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The Thesis (summary)

This thesis addresses different aspects of antithrombotic strategies in patients with
acute coronary syndrome, mainly in ST elevation acute myocardial infarction
(STEMI) patients treated with percutaneous coronary intervention (PCI), regarding
their efficacy and safety during the acute phase as well as their appropriateness and
impact on long-term outcomes.

Part 2 focused on pharmacodynamic evaluation of ticagrelor and prasugrel, new
potent P2Y12 inhibitor that are recommendend in addition to aspirin in STEMI
patients. Previous studies showed that in STEMI patients these drugs are fast acting
but they take at least 2-3 hours to reach their antiplatelet effect. Therefore in the
clinical scenario of STEMI patients in which a potent and fast antiplatelet effect is
pivotal, several studies and strategies have been investigated in order to improve
this aspect. In Chapter 2 were described the effects of crushed ticagrelor tablet
administration in STEMI patients compared with standard integral tablets in
providing earlier platelet inhibition and confirming its feasibility. On the other side,
Chapter 3 and 4 discussed the potential role of morphine administration in delaying
antiplatelet effect of prasugrel and ticagrelor in order to find potential strategies to
improve pharmacodynamics effect of these drugs.

Part 3 is centered on safety aspects of antithrombotic strategies. In particular
Chapter 5 regards the effect of bivalurin as compared to unfractionated heparin in
reducing nonaccess site bleedings in acute coronary syndrome patients treated with
PCI. Chapter 6 evaluates bleeding and ischaemic events using different doses of
prasugrel 1 month after acute coronary syndrome.

Part 4 is dedicated to antithrombotic streategies used in clinical daily practice in

acute coronary syndrome (ACS) patients and in long-term outcomes. In particular



Chapter 7 describes the differences from real life data to guidelines
recommendation and Chapter 8 evaluates long term clinical events in ACS patients

and the role of different risk factors in predicting high ischemic risk at follow-up.



Part 1: Introduction



Cardiovascular diseases are the principal cause of death in the western countries (1).
In the last decades several therapeutic strategies were progressively introduced in
our clinical practice to improve survival and clinical outcomes in patients with
cardiovascular disease (2). Antithrombotic therapies are the pivotal part of the
mainstay treatment of patients with cardiovascular disease especially in patients
with acute coronary syndrome (ACS) in addiction to reperfusion therapies (3). In
particular platelets and coagulative cascade play a fundamental role in the
pathogenesis of ACS, moreover they are involved in potential thrombotic events
after percutaneous coronary implantation. Therefore in this clinical scenario the
reduction of the thrombotic burden is fundamental; a rapid, potent and effective
platelet inhibition represent the basis of pharmachological strategies. Several efforts
have been established in order to improve antiplatelet therapies, to search for
potential strategies to achieve fast and grat platelet inhibition and to recognize
patients at high ischemic risk, especially regarding long-term antiplatelet therapies
(4). In particular, patients with advanced age, diabetes mellitus, previous myocardial
infarction, previous stroke or patients with chronic kidney disease have been
classified as patients at high cardiovascular risk. These patients present high
ischemic risk in the initial phase of ACS but also a high risk of long term disease
progression, indicating a need for prolonged surveillance and aggressive secondary

preventive measures, including prolonged dual antiplatelet therapies (5,6).

Antithrombotic pharmacological strategies
Dual antiplatelet therapy with aspirin and ADP receptor antagonist represent the
fundamental therapy of ACS patients. This evidence derives from the results of the

CURE trial that showed the superiority of 1 year versus 1 month administration of



dual antiplatelet therapy with aspirin and clopidogrel in reducing the risk of major
ischemic events (7).

Current guidelines recommend the use of prasugrel or ticagrelor in association with
aspirin in acute coronary syndrome patients (8). This recommendation derives from
the results of the randomized clinical trial TRITON-TIMI 38 and PLATO that have
compared respectively prasugrel and ticagrelor versus clopidogrel in patients with
acute coronary syndrome at intermediate-elevate risk. These trials showed the
superiority of prasugrel and ticagrelor versus clopidogrel in reducing ischemic end-
points (9, 10). The study results were related mainly to the different metabolic
activation of the new drugs, reaching a faster and more efficient platelet activation as
compared with the one of clopidogrel that comprehend a complex metabolic
activation by two hepatic steps, in which genetic variants of hepatic cytochrome and
isoenzimes play an important role in reducing the percentage of active drug.
Pharmacodymanic studies on healthy volunteers showed a fast onset of action of
prasugrel and ticagrelor. Randomized pharmacodynamic studies on STEMI patients
showed that al least 3-4 hours are needed to reach effective platelet activation either
with prasugrel or with ticagrelor administration (11). Therefore several strategies
are currently under investigation in order to achieve a faster platelet inhibition in
particular in the first hours of STEMI occurrence, in which effective platelet
inhibition plays a fundamental role. In particular the potential role of cangrelor,
endovenous direct P2Y12 inhibitor, that showed in ACS patients the superiority
versus clopidogrel in reducing ischemic events including stent thrombosis rate, is
expected to be intriguing (12-14). Glicoprotein IIbIlla (GPI) inhibitors are fast acting
and potent drugs that clearly demonstrate advantages in the acute phase of acute

myocardial infarction, currently they are used only in bailout situation due to their



high risk of bleeding complication, raising concerns about the correct balance
between ischemic prevention and haemorragic risk (15). Moreover during ACS is
essential the blockage of coagulative cascade, in particular the inhibition of thrombin
generation, pivotal juncyion point of the coagulative cascade and platelet activation.
Heparin, anthitrombin III inhibitor, represents the standard anticoagulation of acute
myocardial infarction patients. Bivalirudin, direct thrombin inhibitor, can represent
an alternative to heparin use. Despite the results of previous studies that showed
lower bleeding risk using bivalirudin as compared with heparin plus GPI, recent
trials showed no benefit in outcomes but an increased risk of stent thrombosis using
bivalirudin versus heparin (16, 17). Finally, the length of dual antiplatelet therapy is
still a matter of debate. Currently dual antiplatelet therapy is recommended for 12
months after ACS. The presence of several studies, trials and registries regarding
shorter or prolonged dual antiplatelet therapy strategies resulted in several scores,
as the PARIS , DAPT, PRECISE related to clinical characteristics of patients that help

physician to tailor the length of antiplatelet therapies for each single patients (18).
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To the Editor: In healthy volunteers, 300 mg clopidogrel administered crushed via a
nasogastric tube results in faster and greater bioavailability of the drug compared to orally
given whole tablets (1). Recently, Crean at al. reported that ticagrelor tablets could be
easily crushed and prepared for oral and nasogastric tube administration, delivering the
full dose of the original tablet (2).

The Mashed Or Just Integral pill of TicagrelOr (MOJITO) study was a
prospective, four-centre, international, randomized active-controlled study with the aim to
evaluate the superiority of ticagrelor crushed pills versus integral tables of equal dose in
decreasing platelet reactivity in P2Y12-naive, ST-elevation myocardial infarction
(STEMI) patients undergoing primary percutaneous coronary intervention (PPCI). The
study was approved by the local ethical committee and registered (ClinicalTrials.gov
Identifier: NCT01992523). All patients gave informed consent. Following exclusions
(Figure S1), 82 patients were randomized to either ticagrelor 180 mg loading dose (LD)
crushed or oral integral tables of equal dose before PPCI. Crushed tablets were prepared
placing 2 ticagrelor pills in a mortar and mashing for 60 seconds using a pestle (2). The
total contents of the mortar was transferred to the dosing cup, 50 mL of purify water was
added, and the suspension mixed up before drinking. Platelet function testing was
performed with VerifyNow at baseline and at 1, 2, 4 and 8 hours and results are reported
in P2Y 12 reaction units (PRU) (3). High platelet reactivity (HPR) was defined as a PRU >
208. The primary end point was PRU 1 hour after LD.

Forward stepwise binary logistic regression analysis was used to evaluate the independent
contribution of clinical characteristics to HPR at 1 hour with variables entered into the
model being age (years), body mass index, diabetes mellitus, morphine use, baseline PRU
value, ticagrelor crushed pills. A significance of .05 was required for a variable to be

included in the multivariate model, whereas .10 was the cut-off value for exclusion. Odds
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ratios (OR) and 95% CI were calculated. A P value < .05 was considered statistically

significant.

Baseline characteristics did not significantly differ between groups (Table S1). PRU 1
hour after the LD was 168 (61-251) and 252 (167-301) in crushed and integral groups,
respectively (p=0.006), with no differences observed at 2, 4 and 8 hours (Figure 1). HPR
was found in 14 (35%) and 26 (63%) patients (p=0.011) at 1 hour and in 8 (20%) and 11
(28%) patients (p=0.431) at 2 hours, respectively. Independent predictors of HPR 1 hour
after LD were morphine use (increased HPR) and crushed ticagrelor tablet administration
(decreased HPR) (Table S2). Morphine treated patients showed higher 1-hour PRU
values also in the crushed ticagrelor group (p=0.001). Adverse events were not increased

by the administration of crushed ticagrelor (Table S3).

Our study shows, for the first time, that ticagrelor crushed tablets administration in
STEMI patients is feasible and provides earlier platelet inhibition as compared with
standard integral tablets. If this effect may translate in fewer acute stent thrombosis and in
better myocardial reperfusion should be assessed in broader studies. All P2Y 12 receptor
antagonists used at the present time in STEMI treatment are only available in the oral
form. This is an important limitation in patients with difficulties with swallowing such as
elderly, previous stroke, dysphagia and sedated or intubated patients. Our study might

also support the use of crushed ticagrelor in patients unable to swallow.

Our results must be evaluated in light of some limitations. First, the small sample size is
certainly the most important limitation. However, we were able to enroll a prospective
homogenous population of STEMI patients that mirrors other similar studies, and clinical
outcome data were reported only as indicative. The safety profile and patient’s tolerance

of crushed ticagrelor tablets should be definitively tested in broader studies. Second, to
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confirm enhanced drug absorption a pharmacokinetic analysis could also have been
performed. Higher plasma levels of ticagrelor and its active metabolite with crushed
tablets as compared with integral tablets have been recently reported in healthy subjects
(4). Finally, unmeasured confounder and overfitting risks cannot be excluded in our
multivariable model. These limitations notwithstanding, the present study provides unique

and potentially important insights in the treatment of STEMI patients.

Figure 1. Platelet Inhibition over time. Platelet reactivity was assessed at baseline and 1,
2, 4, 8 hours after a 180mg ticagrelor loading dose in patients treated by crushed ({)) or

integral tablets (O0). Data are expressed as means + SD.
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ABSTRACT

Background—Morphine is recommended in patients with ST-segment-elevation
myocardial infarction, including those undergoing primary percutaneous coronary
intervention. Suboptimal antiplatelet effect during and after primary percutaneous
coronary intervention is associated with increased thrombotic complications. It was
hypothesized a potential drug-drug interaction between morphine and antiplatelet
agents. We sought to assess platelet inhibition after a loading dose of the currently
recommended antiplatelet agents in ST-segment-elevation myocardial infarction
patients according to morphine use.

Methods and Results—Three hundred patients undergoing primary percutaneous
coronary intervention receiving either prasugrel (n=95) or ticagrelor (n=205)
loading dose had platelet reactivity assessed by VerifyNow 1, 2, and 4 hours after
loading dose. Patients treated with morphine (n=95; 32%) had a higher incidence of
vomit (15% versus 2%; P=0.001). P2Y12 reactivity units 2 hours after the loading
dose was 187 (153-221) and 133 (102-165) in patient with and without morphine
(P<0.001); the difference persisted after excluding patients with vomit (P<0.0001).
High residual platelet reactivity (P2Y12 reactivity units 2208) at 2 hours was found
in 53% and 29% patients with and without morphine (P<0.001) and without
difference between prasugrel and ticagrelor patients. The independent predictors of
high residual platelet reactivity at 2 hours were morphine use (odds ratio, 2.91
[1.71-4.97]; P<0.0001) and age (odds ratio, 1.03 [1.01- 1.05]; P=0.010). Morphine
remained associated with high residual platelet reactivity after propensity score
adjustment (c-statistic, 0.68; 95% con dence interval, 0.66-0.70; P=0.879 for

Hosmer-Lemeshow test).
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Conclusions—In patients with ST-segment-elevation myocardial infarction,
morphine use is associated with a delayed onset of action of the oral antiplatelet
agents. This association persisted after adjusting for the propensity to receive

morphine and after excluding patients with vomit.

Introduction

Despite the lack of rigorous studies designed to assess the effect of morphine
administration in patient with acute myocardial infarction, clinical practice
guidelines for the management of patients with ST-segment-elevation myocar- dial
infarction (STEMI) strongly recommend morphine for analgesia.1,2 This
recommendation derives only from expert opinion.

In patients with STEMI undergoing primary percutaneous coronary intervention
(PPCI), a signi cant number of drugs are usually administered, thereby raising the
potential risk for drug-to-drug interaction. Antiplatelet agents are the mainstay

of pharmacological treatment in patients presenting with an acute coronary
syndrome, including STEMI. In a recent small randomized study aimed to investigate
the onset time of the novel P2Y12 receptor inhibitors (ie, prasugrel and ticagrelor) in
STEMI, a delayed antiplatelet effect caused by morphine use in the rst hours of
STEMI has been hypothesized.3

There may be a biologically plausible cause-effect rela- tion in this association, given
that morphine inhibits gastric emptying, thereby delaying absorption and possibly
result- ing in decreased peak plasma levels of orally administered drugs.4 To
corroborate this hypothesis, the present multicenter study sought to assess platelet
inhibition after a loading dose (LD) of prasugrel and ticagrelor, after strati cation by

use of morphine.
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Methods

Study Design

This study was a patient-level integrated analysis exploring the effect of morphine
on platelet reactivity in STEMI patients undergoing PPCI treated with ticagrelor or
prasugrel from 5 studies in which residual platelet reactivity was assessed by
VerifyNow after LD. This study in- cluded published trials by Parodi et al3,5 and
Alexopoulos et al6,7 and an unpublished study from Catania University. The studies
were approved by the local ethical committees. All patients gave informed consent.
We asked the study principal investigators to stratify each enrolled patient
according to morphine use before antiplatelet agent LD and to look for occurrence of
vomit (de ned as forceful expulsion of gastric content by the mouth within 2 hours

from prasugrel or ticagrelor LD).

Assessed for eligibility | Excluded (n=196), reasons:
n=496 Previous Clopidogrel use (n=71)

Life expec 1 year (n=2)

Previous TIA/stroke (n = 17)

erapy (n=18)

l Unable to consent/refused to partecipate (n=17)
>

ein [Ib/I1la inhibitor use (n=12)

Enrolled Anatomy non suitable for revascularization (n= 16)

tability (n=39)

2=300 Haemodynami

Creatinine clearenc

Figure 1. Study flow-chart. Number of
patients screened and finally enrolled.
7\ PRU indicates P2Y , reactivity units; and
TIA, transient ischemic attack.

Morphine (n=95) No-Morphine (n=205)
Received Prasugrel (n= 33) or Ticagrelor (n=62 ) Treatment Received Prasugrel (n= 62) or Ticagrelor (n=143)
l Primary \J
PRU 2 hours after Loading Dose (n = 89) Analysis ‘ PRU 2 hours after Loading Dose (n = 202)
v v

Clinical follow-up (n=205)

L - In-hospital
Clinical follow-up (n=95) |

Follow-up

Patient Population
A diagnosis of STEMI within 12 hours of symptoms onset was re- quired for study
entry. Exclusion criteria were (1) age <18 year, (2) ac- tive bleeding or bleeding

diathesis, (3) any previous transient ischemic attack or stroke, (4) administration of
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ticlopidine, clopidogrel, prasug- rel, ticagrelor, or glycoprotein IIb/Illa inhibitors in
the week before the index event, (5) need for chronic anticoagulant therapy, (6)
known rele- vant hematologic deviations, (7) life expectancy <1 year, (8) known se-
vere liver or renal disease, and (9) hemodynamic instability. The study ow chart is
reported in Figure 1. At 3 participating institutions, out of 496 STEMI patients, we
analyzed 300 subjects who were P2Y12 in- hibitor naive and received prasugrel 60
mg (n= 95) or ticagrelor 180 or 360 mg LD (n= 205) before PPCI. Patients who
received an increased ticagrelor LD were included in 2 randomized studies approved
by the local Ethic Committees.5,7 The LD was given as soon as possible in the
emergency room or in the Cath-Laboratory. Dual antiplatelet therapy (aspirin 100
mg OD in combination with prasugrel 5-10 mg OD or ticagrelor 90 mg BID) was
recommended for 12 months.

Concomitant Antithrombotic Medications

The following antithrombotic agents were given on top of prasug- rel or ticagrelor at
the time of PPCI: (a) aspirin 300 to 500 mg LD

End Points

The primary study end-point was residual platelet reactivity by PRU VerifyNow 2
hours after LD. Secondary end-points were (1) the per- centage of patients with
HRPR at 2 hours from administration of the LD and (2) incidence of vomit.
Statistical Analysis

Categorical data are presented as frequencies and group percentages. Continuous
data with normal and skewed distribution are presented as means+SD and medians
(first to third quartile), respectively. The Kolmogorov-Smirnov test was used to
examine data distribution nor- mality. For the purpose of the current analysis,

patients’ characteris- tics are presented by morphine use.
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The multivariable analysis used to evaluate the independent contri- bution of clinical
characteristics to HRPR at 2 hours was performed by forward stepwise binary
logistic regression. A signi cance level of 0.05 was required for a variable to be
included in the multivariate model, whereas 0.20 was the cut-off value for exclusion.
Moreover, variables known to affect platelet reactivity were forced into the nal
model. Candidate variables entered into the model were age (years), body mass
index, diabetes mellitus, systolic blood pressure, bivali- rudin administration,
ticagrelor use, and morphine use. Odds ratios and 95% con dence intervals (CI) were
calculated. A propensity score analysis was also performed with a logistic regression
mod- el from which the probability for morphine use was calculated for each patient
to compensate for the nonrandomized administration of morphine. Variables that
were signi cantly different between the 2 groups and those that are known to affect
platelet reactivity were incorporated in the model: age (years), sex, body mass index,
dia- betes mellitus, smoking, killip class, systolic blood pressure, heart rate, anterior
infarct location, and bivalirudin.9,10 Model discrimina- tion was assessed with the c-
statistic and goodness of t with the Hosmer-Lemeshow test. Thereafter, a logistic
regression analysis was performed to adjust HRPR for the propensity score used as a
con- tinuous covariate. PRU differences between groups were analyzed via a mixed
linear model with time and morphine use as xed effects, propensity score as
covariate, patient and study as random effects to account for within-study
correlation. To account for within-study cor- relation of participants, we also
modeled the study as a random in- tercept.11 Adjusted estimates for HRPR
(presented as risk ratios with corresponding P values) were derived from a
generalized estimating equations model using log-Poisson function with robust

variance esti- mator, with time as within-subject effect, morphine treatment as xed
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effect, and propensity score as a covariate, using an autoregressive correlation
matrix. All tests were 2-tailed, and statistical signi cance was considered for P values
<0.05. All statistical analyses were per- formed using SPSS for Windows (version

16.0, SPSS Inc, Chicago, IL) and NCSS 8 (NCSS, Kaysville, Utah).

Results

Baseline and Procedural Characteristics

Overall, we analyzed 95 and 205 STEMI patients treated with or without morphine,
respectively, according to the deci- sion of the attending physicians in the ambulance
or in the emergency room. Median total morphine dose per patient was 4 (2-6) mg
with a range of 2 to 12 mg. Demographic and clini- cal characteristics of patients by
morphine use are presented in Table 1. Prasugrel or ticagrelor LD was given in 24%
patients in the emergency room and in 76% patients in the Cath Lab- oratory,
without differences between the 2 groups. During PPCI, bivalirudin was used in 204
(68%) patients; the remain- ing subjects received unfractionated heparin. There
were no signi cant difference in the baseline characteristics between patients with
and without morphine, but a lower body mass index, a more prevalent bivalirudin
use, and a trend toward a higher systolic blood pressure in morphine-treated
patients (Table 1). As expected, patients treated with morphine had a higher

incidence of vomit (15% versus 2%; P=0.001) as com- pared with those without.
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Table 1. Demographic and Clinical Characteristics of Study Patients
Overall Population  No Morphine  Morphine Use

N=300 Use N=205 N=85 PValue
Male sex 232(77.3) 162 (79.0) 70 (73.3) 0.30
Age, y 61.4+12.7 61.1+126 62.0+13.0 0.50
BMI, kg/m? 27.7+47 28.1+5.0 26.8+3.9 0.025
Hyperlipidemia 106 (35.3) 77 (37.6) 29 (30.5) 0.23
Hypertension 157 (52.3) 111 (54.1) 46 (48.4) 0.36
Diabetes mellitus 37(12.3) 23(11.2) 14(147) 0.39
Smoking 162 (54.0) 108 (52.7) 54 (56.8) 0.50
Familiar history of CAD 87 (29.0) 56 (27.3) 31 (32.6) 0.34
Prior myocardial infarction 22(7.3) 14 (6.8) 884 0.62
Prior CABG 3(1.0 2(1.0 1(1.0) 0.95
Prior PCI 18 (6.0) 11(5.4) 7074 0.50
Systolic blood pressure (mmHg) 135.7+26.9 133.9+26.2 139.9+28.2 0.08
Heart rate, bpm 79.1£176 78.9+16.9 79.5+19.1 0.78
Killip class >2 6(2.0) 3(1.9 33.9) 0.80
Hemodynamic instability 7(2.3) 4(20) 3332 0.52
Vomiting 19(6.3) 5(24) 14 (14.7) <0.001
Anterior infarction location 133(44.3) 86 (41.9) 47 (49.5) 0.22
Bivalirudin 204 (68.0) 131 (63.9) 73(76.8) 0.025
P2Y12 inhibitor 0.44
Prasugrel 60 mg 95(31.7) 62 (30.2) 33(34.7)
Ticagrelor 180 mg 134 (44.7) 94 (45.9) 40 (42.1)
Ticagrelor 360 mg 71(23.7) 49 (23.9) 22(232)
Radial access site 32(10.7) 24(11.7) 8(8.4) 0.39
Coronary artery disease 0.87
1 vessel 164 (54.7) 110 (33.7) 54 (56.8)
2 vessels 87 (29.0) 61 (29.8) 26 (27.4)
3 vessels 49(16.3) 34 (16.6) 15(15.8)
Creatinine clearance, mL/min 99 (74-122) 96 (73-125) 100 (75-122) 0.89
Creatinine clearance <60 mL/min 42(14.0) 27(13.2) 15(15.8) 0.60
Hemoglobin, mg/dL 141138 142415 14.0+18 0.49
LVEF, % 47.3+8.7 47.7+87 46.3+8.8 0.20
Study 0.11
Rapid 1° 50(16.7) 29 (14.0) 21(22.7)
Rapid 2° 50(16.7) 29 (14.) 21(22.)
Alexopoulos et al® 56 (18.7) 42 (20.5) 14(147)
Alexopoulos et al” 82(27.3) 60 (29.3) 22(23.2)
Catania study (unpublished) 62(20.7) 45 (22.0) 17 (17.9)

Data are expressed as means+SD, medians (first to third quartiles) or n (%). Creatinine clearance was
calculated using the Cockcroft-Gault equation. BMI indicates body mass index; CABG, coronary-artery
bypass grafting; CAD, coronary artery disease; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; and PRU indicates P2Y12 reaction units.

Residual Platelet Reactivity
Patients who received morphine had higher PRU during study measurements as
compared with those who did not: 182.3 PRU (95% CI, 164.2-200.3) versus 140.3

PRU (95% CI, 128.2- 152.4), with a mean difference of 42.0 PRU (95% CI, 19.8-
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64.1), P<0.001 (Figure 2). The PRU values at 2 hours (primary end-point) were
187.3 (153.4-221.2) and 133.7 (102.3-165.0) in patients with and without
morphine (P<0.001); the difference between the 2 study groups persisted after
excluding patients with vomit (222.0 [89.0-282.0] versus 107.0 [29.5- 225.5];
P<0.0001). The PRU difference was still present at 4 hours (P=0.04). In ticagrelor-
treated patients (excluding patients who received prasugrel), PRU 2 hours after LD
was 231 (114-287) and 110 (33-226) in patients with and without morphine
(P<0.001). Overall, HRPR at 2 hours was found in 53% and 29% patients with and
without morphine (P<0.001; Table 2), without differences between prasugrel and
ticagrelor patients (39% versus 37%; P=0.72). Generalized estimating equations
modeling revealed that morphine use was overall associated with an increased risk
of HRPR using either the 208 or the 230 threshold: risk ratio=1.55 (95% CI, 1.28-
1.87), P<0.001 and risk ratio=1.44 (95% CI: 1.20-1.86), P<0.001 respectively. The
independent predictors of HRPR at 2 hours were morphine use (odds ratio, 2.91
[1.71-4.97]; P<0.0001) and age (odds ratio, 1.03 [1.01-1.05]; P=0.010). Morphine
remained signi cantly associated with HRPR (odds ratio, 1.89 [1.40- 2.56]; P<0.001)
after propensity score adjustment (c-statistic, 0.68; 95% CI, 0.66-0.70; P=0.879 for

Hosmer-Lemeshow test).
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Figure 2. Platelet reactivity over time of patients who received
morphine or non-morphine. PRU was significantly higher in the
morphine group than in the non-morphine group (P<0.001).
There was also a significant effect in platelet reactivity over time
(P<0.001). No significant morphine-by-time interaction was
observed. Means and 95% confidence intervals are displayed.
PRU indicates P2Y ., reactivity units.

Table 2. High Residual Platelet Reactivity Rates at Study

Time Points
No Morphine
Use Morphine Use Adjusted RR
(n=205) (n=95) (95% Cl) PValue

Hour 1 (N=154) (N=67)

=208 PRU 92 (59.7) 53 (79.1) 1.32 (1.10-1.59) 0.003

2230 PRU 84 (54.5) 44 (65.7) 1.17 (0.93-1.49) 0.23
Hour 2 (N=202) (N=89)

=208 PRU 59(29.2) 47 (52.8) 1.89 (1.40-2.56) <0.001
=230 PRU 49 (24.3) 42 (47.2) 2.06 (1.46-2.89) <0.001

Hour 4 (N=126) (N=70)
>208PRU  12(9.5) 17(243)  2.11(1.06-4.21)  0.03
>230 PRU 7(5.6) 13(186)  277(1.14-6.73)  0.03

Data are expressed as n (%). Cl indicates confidence interval; PRU, P2Y12
reaction units; and RR, risk ratio.

In-Hospital Outcome

Clinical events observed during the hospital stay are reported in Table 3. Possibly
reflecting the small sample size and the limited time of observation, there was no
significant difference in event rates between the 2 study groups.
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Discussion

The study results can be summarized as follow: 1. In patients with STEMI, morphine
use is associated with a

delayed onset of action of the oral antiplatelet agents.2. The drug-to-drug
interaction persisted after adjusting for the probability to receive morphine and
after excluding patients

with vomit. 3. The effect of morphine on platelet inhibition was consistent in
prasugrel and ticagrelor patients.In the present multicenter pharmacodynamic
study, morphine use was associated with a delayed onset activity of the new oral
antiplatelet agents, prasugrel and ticagrelor. In fact, morphine-treated patients
showed higher residual platelet reactivity values 1, 2, and 4 hours after drug LD. Of
note, morphine has a half live of 2 hours, and 3 half- lives are needed to decrease by
~90% the plasma concentra- tion. Thus, >6 hours are needed to spontaneously
reverse morphine effect. Naloxone (morphine synthetic reversal agent) was not used
in our study patients. The negative effect of morphine on platelet inhibition is not
only con- ned when vomit occurs as a side effect of its use because after excluding
patients with vomit, morphine-treated sub- jects still clearly have higher residual
platelet reactivity as compared with subjects who did not receive morphine. The
effect was consistent with the P2Y12 receptor irreversible inhibitor prasugrel and
the nonthienopyridine reversible antiplatelet agent ticagrelor. Given the well-known
delayed onset of action and effect variability of clopidogrel as com- pared with
prasugrel and ticagrelor,12,13 it is easy to antici- pate a similar and even more
clinically evident interaction between morphine and clopidogrel. However, the use

of the more effective new oral antiplatelet agents is strongly recommended and
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increasing in the setting of STEMI. The morphine-antiplatelet agent interaction is
likely a non drug-speci c phenomena and related to the inhibition of the

normal muscular activity of the stomach and the intestines, which may lead to vomit
or delayed gastric emptying, which in turn delays absorption and decreases peak
plasma levels of orally administered drugs.

Along with morphine, age was confirmed to be a strong predictor of HRPR.14,15 On
the other hand, the type of antiplatelet agent did not result as an independent
predictor of HRPR. Thus, ticagrelor, even if it is adsorbed as an active compound
without the need for a metabolic activation at the liver level],

showed a similar delayed of action, suggesting a similar delayed adsorption as
compared with prasugrel. This fact is also reinforced by the fact that some patients
enrolled in this study received an increased ticagrelor LD. As a matter of fact, in the
administration of ticagrelor in the cath laboratory or in the ambulance for new ST-
elevation myocardial infarction to open the coronary artery (ATLANTIC) Trial,
patients who did not receive morphine had a significant improvement in the ECG-
based primary end point, with a significant P value for interaction between
morphine use and time of ticagrelor administration.16

We may also hypothesize that patients who received morphine might be subjects at
higher risk. However, after adjusting for the baseline clinical characteristics,
morphine use remained associated with HRPR 2 hours after drug LD. This
association was confirmed after the calculation of the probability for each patient to
receive morphine and using the obtained propensity score in the multivariable
model. However, it is not possible to rule out that in sicker patients, hemodynamic
disarrangement, adrenergic activation, systemic vasoconstriction with the reduction

of blood volume to the abdomen may contribute to the delayed drug adsorption and
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to the reduced platelet inhibition. Recent data suggest that suboptimal platelet
inhibition early after PPCI may be associated with thrombotic complications,
including stent thrombosis.17 Given the key importance of platelet inhibition in
patients treated by PPCI for STEMI and the absence of data that may support a
potential clinical benefit of morphine in patients with acute myocardial infarction,
more caution should be used regarding morphine administration in STEMI patients
and a restricted morphine use seems to be reasonably recommended. Other
strategies beside morphine may reduce chest pain levels in STEMI patients. It has
been documented since a long time that (B-blockers18 and nitrates19 are able to
reduce acute myocardial infarction- related chest pain. Aspirin itself has relevant
analgesic proper- ties, and alternative analgesics might be considered in STEMI
patients. Finally, myocardial ischemia relief (ie, reperfusion) is the definitive chest
pain control strategy.

Our study must be evaluated in light of some limitations. First, this was not a
randomized comparison, and a further randomized study is needed to con rm the
potential effect of morphine use in STEMI patients undergoing PPCI. Second, this is a
pharmacodynamic study and the small sample size does not allow to assess the
potential effect of morphine on clinical end-points. HRPR is not precisely equivalent
to reduced antiplatelet effect: pretreatment aggregability may also be important.
Moreover, to confirmed impaired drug absorption, a pharmacokinetic analysis
should have been per- formed. However, a small recent study, obtained in 24 healthy
volunteers, documented that morphine delays clopidogrel absorption and decreases
plasma levels of clopidogrel active metabolite.20 Finally, unmeasured residual bias
and the risk of overfitting cannot be excluded even in our parsimonious

multivariable model. These limitations notwithstanding the present study provides
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several unique and potentially important insights in the treatment of STEMI patients

by PPCI and newer antiplatelet agents.
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ABSTRACT

Background: Antiplatelet therapy is the mainstay of pharmacological treatment for
patients with ST-segment elevation myocardial infarction (STEMI) in order to prevent
recurrences and improve clinical outcomes. Morphine is frequently used in STEMI
patients, even if recently it has been associated with a delayed onset of action of the oral
antiplatelet agents. There are no data regarding the impact of morphine on myocardial
reperfusion after primary percutaneous coronary intervention (PPCI).

Objective: This study sought to assess myocardial reperfusion by early ST-segment
resolution (= 50% at 30 minutes) according to morphine use in STEMI patients
undergoing PPCI.

Methods: 182 STEMI patients undergoing PPCI and receiving either prasugrel (n=51) or
ticagrelor (n=131) LD who were antiplatelet and anticoagulant therapies naive were
included in the study. All patients had serial ST-segment elevation evaluations by ECG
and residual platelet reactivity assessments by VerifyNow P2Y 12 Reactivity Units (PRU).
Results: Overall, 74 (41%) patients received morphine according to the attending
physician preference and showed lower ST-segment resolution rate as compared with
patients without morphine (76% vs 87%, p=0.047). Higher baseline TIMI flow < 2 rate
(79% vs 64%, p=0.036) and peak CPK values (1821 [924-3283] U/L vs 1483 [718-2327]
U/L, p= 0.034) were observed in morphine patients. Moreover a delayed response to oral
antiplatelet LD (PRU area under the curve [AOUO-8]: 1448+448 vs 686292, p= 0.001,
Figure 1) was documented in patients with morphine as compared with those without. The
independent predictors of early ST-segment elevation resolution failure were PRU > 208
after antiplatelet LD (OR 2.78 95% CI 1.08-7.14, p=0.034) and TIMI flow grade <3 after

PPCI (OR 5.89 95% CI 1.64-21.12; p=0.009), but not morphine use.
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Conclusions: In STEMI patients undergoing PPCI, morphine use is associated with a
more frequent high residual platelet reactivity and a poorer myocardial reperfusion
evaluated with ST-segment elevation analysis. Independent predictors of impaired
myocardial reperfusion were: high residual platelet reactivity and TIMI flow grade after
PPCI but not morphine use, questioning the direct relationship between morphine and

worse myocardial reperfusion.
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Introduction

Optimal myocardial reperfusion represents the goal of ST-segment elevation myocardial
infarction (STEMI) therapy, since early and effective myocardial reperfusion is related to
better clinical outcomes at short and long-term follow-up [1]. Effective antiplatelet
therapy is required in patients with STEMI patients undergoing primary percutaneous
coronary intervention (PPCI) in order to reduce ischemic complications and improve
clinical outcomes [2]. Current guidelines strongly recommend the use of prasugrel or
ticagrelor over clopidogrel in addition to aspirin as early as possible for their rapid onset
of action and greater potency [3,4]. In addition, in this clinical setting, guidelines
recommend morphine administration to reduce patients’ pain and anxiety. Recent
pharmacodynamic and pharmacokynetic studies showed that morphine use is associated
with a delayed onset of action of oral P2Y, antiplatelet agents [5-10]. However, data on
myocardial reperfusion evaluation according to morphine use in STEMI patients are scant
and conflicting [11,12].

Methods

From January 2012 to January 2014, 251 STEMI patients undergoing PPCI at 2 centers
(Florence and Patras) receiving either prasugrel (60 mg) or ticagrelor (180 mg) were
screened for eligibility in the present study. Of these, 182 who were antiplatelet and
anticoagulant therapies naive and did not meet any of other pre-defined exclusion criteria
(Figure 1) underwent serial residual platelet reactivity evaluations after P2Y,inhibitor
loading dose (LD) and were included in the present analysis. The P2Y, inhibitor LD was
administered as soon as possible in the Emergency Room or in the Catheterization
Laboratory, in all cases before PPCI. The following antithrombotic agents were given on
top of P2Y, platelet receptor inhibitors at the time of PPCI: a) aspirin 300-500 mg LD

followed by 100 mg od; b) bivalirudin: 0.75 mg/kg bolus followed by 1.75 mg/kg/h
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infusion during PPCI or unfractionated heparin 70 Ul/kg bolus followed by additional
boluses to achieve an activated clotting time of 250 to 300 seconds during PPCI. Patients
were stratified according to morphine use, which was prescribed at attending physician's
discretion. A 12-lead electrocardiogram was recorded before the procedure and 30
minutes after infarct-related artery (IRA) recanalization, with an error time-wise of 30 = 5
minutes. The ST-segment changes were evaluated in the single lead with the most
prominent ST-segment elevation before mechanical intervention. The ST-segment
elevation was measured to the nearest 0.5 mm at 60 milliseconds after the J point with the
aid of handheld calipers. According to a previous report, early ST-segment elevation
resolution was defined as = 50% decrease in ST-segment elevation after IRA
recanalization [13]. ST-segment evaluation was blinded to morphine administration.
Ischemia time was defined as pain-to-balloon time (minutes). Blood sampling for platelet
function test was performed at baseline (hour 0) and at 1, 2, 4 and 8 hours from P2Y,,
inhibitor LD. In all cases, peripheral venous blood was drawn with a loose tourniquet
through a short venous catheter inserted into a forearm vein. The first 2 to 4 mL of blood
were discarded to avoid spontaneous platelet activation and blood was collected in 3.2%
citrate (1.8 mL draw plastic Vacuette tubes; Greiner, Monroe, NC). Platelet function
testing was performed with the VerifyNow (Accumetrics Inc, San Diego, CA) point-of-
care P2Y,, function assay, with results reported in P2Y,, reaction units (PRU). High
residual platelet reactivity (HRPR) was defined as a PRU = 208. Coronary blood flow was
evaluated at initial angiography and at the end of PPCI with the TIMI flow grade method
[14]. Collateral circulation and thrombus burden of IRA were evaluated at initial
angiography respectively with the Rentrop Classification [15] and with the Thrombus
Burden Classification [16], respectively. The TIMI risk score was calculated for each

patients [17]. Bleeding events were defined according to TIMI classification [14]. The
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primary end point was early ST-segment resolution 30 minutes after IRA recanalization.
Secondary endpoints were: HRPR at 1, 2, 4 and 8 hours from P2Y, inhibitor LD and the
area under the curve (AUC) of PRU values, calculated with the Riemann Sum method
[18]. Informed consent was obtained from each patient and the study protocol conforms to
the Declaration of Helsinki.

Continuous data were expressed as mean + standard deviation or medians (quartiles) as
appropriate, and categorical data as proportions (%). Data were compared by the %’ test or
Fisher exact test for categorical variables and unpaired ¢ test or Mann-Whitney U-test for
continuous variables, as appropriate. A multivariable model with forward stepwise binary
logistic regression analysis was calculated to identify the independent predictors of early
ST-segment resolution. The variables entered into the model were: age (years), diabetes
mellitus, Killip class, morphine use, PRU value = 208 2 hours after LD, and TIMI flow
post-PCI. The consistence of PRU effect on ST-segment resolution according to morphine
use was explored by the interaction test. A further multivariable model was calculated to
evaluate the independent predictors of morphine administration, using the forward
stepwise binary logistic regression analysis. The variables entered into this model were:
age (years), diabetes mellitus, Killip class, TIMI flow at initial angiography, Rentrop
coronary collateral grade, chest pain type, ischemia time, systolic blood pressure, heart
rate. A significance of .05 was required for a variable to be included in the multivariate
models, whereas .10 was the cut-off value for exclusion. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated. A P value < .05 was considered statistically
significant. All tests were two-sided. Analyses were performed with SPSS 19 (IBM
Corporation, Somers, NY). Interobserver and intraobserver variability of ST segment
resolution by ECG measurements were tested using intraclass correlation and a value >0.9

was defined as excellent correlation.
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Results

Of 182 patients enrolled, 74 (41%) were treated with morphine with a mean dose of 6+3
mg. Baseline clinical characteristics were similar in patients who were, or were not treated
with morphine (Table 1). No significant differences were reported regarding the
proportion of patients treated with morphine across the two different centers (44% in
Florence and 27% in Patras, p= 0.062). Fifty-one (28%) patients received prasugrel and
131 (82%) ticagrelor LD. As expected, patients treated with morphine had a higher
incidence of vomiting (11% vs. 6%; p=0.034). Procedure-related data showed
significantly higher rate of TIMI flow grade < 2 at initial angiography (79% vs. 64%, p=
0.036) and a trend for higher thrombotic burden (thrombus burden=4: 85% vs. 74%, p=
0.094; Table 2) in morphine treated patients. A lower ST-segment resolution rate at 30
minutes after IRA recanalization (76% vs. 87%, p=0.047) was observed in morphine
patients (Table 3). Moreover, morphine treated patients had higher CPK peak [1821 (924-
3283) U/L vs. 1483 (718-2327 U/L), p= 0.034] and a trend for a lower left ventricular
ejection fraction at discharge (46+9%vs 48+9%, p= 0.079) (Table 3). Patients treated with
morphine presented significantly higher PRU values up to 8 hours (area under the curve
AOU,, 1448+448 vs. 686+292, p= 0.001; Figure 2). This association persisted after
excluding patients with vomiting and was independent of oral P2Y,, inhibitor type (data
not showed). In-hospital outcomes are reported in Table 4. PRU > 208 after P2Y,,
antiplatelet inhibitor LD (OR 2.78 95% CI 1.08-7.14, p=0.034) and TIMI flow grade <3
after PPCI (OR 5.89 95% CI 1.64-21.12; p=0.009), but not morphine use, were
independent predictors of early ST-segment elevation resolution failure. PRU effect on
ST-segment resolution was independent of morphine use (p for interaction = 0.151). No
clinical, electrocardiographic or angiographic characteristic emerged as independent

predictor of morphine administration. Interobserver and intraobserver variability showed
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excellent correlation for ST-segment resolution analysis (intraclass correlation;

inter=0.910, intra=0.958).

Table 1: Baseline characteristics of study patients treated with or without morphine

Variable All No Morphine Morphine P Value
(n=182) (n=108) (n=74)
Age (years) 64 +13 64 +£13 64 +13 0.925
Male gender 136 (75%) 82 (76%) 54 (73%) 0.653
Body Mass Index 27+5 27+5 27+5 0.397
Smokers 85 (47%) 49 (45%) 36 (49%) 0.663
Hypertension 106 (58%) 65 (60%) 41 (55%) 0.521
Dyslipidemia 50 (27%) 32 (30%) 18 (24%) 0.431
Diabetes Mellitus 37 (20%) 25 (23%) 12 (16%) 0.254
Familiar history of CAD 32 (18%) 19 (18%) 13 (18%) 0.997
Previous myocardial infarction 18 (10%) 9 (8%) 6 (8%) 0.952
Previous PCI 13 (7%) 9 (8%) 4 (6%) 0.451
Previous CABG 2 (1%) 1 (1%) 1 (1%) 0.787
Hystory of renal failure 10 (5%) 8 (T%) 2 (3%) 0.171
Systolic blood pressure (mmHg) 142 + 29 142 + 27 142 + 31 0.997
Systolic blood pressure <90mmHg 5 (3%) 4 (4%) 1 2%) 0.340
Heart rate (bpm) 79 £ 21 80 £ 19 76 + 23 0.334
Heart rate > 90 bpm 124 (68%) 72 (78%) 52 (70%) 0.315
Typical chest pain 174 (95%) 104 (96%) 70 (94%) 0.582
Pressure rate product 10950 + 4407 11523 +3499 11252 +£5396 0.716
Vomit 16 (9%) 5 (6%) 11 (17%) 0.034
Cardiogenic shock 9 (5%) 5 (5%) 4 (5%) 0.941
Killip class > 2 27 (15%) 14 (13%) 13 (17%) 0.390
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TIMI risk score> 4 58 (32%) 32 (30%) 26 (35%) 0.329
Anterior myocardial infarction 83 (46%) 49 (45%) 34 (46%) 0.848

Pain to balloon time (minutes) 104 =77 111 =86 95 £ 61 0.178

Table 2: Angiographic and procedural related characteristics of study patients treated with

or without morphine

Variable All No Morphine Morphine P Value
(n=182) (n=108) (n=74)
P2Y 12 inhibitor administration 0.624
Emergency room 42 (23%) 26 (24%) 16 (22%)
Cath lab 140 (77%) 82 (75%) 58 (78%)
P2Y12 inhibitor type 0.273
Prasugrel 51 (28%) 27 (25%) 24 (32%)
Ticagrelor 131 (72%) 81 (75%) 50 (68%)
Culprit lesion location 0.570
Left main 5 (3%) 4 (5%) 1 (1%)
Left anterior descending 62 (42%) 33 (40%) 29 (45%)
Circumflex artery 27 (18%) 17 (20%) 10 (15%)
Right coronary artery 54 (36%) 29 (35%) 25 (38%)
Coronary artery disease extension 0.567
1 vessel disease 93 (51%) 56 (52%) 37 (50%)
2 vessel disease 57 (31%) 31 (29%) 26 (35%)
3 vessel disease 32 (18%) 21 (19%) 11 (15%)
Number of treated vessel 0.607
1 treated vessel 168 (92%) 101 (95%) 67 (94%)
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2 treated vessel
Access site

Femoral

Radial
Bivalirudin
TIMI flow grade pre PCI < 2
TIMI flow grade post PCI = 3
Rentrop collateral grade =2
Thrombus burden =4
Thrombectomy

Intra aortic balloon pump

8 (5%)

173 (95%)
3(2%)
161 (88%)
127 (70%)
165 (91%)
17 (9%)
132 (72%)
102 (57%)

6 (3%)

4 (4%)

99 (92%)
3 (4%)

94 (87%)
69 (64%)
100 (93%)
10 (9%)
75 (74%)
53 (64%)

3 (4%)

4 (6%)

0.124
74 (100%)
0
67 (90%) 0.467
58 (79%) 0.036
65 (88%) 0.278
7 (10%) 0.755
57 (85%) 0.094
49 (72%) 0.422
3 (5%) 0.759

Table 3: Reperfusion and pharmacodymanic data of study patients treated with or without

morphine

Variable All No Morphine Morphine P
(n=182) (n=108) n=74) Value

Basal ST-segment elevation 31+18 29+18 34+1.8 0.117

(mm)

ST-segment at 30 minutes (mm) 1.1 +1.1 0.8+09 14+12 0.009

ST-segment resolution at 30 150 (82%) 94 (87%) 56 (76%) 0.047

minutes (=50%)

CPK peak (U/L) 1613 (773-2732) 1483 (718-2327) 1821 (924-3283) 0.034

CPK time (hours) 6 (5-12) 6 (6-12) 6 (3-12) 0.160

LV EF at discharge (%) 47+9 48 +9 46 £9 0.079

Basal PRU 292 + 66 287+70 298+58 0.304
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PRU 1h
PRU 2h
PRU 4h
PRU 8h

AUC (0-8)

200 + 109

120 £ 118

84 + 98

65+ 70

1072 + 557

176120

119+118

62186

60+68

1448 + 488

235+79

182+109

113+109

7173

686 + 292

0.002

0.000

0.001

0.457

0.001

PRU: platelet reactivity units; AUC: area under the curve; CPK: creatine phoshokinase; LVEF:

left ventricular ejection fraction

Table 4: In-hospital outcomes of study patients treated with or without morphine

Variable All No Morphine Morphine p Value
(n=182) (n=108) (n=74)

Death 5(2.8%) 3 (2.8%) 2 (2.7%) 0.976
Reinfarction 2 (1%) 1 (0.9%) 1 (1.4%) 0.787
Stroke 0 0 0 -
Heart failure 15 (8.2%) 7 (6.4%) 8 (12.9%) 0.396
Dyspnoea 6 (3.3%) 4 (3.7%) 2 (2.8%) 0.726
Contrast induced nefropathy 16 (8.8%) 10 (9.6%) 6 (7.9%) 0.721
Vascular complications 5 (2.7%) 4 (4.9%) 1(1.6%) 0.289
TIMI Major bleeding 6 (3.3%) 4 (3.7%) 2 (2.7%) 0.702
TIMI Minor bleeding 8 (4.4%) 3 (3.7%) 5(7.7%) 0.402
TIMI Minimal bleeding 52.7%) 3(2.5%) 2 (3.3%) 0.792
Hospitalization lenght (days) 38+3.2 3627 41+39 0471
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Assessed for

Excluded [n = 69):

Previous clopidogrel use [n = 25)
Life expectancy < 1 year [n= 2]
Previous TIA/stroke [n = &)
Unable to consent [n = 10)
Warfarin therapy (n = 5)

1Ib/Mia inhibitor administration

n=11)
Active bleeding/ hemodynamic

instability (n = 12)

No-Morphine [n = 108)——
Received Prasugrel [n = 27)

or Ticagrelor [n=81)

l

elegibility
n =251
Included
n=182
Morphine (n =74)
Received Prasugrel [n = 24)
or Ticagrelor (n = 50) herepy
> . .
Primary Analisis
Residual platelet reactivity [Verify Now)
Early resolution of ST segment elevation [ 2 50%) 30 minutes (ECG)

Figure 1: Study flow-chart
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.g 350 -+ No-Morphine -e-Morphine

300 —
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Figure 2: Area under the curve of residual platelet reactivity over time (from baseline to 8 hours

from P2Y , inhibitor loading dose) in patients treated (red area) or not (green area) with morphine.
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Discussion
The main results of the present study can be summarized as follows:

1) Platelet residual reactivity and TIMI flow grade<3 after PPCI, but not morphine
use, were independent predictors of early ST-segment resolution failure;

2) Morphine use was associated with HRPR, higher rate of vomiting, poor early ST-
segment resolution, larger infarct-size and a trend towards greater left ventricular
dysfunction at discharge;

3) No clinical, electrocardiographic or angiographic parameters predicted the use of

morphine in STEMI patients.

ST-segment resolution is a tool used to assess the efficacy, and the potential clinical
benefit, of myocardial reperfusion. In our analysis of STEMI patients undergoing PPCI
and treated as early as possible with P2Y12 antiplatelet inhibitors, sub-optimal platelet
inhibition and epicardial vessel recanalization at the end of the procedure were more
likely to induce poor myocardial reperfusion. The relation between final TIMI blood flow
after PPCI and myocardial salvage was previously described and was found to predict in-
hospital complications and long-term outcome [24, 25]. Our study confirms this
association, and further strengthens the concept that adequate platelet inhibition should be
pursued at the time of PPCI, not only to reduce the risk of recurring ischemic events, but
also to achieve optimal myocardial reperfusion. Our data also confirm the results of
previous studies demonstrating that aggressive platelet inhibition with intravenous
abciximab is associated with improved ST-segment resolution and reduced infarct size
[22]. We can hypothesize several theoretical mechanisms through which HRPR during
and early after PPCI may negatively influence myocardial reperfusion by: increasing the

likelihood of 1) coronary distal embolization, 2) side vessel occlusion, 3) treated vessel
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reocclusion/restenosis, or 4) reducing the pleiotropic/ off-target effects of antiplatelet
drugs [23]. Morphine is used in STEMI patients to relief pain and anxiety and has
recently been associated with higher rates of HRPR early after P2Y,, platelet inhibitor
LD. In our study, residual platelet reactivity 1, 2 and 4 hours from antiplatelet agent LD
was greater in patients treated than in those untreated with morphine. This drug-to-drug
interaction was limited in time, since after only 8 hours from P2Y, inhibitor LD, a time
interval compatible with morphine clearance, residual platelet reactivity became similar in
the two groups. The morphine-antiplatelet agent interaction is likely mediated by
inhibition of gastrointestinal motility, which may lead to vomiting or delayed gastric
emptying that, in turns, delays or reduces the absorption of orally administered drugs,
thereby deferring or reducing their peak plasma levels [25]. Beyond this, we can also
hypothesize that the impact of morphine on myocardial reperfusion may be due to
collateral drug effects such as bradycardia, hypotension or respiratory depression that
might contribute to myocardial hypoxia. Moreover, morphine itself might positively
influence reperfusion with other mechanisms including the possible role of opioid
receptor-mediated pre- and post-conditioning [26-28]. In our study, patients treated with
morphine had lower early ST-segment resolution rate, greater infarct size as assessed by
peak enzymes and poorer left ventricular function at discharge, confirming the results of
the ATLANTIC trial, in which patients co-treated with ticagrelor and morphine before
hospitalizations presented a worse ST-segment resolution than those not receiving
morphine [29]. Main at al. reported higher mortality rate in acute coronary syndrome
patients treated with morphine but no data were reported regarding myocardial
reperfusion and morphine administration in this population of NSTEMI patients, and the
relationship between morphine use and mortality remained unexplored [30]. Despite

these assumptions, our analysis showed that HRPR and TIMI flow<3 at final
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angiography, but not morphine, were independent predictors of worse myocardial
reperfusion. This evidence underline that, while morphine is an important factor
contributing to HRPR, a direct morphine impact on reperfusion is unlikely. Thus, the
observed association between morphine use and worse myocardial reperfusion is likely
mediated by the pharmacodynamic interaction between opioids and oral antiplatelet
agents.

An initial hypothesis of the present analysis was that clinical, electrocardiographic and
angiographic features could have increased in STEMI patients undergoing PPCI the
probability of morphine administration that, in turn, might influence their outcome. In
contrast with this hypothesis, we failed to identify any clinical predictor of morphine use,
such as chest pain characteristics, baseline ST-segment elevation degree, a completely
occluded vessel at initial angiography and/or the absence of collateral circulation.
Probably, morphine administration was driven by several factors: the experience and the
symptom perception of health-care personnel, the subjectivity of patient’s symptom and
its relation with anxiety. Pulmonary edema was not a driver of morphine use, since Killip
class was similar in the 2 study groups. This is in agreement with current debate regarding
morphine use in acutely decompensated heart failure, which has been associated with a
greater need for mechanical ventilation, prolonged hospitalization and higher mortality
[31].

Some limitations of our study must be acknowledged. First, the lack of an assessment of
pain intensity with a standardized scale is certainly the most important one. However, we
have to admit that, due to the subjective and highly dynamic nature of this parameter, a
standardized scale providing a reliable evaluation of intensity of chest pain secondary to

myocardial ischemia is not yet available; moreover, also the critical phase of acute
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STEMI makes the clinical use of a formally validated questionnaire difficult and
impractical.

The second limitation consists in the fact that the study end-point was not clinical, but a
surrogate marker of myocardial reperfusion (early ST-segment resolution). However, this
parameter has been associated with a hard outcome such as survival in several STEMI
trials [22]. Furthermore, we have to consider that magnetic resonance imaging (MRI) data
were not available in our study. Due to possible hemodynamic instability and the high
prevalence of renal failure or claustrophobia, MRI evaluation is quite often unfeasible
during the first days after STEMI. The small sample size represents a third study
limitation. However, our patients have the uniqueness of serial evaluation of platelet
reactivity from the first hours after myocardial revascularization. Finally, the non-
randomized nature of the study cannot allow to exclude possible unmeasured
confounders. Consequently, the present study results should only be considered as
hypothesis generating.

Conclusions:

In STEMI patients undergoing PPCI, morphine use is associated with a more frequent
HRPR and a poorer myocardial reperfusion evaluated with ST-segment elevation
analysis. Independent predictors of impaired myocardial reperfusion were: HRPR and
TIMI flow grade after PPCI but not morphine use, questioning the direct relationship
between morphine and worse myocardial reperfusion.
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ABSTRACT

Background: Transradial approach has significantly decreased the rate of access site
bleeding in patients undergoing percutaneous coronary interventions (PCI),
therefore potentially mitigating the benefits offered by bivalirudin in lowering major
bleeding compli- cations as compared to heparin. However, nonaccess site bleeding,
that represent the majority of hemorrhagic complications, still carry negative
prognostic consequences for these patients and no study has so far defined the exact
impact of bivalirudin on nonaccess site bleeding, that was therefore the aim of
present meta-analysis. Methods and study outcomes: Literature archives (Pubmed,
EMBASE, Cochrane) and main scientific sessions were scanned comparing
bivalirudin vs. heparin in patients undergoing PCI. Pri- mary endpoint was the
occurrence of nonaccess site bleeding within 30 days. Secondary endpoints were 30
days mortality and the occurrence of access-site bleeding. Results: A total of nine
randomized clinical trials were finally included, involving 32,587 patients, 55.8%
randomized to bivalirudin. Bivalirudin significantly reduced the rate of nonaccess
site bleeding (2.6 vs. 3.8%, OR [95% CI] 5 0.68 [0.60-0.77], P < 0.00001, Phet 5 0.10).
However, the reduction of hemorrhagic events was more pronounced when
bivalirudin was com- pared to heparin plus glycoprotein IIbllla inhibitors than when
it was compared to heparin alone (r520.01 (20.02; 20.001), P50.02). Similar results
were observed for access-site bleeding (OR [95% CI]50.67 [0.57-0.79], P<0.000001,
Phet50.10), with a significant role of glycoprotein IIbllla inhibitors use (r520.02
(20.04; 20.004), P50.017). Moreover, the observed benefits in hemorrhagic
complications did not translate into mortality benefits (OR [95% CI] 5 0.89 [0.76-
1.05], P 5 0.18; Phet 5 0.12; r 5 0.21 (21.12; 1.53), P 5 0.76). Conclusions: The

present meta-analysis shows that bivalirudin can provide a significant reduction of
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both access and nonaccess site bleeding in patients undergoing PCI. Howev- er, these
hemorrhagic benefits did not impact on survival, and moreover, were significantly
conditioned by the association of heparin with potent antithrombotic strategies,
such as glycoprotein IIbllla inhibitors, rather than by heparin or bivalirudin alone.
Therefore, we could not provide any clinical evidence for the routine use of

bivalirudin as preferred anti- coagulation strategy for PCI.
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BACKGROUND

Advances in antithrombotic therapies have improved the outcomes of patients with
acute coronary syndromes (ACS) undergoing percutaneous coronary revasculariza-
tion, although carrying an intrinsic risk of enhancing bleeding complications [1-3].
Radial approach has dramatically reduced the rate of access-site hemorrhagic
complications, thus being indicated nowadays as the most preferred strategy for
performing percutaneous coronary interventions (PCI) [4-6].

However, nonaccess site bleeding still represents a challenging issue in patients
undergoing PCI. In fact, they account for up to two-thirds of all major bleeding
events, whose occurrence has demonstrated negative prognostic implications, being
associated with a 2 to 4- fold increase in mortality [7].

Bivalirudin has been proposed as an anticoagulation strategy alternative to heparin
during PCI, offering theoretical benefits in bleeding [8], whose real extent has not
been clearly defined by previous randomized trials, as consequence of the potential
interaction with access-site hemorrhagic complications [9]. In fact, while the reduc-
tion of bleeding with bivalirudin was more evident with the preferential use of
transfemoral PCI, most recent evidence has emerged that the use of radial access
could vanish the expected safety benefits of bivalirudin, thus raising concerns on the
exact role of this anticoagulation strategy on the occurrence of major bleeding
complications in the era of transradial PCI [10, 11].

Therefore, the present study aimed to provide a meta-analytic overview of
randomized trials evaluating the impact of bivalirudin vs. heparin on the occurrence
of nonaccess site bleeding in patients undergoing PCI.

METHODS Eligibility and Search Strategy
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The literature was scanned by formal searches of electronic databases (MEDLINE,
Cochrane, and EMBASE) for clinical studies and furthermore the scientific session
abstracts, searched on the TCT (www.tctmd.com), EuroPCR (www.europcr.com),
ACC (www.acc.org), AHA (www.aha.org), and ESC (www.escardio.org) websites, for
oral presentations and/or expert slide presentations from January 1990 to
September 2015. Studies were included when comparing bivalirudin vs. heparin in
patients under- going percutaneous coronary interventions. The following key
words were used: “bivalirudin and acute coronary syndrome” or “bivalirudin versus
heparin” or “bivalirudin and trial”. No language restrictions were enforced.

Data Extraction and Validity Assessment

Data were independently abstracted by two investigators. In case of incomplete or
unclear data, authors, where possible, were contacted. Disagreements were resolved
by consensus. Data were managed according to the intention-to-treat principle.
Outcome Measures

Primary endpoint was the rate of non access-site bleeding at 30 days follow-up.
Secondary endpoints were over- all mortality at 30 days and the occurrence of

access-site bleeding within the first 30 days from randomization.

363 potentially
relevant citations
identified

234 citations excluded as not
l — [€levant to the meta-analysis

129 studies comparing
bivalirudin with heparin in
patients undergoing PCI

120 studies excluded as:
l -duplicate studies;
——————

-no original data;

-no data on outcomes;

-Irretrivable data on non access-site/
9 randomized trials Acces-site bleedings

included in final
meta-analysis

Fig. 1. Flow diagram of the systematic overview process.
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DATA ANALYSIS

Statistical analysis was performed using the Review Manager 5.23 freeware package,
SPSS 17.0 statistical package. Odds ratio (OR) and 95% confidence intervals (95%
CI) were used as summary statistics. The pooled odds ratio was calculated using a
fixed effect model. The Breslow-Day test was used to examine the statistical evi-
dence of heterogeneity across the studies (P < 0.1). The study quality was evaluated
by the same two investigators according to a score, that, as previously described
[12], was expressed on a ordinal scale, allocating 1 point for the presence of each of
the following: 1) statement of objectives; 2) explicit inclusion and exclusion criteria;
3) description of intervention; 4) objective means of follow- up; 5) availability of
data on endpoint events; 6) power analysis; 7) description of statistical methods; 8)
multi- center design; 9) discussion of withdrawals; 10) details on medical therapy. A
meta-regression analysis was carried out to evaluate: the relationship between the
reduction of access and nonaccess site bleeding with bivalirudin and patients’ risk
profile (as log of the odds for bleeding in the control group) or the rate of transra-
dial PCI and the differential use of glycoprotein IIbllla inhibitors (as the percentage
of adjunctive use of GPII- bllla inhibitors in control vs. bivalirudin arm). Moreover,
the relationship between the benefits in mortality from bivalirudin vs. heparin and
the reduction in non access- site bleeding complications with bivalirudin (as log of
the odds ratio for bleeding in bivalirudin vs. control group) was also evaluated. The
study was performed in compliance with the Quality of Reporting of Meta- Analyses

(PRISMA) guidelines [13].
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RESULTS Eligible Studies

A total of nine randomized clinical trials [14-22] were finally included, for a total
population of 32,587 patients (Fig. 1). Among them, 18,212 patients (55.8%) were
randomized to bivalirudin, while 14,375 patients (44.2%) to unfractionated heparin
(UFH) with or without planned GPIIb/Illa inhibitors. Detailed characteristics of
included trials are shown in Table I. As displayed in Table II, mean age was 65.1.1 6
5.8 years, with 24.7% of diabetics, and 18.1% with renal failure. Use of GPIIbIlla
inhibitors was 11.1% in the bivalirudin group (excluded in 1 trials [20]) and 63% in
the UFH group (planned 100% in 3 trials [14, 19, 20]). Three trials were con- ducted
on STEMI patients [16, 18, 19], while 3 trials focused on patients with ACS
(UA/NSTEMI) [14, 20, 21], and 3 on elective patients [15, 17, 22]. Follow-up data
were collected at 30 days in all studies.

TABLE I. Characteristics of Included Studies

Enrolment Study

Bleeding definition

Study name year Type population Inclusion Exclusion (nonaccess) Quality scare
ACUITY 2003-2005 Multicentre  ACS 1) >18 years; 2) symptoms of ST-scgment clevationmyo-  All major bleedings (study 10
RCT unstable angina definition }—access site
within the p bleedings
at least one a
ST-segment de
transient elevation
or more; i) mised
T, or creatine kinase M
zyme; i) known coromary
antery discase
ARNO 2006-2008 Single center, Elective 1) Written, informed consent. gment clevation myo- 9
= RCT y, 2) PCI for chron
= 3) ¢
Z
o
g
:;:', bleeding diathesis,
5 surgery: 6) gastro-
e or genitourinary bleeding
=] < s 7) pretrestment with
o UFH or LMWH or bivalirudin
g : 11 ory of
- thrombocytopenia;
2 2 8 years
C CACHET 1998-2000 Single center, Elective ) Electi ronary . rectomy: 2) acule Nonaccess site Major 9
=3 RCT 1 m nfarction (MI) <24 I blecdings (study
2 3 S 6 definition)
&
it; 6) intracranial
ncoplasm, ancurysm, or aricriove-
J natior; 7) active bleed-
in trauma; 8)
UROMAX NA Multicentre STEMI 1) men and nonpregnant wom- ) All Major bleedings (study 10
RCT en; 2) 18 years 3 & dfinition) Access sile
ymptoms with a presumed mas: bleedings
diagnasis of § fo ». hemoarrhagic stroke
4) any of the fc nt emarthage or bleeding
tions: ST-scgmen ion a2 2) surgery <2 wecks;
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O TABLE l. Continued
Enrolment Study Bleeding definition
- Study name year Type population Inclusion Exclusion (nonaccess) Quality score
] of at least 1 mm in two con- 3) warfanin (not if international
§ tiguous leads on ECG, pre- nomalized ratio known to be
sumed new left bundle- <15k 4) unfractionaled heparin,
2 branch block, or ST-segment low-molecular-weight hepanin or
depression of at least 1 mm bivaliredin before randomization;
in at least two leads in V1- 5) Thrombolytic therapy <48 k 6)
V3 with a positive terminal T Absolutc contraindications or aller-
wave.; scheduled for angiog- £y that cannot be premedicated 1o
raphy with the intention of iodinated contrast or 1o any of the
performing primary PCl <2 h study medications; 7) Contraindica-
after the first medical contact. tions to angiography, §) pregnant
or nursing mothers; 9) creatinine
clearance <30 mL/min or dialysis;
10) Previous enmollment in this or
other studies; 11) not available pri-
mary PCl-capabk hospital; 12)
Estimated body weight of
>120 kg
HORIZON-AMI  2005-2008 Multicentre ~ STEMI 1) 18 years or older: 2) symp- 1) contraindications 1o study drugs; 2)  All Major bleedings (study 11
RCT tom duration of 20-720 min; previous administration of throm- definition)- Access site
3) ST-scgment elevation of bolytic therapy, bivalirdin, GPI, bleedings
1 mm or more in two or more low-molecular-weight hepanin, or
contiguous leads, new left fondsparinux for the present admis-
bundle branch block, or true sion; 3) use of warfarin; 4) history
posterior myocardial of blecding diathesis, coagulopathy,
infarction heparin-induced thrombo cytopenia,
intracerebral mass,ancurysm, arte-
riovenous malformation, or previ-
ous hamorrhagic stroke; 5) stroke
or transient ischaemic attack <6
months or any permancnt neurolog-
ical defict; 6) refusal 1o receive
blood transfusions;7) gastinesti-
nal or gentourinary bleeding <2
months; 8) major surgery <6
weeks; 9) known platelet count of
fewer than 100,000 cdlls per mm*
or hemoglobin of lower than 100 g/
L: 10) planned clective surgical
procedure; 11) coronary stent
implantation <30 days; 12) life
expectancy <1 year
TABLE I. Continued
Enrolment Study Bleeding definition
Study name year Type population Inclusion Exclusion (nonaccess) Quality score
ISAR -REACT4  NA  Multicentre  Angina or unstable 1) Angina >20 min or 1) acute myocardial infarction <48 k. All Major bleedings (study 10
RCT angina with recurrent episodes within 2) cardiogenic shock; 3) pencandi- definition)- Access site
positive cardine 48 h; 2) increase of candiac tis; 4) malignancy or other comar- bleedings
markers biomarkers; 3) coronary bid conditions with life expectancy
stenoses requining FCL <one year; 5) active bleeding or a
bleeding diathesis or history; 6)
any history of intracranial bleeding
or strctural intracranial sbnormali-
ties; 7) refusal 10 receive a transfu-
sionc8) blood pressure > 180/
110 mm Hg dospite therapy:9)
planned staged PCI procedure with-
in 30 days or PCI within the prior
30 days10) hemoglobin <100 gL,
k3 platelet count <100 X 109 cells1.
g or >600 X 109 cellsL; 11) GFR
E <30 ml/min or scrum creatinine
>30mg/L; 12) allergy or intoler-
3 ance 1o any study drug or 1o stain-
E less steel o to contrast medix 13)
B pregnancy; 14) coumarin within 7
2 days; 15) glycoprotein Ib/lla
E inhibitor < 14 days, unfractionated
~ heparin within4 h, LMWH <8 h,
§f and bivaliradin <24 h
&% NAPLES I NA  Single center, Elective FCI in 1) Age >I8 years; 2) Bleeding 1) Bleeding risk score <10; 2) Prg-  All Major bleedings (study 9
gF RCT biomarker risk score > 10; 3) Procedure nancy; 3) Ongoing or recent definition)- Access site
k-8 negative planned through the femoral (<48 h) cpisode of STEMI or bleedings
patients at approach; 4) angiographic NSTEMI; 4) Negative biomarkers
g high risk of evidence of de novo or reste- of myocardial injury; 5) Chronic
ol bleeding (risk notic lesions requinng rvas- dialysis and/or history or previous
score >10) cularization; 5) Stable or dialysis; 6) Hemodynamic instabili-
unstable angina or docu- ty requining inotropic suppaort or
mented silent ischemia: 6) IABP; 7) Ongoing or recent (<7
Negative biomarkers of myo- days) treatment with glycoprotein
cardial injury; 8) Double anti- IIb/llka inhibitors; §) Ongoing or
platelet therapy: 7) Stable recent (6 months) bleeding or
i hemodynamic conditions blceding disthesis; 9) Recent (with-
in 6 months) stroke; 10) History of
heparin-induced thrombocitopenia;
g 11) Platelet count <100.000fmm3
= BRIGHT 2012-2013 Multicentre  STEMI/NSTEMI 1) 18 10 80 years old: 2) STEMI 1) Thrombolysis within 72 h; 2) Car-  Nonaccess site Major 9
- RCT patients with within 12 h of symptom diogenic shock: 3) Any anticoagu- bleedings (BARC
Z3 planned anset, or within 12-24 b if It agents used within 48 h before  2.3-5 definition)
5 §. emergency ongoing chest pain, contine- randomization; 4) Active bleeding
= PCI ous ST clevation or new or blceding diathesis; 5)

62



pue

“(vos)

) 20) 191008 ALY JO JPYIQ B0 PAYSTR

O TABLE I. Continued
Enrolment Study Bleeding definition
- Study name year Type population Inclusion Exclusion (nonaccess) Quality score
3 LBBB; 3) NSTEMI within Hemoglobin < 100 g/L or platcla
i 72 h of symptom onsct; 4) count <100 X109/L; 6)
Planned emengency PCI; 5) Creatinine dearance <30 ml/min;
e Written informed comsent 7) Known allergy 1o the study
before catheterization drugs or devices (induding heparin
induced thrombocytlopenia)
MATRIX- Oct 2011~ Multicentre ACS or STEMI For ACS all the three: 1) Histo- 1) Paticnts who cannot give informed ~ Nonaccess site Major 10
Nov 2014 RCT 1y consistent with new, or consent or have a life expectancy blecdings (BARC
worsening ischemia, occurring of less than 30 days; 2) Allergy or 2.3-5 definition)
at rest or with minimal activi- intolerance to bivalirudin or unfrac-
ty: 2) Enrolment within 7 tionated heparin; 3) Treatment with
days of the most recent symp- low-molecular-weight heparin with-
g toms: 3) Planned comnary in the past 6 b 4) Treatment with
= i with i i any gl in inhibitor in the
£ to PCE Al least 2 of the fol- previoes 3 days; 5) Absolute con-
-8 lowing: 1) >60 years old: 2) traindications or allergy, that can-
g Troponin T or I or CK-MB not be premedicated, 1o iodinated
above the upper limit of nor- contrast or 1o any of the study
mal; 3) ECG changes compat- medications, including both aspirin
ible with ischemia, ic. ST and clopidogrel; 6) Contraindica-
depression of > 1 mm in two tions 1o angiography, including but
contiguous leads, T-wave not limited 1o severe peripheral
inversion >3 mm, or any vascular discase; 7) If it is known,
dynamic ST shifis a craatinine clearance less than
30 ml per minute or dialysis depen-
For STEMI both: 1) Chest dent 8)Previous enolment in this
pain for >20 min with an ST- study PCI in the previous 30 days
segment clevation > 1 mm or
greater in two or mor contig-
vous leads, or with 2 new lefi
bundle-branch block or with
ST-segment depression of
21 mm in two or more of
leads V1-3 with a positive
terminal T wave; 2) Admis-
sion either within 12 h of
symptom onsct or between 12
and 24 h after onset with con-
tinuing ischemia or previous
fibrinolytic treatment.
g o
g E
E §. TABLE II. Continued
22 Biva  URI
E‘ 3 Biva UFH mae male Biva UFH Biva UFH Biva UFH
; Study drug Dase Dose Biva UFH Followwp mem mean gender gende DM DM GPls  GPls  radial  radial
& £ Sty design Biva UFH N° N mx(days) me e %) %) %) % B * % =
5 bl infusion of
it inhibitors) 1.75 mg/kg per
hour for the dura-
tion of the
procedure
g BRIGHT Periprocedural 0.75 mg/kg Heparin 100 Ukg 735 1459 365 S7.3  S82 827 819 229 214 44 28 W 9
5 bivalindin vs. bolus +1.75 mg/ bolus + addi-
= UFH (bailout kg/h infusion tional dose if
-8 Gp libllla ACT <200 s
e inhibitors)
£ MATRIX Periprocedural 0.75 mg per kg body  70-100 Ukg (or 3610 3603 30 654 654 757 757 226 218 46 258 498 499
E bivalindin vs. weight bolus of 50-70 Ukg in
UFH (provi- bivalirudin, fol- patients receiv-
sional Gp lowed by infusion ing glycopro-
Ithilla inhibi- of 175 mg/kg per tein Iibllla
tors—hailout ‘hour until comple- inhibitors)
only in bivalir- tion of the PCI,
z udin group) then either stopped
g or prolonged (full
1 dase for up 10 4 h
of at a reduced
dose of 025 mg
per kg per hour
for > 6 h) accord-
ing to assignment
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TABLE II. Clinical Features of Patients in Included Studies

Study drug
Study design
ACUITY Periprocedural

bivalindin or
periprocedural
bivalirodin + -
planned Gp
IIb-IlIa inhibi-
tors for 12
18h
ARNO Periprocedural
bivalirodin vs.
UFH + postpro-
cedural prot-
amine (provi
sional Gp
IIbllla
inhibitars)
CACHET Bivalirudin + pro-
visional abcixi-
mab vs.
UFH + planned
abciximab
EUROMAX  Periprocedural
bivalinudin vs.
heparin (provi-
sional Gp
IIbllla
inhibitors)
HORIZON-  Periprocedural
AMI Bivalirudin vs.
UFH + planned
Gp Ib-Ta
inhibitors
ISAR - Bivaliredin vs.

REACT 4 UFH + planned

abciximab

)
&
=4
&
-4
c
]
=
g
o
£
S

NAPLES Il Peripmeedural
bivalindin vs.
UFH (provi-
sional Gp

(1vDS) suonuaamu] pue Aydeiforduy epnoseaotpae)) 10§ A

PAYZONT01 1O SUOTIUIAIANU] JR[NISEAOIPIE)) PuR

Dase
Biva
0.75 mg/kg bolus
infusion of
1.75 mg/kg per
hour for the proce-
dure duration

0.75 mg/kg, followed

L.75 mg/kgth for
the duration of the
procedure

0.75 mg/kg bolus,
infusion of
1.75 mg/kgh for
the procedure
duration

075 mgkg and infu-
sion of 1.75 mg/kg
per h continvedfor
at least 4 h afier
PCI

0-75 mg/kg and infu.
sion of 1.75 mg/kg
per h.

0.75 mg/kg of biva-
lirudin, followed
by an infusion of
1.75 mg/kg/hr for
the duration of the
procedure

Bolus of 0.75 mgkg
iv. prior to the
start of the proce-
dure, followed by

Dose
UFH
bolus of 60 U/kg
plus infusion of
12 U/kg per
hour

bolus of 100 1LY
kg body
weight; addi-
tional boluses
for activated
clotting 250 to
300

70 Ukg bolus
(maxi-
mum, 7000 U),
to achieve
ACT 200 s

100 TU per kilo-
gram or 60 IU
per with a gly-
coprotein [Th
Illa inhibitor or
enoxaparin

bolus of 60 TU/kg
1o an activated
dlotting time of
200-250 s

bolus of 70 Ukg
of unfractio-
nated heparin

70 Ukg iv. prior
1o start the
procedure

Biva
N°

425

1089

1800

860

UFH
N
2561

425

1109

1802

419

Follow-up
max (days)

365

1095

CLINICAL OUTCOME Nonaccess-Site Bleeding

Data on nonaccess site bleeding were available in 32,470 patients (99.6%). A

Biva
mean
age

65

UFH
mean
age

63

Biva URI
male male
gender  pendar
(%) (%)
74 73
77 75
73 77
737 776
1 76.1
769 768
495 455

nd

283

452

UFH

nd

2.8

43

Biva
GPlks
(%)

3

UFH
GPl

(%)

100

100

Biva
radial
(%)

6.1

468

s

UFH
radial
(%)

6.5

452
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nonaccess site bleeding occurred in 1005 (3.1%) of patients, with a significant lower

rate of events in patients treated with bivalirudin (2.6% (466/18135) vs. 3.8%

(539/14335), OR [95% CI] 5 0.68 [0.60-0.77], P < 0.00001, Phet 5 0.10), as shown in

Fig. 2.

Non-access site bleeding

Bivalirudin  Heparin 0Odds Ratio Odds Ratio
Study Events TotalEvents Total M-H, Fixed, 95% CI Weight  95% CI
ACUITY 227 9162 145 4587 -+ 339% 0.78[0.63,0.96]
ARNO 3 425 9 425 &—————— 1.6% 0.33[0.09,1.22]
BRIGHT 7 73 43 1459 T e 51% 0.32[0.14,0.71]
CACHET 0 59 1 94 ¢ » 0.2% 052[0.02,13.07)
EUROMAX 25 1089 55 1109 — o — 96% 045[0.28,0.73]
HORIZON-AMI 87 1777 143 1778 — 245% 0.59[045,0.77]
ISAR-REACT 4 15 860 25 861 — % T 44% 059[031,1.13]
MATRIX 95 3610 109 3603 ] 191% 0.87[066, 1.15]
NAPLES-III 7 418 9 419 L 16% 0.78[0.29,2.10]
Total (95% CI) 466 18135 539 14335 ¢ 100.0% 0.68 [0.60,0.77]
b + + 4
Heterogeneity: Chi’ = 13.28, df = 8 0102 05 1 10

(P =0.10); I* = 40%

Favours bivalirudin

Test for overall effect: Z =5.90 (P < 0.00001)

Favours heparin

Fig. 2. Bivalirudin versus UFH on nonaccess site bleeding (within 30 days) with odds ratios
and 95% confidence intervals (Cl). The size of the data markers (squares) is approximately
proportional to the statistical weight of each trial.
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However, the benefits of bivalirudin on nonaccess site bleeding were mostly
observed in patients with acute coronary syndromes (2.6% (456/ 17233) vs. 3.8%
(520/13397), OR [95% CI] 5 OR [95% CI] 5 0.68 [0.60-0.78], P < 0.00001, Phet 5
0.04), whereas the difference did not reach a statistical significance among elective
patients (1.1% (10 (902) vs. 2% (19/938), OR [95% CI] 50.55 [0.26-1.17],

P50.12,Phet 5 0.59, P interaction 5 0.58).

A Favours heparin
o v

Log Odds Ratio
=

-1,801 Favours bivalirudin r=-0.57(-1-25,0.12), p=0.11

«2,06 195 -1.84 1,73 1,62 1,51 140 1,29 1,19 -1,08 -0,97
Log Odds NA bleedings control

Favours heparin=""-~_

000 T ~f A\

020 1

040 1 /

060 1 A

080 1

1,00 1

120 1

440 1

160 1

480 1 Favours bivalirudin r=0.01(-0.02; -0.001), p=0.02

2,00 v

Log Odds Ratio

456 139 736 13,30 19,26 26,22 31,17 37,13 43,08 49,04 64,99
Differential glycoprotein libllla use (%)

Fig. 3. Fixed-effect meta-regression analyses for the risk
(OR) of nonaccess site bleeding between bivalirudin and UFH
according to patients’ risk profile (as log of the odds for
bleeding in the control group; A—upper graph) or the differen-
tial use of glycoprotein libllla inhibitors in the two arms (B—
lower graph). The size of the circle corresponds to the statis-
tical weight of each study.

In fact, as shown in Fig. 3A, the reduction in non access-site bleeding with bivalirudin
was not related with patients’ risk profile [r520.57 (21-25; 0.12), P50.11]. However,
the benefits of bivalirudin were more marked in those studies with larger use of
glycoprotein IIb/Illa inhibitors in association to heparin [r 5 20.01 (20.02; 20.001), P

5 0.02], Fig. 3B.
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SECONDARY ENDPOINTS Access-Site Bleeding

Data on access site bleeding were available in 32,470 patients (99.6%). An access
site bleeding occurred in 593 (1.8%) of patients, with a significantly lower rate of
events in patients treated with bivalirudin (1.6% (282/18135) vs. 2.2%
(311/14335), OR [95% CI] 5 0.67 [0.57-0.79], P < 0.000001, Phet 5 0.10).

These benefits, however, were restricted to the ACS population (1.6% (274/17233)
vs. 2.2% (302/13397), OR [95% CI] 5 0.66 [0.56-0.78], P < 0.00001, Phet 5 0.16),
and not confirmed among the elective subgroup (0.88% (8/902) vs. 0.85% (8/938),
OR [95% CI] 5 1.02 [0.39-2.63], P 5 0.97, Phet 5 0.09, P inter- action 5 0.38). The
reduction in access-site bleeding with bivalirudin was related neither with patients’
risk profile (r 5 0.56 (20.39; 1.51), P 5 0.24) nor with the rate of transradial
approach in control group (r5 20.88 (22.37; 0.97), P 5 0.35). However, the benefits of
bivalirudin were more relevant in those studies with larger use of glycoprotein
[IbllIa inhibitors in association to heparin (r 5 20.02 (20.04; 20.004), P 5 0.017).
Overall Mortality

Data on overall mortality were available in 32,517 patients (99.8%). Death occurred
in 597 (1.8%) of patients. As shown in Fig. 4, no difference in mortality was observed
between bivalirudin and UFH (1.7% (310/18158) vs. 2% (287/14359), OR [95%
CI]150.89 [0.76-1.05], P 5 0.18; Phet 5 0.12). No impact was observed either in ACS
(1.7% (299/17256) vs. 2% (275/13421), OR [95% CI] 5 0.89 [0.75-1.06], P50.18,
Phet50.18) or elective patients (1.2% (11/ 902) vs. 1.2% (12/938), OR [95%

CI]150.92 [0.40- 2.09], P 5 0.84, Phet 5 0.05, P interaction 5 0.95).
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Overall mortality

Bivalirudin Heparin

Study Events TotalEvents Total
ACUITY 144 9162 62 4587
ARNO 1 425 6 425
BRIGHT 13 735 28 1459
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Fig. 4. Bivalirudin versus UFH on overall mortality (within 30 days), with odds ratios and
95% confidence intervals (Cl). The size of the data markers (squares) is approximately
proportional to the statistical weight of each trial.

By meta-regression analysis, the reduction in mortal- ity with bivalirudin was not

related with the differential risk in nonaccess site bleeding (r50.21 (21,12; 1.53),

P50.76, Fig. 5A), or access-site bleeding (r50.33 (20.35;1.02), P50.34, Fig. 5B) and

neither with the differential rate of GPIIbllIa inhibitors use (r50.007 (20.009; 0.01),

P 5 0.88, Fig. 5C).
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Fig. 5. Fixed-effect meta-regression analyses for the risk
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inhibitors (C, lower graph). The size of the circle corresponds
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DISCUSSION

This is the most comprehensive meta-analysis evaluating the impact of bivalirudin,
as compared to heparin on non access-site bleeding in patients undergoing per-
cutaneous coronary interventions. Our main finding is that bivalirudin provides a
significant reduction in access and nonaccess site bleeding, that however did not
translate into mortality benefits. Moreover, these findings were largely dependent
on the use of GPII- bllla inhibitors in association to heparin rather than bivalirudin.
Bivalirudin has emerged in the last years as an anti- coagulation strategy alternative
to heparin during PCIL. In the first randomized trial (HAS [Hirulog Angioplas- ty

Study]) [23] comparing bivalirudin with heparin in over 4000 patients undergoing
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PCI for a recent acute coronary syndrome, bivalirudin was at least as effec- tive as
UFH in preventing ischemic events, providing, nonetheless, a lower risk of bleeding.
However, the beneficial effects of bivalirudin on hemorrhagic complications have
been questioned by the most recent BRAVE-4 and HEAT-PPCI trials [24, 25], and
also in real-life registries. In particular, MacHaalany et al. [26], have reported that
bivalirudin reduced both ischemic and bleeding events as com- pared to UFH in
patients undergoing PCI through a femoral route, but not in the radial-treated
patients, suggesting a potential interaction of access-site bleeding in conditioning the
results of bivalirudin.

A similar hypothesis has also been confirmed in the recent MATRIX trial [21] that
has included more than 7000 patients with ACS in a double randomized strategy
comparing bivalirudin to heparin and transradial to transfemoral PCI. Valgimigli et
al. showed that bivalirudin was comparable to heparin in terms of net clinical
benefit, including major bleeding or major adverse cardiovascular event,
additionally displaying a higher- than-expected rate of MI and stent thrombosis.
However, independently from the anticoagulation strategy used for PCI, radial
approach significantly lowered the occurrence of vascular bleeding thus suggesting
that access-site complications could play only a marginal role in an era when
transradial PCI is preferred also in more complex patients. A similar conclusion was
reached by Perdoncin et al. [10] in a propensity score- matched population.
Nevertheless, nonaccess site bleeding represents the majority of hemorrhagic
complications for patients undergoing PCI. In a previous patient-level analysis of
three randomized trials, Verheugt et al. [7] concluded that nonaccess site bleeding,
mainly with a genitouri- nary and gastrointestinal localization, could account for

approximately two-thirds of all bleeding events after PCI, and this was associated

69



with a fourfold increase in 1-year mortality. Use of bivalirudin rather than hep- arin
plus a glycoprotein IIb/Illa inhibitor significantly decreased these events of up to
40%. A similar conclu- sion has been recently reached in a subgroup analysis of the
ACUITY trial [27], where bivalirudin could pre- vent both access and nonaccess-site
bleeding only in patients treated with transfemoral PCI, whilst not reaching
statistical significance, in transradial group, also for nonaccess site bleeding.
However, the small sample size might have conditioned these findings. Moreover,
also in the larger transfemoral cohort, the rate of nonaccess hemorrhagic
complications was markedly increased in the arm receiving bivaliru- din 1 GPIIbIlla
rather than bivalirudin alone (3.8 vs. 2.7%), thus suggesting that these findings could
be related to the use of more potent antithrombotic thera- pies rather than to
bivalirudin vs. heparin. However, no study has ever explored this topic.

This is the largest meta-analysis conducted so far evaluating the impact of these two
different anticoagu- lation strategies for PCI on the occurrence of nonac- cess site
bleeding. We found a significant lower rate of both access and nonaccess site
hemorrhagic complications with bivalir- udin as compared to heparin. However, the
benefits of bivalirudin were greatly influenced by the larger use of glycoprotein
[Ibllla inhibitors only in the heparin arm. In fact, such benefits were restricted to the
patients admitted for acute coronary syndromes, where the larg- er use of
antiplatelet agents, and especially in the hepa- rin arm, might have played a relevant
role in these findings. Moreover, bivalirudin did not provide any benefit in terms of
overall mortality, and neither the survival was influenced by the reduction in access
or nonaccess bleeding with bivalirudin.

Similar results have recently been reached in a meta- analysis by Cavender et al.

[28], that has clearly shown that the positive effects of bivalirudin on overall major
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bleeding could be observed only when glycoprotein IIb/ Illa inhibitors were used
predominantly in the UFH arm only, otherwise displaying no significant impact on
bleeding.

Therefore, considering the uncertain benefits of bivalirudin vs. heparin in preventing
bleeding complications, mainly driven by the differential use of concomitant
antithrombotic therapies, and accounting for the lack of improvement in outcomes
associated with this strategy, there is no evidence for supporting a routine use of

bivalirudin as the most cost-effective strategy.

LIMITATIONS

A first limitation to our study can be considered the synthesis of heterogeneous
trials, including a population of lower risk stable patients, but also patients with
acute coronary syndromes or STEMI. Moreover, different definitions of major
bleeding events were used in the included studies. However, no significant
heterogeneity was observed in the results for all our study outcomes.

Another limitation can be considered the use of differential durations of bivalirudin
administration, with or without extended post-PCI infusion and variations in the
dosage of heparin in the control group However, in the majority of the included
studies UFH was administered at similar dosages, ranging from 60 to 75 U/kg.
Finally, the lack of individual patients’ data did not allow a subgroup analysis, and
therefore we could not fully address the role of GPIIbllla inhibitors administration
or other patients’ clinical and demographic characteristics, such as age or renal
failure, that are known to potentially condition the risk of hemorrhagic

complications [29].
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CONCLUSIONS

The present meta-analysis shows that bivalirudin can provide a significant reduction
of both access and nonaccess site bleeding in patients undergoing PCI. However,
these hemorrhagic benefits did not impact on survival, and moreover, were
significantly conditioned by the association of heparin with potent antithrombotic
strategies, such as glycoprotein IIbllla inhibitors, rather than by heparin or
bivalirudin alone. Therefore, we could not provide any clinical evidence for the rou-

tine use of bivalirudin as preferred anticoagulation strategy for PCI.
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ABSTRACT

Aims The optimal level of residual platelet reactivity (RPR) with prasugrel may change
over time after an acute coronary syndrome (ACS). To evaluate changes in RPR over
time, and bleeding and ischemic events rate using 5 vs. 10 mg maintenance dose (MD)
regimens of prasugrel in ACS patients 1 month after drug eluting stent (DES)
implantation.

Methods and results: After 60 mg loading dose of prasugrel (TO) followed by 10 mg/day
for 1 month, patients were randomized to receive prasugrel 10 mg/day (n=95, group A) or
5 mg/day MD (n=98, group B) up to 1 year. RPR was assessed by light transmittance
aggregometry at TO, 37 (T1) and 180 days (T2) in 152 patients. The primary endpoint was
BARC bleeding events >2 between 1 and 12 months, and the secondary composite
exploratory endpoint was cardiac death, myocardial infarction, stroke, and
definite/probable stent thrombosis (ClinicalTrial.gov identifier: NCT1790854). The trial
was prematurely stopped after enrolling 193 of 450 planned patients due to lower than
expected event rates. Baseline clinical characteristics of two arms were well matched as
well as RPR (T0). From TO to T1, RPR significantly increased in both group A and B and
the increase was higher for group B (delta ADP 10 pmol: 13.8%+14.7% vs.
23.5%+19.2%, p=0.001). At T2 a lower rate of high RPR patients were found in group A
(2.6% vs.13.3%; p=0.014). The BARC type >2 bleeding occurred in 12.6% of group A vs.
4.1% of group B (OR: 0.29, 95% CI 0.09-0.94) and the secondary endpoint in 2.1% vs.

1.0% (p=0.542), respectively. No definite/probable stent thrombosis occurred.

Conclusions: RPR increases from TO to T1 with a further increase of RPR reducing
prasugrel MD to 5 mg compared to 10 mg/day 1 month after ACS. This strategy might be

able to optimize the risk/benefit profile of prasugrel MD, being it associated with a 71%
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risk reduction in BARC type >2 bleedings without any apparent increase in thrombotic

events.
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INTRODUCTION

The Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet
Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction (TRITON-TIMI-38)
study showed that in patients with acute coronary syndrome (ACS) undergoing
percutaneous coronary intervention (PCI) the use of prasugrel translated into
reduced ischemic event rate but it was also associated with increased major bleeding
rate compared with clopidogrel (1). Furthermore, the FDA review of TRITON study
(2) highlighted that the risk-benefit appears to be greatest early in therapy with
prasugrel, with fewer end points prevented per bleed as therapy is continued. In
addition, the increase of residual platelet reactivity (RPR) after early period of ACS
(3,4) and the association between bleeding events and low RPR are well known (5).
Thus, the optimal level of platelet inhibition with prasugrel may change over time
after an ACS. Therefore, switching from prasugrel 10 mg/day maintenance dose
(MD) to 5 mg/day MD 1 month after the index event may be considered as able to
reduce bleeding events. We sought to evaluate RPR change over time and the
occurrence of bleeding and ischemic events using reduced MD of prasugrel (5 vs. 10

mg) in ACS patients 1 month after drug eluting stents (DES) implantation.

METHODS
Study design and population

The BLESS (Bleeding Events and Maintenance Dose of Prasugrel) trial was an
open label, randomized, single centre study, designed to evaluate whether 1-month
after PCI for ACS the shifting of prasugrel MD from 10 mg to 5 mg/day may reduce
bleeding events. A detailed description of the study design (Figure S1) and methods

(purpose, inclusion and exclusion criteria, end points, and sample size) is provided
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in the supplementary appendix. Briefly, all ACS patients (< 75 years) underwent 2nd
or 3th generation DES implantation and received 60 mg loading dose (TO) of
prasugrel followed by 10 mg/day for 1 month. Thereafter, patients confirmed to be
adherent to prasugrel therapy were randomized to receive prasugrel 10 mg/day
(group A) or 5 mg/day MD (group B) up to 1 year. All patients received 325 mg of
aspirin followed by 100 mg/day for at least 1 year. RPR was assessed by light
transmittance aggregometry at TO, 37 (T1) and 180 days (T2) (6). The study was
supported by the investigators (ClinicalTrial.gov identifier: NCT1790854). The
protocol was approved by local investigational review boards and performed in
compliance with good clinical practice and the Declaration of Helsinki. All patients

provided signed informed consent prior to any study procedure.

Figure 1 BLESS trial flow chart. 205 Consecutive ACS patients treated with
ACS, acute coronary syndrome; PCland dual antiplatelet therapy (aspirin plus
BLESS, Bleeding Events and prasugrel)
Maintenance Dose of Prasugrel; T : 12 patients excluded:
PCI, percutaneous coronary +1 died in hospital
intervention. - ) .
" *5 discharged without dual antiplatelet
therapy

=3 refused to participate
=2 other antiplatelet drug
*1 in-hospital major bleeding

] ¥ .
| 193 patients enrolled
L J

Randomization at 1 month

prasugrel maintenance prasugrel maintenance
dose dose

Lv 1 year follow-up rate 100 % 1

¢ ¥ ¥
98 patients received 5 mg ‘ 95 patients received 10 mg

Study endpoints. The safety primary endpoint was the occurrence of bleeding type >2
events according to the Bleeding Academic Research Consortium (BARC) criteria (7),

during the randomized treatment period (from month 1 to month 12). The secondary
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composite exploratory endpoint was cardiac death, myocardial infarction (MI), or stroke
(6). Other secondary end points of the study were: 1) the occurrence of definite or
probable stent thrombosis from 1 to 12 months (8); 2) the pharmacodynamic response in
patients with MD prasugrel 10 mg/day compared with those who were randomized to MD
prasugrel 5 mg/day; 3) the incidence of high RPR patients defined as ADP 10 umol
>70%. More detailed definitions of the end points are provided in the supplementary
appendix.

Data management. In-hospital adverse events were recorded before discharge. One-
month, 6-month and 12-month clinical follow-up data were obtained in outpatient
consultation. Adverse clinical events were independently adjudicated by an external
clinical event committee whose members were unaware of the group assignments. All
source documents concerning events were provided to the clinical event committee, for
accuracy and completeness.

Statistical analysis. Discrete data were summarized as frequencies, whereas continuous
data as mean = SD or median. The Chi-square test or Fisher’s exact test were used for
comparison of categorical variables, and the unpaired 2-tailed Student’s #- test or
Kolmogorov-Smirnov nonparametric test were used to test differences among continuous
variables for the end point. Odds risk (OR) and 95% confidence interval (CI) were
calculated. The time course of changes of RPR between and within groups was made by
ANOVA analysis. BARC bleeding event-free survival was estimated by the Kaplan-
Meier method. The log-rank test was used to compare BARC type >2 bleeding between
patients treated with prasugrel Smg/day MD and patients treated with prasugrel 10
mg/day MD. All tests were 2-sided and a P< 0.05 was considered significant. All analyses

were performed using the software package SPSS 19.0 (SPSS Inc., Chicago, II).
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RESULTS

Due to fewer than expected events, the trial was prematurely stopped after enrolling
193 of 450 planned patients. Thus, between November 2012 and April 2014 a total
of 193 patients were enrolled in the BLESS study (study flow, figure 1): 95 patients
randomized to prasugrel MD 10 mg/day (group A) and 98 to prasugrel MD 5
mg/day (group B). Baseline clinical characteristics of two arm’s patients were well
matched (see Table 1). The incidence of diabetes, female gender, chronic renal
failure, previous PCI and CABG, and reduced left ventricular ejection fraction were
not different between two group patients. Overall, 29% presented with acute
myocardial infarction. Moreover, 61% of patients showed multivessel coronary
artery disease and 15% left main disease (Table 2). All patients underwent PCI using
2nd and 3t generation DES, with a mean of 1.5+ 0.7 vessel treated, and with a mean
stent length of 31+21 mm. At hospital discharge, the medical therapy prescribed

was similar between groups.

Table 1 Baseline characteristics and clinical presentation at hospital admission of study population

Group A (10/10) Group B (10/5)
Variables (n=95) (n=98) All (n=193) p Value
Age, years 62.2+10.0 62.2+10.2 62.2+10.1 0.992
Female gender 13 (13.7) 14 (14.3) 27 (14.0) 0.904
Body mass index, ka/m? 27.5+3.3 27.2+3.6 27.3£3.4 0.505
Body mass index >30 26 (27.4) 20 (20.4) 46 (23.8) 0.311
Diabetes mellitus 29 (30.5) 21 (21.4) 50 (25.9) 0.149
Hyperlipidaemia 48 (50.5) 43 (43.9) 91 (47.2) 0.355
Smoker 29 (30.5) 39 (39.8) 68 (35.2) 0.178
Hypertension 55 (57.9) 56 (57.1) 111 (57.5) 0.916
Previous M| 24 (25.3) 17 (17.3) 41 (21.2) 0.179
Previous PCI 32 (33.7) 28 (28.6) 60 (31.1) 0.443
Previous CABG 5(5.3) 3(3.1) 8 (4.1) 0.443
Chronic renal failure 8 (8.6) 4(4.1) 12 (6.3) 0.205
LV ejection fraction (%) 51.8+9.0 52.8+9.4 52.3+9.2 0.429
LV ejection fraction <40% 12 (12.6) 12 (12.2) 24 (12.4) 0.935
STEMI 29 (30.5) 27 (27.6) 56 (29.0) 0.649

Values are expressed as mean+SD or n (%).
MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; LV, left ventricular; STEMI,
ST-elevation myocardial infarction.
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Table 2 Angiographic, procedural characteristics and discharge therapy of study population
Group A (10/10)  Group B (10/5)

Variables (n=95) (n=98) All (n=193) p Value
Angiographic characteristics
Multivessel coronary disease 61 (64.2) 57 (58.2) 118 (61.1) 0.389
Three-vessel coronary disease 30 (31.6) 25 (25.5) 55 (28.5) 0.350
Left main disease 14 (14.7) 15 (15.3) 29 (15.0) 0.912
Procedural characteristics
Number of treated vessels 1.5+0.7 1.5+0.7 1.5+£0.7 0.798
Total stent length, mm 49.0+35.7 41.4+29.7 45.2+33.0 0.107
Stent length per culprit vessel, mm 33.4+23.6 28.7+18.0 31.0£21.0 0.118
Number of stents per patient 2.3+1.3 2.0+1.2 2.2+1.3 0.145
Number of stents per culprit vessel 1.6+0.8 1.4£0.7 1.5:£0.8 0.179
Multivessel PCI 39 (41.1) 38 (38.8) 77 (39.9) 0.747
DES 95 (100) 98 (100) 193 (100) -
Second-generation DES 72 (75.8) 70 (71.4) 142 (73.5) 0.492
Everolimus Eluting Stent (Xience) 65 (90.3) 59 (85.5) 124 (87.9) 0.233
Everolimus Eluting Platinum Chromium Stent (Promus 6 (8.3) 9 (13.0) 15 (10.6) 0.365
Element Plus)
Zotarolimus Eluting Stent (Resolute Integrity) 1(1.4) 2(29) 3(2.1) 0.535
Third-generation DES 23 (24.2) 28 (28.6) 51 (26.4) 0.492
Biodegradable polymer biolimus-eluting stent (Nobori) 10 (43.5) 9 (32.1) 19 (37.3) 0.405
BioFreedom Polymer-Free (Cre8) 13 (56.5) 19 (67.9) 32 (62.7) 0.405
GP inhibitors lIb/llla 18 (18.9) 23(23.5) 41 (21%) 0.442
Discharge therapy
Aspirin 95 (100) 98 (100) 193 (100) -
Statins 92 (96.8) 92 (93.9) 184 (95.3) 0.329
ACE inhibitors or ARBs 67 (70.5) 78 (79.6) 145 (75.1) 0.145
B-blockers 70 (73.7) 60 (61.2) 130 (67.4) 0.065
Proton pump inhibitors 78 (82.1) 71 (72.4) 149 (77.2) 0.110
Hospital length of stay, day 3.4+2.0 3.7+5.9 3.5+4.4 0.544

Values are expressed as mean+SD or n (%).
ARBs, angiotensin receptor blockers; DES, drug-eluting stent; GP, glycoprotein; PCI, percutaneous coronary intervention.

Pharmacodynamic findings. Out of 193 patients, RPR was assessed in 152, since
41 patients receiving IIb/Illa inhibitors during the PCI procedures were excluded.
The RPR at TO were similar between group A and group B (ADP 10 umol: 34.5+16.2
vs. 31.5%17.2; p=0.697, respectively). Out of 152, 2 (1.3%) high RPR patients were
found. From TO to T1, the RPR significantly increased in group A as well as in group
B and the increase was higher for group B (delta ADP 10 pmol: 13.8%+*14.7% vs.
23.5%%19.2%, p=0.005), but from T1 to T2 no further increase of RPR was found in
both groups (see ANOVA analysis in Figure 2). At T2 a lower rate of high RPR
patients were found in group A compared with the group B (2.6% vs.13.3%;

p=0.014).
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Figure 2 Time course and magnitude of changes of RPR
within group B prasugrel 10/5 mg/day (—O—) and group A
prasugrel 10/10 mg/day (—[}—) and between groups. RPR,
residual platelet reactivity.

Safety primary end points. Any BARC bleedings were observed in 47.3% and
31.6% of group A and B, (p= 0.025); the BARC type 1 or 2 bleeding occurred in
45.3% vs. 29.6% (p =0.024), the BARC type 2 in 10.5% and 2% (p= 0.014), the BARC
type 3a in 2.1% vs. 2.0% (p=0.974), and the BARC type 2 or 3a in 12.6% and 4.1%
(OR: 0.29,95% CI 0.09-0.94; p= 0.031), respectively (see Table 3). No BARC type 4 or
5 occurred. Event-free survival from BARC type 22 bleeding during randomization
period is shown in Figure 3. Freedom from BARC type =2 bleeding events was higher
in 5 mg/day prasugrel MD arm in comparison with 10 mg/day prasugrel MD arm

(log-rank test, p=0.030).
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Table 3 Clinical outcomes during randomisation period (from 1 to 12 months)
Group A Group B

10/10 10/5
Variables (n=95) (n=98) All (n=193) OR 95% CI p Value
Primary safety end points
BARC
Any bleeding 45 (47.3) 31 (31.6) 76 (39) 0.51 0.28 to 0.92 0.025
Type 1 33 (34.7) 27 (27.5) 60 (31.0) 0.71 0.39 to 1.31 0.280
Type 2 10 (10.5) 2 (2.0) 12 (6.2) 0.17 0.03 to 0.83 0.014
Type 1 and 2 43 (45.3) 29 (29.6) 72 (37.3) 0.51 0.28 to 0.91 0.024
Type 3
Type 3a 2(2.1) 2 (2.0) 4 (2.0) 0.96 0.13t0 7.02 0.974
Type 3b 0 (0) 0 (0) 0 (0) - - -
Type 3¢ 0 (0) 0 (0) 0(0) - - -
Type 2 and 3 12 (12.6) 4(4.1) 16 (8.2) 0.29 0.09 to 0.94 0.031
Type 4 0(0) 0(0) 0(0) - - -
Type 5
Type 5a 0 (0) 0(0) 0 (0) - - -
Type 5b 0 (0) 0 (0) 0 (0) - - -
Secondary efficacy composite end points
MACE 2(2.1) 1(1.0) 3(1.6) 0.542
Cardiac death 0 (0) 0(0) 0(0) -
Myocardial infarction 1(1.1) 1(1.0) 2(1.0) 0.982
TIA or stroke 1(1.1) 0(0) 1(0.5) 0.309
Other secondary end points
Definite/probable stent thrombosis 0(0) 0(0) 0(0) - - -
Prasugrel discontinuation* 2(2.1) 0 (0) 2(1.0) 0.149
Non cardiac deatht 1(1.1) 0(0) 1(0.5) 0.308
Urgent TVR 1(1.1) 0(0) 1(0.5) 0.309
Angiographic sixth month follow-up 83 (87.4) 79 (80.6) 162 (83.9) 0.201
Definite stent thrombosis 0(0) 0 (0) 0(0) - - -
Restenosis 13 (15.7) 8 (10.1) 21 (13.0) 0.294

Values are expressed as mean+SD or n (%).

*Gastric bleeding at 6 months and haemorrhagic stroke at 7 months.

1Creutzfeldt-Jakob disease.

BARC, Bleeding Academic Research Consortium; MACE, major adverse cardiovascular event; TIA, transient ischaemic attack; TVR, target
vessel revascularisation.

Efficacy secondary end points. The secondary composite endpoint occurred in
2.1% of group A (1 MI, 1 stroke) vs. 1.0% of group B (1 MI), p= 0.542 (see Table 3).
Considering the balance of safety and efficacy end point, the net clinical benefit was
in favor of group B: 14.7 vs. 5.1%; (OR:0.31, 95% CI 0.10-0.90, p= 0.024). Urgent
target vessel revascularization rate were very low in both groups: 1 (1.1%) in group
A vs. 0 (0%) in group B (p= 0.309). No definite or probable stent thrombosis
occurred in both groups [clinical follow-up rate 100%, 6-month angiographic follow-
up rate 83.9% (162/193)]. During the randomization period, two patients, both in
group A, discontinued prasugrel: a gastric bleeding occurred at 6 month in the first

patient and a hemorrhagic stroke occurred at 7 months in the second.
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Figure 3 BARC type >2 bleeding-free survival according to
the treatment with 5 mg/day prasugrel MD group B (—), or

10 mg/day prasugrel MD group A (—). Event rates were
compared by log-rank test. BARC, Bleeding Academic
Research Consortium; MD, maintenance dose.

DISCUSSION

This study is, to our knowledge, the first randomized comparison of prasugrel 5 mg
MD and 10 mg MD, 1 month after an ACS event. The main findings of the study are
the following: 1) in aspirin ACS patients at steady state for MD prasugrel 10 mg,
values of RPR significantly increase in comparison with those obtained soon after 60
mg prasugrel LD; 2) 1 month after an ACS event switching prasugrel MD from 10 to 5
mg/day is associated with further increase in RPR, resulting in a higher rate of high
RPR patients; 3) this strategy is associated with a 71% risk reduction in BARC type
>2 bleeding without any apparent increase in thrombotic events.

Pharmacodynamic findings. A 5 mg/day prasugrel MD was used in the Targeted

Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute
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Coronary Syndromes (TRILOGY ACS) trial (9) to reduce bleeding complications in
the vulnerable groups of elderly (>75 years) patients and younger, low-body-weight
patients (<60 Kg). RPR values of patients less than 60 Kg and 75 years or older with
stable coronary artery disease, close to 2-weeks of prasugrel MD 5 mg/day therapy
was non-inferior to prasugrel MD 10 mg/day used in younger, heavier patients, as
determined by conventional platelet aggregometry (10,11). The antiplatelet effects
of the prasugrel MD 5 mg/day were greater than the effects with clopidogrel among
both the elderly and younger patients with low body weight. These
pharmacodynamic findings were confirmed in the larger TRILOGY platelet function
substudy using the VerifyNow P2Y12 assay (12). Direct pharmacodynamic data to
support the potential use of prasugrel MD 5 mg/day to reduce bleeding risk without
an increase in the ischemic risk in ACS patients (<75 years old) 1 month after 60 mg
prasugrel LD for PCI are lacking. In the present study, we reported that the RPR
increases between loading dose and 1 month, and an excess of RPR was found after
shifting prasugrel MD from 10 to 5 mg/day. Whether, 1 month after index PCI for
ACS, this level of RPR may represent the optimal platelet inhibition, where efficacy is
maintained but bleeding risk is lower is not proven. High on treatment RPR is well
defined for clopidogrel and has been clearly identified as a risk marker for ischemic
events (13). High on treatment RPR can also exist with prasugrel in ACS after a LD of
60 mg and to a lower extent (<6% of treated patient) on the MD of 10 mg (14).
Recent randomized trials as well as registry designed to evaluate whether more
intensive antiplatelet therapy in acute phase, using high dose clopidogrel (15,6) or
prasugrel (16,17), might improve clinical outcome failed to show the benefit of this
strategy. Differently, the present study was designed to evaluate the possibility to

optimize level of platelet inhibition obtained with prasugrel after the acute phase of
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ACS, focusing the concept that the optimal level of platelet inhibition may change
over time.

Safety primary end points. The adoption of the strategy reducing MD of prasugrel
from 10 to 5 mg/day might be able to optimize the risk/benefit profile of prasugrel
in ACS patients 1 month after 2nd or 3th generation DES implantation. In fact, a 49%
risk reduction in any BARC bleedings is associated with this strategy. Specifically, in
the present study the most common bleedings are BARC type 1. However, nuisance-
bleeding type 1 occurrence seems to be not significantly influenced by a reduced
prasugrel MD strategy. On the contrary, an 83% risk reduction in BARC type 2
bleedings and, yet, a 71% risk reduction in BARC =2 were associated with reduced
prasugrel MD strategy. These findings are not negligible, since the occurrence of
BARC type 2 bleedings, even minor, may be clinically relevant hurting patient day
life and potentially reducing patient adherence to treatment with new antiplatelet
agents such as prasugrel, favouring its disruption with potential consequences on
ischemic events (18). Moreover, in the present study no discontinuation of prasugrel
MD 5 mg was observed. Conversely, two patients taking 10 mg MD discontinued
prasugrel, without occurrence of ischemic event, confirming that the association
between discontinuation of dual anti-platelet therapy, due to bleeding, and increased
thrombotic risk is very strong within 30 days (18). Finally, in the BLESS study the
BARC = 2 bleeding event curves begin to separate soon after randomization period
and continue to diverge throughout the follow-up favouring prasugrel MD 5 mg/day
(Figure 3), in keeping with previous and recent observations (19,20).

Efficacy secondary end points. Regarding the secondary exploratory efficacy end
points, it is important to note that the efficacy of the strategy using reduced MD of

prasugrel seems preserved in our study. In fact, limited by the small number of
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patients included, we did not observe any increase in thrombotic events using
prasugrel MD 5 mg/day. Surprisingly, we observed an impressive “0” rate of definite
or probable stent thromboses in the BLESS study population. Compared with bare
metal stent and first generation DES, the risk of definite or probable stent
thrombosis is an average 50% lower with new generation DES (21,22). A significant
reduction of stent thrombosis was observed in the TRITON (1) and in the Platelet
Inhibition and Patient Outcomes (PLATO) (23) studies using first generation DES in
only 40% and 19% of cases, respectively. It is conceivable that our study benefited
from the use of 2nd and 3t generation DES. These devices were recently shown to be
superior to the first-generation DES for both revascularization and clinical outcomes
(24). This may be due to the fact that new generation DES with thin stent struts,
advanced/absent polymers and improved anti-proliferation agents along with
better implantation techniques available, promote an early healing of stent struts
favouring a near “0” stent thrombosis. On this regard, it is important to note that the
thrombotic risk of our study population was not low, taking into account that the
BLESS study enrolled only ACS patients, including patients with STEMI. Finally, one
should realize that in the early phase of an ACS, it is important to obtain and
maintain an effective level of platelet inhibition. One month after an ACS, the optimal
level of platelet inhibition may change and the adoption of a tailored strategy, using
a reduced MD of prasugrel, might optimize the risk/benefit profile of prasugrel
providing slightly less, but still consistent, platelet inhibition that translate into
reducing bleeding risk without increasing the risk of thrombotic events related to
the stent as well as occurring in other vascular location, as suggested by the net
clinical benefit from our study. Whether the prolongation of dual antiplatelet

therapy with aspirin plus reduced prasugrel MD may be beneficial beyond 1 year in
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ACS patients remains to be investigated (20). Of course, we recognize that no
definitive conclusions can be drawn from the BLESS study, however these findings
can add some insights to the body of evidence of the dual antiplatelet therapy in ACS
patient and may help us to customize the dual antiplatelet therapy according to the
type of stent implanted in ACS patient (20,25).

Study limitations Due to the low events rate, the BLESS study was prematurely
interrupted resulting in the enrolment in a population underpowered for clinical
events. However, the observed 71% risk reduction of BARC Type =2 bleeding
without any apparent increase of thrombotic events may be considered as a
hypothesis-generating finding. Moreover, the pharmacodynamic data associated
with this strategy in current PCI patients have never been described and may be
clinically relevant. Importantly, one should realize that the BLESS results are
obtained on aspirin ACS patients. Finally, whether the treatment benefit observed
may be generalizable to non-thienopyridine P2Y12 inhibitor or other stent types

(23,26-27) is unknown.

CONCLUSIONS

The BLESS trial shows that in ACS patients the RPR increases shifting from 60 mg
loading dose to 10 mg/day prasugrel MD. A further increase in RPR and a higher
rate of high RPR patients was observed shifting from 10 mg/day to 5 mg/day
prasugrel MD after 1 month. This strategy might be able to optimize the risk/benefit
profile of prasugrel MD in ACS after 2nd or 3th generation DES implantation, being it
associated with a 71% risk reduction in BARC type 22 bleedings without any

apparent increase in thrombotic events. The modulation of platelet inhibition over
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time after an ACS appears to be an attractive strategy and should be tested in larger

clinical trials.
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ABSTRACT

Background: Third generation and more potent P2Y12 inhibitors have now
recommended for the treatment of acute coronary syndrome (ACS). We sought to
evaluate contemporary antithrombotic strategies employed in patients admitted for an
ACS to a tertiary center, Careggi Hospital.

Methods and Results: From January to June 2014, 430 consecutive ACS patients were
treated with percutaneous coronary intervention (PCI) and stent by 3 groups of
interventional cardiologists available 24 h, 7 days/week: 23.5% with ST-elevation
myocardial infarction (STEMI) and 76.5% with non-STEMI/unstable angina (UA).
Aspirin and clopidogrel (52%) were the most commonly used antithrombotic therapies,
being prasugrel associated with aspirin in 110 (26%) and ticagrelor in 97 (23%) of ACS.
Inappropriate use of prasugrel (Tia/lctus) was found in 2 (1.8%) patients and not
recommended use (> 75 years, without diabetes or previous myocardial infarction) in 11
(10%). Not recommended use of ticagrelor and concomitant use of warfarin was found in
4 patients (4.4%). An upgrade switching from clopidogrel to prasugrel occurred in 29%
[32/110 patients: 28 showing high residual platelet reactivity (HRPR: ADP 10
umol<70%), and 4 receiving left main stenting], while an upgrade from clopidogrel to
ticagrelor occurred in 13.4% (13/97 patients, all showing HRPR, but 1 affected by
clopidogrel allergic reaction). The most powerful predictor for prescription of third
generation P2Y12 inhibitors was the presence of HRPR (OR 5.473, 95% CI 2.41-12.43,
P<.0001) and the behavior of attending cardiologist (HR 0.674, 95% CI 0.573-0.847,
P=.001), whereas the older age reduced the probability of receiving it (OR 0.963, 95%CI

0.943-0.984, P=.001).
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Conclusions: The clopidogrel remained the most common P2Y 12 inhibitor employed for
PCI in ACS, despite current recommendation. The rate of inappropriate/not recommended
prescription of third generation P2Y12 inhibitors was low and the switching was largely
based on HRPR associated with clopidogrel. These findings suggest the need to improve

evidence-based third generation prescription of  P2YI12 inhibitors
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Introduction

Prasugrel and Ticagrelor significantly decreased cardiovascular death, myocardial
infarction (MI), and stroke compared with clopidogrel in TRITON-TIMI 38 (Trial to
Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with
Prasugrel Thrombolysis in Myocardial Infarction 38) and in PLATO respectively (1,2).
However, prasugrel use was associated with increased bleeding in patients with a history
of previous stroke or transient ischemic attack (TIA) and was not associated with
favorable net clinical benefit in those >75 years of age and in low-body weight patients.
The prasugrel package insert (3) includes a black box warning for patients with previous
stroke/TTA and also discourage its use in patients aged >75 years due to an increased risk
of fatal intracranial bleeding and uncertain benefit, except in high-risk situations (age >75
years with history of diabetes or a previous MI). On the other hand, the most common
adverse reactions associated with the use of ticagrelor in PLATO included bleeding and
dyspnea. Moreover, in an Holter substudy of PLATO, more patients had ventricular
pauses with ticagrelor than with clopidogrel in the acute phase. The ticagrelor package
insert reports to avoid ticagrelor in patients with severe hepatic impairment, and caution is
needed in patients with dyspnea and in patients with sick sinus syndrome, 2nd or 3rd
degree AV block, or bradycardic-related syncope and not protected with a pacemaker.
The current European guidelines for ACS patients undergoing PCI (4) assign a Class |
recommendation for prasugrel and ticagrelor use in patients without contraindications. In
the present registry we examined the antithrombotic strategies employed in patients
admitted for an acute coronary syndrome (ACS) in the Cardiovascular and Thoracic

Department of Careggi Hospital, Florence Italy.
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Methods

This registry is a single centre, retrospective, quality improvement registry aimed
to evaluate in-hospital use of antithrombotic therapies in consecutive ACS patients
admitted to our high volume PCI center. Three groups of interventional cardiologists were
available 24 h, 7 days/week. Briefly, inclusion criteria for the Registry were: patients>18
years old admitted to a CCU with a diagnosis of ACS were eligible if they had cardiac
ischemia-related symptoms of >10 min duration and concurrent biomarker evidence of
ACS and/or concurrent electrocardiographic changes. The study was approved by the
local ethical committee. All patients gave informed consent. The antithrombotic treatment
strategy for ACS was left at discretion of the attending cardiologist. High and low residual
platelet reactivity (HRPR and LRPR) was assessed by light transmittance aggregometry
(LTA) and defined as ADP 10 mmol >70% and <19%, respectively (5). Prasugrel use in
patients with a documented history of previous stroke or TIA was defined as inappropriate
and prasugrel use in patients >75 years of age without diabetes or a previous MI was
defined not recommended (6). In addition, we examined prasugrel and ticagrelor use in
patients receiving concomitant aspirin and warfarin, since not recommended, because the
efficacy and safety of prasugrel or ticagrelor (as a third agent) have not been evaluated in
this subgroup. Finally, we examined the determinants of the third generation P2Y12
prescription, both prasugrel and ticagrelor, in comparison to clopidogrel using

multivariable regression model.

Statistical analysis
Categorical variables are presented as number and percentages, and compared by
the y 2 test. Continuous variables are presented as mean and standard deviation (SD).

Continuous variables were compared by the t-test, If normally distributed, or by the
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Mann—Whitney U-test, if not. In the present analysis, we divided the population of
interest into three groups: patients receiving second generation P2Y12 inhibitor
clopidogrel and patients receiving third generation P2Y12 inhibitors prasugrel and
ticagrelor. All the variables which were statistically significant at univariate analysis were
included in a multivariable model (logistic regression), to identify the independent
predictors of prescribing third generation P2Y 12 inhibitors. The variables included in the
logistic model were: age, gender, low body weight, groups of interventionists, HRPR,
previous MI and diabetes. A P-value <0.05 was considered statistically significant. All
tests were two-sided. Analyses were performed with the SPSS system software, version
12.

Results

From January 2014 and June 2014, 430 consecutive ACS patients were treated
with PCI and stent: 23.5% with ST-elevation myocardial infarction (STEMI) and 76.5%
with unstable angina non-STEMI (UA/NSTEMI). During Hospitalization, overall aspirin
was administered in 89% of patients and third generation P2Y12 inhibitors in 49%.
Specifically, aspirin and clopidogrel (52%) were still the most commonly used
antithrombotic therapies, being prasugrel associated with aspirin in 26% (110) and
ticagrelor in 23% (97) of ACS. Patients receiving third generation P2Y12 inhibitors were
more frequently males and smokers and a strong trend towards a younger age was found
in comparison to patients receiving clopidogrel (Table 1). A history of chronic kidney
disease was more frequently observed in patients receiving clopidogrel, whereas a trend
towards a higher rate of previous TIA/stroke was found in this group. Patients presenting
with STEMI were treated more frequently with third generation P2Y'12 inhibitors (71%),
while UA/NSTEMI patients were largely treated with clopidogrel (59%). The

pretreatment strategy (loading dose before angiography) with P2Y12 inhibitors was
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adopted in 45% of ACS (Table 2). Specifically, a low rate of pretreatment for STEMI
patients was observed, favoring third generation P2Y12 inhibitors, in comparison to a
high rate of pretreatment for UA/NSTEMI, largely based on clopidogrel use, 15% vs.
54% (p<0.001), respectively. Switching between P2Y 12 inhibitors occurred in 15% of
ACS patients. Specifically, an upgrade from clopidogrel to prasugrel occurred in 29%
(32/110: 28 clopidogrel patients showing HRPR, and 4 patients receiving left main
stenting). In addition 2 patients taking ticagrelor and showing advance atrio-ventricular
block were shifted to prasugrel (change between the third generation P2Y 12 inhibitors).
Moreover, in 2 patients taking prasugrel and showing very low residual platelet reactivity
at platelet function test the prasugrel maintenance dose was reduced from 10 to 5 mg/day.
On the other hand, an upgrade from clopidogrel to ticagrelor occurred in 13.4% (13/97),
all patients showing HRPR, but one affected by clopidogrel allergic reaction. The
inappropriate use of prasugrel was found in 2 patients (1.8%), the not recommended use
in 11 (10%) patients and the concomitant use of warfarin in none; whereas not
recommended use of ticagrelor and concomitant use of warfarin was observed in 4
patients (4.4%). Finally, a downgrade from ticagrelor to clopidogrel occurred in 23%
(15/223: 1 patients for urgent noncardiovascular surgery, 1 patients affected by ticagrelor
allergic reaction, 3 patients receiving warfarin for atrial fibrillation, 1 patients leaving in
east European country, 3 patients affected by dyspnea, 1 patients showing advanced AV
block or symptomatic bradycardia and 5 patients for unknown reasons. At multivariable
analysis, the most powerful predictor for prescription of third generation P2Y12 inhibitors
was the presence of HRPR (HR 5.473, 95% CI 2.41-12.43, p<.0001) and the behavior
attending cardiologists (HR 0.674, 95% CI 0.573-0.847, P=.001), whereas the old age
reduced the probability of receiving third generation P2Y12 inhibitors (HR 0.963, 95%

CI 0.943-0.984, p=.001) (Table 3). The low body weight, gender, previous MI and the
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diabetes did not emerge in this model. According the antithrombotic strategy, the rate of

death, recurrent MI, stroke and congestive heart failure were not different between

groups, as well as the rate of TIMI major and TIMI minor bleeding, except the rate of

TIMI minimal bleeding occurring less frequently in the clopidogrel group (Table 4).

Table 1: Baseline characteristics of study patients treated with P2Y12 inhibitors

Variable All Clopidogrel Prasugrel Ticagrelor P value
n=430 n=223 n=110 n=97
(52%) (26%) (23%)
Elderly (> 75 yrs) 166 (39) 98 (44) 35(32) 33(34) 0.065
Male gender 310 (73) 148 (66) 90 (84) 72 (76) 0.002
Weight < 60 kg 32 (9) 23 (12) 4 (5) 5(6) 0.104
Smoking habits 0.002
Current Smokers 100 (25) 38 (17) 28 (31) 34 (38)
Previous Smokers 114 (29) 67 (31) 22 (25) 25 (28) 0.002
Hypertension 304 (67) 161 (72) 79 (73) 64 (67) 0.661
Dyslipidemia 239 (57) 125 (26) 62 (59) 52 (54) 0.781
Diabetes Mellitus 130 (31) 65 (29) 38 (35) 27 (28) 0.481
Familiarhistory of CAD 82 (24) 37 (19) 23 (29) 22 (30) 0.093
Previous myocardial infarction 138 (34) 74 (35) 38 (36) 26 (29) 0.449
Previous PCI 162 (38) 85 (38) 47 (44) 30 (31) 0.196
Previous CABG 36 (8) 21 (9) 9(8) 6 (6) 0.639
History of renal failure 52 (13) 33 (15) 15 (15) 4 (4) 0.024
Previous TIA/Stroke 27 (6) 19 (9) 2(2) 6 (6) 0.069
Peripheral artery disease 77 (21) 41 (20) 22 (25) 14 (17) 0.391
Cardiogenic shock 30 (7) 12 (5) 11 (11) 7(7) 0.231
Access site 0.0001
Femoral 323 (81) 162 (77) 95 (95) 66 (72)
Radial 77 (18) 47 (21) 5(5) 25 (26)

BMI: body mass index; CAD: coronary artery disease; PCI: percutaneous coronary intervention;

CABG: coronary artery by-pass graft; TIMI: thrombolysis and myocardial classification
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Table 2. Antiplatelet therapy characteristics

Variable All Clopidogrel Prasugrel Ticagrelor P value
n= 430 n= 223 n=110 n= 97
(52%) (26%) (23%)
Center 0.0001
1 270 (63) 120 (54) 98 (89) 52 (54)
2 94 (22) 52 (23) 12 (11) 30 (31)
3 66 (15) 51(23) 0(0) 15 (15)
STEMI 101 (23.5) 30(13) 31(28) 40 (41) 0.0001
UA/NSTEMI 329 (76.5) 193 (86) 79 (71) 57 (59) 0.0001
Pretreatment 192 (45) 117 (52) 51 (46) 24 (25) 0.0001
NSTEMI 177 (41) 111 (50) 46 (42) 20 (21) 0.009
STEMI 15 (3) 6 (3) 5(4) 4 (4) 0.543
Treatment location 0.0001
Ambulance 12 (3) 3(1) 3(3) 6 (6)
ER 4 (1) 1(1) 0(0) 3(1)
CCU 147 (34) 70 (31) 33(30) 44 (45)
Cath Lab 196 (46) 122 (55) 43 (39) 31(32)
Switch 64 (15) 15 (7) 36 (33) 13 (13) 0.0001
Not reccomended 15 (3) 0(0) 11 (10) 4 (4.4)
m
Inappropriate prescription 2 (1) 0(0) 2(1) 0(0)
Aspirin treatment 382 (89) 202 (91) 93 (84) 87 (90) 0.562

ER: emergency room; CCU: cardiac coronary unit; Cath Lab: catheterization laboratory; STEMI:

ST-elevation myocardial infarction; ACS: acute coronary syndrome; UA: unstable angina.
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Table 3. Multivariate analysis: predictors of Prasugrel or Ticagrelor use

Variable Hazard Ratios 95% Confidence P value
Interval

Age 0.963 0.943-0.984 0.001

Male gender - - -

ADP switch 5.473 2.410-12.430 0.0001

Center 0.674 0.537-0.847 0.001

Previous MI - - -

Diabetes - - -

Weight - - -

ADP: adenosin diphosphate; MI: myocardial infarction
Table 4. In-hospital Outcomes
Variable All Clopidogrel Prasugrel Ticagrelor P value
n= 430 n=223 n=110 n=97
(52%) (26%) (23%)

In-hospital death 14 (3.3) 7 (3.2) 4 (3.7) 3(3.1) 0.958
Re-AMI 3(0.7) 1 (0.5) 2(1.9) 0 (0) 0.229
CIN 17 (4.1) 9(4.1) 5(4.8) 3(3.2) 0.861
TIMI Major bleeding 4 (1.0) 4(1.9) 0(0) 0 (0) 0.157
TIMI Minor bleeding 15 (3.8) 7 (3.3) 3(3.1) 5(5.7) 0.562
TIMI Minimal bleeding 25 (6.3) 6 (2.8) 7(7.2) 12 (13.5) 0.002
Congestive heart failure 48 (11.5) 24 (11.0) 14 (13.2) 10 (10.9) 0.823
Stroke 2(0.5) 2(0.9) 0(0) 0 (0) 0.406
Vascular complication 17 (14.1) 10 (4.5) 2(1.9) 5(5.4) 0.400

Re-AMI: recurrent acute myocardial infarction; CIN: contrast induced nephropathy
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Discussion

In the US PINNACLE registry (6), 18.3% of patients were receiving prasugrel for
an inappropriate or a not recommended indication. Moreover, registry from Michigan
found that among patients receiving prasugrel, 6% to 10% had >1 contraindication to
prasugrel (7). They reported higher rates of bleeding and vascular complications in these
patients, with no difference in ischemic outcomes. Our registry indicates a 11.8% of
inappropriate/not recommended prasugrel prescribed in high volume PCI center, similar
to the rate of Michigan study (7). In addition, 4.4% of not recommended ticagrelor use
was observed due to concomitant aspirin and warfarin administration. The rate of
pretreatment strategy with P2Y12 inhibitors for UA/NSTEMI appears unawares high
considering the high volume center for PCI involved. However, in the APATHY registry
the data collection started before the publication of the ACCOAST trial findings (8),
partially explaining these results. At contrary, a low rate of pretreatment strategy with
P2Y12 for STEMI found in our registry deserve some considerations. The time elapsed
from symptoms onset to hospital admission by ambulance in Florence district is not so
long and, frequently, the door-to-balloon time is very short, determining an optimal
logistic situation in the Florence district. It’s conceivable that the use of third generation
P2Y12 inhibitors in the ambulance for STEMI patients may improve the outcome,
although the additional value of this strategy is not completely supported by ATLANTIC
trial findings (9). Interestingly, in the present registry the most powerful predictor for
prescription of third generation P2Y'12 inhibitors at hospital discharge was the assessment
of HRPR by platelet function test. However, this strategy is not recommended and
previous studies failed to show any advantage of this strategy (10,11). In addition, in this
registry, the third generation P2Y12 inhibitors were mainly prescribed among younger

patients, thus different antithrombotic strategies might be related to different ischemic and
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bleeding risk profiles of ACS populations, or might be related to the tendency of
physicians to administer more potent drugs after knowing coronary anatomy, as occurring
in 4 patients showing left main disease. Finally, although the use of ticagrelor in ACS
patients taking warfarin is not recommended, being yet not demonstrated the efficacy and
safety of this association, again the behavior of attending physician play a key role on this
not recommended prescription. During the hospital stay, we did not found any increase in
ischemic events, in terms of mortality and recurrent MI, neither we observed any increase
in TIMI major bleeding and minor bleeding, but only the rate of minimal bleeding
significantly increased. However, it’s possible that in middle and long term the
inappropriate/not recommended use of prasugrel and ticagrelor in ACS patients, may lead
to increased rates of major bleeding and offset any anti-ischemic benefit of third
generation P2Y 12 inhibitors. We recognize several limitations of the present registry.
This is a retrospective registry. Previous TIA/stroke and prasugrel use were self-reported.
The inappropriate and not recommended prasugrel prescription rate and the rate of not
recommended ticagrelor use with warfarin may be higher in non-high PCI volume center.
Moreover, data on the contraindications to clopidogrel, reason for choosing prasugrel or
ticagrelor instead of clopidogrel, and ischemic and bleeding outcomes are not collected in
the APATHY registry, and analyses pertaining to these variables, therefore, could not be
performed. Finally, the findings of this study cannot be extended to ACS patients
managed conservatively, since not included in the APATHY registry, and, yet, caution is

need in result’s interpretation.

108



Conclusions

Our contemporary registry shows that the clopidogrel remained the most common P2Y 12
inhibitor employed for PCI in ACS, despite current recommendations. The
inapproriate/not recommended prescription of third genrationP2Y12 inhibitors was low
and the switching to the third and more potent P2Y12 inhibitors was largely based on
HRPR associated with clopidogrel. Our findings suggest the need to improve evidence-

based third generation P2Y12 inhibitors prescription.
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ABSTRACT

Aims: Optimal duration of dual antiplatelet therapy after an acute coronary syndrome
(ACS) is still unknown and debated. We sought to assess the incidence of adverse clinical
events beyond 12 months after an ACS in patients treated by percutaneous coronary
intervention (PCI) and clopidogrel.

Methods and results: Among 1592 consecutive ACS patients treated by PCI enrolled in
the RECLOSE-2 ACS study and without event within 1 year, 1310 (82%) patients
presented at least 1 risk factor such as: age > 65 years, diabetes, prior myocardial
infarction (MI), chronic kidney disease and multivessel coronary disease. The primary
end-point rate (the composite of cardiac death, MI, stroke and any urgent coronary
revascularization) was 3.7% per year after the first 12 months. Adverse event rate beyond
12 months was higher in patients with at least 1 risk factor as compared with patients
without (8.1% vs 1.8%, p<0.001). Each additional risk factor was associated with a
relative risk for long term adverse event of 1.66 (95%CI 1.41-1.96; p=0.0001).
Independent predictors of late events were age >65 years (OR 2.11; 95%CI 1.38-3.37,
p=0.002), insulin-treated diabetes mellitus (OR 2.29; 95%CI 1.41-3.71, p=0.001), chronic
kidney disease (OR 1.93; 95%CI 1.21-3.09, p=0.006), prior MI (OR 2.71; 95%CI 1.85-
3.97, p=0.0001), and multivessel coronary disease (OR 1.53; 95%CI 1.18-1.97, p=0.01).
Conclusions: Patients at risk of adverse events beyond 12 months after an ACS may be
identified by simple clinical and angiographic characteristics such as age, diabetes,
chronic kidney disease, prior MI and multivessel CAD. The risk of adverse events

progressively increases with the number of these high risk features.
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INTRODUCTION

Activated platelets have a key role in the development of atherothrombotic events leading
to acute coronary syndromes (ACS),' and dual antiplatelet therapy (DAPT) represents a
cornerstone in secondary prevention after an acute myocardial infarction. In particular,
current practice guidelines recommend the addition to aspirin of a platelet P2Y, receptor
inhibitor for 12 months after an ACS.** Routine 12-month DAPT length recommendation
derived largely from the designs of previous trials *° but it has a weak biological basis,
and the comparisons of different DAPT lengths are scarce and not rigorous in ACS
patients. Moreover, in current clinical practice DAPT is frequently prolonged beyond 1
year in patients considered at high risk of thrombosis.” So far, optimal DAPT length after
an ACS is a matter of debate.*'' The PEGASUS Trial showed that DAPT with aspirin
and ticagrelor is able to prevent recurring ischemic events well beyond 12 months after a
myocardial infarction, at the price of increased major bleedings.® Data on the comparison
of 12-month with more prolonged DAPT or, more appropriately, on the clinical impact of
DAPT length individually tailored on the basis of ischemic and bleeding risk profile, are
completely lacking. Finally, the adverse event rates beyond 12 months in ACS patients
treated by percutaneous coronary intervention (PCI) are limited, but likely heterogeneous
and dependent on patient's risk profile. Thus, we sought to assess adverse events
occurring beyond 12 months in ACS patients receiving invasive management and
clopidogrel treatment enrolled in the Responsiveness to Clopidogrel and Stent
Thrombosis 2-ACS (RECLOSE 2-ACS) study."?

METHODS

Study Design

The RECLOSE 2-ACS study design has previously been described.'” Briefly, it was an

observational, single-center cohort study of consecutive patients with ACS undergoing
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invasive treatment. All patients were treated with clopidogrel 600 mg loading dose
followed by 75 mg daily dose on top of aspirin. Platelet reactivity after clopidogrel
loading was prospectively assessed for every patient with light transmittance
aggregometry (LTA), and patients with high platelet reactivity (HRPR; defined as ADP
10 test > 70%) received a tailored antiplatelet therapy, generally represented by 150 mg
clopidogrel maintenance dose. Long-term DAPT (>12 months) was strongly
recommended. The study was approved by the local ethical committee. All patients gave
informed consent. The present study is based on a retrospective post-hoc analysis of the
RECLOSE 2-ACS study.

Patient Population

Of 1789 patients enrolled in the RECLOSE 2-ACS, 197 were excluded because they were
lost to follow-up within 1 year (n=17), experienced new events within 1 year (n=137), or
had an indication to chronic anticoagulant therapy (n= 43). The remaining 1592 patients
were included in the present analysis (Figure 1). Almost all patients (97%) were on
aspirin. Based on the PEGASUS trial study design,® patients were classified as at high-
risk in the presence of at least one of the following 5 characteristics: age > 65 year,
diabetes mellitus, chronic kidney disease (creatinine clearance < 60 mL/min), prior
myocardial infarction, and multivessel CAD.

End Points

The primary end point of this study was a composite of major adverse cardiovascular
events (MACCE: cardiac death, non fatal myocardial infarction, urgent coronary
revascularization, and stroke) beyond one year after the index ACS event. Individual
components of the primary end point, stent thrombosis, and TIMI major bleeding were

secondary end points with previously defined definitions.'?
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Figure 1. Study Flow-chart
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Patients enrolled .- 11 strokes
n=1,592
Low-risk _ High-risk
profile Allocation profile
n=224 (14%) Number of risk factors N=1,368 (86%)
0 n=224(14%)
1 n=504(32%)
2 n=521(33%)
3  n=256(16%)
>4 n= 87 (5%)

Follow-Up

All patients had scheduled follow-up at 1, 6, and 12 months from ACS and annually
thereafter. All other possible information gathered from hospital readmission charts or by
referring physicians, relatives, or municipality vital registries, were entered into the
prospective data-base.

Statistical Analysis

Discrete data are expressed as frequencies, and continuous data as mean = SD or median
and interquartile range as appropriate. The y2 test was used to compare categorical
variables, and the unpaired 2-tailed Student ¢ test or Mann—Whitney rank sum test was
used to test differences between continuous variables. Survival curves were generated

with the use of the Kaplan—Meier method, and the difference between groups was
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assessed by log-rank test. Multivariable regression analysis to evaluate the independent
contribution of clinical, angiographic, procedural, and platelet reactivity variables to the
primary end point was performed by the forward stepwise Cox proportional hazards
model. The variables entered into the model were as follows: age > 65 years, male sex,
smoking habits, diabetes mellitus requiring or not insulin treatment, hypertension, prior
myocardial infarction, chronic kidney disease, multivessel coronary artery disease (CAD),
left ventricular ejection fraction < 40%, use of drug-eluting stents (DES), total stent
length, HRPR, clopidogrel therapy length (months). The proportional hazard assumption
was assesses and satisfied graphically by plotting log (-log) survival curves against log
survival time for each predictor category and verifying whether the curves were parallel,
and in addition, using time-dependent covariates. We performed sensitivity analysis in
order to test how robust the model was relative to the included population by assessing the
effect of adding patients excluded due to events within 1 year and looking for recurrent
events after the first 12 months according to the number of risk factors. The DAPT score'’
was calculated for each patient enrolled in our study. Moreover, MACCE and bleeding
rates at long-term follow-up were calculated with Kaplan Meier method in (>2) high
versus (<2) low DAPT score patients and compared with the log-rank test. Discrimination
was assessed by calculating the area under the receiver-operating characteristic curve and
expressed as the C statistic. A p value < 0.05 was considered significant. All tests were 2-
sided. Analyses were performed with SPSS 19 statistical package (IBM Corporation,

Somers, NY).
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RESULTS

Patient population, treatment and outcomes

Of 1592 study patients, 1368 (86%) with at least 1 risk factor were included in the high-

risk group and 224 (14%) were in the low-risk group (no risk factor). Their baseline

clinical and angiographic characteristics are summarized in Table 1. The two study groups

showed significant differences in almost all baseline characteristics. In particular, high-

risk profile patients presented a higher prevalence of cardiovascular risk factors, NSTEMI

as ACS presentation, Killip class 3 or more, HRPR, and had greater CAD severity as well.

Table 1: Baseline characteristics of study patients

Variable All Low risk profile  High risk profile p value
pts pts
(n=1592) (n=224) (n=1368)

Age (years) 69 (61-78) 57 (51-62) 72 (65-79) 0.0001
Age >65 years 1019 (64) - 1019 (64) -
Age >75 years 568 (36) - 568 (36) -

Male gender 1274 (80) 198 (88) 1076 (79) 0.001

Body Mass Index 26 (24-28) 26 (24-28) 26 (24-28) 0.951

Familiar history of CAD 113 (7) 32 (14) 81 (6) 0.0001

Smoker 402 (25) 113 (50) 289 (21) 0.0001

Hypertension 905 (57) 81 (36) 824 (60) 0.0001

Dyslipidemia 712 (45) 73 (33) 639 (479 0.0001

Diabetes mellitus 307 (19) - 307 (19) -
Non Insulin Treated 178 (11 178 (13) -
Insulin Treated 129 (8) 129 (9) -

Previous myocardial infarction 282 (18) - 282 (18) -

Multivessel CAD 896 (56) - 896 (56) -

3 vessel disease 418 (26) - 418 (26) -

Treated vessel
Left main 102 (6) 2(1) 100 (6) 0.0001
Left anterior descending artery 835 (52) 103 (6) 732 (46) 0.019
Circumflex coronary artery 526 (33) 49 (3) 477 (30) 0.0001
Right coronary artery 634 (40) 70 (4) 564 (35) 0.099
Other vessel 46 (3) 1(1) 45 (3) 0.016

Previous PCI 225 (14) 15 (7) 210 (15) 0.001

Previous CABG 74 (5) 1(1) 73 (6) 0.001
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Killip class >3 74 (5) 1(1) 73 (6)
LVEF <40% 450 (28) 44 (20) 406 (30)
Renal Failure 160 (10) - 160 (10)
HRPR 212 (13) 17 (8) 195 (14)
Aspirin Resistance 296 (19) 23 (10) 273 (20)
Clopidogrel therapy length (months) 28+13 29+13 28+13
Clopidogrel therapy >12 months 1406 (88) 203 (91) 1203 (88)
Clopidogrel therapy >24 months 1010 (63) 141 (63) 869 (64)
Clopidogrel therapy >36 months 407 (26) 61 (27) 346 (25)
Type of ACS

STEMI 742 (47) 138 (62) 604 (44)

NSTEMI/ UA 850 (53) 86 (38) 764 (56)
DES use 829 (52) 92 (41) 737 (54)
Multivessel PCI 478 (30) - 478 (35)
Total stent length (mm) 24 (16-41) 13 (18-26) 26 (16-44)

0.001
0.002
0.006
0.0001
0.413
0.190
0.922
0517

0.0001
0.0001
0.001

0.0001

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CAD, coronary artery disease;

DES, drug eluting stent; HRPR, high residual platelet reactivity; LVEF, left ventricular ejection fraction;
NSTEMI, non-ST-segment elevation myocardial infarction; OAD, orally administered antidiabetic drug;
PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction ; UA,

unstable angina;

Adjusted Kaplan Meier curves for the primary end point in high and low risk profile
patients are reported in Figure 2. Table 2 summarizes the clinical outcomes beyond 1 year
in low- and high-risk groups. MACCE rates beyond 12 months were higher in patients
with as compared with patients without at least 1 risk factor (8.1% vs 1.8%, p=0.001).
The difference in MACCE rate was mainly driven by fatal events (cardiac mortality: 0.9%
in low-risk patients and 4.3% in those at high-risk; p=0.013), while there was no
significant difference in either the other components of the primary end point or in the

frequency of stent thrombosis (p=0.104).
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Table 2: Qutcomes of study population beyond 1 year from ACS

Low risk profile pts High risk profile pts p valuet
(n=224) (n=1368)

Primary end-point rate estimation (%)*

2 years 0.9+0.6 3.540.5 0.001
3 years 1.44+0.8 8.9+0.9 0.001
4years 2.5+1.3 11.4£1.1 0.001

Adverse Clinical Outcomes Occurred between 1 and 4 years from ACS

Primary End-point 4 (1.8%) 111 (8.1%) 0.001
Cardiac death 2 (0.9%) 59 (4.3%) 0.013
Non Fatal Myocardial Infarction 3(1.3%) 33 (2.4%) 0.315
Urgent revascularization 2 (0.9 %) 31 (2.3%) 0.181
Stroke 1 (0.4%) 23 (1.7%) 0.161
Stent Thrombosis 0 (0%) 16 (1.2%) 0.104
TIMI Major Bleeding 2 (0.9%) 22 (1.6%) 0.415

* Estimation rate by Kaplan Meier curves of the primary end-point: the composite of cardiac death,
myocardial infarction, stroke, and any urgent coronary revascularization.
1 by Log Rank Test

Predictors of adverse events

At Cox multivariable analysis, age >65 years (OR 2.11; 95%CI 1.38-3.37, p=0.002),
insulin-treated diabetes mellitus (OR 2.29; 95%CI 1.41-3.71, p=0.001), chronic kidney
disease (OR 1.93; 95%CI 1.21-3.09, p=0.006), prior MI (OR 2.71; 95%CI 1.85-3.97,
p=0.0001), and multivessel coronary disease (OR 1.53; 95%CI 1.18-1.97, p=0.01) were
all independent predictors of MACCE (study primary composite end point). Among the
RECLOSE 2-ACS study population, the DAPT score showed poor discrimination (c
statistic: MACCE model, 0.58 [95%CI, 0.52 to 0.63]; major bleeding model, 0.60
[95%CI, 0.49 to 0.71]). The MACCE rates beyond 12 months from the index event were

greater, but not significantly different, among the high-DAPT score patients compared
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with the low- DAPT score patients (12.9% high-score patients vs 7.8 % low-score patients
[OR 1.34, 95%CI 0.93 to 1.94], p =0.115). Rates of major bleedings were significantly
different by score (1.8%% in the high-score patients vs 4.2% in the low-score patients
[OR 0.34, 95% CI1 0.17 to 0.92], p =0.026)

Clinical outcome and number of risk factors

Of 1368 high-risk profile patients, 504 (32%), 521 (33%), 256 (16%) and 87 (5%) had 1,
2, 3 or 4 or more risk factors, respectively. Event rate curves stratified by number of risk
factors are reported in Figure 3. The overall estimated long-term MACCE prevalence for
patients with 0, 1, 2, 3, >4 risk factors was respectively 3.2+1.3, 6.3+1.3, 10.5%1.7,
15.4+3.2, 34.6£7.6 (p=0.001). Primary endpoint rate progressively increased with the
number of risk factors and each additional high risk factor was associated with a relative
risk for long term MACCE of 1.66 (95% CI 1.41- 1.96; p= 0.0001). In the sensitivity
analysis including patients with an event within the first year after the index ACS the
results did not significantly differ and each additional risk factor was associated with a
relative risk for long term MACCE of 1.50 (95% CI 1.34- 1.68; p< 0.0001). In addition,
the association between the number of risk factors and event rates beyond 12 months
persisted after the exclusion of patients showing HRPR on clopidogrel (n=248, RR:
1.54[1.27-1.86]; p=0.0001) or those who withdrawn clopidogrel < 12 months (n= 186,
RR: 1.62[1.35-1.95]; p=0.0001).

One year after ACS, TIMI major bleeding rates were low and not significantly different
between high- and low-risk patients (0.9% vs 1.6%, p=0.415). Moreover, major bleeding

estimation rates did not significantly increase with the number of risk factors (Figure 4).
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Primary endpoint rate (%)

p=0.012

High-risk profile

Low-risk profile

Figure 2. Kaplan-Meier curves depicting adverse event (primary end-point: the composite of

cardiac death, myocardial infarction, stroke, and any urgent coronary revascularization) rates
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Figure 3. Kaplan-Meier curves depicting adverse event (primary end-point: the composite of

cardiac death, myocardial infarction, stroke, and any urgent coronary revascularization)
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ratesbeyond 1 after an acute coronary syndrome according to the number of risk factors (0, 1, 2, 3,

>4 risk factors).
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Figure 4. Kaplan-Meier curves depicting major bleeding rates beyond 1 after an acute coronary

syndrome according to the number of risk factors (0, 1, 2, 3, >4 risk factors).

DISCUSSION

The main findings of the present study may be summarized as follows:

1)  Event rates beyond 1 year from the index ACS event are relatively low but not
negligible.

2) Patients at risk of adverse events beyond 12 months after an ACS may be
identified by simple clinical and angiographic characteristics, such as age,
diabetes, prior myocardial infarction, chronic kidney disease and multivessel
CAD.

3) The risk of adverse events progressively increases with the number of these high-

risk features.
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4) The association between adverse events 1 year after ACS and the number of risk
factors persists after the exclusion of patients showing HRPR on clopidogrel or of
those who withdrawn clopidogrel < 12 months.

Until now, ACS patient outcome have been mainly assessed within the first 12 months
from the index event, while information on long-term event rates is limited. Patients with
event within 1 year from the index event were excluded from the analysis because, in
these cases, DAPT prescription is driven by the recent ACS event. In our large
prospective registry of consecutive ACS patients treated with PCI, and event-free during
the first year after the index event, adverse event rate was relatively low (around 3.7% per
year) but clearly not negligible. Predictors of adverse events beyond 12 months were 5
well know risk factors for patients with ACS including advanced age, insulin-treated
diabetes mellitus, prior myocardial infarction, chronic kidney disease and multivessel
CAD. Almost identical risk factors have been selected as additional high-risk clinical
characteristics for the inclusion in the PEGASUS trial * due to the expected association
with increased long-term adverse event rates. In the PEGASUS trial, the use of ticagrelor
>1 year after an acute myocardial infarction resulted in reduced ischemic event rate, at the
price of increased major bleeding events, with a disappointing overall risk/benefit profile.
The need for a more accurate stratification of long-term patient's risk emerged from the
PEGASUS trial. In fact, at subgroup analyses, no single risk factor alone indicated a
category of patients who might benefit from prolonged/resumed ticagrelor therapy.®

From our study, emerged that most ACS patients (86%) present at least 1 of the
aforementioned risk factor and can be considered at increased risk of event late after the
index event. Odd ratios for adverse clinical events after 1 year from the index event were
similar and around 2 for each risk factor. Accordingly, the risk of adverse event

progressively increased with the number of risk factors, which appeared to impact
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synergistically, with each additional risk factor being associated with a 66% relative risk
long term increase in MACCE at long term follow-up. As a consequence, patients with 2,
3 and 4 or more risk factors presented a remarkably high event rates beyond 12 months
after the ACS. At the same time, bleeding event rates did not result to increase with the
number of these risk factors, at least not in similar proportions. The strong association of
risk factors with long-term risk of MACCE seems to carry important prognostic
information. Thus, the simple number of risk factors in a given patient or the inclusion of
these high-risk features in more elaborated and complete risk scores might help to select
ACS patients who might profit the most from prolonged DAPT to optimize secondary
prevention strategies, assuming the higher bleeding risk associated with prolonged DAPT.
Unfortunately, in the DAPT Trial, among patients not sustaining major bleeding or
ischemic events 1 year after PCI, a prediction score assessing late ischemic and bleeding
risks to inform dual antiplatelet therapy duration showed modest accuracy in derivation
and validation cohorts, *confirmed by our analysis.

The optimal duration of DAPT has been more extensively assessed in patients undergoing
coronary drug eluting stent (DES) implantation. A recent meta-analysis including 3166
patients from 10 randomized trials underlined that the treatment with DAPT beyond 1
year after DES implantation in unselected patients may reduce recurring myocardial
infarction and stent thrombosis, but it is associated with increased mortality because of an
increase risk of non—cardiovascular mortality not counterbalanced by the reduction in
cardiac mortality.'* Thus, also in the setting of patients undergoing DES implantation an
individually tailored approach, carefully considering the individual benefit-risk profile in
prescribing prolonged DAPT, seems to be the most appropriate, and convenient,

secondary prevention strategy.
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Our study must be evaluated in light of some limitations. First, study results are based on
a post-hoc analysis of a prospective registry and can be only considered hypothesis
generating. Second, we reported no difference in major bleeding rates beyond 1 year from
ACS between risk groups; however, this study was likely underpowered for detecting
differences in major bleeding rates, and this finding needs to be confirmed in larger
cohorts. We have also to consider that bleeding risk may derive from comorbidities and
predisposing conditions not included in the key 5 risk factors that we considered (i.e, age,
diabetes, prior myocardial infarction, chronic kidney disease and multivessel CAD). In
the present study we documented that the relationship of the considered risk factors is
strong with adverse ischemic events beyond 1 year, but weak with late bleeding events.
Third, our patients did not receive the two new P2Y12 inhibitors (i.e. prasugrel and
ticagrelor) which were not available at the time of study enrollment. Thus, we are not able
to speculate to which extent these results would be different using the new drugs rather
than clopidogrel, and hence our results cannot be generalized to patients receiving
prasugrel or ticagrelor. However, prolonged clopidogrel therapy showed to be able to
reduce event rates beyond 12 months from a myocardial infarction.'* Our study findings
were obtained in patients treated with prolonged clopidogrel therapy, and the association
between adverse events 1 year after ACS and the number of risk factors persisted after the
exclusion of patients showing HRPR on clopidogrel (poor responders to the drug) or those
who withdrawn clopidogrel <12 months (non-adherence to the drug). The favorable effect
of prolonged DAPT with ticagrelor in the PEGASUS Trial might derive from a class
effect, since ticagrelor has been compared only with placebo.® On the other hand, the
results obtained with ticagrelor in the PEGASUS Trial should be extended with caution to
other P2Y, receptor antagonists, such as clopidogrel or prasugrel, since ticagrelor has

several off-target effects able to impact on atherothrombotic events.'”'” Fourth, all
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patients in our study had been treated with PCI, therefore our results are not applicable to

patients undergoing coronary artery bypass graft or to medically managed patients.

CONCLUSIONS

Patients at risk of adverse events beyond 12 months after an ACS may be identified by

simple clinical and angiographic characteristics such as advanced age, diabetes, chronic

kidney disease, prior myocardial infarction and multivessel coronary artery disease. The

risk of late adverse events progressively increases with the number of these risk factors.

Patients with multiple risk factors are those who might benefit the most from aggressive

secondary prevention strategies, including prolonged DAPT, a concept that future trials

need to validate.
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Summary and conclusions

In this thesis we addressed several aspects of antithrombotic strategies in patients with
acute coronary syndrome, from P2Y12 inhibitor pharmacodymic evaluation in the acute
phase, to safety concerns, and concluding with analysis of real life data as compared to
guidelines recommendation and with the recognition of potential clinical risk factors that

can be used to guide long-term antithrombotic strategies.

In Chapter 2 we evaluated the potential role of crushed ticagrelor administration in STEMI

patients. All P2Y12 receptor antagonists used at the time of study design in STEMI
treatment waere only available in the oral form. This was an important limitation in
patients with difficulties with swallowing such as elderly, patients with previous stroke,
dysphagia and sedated or intubated patients. Our study stated that ticagrelor crushed
tablets administration in STEMI patients is feasible and provides earlier platelet inhibition

as compared with standard integral tablets.

Chapter 3 consider the impact of morphine use in STEMI patients in delaying the onset of
action of the oral antiplatelet agents. This association persisted after adjusting for the
propensity to receive morphine and after excluding patients with vomit.

In Chapter 4 we evaluated the relation between morphine use, platelet reactivity and
myocardial reperfusion. In particular, in STEMI patients undergoing PPCI, morphine use
was associated with more frequent rate of high residual platelet reactivity and a poorer
myocardial reperfusion evaluated with ST-segment elevation analysis. Independent
predictors of impaired myocardial reperfusion were: high residual platelet reactivity and
TIMI flow grade after PPCI but not morphine use, questioning the direct relationship
between morphine and worse myocardial reperfusion.

Chapter 5 assessed with meta-analysis method, the role of different antithrombotic
treatment in reducing non access site bleeding, clinical occurrence related to worst clinical
outcomes. The present meta-analysis showed that bivalirudin could provide a significant
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reduction of both access and nonaccess site bleeding in patients undergoing PCI. However,
these hemorrhagic benefits did not impact on survival, and moreover, were significantly
conditioned by the association of heparin with potent antithrombotic strategies, such as
glycoprotein IIbllla inhibitors, rather than by heparin or bivalirudin alone. Therefore, we
could not provide any clinical evidence for the routine use of bivalirudin as preferred anti-
coagulation strategy for PCI.

Chapter 6 analysed possible antiplatelet strategies after the acute phase of ACS patients
treated with PCI. In particular we evaluated changes of platelet reactivity over time, bleeding
and ischemic events using different prasugrel maintenance doses.

Chapter 7 examined the contemporary clinical practice of our Institution. The use of
clopidogrel, at the time of analisation still remained the most common P2Y12 inhibitor
employed for PCI in ACS patients, despite current recommendations. The inapproriate/not
recommended prescription of third genrationP2Y12 inhibitors was low and the switching to
the third and more potent P2Y12 inhibitors was largely based on HRPR associated with
clopidogrel.

Finally, Chapter 8 identified patients at risk of adverse events beyond 12 months after an
ACS event by simple clinical and angiographic characteristics such as age, diabetes,
chronic kidney disease, prior MI and multivessel CAD. The risk of adverse events

progressively increases with the number of these high risk features.
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Future directions in the management of platelet reactivity and antithrombotic
therapies in acute coronary syndrome patients

1 Several strategies have been evaluated in order to bridge the gap of the delayed
onset of action of oral antiplatelet agents: clopidogrel, prasugrel, and ticagrelor, such
as upstream administration of P2Y12 inhibitors, loading dose modification, crushing
pills, use of an intravenous P2Y12 inhibitor or glycoprotein IIb/Illa inhibitors' (GPI)
administration, and avoid or reduce morphine use. Despite all these strategies taken
in cosideration, currenlty a gap between P2Y12 adiministration and the
pharmacodynamic effect during the acute phase of STEMI still remain and further
studies era needed to evaluate this condition.

2 Cangrelor is a new intravenous direct P2Y12 inhibitor. After Cangrelor
administration occurs at least 2 minutes to achieve effective platelet inhibition and
at least 1 hour to return to basal level of platelet function after its discontinuation.
This drug may be used in ACS patients undergoing PCI not already receiving an oral
P2Y12 inhibitor or GPI with high thrombotic risk. Cangrelor significantly reduces the
rate of ischemic events, including stent thrombosis during PCI, with no significant
increase in severe bleeding as compared to clopidogrel in acute coronary sindrome
patients undergoing PCI. Despite these interesting outcomes, real life data regarding
pharmacodynamic effects and clinical outcomes in STEMI patients are still lacking.

3 In the clinical scenario of ACS patients, antithrombotic treatments aim to reduce the
thrombotic burden, especially in the acute phase, the risk of stent thrombosis and of
long-term ischemic events occurrence. In addition to the development of new more
potent and faster antiplatelet agents, implementation of secondary prevention
measures, recognizing clinical characteristics of patients high risk of future events is
of pivotal importance to guide long-term antithrombotic treatment is and to improve

long term event free survival anf mortality.
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Great advances in research have been accomplished also in the field of non
antiplatelet agents. In particular the pleiotropic role of statins, beyond the reduction
of cholesterol level, providing protective effects from procedural myocardial injury,
contrast induced nephropathy and anti-inflammatory effects that can positively
modulate platelets reactivity is currently evaluated. Moreover the impact of the new
antibodies against PCSK9 LDL receptors in reducing LDL plasmatic levels and also
cardiovascular mortality could have further clinical implications. Finally, potential
role of anti-inflammatory therapy is currently evaluated. Experimental and clinical
data suggest that reducing inflammation without affecting lipid levels may reduce
the risk of cardiovascular disease. Yet, the inflammatory hypothesis of
atherothrombosis has remained unproved.

Finally, most randomized trial failed to demonstrate an outcome benefit from
tailoring antiplatelet therapy based on aggregation tests. In particular in the era of
new and fast antiplatelet agents the role of aggregation tests in daily clinical practice
have been reduced. Future trials should investigate the correct management of
patients at high bleeding risk or at risk of recurrent clinical ischemic event, in accord

or not to platelet function test, in order to guide the following antiplatelet therapies.
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