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Abstract

Aims: Cangrelor has a potentially favorable pharmacodynamic profile in cardiogenic shock (CS). We aimed to evaluate the clinical course of CS patients

undergoing percutaneous coronary intervention (PCI) treated with cangrelor.

Methods and results: We retrospectively identified 136 CS patients treated with cangrelor. Patients were 1:1 matched to CS patients from the IABP-

SHOCK II trial not receiving cangrelor by age, sex, cardiac arrest, type of myocardial infarction, culprit lesion, glycoprotein IIb/IIIa inhibitor, and oral

P2Y12-receptor inhibitor and followed-up for 12 months. The study cohort consisted of 88 matched pairs. Thirty-day and 12-month mortality was 29.5%

and 34.1% in cangrelor-treated patients and 36.4% and 47.1% in control group (P = 0.34 and P = 0.08, respectively). The rate of definite acute stent

thrombosis was 2.3% in both groups. Moderate and severe bleeding events occurred in 21.6% in the cangrelor and 19.3% in the control group (P = 0.71).

Patients treated with cangrelor more frequently experienced �1 TIMI flow grade improvement during PCI (92.9% vs. 81.2%, P = 0.02).
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Conclusion: Cangrelor treatment was associated with similar bleeding risk and significantly better TIMI flow improvement compared with oral P2Y12

inhibitors in CS patients undergoing PCI. The use of cangrelor in CS offers a potentially safe and effective antiplatelet option and should be evaluated in

randomized trials.
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Introduction

Cardiogenic shock (CS) and cardiopulmonary resuscitation in
patients with acute coronary syndrome are associated with high
mortality and risk of adverse cardiovascular events despite optimal
interventional therapy.1,2 Antithrombotic therapy during percutaneous
coronary intervention (PCI) and stent implantation reduce thrombotic
complications such as stent thrombosis and recurrent myocardial
infarction. Antiplatelet effects of oral P2Y12-receptor inhibitors are
delayed in CS patients due to slower absorption and metabolism, and
challenges with adequate enteral access in intubated patients.3 The
intravenous P2Y12-receptor inhibitor, cangrelor, may overcome these
complexities due to its excellent bioavailability, fast-acting properties,
and safety in renal impairment.4,5 Cangrelor has been demonstrated
to safely reduce ischemic events, including stent thrombosis, in large
randomized clinical trials compared with oral clopidogrel in patients
undergoing PCI.6–9 However, CS was an exclusion criterion in these
landmark clinical trials, and few, single-center experiences have
evaluated the impact of intravenous P2Y12-receptor inhibition in high-
risk patients with cardiopulmonary resuscitation or CS, especially
compared with use of newer oral P2Y12-receptor inhibitors, prasugrel
and ticagrelor.10–17 Thus, we aimed to evaluate the clinical course of
patients in CS undergoing PCI treated with cangrelor or oral P2Y12-
receptor inhibitors in this global, multicenter observational study.

Methods

We retrospectively reviewed all patients with acute coronary
syndrome complicated by CS treated with cangrelor in 3 tertiary
centers (University Hospital of Tübingen, Germany; Brigham and
Women’s Hospital, Boston, MA, USA; and Massachusetts General
Hospital, Boston, MA, USA). All patients underwent PCI and the
decision to use cangrelor was left to the treating physician.
Cangrelor was administrated during the PCI as a bolus of 30 mg/
kg followed by infusion of 4 mg/kg/min (or 0.75 mg/kg/min without a
bolus in case of bridging) for at least 2 h. Oral P2Y12-receptor
inhibitors were loaded after the completion of infusion in case of
clopidogrel and prasugrel or before, during, or after cangrelor
infusion in the case of ticagrelor.10 Exclusion criteria were prolonged
pre-procedural resuscitation and age older than 90 years. Baseline
and procedural characteristics, ischemic and bleeding complica-
tions, and mortality were extracted from review of the electronic
health record. A control cohort of patients was identified from the
large randomized Intra-aortic Balloon Pump in Cardiogenic Shock
(IABP-SHOCK) II trial1 treated with oral P2Y12-receptor inhibitors.
The study design and the eligibility criteria have been described
elsewhere.1 Patients were matched according to age, sex, cardiac
arrest, type of myocardial infarction (ST-segment elevation
myocardial infarction – STEMI vs. non-ST-segment elevation

Fig. 1 – Flow chart and patient selection. CS — cardiogenic shock, STEMI — ST-segment elevation myocardial
infarction.
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myocardial infarction – NSTEMI), culprit lesion localization (anterior
vs. non-anterior myocardial infarction), glycoprotein IIb/IIIa inhibitor
(GPI) use, and oral antiplatelet therapy (clopidogrel vs. prasugrel/
ticagrelor either as initial therapy or after switching from cangrelor to
oral P2Y12 inhibition). Periprocedural, in-hospital events, and
mortality at 30 days and 1 year were compared between 1:1 matched
groups. Bleeding events were recorded according to Global Use of
Strategies to Open Occluded Coronary Arteries (GUSTO) criteria.18

Acute stent thrombosis was defined as definite stent thrombosis
according to the Academic Research Consortium criteria19 occur-
ring within 24 h after PCI. Thrombolysis in Myocardial Infarction
(TIMI) flow was assessed from angiographic scene of the target
vessel before and after the PCI.20

Categoricalvariables werepresented ascountsandpercentages and
were compared by x2 tests. Continuous variables were presented as
medianand interquartile range(IQR)ormeanandstandard deviation and
were compared by Mann-Whitney-Wilcoxon test. Of the 600 patients
enrolled in IABP-SHOCK II trial and 136 patients in CS treated with
cangrelor across the 3 institutions, 88 matched pairs (1:1 matching) were
identified (Fig. 1). Post-PCI survival curves were constructed by the
Kaplan-Meier method and were compared between matched groups
using log-rank tests.AllP-valueswere2-tailedand<0.05wasconsidered

statistically significant. All analyses were performed using SAS statistical
package version 9.3 (Cary, North Carolina, USA).

The study was approved by the institutional ethics committees at
the University Hospital Tübingen (553/2017BO2), Partners Health-
Care (2016P001952/PHS), and University of Leipzig (202-2006) and
complies with the Declaration of Helsinki and good clinical practice
guidelines. Given the use of anonymized data already collected as
part of routine diagnosis and treatment, written informed consent was
not required. In the IABP-SHOCK II trial, all patients or their legally
authorized representatives provided written informed consent.

Results

From November 2015 to August 2017, 143 patients with CS and treated
with cangrelor were screened at the 3 institutions; 7 patients were
excluded becauseofprolongedresuscitationand older age (>90years)
(Fig. 1). Patient characteristics of the cangrelor and the control cohort
from IABP-SHOCK II trial are shown in Table 1. Administration of GPI
was more frequent in the IABP-SHOCK II trial compared with the
cangrelor CS cohort (47.0% versus 11.0%). In the IABP-SHOCK II trial,
21.7% of patients were treated with newer P2Y12-inhibitors and 78.3%

Table 1 – Baseline, procedural characteristics, and key clinical outcomes of the global cangrelor cohort and the
IABP-SHOCK II randomized trial cohort.

IABP-SHOCK II cohort (n = 600) Multicenter cangrelor-treated patients (n = 136)

Age in years, median (IQR) 70 (58; 77) 68 (59; 77)
Sex female/male 187 / 413 (31.2% / 68.8%) 39 / 97 (28.7% / 71.3%)
NSTE-ACS n (%) 182/600 (30.3%) 50 (37.8%)
STEMI 418/600 (69.7%) 82/132 (62.1%)
- LAD or LM culprit 308/600 (51.3%) 56/120 (46.7%)
- Non-LAD or LM culprit 292/600 (48.7%) 64/120 (53.3%)
Diabetes mellitus 195/596 (32.7%) 42/132 (31.8%)
Chronic kidney disease 124/598 (20.7%) 17/131 (13.0%)
Cardiopulmonary resuscitation 270/600 (45.0%) 62/135 (45.9%)
Therapeutic hypothermia 197/600 (32.8%) 25/135 (18.5%)
Mechanical circulatory support 310(600) (51.7%) 59/136 (43.4%)
Glycoprotein IIb/IIIa inhibitor use 281/598 (47.0%) 14/127 (11.0%)
P2Y12-receptor blocker
- Ticagrelor/prasugrel 111/512 (21.7%) 90/136 (66.2%)
- Clopidogrel 401/512 (78.3%) 46/136 (33.8%)
Cangrelor full dose – 113/136 (83.1%)
Cangrelor bridging dose – 30/136 (22.1%)
Unfractionated heparin 550/598 (92.0%) 129/135 (95.6%)
Bivalirudin 65/598 (10.9%) 7/129 (5.4%)
Aspirin 546/598 (91.3%) 52/53 (98.1%)
PCI 575/600 (95.8%) 114/134 (85.1%)
Type of stent
DES 249/538 (46.3%) 105/114 (92.1%)
BMS 305/538 (56.7%) 5/14 (4.4%)
Mechanical thrombectomy 162/600 (27.0%) 18/128 (14.1%)

Key clinical outcomes of unmatched cohorts

30-day mortality 244/599 (40.7%) 40/136 (29.4%)
12-month mortality 307/595 (51.6%) 48/136 (35.3%)
In-hospital GUSTO moderate
and severe bleeding

123/600 (20.5%) 33/136 (24.3%)

Definite acute stent thrombosis 7/600 (1.2%) 2/131 (1.5%)
Renal replacement therapy 110/600 (18.3%) 22/133 (16.5%)

BMS — bare metal stent, CI — confidence interval, CKD — chronic kidney disease (glomerular filtration rate <30 ml/min), DES — drug-eluting stent, IQR —

interquartile range, LAD — left anterior descending artery, LM — left main coronary artery, NSTE-ACS — non-ST-segment elevation acute coronary syndrome,
PCI — percutaneous coronary intervention, RR — relative risk, STEMI — ST-segment elevation myocardial infarction, GUSTO — Global Use of Strategies to Open
Occluded Coronary Arteries.

R E S U S C I T A T I O N 1 3 7 ( 2 0 1 9 ) 2 0 5 – 2 1 2 207



with clopidogrel, whereas in the cangrelor CS cohort 66.2% of patients
were treated with newer P2Y12-inhibitors and 33.8% with clopidogrel
after end of cangrelor infusion. Mortality rates were 40.7% and 29.4% at
30-days and 51.6% and 35.3% at 12 months in patients in the IABP-
SHOCK II trial cohort and in cangrelor-treated patients, respectively.
The unadjusted relative risk was 0.72 (95% confidence interval 0.55–
0.95) for 30-day mortality and 0.68 (95% confidence interval 0.54–0.87)
for 12-month mortality in the cangrelor group compared with the IABP-
SHOCK II trial cohort (Table 1).

After 1:1 matching according to predefined criteria, 88 matched
pairs were identified.

Baseline and procedural characteristics of the matched cohorts
are shown in Table 2.

Patients were approximately 70 years old, 71.6% patients were male,
70.5% patients had STEMI, whereas 29.5% had NSTEMI, 47.7% had
anterior myocardial infarction, 46.6% patients undergone cardiopulmo-
nary resuscitation, 13.6% patients were treated with intravenous GPI,
56.8% received prasugrel or ticagrelor, and 43.2% were treated with
clopidogrel after PCI. Median resuscitation time in matched cohort was
12.5 (IQR 6.0–22.0) min. In the cangrelor group, more patients received
drug-eluting stents compared with the control group, and mechanical
thrombectomy was used less frequently. Mostly unfractionated heparin
was used as an anticoagulant during PCI, whereas more patients
received bivalirudin in the control group.

A total of 89.9% of patients received cangrelor as initial infusion
only, similar to the Cangrelor versus Standard Therapy to Achieve
Optimal Management of Platelet Inhibition (CHAMPION) trial, and
17% of patients received cangrelor for a prolonged time using a lower
dosing strategy similar to the BRIDGE study protocol.21

Median follow-up in the cangrelor group was 360(IQR198–571)days.
In the matched cohorts, all-cause mortality at 30 days was 29.5% vs.
36.4% (P = 0.34) and at 1 year was 34.1% vs. 47.1% (P = 0.08) in the
cangrelor group and IABP-SHOCK II matched control group, respec-
tively.Cangrelor-treatedpatientsexperiencednumerically lowermortality
compared with CS patients not treated with cangrelor up to 1-year, but
these differences did not reach statistical significance (log-rank P = 0.15;
Fig. 2). Moderate or severe GUSTO bleeding occurred in 21.6% of
cangrelor-treated patients and 19.3% of the control group (P = 0.71).
There were 2 cases of acute stent thrombosis (2.3%) in both matched
groups. Patients treated with cangrelor showed improved TIMI flow rates
compared with patients treated with oral P2Y12-receptor inhibitors only
(�1 TIMI flow grade improvement 92.9% vs. 81.2%, P = 0.02, Table 3).

Discussion

In this global, multicenter, observational study, cangrelor was
associated with similar bleeding risk, improved TIMI flow grade,

Table 2 – Baseline and procedural characteristics of cangrelor treated and matched control patients.

IABP-SHOCK II matched cohort treated with oral P2Y12

inhibitors (n = 88)
Multicenter cangrelor-treated patients
(n = 88)

P

Age in years, median (IQR) 70.5 (59.0; 77.0) 68.5 (58.5; 77.0) 0.94
Sex female /male 25 / 63/ (28.4 / 71.6%) 25 / 63 (28.4/71.6%) 1.00
NSTE-ACS n (%) 26/88 (29.5%) 26/88 (29.5%) 1.00
STEMI 62/88 (70.5%) 62/88 (70.5%) 1.00
- LAD or LM culprit 42/88 (47.7 %) 42/88 (47.7 %) 1.0
- Non-LAD or LM culprit 44/88 (53.3%) 44/88 (53.3%) 1.0
Diabetes mellitus 21/88 (23.9 %) 26/88 (29.5 %) 0.39
Chronic kidney disease 58.6 (43.9; 71.1) 57.7 (37.7; 73.2) 0.81
Cardiopulmonary
resuscitation

41/88 (46.6 %) 41/88 (46.6 %) 1.0

Therapeutic hypothermia 25/88 (28.4 %) 21/88 (23.9 %) 0.49
Mechanical circulatory
support

41/88 (46.6 %) 36/88 (40.9 %) 0.45

Glycoprotein IIb/IIIa inhibitor
use

12/88 (13.6 %) 12/88 (13.6 %) 1.00

Aspirin 81/88 (92.0 %) 40/41 (97.6 %) 0.23
P2Y12-receptor blocker
- Ticagrelor/prasugrel 60/88 (56.8%) 60/88 (56.8%) 1.00
- Clopidogrel 38/88 (43.2%) 38/88 (43.2 %) 1.00
Cangrelor full dose 79/88 (89.9 %)
Cangrelor bridging dose 15/88 (17.0 %)
Unfractionated heparin 74/88 (84.1 %) 84/88 (95.5 %) 0.013
Bivalirudin 15/88 (17.0 %) 6/88 (6.8 %) 0.036
PCI 85/88 (96.6 %) 77/86 (89.5 %) 0.066
Type of stent
DES 44/79 (55.7 %) 71/77 (92.2 %) < 0.001
BMS 36/79 (45.6 %) 3/77 (3.9 %) < 0.001
Mechanical thrombectomy 27/88 (30.7 %) 16/88 (18.2 %) 0.054

BMS — bare metal stent, CKD — chronic kidney disease (glomerular filtration rate <30 ml/min), DES — drug-eluting stent, IQR — interquartile range, LAD — left
anterior descending artery, LM — left main coronary artery, NSTE-ACS — non-ST-segment elevation acute coronary syndrome, PCI — percutaneous coronary
intervention, STEMI — ST-segment elevation myocardial infarction.
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and a numerically lower 1-year mortality compared with oral P2Y12

inhibitors in CS patients undergoing PCI.
Potent antiplatelet therapies are a cornerstone part of the

management in patients undergoing PCI, reducing risks of stent
thrombosis and ischemic events.22,23 In a recent registry of
5833 consecutive patients undergoing PCI, CS was the strongest
predictor of stent thrombosis.24 In addition, CS patients, especially
those requiring mechanical circulatory support, are at high risk for
major bleeding. Taken together, highly effective, fast-acting, and
controllable platelet inhibition is desired to prevent early thrombotic
events and to reverse platelet inhibition in case of serious bleeding.
Despite progress in interventional treatment and adoption of
mechanical circulatory support strategies, mortality remains high in
patients with CS,1,2 necessitating a search for new therapeutic
strategies. Bioavailability of oral P2Y12-receptor inhibitors is often

limited in patients with CS. Organ hypoperfusion in CS can impair
gastrointestinal absorption of all oral P2Y12-receptor inhibitors and
influence efficiency of bioactivation of prodrugs of clopidogrel and
prasugrel to pharmacologically active metabolites.25 Therapeutic
hypothermia used after cardiopulmonary resuscitation26,27 and
morphine further delay antiplatelet effects, even with newer P2Y12

inhibitors.28–30 Mechanical ventilation necessitating gastric tube
placement can complicate immediate oral administration of P2Y12-
receptor inhibitors, especially in the emergency setting.

Cangrelor is a parenteral P2Y12-receptor inhibitor which can
overcome these issues. It has favorable pharmacokinetics with
almost immediate onset of platelet inhibition and very short plasma
half-life allowing fast platelet recovery.31 We have previously shown
that cangrelor allows better periprocedural platelet inhibition in
patients with acute coronary syndromes treated with PCI compared

Fig. 2 – Kaplan–Meier survival curves comparing 12-month mortality rates between cangrelor- and oral P2Y12-receptor
inhibitor only-treated patients in cardiogenic shock undergoing PCI. A — entire cohort, B — matched pair comparison.
Event curves were compared using the log-rank test.
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with oral P2Y12-receptor inhibitors.10 There are limited data
evaluating the clinical profile of cangrelor in the context of CS
and cardiopulmonary resuscitation, primarily from case series and
single-center reports.11–14,17

Data on the use of GPI in CSpatients arealso limited.Routine upfront
GPI with abciximab did not improve outcome in CS patients in the
PRimary Angioplasty for patients with acute myocardial infarction,
transported from the General non-PCI hospitals to catheterization Units
with or without Emergency thrombolysis (PRAGUE)-7 trial.32 A single
center registry from Cleveland Clinic suggested better TIMI flow and
lower long-term mortality with abciximab in PCI patients with CS.33

Previousanalysesfrompooled,patient-leveldatafromthe3CHAMPION
trial cohorts suggest that cangrelor might be as effective and associated
with less bleeding events as clopidogrel and routine GPI.34,35

Background anticoagulant choice may modify the safety and
efficacy profile of selected antiplatelet agents. In our study, patients in
the control group were more often treated with bivalirudin for
periprocedural anticoagulation. Use of bivalirudin did not affect
bleeding rates compared with unfractionated heparin in patients with
acute coronary syndromes in a recent large registry-based random-
ized trial36 and in a smaller study of patients in CS.37

Of note, we observed a high number of CS patients in the cangrelor
group who experienced improved TIMI flow during PCI and the rate was
higher compared with patients in the control group who received oral
P2Y12 inhibitors only.Cangrelor has been shownto reduce clot size and
topromoteclot stability inanimal in vivo thrombosismodels and patients
with heart failure.38 In addition, cangrelor has been shown effective to
reduce intraprocedural stent thrombosis in PCI patients compared with
oral P2Y12 inhibition.

39 As such, cangrelor presents an attractive option
in preventing clot growth and distal embolization in CS. Further
mechanistic data, including with intracoronary imaging, may help to
better understand the acute effects of cangrelor in this setting.

The present study is subject to a number of limitations. Although
mortality was high, the study was not powered to detect differences
between groups. Given the non-randomized design and potential for

selection bias, these findings should be regarded as hypothesis-
generating. Despite matching, there were differences in stent types in
both populations, which could possibly have impact on medium/long-
term outcome. However in a separate analysis from IABP-SHOCK II
trial, there was no effect of BMS versus DES on outcome after
adjustment for other risk factors.40We therefore do not believe that the
use of BMS in the control group would have impacted the overall
results. It was not possible to adjust for variation in subsequent one
year treatment i.e. regarding drug or device based heart failure
therapy and therefore treatment differences might have influenced
results. Timing of P2Y12 receptor blockade was highly variable in both
cohorts. We believe that the variability of timing reflects the clinical
reality where pretreatment in CS is heterogeneous. In a recent
analysis of STEMI patients pre-treated with ticagrelor, cangrelor
provided additional antiplatelet effects when given adjunctively during
PCI.41 Despite thorough matching of both cohorts based on
established risk factors that are known to influence mortality in CS,
there may be known or unknown factors that remained unbalanced
between these groups.

Conclusions

Cangrelor offers an attractive antiplatelet strategy in patients in CS
undergoing PCI. Cangrelor-treated patients in CS in this multicenter
observational study experienced similar rates of bleeding, improved
TIMI flow, and numerically lower mortality compared with matched
controls treated with oral P2Y12 inhibitors. These results are
hypothesis-generating and should be further explored in randomized
clinical trials in this setting.
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