery Semi-emergent surgery Emergency life/limb saving surgery

I
DES implanted
> 6 months ago

DES Implanted
< 6 months ago

POSTPONE Preoperative cardiology evaluation. Involve both the cardiologist and the surgeon

To modify antiplatelet medication according to nature of surgery and risk of bleeding.

Assess risk of morbidity and mortality in event of perioperative bleeding

! ! /

High Intermediate Low

Eg. Neurosurgery Determine length of dual antiplatelet medication Continue both

Retinal surgery

antiplatelet medication

Stop antiplatelet > 6 months
medication

Stop clopidogrel

Continue aspirin as per case

Assess concomitant risk factors for stent thrombosis
Eg. Difficult coronary anatomical lesion, diabetes, renal
failure, bifurcation stenting, low ejection fraction

[ [

High risk Low risk

Consider admitting patient three
days after stopping clopidogrel

Transfer to ICU/telemetry

High/intermediate risk+for stent thrombosis

< 6 months

¥
Continue both

aspirin and clopidogrel

PROCEED TO SURGERY ¥

Intraoperative ST-T monitoring
Us+e beta-blockers

Postoperatively

v v

Low risk for stent thrombosis

Transfer to floor

FIGURE 3 Algorithm for the perioperative management of a patient with drug-eluting stents (DES).

procedures should be delayed for at least six months in
patients with DES. It is reccommended that the risk of
delayed re-endothelialization and ST be reviewed with
both the surgeon and the patient.

The timing of elective surgery in patients with
coronary stents should take into consideration both
the time interval since DES insertion and the possible
extent of perioperative adverse events. Preanesthetic
evaluation for elective surgery in patients with DES
plays a significant role in such decision-making and
risk assessment. If there is no major risk of bleeding,
all elective surgeries six months after DES implanta-
tion should be managed similarly to urgent surgery.

Patients should be duly informed of the risks and
benefits of adjusting their antiplatelet therapy, and the
potential for coronary restenosis in the perioperative
setting.

Urgent surgical procedures

In patients presenting for urgent surgical procedures,
modification of antiplatelet medication should be
made on a case-by-case basis. If there is a high risk of
perioperative bleeding producing significant morbidi-
ty, clopidogrel should be withheld for at least five days
before surgery. The continuation of aspirin should be
based on the nature of the surgery.
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If clopidogrel and aspirin have been taken for less
than six months after stent placement, consideration
can be given to admitting the patient to hospital
approximately three days after stopping clopidogrel.
This time frame allows recovery of platelet aggre-
gation after aspirin therapy in 50% of cases by day
three.2® Moreover, attenuation of clopidogral induced
antiplatelet effects begins within two days of discon-
tinuing the medication.** Related factors to consider
include the estimated risk of ST and the impact of ST
on overall morbidity and mortality, which depend on
the vessel stented and the origin of its blood supply.
It is likely that most patients who present for urgent
surgery will already have been admitted preoperatively
by surgical services. Subsequent monitoring by telem-
etry is warranted if there are concomitant factors that
increase chances of ST such as bifurcated lesions, renal
failure, diabetes, or a low ejection fraction.

If there is an intermediate risk of morbidity and
mortality in event of perioperative bleeding, determine
the length of dual antiplatelet medication: if less than
six months, continue both medications; if more than six
months discontinue clopidogrel and maintain aspirin
therapy. Anatomical considerations of stent placement
are also important. The interventional cardiologist
may recommend that antithrombotic medications be
continued despite significant risk of bleeding if the
patient is deemed at high risk for ST according to the
coronary vessel stented and the degree of difficulty in
stenting the lesion due to its structure and location. It is
important for the cardiologist to document such details
for reference during future surgery. If there is no risk
of life-threatening or significant perioperative bleed-
ing, the antiplatelet medications should be continued
throughout the perioperative period. This would, obvi-
ously, preclude the use of central neuraxial blocks.*

Perioperative DES stent thrombosis

Currently, the incidence of ST in patients with
DES undergoing noncardiac surgery is unknown.
Rodriguez et al. reported a 3.1% incidence of ST
within the 18 months following stent implantation
in 225 patients with multivessel CAD.* The authors
report three cases of ST in the first month, three oth-
ers within the first year, and one additional case 30
months after stent placement. In patients who experi-
enced this complication following discontinuation of
antiplatelet therapy, six had an ST-segment elevation
MI, and three died. Another recent report also high-
lighted the problem of ST.2 A total of 2,229 consecu-
tive patients underwent successful DES implantation
at three European hospitals over a 21-month period.
At nine-month follow-up, 29 patients (1.3%) had suf-

fered ST, including 14 patients with subacute throm-
bosis (0.6%), and 15 patients with late thrombosis
(0.7%). Of these 29 patients, 13 died. The incidence
of complications was similar with sirolimus and pacli-
taxel stents. The case fatality ratio was 45%.2

Other studies examining ST with BMS show that
clinical consequences of angiographic ST include a
64.4% incidence of death or MI at the time of ST and
a six-month mortality of 8.9%.%° For clinically defined
ST events, the associated six-month mortality is as
high as 20.8%. Due to such a high risk of death fol-
lowing ST, prevention of thrombosis is critical.

Stent thrombosis after SES implantation has been
reported to occur at six hours to 375 days after the
procedure, and usually within two weeks of discon-
tinuation of antiplatelet medication.®! However, there
has been a reported case of thrombosis 17 months
after SES insertion where clopidogrel had been
discontinued after eight months despite continued
aspirin therapy.®! Late ST has also been reported 13
months after PES insertion, in spite of six months of
dual antithrombotic therapy in this patient and lifelong
aspirin monotherapy.®? There have also been reports
of angiographically confirmed ST which occurred late
after PES and SES insertion, resulting in MI.53

There are data which link the risk of ST after DES
implantation to stent length.>* Stenting across branch
ostia, disruption of adjacent vulnerable plaques, and
plaque prolapse can precipitate late ST. Impaired heal-
ing, i.c., failure to form a complete neo-intimal layer
over stent struts, extends the window during which
stents are prone to thrombosis.?® Angiographically
proven late ST occurs with an incidence of at least
0.35%.%° No such cases were observed in patients with
dual antiplatelet therapy, but the complication may
occur in patients with stable antiplatelet monotherapy.
Ortolani et al.% reported that diabetics undergoing
DES for focal lesions in small vessels (mean, 2.1 mm
diameter) have an angiographic restenosis rate of 25%.
Although this rate was significantly better in com-
parison with BMS (63%, P < 0.002), the clinical major
adverse cardiac event rate at eight months was 14%.

Premature discontinuation of antiplatelet therapy
(< six months for clopidogrel), renal failure, bifurca-
tion stenting, diabetes, and low ejection fraction have
been identified as potential predictors of thrombotic
events in DES.? Takovou ez al. devised a risk score for
prediction of thrombosis after DES implantation.®®
These variables were defined with concurrent anti-
platelet therapy of aspirin and clopidogrel or ticlopi-
dine. The five variables identified as predictors of ST
were assigned a weighted integer, the sum of which
constituted the risk score. These included: ejection
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fraction for each 20% decrease = 0.25, status post-
brachytherapy = 2.5, diabetes = 4, bifurcation lesion
= 0, and renal insufficiency = 6. It was found that
occurrence of ST in patients with a score < 6 was 0.3%,
whereas in patients with a score > 13, the risk of ST
was 16.2%. Such findings may facilitate decision-mak-
ing regarding perioperative management in terms of
hospital admissions both before and after surgery, and
required modification of antiplatelet therapy.

Stent thrombosis has been associated with resis-
tance to antiplatelet medication. Impaired response
to antiplatelet therapy with aspirin using optical
aggregometry has been demonstrated in patients with
ST. Additional treatment with clopidogrel was not
able to overcome this impaired response.®” Resistance
to clopidogrel and failure to metabolize clopidogrel
to its active metabolite has also played a role in ST.
However, currently, there is no confirmed association
between low responsiveness to clopidogrel and throm-
botic events. The optimal level of clopidogrel-induced
platelet inhibition, which will correlate quantitatively
with clopidogrel’s ability to prevent atherothrombotic
events, is still lacking.3®

Risk of coronary events if antiplatelet medica-
tions are discontinued

There are no reports which quantify the overall risk of
coronary events with DES if antiplatelet medications
are discontinued. However, several reports document
ST occurrence when antiplatelet medications were
withdrawn. In one report, after a prolonged course
of antiplatelet therapy, discontinuation of treatment
resulted in four episodes of DES thrombosis. In three
of these cases, the drug was discontinued for non-car-
diac surgery.®! Kaluza ez al. showed that non-cardiac
surgery soon after BMS placement (often requiring
aspirin withdrawal) was linked to a very high rate of
adverse events.®?> A second report describes a patient
who simultaneously received a BMS and a DES stent.3
Twelve weeks later, the patient underwent knee sur-
gery. Postoperatively, the DES thrombosed, whereas
the BMS was patent. A third case has been described
where a patient with DES placement two weeks before
surgery suffered a MI in the postanesthesia care unit
due to ST. She had missed only one dose of aspirin and
clopidogrel preoperatively.5*

Risk of perioperative bleeding if antiplatelet med-
ications are continued

No randomized prospective study has assessed the
risk of hemorrhagic complications related to clopi-
dogrel or the combination of clopidogrel plus aspirin
when used immediately before non-cardiac surgery in

patients with DES. In a study by Payne ¢t a/., a three-
to fourfold increase in bleeding time was observed
following two days of treatment with clopidogrel
75 mg and aspirin 150 mg in healthy volunteers.®®
Another report by Chapman et al., described an
elective abdominal aneurysm repair complicated by
diffuse hemorrhage resulting from combined clopi-
dogrel and aspirin therapy.®® One study showed that
in hip surgery patients taking aspirin, the incidence
of bleeding requiring postoperative blood transfusion
was 0.6%. There have been isolated case reports
of patients with perioperative bleeding undergoing
surgery without discontinuation of antiplatelet ther-
apy. One case involved a patient on dual antiplatelet
therapy who underwent resection of a large goiter that
was causing tracheal compression. Postoperatively,
bleeding from the surgical site caused significant
respiratory distress requiring tracheal intubation. No
actively bleeding vessels were observed at the time of
re-operation.®® Another case involved a patient who
underwent carotid endarterectomy after significant
transient ischemic attacks and minor intracerebral
infarcts. Postoperatively, there was persistent bleeding
from the patient’s neck resulting in airway compres-
sion secondary to hematoma formation.®® For CABG,
controversies persist. It has been shown that aspirin
increases bleeding but does not increase homologous
blood transfusion requirements in elective coronary
bypass surgery.®>7? While one study states that clopi-
dogrel within four days of coronary bypass surgery is
associated with increased blood loss and re-operation
related to bleeding,”! another study did not support
these findings.”> The ACC/AHA guidelines recom-
mend that in patients taking clopidogrel for whom
CABG is planned, the drug should be withheld for at
least five days unless the urgency for revascularization
outweighs the risks of excessive bleeding.??

Perioperative platelet transfusion and relevance to
DES

At present, there are no studies or data related to
perioperative platelet transfusion in patients with DES
who are receiving antiplatelet drug therapy.

In the absence of platelet dysfunction, the standard
hemorrhagic risk threshold for surgery is a platelet
count of 50,000-uL."!.737¢ For neurosurgery and oph-
thalmologic surgery involving the posterior segment of
the eye, a platelet count (PC) of 100,000-uL! is rec-
ommended.”” A PC of 50,000-pL! is sufficient for spi-
nal anesthesia whereas a minimum PC of 80,000-uL!
has been proposed for epidural anesthesia.”3-82

It may be difficult to assess the effectiveness of
platelet transfusions. One platelet concentrate usu-
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ally produces an increase of about 7,000 to 10,000
platelets-mm™ one hour after transfusion in a 70-kg
adult.3® However, many factors, including spleno-
megaly, previous sensitization, fever, sepsis, and active
bleeding, may lead to decreased survival and decreased
recovery of transfused platelets.?*

According to the American Society of
Anesthesiologists Task Force 2, platelet transfusion
may be indicated despite an apparently adequate PC if
there is known platelet dysfunction and microvascular
bleeding. However, there are no recommendations
for prophylactic platelet transfusions when antiplate-
let medication has not been discontinued in a timely
manner.3* There are no clinical studies describing the
benefits of platelet transfusions or in limiting bleeding
when bleeding occurs in patients with drug-induced
thrombopathy.3* However, in severe hemorrhage,
platelet transfusion may be an important therapeutic
component in restoring the hemostatic mechanism. 8

Novel antiplatelet medications with potential
implications for DES
It would be convenient for patients with DES if there
were a suitable antiplatelet agent that had requisite
potency with a predictably short onset and offset of
action. The patient could stop the long-acting anti-
platelet agent and switch to the short-acting, reversible
agent preoperatively. Levels of platelet inhibition could
be monitored using selective P2Y12 assays. The short-
acting, reversible agent could be continued until just
before surgery and re-started immediately postopera-
tively. This would be analogous to stopping warfarin
before surgery in patients with mechanical valves, start-
ing 7v heparin, then stopping heparin before surgery.
Alternatively, the short-acting, reversible agent could
be continued throughout the surgical procedure and
stopped if the intraoperative bleeding warranted allo-
genic blood and/or blood product transtusions.
Interestingly, such drugs are under investigation
(Table II). Cangrelor (AR-C69931MX) and AZ-
614088 are new P2Y12 competitive antagonists that
are currently undergoing preclinical and clinical stud-
ies.%” Cangrelor’”%8 is an adenosine 5’ triphosphate
derivative, suitable for 7v use. It produces reversible
dose-dependent inhibition of platelet activation and
aggregation. It has a plasma half-life of less than nine
minutes,? and recovery of platelet function takes
place in less than 60 min. It is likely to be launched
in 2007-2008. This drug may also prove beneficial
for patients on concomitant heparin therapy. Heparin
potentiates the response to ADP and other agonists.
Adenosine diphosphate receptor antagonists such as
cangrelor inhibit the thrombogenic potentiation of

heparin.?® AZD-6140 is suitable for oral adminis-
tration. It has a fast onset of action. Prasugrel,?'-%*
another oral thenopyridine derivative, irreversibly
inhibits the P2Y12 receptor. It has a faster onset of
action than clopidogrel and is a more potent drug.
These compounds were structured with the hope of
possessing higher levels of inhibition of platelet aggre-
gation, lesser variability of response than clopidogrel,
and a lower incidence of drug resistance.

Several other drugs are also currently under investiga-
tion. MPalphaC, an inhibitor of 14-3-3zeta GPIbalpha
interactions, which mediates von Willebrand factor
binding to GPIb-IX, may be useful in treating or pre-
venting thrombosis.?® A nitric oxide-releasing aspirin,
NCX-4016 Nitroaspirin, exerts a wide range of anti-
platelet activity, superior antithrombotic activity, and
reduces restenosis after arterial injury in animals. It
has been more effective as an antiplatelet regimen with
clopidogrel, as compared to aspirin.?®

Conclusions

Drug-eluting stents have rapidly evolved and become
established therapy for patients with coronary anatomy
amenable to PCI. There are important implications
for anesthesiologists in planning the perioperative care
of patients with DES. Delayed re-endothelialization
may render both SES and PES susceptible to throm-
bosis for a longer duration than BMS. Stent throm-
bosis may be associated with resistance to antiplatelet
medications. In patients with a DES, a preoperative
cardiology consultation is essential. Elective surgery
should be postponed if the duration between DES
placement and non-cardiac surgery is less than six
months. For semi-emergent procedures, both aspirin
and clopidogrel should be continued during surgery
unless contraindicated by the hemorrhagic potential
of the procedure. If the risk of bleeding is high, then
modification of the antiplatelet drug regimen should
be considered on a case-by-case basis.
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