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Platelet P2Y., Receptor Inhibition and Perioperative

Patient Management

Michael Mazzeffi, M.D., Kenichi A. Tanaka, M.D., Paul A. Gurbel, M.D., Udaya S. Tantry, Ph.D., Jerrold H. Levy, M.D.

he increasing use of antiplatelet drugs includes the admin-

istration of clopidogrel, ticagrelor, prasugrel, and cangre-
lor, drugs that inhibit the P2Y  receptor and are frequently
used as part of dual antiplatelet therapy. New-generation
drug-eluting stents are the standard of care for percutaneous
coronary intervention (PCI), except in patients who cannot
tolerate or are unlikely to adhere to dual antiplatelet therapy.'
After PCI with a drug-eluting stent, dual antiplatelet therapy
is recommended to reduce in-stent thrombosis and the risk
of myocardial infarction.? For patients with a drug-eluting
stent placed for acute coronary syndrome, 12 months of dual
antiplatelet therapy is recommended.” For those with stable
ischemic heart disease, dual antiplatelet therapy duration can
be reduced to 6 months.”

Patients taking P2Y receptor inhibitors frequently
present for surgical procedures and have increased risk
for perioperative bleeding when there is not adequate
drug-withholding time before surgery. Individual P2Y,
receptor inhibitor drugs have different potency and phar-
macokinetics. For this reason, bleeding risk and reversal
strategies differ somewhat by drug. In this clinically focused
review, the authors discuss P2Y , receptor inhibitor drugs,
their pharmacology, monitoring, appropriate withholding
before elective surgery, and reversal strategies for patients
who require urgent or emergent surgery.

The platelet P2Y , receptor is a purinergic G-protein—cou-
pled receptor with seven transmembrane o-helices (342
amino acids; fig. 1).>° Approximately 500 to 600 P2Y
receptors are expressed constitutively on a platelet’s surface.
Binding of the P2Y , receptor with its agonist, adenosine
diphosphate (ADP), triggers intracellular signaling via the
Gi2a subunit coupled to the P2Y, receptor.” The latter
interaction is followed by suppression of adenylyl cyclase
activity and inhibition of cyclic adenosine monophosphate

(AMP)—dependent protein kinase—mediated vasodilator-
stimulated phosphoprotein phosphorylation.’ Vasodilator-
stimulated phosphoprotein inhibition is associated with a
conformational change and activation of the glycoprotein
(GP) IIb/ITIa receptor.’ As a marker of P2Y | receptor sig-
naling, vasodilator-stimulated phosphoprotein phosphory-
lation is used to monitor the antiplatelet response to P2Y
receptor blockers.

It has been proposed that reducing cyclic AMP by Giol-
associated inhibition of adenylyl cyclase activity alone is insuf-
ficient to support normal platelet aggregation. Downstream
signaling through the Py subunit by phosphoinositide
3-kinase activation and the Rapl—guanosine triphosphate—
interacting adaptor molecule/talin pathway is also import-
ant in promoting platelet aggregation.” Platelets are activated
by multiple agonists including ADP, collagen, thromboxane,
and thrombin. Sustained P2Y , receptor-mediated activation
of the GPIIB/IIIa receptor appears to be one of the most
important factors for stable platelet aggregation and is syner-
gistic with thrombin induced platelet aggregation.”® Based on
the demonstration of the cumulative antithrombotic effects of
aspirin and clopidogrel, the ADP-P2Y  receptor and throm-
boxane A ~thromboxane receptor pathways are also syner-
gistic.” Other mechanisms that activate platelets directly or
indirectly through P2V include dense and 0-granule release
and P-selectin expression on platelet surfaces.”

During platelet aggregation, activated GPIIb/IIla binds
to fibrinogen, fibrin, and von Willebrand factor. As a com-
parison, approximately 80,000 GPIIb/Illa receptors are
expressed on an activated platelet’s surface.” Limited and
platelet-specific expression of P2Y , makes it an ideal target
for antithrombotic therapy."” Although the P2Y , recep-
tor was not well characterized until 2001, its importance
was demonstrated as early as 1962 in a landmark study by
Born'' in which he concluded that “If it can be shown that
ADP takes part in the aggregation of platelets in blood ves-
sels, it is conceivable that AMP or some other substance
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Fig. 1. The GPllb/llla protein (Integrin o, (3,) is the most common platelet surface protein, with approximately 50,000 to 80,000 copies
expressed on each platelet surface. GPIIb/llla is also stored in platelet a-granules, and expression can be increased by up to 50% during
platelet activation. The a,, portion is composed of 1,008 amino acids, and the {3, portion is composed of 762 amino acids. Both proteins have
extracellular, transmembrane, and cytoplasmic domains. The two proteins form a heterodimer that is noncovalently bonded. GPIIb/llla has both
adhesion and signaling functions. In its “nonactivated” conformation (4), GPIIb/llla is bent and closed. When activated (B), its structure changes
to an extended open configuration, allowing for binding to fibrinogen, fibrin, fibronectin, and von Willebrand factor. Activation of GPIIb/llla
occurs through intracellular “inside-out” signaling, in which Rap1, Rap1—guanosine triphosphate (GTP)—interacting adaptor molecule (RIAM),
and talin are the final activating complex. The intracellular protein kindlin is an important coactivator of GPIb/llla. P2Y,, is a transmembrane
G-protein—coupled receptor that effects both adenylate cyclase (AC) and phosphoinositide 3-kinase (PI3K) signaling inside platelets. Under
resting or inhibitory conditions, P2Y, upregulates the activity of AC increasing cyclic adenosine monophosphate (CAMP) concentration and also
increasing phosphorylated vasodilator-stimulated phosphoprotein (VASP). When adenosine diphosphate (ADP) interacts with the P2Y,, receptor,
cAMP concentration decreases, VASP decreases, and PI3K signaling increases, leading to activation of GPIIb/llla through the Rap1-RIAM—talin

complex. AKT, protein kinase; AKTPI3K, phosphoinositide 3-kinase; Inhib, inhibitor; Kindlin, kindlin protein; Talin, talin protein,

could be used to inhibit or to reverse platelet aggregation
in thrombosis.”

There are currently four U.S. Food and Drug Administration
(FDA; Silver Spring, Maryland)—approved P2Y
available in the US (Table 1): clopidogrel, prasugrel, tica-
grelor, and cangrelor. The four drugs differ in their potency,

inhibitors

route of administration, half-life, and ability to be reversed
with currently available therapies. A fifth drug, selatogrel,
has received fast-track designation from the FDA and is
currently in phase III clinical trials.

Clopidogrel and prasugrel are second-generation prodrugs
with a common structure, a paired pyridine—thiophene ring.
The first-generation thienopyridine drug approved by the
FDA, ticlopidine, is no longer available in the United States,

Mazzeffi et al.

largely because of concerns about thrombotic thrombocy-

topenic purpura and associated neutropenia.'*

Clopidogrel is an oral prodrug that became FDA-approved
in 1997."* After oral administration, it is metabolized in a
hepatic cytochrome P450-based two-step process.'* First,
it 1s oxidized into an inactive intermediate, and then, it is
converted to an active thiol form via CYP2C19 (major
cytochrome), CYP3A, CYP2B6, and CYP1A2 enzymes."
The short-lived thiol active metabolite binds to the P2Y
receptor via a disulfide bridge between the reactive thiol
group and two cysteine residues (Cys-17 and Cys-270)
present in the extracellular domains of the P2Y , receptor.”
Thus, the binding of ADP to the P2Y, receptor is perma-
nently inhibited for the life of the platelet 15

Early ex wivo experiments demonstrated clopido-
grel’s ability to synergistically inhibit platelet aggregation
with aspirin, and together, the drug combination reduced
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Table 1. FDA-approved P2Y,, Receptor Inhibitors and Their Characteristics

Recommended
FDA Approval Route of Withholding
and Administration before Elective Unique
Drug Indications Mechanism and Dose Half-life Metabolism/Elimination Surgery Considerations
Clopidogrel  Approved in Thienopyridine Oral 6h for drug Metabolism by esterases and 5 days Drug interaction with
1997 Irreversible bind-  300-mg dose for 30 min for P450 enzymes PPIs, leading to
Acute coronary ing of active “loading” active Prodrug with two-step metab- decreased active
syndrome metabolite to 75mg/day metabolite olism to active metabolite drug
Prevention of P2y, receptor maintenance Final conversion to active CYP2C19 genotype
cardiovas- on platelets, dose metabolite occurs through leads to variable
cular events leads to CYP2C19, CYP3A, CYP2B6, metabolism
after recent inhibition of and CYP1A2 enzymes in CYP2C19*2 and *3
MI, stroke, or aggregation for the liver alleles account for
in cases of life of platelet Peak drug effect observed majority of poor
established 2—4h after administration metabolizers
PVD Eliminated in urine and feces
(approximately equal)
Prasugrel ~ Approved in Thienopyridine Oral Prodrug rapidly Prodrug with single step 7 days Contraindicated in
2009 Irreversible binding of 60-mg dose for metabolized conversion to active drug patients with a history
Acute coronary active metabolite “loading” 7h for active by CYP3A4 and CYP2B6 of prior TIA or stroke
syndrome to P2Y,, receptor 10 mg/day metabolite 50% inhibition of platelet Cases of TTP have been
on platelets, leads ~ maintenance aggregation occurs 1h reported with use
to inhibition of dose after administration No significant CYP
aggregation for Eliminated in urine (two thirds) genotype effects
life of platelet and feces (one third) observed
Ticagrelor  Approved in Nonthienopyri- Oral Active drug with active 5 days Contraindicated in
2011 dine inhibitor 180-mg dose for metabolite, no metabolism patients with a
To reduce rate of P2Y,,, has “loading” required for drug effect history of ICH
of cardiovas- reversible 90 mg/day main- Metabolized by CYPA34 Can lead to ventricular
cular death, binding to tenance dose Peak drug effect observed pauses and brady-
MI, stroke in P2Y_,, inhibiting during first 1-2h after administration, cardia, also dyspnea
patients with platelet aggre- year and then rapid increase in platelet Strong inhibitors
recent ACS or gation 60 mg twice inhibition within 1h of CYP3A (e.g.,
history of Ml Both ticagrelor per day Eliminated in urine (one third) ketoconazole, clari-
and its active and feces (two thirds) thromycin) increase
metabolite drug concentration
inhibit P2Y,, and bleeding risk
equally Strong inducers
of CYP3A (e.g.,
rifampin, phenytoin)
reduce drug concen-
tration and decrease
drug efficacy
Higher percentage of
inhibition of platelet
aggregation com-
pared to clopidogrel
Cangrelor  Approved in Nonthienopyri- Intravenous 3-6 min Active drug, no metabolism 25-30 min When transitioning to
2015 dine inhibitor 30-pg - kg™ required for drug effect ticagrelor, ticagrelor
Periprocedure of P2Y,,, has bolus followed Peak drug effect within 2min can be given during
adjunct for reversible by 4-ug - of bolus cangrelor infusion
PCI binding to kg~ - min-! Metabolism independent of When transitioning
P2Y_,, inhibiting infusion hepatic function, related to to clopidogrel or
platelet aggre- dephosphorylation prasugrel, the drugs
gation must be given after

discontinuation of
cangrelor

ACS, acute coronary syndrome; FDA, Food and Drug Administration; ICH, intracranial hemorrhage; MI, myocardial infarction; PCI, percutaneous coronary intervention; PPI, proton
pump inhibitor; PVD, peripheral vascular disease; TIA, transient ischemic attack; TTP, thrombotic thrombocytopenic purpura.

platelet thrombus mass by as much as 50 to 70% under high

shear.'®

demonstrated significant interpatient variability regarding

7 In multiple subsequent studies, clopidogrel also
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platelet inhibition."" In one study of 96 patients under-
going PCI, clopidogrel resistance was observed in 31% of
patients 5 days after treatment.' In a second study, 41% of
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patients were nonresponders based on light transmittance
aggregometry.?’

Subsequently, the same phenomenon has been observed
worldwide in large numbers of patients undergoing PCI.
Multiple lines of evidence now suggest that variable and
insufficient active metabolite generation are the primary
explanations for clopidogrel response variability and non-
responsiveness, respectively.'”?! Variable levels of clopidogrel
active metabolite may be due to single-nucleotide poly-
morphisms of specific genes encoding CYP450 isoen-
zymes, particularly CYP2C19 enzymes, as well as functional
variability in P450 isoenzyme activity due to drug—drug
interactions, coadministration of proton pump inhibitors,
lipophilic statins, calcium channel blockers, and tobacco
use 212

Although a diminished level of platelet inhibition
induced by clopidogrel has been demonstrated in some
ex vivo studies after the coadministration of the previ-
ously mentioned drugs, the clinical consequences of these

interactions remain controversial.?

Multiple translational
research and registry studies have suggested an association
between high platelet reactivity to ADP in the presence
of clopidogrel and recurrent ischemic events, particularly
in coronary artery disease patients treated with coronary
artery stenting.**

Despite its limitations, clopidogrel remains the most
widely prescribed P2Y, inhibitor in the United States,

26 Genetic test-

accounting for 80 to 90% of prescriptions.
ing to evaluate clopidogrel metabolization is available,
including through home genetic tests. The published liter-
ature is mixed on whether genetic testing should be per-
formed and is cost-effective in the modern era, especially

when other P2Y , inhibitors are available, albeit with a

k 27,28

higher bleeding ris

Prasugrel is a prodrug fully absorbed from the gastrointesti-
nal tract after oral administration and requires a single rapid
conversion step to achieve its active thiol form.* Enzymatic
conversion of prasugrel to its active metabolite occurs
through CYP3A4 and CYP2B6 enzymes. Due to efficient
active metabolite generation, prasugrel is a more potent and
rapid inhibitor of platelet aggregation than clopidogrel.?*>
Prasugrel is also less affected by other drugs that inhibit or
induce the P450 system compared to clopidogrel.?
Prasugrel’s efficacy in patients with acute coronary syn-
drome was established in the Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition
with Prasugrel (TRITON-TIMI 38).In this study, prasugrel
significantly decreased the incidence of recurrent myocar-
dial infarction and the composite outcome of adverse car-
diovascular events compared to clopidogrel, with an effect

t.>* However, these

apparent within 30 days of treatmen
benefits were associated with significantly increased key

safety endpoints of thrombolysis in myocardial infarction

(TIMI) major bleeding, including life-threatening and fatal
bleeding in patients treated with prasugrel.**

The FDA has approved a maintenance dose of 5mg in
patients weighing less than 60kg because of the potential
for increased bleeding; however, the effectiveness and safety
of the 5-mg dose have not been studied prospectively in a
PCI trial. Prasugrel is not recommended in patients with
active pathologic bleeding or a history of transient ischemic
attack or stroke. In patients 75 yr of age or older, prasugrel
is generally not recommended because of the increased risk
of fatal or intracranial bleeding. Hence, the main drawbacks
of prasugrel are its significant bleeding risk and the rela-
tively long half-life of its active metabolite, which is approx-

imately 7 h.%7

Ticagrelor (AZD6140), a cyclopentyltriazolopyrimidine
derivative, is an oral, reversibly binding, direct-acting P2Y
inhibitor. Ticagrelor is an active drug and does not require
conversion by the cytochrome P450 system to inhibit
platelet aggregation. Ticagrelor has an active metabolite
(AR-C124910XX) that also inhibits platelet aggregation in
an equipotent fashion. Ticagrelor is associated with a rapid
onset of action, a greater level of platelet inhibition during
maintenance therapy, and a more rapid offset of pharmaco-
dynamic action compared with clopidogrel.?®

Ticagrelor has been FDA-approved since 2011 for
the treatment of acute coronary syndrome and to reduce
adverse cardiovascular events in patients with a history of
prior myocardial infarction. Several studies established tica-
grelor’s efficacy and superiority over clopidogrel for the first
12 months after acute coronary syndrome. In the Ticagrelor
versus Clopidogrel in Patients with Acute Coronary
Syndromes (PLATO) trial, patients who were treated with
ticagrelor had a 1.9% absolute risk reduction for adverse
cardiovascular events during the first 12 months after treat-
ment.” Any cause mortality was also 1.4% lower in patients
treated with ticagrelor.’” Ticagrelor has pleiotropic effects
that may explain why it reduces myocardial injury after
ischemia or reperfusion, improves coronary blood flow, and
is associated with reduced inflammation compared to other
P2Y , inhibitors.***! It has a bioavailability of 35% after
ingestion, with significant platelet inhibition achieved by
30min and peak drug effect achieved by 2h.**

Ticagrelor therapy is associated with several side
effects, including dyspnea (which occurs in at most 15%
of patients within the first week of treatment but is rarely
severe enough to cause discontinuation of treatment)
and bradycardia. The exact cause of these side effects is
not clear but may be related to inhibition of adenosine
reuptake. Current guidelines recommend using a 180-mg
ticagrelor loading dose followed by 90 mg twice daily with
81 mg of aspirin daily as part of dual antiplatelet therapy
for 12 months in all patients with non—-ST-elevation—
acute coronary syndrome and also favor ticagrelor over
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Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

205



8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

206

clopidogrel in general.** Ticagrelor is contraindicated in
patients with a history of intracranial hemorrhage and is
associated with bradyarrhythmias, including second- and
third-degree heart block. CYP3A4 metabolizes ticagrelor
and 1s subject to significant drug interactions. Inhibitors
of CYP3A4 (e.g., ketoconazole, voriconazole, ritona-
vir) increase ticagrelor concentration, whereas inducers
(e.g., rifampin, phenytoin) decrease its concentration. In
the Long Term Use of Ticagrelor in Patients with Prior
Myocardial Infarction (PEGASUS) TIMI-54 trial, patients
with a history of myocardial infarction were random-
ized to receive aspirin alone or aspirin with ticagrelor.*
Patients who received aspirin with ticagrelor had a lower
incidence of adverse cardiovascular events, sustained for

up to 4 yr after surgery.*

Because both prasugrel and
ticagrelor are associated with more potent platelet inhibi-
tion compared to clopidogrel, they are a credible choice
in patients with high platelet reactivity during clopido-
grel therapy or in patients with genetic polymorphisms of

CYP2C19.2%

Cangrelor was FDA-approved in 2015 and is currently
the only intravenous P2Y , receptor inhibitor. It is an
active drug with a short half-life of 2 to 5min and inhibits
platelet aggregation by 60% at 5min, with peak inhibi-
tion occurring at approximately 30 min to 1h after starting
treatment.*

Cangrelor 1s FDA-approved as an adjunct during PCI to
reduce the risk of periprocedure myocardial infarction and
stent thrombosis. Cangrelor is also used off-label in criti-
cally ill hospitalized patients who require dual antiplatelet
therapy but are at high bleeding risk or are likely to require
surgical intervention, where dual antiplatelet therapy must
be held.

Cangrelor was studied in the Effect of Platelet
Inhibition with Cangrelor during PCI on Ischemic Events
(CHAMPION PHOENIX) trial as an adjunct in patients
undergoing PCL* In this trial, periprocedural dual anti-
platelet therapy with aspirin and cangrelor was compared
against aspirin and clopidogrel. Patients who were treated
with aspirin and cangrelor had a significantly lower (1.2%)
incidence of adverse cardiovascular events, which was
mainly due to fewer periprocedural myocardial infarctions
based on biomarker measurement.* Two subsequent trials
of cangrelor in similar patients were terminated due to a

lack of apparent benefit.>**!

In high-thrombotic-risk patients who require urgent sur-
gery, a novel P2Y  receptor inhibitor, selatogrel, may be
an optimal choice. It is a subcutaneously administered
2-phenylpyrimidine-4-carboxamide analog with reversible
P2Y , receptor biding properties and a half-life of 2 to

ANESTHESIOLOGY 2025; 142:202—-16

3h.%? In a recent study of patients with chronic coronary
artery disease, a single 8- or 16-mg dose of selatogrel was
associated with rapid and potent peak inhibition of plate-
let aggregation by 30 min. The drug’s effect was sustained
for up to 8h, and by 24h patients’ platelet aggregation
returned to baseline values due to drug metabolism and
elimination.*® Selatogrel is not currently FDA-approved
for use in the United States and is associated with dyspnea
similar to ticagrelor.™

Due to their more potent platelet inhibition, prasugrel and
ticagrelor are associated with a higher bleeding risk than
clopidogrel. In a cohort study of almost 12,000 patients
who underwent PCI, ticagrelor use was associated with
50% higher odds of major bleeding over time compared to
clopidogrel. In the PLATO trial, ticagrelor was associated
with a higher risk of major bleeding after coronary artery
bypass grafting (CABG; 4.5% vs. 3.8%) compared to clopi-
dogrel, although the incidence of major bleeding among
all patients (surgical and nonsurgical) was similar between
groups.”” In a recent systematic review and meta-analysis
with nearly 30,000 patients, prasugrel therapy was associ-
ated with a 20% increase in major bleeding compared to
clopidogrel.® Similar findings were reported in a network
meta-analysis of greater than 52,000 patients in which treat-
ment with ticagrelor or prasugrel was associated with a 25%
increased risk of major bleeding compared to clopidogrel.*

The majority of studies that have reported elevated bleed-
ing risk in cardiac surgical patients receiving P2Y , inhib-
itors are in CABG patients. In one study of 453 off-pump
CABG patients, 100 of whom were taking aspirin and
clopidogrel before surgery, patients taking dual antiplatelet
therapy had higher intraoperative (702ml vs. 554ml; P =
0.03) and postoperative blood loss (865ml vs. 604ml; P =
0.03) compared to aspirin alone.>® Among the 100 patients
taking dual antiplatelet therapy, 37% received a dose of
clopidogrel within 72h of surgery. Overall, dual antiplate-
let therapy patients received more erythrocyte and platelet
transfusion, but there was no association with reoperation
for bleeding.”® The association between dual antiplatelet
therapy and excess bleeding was attenuated when dual anti-
platelet therapy was stopped more than 72h before surgery,
suggesting that withholding clopidogrel for 72h before
CABG may be adequate in some cases.”

In the Clopidogrel in Unstable Angina to Prevent
Recurrent Events (CURE) trial, patients who stopped
taking clopidogrel 5 or more days before surgery had no
excess risk for major bleeding during the first 7 days after

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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surgery (4.4% vs. 5.3%) compared to patients taking aspirin

56

alone.” In patients who received clopidogrel within 5 days
of surgery, there was a trend toward more major bleeding
(9.6% vs. 6.3%; P = 0.00), and there was also more minor
bleeding (5.1% vs. 2.4%; P < 0.001).>° In a study of 1,173
patients having on-pump CABG, clopidogrel use within
7 days of surgery (mean duration of withholding 5 days)
was associated with excess blood loss, increased erythro-
cyte transfusion volume, and a higher percentage of patients
receiving erythrocyte transfusion.”” There was, however, no
increase in reoperation for bleeding with clopidogrel use,
and tranexamic acid treatment significantly reduced excess
bleeding related to clopidogrel.”’

There are no randomized placebo-controlled trials in
CABG patients treated with prasugrel to analyze bleed-
ing risk. In the TRITON-TIMI 38 trial, CABG patients
treated with prasugrel had a 13.4% rate of major bleeding
after surgery, which was four-fold higher than in patients
treated with clopidogrel.** In a post hoc analysis, total blood
loss in the first 12h after surgery was 655ml for CABG
patients treated with prasugrel, 153 ml higher than in the
clopidogrel group.® In a cohort study of 299 patients
undergoing CABG in which 83% of patients received
dual antiplatelet therapy within 48h of surgery, calculated
total blood loss was 1,351 ml for patients taking prasugrel,
which was 288 ml higher than in patients taking clopido-
grel.”” Bleeding Academic Research Consortium (BARC)
class 4 bleeding was also higher in patients who received
prasugrel.”

There are also no randomized placebo-controlled trials
to elucidate excess bleeding risk with ticagrelor in CABG
patients. Most data are derived from comparative studies
against clopidogrel and prasugrel. In the previously men-
tioned Voetsch trial of 299 CABG patients, those who were
taking ticagrelor had nearly identical estimated blood loss
compared to those who received prasugrel (1,330ml wvs.
1,351 ml), which was significantly higher than in patients
who received clopidogrel.” In a Swedish cohort study that
compared patients treated with ticagrelor versus clopidogrel
before CABG, the authors found that 24-h blood loss was
similar when comparing all patients; however, there were
fewer major bleeding complications in patients treated
with ticagrelor.” In this study, 44% of patients took clopi-
dogrel within 5 days of surgery, and 33% took ticagrelor
within 3 days. For patients taking ticagrelor, excess bleeding
risk appeared to be mitigated with 3 days of withholding,
whereas for clopidogrel, 5 days of withholding mitigated
bleeding risk.®” Similar results were reported in an obser-
vational study of CABG patients in which patients who
stopped ticagrelor within 2 days of CABG had a major
bleeding rate of 16% compared to a major bleeding rate of
2.7% in those who stopped ticagrelor 3 or more days before
surgery.*!

Synthesizing the available data from CABG patients,
bleeding risk is related to the timing of last drug

administration and the specific P2Y,, receptor inhibitor
that was taken. For most patients taking clopidogrel, it
appears that bleeding risk declines significantly after 3 to 5
days of drug withholding. For patients taking ticagrelor and
prasugrel, bleeding risk declines significantly after 3 and 7
days of drug withholding, respectively.

Bleeding data for noncardiac surgical patients taking P2Y
inhibitors are more limited. In a small cohort study of 29
patients, including both cardiac and noncardiac surgi-
cal patients (four neurosurgical patients, three orthopedic
patients, two thoracic patients, and three other noncardiac
surgical patients), most patients were on aspirin and clopi-
dogrel before surgery.”? In this study, the average discon-
tinuation time before surgery was 2.8 days, and all patients
had platelet aggregation evaluated using multiple imped-
ance aggregometry before surgery. The authors found that
the relationship between multiple impedance aggregometry
values and last P2Y , inhibitor treatment time was extremely

variable.”

Two patients experienced major bleeding compli-
cations (both neurosurgical patients), despite having multiple
impedance aggregometry area under the curve values in the
40- to 50-unit range (local reference range in healthy adults,
36 to 93 units) before surgery, which were two of the higher
values in the cohort.”? These data suggest that patients who
are taking P2Y  inhibitors and require intracranial surgery
may be at high risk for bleeding complications.

In another small cohort study of patients undergoing
orthopedic surgical procedures (e.g., spine instrumentation
or hip arthroplasty), 16 patients received dual antiplate-
let therapy with aspirin and clopidogrel throughout the
perioperative period.” In this study, there was no differ-
ence in intraoperative or postoperative blood loss between
patients who had dual antiplatelet therapy continued ver-
sus those who had clopidogrel held with continuation of
aspirin.®?

In a cohort study of 50 consecutive patients who were
taking clopidogrel and had general surgical procedures
performed, those who received clopidogrel within 6
days of surgery had a two-fold higher risk for bleeding
complications (21.4% vs. 9.5%) compared to those who
stopped clopidogrel for 7 or more days.* Similar results
were found in a cohort study of 104 patients taking clopi-
dogrel before major abdominal surgery in which there
was an increased risk of postoperative bleeding when
clopidogrel was taken within 6 days of surgery.® Vascular
surgical patients who received clopidogrel within 36 h of
their lower extremity bypass surgery had a higher risk
for allogeneic transfusion and major blood loss exceed-
ing 500 ml.*® A systematic review and meta-analysis that
included 12 studies of greater than 14,000 noncardiac
surgery patients concluded that the preoperative use of
clopidogrel increased the risk for major bleeding two-
fold in noncardiac surgical patients.”’
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Platelet function testing in cardiac surgical patients taking
antiplatelet drugs has previously been reviewed in detail
in ANESTHESIOLOGY by Mahla et al.® Nevertheless, several
devices that can be used for monitoring of P2Y , inhibition
are briefly discussed.

The VerifyNow P2Y,  reaction units test (Werfen, USA)
has been FDA-approved since 2003 and is widely used to
monitor antiplatelet effects of P2Y , inhibitors. It is a whole
blood citrated turbidometric-based assay in which a change
in light transmission is assessed in blood samples in the pres-
ence of fibrinogen-coated beads after stimulation with ADP/
prostaglandin E1.The results are shown as P2Y | reaction units.
The normal average reference range for P2Y | reaction units,
established in healthy volunteers in the absence of antiplatelet
agents is 194 to 418 P2Y, reaction units. Per the device’s
manufacturer, values less than 194 P2Y | reaction units highly
suggest a significant P2Y , receptor inhibitor effect.

In patients taking clopidogrel who underwent urgent
CABG, a P2Y , reaction units value of less than 204 P2Y
reaction units was associated with major bleeding.®” A sec-
ond study of 39 patients taking clopidogrel before CABG
surgery found a similar cutoff value to predict major bleed-
ing of 207 P2Y, reaction units.”’ In this study, for every
10-P2Y , reaction unit increase, the risk of major bleeding
after CABG decreased by 14%.7

Although VerifyNow testing has been used as a preoper-
ative test in cardiac surgery patients, platelet counts decrease
in bleeding surgical patients, especially during cardiopul-
monary bypass (CPB) due to dilution and consumption,
and current data do not support its intraoperative use. The
P2Y , reaction units test is highly influenced by hemato-
crit, which confounds its interpretation in cardiac surgical
patients.”! Hence, it is not used to monitor platelet function
during or after CPB. Additional research is underway to
develop platelet function testing in this setting.

The thromboelastography (TEG) platelet mapping assay is
available on the TEG 6s via the platelet mapping cartridge.
TEG platelet mapping uses kaolin to measure thrombin-
). It also
measures fibrin clot amplitude (MA_ ) in the presence
of activator F (reptilase and factor XIII) and a GPIIb/IIla
inhibitor, and ADP-stimulated clot amplitude (MA, ) in
the presence of 10 pM ADP and activator E’> The percent-
age of P2Y _ inhibition is then calculated using the follow-

induced maximum clot amplitude (MA

Thrombin-

ing series of formulas:

% ADP stimulated aggregation = [(MA, , — MA_ )/
(MAThmmbin - MAFibrin) X 100] (1)
% P2Y,, inhibition = (100% — % ADP stimulated
aggregation) (2)

ANESTHESIOLOGY 2025; 142:202—-16

TEG platelet mapping has been studied in patients tak-
ing clopidogrel before CABG. Among 182 patients who
took clopidogrel within 7 days of surgery, those who had
30% or more P2Y  inhibition received significantly more
erythrocyte transfusion.”” In a second study that included
only off-pump CABG patients (N = 100) who took clopi-
dogrel within 5 days of surgery, 70% or more P2Y , inhibi-
tion was associated with significantly more transfusion, even
after controlling for other confounders.” Finally, in a study
of 434 patients taking dual antiplatelet therapy with aspi-
rin and clopidogrel or aspirin and ticagrelor, 66% or more
P2Y  inhibition was associated with a three-fold increased
odds of BARC class 4 bleeding.”” Synthesizing limited
available data, it seems that 60 to 70% or more P2Y , inhi-
bition on TEG platelet mapping is associated with major
bleeding in cardiac surgical patients, and inhibition as low
as 30%, may increase transfusion risk slightly. A significant
limitation of using platelet mapping is its long turnaround
time of approximately 45 min.”

Additional commercially available devices and assays that can
measure P2Y , inhibition but have limited published data
to support specific cutoffs associated with surgical bleed-
ing include the Multiplate analyzer with ADP test (Roche
Diagnostics, Switzerland), rotational thromboelastometry
(ROTEM) ADP-TEM (Werfen, Spain), the total thrombus
analysis system (T-TAS) PL (platelet) chip (Zacros, Japan),
and the Platelet Function Analyzer 200 collagen-ADP and
P2Y tests (Siemens, Germany).”"”® Both the total thrombus
analysis system and Platelet Function Analyzer 200 eval-
uate platelet adhesion and subsequent aggregation under
high shear conditions, which is unique compared to the
low shear conditions that occur with traditional plate-
let aggregometry. In one recent study that evaluated the
Platelet Function Analyzer 200 in cardiac surgical patients,
a closure time greater than 106s on the Platelet Function
Analyzer 200 P2Y test was independently associated with
the need for blood transfusion.”

Strategies to mitigate perioperative bleeding risk in patients
taking P2Y , receptor inhibitors can broadly be classified
into (1) appropriate withholding of P2Y,, inhibitors for
elective surgery, (2) watchful waiting based on platelet func-
tion testing in cases of urgent surgery, and (3) preoperative
and/or intraoperative platelet transfusion and use of other
reversal strategies in cases of emergency surgery (fig. 2).

Table 1 lists recommended withholding intervals for P2Y
receptor inhibitors in elective surgery cases: 5 days for
ticagrelor, 5 days for clopidogrel, 7 days for prasugrel, and
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Bleeding Mitigation Strategies in Surgical Patients Taking P2Y,, Inhibitors

Platelet transfusion

—— o ~— | S ———— -
() I o = & =2
(5 0 -
Inhibited S N O
platelets ] /"’ e
S — - Key points T
*Efficacy varies by P2Y;, inhibitor, questionable
P2Y,, <7 Platelet Emergent effigacy with reversible inhibitor li lfe ticagrelor )
" inhibitor *Efficacy depends on amount of circulating active
surgery .
drug that can bind to transfused platelets
Elective Urgent *Platelet transfusion carries risks including infection
surgery surgery and TRALI
Hemadsorption Bentracimab
Withhold drug Platelet function testing and X
Clopidogrel: 5days  watchful waitin
pidog Y & Key points Key points

Prasugrel: 7 days
Ticagrelor: 5 days
Cangrelor: 30 minutes

*Aggregometry

*Platelet mapping

*Wait until adequate platelet
function recovery to proceed
with surgery

*Not currently available for
removal of ticagrelor during  use, although efficacious in
CPB prior clinical trial for reversal
*Not currently FDA approved, of ticagrelor

but approved for use in Europe

*Concentration dependent

Fig. 2. The figure summarizes bleeding mitigation strategies in surgical patients taking P2Y_, inhibitors who present for elective, urgent, and
emergent surgery. CPB, cardiopulmonary bypass; FDA, Food and Drug Administration; TRALI, transfusion related acute lung injury.

30min for cangrelor. The use of platelet function testing
to guide surgery timing in patients taking P2Y  inhibitors
who require urgent surgery has been previously described
in detail in ANESTHESIOLOGY.® VerifyNow or TEG 6s plate-
let mapping can be used to monitor drug washout and
return of acceptable platelet aggregation. If VerifyNow is
used, PRU should be greater than 200 PRU to limit the
risk of major bleeding.®” IfTEG platelet mapping is used,
platelet inhibition should be less than 70%” or MA, |
greater than 50 mm.*

Allogeneic platelet transfusion is the most common
treatment used to acutely reverse the effects of P2Y
inhibitors in surgical patients. Notably, there is weak
evidence to support its efficacy, with no evidence from
randomized controlled trials. Also, platelet transfusion
efficacy probably depends on the timing of the last drug
administration, the specific P2Y , inhibitor, and possi-
bly platelet storage duration. Room temperature—stored
allogeneic platelets demonstrate weak in vitro responses
to ADP stimulation, with a rapid decline greater than 7
days.®'% Recent studies suggest that with cold storage at
4°C, there may be better preservation of ADP-induced
platelet aggregation, but more studies are needed to con-
firm this finding.*

In a small study of 10 patients, Cohn et al.** collected
an apheresis unit of platelets from patients and stored them

1‘84

either warmly or coldly at two separate time points.**
Patients were treated with aspirin and clopidogrel (325 and
75mg, respectively) for 3 days and then had their platelets
(both stored warmly and coldly) retransfused.®® Bleeding
time was prolonged significantly after treatment (around
three-fold), and platelet transfusion (neither warm nor cold
stored) did not improve bleeding time back to its baseline
value.* The authors concluded that platelet transfusion did
not reverse excess clinical bleeding related to aspirin and
clopidogrel effect.

In an in vitro study, Teng et al.* studied blood from 44
healthy volunteers who ingested either a clopidogrel or
ticagrelor loading dose and aspirin. Patients were transfused
a single apheresis platelet unit 24 h after ticagrelor or 48h
after clopidogrel. The authors found that in patients who
had received ticagrelor, there was no improvement in plate-
let aggregation measured by light transmission aggregome-
try at any point after platelet transfusion for up to 3 days.®
In contrast, in patients treated with clopidogrel, there were
slight increases in platelet aggregation observed 24, 36, and
48h after platelet transfusion.®> VerifyNow P2Y, reac-
tion units values were slightly higher in ticagrelor-treated
patients who were transfused 72h after transfusion.® PRU
values were also higher in clopidogrel-treated patients
transfused with platelets 12, 24, and 36 h after transfusion.®
The authors concluded that allogeneic platelet transfusion
is more likely to be effective for clopidogrel reversal com-
pared to ticagrelor.
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In another study, the authors explored the impact of
adding either plasma or gel-filtered platelets from patients
who were treated with clopidogrel (75mg per day), prasu-
grel (10mg per day), or ticagrelor (90 mg twice per day) to
donor platelet-rich plasma. The authors found that platelet
responsiveness to ADP was “dramatically reduced” by adding
even diluted plasma or gel-filtered platelets from ticagrelor-

treated patients.™

In contrast, the addition of plasma or
gel-filtered platelets from patients taking clopidogrel or
prasugrel had minimal eftect. The authors concluded that
ticagrelor present in plasma or bound to the P2Y , recep-
tor on platelet surfaces inhibits the function of transfused
platelets.* In a similar in vitro study, Zhang et al.¥’ found
that when blood samples from patients taking ticagrelor had
normal platelets added in vitro, ADP-induced platelet aggre-
gation did not improve, even when up to 90% of platelets
present in the sample were normal control platelets.

In contrast, a study from Zafar et al.*® found that in vitro
platelet supplementation could improve platelet aggrega-
tion in blood samples from patients taking ticagrelor. The
authors added normal platelets to increase platelet count by
25, 50, and 75%.% At 24h after ticagrelor treatment, they
observed improvements in platelet aggregation back to near
60 to 80% of baseline values, and by 48h after treatment,
they were able to normalize platelet aggregation with in
vitro platelet supplementation.® Notably, this study used
fresh, healthy donor platelets, not platelets that had been
stored for several days, and hence, it may not be reflective of
actual clinical conditions.

In a clinical study of 14 patients receiving dual antiplate-
let therapy with aspirin and clopidogrel requiring urgent
surgery, the authors waited 12 to 24h to allow for clear-
ance of aspirin and clopidogrel’s active metabolites.®” They
then transfused two platelet units 1 to 2h before surgery.”
With this strategy, only one patient (7.1%) had a signifi-
cant bleeding complication after surgery, and one patient
had acute coronary syndrome.® Anders et al.”” reported a
9.9% incidence of bleeding complications in cardiac sur-
gical patients who were transfused platelets to reverse the
antiplatelet drug effect and a 26% incidence in noncardiac
surgical patients. The authors did not report the timing of
last antiplatelet drug administration.

Synthesizing the available data, it seems plausible that
platelet transfusion improves platelet aggregation in patients
taking clopidogrel and possibly prasugrel, particularly if the
last drug administration was longer than 24h before and
if active metabolites have cleared.” Both clopidogrel and
prasugrel bind irreversibly to P2Y , and do not diftuse off
bound platelet P2Y, receptors to inhibit transfused plate-
lets. In patients taking ticagrelor, in vitro, the data are mixed,
but the majority of studies suggest that platelet transfusion
is probably of limited efficacy because ticagrelor and its
active metabolites are reversibly bound to P2Y, receptors
and are redistributed to P2Y, receptors on platelets in the
transfused unit.

ANESTHESIOLOGY 2025; 142:202—-16

Platelet transfusion is associated with significant risks,
which should also be considered when treating P2Y
receptor inhibitor drug-related bleeding. A recent report
from the National Healthcare Safety Network hemovigi-
lance module reported that 1 in 200 patients who received
an apheresis platelet transfusion experienced an adverse
reaction.”® Adverse reactions are highest when platelets are
suspended in plasma compared to platelet additive solution
and are most commonly allergic.”? Platelet transfusion has
historically been associated with risks of bacterial contam-
ination, sepsis, and transfusion-related acute lung injury.”**
Bacterial contamination and sepsis risks have likely been
reduced by pathogen reduction, but large epidemiologic
studies are needed to confirm its efficacy.” Also, there
remain questions about how pathogen reduction affects the

95

hemostatic efficacy of transfused platelets.” Platelet trans-
fusion is also associated with increased mortality in some
specific groups of patients who experience bleeding while
taking P2Y . inhibitors, including those with gastrointesti-

nal bleeding.”

Copolymer adsorbents made from styrene, including
Porapak Q 50-90 mesh and CytoSorb, have large surface
areas of 550 and 850 m?/g, respectively, which allow for
efficient hemadsorption of various biologically active mol-
ecules, including ticagrelor.”” Adsorption occurs via van der
‘Waals forces, which are weaker than covalent or ionic bonds
but are sufficient for drug removal. Hemadsorption filters
are typically inserted into the CPB circuit using a side-arm
connection in which blood flows into the filter from the
positive pressure side of the CPB circuit (postpump and
preoxygenator) and is returned into the venous reservoir.

Ticagrelor is effectively removed from blood in vitro using
both CytoSorb (CytoSorbents Corp., USA) and Porapak Q
50 to 90 mesh (Sigma-Aldrich, USA) with up to 99 to
100% of ticagrelor removed, and the vast majority in the
first 3 to 4h.”” Ticagrelor is highly bound to albumin in vivo
but can be removed efficiently, even if the concentration of
albumin varies. Notably, adsorption removes albumin, albeit
to a lesser degree (less than 10%). Removal of ticagrelor by
hemadsorption is both concentration and time-dependent,
and hence, in short CPB cases or cases of lower baseline
ticagrelor concentration, removal may be incomplete.

In a cohort study of patients with acute type A aortic
dissection, there were 12 patients taking ticagrelor imme-
diately before surgery.”® All patients were treated with
CytoSorb in the CPB circuit, and bleeding and transfusion
were compared against historical controls.” Patients treated
with CytoSorb had approximately half the chest drain out-
put and received fewer platelet transfusions.” There were
also no reoperations for bleeding compared with a 19%
reoperation rate in historical controls.”

In a second study in which 43 patients who received tica-
grelor before cardiac surgery had hemadsorption performed
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during CPB, Hassan ef al.” found low postoperative chest
drain output (median, 350ml), as well as low transfusion
and reoperation rates when compared to a historical group
of controls who did not receive hemadsorption. Currently,
CytoSorb is approved use in the European Union for tica-
grelor removal during CPB, but it is not approved in North
America. At the time of this article’s writing, the Safe and
Timely Antithrombotic Removal-Ticagrelor (STAR-T)
randomized, controlled trial has completed enrollment and
should provide additional data on CytoSorb’s efficacy for
ticagrelor removal during CPB.'"

Initial, unpublished results from STAR-T were presented
at the American Association of Thoracic Surgery annual
meeting in Toronto in 2024.'""! Patients who received treat-
ment with hemadsorption in the full study cohort did not
have a significant benefit in terms of the study’s primary
outcome, which was a composite of fatal perioperative
bleeding; moderate, severe, or massive bleeding according
to the Universal Definition of Perioperative Bleeding in
Cardiac Surgery; and 24-h chest tube drainage. However,
1isolated CABG patients, who were analyzed as a predefined
subgroup, had a lower incidence of severe bleeding, sug-
gesting that at least some patients are likely to benefit from
treatment with hemadsoprtion.

Bentracimab (PB2452; PhaseBio, USA) is a recombinant
monoclonal antibody fragment developed to bind tica-

grelor and its active metabolite.'”

In healthy volunteers,
a bentracimab bolus and subsequent infusion led to near
complete ticagrelor reversal with a sustained effect and
excellent safety profile.'” In a study of 150 patients who
had taken ticagrelor within 3 days of surgery (142 surgi-
cal patients), bentracimab administration was associated
with reversal of ticagrelor’s antiplatelet effects within 5 to
10min."” P2Y | reaction units values increased from a mean
value of 65 P2Y , reaction units to 230 P2Y | reaction units
within 5 to 10min of administration of bentracimab and
remained between 230 and 300 P2Y , reaction units for
24h.'"” Approximately 72h after infusion, P2Y , reaction
units values declined modestly to approximately 200 P2Y
15 Although it has demonstrated efficacy in
clinical trials, bentracimab is not currently available in the
United States.

reaction units.

Desmopressin, which interacts with V2R receptors on
endothelial cells, causing release of large von Willebrand
factor multimers, has been evaluated as an adjunctive ther-
apy for patients taking P2Y,, inhibitors who experience
major bleeding. In a study of 209 patients with intracra-
nial hemorrhage (around 25% of whom were on dual anti-
platelet therapy), 118 of whom received desmopressin, no
significant reduction in hematoma expansion was observed
with desmopressin treatment.'™ Similarly, desmopressin did

not significantly reduce bleeding time in healthy volunteers
taking ticagrelor.'” Based on extremely limited published
data, desmopressin cannot be recommended as a routine
adjunctive treatment for patients taking P2Y  inhibitors
with major bleeding.

Patients treated with coronary artery stents in whom P2Y
inhibitors were held and received procoagulant treatments
such as platelet transfusion may be at risk for recurrent acute
coronary syndrome. The risk is highest if antiplatelet agents
are withheld shortly after coronary artery stent placement but
appears to decrease significantly after 12 months in patients
with drug-eluting stents. In studies where P2Y, inhibitors
were held, and platelet transfusion was administered, the inci-
dence of acute coronary syndrome appears to be between 5
and 7%, but most cases are not due to stent thrombosis.®*1%
Early stent thrombosis is preventable in most patients by con-
tinuing aspirin throughout the perioperative period.'”

P2Y , inhibitors continue to be a mainstay of dual anti-
platelet therapy after PCI and have additional indications in
peripheral vascular disease, cerebrovascular disease, and stable
ischemic heart disease. In cases of elective surgery, appro-
priate withholding recommendations should be followed.
Hemadsorption can be used in the CPB circuit for patients
who require emergent cardiac surgery in Europe. In North
America, platelet transfusion remains the only currently
available treatment for reversal of P2Y, inhibitors in car-
diac surgical patients and noncardiac surgical patients, but its
efficacy remains unclear, particularly when transfused plate-
lets have a long storage duration. Platelet transfusion appears
to have some efficacy for patients taking clopidogrel and
prasugrel, particularly if the drug and its active metabolites
have cleared. In patients taking ticagrelor, platelet transfusion
probably has limited efficacy. If urgent surgery is required,
a 24- to 48-h delay is helpful because it allows the drug
(e.g., prasugrel or clopidogrel) and active metabolites to clear
and improves the likelihood that platelet transfusion will be
efficacious. When allowable, preoperative surgery timing can
also be guided using assays such as VerifyNow (delay until
PRU is greater than 200) or TEG platelet mapping (delay
until there is less than 70% platelet inhibition), which will

help to mitigate the risk of major bleeding.®7""

Motifolio, (Ellicott City, Maryland) was used to make the
figures in this article.

Support was provided solely from institutional and/or
departmental sources.

ANESTHESIOLOGY 2025; 142:202-16
Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

211



8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

212

Dr. Mazzefhi received consulting fees from Hemosonics
(Durham, North Carolina), Octapharma (Paramus, New
Jersey), and NovoNordisk (Plainsboro, New Jersey). Dr.
Tanaka has served on the advisory board for Werfen
(Barcelona, Spain) and has received research funding from
Cellphire (Rockville, Maryland), Octapharma, and Grifols
(Barcelona, Spain). Dr. Gurbel received consulting fees and/
or honoraria from Bayer (Whippany, New Jersey), Vectura/
Otitopic (Los Angeles, California), Janssen (Beerse, Belgium),
Cleveland Clinic Foundation (Cleveland, Ohio), Wolters
Kluwer Pharma (Alphen aan den Rijn, Netherlands), Web
MD Medscape (Newark, New Jersey), Baron and Budd
(Dallas, Texas), Premier Health Care Resource (Jeannette,
Pennsylvania), Baim Institute (Boston, Massachusetts), and
Medforce (Shrewsbury, New Jersey); he received institu-
tional research grants from Accriva Diagnostics (San Diego,
California), AstraZeneca (Gaithersburg, Maryland), Bayer,
Cronos (Toronto, Canada), Janssen Pharmaceuticals Inc.
(Beerse, Belgium), Haemonetics (Boston, Massachusetts),
Hikari Dx California), Idorisa (Basel,
Switzerland), Labcorp Drug Development (Princeton, New

(San Diego,

Jersey), Novartis (Basel, Switzerland), Prolocor (Philadelphia,
Pennsylvania), Recor Medical (Palo Alto, California),
Vectura Limited (Chippenham, United Kingdom), and Zoll
Medical Corporation (Chelmsford, Massachusetts); he has
two patents: detection of restenosis risk in patients issued
and assessment of cardiac health and thrombotic risk in a
patient; and he was an expert witness in a lawsuit associated
with Plavix. Dr. Tantry has received honoraria from Wolters
Kluwer Pharma. Dr. Levy has served on steering commit-
tees for Merck (Rahway, New Jersey), Octapharma, Takeda
(Tokyo, Japan), and Werfen.

Address correspondence to Dr. Mazzeffi: Department of
Anesthesiology, University of Virginia Health, PO. Box
800710, Charlottesville, Virginia 22908. mmazzeff@uva-
health.org

1. Piccolo R, Bonaa KH, Efthimiou O, et al.; Coronary
Stent Trialists” Collaboration: Drug-eluting or bare-
metal stents for percutaneous coronary interven-
tion: A systematic review and individual patient data
meta-analysis of randomised clinical trials. Lancet 2019;
393:2503-10

2. Lawton JS, Tamis-Holland JE, Bangalore S, et al.: 2021
ACC/AHA/SCAI guideline for coronary artery
revascularization: Executive summary: A report of the
American College of Cardiology/American Heart
Association joint committee on clinical practice guide-
lines. Circulation 2022; 145:e4—17

ANESTHESIOLOGY 2025; 142:202—-16

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Gurbel PA, Kuliopulos A, Tantry US: G-protein-

coupled receptors signaling pathways in new antiplate-
let drug development. Arterioscler Thromb Vasc Biol
2015; 35:500-12

Zhang K, Zhang J, Gao ZG, et al.: Structure of the
human P2Y12 receptor in complex with an anti-
thrombotic drug. Nature 2014; 509:115-8

Cattaneo M: P2Y 12 receptors: Structure and function.
J Thromb Haemost 2015; 13:S10-6

. Gachet C, Hechler B: Platelet purinergic receptors in

thrombosis and inflammation. Hamostaseologie 2020;
40:145-52

. Dorsam RT, Kunapuli SP: Central role of the P2Y12

receptor in platelet activation. J Clin Invest 2004;
113:340-5

. Niewiarowski S, Duncan TP: Platelet aggregation by

ADP and thrombin. Nature 1966; 212:1544—7
Wagner CL, Mascelli MA, Neblock DS, Weisman HE
Coller BS, Jordan RE: Analysis of GPIIb/IIIa receptor
number by quantification of 7E3 binding to human
platelets. Blood 1996; 88:907-14

Hollopeter G, Jantzen HM, Vincent D, et al.:
Identification of the platelet ADP receptor targeted by
antithrombotic drugs. Nature 2001; 409:202-7

Born GV: Aggregation of blood platelets by ade-
nosine diphosphate and its reversal. Nature 1962;
194:927-9

Testa L, Biondi Zoccai GG,Valgimigli M, et al.: Current
concepts on antiplatelet therapy: Focus on the novel
thienopyridine and non-thienopyridine agents. Adv
Hematol 2010; 2010:595934

Bennett CL, Davidson CJ, Raisch DW, Weinberg PD,
Bennett RH, Feldman MD: Thrombotic thrombocy-
topenic purpura associated with ticlopidine in the set-
ting of coronary artery stents and stroke prevention.
Arch Intern Med 1999; 159:2524-8

Quinn M]J, Fitzgerald DJ: Ticlopidine and clopidogrel.
Circulation 1999; 100:1667-72

Ding Z, Kim S, Dorsam RT, Jin J, Kunapuli SP:
Inactivation of the human P2Y12 receptor by thiol
reagents requires interaction with both extracellu-
lar cysteine residues, Cys17 and Cys270. Blood 2003;
101:3908-14

CadroyY, Bossavy JP,Thalamas C, Sagnard L, Sakariassen
K, Boneu B: Early potent antithrombotic effect with
combined aspirin and a loading dose of clopidogrel
on experimental arterial thrombogenesis in humans.
Circulation 2000; 101:2823—8

Vilahur G, Segales E, Salas E, Badimon L: Effects of
a novel platelet nitric oxide donor (LA816), aspirin,
clopidogrel, and combined therapy in inhibiting flow-
and lesion-dependent thrombosis in the porcine ex
vivo model. Circulation 2004; 110:1686—93

Gurbel PA, Bliden KP, Hiatt BL, O’Connor CM:
Clopidogrel for coronary stenting: R esponse variability,

Mazzeffi et al.

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.


mailto:mmazzeff@uvahealth.org
mailto:mmazzeff@uvahealth.org

8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mazzeffi et al.

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

drug resistance, and the effect of pretreatment platelet
reactivity. Circulation 2003; 107:2908-13

Maree AO, Fitzgerald DJ: Variable platelet response to
aspirin and clopidogrel in atherothrombotic disease.
Circulation 2007; 115:2196—207

Gurbel PA, Bliden KP, Butler K, et al.: Response to
ticagrelor in clopidogrel nonresponders and respond-
ers and effect of switching therapies: The RESPOND
study. Circulation 2010; 121:1188-99

Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al.:
Variability in individual responsiveness to clopidogrel:
Clinical implications, management, and future per-
spectives. ] Am Coll Cardiol 2007; 49:1505-16
Ferguson AD, Dokainish H, Lakkis N: Aspirin and
clopidogrel response variability: Review of the pub-
lished literature. Tex Heart Inst J 2008; 35:313-20
Abraham NS, Hlatky MA, Antman EM, et al.; ACCF/
ACG/AHA: ACCF/ACG/AHA 2010 expert consen-
sus document on the concomitant use of proton pump
inhibitors and thienopyridines: A focused update of the
ACCF/ACG/AHA 2008 expert consensus document on
reducing the gastrointestinal risks of antiplatelet therapy
and NSAID use. Am ] Gastroenterol 2010; 105:2533—49
Tantry US, Bonello L, Aradi D, et al.; Working Group
on On-Treatment Platelet Reactivity: Consensus
and update on the definition of on-treatment plate-
let reactivity to adenosine diphosphate associated
with ischemia and bleeding. ] Am Coll Cardiol 2013;
62:2261-73

Wiviott SD, Antman EM: Clopidogrel resistance: A
new chapter in a fast-moving story. Circulation 2004;
109:3064-7

[jaz SH, Baron §J, Shahnawaz A, et al.: Utilization
trends in platelet adenosine diphosphate P2Y 12 recep-
tor inhibitor and cost among Medicare beneficiaries.
Curr Probl Cardiol 2023; 48:101608

Pereira NL, Rihal C, Lennon R, et al.: Effect of
CYP2C19 genotype on ischemic outcomes during
oral P2Y(12) inhibitor therapy: A meta-analysis. JACC
Cardiovasc Interv 2021; 14:739-50

Franchi E Rollini F: Genotype-guided antiplatelet
therapy in patients with coronary artery disease. JACC
Cardiovasc Interv 2021; 14:751-3

Wiviott SD, Antman EM, Braunwald E: Prasugrel.
Circulation 2010; 122:394—403

Jernberg T, Payne CD, Winters KJ, et al.: Prasugrel
achieves greater inhibition of platelet aggregation and
a lower rate of non-responders compared with clopi-
dogrel in aspirin-treated patients with stable coronary
artery disease. Eur Heart ] 2006; 27:1166—73
Serebruany VL, Midei MG, Meilman H, Malinin Al,
Lowry DR: Platelet inhibition with prasugrel (CS-
747) compared with clopidogrel in patients undergo-
ing coronary stenting: The subset from the JUMBO
study. Postgrad Med J 2006; 82:404—10

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Gurbel PA, Erlinge D, Ohman EM, et al.; TRILOGY
ACS Platelet Function Substudy Investigators: Platelet
function during extended prasugrel and clopidogrel
therapy for patients with ACS treated without revascu-
larization: The TRILOGY ACS platelet function sub-
study. JAMA 2012; 308:1785-94

Farid NA, Payne CD, Small DS, et al.: Cytochrome
P450 3A inhibition by ketoconazole affects prasu-
grel and clopidogrel pharmacokinetics and pharma-
codynamics differently. Clin Pharmacol Ther 2007;
81:735-41

Wiviott SD, Braunwald E, McCabe CH, et al;
TRITON-TIMI 38 Investigators: Prasugrel versus
clopidogrel in patients with acute coronary syndromes.
N Engl ] Med 2007; 357:2001-15

Jia M, Li Z, Chu H, Li L, Chen K: Novel oral P2Y12
inhibitor prasugrel vs. clopidogrel in patients with
acute coronary syndrome: Evidence based on 6 studies.
Med Sci Monit 2015;21:1131-7

Claassens DME Bergmeijer TO, Vos GJA, et al.:
Clopidogrel versus ticagrelor or prasugrel after pri-
mary percutaneous coronary intervention according to
CYP2C19 genotype: A POPular genetics subanalysis.
Circ Cardiovasc Interv 2021; 14:¢009434

Shoji S, Sawano M, Sandhu AT, et al.: Ischemic and
bleeding events among patients with acute coronary
syndrome associated with low-dose prasugrel vs.
standard-dose clopidogrel treatment. JAMA Netw
Open 2020; 3:e202004

Gurbel PA, Bliden KP, Butler K, et al.: Randomized
double-blind assessment of the ONSET and OFFSET
of the antiplatelet effects of ticagrelor versus clopi-
dogrel in patients with stable coronary artery dis-
ease: The ONSET/OFFSET study. Circulation 2009;
120:2577-85

‘Wallentin L, Becker RC, Budaj A, et al.: Ticagrelor ver-
sus clopidogrel in patients with acute coronary syn-
dromes. N Engl ] Med 2009; 361:1045-57

Tao L, Ren S, Zhang L, et al.: A review of the role
of the antiplatelet drug ticagrelor in the manage-
ment of acute coronary syndrome, acute thrombotic
disease, and other diseases. Med Sci Monit 2022;
28:935664

Triska J, Maitra N, Deshotels MR, et al.: A compre-
hensive review of the pleiotropic effects of ticagrelor.
Cardiovasc Drugs Ther 2022; 38:775-974
Alexopoulos D, Xanthopoulou I, Gkizas V, et al.:
Randomized assessment of ticagrelor versus prasu-
grel antiplatelet effects in patients with ST-segment-
elevation myocardial infarction. Circ Cardiovasc Interv
2012;5:797-804

Clavijo LC, Maya J, Carlson G, et al.: Platelet inhibition
with ticagrelor versus clopidogrel in Hispanic patients
with stable coronary artery disease with or without dia-
betes mellitus. Cardiovasc Revasc Med 2015; 16:450—4

ANESTHESIOLOGY 2025; 142:202—-16

213



8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

214

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Amsterdam EA, Wenger NK, Brindis RG, et al.: 2014
AHA/ACC guideline for the management of patients
with non-ST-elevation acute coronary syndromes:
A report of the American College of Cardiology/
American Heart Association Task Force on practice
guidelines. ] Am Coll Cardiol 2014; 64:e139-228
Rodriguez E Harrington RA: Management of anti-
thrombotic therapy after acute coronary syndromes. N
Engl ] Med 2021; 384:452—-60

Bonaca MP, Braunwald E, Sabatine MS: Long-term use
of ticagrelor in patients with prior myocardial infarc-
tion. N Engl ] Med 2015; 373:1274-5

Wallentin L, James S, Storey RE et al.; PLATO investi-
gators: Effect of CYP2C19 and ABCB1 single nucle-
otide polymorphisms on outcomes of treatment with
ticagrelor versus clopidogrel for acute coronary syn-
dromes: A genetic substudy of the PLATO trial. Lancet
2010;376:1320-8

Franchi E Rollini E Rivas A, et al.: Platelet inhibition
with cangrelor and crushed ticagrelor in patients with
ST-segment-elevation myocardial infarction under-
going primary percutaneous coronary intervention.
Circulation 2019; 139:1661-70

Bhatt DL,Stone GW,Mahaftey KW, etal.; CHAMPION
PHOENIX Investigators: Effect of platelet inhibition
with cangrelor during PCI on ischemic events. N Engl
J Med 2013;368:1303—-13

Bhatt DL, LincoffAM, Gibson CM, etal.; CHAMPION
PLATFORM Investigators: Intravenous platelet block-
ade with cangrelor during PCI. N Engl ] Med 2009;
361:2330—41

Harrington R A, Stone GW, McNulty S, et al.: Platelet
inhibition with cangrelor in patients undergoing PCI.
N Engl ] Med 2009; 361:2318-29

Storey RE Gurbel PA, Ten Berg J, et al:
Pharmacodynamics, safety
of single-dose subcutaneous administration of sela-

pharmacokinetics, and
togrel, a novel P2Y 12 receptor antagonist, in patients
with chronic coronary syndromes. Eur Heart J 2020;
41:3132-40

Turgeon RD, Koshman SL, Youngson E, et al.:
Association of ticagrelor vs. clopidogrel with major
adverse coronary events in patients with acute coro-
nary syndrome undergoing percutaneous coronary
intervention. JAMA Intern Med 2020; 180:420-8
Navarese EP, Khan SU, Kolodziejczak M, et al.:
Comparative efficacy and safety of oral P2Y(12)
inhibitors in acute coronary syndrome: Network
meta-Analysis of 52,816 patients from 12 randomized
trials. Circulation 2020; 142:150—60

Maltais S, Perrault LP, Do QB: Effect of clopidogrel
on bleeding and transfusions after off-pump coronary
artery bypass graft surgery: Impact of discontinua-
tion prior to surgery. Eur J Cardiothorac Surg 2008;
34:127-31

ANESTHESIOLOGY 2025; 142:202—-16

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Yusuf S, Zhao E Mehta SR, Chrolavicius S, Tognoni G,
Fox KK; Clopidogrel in Unstable Angina to Prevent
Recurrent Events Trial Investigators: Effects of clopi-
dogrel in addition to aspirin in patients with acute
coronary syndromes without ST-segment elevation. N
Engl ] Med 2001; 345:494-502

ShiJ,Ji H, Ren E et al.: Protective effects of tranexamic
acid on clopidogrel before coronary artery bypass
grafting: A multicenter randomized trial. JAMA Surg
2013; 148:538—47

Goodnough LT, Smith PK, Levy JH, et al.: Transfusion
outcomes In patients undergoing coronary artery
bypass grafting treated with prasugrel or clopido-
grel: TRITON-TIMI 38 retrospective data analysis. J
Thorac Cardiovasc Surg 2013; 145:1077-82.¢4
Voetsch A, Pregartner G, Berghold A, et al.: How do
type of preoperative P2Y(12) receptor inhibitor and
withdrawal time affect bleeding? Ann Thorac Surg
2021;111:77-84

Hansson EC, Jideus L, Aberg B, et al.: Coronary
artery bypass grafting-related bleeding complications
in patients treated with ticagrelor or clopidogrel: A
nationwide study. Eur Heart ] 2016; 37:189-97

Holm M, Biancari E Khodabandeh S, et al.: Bleeding
in patients treated with ticagrelor or clopidogrel before
coronary artery bypass grafting. Ann Thorac Surg 2019;
107:1690-8

Hardy M, Dupuis C, Dincq AS, et al.: Reduction of
preoperative waiting time before urgent surgery for
patients on P2Y (12) inhibitors using multiple electrode
aggregometry: A retrospective study. ] Clin Med 2020;
9:424

Hu SB, Hai Y, Tang JE Liu T, Liang BX, Xue BQ: Risk
of bleeding in patients with continued dual antiplatelet
therapy during orthopedic surgery. Chin Med ] (Engl)
2019; 132:943-7

0Ozao-Choy J, Tammaro Y, Fradis M, Weber K, Divino
CM: Clopidogrel and bleeding after general surgery
procedures. Am Surg 2008; 74:721-5

Chernoguz A, Telem DA, Chu E, Ozao-Choy ],
Tammaro Y, Divino CM: Cessation of clopidogrel
before major abdominal procedures. Arch Surg 2011;
146:334-9

Jones DW, Schermerhorn ML, Brooke BS, et al.;
Vascular Quality Initiative: Perioperative clopidogrel is
associated with increased bleeding and blood transfu-
sion at the time of lower extremity bypass. ] Vasc Surg
2017;65:1719-28.el

Siller-Matula JM, Petre A, Delle-Karth G, et al.: Impact
of preoperative use of P2Y12 receptor inhibitors on
clinical outcomes in cardiac and non-cardiac surgery: A
systematic review and meta-analysis. Eur Heart ] Acute
Cardiovasc Care 2017; 6:753-70

Mahla E, Tantry US, Schoerghuber M, Gurbel PA:
Platelet function testing in patients on antiplatelet

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

Mazzeffi et al.



8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Mazzeffi et al.

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

therapy before cardiac surgery. ANESTHESIOLOGY 2020
133:1263-76

Tello-Montoliu A, Albaladejo P, Hernandez-Romero
D, et al.: Bleeding risk prediction in patients with dual
antiplatelet therapy undergoing coronary artery bypass
grafting surgery using a rapid point-of-care platelet
function test. Circ Cardiovasc Interv 2018; 11:¢007264
Reed GW, Kumar A, Guo J, et al.: Point-of-care platelet
function testing predicts bleeding in patients exposed
to clopidogrel undergoing coronary artery bypass
grafting: Verify pre-op TIMI 45—A pilot study. Clin
Cardiol 2015; 38:92-8

Kakouros N, Kickler TS, Laws KM, Rade JJ: Hematocrit
alters VerifyNow P2Y 12 assay results independently of
intrinsic platelet reactivity and clopidogrel responsive-
ness. ] Thromb Haemost 2013; 11:1814-22

Volod O, Arabia FA, Lam LD, Runge A, Cheng C, Czer
LSC: Platelet mapping by thromboelastography and
whole blood aggregometry in adult patients supported
by mechanical circulatory support device on aspirin
therapy. ] Extra Corpor Technol 2020; 52:13-21
Kasivisvanathan R, Abbassi-Ghadi N, Kumar S, et al.:
Risk of bleeding and adverse outcomes predicted by
thromboelastography platelet mapping in patients tak-
ing clopidogrel within 7 days of non-cardiac surgery.
Br J Surg 2014; 101:1383-90

Kwak YL, Kim JC, ChoiYS, Yoo KJ, SongY, Shim JK:
Clopidogrel responsiveness regardless of the discontin-
uation date predicts increased blood loss and transfu-
sion requirement after off-pump coronary artery bypass
graft surgery. ] Am Coll Cardiol 2010; 56:1994-2002
Wang Z, ZouY, Xia L, et al.: Does thromboelastogra-
phy predict bleeding in patients treated with clopido-
grel or ticagrelor in oft-pump coronary artery bypass
grafting? Thromb Res 2022;213:145-53

Bhardwaj V, Kapoor PM: Platelet aggregometry inter-
pretation using ROTEM—Part II. Ann Card Anaesth
2016; 19:584-6

Hosokawa K, Ohnishi T, Sameshima H, et al.: Analysing
responses to aspirin and clopidogrel by measuring
platelet thrombus formation under arterial flow con-
ditions. Thromb Haemost 2013; 109:102—-11

Lim HH, Li S, An GD, et al.: Platelet function
analyzer-200 P2Y results are predictive of the risk of
major adverse cardiac events in Korean patients receiv-
ing clopidogrel therapy following acute coronary syn-
drome. Ann Lab Med 2018; 38:413-9

Cui W, Zhang ], Wu Y, et al.: Novel platelet function
analyzer 200 predicts blood transfusion after elective
cardiac surgery in patients suspended on dual anti-
platelet therapy. Clin Appl Thromb Hemost 2023;
29:10760296231187627

Mahla E, Suarez TA, Bliden KP, et al.: Platelet function
measurement-based strategy to reduce bleeding and
waiting time in clopidogrel-treated patients undergoing
coronary artery bypass graft surgery: The timing based

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

on platelet function strategy to reduce clopidogrel-
associated bleeding related to CABG (TARGET-
CABG) study. Circ Cardiovasc Interv 2012;5:261-9
Wang J,Y1 X, Liu M, et al.: Correlation between the in
vitro functionality of stored platelets and the cytosolic
esterase-induced fluorescence intensity with CMFDA.
PLoS One 2015; 10:e0138509

Silver WP, Keller MP, Teel R, Silver D: Effects of donor
characteristics and platelet in vitro time and tem-
perature on platelet aggregometry. J Vasc Surg 1993;
17:726-33

Koessler J, Klingler P, Niklaus M, et al.: The impact
of cold storage on adenosine diphosphate-mediated
platelet responsiveness. TH Open 2020; 4:e163—72
Cohn SM, Jimenez JC, Khoury L, Perez JM, Panzo M:
Inability to reverse aspirin and clopidogrel-induced
platelet dysfunction with platelet infusion. Cureus
2019; 11:e3889

Teng R, Carlson GE Nylander S,Andersson TL: Effects
of autologous platelet transfusion on platelet inhibition
in ticagrelor-treated and clopidogrel-treated subjects. J
Thromb Haemost 2016; 14:2342—-52

Bertling A, Fender AC, Schungel L, et al.: Reversibility
of platelet P2Y12 inhibition by platelet supplementa-
tion: Ex vivo and in vitro comparisons of prasugrel,
clopidogrel and ticagrelor. ] Thromb Haemost 2018;
16:1089-98

Zhang S, Xu K, Mei L, et al.: Reversal of the antiplate-
let effect of ticagrelor by simulated platelet transfusion.
Transfusion 2019; 59:1850—6

Zafar MU, Smith DA, Baber U, et al.: Impact of tim-
ing on the functional recovery achieved with platelet
supplementation after treatment with ticagrelor. Circ
Cardiovasc Interv 2017; 10:e005120

Thiele T, Sumnig A, Hron G, et al.: Platelet transfu-
sion for reversal of dual antiplatelet therapy in patients
requiring urgent surgery: A pilot study. J] Thromb
Haemost 2012; 10:968-71

Anders M, Rock P, Cartron A, et al.: Isolated plate-
let concentrate transfusion during surgery: A single-
center observational cohort study. Transfusion 2019;
59:1661-6

O’Connor SA, Amour J, Mercadier A, et al.; ACTION
Study Group: Efficacy of ex vivo autologous and in
vivo platelet transfusion in the reversal of P2Y12
inhibition by clopidogrel, prasugrel, and ticagrelor:
The APTITUDE study. Circ Cardiovasc Interv 2015;
8:002786

Mowla §J, Kracalik IT, Sapiano MRP, O’Hearn L,
Andrzejewski C, Basavaraju SV: A comparison of
transfusion-related adverse reactions among aphere-
sis platelets, whole blood-derived platelets, and plate-
lets subjected to pathogen reduction technology as
reported to the National Healthcare Safety Network
hemovigilance module. Transfus Med Rev 2021;
35:78-84

ANESTHESIOLOGY 2025; 142:202—-16

215



8/ +AWAOANDINBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/ADAUMY TXOMADYO

INXYOHISABZIU T +eYNIOITWNOTZTARY HARSHNAUE Aq ABojoISayisauR/WwOod MM|'s[eunol//:dny woiy papeojumoq

G202¢/¥0/10 uo

216

93.

94.

95.

96.

97.

98.

99.

100.

Zeeuw van der Laan AEN, van derVelden S, Porcelijn
L, etal.: Evaluation of platelet responses in Transfusion-
Related Acute Lung Injury (TRALI). Transfus Med
Rev 2020; 34:227-33

Szczepiorkowski ZM, Pagano MB: Platelet com-
ponents and bacterial contamination: Hospital per-
spective 2022. Hematology Am Soc Hematol Educ
Program 2022;2022:430-6

Rezvany MR, Hasan-Abad AM, Sobhani-Nasab A,
Esmaili MA: Evaluation of bacterial safety approaches
of platelet blood concentrates: Bacterial screening
and pathogen reduction. Front Med (Lausanne) 2024,
11:1325602

Zakko L, Rustagi T, Douglas M, Laine L: No ben-
efit from platelet transfusion for gastrointestinal
bleeding in patients taking antiplatelet agents. Clin
Gastroenterol Hepatol 2017; 15:46-52

Angheloiu GO, Gugiu GB, Ruse C, Pandey R, Dasari
RR, Whatling C: Ticagrelor removal from human
blood. JACC Basic Transl Sci 2017; 2:135-45

Hassan K, Bruning T, Caspary M, et al:
Hemoadsorption of rivaroxaban and ticagrelor during
acute type A aortic dissection operations. Ann Thorac
Cardiovasc Surg 2022; 28:186-92

Hassan K, Kannmacher ], Wohlmuth P, Budde U,
Schmoeckel M, Geidel S: Cytosorb adsorption during
emergency cardiac operations in patients at high risk
of bleeding. Ann Thorac Surg 2019; 108:45-51
Gibson CM, Mack MJ, Lee VT, et al.: Rationale and
design of the safe and timely antithrombotic removal -
ticagrelor (STAR-T) trial: A prospective, multi-center,
double-blind, randomized controlled trial evaluating
reductions in postoperative bleeding with intraop-
erative removal of ticagrelor by the DrugSorb-ATR

ANESTHESIOLOGY 2025; 142:202—-16

101.

102.

103.

104.

105.

106.

107.

device in patients undergoing cardiothoracic surgery
within 48 hours from last ticagrelor dose. Am Heart J
2022;245:19-28

Puskas J, Mack M: LB4. A pivotal randomized,
sham-controlled trial examining the safety and
efficacy of intraoperative removal of ticagrelor in
patients undergoing urgent cardiac surgery. Available
at:  https://www.aats.org/resources/a-pivotal-ran-
domized-sham-cont-8305. Accessed September 1,
2024.

Bhatt DL, Pollack CV, Witz JI, et al.: Antibody-based
ticagrelor reversal agent in healthy volunteers. N Engl
J Med 2019; 380:1825-33

Bhatt DL, Pollack CV, Mazer CD, et al.: Bentracimab
for ticagrelor reversal in patients undergoing urgent
surgery. NEJM Evid 2021; 1:EVID0a2100047.
Summers A, Singh J, Lai M, et al.: A multicenter retro-
spective study evaluating the impact of desmopressin
on hematoma expansion in patients with antiplatelet-
associated intracranial hemorrhage. Thromb Res
2023;222:96-101

Teng R, Mitchell PD, Butler K: The effect of des-
mopressin on bleeding time and platelet aggregation
in healthy volunteers administered ticagrelor. J Clin
Pharm Ther 2014; 39:186-91

Baschin M, Selleng S, Hummel A, et al.: Preoperative
platelet transfusions to reverse antiplatelet ther-
apy for urgent non-cardiac surgery: An observa-
tional cohort study. ] Thromb Haemost 2018; 16:
709-17

Eisenberg M]J, Richard PR, Libersan D, Filion KB:
Safety of short-term discontinuation of antiplate-

let therapy in patients with drug-eluting stents.
Circulation 2009; 119:1634—42

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

Mazzeffi et al.


https://www.aats.org/resources/a-pivotal-randomized-sham-cont-8305
https://www.aats.org/resources/a-pivotal-randomized-sham-cont-8305

