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A B S T R A C T

Background: Little is known about the bleeding risk associated with cangrelor use in patients with myocardial infarction (MI) who are exposed to an oral
P2Y12 inhibitor before coronary angiography.

Methods: Cangrelor in Acute MI: Effectiveness and Outcomes (CAMEO) is an observational registry studying platelet inhibition for patients with MI. Up-
stream oral P2Y12 inhibition was defined as receipt of an oral P2Y12 inhibitor within 24 hours before hospitalization or in-hospital before angiography. Among
cangrelor-treated patients, we compared bleeding after cangrelor use through 7 days postdischarge between patients with and without upstream oral P2Y12
inhibitor exposure.

Results: Among 1802 cangrelor-treated patients with MI, 385 (21.4%) received upstream oral P2Y12 inhibitor treatment. Of these, 101 patients (33.8%) started
cangrelor within 1 hour, 103 (34.4%) between 1 and 3 hours, and 95 (31.8%),>3 hours after in-hospital oral P2Y12 inhibitor administration; the remaining received
an oral P2Y12 inhibitor before hospitalization. There was no statistically significant difference in rates of bleeding among cangrelor-treated patients with and
without upstream oral P2Y12 inhibitor exposure (6.5% vs 8.8%; adjusted odds ratio [OR], 0.62; 95% CI, 0.38-1.01). Bleeding was observed in 5.0%, 10.7%, and
3.2% of patients treated with cangrelor <1, 1 to 3, and >3 hours after the last oral PY12 inhibitor dose, respectively; bleeding rates were not statistically different
between groups (1-3 hours vs <1 hour: adjusted OR, 2.70; 95% CI, 0.87-8.32; >3 hours vs <1 hour: adjusted OR, 0.65; 95% CI, 0.15-2.85).

Conclusions: Bleeding risk was not observed to be significantly higher after cangrelor treatment in patients with and without upstream oral P2Y12 inhibitor
exposure.
Introduction

Cangrelor is an intravenous platelet P2Y12 antagonist characterized
by a rapid onset of action with potent P2Y12 inhibitory effects and is
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approved for use in patients who have not been pretreated with an oral
P2Y12 inhibitor.

1–3 In patients with acute myocardial infarction (MI), it is
often used when the patient has inadequate time for onset of effect of
an oral P2Y12 inhibitor or when there is concern for inadequate
utcomes; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous
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absorption of an oral P2Y12 inhibitor, such as in patients presenting with
cardiac arrest or cardiogenic shock.4 However, upstream use of an oral
P2Y12 inhibitor commonly occurs in clinical practice, and little is known
about the bleeding risk associated with cangrelor treatment in patients
who have received an upstream oral P2Y12 inhibitor.

5

The timing of cangrelor administration relative to the last up-
stream oral P2Y12 inhibitor dose may influence bleeding risk.
Although drug-drug interactions did not occur when ticagrelor was
given during cangrelor infusion,6–8 administering cangrelor to pa-
tients pretreated with ticagrelor 1 hour in advance of the infusion
had an additive platelet inhibitory effect.9 After discontinuation of
cangrelor, platelet inhibition remained suppressed by ticagrelor at
the same level achieved with the added use of cangrelor. There
are few data regarding the safety of pretreatment (or upstream
treatment) with clopidogrel or prasugrel before cangrelor. Indeed,
data from the Swedish Coronary Angiography and Angioplasty
Registry (SCAAR) demonstrated that <1% of cangrelor-treated pa-
tients had received either of these agents (33.4% received tica-
grelor upstream) before percutaneous coronary intervention (PCI).10

Hence, there are little real-world data for the use of these agents
upstream of cangrelor administration.

Cangrelor in Acute Myocardial Infarction: Effectiveness and Out-
comes (CAMEO) is an ongoing registry designed to examine anti-
platelet selection strategies and cangrelor use patterns among patients
with acute myocardial infarction with (ST segment–elevated myocardial
infarction [STEMI]) or without (non–ST segment–elevated myocardial
infarction [NSTEMI]) ST segment elevation who undergo coronary
angiography in real-world practice.11 Using data from the CAMEO
registry, we sought to examine the real-world utilization of upstream
oral P2Y12 inhibitors (either as home medications or given in-hospital)
with cangrelor. In this analysis, we compared the patient and proce-
dural characteristics of cangrelor-treated patients who received an up-
stream oral P2Y12 inhibitor with those of who did not; examined the
association between upstream oral P2Y12 inhibitor use and bleeding
risk among cangrelor-treated patients; evaluated whether bleeding risk
differed based on the timing of cangrelor initiation relative to the last
Central Illustration.
Schema of study design of real-world use of upstream oral P2Y12 inhibitors before cangrelor
P2Y12 inhibitors, they can be administered within 24 hours of hospital admission or in-hospita
angiography had to be started within 24 hours of admission (with home use of a P2Y12 inh
illustration describes the bleeding outcomes.
upstream oral P2Y12 inhibitor dose or on the basis of MI type (STEMI or
NSTEMI); and assessed whether bleeding rates observed with use of
the higher-potency P2Y12 agents ticagrelor and prasugrel differed from
those observed with clopidogrel in this clinical setting.
Methods

The CAMEO registry began enrolling patients in October 2019 and
is an ongoing study at 12 U.S. centers that meet the following criteria:
(1) capability to perform PCI and coronary artery bypass grafting; (2)
minimum of 10 MI patients treated monthly; and (3) minimum use of
cangrelor in at least 2 patients with MI monthly. Each hospital obtained
approval from their local institutional review board before enrolling
patients.

Study design and population

Site selection and study design has been previously described.11 In
brief, each hospital began participation in phase 1 of the registry by
retrospectively collecting data on ~50 consecutive patients within the 4
months before site activation. These patients met the following criteria:
(1) aged 18 years or older; (2) underwent coronary angiography for
STEMI or NSTEMI; and (3) received any P2Y12 inhibitor (cangrelor or
oral) during the first 48 hours after hospitalization for MI. After
completion of phase 1, each hospital proceeded to phase 2, in which
data were collected in a 2:1 ratio for patients with MI treated with
cangrelor and those not treated with cangrelor. Phase 2 was designed
to focus on the evaluation of patients treated with cangrelor while
compiling a contemporary control cohort.

This analysis focused on patients who received a cangrelor infusion
started in the catheterization laboratory, stratified by upstream P2Y12
inhibitor use (Central Illustration). Upstream P2Y12 inhibitor use was
defined as treatment with a P2Y12 inhibitor at home with the last dose
taken within 24 hours of hospital admission or in-hospital administration
of a P2Y12 inhibitor before coronary angiography. In addition, coronary
administration at the time of coronary angiography. To treat patients with upstream oral
l administration of a P2Y12 inhibitor before coronary angiography. In addition, coronary
ibitor) or within 24 hours after in-hospital administration of an oral P2Y12 inhibitor. The



Table 1. Baseline patient and procedural characteristics between patients who received an upstream P2Y12 inhibitor vs those without upstream P2Y12 inhibitor
therapy.

Upstream P2Y12 inhibitor use (n ¼ 385a) No upstream P2Y12 inhibitor use (n ¼ 1417a) P

Demographic characteristics
Age, y 62.0 (56.0-71.0) 64.0 (55.0-73.0) .431
Female 103 (26.8) 431 (30.4) .163
Black 125 (32.6) 299 (21.4) <.001
Hispanic 71 (18.5) 173 (12.5) .003

Clinical history
STEMI 240 (62.3) 796 (56.2) .030
Previous MI 107 (27.8) 220 (15.7) <.001
Previous PCI 122 (31.7) 253 (18.1) <.001
Previous CABG 27 (7.0) 69 (4.9) .108
Stroke or TIA 29 (7.6) 111 (7.9) .808
PAD 36 (9.4) 66 (4.7) <.001
Previous HF 45 (11.7) 150 (10.7) .587
Atrial fibrillation/flutter 29 (7.5) 106 (7.6) .980
Diabetes 154 (40.0) 470 (33.6) .019
Dialysis 13 (3.4) 30 (2.1) .162
Current/recent smoker 122 (31.7) 407 (29.1) .327
Hospitalized or transfused for bleeding in past year 2 (0.5) 18 (1.3) .279
Home oral anticoagulant use 34 (8.8) 116 (8.3) .738

In-hospital features
Transfer in from another hospital 175 (45.5) 470 (33.6) <.001
Admission hemoglobin, g/dL 14.0 (12.6-15.2) 14.0 (12.4-15.1) .547
Admission platelets, 109/L 237.5 (201.5-288.5) 242.0 (201.0-290.0) .483
Radial artery access 180 (46.8) 891 (64.0) <.001
Femoral artery access 201 (52.2) 490 (35.2) <.001
LVEFa <40% 126 (33.3) 370 (26.9) .013
PCI performed 379 (98.4) 1347 (96.4) .039
Signs/symptoms present at the time of PCI

Active chest discomfort 78 (20.6) 208 (15.4) .017
Sustained VT/VF 14 (3.7) 37 (2.7) .336
Cardiogenic shock 41 (10.8) 110 (8.2) .107
Cardiac arrest 10 (2.6) 45 (3.3) .492
Thrombus visualized 193 (50.9) 610 (45.3) .052
Bypass graft treated 10 (2.6) 32 (2.4) .769
Multivessel PCI performed 60 (15.8) 217 (16.1) .896
Thrombectomy 64 (16.9) 186 (13.8) .133
Mechanical circulatory support 60 (15.8) 161 (12.0) .046

Concomitant antithrombotic medication use
Parenteral anticoagulant 337 (87.5) 1229 (87.8) .867
Glycoprotein IIb/IIIa inhibitor 1 (2.9) 45 (3.2) .720
Thrombolytics 8 (2.1) 16 (1.1) .159
Oral anticoagulants 46 (11.9) 141 (10.1) .289

Values are median (IQR) or n (%).
CABG, coronary artery bypass grafting; HF, heart failure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percu-
taneous coronary intervention; STEMI, ST segment–elevated myocardial infarction; TIA, transient ischemic attack; VF, ventricular fibrillation; VT, ventricular tachycardia.

a Please note that n ¼ 385 and 1417 reflect populations with either upstream or no upstream oral P2Y12 inhibitor. The final analysis population in Supplemental
Figure S1 describes the final analysis populations (because there were some patients without the required data for covariate adjustment).
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angiography had to be started within 24 hours of admission (with home
use of a P2Y12 inhibitor) or within 24 hours after in-hospital adminis-
tration of an oral P2Y12 inhibitor. All qualified patients from phases 1
and 2 were included in this analysis. We excluded patients who were
missing date and time for coronary angiography (n ¼ 27).
Data collection

Trained personnel at each hospital abstracted patient-level data
into a web-based electronic data collection tool. Patient demographic
characteristics, medical history, MI admission features, medications
taken within 24 hours before hospital arrival, in-hospital medications,
predefined in-hospital laboratory values and imaging data, and cor-
onary angiography and PCI data were collected. Adverse clinical
events, including bleeding events, were collected during hospitali-
zation and for up to 7 days after discharge. Bleeding events were
defined as any event associated with a hemoglobin drop � 3 gm/dL;
any event requiring blood transfusion (platelet or red blood cell); or
any bleeding event that required an intervention or surgery to stop
bleeding, such as surgical closures, exploration of the arteriotomy site,
balloon angioplasty to seal an arterial tear, or endoscopy with cautery
of a gastrointestinal bleed.12 Bleeding was defined as major if the
hemoglobin drop was �3 gm/dL, if a surgical intervention was
required, an intravenous vasoactive agent was required, or if the pa-
tient required transfusion.
Statistical analysis

We compared baseline patient characteristics, home medications,
clinical presentations, and procedural characteristics among cangrelor-
treated patients who received upstream P2Y12 inhibitor therapy with
those of who did not. Categorical variables were reported as counts and
frequencies and continuous variables as medians (IQR). The χ2 tests
were performed to examine for statistically significant differences be-
tween frequencies in the 2 cohorts. Wilcoxon rank sum tests were used
to compare continuous variables across the 2 cohorts. Similarly, we
compared the baseline characteristics of patients receiving upstream
oral P2Y12 inhibitor administration <1, 1 to 3, and >3 hours before



Figure 1.
Factors associated with upstream use of an oral
P2Y12 inhibitor among cangrelor-treated patients.
Patients treated with cangrelor and an upstream oral
P2Y12 inhibitor treatment were more likely to be from an
underrepresented racial or ethnic group (UREG) or to
have private health insurance. In addition, patients
treated with cangrelor and an upstream oral P2Y12 in-
hibitor treatment were more likely to present with ST
segment–elevated myocardial infarction (STEMI), un-
dergo femoral artery access, have had a previous
percutaneous coronary intervention (PCI), or have
experienced peripheral artery disease (PAD) compared
with cangrelor-treated patients without upstream pre-
treatment. An odds ratio (OR) of >1 is likely to be
associated with pretreatment and an OR of <1 is likely
not be associated with pretreatment.
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cangrelor administration. Kruskal-Wallis tests were used for continuous
variables in this analysis.

Then, we examined the association between upstream oral P2Y12
inhibitor use and clinical bleeding using logistic regression. We
compared cangrelor-treated patients who received upstream oral P2Y12
inhibitor therapy with those who did not and reported unadjusted and
adjusted odds ratios (OR) and 95% CI. Furthermore, we adjusted for
modified Can Rapid risk stratification of Unstable angina patients
Suppress ADverse outcomes with Early implementation of the ACC/
AHA guidelines (CRUSADE) score, race, age, and arterial access site
and assessed bleeding risk stratified by MI type (NSTEMI vs STEMI).

We also used logistic regression to assess the association between
bleeding events and the amount of time elapsed between in-hospital
P2Y12 inhibitor administration and the beginning of the first cangrelor
infusion, stratified into 3 groups: <1 hour (reference), 1 to 3 hours, and
>3 hours. We calculated both unadjusted and adjusted OR and 95% CI
and adjusted for the modified CRUSADE score, race, and age.

Finally, we assessed factors associated with upstream use of an oral
P2Y12 inhibitor among cangrelor-treated patients. We used a stepwise
regression with entry criteria of α¼ 0.20 and exit criteria of α¼ 0.05. For
each characteristic, the OR and 95% CI were calculated.

Two-tailed P values were used and P values of<.05 were considered
significant. Analyses were performed using SAS version 9.4 (SAS Insti-
tute) and R version 4.1.1.13
Results

Among the 1802 patients with cangrelor initiated during coronary
angiography, 384 (21.3 %) patients received an upstream oral P2Y12
inhibitor (Supplemental Figure S1). Among these, 32.7% of patients
were taking an oral P2Y12 inhibitor before hospital admission. The most
frequent upstream oral P2Y12 inhibitor used was ticagrelor (92.2%),
followed by clopidogrel (6.8%) and prasugrel (1.0%). For the 86 patients
who were only treated with a P2Y12 inhibitor at home, 46 (53.5%) used
clopidogrel, 3 (3.5%) were administered prasugrel, and 37 (43.0%) took
ticagrelor.
Table 2. The association between upstream oral P2Y12 inhibitor therapy and bleed

Outcome n/N (%) Unadjusted odds ratio

Bleed event - pretreatment 25/384 (6.5%) 0.72 (0.46-1.13)
Bleed event - no pretreatment 122/1388 (8.8%)
Bleed event - high potency 19/277 (6.86%) 1.24 (0.48-3.19)
Bleed event - low potency 6/107 (5.61%)
Table 1 compares the differences in patient and procedural char-
acteristics between patients who received an upstream oral P2Y12 in-
hibitor before a cangrelor infusion and those patients who did not
receive upstream therapy. Cangrelor-treated patients who received
upstream treatment were more likely to be of Black race or Hispanic
ethnicity and to present with STEMI or a history of PCI, MI, peripheral
artery disease (PAD), diabetes, or ejection fraction of <40% than those
without upstream treatment (all P < .05). Cangrelor-treated patients
who received upstream treatment were also significantly more likely to
be transferred from another hospital and to experience active chest
discomfort. There were no observed differences in parenteral antith-
rombotic medication use, but upstream P2Y12-treated patients were
more likely to undergo placement of a mechanical circulatory support
device (Table 1).

Figure 1 describes the factors associated with upstream use of an
oral P2Y12 inhibitor among cangrelor-treated patients. Patients treated
with cangrelor and an upstream oral P2Y12 inhibitor treatment were
more likely to be from an underrepresented racial or ethnic group or to
have private health insurance. In addition, patients treated with can-
grelor and an upstream oral P2Y12 inhibitor treatment were more likely
to present with STEMI, undergo femoral artery access, have had a
previous PCI, or have PAD compared with cangrelor-treated patients
without upstream pretreatment.

Table 2 demonstrates the association between upstream P2Y12 in-
hibitor therapy and bleeding events among cangrelor-treated patients.
There were no statistically significant differences in observed or adjusted
bleeding rates associated with cangrelor use between patients with and
without upstream P2Y12 inhibitor exposure (6.5% vs 8.8%; adjusted OR,
0.62; 95% CI, 0.38-1.01). The upstream treatment group consisted of 384
patients. Among the 86 patients who were treated with a P2Y12 inhibitor
exclusively at home, 6 patients (7.0%) experienced a bleeding event.
There were also 272 patients exclusively treated only with an in-hospital
P2Y12 inhibitor, 18 of whom (6.6%) experienced a bleeding event. Finally,
1 bleeding event was observed among 26 patients (3.85%) who were
administered P2Y12 therapy both at home and in the hospital.

Among 298 cangrelor-treated patients who received a P2Y12 in-
hibitor upstream in-hospital (Supplemental Figure S1), 101 patients
ing

(95% CI) P value Adjusted odds ratio (95% CI) P value

.154 0.62 (0.38-1.01) .053

.656 2.00 (0.69-5.81) .205



Table 3. The association between timing of upstream oral P2Y12 inhibitor therapy and cangrelor initiation and risk of bleeding.

Time group, h Bleed eventsa, n/N (%) Unadjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

0-1 5/101 (5.0) Ref. Ref.
1-3 11/103 (10.7) 2.30 (0.77-6.86) .137 2.70 (0.87-8.32) .084
>3 3/94 (3.2) 0.63 (0.15-2.73) .539 0.65 (0.15-2.85) .566

a Number of bleeding events/number of patients who received an upstream oral P2Y12 inhibitor in the particular time group.
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(33.8%) started cangrelor within 1 hour, 103 (34.4%) between 1 and 3
hours, and 94 (31.5%),>3 hours after the in-hospital oral P2Y12 inhibitor
dose. Patients presenting with STEMI, Black patients, and smokers were
more likely to comprise those with shorter durations between last up-
stream oral P2Y12 inhibitor dose and cangrelor initiation (Supplemental
Table S1). Bleeding event rates were 5.0%, 10.7%, and 3.2% among
patients with 0- to 1-hour, 1- to 3-hours, and>3-hour gaps between the
last upstream P2Y12 inhibitor use and cangrelor initiation, respectively;
these differences were not statistically significant with or without
multivariable adjustment (Table 3). Table 4 summarizes that the rela-
tionship between upstream oral P2Y12 inhibitor exposure and bleeding
events was not statistically different between patients with STEMI and
those with NSTEMI treated with cangrelor. Table 2 describes the as-
sociation between the use of upstream high potency (ticagrelor or
prasugrel) and low potency (clopidogrel) P2Y12 inhibitors and bleeding
risk among cangrelor-treated patients with MI. There was no statistically
significant difference after adjustment in the risk of bleeding among
cangrelor-treated patients who received an upstream high potency
versus low potency oral P2Y12 inhibitor (adjusted OR, 2.00; 95% CI,
0.69-5.81).
Discussion

In this analysis of the CAMEO Registry, we examined the use of
cangrelor among patients with MI who had received oral P2Y12 inhibitor
drugs before cardiac catheterization and sought to understand the as-
sociation of upstream P2Y12 inhibitor drug use with bleeding risk.
Cangrelor-treated patients who received an upstream oral P2Y12 in-
hibitor were more likely to present with a significant cardiovascular
history, including a history of PCIs, MIs, and diagnoses of PAD and
diabetes when compared with patients who received cangrelor without
upstream oral P2Y12 inhibitors. Ticagrelor was the most frequently used
P2Y12 drug in this registry, representing>90% of those receiving both a
P2Y12 drug and cangrelor. Nearly 34% of cangrelor-treated patients
with in-hospital upstream treatment had received an oral P2Y12 inhibitor
within an hour of initiating cangrelor therapy. No statistically significant
association between bleeding and upstream oral P2Y12 inhibitor use
among cangrelor-treated patients was observed, regardless of MI type,
P2Y12 inhibitor potency, or timing of cangrelor administration relative to
oral P2Y12 use.

Given the urgency in timing of invasive management for MI,
particularly in patients presenting with STEMI, interventional operators
may not know at the onset of catheterization the following: (1) whether a
patient has been taking an oral P2Y12 inhibitor chronically or has been
recently loaded with one (particularly in the case of interhospital
transfers); (2) whether a patient has adequately absorbed an oral P2Y12
inhibitor (in the case of cardiogenic shock or cardiac arrest); or (3)
whether an oral P2Y12 inhibitor was given early enough for
Table 4. The association between upstream oral P2Y12 inhibitor therapy and bleed

Outcome MI type Pretreatment, n/N (%) No pretreatment, n/N (%)

Bleed event STEMI 26/240 (8.3) 82/785 (10.5)
NSTEMI 5/144 (3.5) 40/603 (6.6)

MI, myocardial infarction; NSTEMI, non–ST segment–elevated myocardial infarction;
therapeutically adequate platelet inhibition to have occurred. In these
cases, the use of cangrelor in addition to an oral P2Y12 inhibitor may be
beneficial to ensure adequate platelet inhibition at the time of cathe-
terization. However, use of cangrelor in combination with an upstream
oral P2Y12 inhibitor raises concerns of increased bleeding risk; current
Food and Drug Administration-approved product instructions stipulate
that cangrelor is intended for use in patients who have not been treated
with an oral P2Y12 inhibitor.14 In this regard, our observations are
reassuring in having found no significant increased bleeding risk asso-
ciated with cangrelor therapy in patients who received an upstream oral
P2Y12 inhibitor. We did note that there were higher rates of bleeding in
patients who received an oral P2Y12 inhibitor 1 to 3 hours before can-
grelor treatment compared with patients who received upstream oral
P2Y12 inhibitors either 0 to 1 hours or >3 hours before cangrelor ther-
apy. Although these rates did not statistically differ, these relationships
should continue to be explored.

The recently published Switching Antiplatelet-5 trial by Franchi et al9

randomized participants to receive a ticagrelor loading dose followed
after 1 hour by cangrelor bolus and infusion or a ticagrelor loading dose
followed after 1 hour by placebo bolus and infusion. The study
demonstrated that there was no significant difference in platelet re-
action units 2 hours after infusion discontinuation for cangrelor versus
placebo despite significant reductions in platelet reaction units with the
addition of cangrelor versus placebo at 30 minutes (P ¼ .001) and 1
hour (P ¼ .005) after the cangrelor bolus. This study demonstrated that
among patients who receive a 180-mg oral loading dose of ticagrelor 1
hour earlier, cangrelor further enhances P2Y12 inhibitory effects up to 1
hour after initiation of therapy compared with placebo. It is important
to note that after discontinuation of cangrelor, platelet reactivity remain
markedly suppressed by ticagrelor at the same level achieved with the
added use of cangrelor. Our study complements Switching
Antiplatelet-5 demonstration of an additive platelet inhibitory effect
when administering cangrelor after ticagrelor by showing no additional
risk of bleeding with this therapeutic combination.

Although several studies have examined the use of clopidogrel
during cangrelor infusion, few data exist about upstream treatment
with thienopyridine drugs; this is related to the fact that thienopyr-
idine drugs compete for the same ADP-binding site, and because
binding of clopidogrel and prasugrel are irreversible, concomitant use
of cangrelor with either of these agents may be problematic.
Schneider et al15 demonstrated that clopidogrel administration either
0.5 or 1 hour before discontinuation of cangrelor did not prevent
recovery of platelet reactivity as effectively as clopidogrel adminis-
tration at the time of infusion discontinuation. Similarly, Steinhubl et
al16 found a 600-mg load of clopidogrel given concomitantly with
cangrelor was associated with a weaker antiplatelet effect than the
same clopidogrel load given just after cangrelor infusion discontinu-
ation. These observations have likely increased use of ticagrelor
among cangrelor-treated patients because ticagrelor does not
ing, stratified by MI type.

Unadjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

0.78 (0.47-1.30) .340 0.80 (0.46-1.40) .439
0.51 (0.20-1.31) .159 0.46 (0.17-1.24) .112

STEMI, ST segment–elevated myocardial infarction.
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compete with cangrelor for the same allosteric binding site as clopi-
dogrel and prasugrel.17 In an analysis from SCAAR,9 nearly a third of
cangrelor-treated patients received ticagrelor upstream of cangrelor
(before PCI), whereas very few cangrelor-treated patients received
clopidogrel (1%) or prasugrel (0%) upstream. This study did not
analyze the bleeding outcomes of cangrelor-treated patients treated
with upstream P2Y12 inhibitors.

We also examined whether certain clinical factors were associated
with cangrelor administration in patients who had received an upstream
oral P2Y12 inhibitor. Patients treated with cangrelor and an upstream
oral P2Y12 inhibitor treatment were more likely to have underwent a
previous PCI or a diagnosis of PAD compared with cangrelor-treated
patients without an upstream oral P2Y12 inhibitor. These findings are
not surprising because patients with a significant history of PCIs or with
PAD are more likely to be prescribed chronic antiplatelet therapy. In
addition, we observed that a STEMI presentation was associated with
upstream administration of P2Y12 inhibitor therapy, consistent with
guidelines recommending higher potency dual antiplatelet therapy for
patients with acute STEMI. Finally, we found that underrepresented
racial or ethnic groups were more likely to receive upstream oral P2Y12
inhibitors in addition to cangrelor therapy. Further work will be needed
to understand the relationship among race, ethnicity, and cangrelor
therapy.

There are several important limitations to this study. As a registry
report, our findings provide exploratory observations describing current
patterns of clinical care and identifying opportunities for future study in
a sample of patients with MI treated at hospitals of varying size and
capabilities. The observed bleeding events, the main outcome of in-
terest in this analysis, occurred with relatively low frequency; thus, a
larger study would be helpful to narrow confidence interval ranges and
confirm our findings. In addition, the overall sample size is smaller than
that of large nationwide registries and is limited to use from centers with
cangrelor on formulary. There are centers around the United States that
do not have cangrelor on formulary, so these results would not be
generalizable to those centers. We included only patients who received
an upstream oral P2Y12 inhibitor either at home within 24 hours of
hospital admission or an in-hospital P2Y12 inhibitor before cardiac
catheterization. There were patients who may have received an oral
P2Y12 inhibitor just prior to 24 hours before admission who were
excluded but may have received cangrelor within a window of time that
could have created overlapping antiplatelet effects. In addition, we do
not know from the registry the rationale for use of cangrelor. Moreover,
we could not determine which bleeding events were directly related to
cangrelor use, but could state only whether they occurred during or
after infusion. However, there are instances when bleeding event may
have started during cangrelor infusion but were not clinically detected
until after the infusion was discontinued. Thus, we were not able to
describe why some operators chose to use cangrelor in patients who
had upstream P2Y12 loading, contrary to current recommendations for
cangrelor use. Finally, because this was an observational study, there
may be residual confounding.

Conclusions

Bleeding risk was not observed to be significantly higher in
cangrelor-treated patients who received upstream oral P2Y12 inhibitor
medication compared with similar patients who did not receive up-
stream oral P2Y12 inhibitor therapy.
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