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Aims Platelet inhibition induced by P2Y12 receptor antagonists in patients with ST-elevation myocardial infarction
(STEMI) can be affected by concomitant use of opioids. The aim of this trial was to examine the effect of intraven-
ous (iv) acetaminophen compared with iv fentanyl on P2Y12 receptor inhibition in patients with STEMI.

...................................................................................................................................................................................................
Methods and
results

The Opioids aNd crushed Ticagrelor In Myocardial infarction Evaluation (ON-TIME 3) trial randomized 195 STEMI
patients who were scheduled to undergo primary percutaneous coronary intervention (PCI) and were pre-treated with
crushed ticagrelor to iv acetaminophen (N = 98) or iv fentanyl (N = 97) in the ambulance. The primary endpoint, consist-
ing of the level of platelet reactivity units (PRU) measured immediately after primary PCI, was not significantly different
between the study arms [median PRU 104 (IQR 37–215) vs. 175 (63–228), P = 0.18]. However, systemic levels of ticagre-
lor were significantly higher in the acetaminophen arm at the start of primary PCI [151 ng/mL (32–509) vs. 60 ng/mL (13–
206), P = 0.007], immediately after primary PCI [326 ng/mL (94–791) vs. 115 ng/mL (38–326), P = 0.002], and at 1 h after
primary PCI [488 ng/mL (281–974) vs. 372 ng/mL (95–635), P = 0.002]. Acetaminophen resulted in the same extent of
pain relief when compared with fentanyl [reduction of 3 points on 10-step-pain scale before primary PCI (IQR 1–5)] in
both study arms (P = 0.67) and immediately after PCI [reduction of 5 points (3–7); P = 0.96].
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* Corresponding author. Tel: þ31 (0)38 424 5000, Email: r.s.hermanides@isala.nl
†The first two authors contributed equally to this article.
VC The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

ORIGINAL ARTICLE
doi:10.1093/ehjcvp/pvaa095 Acute coronary syndromes
European Heart Journal - Cardiovascular Pharmacotherapy (2022) , 4–128

 nline publish-ahead-of-print 2 October 20209o;

http://orcid.org/0000-0001-5255-8645
http://orcid.org/0000-0001-5253-5849
http://orcid.org/0000-0003-4301-4843
http://orcid.org/0000-0001-9662-6136
http://creativecommons.org/licenses/by-nc/4.0/


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

Conclusion The iv acetaminophen in comparison with iv fentanyl was not associated with significantly lower platelet reactivity
in STEMI patients but resulted in significantly higher ticagrelor plasma levels and was effective in pain relief.
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Introduction

Optimal platelet inhibition is one of the most important goals in the
acute treatment of ST-elevation myocardial infarction (STEMI)
patients.1 Opioids are widely used in daily practice but delay the in-
testinal drug absorption of P2Y12 inhibitors.2 Moreover, nausea and
vomiting are more frequently seen in patients receiving opioids,2–4

which further reduce the uptake of oral platelet inhibitors. Also,
STEMI patients who undergo primary percutaneous coronary inter-
vention (PCI) and receive morphine more often have high platelet re-
activity, which is associated with ischaemic events like stent
thrombosis.5,6 Opioids, like morphine and fentanyl, are still recom-
mended in the European and American guidelines on the manage-
ment of STEMI,7,8 but their class of recommendation has been
reduced from Classes I to IIa (level of evidence C) in the European
guideline, as increasing knowledge about the adverse effects of
opioids became available.

Other analgesics may be an alternative for opioid use in STEMI
patients. While non-steroidal anti-inflammatory drugs are known to
increase cardiovascular events,9–11 acetaminophen (paracetamol)
might be a suitable alternative. Intravenously (iv) administered acet-
aminophen is more quickly effective than its oral form.12 However,
so far no evidence exists about acetaminophen and its effects on
platelet inhibition in STEMI patients. Moreover, the effectiveness of
opioids and acetaminophen on pain reduction in STEMI patients is
unclear.

Alternative routes of administration of P2Y12 receptor inhibitors,
like pre-hospital administration of oral platelet inhibitors, crushed or
chewed ticagrelor, and intravenous administration of platelet inhibi-
tors,13–15 have been investigated to achieve earlier platelet inhibition.
Crushed ticagrelor administration in STEMI patients provided faster
platelet inhibition compared with standard integral tablets.15

The Opioids aNd crushed Ticagrelor In Myocardial infarction
Evaluation (ON-TIME 3) trial searched for effective pain relief and
fast and optimal platelet inhibition by investigating an alternative anal-
gesic, iv acetaminophen, when compared with iv fentanyl in STEMI
patients with ongoing chest pain who all received crushed ticagrelor
in a pre-hospital setting.

Methods

Study design and patients
The ON-TIME 3 trial (NCT03400267) was an investigator-initiated, pro-
spective, open-label, trial, of which the primary objective was to assess
the level of platelet inhibition after primary PCI in STEMI patients who
were randomized in the ambulance to either treatment with iv acet-
aminophen or iv fentanyl for the relief of chest pain. The study was per-
formed in collaboration with the ambulance services of two hospitals:
Ambulance service IJsselland and Witte Kruis connected to Isala Hospital

Zwolle (The Netherlands) and GGD Zuid Limburg, connected to
Zuyderland Medical Centre Heerlen (The Netherlands).

This study was conducted in accordance with the principles of the
Declaration of Helsinki, the Medicinal Research Involving Human
Subjects Act (Dutch abbreviation: WMO), and Good Clinical Practice.
The trial protocol and informed consent was approved by the local ethics
committee of both participating centres.

The trial design and rationale of this study have been published previ-
ously.16 In brief, STEMI patients (defined as on-going chest pain >30 min
and <12 h duration and ST-segment elevation >0.1 mV in at least two
contiguous leads) as diagnosed by the paramedic team with a pain score
of 4 or higher at a 10-step numeric rating pain score, were included. After
verbal informed consent patients were randomized in a 1:1 fashion to ei-
ther iv acetaminophen or iv fentanyl using an app-based randomization.
Written informed consent was obtained during hospitalization.

Study procedures
All patients underwent coronary angiography and primary PCI when indi-
cated. All patients were pre-loaded in the ambulance with unfractionated
heparin 5000 IU and intravenous aspirin 500 mg according to local stand-
ard of care and 180 mg crushed oral ticagrelor. Ticagrelor was crushed
using a pill tool crusher at the patient’s site by the paramedic team in the
ambulance. Data on intensity of pain and data on platelet inhibition,
including pharmacokinetics and pharmacodynamics, were collected be-
fore (T1) and immediately after primary PCI or 1-h post-angiography
(T2) at the catheterization laboratory, and at 1-h post-primary PCI or 2 h
post-angiography (T3) and 6 h post-primary PCI or 7 h post-angiography
(T4) at the coronary care unit. As only a minority of our patients under-
went coronary angiography only, we will refer to the time points with re-
gard to PCI in this article.

Pharmacodynamic effects were assessed by a VerifyNow P2Y12 point
of care test (Accriva Diagnostics, San Diego, USA, distributed by Werfen,
Breda, The Netherlands) for measurement of platelet reactivity units
(PRU) of blood samples collected in sodium citrate (3.2%) tubes.
Pharmacokinetic effects were determined by the concentration of tica-
grelor and its active metabolite, AR-C124910XX, using liquid
chromatography-mass spectrometry at the clinical pharmacy laboratory
in Zwolle. A 30-day post-randomization follow-up was performed by
telephone interview.

Study endpoints
The primary endpoint of the study was the level of PRU measured imme-
diately post-primary PCI (T2). For the assessment of the primary end-
point, blood was obtained just before sheath removal in case of a primary
PCI. Secondary endpoints included pain reduction on a 10-step numeric
rating pain scale between the level of pain at arrival of the ambulance at
the patient site and the level of pain before or immediately post-primary
PCI, the level of PRU at other time points, high on-treatment platelet re-
activity (HPR) defined as PRU >208 immediately post-primary PCI,5 the
concentrations of ticagrelor, its active metabolite and the cumulative con-
centrations of ticagrelor and its active metabolite at all time points.

Opioids on P2Y12 receptor inhibition 5
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Statistical analysis
The sample-size calculation was based on a superiority assumption of the
primary endpoint of PRU. Since the effects of acetaminophen on PRU
were unknown and comparable studies were lacking, an assumption of
the sample size was necessary. We partly based our sample size calcula-
tion on data from the Influence of Morphine on Pharmacodynamics and
Pharmacokinetics of Ticagrelor in patients With Acute Myocardial
Infarction (IMPRESSION) trial2 and Platelet Aggregation With Ticagrelor
Inhibition and Fentanyl (PACIFY) trial.17 Assuming the presence of a 60
PRU mean difference (with a standard deviation of 120 PRU) between
the two arms immediately after primary PCI, and 20% rate of invalid
results due to haemolysis or technical problems, 200 patients were
needed with 90% power and a two-sided alpha of 0.05.

The main statistical analysis was based on an intention-to-treat popula-
tion, but an as-treated population analysis was also performed.
Categorical variables were expressed as frequencies and percentages.
Comparisons between categorical variables were performed with a
Pearson v2 or Fisher’s exact test in case the proportion of cells with an
expected count of <5 exceeded 20%. Continuous variables were pre-
sented as mean ± SD or median with interquartile range (IQR), depend-
ing on the data distribution which was determined by the Kolmogorov–
Smirnov test and Shapiro–Wilk test. The Student’s t test and Mann–
Whitney U test were used to compare continuous variables, when appro-
priate. The Spearman’s correlation test was used to calculate the correl-
ation between PRU and the ticagrelor concentration. As a sensitivity
analysis, multiple imputation was used for missing values of the PRU vari-
able. The variables selected as predictors for imputation were age, sex,
vomiting, use of anti-emetics in ambulance, renal function, Thrombolysis
In Myocardial Infarction (TIMI) flow pre-PCI, TIMI flow post-PCI, myocar-
dial blush grade, and ST-resolution 1 h after primary PCI. In addition, in-
ter- and extrapolation for missing values was used as a second sensitivity
analysis. Moreover, the difference (delta) and ratio of PRU between T1
and T2, and T2 and T3 were calculated. Also, PRU-values and ticagrelor
concentration levels were compared within a Subgroup of patients with-
out vomiting. Exploratory endpoints were underpowered and therefore
were only described. A two-sided alpha <0.05 was considered statistically
significant. Statistical analyses were performed with SPSS version 26.0 and
R version 1.1.456.

Results

Patient characteristics
From February 2018 till October 2019, a total of 210 STEMI patients
were enrolled. Fifteen patients (7%) were excluded due to protocol
deviations or withdrawn informed consent (Figure 1). Thus, a total of
195 patients remained eligible for analysis. Demographic, clinical, and
procedural characteristics were balanced between the acetamino-
phen and fentanyl arm (Table 1).

The mean age was 64 years, 29.7% of the patients were female,
17.4% had diabetes mellitus, and the median pain score at randomiza-
tion was 7 (IQR 6–8; out of a 10-step pain score). Vomiting occurred
significantly more often in the fentanyl arm (3.1% in the acetamino-
phen arm vs. 14.4% in the fentanyl arm, P = 0.01).

The median times from arrival of the ambulance at the patient’s
site to arrival at the cathlab [65 (IQR 53–78) vs. 65 min (IQR 52–79),
P = 0.48] and end of primary PCI [102 (IQR 84–118) vs. 101 min
(IQR 84–122), P = 0.73] were similar in both study arms. Also, TIMI
flow grades pre-primary PCI (TIMI flow grade 3: 22.1% vs. 16.7%,

P = 0.35), the use of thrombus aspiration (19.4% vs. 21.6%, P = 0.83)
and use of glycoprotein IIb/IIIa inhibitors (GPI; 18.3% vs. 18.6%,
P = 0.88) during primary PCI were balanced between both arms.

Pharmacodynamics and
pharmocokinetics
Table 2 shows the outcomes of the most important primary and sec-
ondary outcomes. The primary endpoint, consisting of the PRU-value
immediately after primary PCI, was available in 84% of patients.
Reasons for missing values were GPI use due to interaction with the
VerifyNow assay and logistic measurement errors. The primary end-
point was not significantly different between the study arms [median
104 (IQR 37–215) vs. 175 (IQR 63–228), P = 0.18], Hodges–
Lehmann estimator 20 (95% confidence interval -6.0 to 55.0). No sig-
nificant differences in HPR measured immediately after primary PCI
were observed between the arms (26.7% vs. 37.2%, P = 0.21). These
effects were also seen in the as-treated population analysis.
Sensitivity analyses were performed for the primary endpoint using
multiple imputation for missing values, using inter- and extrapolation
(Supplementary material online, Table S1) and using the difference
(delta) and ratio in PRU between T1 and T2 or T2 and T3. Multiple
imputation showed a pooled mean PRU at T2 of 126 (SE 9.7) in the
acetaminophen arm and 152 (SE 10.2) in the fentanyl arm (P = 0.07).
Inter- and extrapolation showed a median PRU at T2 of 117 (IQR
46–192) in the acetaminophen arm and median PRU of 172 (IQR 96–
217) in the fentanyl arm (P = 0.01). The delta and ratio of PRU at T1
and T2 were not significantly different between both arms (P = 0.31
for delta and P = 0.81 for ratio of T1 and T2; P = 0.87 for delta and
P = 0.80 for ratio of T2 and T3; Supplementary material online, Table
S2).

The ticagrelor concentration at T2 was available in 97% of patients.
The ticagrelor concentration was higher in the acetaminophen arm
at the start of primary PCI [151 (IQR 32–509) vs. 60 ng/mL (IQR 13–
206), P = 0.007], immediately after primary PCI [326 (IQR 94–791)
vs. 115 ng/mL (IQR 38–326), P = 0.002] and at 1 h after primary PCI
[488 (IQR 281–974) vs. 372 ng/mL (IQR 95–635), P = 0.002]. Similar
significant results were seen up to 1 h after primary PCI for the active
metabolite concentration and the cumulative concentration of tica-
grelor and its active metabolite in favour of acetaminophen (Table 2).
These results were consistent in the as-treated population analysis.

Patient initially eligible for 
randomisation (n = 210) 

Excluded from the analysis, reasons:  
- Protocol deviation (n = 14) 
- Withdrawn informed consent (n = 1) 

Randomised to iv 
acetaminophen 
(n = 98)  

Randomised to 
iv fentanyl   
(n = 97) 

Figure 1 Patient flow diagram. iv, intravenous.

A.H. Tavenier et al.6
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Table 1 Baseline and angiographic characteristics

Acetaminophen, N 5 98 Fentanyl, N 5 97 P-value

General baseline characteristics

Age, mean (SD) 62.7 (12.0) 64.9 (10.6) 0.17

Female (%) 25 (25.5) 33 (34.0) 0.25

Diabetes mellitus (%) 19 (19.4) 15 (15.5) 0.59

Hypertension (%) 37 (37.8) 40 (41.2) 0.73

Hypercholesterolaemia (%) 31 (31.6) 26 (26.8) 0.56

Smoking 0.89

Non-smoker (%) 36 (37.8) 33 (35.9)

In the past (%) 19 (20) 17 (18.5)

Current (%) 40 (42.1) 42 (45.7)

Family history of CAD (%) 43 (43.8) 49 (50.5) 0.36

Peripheral artery disease (%) 2 (2.0) 2 (2.1) 1.00

Prior myocardial infarction (%) 10 (10.2) 9 (9.3) 1.00

Prior PCI (%) 12 (12.2) 10 (10.3) 0.82

Prior CABG (%) 1 (1) 0 (0) 1.00

Renal function based on creatinine (lmol=LÞ; median [IQR] 81 (70–92) 81 (69–97) 0.50

Killip class I (%) 93 (94.9) 96 (99.0) 0.21

Vomiting (%) 3 (3.1) 14 (14.4) 0.01

Time from randomization to T1 (min), median (IQR) 65 (53–78) 65 (52–79) 0.48

Time from randomization to T2 (min), median (IQR) 102 (84–118) 101 (84–122) 0.73

Time from randomization to T3 (min), median (IQR) 185 (163–204) 176 (146–196) 0.26

Time from randomization to T4 (min), median (IQR) 490 (456–514) 486 (453–520) 0.92

Angiographic characteristics

Radial access site (%) 89 (90.8) 93 (95.9) 0.26

Type of procedure 0.48

CAG only (%) 12 (12.2) 7 (7.2)

POBA only (%) 5 (5.1) 6 (6.2)

Primary PCI (%) 81 (82.7) 84 (86.6)

Culprit 0.58

LAD (%) 32 (32.7) 32 (33.0)

RCA (%) 49 (50.0) 50 (51.5)

RCx (%) 9 (9.2) 12 (12.4)

LM (%) 2 (2.0) 0 (0)

Arterial graft (%) 0 (0) 0 (0)

Venous graft (%) 0 (0) 0 (0)

Other/no culprit (%) 6 (6.1) 3 (3.1)

Thrombus aspiration (%) 19 (19.4) 21 (21.6) 0.83

TIMI flow grade pre-PCI (%) 0.35

0 48 (55.8) 45 (50.0)

1 6 (7.0) 12 (13.3)

2 13 (15.1) 18 (20.0)

3 19 (22.1) 15 (16.7)

Glycoprotein IIb/IIIa inhibitor (%) 0.88

None 80 (81.6) 79 (81.4)

6 h infusion 11 (11.1) 12 (12.4)

12 h infusion 4 (4.1) 5 (5.2)

24 h infusion 3 (3.1) 1 (1.0)

CABG, coronary artery bypass grafting; CAD, coronary artery disease; IQR, interquartile range; LAD, left anterior descending artery; PCI, percutaneous coronary intervention;
POBA, plain old balloon angiography; RCA, right coronary artery; RCx, ramus circumflex artery; SD, standard deviation, T1, before primary PCI; T2, immediately after primary
PCI; T3, 1 h after primary PCI; T4, 6 h after primary PCI; TIMI, thrombolysis in myocardial infarction.

Opioids on P2Y12 receptor inhibition 7
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.Moreover, the results of PRU and ticagrelor concentration meas-
urements were also consistent in patients who did not vomit
(Supplementary material online, Table S3).

Relationship pharmacodynamic and
pharmacokinetic measurements
Platelet reactivity unit values were significantly related to ticagrelor
concentrations and its active metabolite at all 4 time points (T1: r =
-0.67, T2: r = -0.73, T3: r = -0.57, and T4: r = -0.28, Figure 3).

Analgesic effects
Acetaminophen resulted in the same extent of pain relief when com-
pared with fentanyl between the moment of randomization and start
of primary PCI [reduction of 3 points (IQR 1–5), P = 0.67] and mo-
ment of randomization and end of primary PCI [reduction of 5 points
(IQR 3–7), P = 0.96] (Table 3). Stratification for TIMI flow grade 0
pre-PCI and TIMI flow grade 1 or higher did not show statistically sig-
nificant differences in pain reduction between the both arms
(Supplementary material online, Table S4). The results on analgesic

Figure 2 (A) The platelet reactivity units are shown at different time points for fentanyl intravenously and acetaminophen intravenously. No statis-
tically significant differences between both study arms were seen in platelet reactivity unit at T1 (pre-primary percutaneous coronary intervention;
P = 0.08), at T2 (immediately after primary percutaneous coronary intervention; P = 0.18), at T3 (1 h after primary percutaneous coronary interven-
tion; P = 0.18), and at T4 (6 h after primary percutaneous coronary intervention; P = 0.48). (B) The ticagrelor concentrations are shown at different
time points for fentanyl iv and acetaminophen iv. Significant differences were seen at T1 (P = 0.007), T2 (P = 0.002), and T3 (P = 0.002), but not for T4
(P = 0.26).

A.H. Tavenier et al.8
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..effects in the intention-to-treat population were comparable to the
results in the as-treated population.

Exploratory endpoints
Analysis of the exploratory endpoints showed four MACE in the fen-
tanyl arm, which included one stent thrombosis (15 min post-primary
PCI), two re-infarctions (10 h and 6 days post-primary PCI), and one
BARC type 3 bleeding event (7 days post-primary PCI), and two
MACE in the acetaminophen arm, which included one re-infarction
(3 h post-primary PCI) and one bleeding BARC type 3 event (5 days
post-primary PCI).

Discussion

The results of this ON-TIME 3 trial showed that iv acetaminophen,
compared with iv fentanyl, did not result in significantly lower platelet
reactivity but was associated with higher plasma concentrations of
crushed ticagrelor and resulted in effective pain relief. These findings
overall support the use of iv acetaminophen for pain relief in STEMI
patients and suggest the negative impact of fentanyl, and possibly
other opioids, on platelet inhibition after pre-loading with crushed
ticagrelor and aspirin in the ambulance.

Although opioids are recommended in international guidelines to
reduce pain-associated sympathetic activation (which increases vaso-
constriction, blood pressure, and heart rate3), their pain-relieving
effects in STEMI patients remained unclear. Due to reduced gastric
perfusion and impaired gastric emptying, even the absorption of the

more potent P2Y12 receptor inhibitors (ticagrelor and prasugrel) is
delayed in STEMI patients18 and can be further reduced by using
opioids.2 Moreover, nausea and vomiting are more frequently seen in
patients receiving opioids, as these are known side effects of
opioids.3,4 These adverse effects associated with opioid use formed
the main incentive for the ON-TIME 3 trial to search for an alterna-
tive analgesic in STEMI patients. This trial showed that patients expe-
rienced effective pain relief with both iv acetaminophen and iv
fentanyl. Also, vomiting was more frequently observed in patients
receiving fentanyl in this trial. However, the results on PRU and tica-
grelor concentrations in patients who did not vomit were consistent
with the results of the total study population, which may suggest that
the observed lower plasma concentrations of ticagrelor in fentanyl
treated patients was not solely related to vomiting.

Previous studies also emphasized the adverse effects of opioids.
Morphine use was analysed in the MORPHINE-ATLANTIC trial, in
which ticagrelor treated STEMI patients with concomitant use of
morphine were associated with increased GPI use, less TIMI 3 flow
pre-PCI and more often TIMI major bleeding.19 The PRIVATE-
ATLANTIC trial showed that morphine administration was associ-
ated with delayed onset of platelet inhibition.20 Also, ST-resolution
before primary PCI was significantly improved in patients not receiv-
ing morphine in the main analysis of the Ambulance for New ST ele-
vation myocardial Infarction to open the Coronary artery
(ATLANTIC) trial.21 Moreover, in a registry of 300 STEMI patients,
morphine use was associated with less spontaneous ST-resolution,
less TIMI 2 or 3 flow and higher peak troponin levels.22 However, an
analysis of STEMI patients from the large French Registry of Acute

......................................................................................................................................................................................................................

Table 2 Primary and secondary outcomes on pharmacodynamics and -kinetics

Main outcomes

PRU at T2, median (IQR) 104 (37–215); n = 86 175 (63–228); n = 78 0.18

PRU, median (IQR)

T1 166 (95–223); n = 92 197 (138–224); n = 88 0.08

T3 38 (5–92); n = 76 51 (8–136); n = 72 0.18

T4 9 (3–34); n = 77 11 (4–48); n = 73 0.48

High platelet reactivity at T2 (%) 23 (26.7); n = 86 29 (37.2); n = 78 0.21

Ticagrelor concentration, median (IQR)

T1 151 (32–509); n = 94 60 (13–206); n = 96 0.007

T2 326 (94–791); n = 94 115 (38–326); n = 95 0.002

T3 488 (281–974); n = 86 372 (95–635); n = 90 0.002

T4 378 (252–571); n = 90 315 (194–583); n = 91 0.26

Ticagrelor active metabolite concentration, median (IQR)

T1 10 (0–47); n = 93 4 (0–20); n = 96 0.04

T2 35 (4–98); n = 93 14 (0–54); n = 95 0.03

T3 114 (41–196); n = 86 74 (13–120); n = 90 0.005

T4 102 (74–157); n = 90 97 (50–162); n = 91 0.32

Ticagrelor concentration total, median (IQR)

T1 166 (33–587) 63 (13–222) 0.007

T2 366 (101–918) 121 (39–391) 0.003

T3 559 (339–1175) 465 (108–800) 0.002

T4 510 (338–736) 445 (258–731) 0.23

IQR, interquartile range; PRU, platelet reactivity units; T1, before primary PCI; T2, immediately after primary PCI; T3, 1 h after primary PCI; T4, 6 h after primary PCI.

Opioids on P2Y12 receptor inhibition 9
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ST-elevation and non-ST-elevation Myocardial Infarction (FAST-MI)
did not find an association between pre-hospital morphine use and
in-hospital outcome and 1-year mortality.23

The IMPRESSION trial was a randomized double-blind trial com-
paring morphine to placebo in 70 STEMI and NSTEMI patients
treated with in-hospital ticagrelor and showed that morphine delays
and attenuates ticagrelor absorption and platelet inhibition.2

However, in the IMPRESSION trial, morphine was given before the
loading dose of oral ticagrelor. Furthermore, the study population
consisted of a heterogenous group of STEMI and NSTEMI patients
and the time interval between morphine and ticagrelor loading dose
differed from the interval between placebo and ticagrelor loading
dose. Another trial, the PACIFY trial,17 compared fentanyl to placebo
in patients undergoing elective coronary angiography and found
lower ticagrelor concentrations and delayed platelet inhibition in

patients receiving fentanyl. PRU-values and HPR rates of fentanyl
treated patients in our trial were comparable with the results of the
IMPRESSION2 and PACIFY trial.17

These two trials, however, compared morphine or fentanyl to pla-
cebo. Our trial is unique since it compares an opioid drug to a non-
opioid analgesic drug for pain relief in STEMI patients in a pre-hospital
setting and confirms the adverse effects of fentanyl on the absorption
of ticagrelor, even when tablets were crushed, and its delayed and
reduced effects on platelet inhibition.

Platelet function testing may provide useful prognostic data for
cardiovascular risk prediction and clinical decision making after pri-
mary PCI.24 High platelet reactivity is associated with ischaemic
events like stent thrombosis5,6 and should be prevented. A number
of strategies have been investigated to accelerate the onset of action
of P2Y12 inhibitors with various success.25–27 Indeed, the use of

Figure 3 Correlation figures between the median platelet reactivity units and ticagrelor concentrations at different time points. T1, before primary
PCI; T2, immediately after primary PCI; T3, 1 h after primary PCI; T4, 6 h after primary PCI.

......................................................................................................................................................................................................................

Table 3 Effects on pain reduction

Pain reduction Acetaminophen, N 5 98 Fentanyl, N 5 97 P-Value

Pain score at randomization, median (IQR) 7 (6–8) 7 (6–8) 0.45

Pain reduction at T1, median (IQR) 3 (1–5); n = 95 3 (1–5); n = 97 0.67

Pain reduction at T2, median (IQR) 5 (3–7); n = 94 5 (3–7); n = 94 0.96

IQR, interquartile range; T1, before primary PCI; T2, immediately after primary PCI.

A.H. Tavenier et al.10
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intravenous antiplatelet therapies, including cangrelor and GPI, have
shown to bridge the gap in platelet inhibition in STEMI patients,13,28

though are associated with a higher rate of bleeding. The ON-TIME 3
trial was a study in which randomization and administration of the
study medication occurred in the pre-hospital phase. Therefore, its
results are applicable to our daily practice. Moreover, this trial
showed that crushing of ticagrelor was feasible by the paramedic
team, but did not prevent reduced absorption of the drug by the opi-
oid analgesic.

Future research might focus on optimizing antiplatelet therapy by
studying the effect of different strategies with crushed or intravenous
platelet inhibitors on angiographic, electrographic, and clinical out-
comes. The FABOLUS-FASTER study and COMPARE-CRUSH trial
may provide us with more insights on this topic.29,30 Moreover, our
study showed no significant differences in TIMI flow grade pre-PCI
between the acetaminophen and fentanyl arm, but our study lacks
power to analyse such an effect. Future research might focus on the
effect of acetaminophen and fentanyl on angiographic and clinical
endpoints in STEMI patients, since large randomized trials studying
these effects are currently lacking.

Limitations
Several limitations of our study need to be acknowledged. First, the
administration of the study medication was open-label and not
blinded. Second, patients treated with fentanyl had numerically higher
PRU-values up to 1-h post-primary PCI compared with patients
treated with acetaminophen, however this difference was not statis-
tically significant (P = 0.18). This result might be related to low PRU-
values achieved by crushed ticagrelor in both arms, which requires
more statistical power to detect differences, and to the availability of
the primary endpoint in 84% of patients. Conversely, results of tica-
grelor concentrations were available in 97% of patients and showed
significant differences in favour of the acetaminophen group. There
was a strong and significant relationship between the PRU values and
ticagrelor concentration measurements and these results as well as
the results of the sensitivity analysis using inter- and extrapolation,
which showed a significant difference in PRU-value immediately after
primary PCI in favour of acetaminophen, support the principal finding
of the study.

Furthermore, our trial data cannot be extrapolated to patients in
cardiogenic shock and/or requiring a nasogastric tube. These patients,
although theoretically attractive for the use of crushed P2Y12 recep-
tor inhibitors, were excluded from our study as they would have
introduced heterogeneity to our study population and potentially
interfered with our pharmacodynamic and -kinetic data. Moreover,
measurements of PRU in patients who received GPI failed due to
interference with the VerifyNow assay. However, GPI use was bal-
anced between both study arms and therefore it was less likely to af-
fect our results.

Conclusion

Intravenous acetaminophen, compared with iv fentanyl, was not asso-
ciated with lower platelet reactivity but was associated with signifi-
cantly higher concentrations of ticagrelor and the active metabolite
up to 1 h after primary PCI and resulted in effective pain relief.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.
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