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Percutaneous coronary intervention (PCI) in patients with angiographic evidence of intra-
coronary thrombus is associated with in-hospital and 30-day adverse clinical outcomes.
Cangrelor, a direct, rapid-onset acting intravenous P2Y12 receptor inhibitor, has been
proved to be effective by reducing peri-PCI ischemic complications in subjects who under-
went PCI. This study aimed to assess the angiographic and in-hospital clinical outcomes in
all-comer patients receiving cangrelor immediately before PCI at a tertiary care center.
The study analyzed consecutive unselected subjects treated with cangrelor at the time the
decision was made to proceed with PCI. At the end of the procedure, all patients were
transitioned to oral antiplatelet therapy. The target lesion angiographic assessment of
Thrombolysis in myocardial infarction flow grade (TIMI-Flow), TIMI-thrombus grade
(TIMI-Thrombus), myocardial blush grade, and TIMI-myocardial perfusion grade
(TMPG) was performed before and post-PCI. Clinical events were recorded during the
procedure and at discharge. In total, 223 patients (244 lesions) were included in the analy-
sis (106, 97, and 20 patientswith TIMI-Flow 0/1, TIMI-Flow 2/3, and cardiogenic shock,
respectively). The overall mean age was 63 § 12 years, 70% men and 38% with diabetes
mellitus. Acute myocardial infarction was the main presentation (72%). The use of can-
grelor improved TIMI-Flow, MGB, TMPG, and TIMI-Thrombus in patients with initial
TIMI-Flow 0 to 2. Major bleeding rate was 2.0%. In conclusion, cangrelor was effective
and safe in restoring TIMI-Flow 3, reducing thrombus burden and improving myocardial
blush grade and TMPG when administered to unselected subjects who underwent PCI.
Therefore, cangrelor should be considered in patients presenting with intracoronary
thrombus before intervention. © 2019 Published by Elsevier Inc. (Am J Cardiol
2019;123:1228−1238)
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Percutaneous coronary intervention (PCI) in patients
with evidence of intracoronary thrombus, in de novo
lesions or stent thrombosis (ST), is associated with pro-
cedural complications. The presence of intracoronary
thrombus when associated with reduction of coronary
blood flow,1,2 perfusion, or myocardial blush3,4 was
associated with adverse clinical outcomes, in-hospital
and at 30 days.5,6 In acute coronary syndrome (ACS),
due to the prothrombotic milieu, a P2Y12 inhibitor drug
with a rapid platelet inhibition is highly desirable.7 The
oral platelet P2Y12 inhibitors have delays of at least
60 to 120 minutes before achieving maximal platelet
inhibition. Cangrelor is a direct, rapid-onset and -offset
intravenous (IV) P2Y12 receptor inhibitor that acts
immediately upon administration of an IV bolus and
infusion.8,9 Cangrelor has proved to be effective at
reducing peri-PCI ischemic complications in patients
with stable angina pectoris, ST segment elevation myo-
cardial infarction (STEMI), or non-STEMI (NSTEMI)
who were not preloaded with P2Y12 receptor inhibitors.
In real world- and STEMI-patients on cardiogenic
shock, cangrelor demonstrated to be safe and effica-
cious.10,11 The aim of this study is: To assess the pre-
and postprocedure angiographic and in-hospital clinical
outcomes in all-comers patients with and without car-
diogenic shock receiving cangrelor before PCI.
Methods

This study is an exploratory registry assessing the utility
of cangrelor in all-comers who underwent PCI at a high-
volume, tertiary care center (i.e., MedStar Washington Hos-
pital Center), from September 2016 to December 2017. The
study was approved by the Institutional Review Board.

The inclusion criteria were >18 years old, all-comer
patients (i.e., stable angina pectoris, unstable angina pecto-
ris, STEMI, and NSTEMI) referred to cardiac catheteriza-
tion and underwent PCI and received intraprocedure
cangrelor. All patients received cangrelor in the Cardiac
Catheterization Laboratory at the time of the decision to
perform PCI.
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For this analysis, the patients were first stratified accord-
ing to their preprocedure clinical status hemodynamic sta-
bility as either cardiogenic shock or no shock. Patients
were further submitted to a lesion-level analysis of the pre-
procedure TIMI-Flow (grade 0 to 3). The noncardiogenic
shock subjects were categorized either TIMI-Flow 0/1 or
TIMI-Flow 2/3 subgroups.

The primary efficacy end point was angiographic, that is,
a pre- and post-PCI assessment of the changes in coronary
blood flow, intraluminal thrombus, and myocardium micro-
circulation. Secondary clinical efficacy and safety end
points were in-hospital outcomes, including major adverse
cardiovascular events (MACE), a composite of death, myo-
cardial infarction (MI), and repeat revascularization; defi-
nite ST; and major bleeding (as per protocol).

Acute MI definition includes STEMI and NSTEMI.
STEMI was defined as CK-MB elevation ≥2 times the
upper limit of normal with the presence of ischemic elec-
trocardiographic changes including new Q waves or ST
elevation ≥1 mm. NSTEMI was defined as CK-MB eleva-
tion ≥2 times the upper limit of normal without ischemic
electrocardiographic changes. Periprocedural MI was
described by Baker et al as an increment of CK-MB ≥2
the upper limit of normal, along with symptoms and/or
electrocardiographic changes suggestive of myocardial
ischemia.12 Repeat revascularization included any re-PCI
of a target lesion revascularization (TLR) and any coro-
nary artery bypass grafting (CABG) after the index proce-
dure. TLR was defined as a reintervention (PCI) of an
index procedure target lesion. CABG was defined as
any coronary artery bypass graft required emergently,
urgently, or electively postprocedure. Major Bleeding was
the composite of Gastrointestinal Bleeding (GIB), Hemat-
ocrit decrease, or major hematoma. GIB was defined as
the evidence of bleeding in the gastrointestinal tract upper
or lower to the Angle of Treitz. Hematocrit decrease is
defined as a decrease in the hematocrit >15 points without
evidence of a vascular complication. Major Hematoma
was defined as the presence of Hematomas 20 £ 40 mm or
greater or those requiring transfusions or necessitating
prolonged hospitalization. Cardiogenic Shock (at the time
of the admission)was defined as a maximum systolic blood
pressure < 90 mm Hg for at least 30 minutes, unless
treated with inotropes or intra-aortic balloon pump inser-
tion, or pump failure as manifested by a cardiac index
<2.2 and a pulmonary capillary wedge pressure >18 mm
Hg and/or persistence of hypotension.

The adjunctive, intraprocedure pharmacologic therapy
was either unfractionated heparin or bivalirudin, and also
the pre- and postprocedure antiplatelet therapy regimen fol-
lowed the operator’s discretion. Cangrelor was adminis-
tered in all patients as an IV bolus of 30 mg/kg and
subsequent continuous pump infusion of 4 mg/kg/min dur-
ing the entire procedure. The use of cangrelor was started at
the time the decision was made to proceed with PCI. At the
end of the procedure, the patients were transitioned to oral
P2Y12 therapy. All patients also received acetylsalicylic
acid with loading dose of 325 mg and followed by 81 mg/
day. Dual antiplatelet therapy was prescribed according to
current guidelines for at least 6 months for stable patients
and 12 months for patients presenting with ACS.7 The oral
medications were administrated in the tablet form unless
the patient was not able to swallow it.

The angiographic assessment of the cases was done by
an independent core laboratory at Medstar Cardiovascular
Research Network (Washington, District of Columbia). All
materials were analyzed using an offline quantitative coro-
nary analysis software (CAAS, PieMedical, Maastricht,
Netherlands). The qualitative and quantitative parameters
of the treated vessel were initially used to evaluate the com-
plexity of the lesion according to the American College of
Cardiology/American Heart Association )lesion classifica-
tion,13,14 followed by the pre- and postindex procedure
angiographic outcomes analysis. Angiographic indexes
were defined according to the original publication in which
the scores were first described or updated. The estimation
of coronary blood flow was done using TIMI flow grade
(TIMI-Flow).1,2 The angiographic presence of intracoro-
nary thrombus was evaluated using the TIMI thrombus
grade (TIMI-Thrombus).1,2 The myocardial microcircula-
tion was assessed using myocardial blush grade (MBG) and
TIMI myocardial perfusion grade (TMPG).3,4,15

Continuous variables were represented using means and
standard deviation, and the categorical variables by fre-
quencies and percentages. The differences between the
TIMI-Flow 0/1 and TIMI-Flow 2/3 groups were assessed
using the standardized differences expressed in normalized
standard deviation units (Z-score, Z).16 A standardized dif-
ference of 0.2 indicates about 15% nonoverlap of the 2 dis-
tributions; 0.3, about 23% nonoverlap; and 0.5, about 33%
nonoverlap. Generally, an absolute standardized difference
of 0.2 or greater is considered meaningful.
Results

A total of 223 patients (244 lesions) underwent PCI
along with cangrelor during the index procedure. There
were 106 patients (109 lesions) with preprocedure TIMI-
Flow 0/1, 97 patients (115 lesions) with preprocedure
TIMI-Flow 2/3, and 20 patients (20 lesions) under cardio-
genic shock (and TIMI-Flow 0 to 3; Figure 1). Overall, the
mean age was 63 § 12 years, and 144 (71%) were men.
Acute MI was the clinical presentation in 147 (73%) of the
patients. Other baseline characteristics are presented in
Table 1. Second-generation drug-eluting stent (DES) was
used in 206 (92%) of the lesions and 47 (21%) were throm-
bus aspirated and remaining lesion and preprocedure char-
acteristics are described in Table 2.

Overall, 35 (16%) of the patients were already taking
P2Y12 inhibitors before the clinical event hospitalization,
and 63 (28%) patients preloaded with P2Y12 inhibitors at
the emergency department or Cath Lab, of whom 48 (21%)
received ticagrelor, 14 (6.3%) clopidogrel, and 1 (0.4%)
prasugrel. The administration of glycoprotein IIb/IIIa inhib-
itor (GP IIb/IIIa) was used 7 cases (3.5%) only for bailout
situations (Table 3). At the end of the procedure, 144 sub-
jects (65%) were transitioned from IV-to-oral P2Y12 inhibi-
tors, of whom 57%, 6.7%, and 0.4% of the patients were
transitioned from cangrelor to ticagrelor, clopidogrel, or
prasugrel, respectively. All patients received acetylsalicylic
acid) and P2Y12 inhibitors, before admission, preprocedure
loading or were transitioned at the end of the procedure. In



Figure 1. Study flow diagram.

TIMI = thrombolysis in myocardial infarction.
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the majority of patients, there was overlap between cangre-
lor and oral P2Y12, and in some patients, the IV P2Y12 was
continued after the completion of the PCI until the end of
the infusion. The subgroup baseline, lesion, and preproce-
dure and postprocedure characteristics are also presented in
the Tables 1 to 3.

The angiographic outcomes were performed in a lesion-
level analysis, and the results are shown in Figure 2. In the
postprocedure analysis, TIMI-Flow 3 was restored in 96%
of cases. In total 57% of the patients presented preproce-
dure definite presence of Thrombus (TIMI-Thrombus 2
to 5) and 20% probable presence of thrombus (TIMI-
Thrombus 1). At the end of the procedure, 96% of lesions
had angiographic absence of thrombus (TIMI-Thrombus 0).
Before PCI and adjunctive phamacotherapy assessment,
MBG and TMPG were absent (grade 0) in 37% and 38% of
the lesions, respectively. At postprocedure, MPG was par-
tially (grade 2) or fully restored (grade 3) in 7.1% and 91%,
respectively, whereas TPMG 2 or 3 was observed in 5.7%
and 92% of the cases, respectively. The angiographic out-
comes subgroup data are presented in the Figures 3 and 4.
None of the patients experienced abrupt closure of the ves-
sel during the procedure. At the end of the procedure, distal
embolization was documented in 9 (4.2%) vessels. There
were 2 (0.9%) no reflow cases and 1 (0.5%) type D coro-
nary dissection (Table 3).

The overall mean in-hospital stay was 3.6 § 3.7 days.
Clinical success (MACE-free) was achieved in 197 (97%)
of the cases (Table 4). MACE was met in 6 (3.0%) of the
cases. All MACE cases were in the TIMI-Flow 0/1 group 6/
106 (5.7%), of whom, 1 patient died (cardiac), 6 patients
had revascularization (4 by CABG and 2 had TLR by PCI),
and no MI cases (Table 4). One patients (0.5%) experienced
an ischemic stroke. Major bleeding complications were
detected in 4 cases (2.0%), of whom 2 subjects (1.0%) had
GIB, and 3 (1.6%) experienced a hematocrit decrease unre-
lated to GIB or access site. There were 7 access site hema-
tomas not requiring intervention, and no cases of access
site pseudoanerysm formation, arteriovenous fistula, limb
ischemia, or complications requiring surgical intervention.
There were no definite or probable ST cases.
Discussion

This study reports the experience of a contemporary use
of cangrelor in subjects who underwent PCI in a high-
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Table 1

Baseline characteristics

TIMI-Flow Grade

TIMI-Flow Grade

0 to 3 (Overall) 0 or 1 2 or 3 Z-score

0 to 3

+ Cardiogenic Shock

Variable

Summary

Statistic

Total

(n = 203)

Summary

Statistic

Total

(n = 106)

Summary

Statistic

Total

(n=97)

Summary

Statistic

Total

(n = 20)

Age (years) (mean § standard

deviation)

63.3 § 12.1 60.5 § 12.2 66.4 § 11.1 ¡0.506 63.05§ 11.4

Men 144 (70.9%) 75 (70.7%) 48 (49.5%) 0.445 13 (65.0%)

Risk factors

Diabetes mellitus 76 (38.2%) 199 39 (37.5%) 104 37 (38.9%) 95 ¡0.298 8 (40.0%)

Systemic arterial hypertensiony 163 (81.1%) 201 80 (76.2%) 105 83 (86.5%) 96 ¡0.266 13 (65.0%)

Hyperlipidemiaz 142 (71.0%) 200 67 (64.4%) 104 75 (78.1%) 96 ¡0.306 10 (50.0%)

Smoker 63 (31.0%) 57 (53.8%) 54 (55.7%) ¡0.038 9 (45.0%)

Heart failure 45 (22.8%) 197 25 (24.0%) 104 20 (21.5%) 93 0.060 3 (15.0%)

Left ventricle ejection fraction %

(% § standard deviation)

0.46 § 0.14 152 0.42 § 0.13 77 0.49 § 0.13 75 ¡0.538 0.38 § 0.14

Chronic kidney disease, dialysis 4 (2.0%) 200 1 (0.9%) 105 3 (3.2%) 95 ¡0.155 1 (5.0%) −
Previous myocardial infarction 38 (18.7%) 18 (16.9%) 20 (20.6%) ¡0.093 1 (5.0%)

Previous Percutaneous coronary

intervention

49 (24.4%) 201 18 (17.3%) 104 31 (31.9%) ¡0.345 2 (10.0%)

Previous coronary artery bypass

graft

16 (7.9%) 202 8 (7.6%) 105 8 (8.2%) ¡0.232 0 (0.0%)

Graft age, (months) (mean §
standard deviation)

88.6 § 74.9 17 87.8 § 82.5 8 89.43§ 72.4 9 ¡0.020 − −

Clinical presentation

Stable angina pectoris 14 (7.0%) 201 3 (2.8%) 11 (11.6%) 95 ¡0.343 0 (0.0%)

Unstable angina pectoris 40 (19.9%) 201 9 (8.5%) 6 (6.3%) 95 0.083 0 (0.0%)

Acute myocardial infarction* 147 (73.1%) 201 94 (88.7%) 53 (55.8%) 95 0.789 20 (100.0%)

Data are mean § one standard deviation for continuous variables; n (%) for categorical variables.

Negative value indicates smaller value of TIMI 0/1.

TIMI = thrombolysis in myocardial infarction.

*Acute myocardial infarction (AMI) definition includes STEMI and NSTEMI.
ySystemic Arterial Hypertension was defined as patients with previous documented history of hypertension on medication.
zHyperlipidemia was defined as patients with a previously documented diagnosis of hypercholesterolemia. A new diagnosis was made with an elevated

cholesterol >250 ng/dl (but does not include isolated elevated triglycerides).
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volume tertiary center in the United States. There are
4 main findings derived from the study analysis: (1) The
concomitant use of cangrelor improved the angiographic
outcomes in patients with a visible intracoronary thrombus,
including in hemodynamically stable patients with the pre-
procedure TIMI flow grade 0 or 1; (2) Overall, the adjunct
administration of cangrelor was associated with a low rate
of clinical events and no ST; (3) The transition of cangrelor
to oral antiplatelet therapy (predominantly ticagrelor) was
safe; and (4) Use of cangrelor was associated with a low in-
hospital major bleeding rate.

Patients with STEMI often present with spontaneous
intracoronary thrombus leading to a reduction of antero-
grade coronary artery blood flow.1,2 The presence of
intracoronary thrombus during PCI is associated with poor
clinical outcomes.5,6 The management of spontaneous
intracoronary thrombus remains a therapeutic challenge,
particularly in de novo lesions.6,17 The present study is the
first to detail the impact of cangrelor, as adjunct therapy, on
the postprocedure angiographic indexes and clinical out-
comes in a contemporary practice in subjects underwent
PCI. The study showed that the use of cangrelor resulted in
improvement of the angiographic indexes in patients with
or without cardiogenic shock. The gain was more promi-
nent in lesions with preprocedure TIMI-Flow 0/1, which is
notoriously known to result in poor outcomes. Finally, there
was nearly complete avoidance of the no reflow phenome-
non that is common in patients with large thrombus burden
who underwent PCI.

There are several contributors, preventable or not, to the
formation of ST, and still today, the motality rate is high
(20% to 40%).10,18,19 These contributors could be related to
the patient, the device, or the actual procedure. Particularly
in patients with genetic polymorphism, co-morbidities
(erratic gastro-intestinal absorption and metabolization),
concomitant pharmacologic interactions (i.e., fentanyl and
morphine), and left ventricle impairment. In the stent type
was also related to ST, now reduced by second-generation
DES to <1.0%. Lesion type B2 or C were associated with
procedure-related ST; along with final TIMI grade flow <3;
under sized or under expanded stents, stent malapposition,
stent fracture, residual dissection or stenosis; and lack of
adequate endothelial coverage.5,6,17 There are several
mechanical and pharmacological strategies to prevent and
to treat intracoronary thrombus. Among the mechanical
approaches for treatment are the aspiration devices, which



Table 2

Lesion and preprocedure characteristics

TIMI-Flow Grade

TIMI-Flow Grade

0 to 3 (Overall) 0 or 1 2 or 3 Z-score

0 to 3

+ Cardiogenic Shock

Variable

Summary

Statistic

Total

(n = 224)

Summary

Statistic

Total

(n = 109)

Summary

Statistic

Total

(n = 115)

Summary

Statistic

Total

(n = 20)

Previous stent 26 (11.6%) 16 (14.7%) 10 (8.7%) 0.187 2 (10.0%)

In-Stent restenosis 8 (3.6%) 222 6 (5.6%) 108 2 (1.8%) 114 0.203 1 (5.0%)

Target vessel

Left main coronary artery 4 (1.8%) 0 (0.0%) 4 (3.5%) ¡0.268 0 (0.0%)

Left anterior descending 83 (37.1%) 44 (40.4%) 39 (33.9%) 0.134 7 (35.0%)

Left circumflex 48 (21.4%) 23 (21.1%) 25 (21.7%) ¡0.155 5 (25.0%)

Right coronary artery 87 (38.8%) 42 (38.5%) 45 (39.1%) ¡0.012 8 (40.0%)

In-Graft 2 (0.9%) 0 (0.0%) 2 (1.7%) ¡0.188 0 (0.0%)

Preprocedure TIMI Flow Grade

Grade 0 80 (35.7%) 80 (73.4%) 0 (0.0%) − 15 (75.0%)

Grade 1 29 (12.9%) 29 (26.6%) 0 (0.0%) − 3 (15.0%)

Grade 2 9 (4.0%) 0 (0.0%) 9 (7.8%) − 1 (5.0%)

Grade 3 106 (47.3%) 0 (0.0%) 106 (92.2%) − 1 (5.0%)

Lesion Classificationy

Type A 11 (4.9%) 0 (0.0%) 11 (9.6%) ¡0.460 1 (5.0%)

Type B1 22 (9.8%) 0 (0.0%) 22 (19.1%) ¡0.690 1 (5.0%)

Type B2 30 (13.4%) 3 (2.8%) 27 (23.5%) ¡0.645 0 (0.0%)

Type C 161 (71.9%) 106 (97.2%) 55 (47.8%) 1.329 18 (90.0%)

Preprocedure

% Diameter stenosis (% §
standard deviation)

91.0 § 12.0 97.0 § 12.0 86.0 § 10.0 114 − 90.0 § 27.0

Lesion Length, (mm) (mean §
standard deviation)

11.89§ 6.55 115 − 11.89 § 6.55 − 14.5 § 9.19 4

Minimum lumen diameter, (mm)

(mean§ standard deviation)

0.63 § 0.61 0.24 § 0.48 1.00 § 0.49 ¡1.567 0.18 § 0.39

Reference vessel diameter, (mm)

(mean§ standard deviation)

2.39 § 0.87 2.15 § 1.06 2.62 § 0.56 ¡0.554 2.18 § 0.57

Data are mean § one standard deviation for continuous variables; n (%) for categorical variables.

Negative value indicates smaller value of TIMI 0/1.

TIMI = thrombolysis in myocardial infarction.
yAmerican College of Cardiology/American Heart Association (ACC/AHA) lesion Classification.

1232 The American Journal of Cardiology (www.ajconline.org)
failed to show efficacy and safety in pivotal randomized
clinical trials and meta-analysis.17,20,21 In contrast, second-
generation DES5,6 and improvements of the standard PCI
technique, including invasive imaging guidance, demon-
strated reduction of acute and subacute ST.22,23 Pharmaco-
logical approaches that have been used for the prevention
and treatment of intracoronary thrombus in patients with
ACSinclude preloading of P2Y12 inhibitors before the PCI,
the use of GP IIB/IIIA inhibitors systematically or as a bail-
out option, and thrombolytic therapy.1,23−25 These medica-
tion strategies showed modest efficacy and were associated
with a substantial increase of major bleeding, drawing
attention to the fine balance between bleeding and throm-
botic risk for these patients.26,27 Albeit second-generation
P2Y12 inhibitors have superior platelet inhibition, it may
still take over 60 minutes from loading to have sufficient
platelet inhibition and ability to prevent thrombus forma-
tion in patients who underwent primary PCI.28−30

Cangrelor is a direct rapid-onset and -offset platelet
inhibitor that acts immediately after IV administration.
Based on the CHAMPION PHOENIX trial results, it was
approved for use in the United States on June of 2015 in
patients who underwent stent implantation with STEMI,
NSTEMI, or stable angina pectoris who were not previ-
ously loaded with P2Y12 receptor inhibitors.8,19 Cangrelor
showed a significant decrease in ischemic events, including
ST and peri-PCI ischemic complications, but not at the
expense of an increase in major bleeding.8,19,29,30 Further,
cangrelor showed a reduction in the formation of new
thrombus during PCI in the CHAMPION trials.8 The pres-
ent study details the use of cangrelor in patients presenting
with ACS primarily with STEMI and associated with sig-
nificant thrombus burden. Overall, 95% of patients were
MACE-free and only 2.6% with major bleeding events.
There were no ST cases in any of the treated patients
regardless of clinical presentation or hemodynamic status.
This result goes in-line with previous publications of Bhatt
et al showing less ST in the cangrelor group during the
intraprocedure infusion time from 0 to 2 hours (i.e., the
required infusion time as per protocol after the drug pre-
scribing information dose).8,29

Platelet P2Y12 inhibition with cangrelor occurs regard-
less of presentation or renal function, which could be partic-
ularly important in an emergent setting. The transitioning

www.ajconline.org


Table 3

Postprocedure characteristics

TIMI-Flow Grade

TIMI-Flow Grade

0 to 3 (Overall) 0 or 1 2 or 3 Z-score

0 to 3

+ Cardiogenic Shock

Variable

Summary

Statistic Total

Summary

Statistic Total

Summary

Statistic Total

Summary

Statistic Total

Per patient data, (n = 203) (n = 106) (n = 97) (n = 20)

Cangrelor 203 (100.0%) 106 (100.0%) 97 (100.0%) − 20 (100.0%)

Infusion time (minutes) (mean § standard

deviation)

81 § 39 198 78 § 39 101 84 § 39 97 0.316 90§ 38 18

Intraprocedure Medications

Unfractionated Heparin 150 (73.9%) 67 (63.2%) 83 (85.6%) ¡0.530 11 (55.0%)

Activated clotting time final, (seconds) (mean §
standard deviation)

306 § 69 190 304 § 69 100 307 § 70 90 ¡0.043 310 § 66 18

Bivalirudin 46 (22.7%) 33 (31.1%) 11 (11.3%) 0.499 9 (45.0%)

Bailout Glycoprotein IIb/IIIa inhibitors* 7 (3.5%) 201 4 (3.8%) 104 3 (3.1%) 0.041 3 (15.0%)

Postprocedure (at discharge)

Acetylsalicylic acid 188 (94.0%) 200 96 (92.3%) 104 92 (95.8%) 96 ¡0.150 14 (73.7%) 19

Clopidogrel 54 (27.0%) 200 23 (22.1%) 104 31 (32.3%) 96 ¡0.230 4 (25.0%) 16

Ticagrelor 145 (72.5%) 200 80 (76.9%) 104 65 (67.7%) 96 0.207 12 (75.0%) 16

Prasugrel 1 (0.5%) 200 1 (1.0%) 104 0 (0.0%) 96 0.139 0 (0.0%)

Warfarin 41 (20.5%) 200 31 (29.8%) 104 10 (10.4%) 96 0.498 2 (10.5%) 19

Prelesion data, (n = 224) (n = 109) (n = 115) (n = 20)

Procedural characteristics

Percutaneous coronary intervention success 222 (99.1%) 107 (98.2%) 115 (100.0%) ¡0.193 20 (100.0%)

Procedure duration, (minutes) (mean §
standard deviation)

81.3 § 39.4 198 78.5 § 39.1 101 84.2 § 39.7 97 ¡0.145 90.3 § 38.9 18

Contrast used, (cubic centimeters) (mean §
standard deviation)

167.1 § 65.9 201 169.8 § 64.6 105 164.2 § 67.4 96 0.085 149.7 § 58.4 19

Bare metal Stent 3 (1.4%) 222 2 (1.8%) 1 (0.9%) 113 0.082 0 (0.0%)

Drug-eluting stents

1st generation 0 (0.0%) 0 (0.0%) 0 (0.0%) − 0 (0.0%)

2nd generation 206 (92.0%) 95 (87.2%) 111 (96.5%) ¡0.347 17 (85.0%)

Brachytherapy 0 (0.0%) 223 1 (0.9%) 0 (0.0%) 114 0.136 0 (0.0%)

Thrombus aspiration 47 (21.1%) 223 39 (35.8%) 9 (7.9%) 114 0.717 14 (70.0%)

Distal protection device 0 (0.0%) 223 0 (0.0%) 0 (0.0%) 114 − 0 (0.0%)

Laser 0 (0.0%) 223 0 (0.0%) 108 0 (0.0%) − 0 (0.0%)

Rotational Atherectomy 10 (4.5%) 222 1 (0.9%) 108 9 (7.9%) 114 ¡0.344 0 (0.0%)

Cutting balloon 4 (1.8%) 223 1 (0.9%) 108 3 (2.6%) ¡0.128 0 (0.0%)

Direct stenting 0 (0.0%) 5 0 (0.0%) 3 0 (0.0%) 2 − 0 (0.0%)

Predilation 136 (60.7%) 70 (64.2%) 66 (57.4%) 0.140 12 (60.0%)

Postdilation 56 (25.0%) 24 (20.8%) 32 (27.8%) ¡0.134 2 (10.0%)

(continued on next page)
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Table 3 (Continued)

TIMI-Flow Grade

TIMI-Flow Grade

0 to 3 (Overall) 0 or 1 2 or 3 Z-score

0 to 3

+ Cardiogenic Shock

Variable

Summary

Statistic Total

Summary

Statistic Total

Summary

Statistic Total

Summary

Statistic Total

Postprocedure Findings

No reflow 2 (0.9%) 212 0 (0.0%) 98 2 (1.8%) 114 ¡0.189 0 (0.0%) 17

Distal embolization 9 (4.2%) 212 7 (7.1%) 98 2 (1.8%) 114 0.263 2 (11.8%) 17

Coronary dissectiony

Type D 1 (0.5%) 212 0 (0.0%) 98 1 (0.9%) 114 ¡0.133 0 (0.0%) 17

Coronary perforationz

Type 1 1 (0.5%) 212 0 (0.0%) 98 1 (0.9%) 114 ¡0.133 0 (0.0%) 17

Type 2 1 (0.5%) 212 1 (1.0%) 98 0 (0.0%) 114 0.143 0 (0.0%) 17

Postprocedure

Stented lesions 209 (93.3%) 97 (89.0%) 112 (97.4%) ¡0.338 17 (100.0%) 17

Minimum lumen diameter, (mm) (mean §
standard deviation)

2.10§0.50 95 2.10§0.50 95 − − − 2.18§0.34 10

Reference vessel diameter, (mm) (mean §
standard deviation)

2.66§0.57 95 2.66§0.57 95 − − − 2.61§0.35 10

% Diameter stenosis (% § standard deviation) 21.0§9.42 95 21.0 § 9.42 95 − − − 16.7§6.68 10

TIMI = thrombolysis in myocardial infarction.

Data are mean § one standard deviation for continuous variables; n (%) for categorical variables.

Negative value indicates smaller value of TIMI 0/1.

* Eptifibatide.
yNational Heart, Lung, and Blood Institute (NHLBI) Classification
zEllis classification.
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Figure 2. Preprocedure and postprocedure angiographic outcomes comparison graphs of patients underwent to Percutaneous Coronary Intervention also

receiving cangrelor. TIMI Flow Grade (A); TIMI Thrombus Grade (B); Myocardial Blush Grade (C); and TIMI Myocardial perfusion grade (D).

TIMI = thrombolysis in myocardial infarction.

Figure 3. Preprocedure and postprocedure angiographic outcomes comparison graphs between the TIMI-Flow 0/1 and TIMI-Flow 2/3 subgroups in patients

without cardiogenic shock. Postprocedure TIMI Flow Grade Status (A); TIMI Thrombus Grade (B); Myocardial Blush Grade (C); and TIMI Myocardial per-

fusion grade (D).

TIMI = thrombolysis in myocardial infarction.

Figure 4. Preprocedure and postprocedure angiographic outcomes comparison graphs of patients underwent to Percutaneous Coronary Intervention also

receiving cangrelor with cardiogenic shock. TIMI Flow Grade (A); TIMI Thrombus Grade (B); Myocardial Blush Grade (C); and TIMI Myocardial perfusion

grade (D).

TIMI = thrombolysis in myocardial infarction.
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Table 4

In-hospital clinical outcomes

TIMI-Flow Grade

TIMI-Flow Grade

0 to 3 (Overall) 0 or 1 2 or 3 Z-score

0 to 3

+ Cardiogenic Shock

Variable

Summary

Statistic

Total

(n = 203)

Summary

Statistic

Total

(n = 106)

Summary

Statistic

Total

(n = 97)

Summary

Statistic

Total

(n = 20)

In-Hospital stay, (days) (mean§
standard deviation)

3.6§ 3.7 4.4 § 4.3 2.7 § 2.7 − 8.4 § 6.2

Clinical success* 197 (97.0%) 100 (94.3%) 97 (100.0%) − 15 (75.0%)

Major adverse cardiovascular Events

(MACE)y
6 (3.0%) 6 (5.7%) 0 (0.0%) − 5 (25.0%)

Death 1 (0.5%) 1 (0.9%) 0 (0.0%) − 4 (20.0%)

Cardiac death 1 (0.5%) 1 (0.9%) 0 (0.0%) − 3 (15.0%)

Myocardial infarction 0 (0.0%) 201 0 (0.0%) 105 0 (0.0%) 96 − 0 (0.0%)

Target lesion revascularization

(TLR)

2 (1.0%) 200 2 (1.9%) 0 (0.0%) 94 − 1 (5.0%)

Repeat revascularizationz 6 (3.0%) 202 6 (5.7%) 0 (0.0%) 96 − 2 (10.0%)

Coronary artery bypass grafting

(CABG)

4 (2.0%) 202 4 (3.8%) 0 (0.0%) 96 − 1 (5.0%)

Percutaneous coronary intervention

(PCI)

2 (1.0%) 200 2 (1.9%) 0 (0.0%) 94 − 1 (5.0%)

Transient ischemic attack 0 (0.0%) 201 0 (0.0%) 105 0 (0.0%) 96 − 0 (0.0%)

Stroke 1 (0.5%) 201 1 (1.0%) 105 0 (0.0%) 96 − 1 (5.0%)

Ischemic 1 (0.5%) 201 1 (1.0%) 105 0 (0.0%) 96 − 1 (5.0%)

Stent thrombosis 0 (0.0%) 0 (0.0%) 0 (0.0%) − 1 (5.0%)

Kidney failure requiring dialysis 0 (0.0%) 202 0 (0.0%) 0 (0.0%) 96 − 0 (0.0%)

Hematoma 7 (3.5%) 202 4 (3.8%) 3 (3.1%) 96 − 0 (0.0%)

Arteriovenous fistula 1 (1.6%) 202 0 (0.0%) 1 (1.0%) 96 − 0 (0.0%)

Pseudoaneurysm 0 (0.0%) 202 0 (0.0%) 0 (0.0%) 96 − 0 (0.0%)

Limb ischemia 0 (0.0%) 202 0 (0.0%) 0 (0.0%) 96 − 0 (0.0%)

Surgical repair (Access site related) 0 (0.0%) 202 0 (0.0%) 0 (0.0%) 96 − 0 (0.0%)

Major bleeding 4 (2.0%) 2 (1.9%) 2 (2.1%) 97 − 2 (10.0%)

Gastrointestinal bleeding 2 (1.0%) 202 0 (0.0%) 2 (2.1%) 97 − 0 (0.0%)

Major Hematoma 0 (0.0%) 184 0 (0.0%) 93 0 (0.0%) 91 − 0 (0.0%) 17

Hematocrit drop 3 (1.6%) 185 2 (2.2%) 93 1 (1.4%) 92 − 2 (11.8%) 17

Transfusion of red blood cells pack 4 (2.6%) 156 3 (3.6%) 93 1 (1.4%) 73 − 2 (10.0%)

Data are mean § one standard deviation for continuous variables; n (%) for categorical variables.

Negative value indicates smaller value of TIMI 0/1.

TIMI = thrombolysis in myocardial infarction.

* Clinical success was defined as MACE-free.
yMACE was defined as a composite of death, MI and repeat revascularization.
zRe-PCI (TLR) or any CABG.
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from cangrelor to oral P2Y12 receptor inhibitor that varies
according to each specific drug.28−30 In the present study,
there were no issues with this transition when the majority
of the patients switched to ticagrelor while still in the Car-
diac catheterization laboratory, irrespective of their pre-PCI
treatment. With the lack of ischemic events during the tran-
sition and only 2 major bleeding events, the transition over-
all was seamless.

The present registry has the apparent limitation of a sin-
gle center registry, including bias in patient selection. There
was no control group to evaluate the efficacy of the angio-
graphic indexes and the bleeding complications. Finally,
the heterogeneity of the groups stable, ACS, and patients
with cardiogenic shock may obscure specific groups that
can benefit more from systematic usage of the drug. Never-
theless, the present study shares a tertiary center experience
and provides data for contemporary usage of cangrelor as
adjunct therapy for patients with visible thrombus who
underwent PCI.

In conclusion, cangrelor when administered immediately
before PCI in patients with visible thrombus and impaired
anterograde coronart blood flow is effective in restoring
blood flow (TIMI-Flow), reducing thrombus burden (TIMI-
Thrombus), improving myocardial perfusion (TMPG), and
blush grades (MBG). Cangrelor is associated with an over-
all low MACE rate, absence of procedural ST, and low
bleeding rates regardless of clinical presentation. Therefore,
the use of cangrelor should be considered for the treatment
of patients presenting with visible intracoronary thrombus
who underwent PCI.
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