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Abstract Morphine delays oral P2Y12 platelet inhibitor absorption and is associated with adverse
outcomesaftermyocardial infarction.Consequently,manyphysiciansandfirst respondersare
now considering fentanyl as an alternative. We conducted a single-centre trial randomizing
cardiac patients undergoing coronary angiography to intravenous fentanyl or not. All
participants received local anaesthetic and intravenous midazolam. Those requiring percu-
taneous coronary intervention (PCI) with stenting received 180 mg oral ticagrelor intra-
procedurally. Theprimaryoutcomewas areaunder the ticagrelor plasmaconcentration–time
curve (AUC0–24 hours). The secondary outcomes were platelet function assessed at 2 hours
after loading, measured by P2Y12 reaction units (PRUs) and light transmission platelet
aggregometry. Troponin-I was measured post-PCI using a high-sensitivity troponin-I assay
(hs-TnI). All participants completed a survey of pain and anxiety. Of the 212 randomized, 70
patients required coronary stenting and were loaded with ticagrelor. Two participants in the
no-fentanyl arm crossed over to receive fentanyl for pain. In as-treated analyses, ticagrelor
concentrations were higher in the no-fentanyl arm (AUC0–24 hours 70% larger, p ¼ 0.03).
Plateletsweremore inhibited by 2 hours in the no-fentanyl arm (71 vs. 113 by PRU, p ¼ 0.03,
and 25% vs. 41% for adenosine diphosphate response by platelet aggregation, p < 0.01).
Mean hs-TnI was higher with fentanyl at 2 hours post-PCI (11.9 vs. 7.0 ng/L, p ¼ 0.04) with a
rate of enzymaticmyocardial infarction of 11% for fentanyl and 0% for no-fentanyl (p ¼ 0.08).
No statistical differences in self-reported pain or anxiety were found. In conclusion, fentanyl
administration can impair ticagrelor absorption and delay platelet inhibition, resulting inmild
excess ofmyocardial damage. This newly described drug interaction should be recognized by
physicians and suggests that the interaction between opioids and oral P2Y12 platelet
inhibitors is a drug class effect associated with all opioids.
Clinical Trial Registration: https://clinicaltrials.gov/ct2/show/NCT02683707 (NCT02683707).
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Introduction

Fentanyl is a powerful and rapid-acting intravenous opioid
used in up to 90% of percutaneous coronary intervention
(PCI) cases in North America.1 Fentanyl is commonly admi-
nistered with subcutaneous lidocaine and intravenous mid-
azolam to achieve sedation and analgesia at the start of the
PCI procedure and as needed throughout the case. Given
concerns that morphine is associated with adverse out-
comes among myocardial infarction patients,2 many emer-
gency room providers are also now considering fentanyl for
the treatment of acute chest pain in these patients. How-
ever, practices differ outside the United States with, for
example, some studies reporting that less than 40% of
non-U.S. cardiologists use any sedation during PCI.1 Indeed,
many European centres rarely if ever provide opioids for
PCI.3 It is therefore surprising that, despite the wide geo-
graphic variation in opioid use for PCI, no prospective
randomized trials have been performed to evaluate the
efficacy and safety of intravenous fentanyl in the setting
of PCI.

The assumption that fentanyl is safe for PCI is challenged
by recent research demonstrating an interaction between
intravenous morphine and oral P2Y12 platelet inhibitors.2

Morphine significantly delays the gastrointestinal absorp-
tion of oral P2Y12 inhibitors, which results in delayed platelet
inhibition in healthy controls and acute coronary syndrome
(ACS) patients.4–10 The presumed mechanism is slowed
gastrointestinal motility due to opioid-induced activation
of mu receptors.2,11 Given the critical need for rapid platelet
inhibition among stable coronary artery disease (CAD) and
ACS patients undergoing PCI, it is important to understand
whether fentanyl has a similar effect to morphine on P2Y12

inhibitor absorption. The importance of filling this gap in
knowledge is heightened by the following two considera-
tions: (1) the pharmacokinetics of these two opioids differ
substantially and one cannot assume the more rapid-acting
fentanyl will also delay P2Y12 inhibitor absorption; and (2)
the clinical implications differ as fentanyl is widely adminis-
tered in U.S. catheterization laboratories (whereasmorphine
is given less frequently, for example, fewer than 30% of U.S.
non-ST elevationmyocardial infarction patients receivemor-
phine during their hospital admission12).

Our group recently reported top-line results from the
Platelet Aggregation with Ticagrelor Inhibition and Fentanyl
(PACIFY) randomized trial, which examinedwhether routine
use of fentanyl in the cardiac catheterization laboratory
delays the absorption and action of a 180-mg oral load of
ticagrelor given to patients with CAD undergoing clinically
indicated ad hoc PCI.13,14 This recent report provided limited
results for the pre-specified primary and secondary inten-
tion-to-treat endpoints, demonstrating significantly lower
blood concentrations of ticagrelor over the 24 hours after
loading among those randomized to fentanyl and, conse-
quently, less platelet inhibition at 2 hours after loading.14

However, the full complement of results from the PACIFY
trial have not been published to date. Herein, we now report
baseline demographic and procedural characteristics of the

study sample, important results from as-treated analyses
(there was crossover from the no-fentanyl to fentanyl arms)
and extended results for the platelet function, high-sensi-
tivity troponin-I (hs-TnI) and self-reported patient comfort
outcomes.

Methods

Study Design
The PACIFY trial was a single-centre randomized trial
enrolling adults scheduled to undergo clinically indicated
coronary angiography and randomizing them to receive
fentanyl or no fentanyl during the procedure (see ►Fig. 1

for trial Consolidated Standards of Reporting Trials flow
diagram). Full details of the trial design, including inclusion
and exclusion criteria, have been published previously.13

Randomization was performed in blocks of 4 with an
allocation ratio of 1:1. The study protocol was registered
in February of 2016 (NCT02683707) and no protocol
changes were made thereafter. The protocol was approved
by the Johns Hopkins Institutional Review Board and all
participants provided written informed consent before the
angiogram procedure.

Study Procedures
Participants were enrolled at the Johns Hopkins Hospital
between 20th April 2016 and 25thMay2017. All participants
received subcutaneous lidocaine and intravenous midazo-
lam at the start of the procedure and as needed thereafter.
Doses were at the discretion of treating providers. Patients
who were randomized to intravenous fentanyl received this
(in addition to lidocaine and midazolam) at the start of the
procedure and as needed thereafter, with doses also deter-
mined by the treating provider.

Patients were not informed of their randomized allocation
(i.e. no-fentanyl or fentanyl) by the study team. Outcomes
assessors were also blinded. However, because medications
were administered by nursing staff at the request of the
interventional cardiologist, treating providers were not
blinded. Of note, participating cardiologists could provide
fentanyl during the case, irrespective of randomized alloca-
tion, if deemed clinically necessary for bail-out treatment of
uncontrolled pain. All participating patients completed a self-
reportedsurveyofpainandanxiety2hoursafter theendof the
procedure.

Because the research teamwas almost always unaware of
coronary anatomy at the time of patient enrollment prior to
angiography, only a subset of those enrolled and randomized
(70 of 212 participants) underwent ad hoc PCI for clinically
indicated treatment of obstructive CAD. The others were
either treated medically or referred for surgery. Participants
who had PCI were given an oral loading dose of 180 mg of
ticagrelor at the conclusion of diagnostic angiography,
immediately prior to PCI. Per usual practice in our catheter-
ization laboratory, tablets were not crushed (this is relevant
because prior studies have shown that crushed ticagrelor
results in earlier platelet inhibition).15 While its use in
elective PCI is off label, ticagrelor was the chosen P2Y12
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agent for this study because it achieves more rapid and
complete platelet inhibition, theoretically negating the
need for pre-treatment hours prior to the procedure and
also because this is the P2Y12 agent of choice for ACS.16

Participants were required to be fasting prior to the proce-
dure. Among patients who had PCI, baseline blood samples
were collected prior to ticagrelor loading and at the following
time intervals thereafter: 0.5, 1, 2, 4 and 24 hours post-
loading. The decision about chronic post-PCI dual antiplate-
let therapy was at the discretion of the treatment team;
patients continuing ticagrelor received a maintenance dose
at 12 hours post-loading and patients being switched to an
alternative were reloaded with the new P2Y12 agent a mini-
mum of 12 hours and maximum of 24 hours after the initial
ticagrelor load.17

Pharmacokinetic Assessment
Ticagrelor plasma concentrations were measured by
blinded assessors using liquid chromatography-tandem
mass spectrometry at 0.5, 1, 2, 4 and 24 hours after the
load. Because persons with P2Y12 inhibitor use within
14 days were excluded, we presumed baseline (pre-loading)
ticagrelor concentration was zero. Samples were processed

using protein precipitation with methanol containing deu-
terating ticagrelor internal standard (ALSACHIM, France).
After centrifugation, the supernatant was transferred to
autosampler vials and then quantified. Calibration curves
were prepared using blank plasma samples spiked with
ticagrelor standards (ALSACHIM). Further details are pre-
sented in the ►Supplementary Material (available in the
online version). Analysis was performed using a Thermo
Fisher Vanquish UHPLC system coupled with a Thermo
Fisher TSQ Vantage QqQ mass spectrometer.

Pharmacodynamic (Platelet Function) Assessment
Platelet function was measured by blinded assessors at
baseline (pre-loading), 0.5, 1, 2, 4 and 24 hours after tica-
grelor administration. Platelet function at each of these
time points was measured as P2Y12 Reactivity Units (PRUs)
with the VerifyNow system (Accriva Diagnostics, San Diego,
California, United States). We also assessed platelet function
at 2 hours using light transmission platelet aggregometry.
Platelet aggregometrywas performedwith adenosine dipho-
sphate (ADP) agonism using a Chrono-Log Model 560CA
aggregometer (Chrono-Log, Havertown, Pennsylvania, Uni-
ted States). The maximum aggregation response within

(n = 35)

Fig. 1 Platelet Aggregation with Ticagrelor Inhibition and Fentanyl (PACIFY) Consolidated Standards of Reporting Trials (CONSORT) diagram.
�Ticagrelor was administered orally during the catheterization procedure at the time percutaneous coronary intervention (PCI) was determined
to be necessary. †Two participants in the randomly allocated to the no-fentanyl arm received intravenous (IV) fentanyl for pain within
30 minutes of ticagrelor loading and were analysed as having received fentanyl in as-treated analyses. PRN, pro re nata (as needed); SQ,
subcutaneous.
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5 minutes was recorded as percentage increase from base-
line. All platelet function tests were conducted in duplicate
and the intra-individual coefficient of variation was 2% for
PRU and 3% for light aggregometry. For the below reporting
of platelet function outcomes, we excluded the single parti-
cipant in the fentanyl arm who received a glycoprotein IIb/
IIIa antagonist during their procedure.

High-Sensitivity Troponin Measurement
Myocardial injury was assessed using a research-only hs-TnI
assay at 2 hours post-PCI, with a limit of detection of 1.2 ng/L
and a 99th percentile (upper reference limit) of 26.2 ng/L. TnI
levels were also available in a non-random sub-group at
4 hours post-PCI.

Study Outcomes
The pre-specified primary outcome was ticagrelor blood
concentration during the 24 hours after loading, asmeasured
by the area under the plasma concentration–time curve
(AUC[0–24]). Pre-specified secondary endpoints included:
(1) platelet inhibition assessed by VerifyNow (PRU) at
2 hours; (2) platelet inhibition assessed by platelet aggrego-
metry at 2 hours; and (3) self-reported maximum pain
experienced during the procedure on a 0 to 10 numeric scale.

We also compared the fentanyl and no-fentanyl groups for
proportion of patients with high platelet reactivity (HPR)
2 hours after ticagrelor loading, defined both as PRU�235 by
VerifyNow18,19 and as ADP response �46% by impedance
aggregometry.7 Sensitivity analyses evaluated a HPR cut
point of PRU �208. Comparisons of PRU values at 0, 0.5, 1,
4 and 24 hours were conducted as well.

In addition, we compared anxiety during the procedure
and self-reported pain 2 hours after the procedure, recorded
using the study survey (►Supplementary Fig. S1, available in
the online version). In a post hoc analysis, we compared
maximum intra-procedural pain documented by the proce-
dure-room nurse in the electronic health record. This assess-
ment was done by nursing using a standard 0 to 10-point
pain scale, with 10 being the maximum pain the patient has
felt.

Statistical Analysis
The sample size for this study was estimated from prior
studies onmorphine5,7which suggested that 70 participants
undergoing PCI would be sufficient to demonstrate signifi-
cant difference in ticagrelor pharmacokinetics (at 24 hours)
and pharmacodynamics (at 2 hours). Assuming that 50 mcg
of fentanyl has the same effect as 5 mg of morphine on
ticagrelor, we estimated that for an α of 0.05 and 80% power,
62 and 68 participants would be required to demonstrate a
40% difference in AUC and 20% difference in PRU at 2 hours,
respectively.

Baseline characteristics were compared between rando-
mized groups using the Fisher’s exact test for proportions
and, depending on the normality of data, t-testing or Wil-
coxon rank-sum for continuous variables. When calculating
the AUC, the 24-hour concentration value for patients who
were continued on ticagrelor by their clinical team (and thus

received a maintenance dose 12 hours after the load, N ¼ 34
of 70) was excluded; for analytic purposes, these 34 patients
only contributed concentration values to the AUC calculation
at 0, 0.5, 1, 2 and 4 hours. As-treated analysis compared
participants according to the medication received. For these
analyses, participants (n ¼ 2) who were randomized to ‘no-
fentanyl’ but who received fentanyl 30minute before or after
the ticagrelor loading dose were analysed in the fentanyl
group.20,21 The level of significance was a p-value of < 0.05
(two-sided). All analyses were performed using STATA 13
(Stata, College Station, Texas, United States).

Results

Of the 212 participants randomized overall, 70 required
clinically indicated PCI and were loaded with 180 mg of
oral ticagrelor during the procedure (►Fig. 1). While all
212 participants completed the pain and anxiety survey,
only the sub-group who were loaded with ticagrelor com-
pleted the full study protocol and had data for pharmacoki-
netic and pharmacodynamic analyses. Among the latter,
baseline clinical demographics were balanced in the fentanyl
and no-fentanyl groups, with no statistically significant
differences in characteristics (►Table 1). Mean age was
63 years, 27% were female and the majority were white.
None of the patients enrolled presented with ACS. There
were also no differences in mean cumulative midazolam
exposure between groups. Fentanyl dose administration
differences are reported in ►Table 1. Findings were similar
when we compared all 212 participants (►Supplementary

Table S1, available in the online version).

Extended Pharmacokinetic Results
The intention-to-treat results of ticagrelor blood concentra-
tions in the fentanyl and no-fentanyl groups have been
previously reported14,22 and showed a marginally lower
AUC[0–24] for ticagrelor concentration among those who
received fentanyl (p ¼ 0.05). These intention-to-treat data
included results from two participants who crossed over
from the no-fentanyl arm to the fentanyl armwithin 30min-
utes of the ticagrelor load. In pre-specified as-treated ana-
lyses, the differences in ticagrelor concentration were more
pronounced. Participants who received fentanyl had a lower
AUC[0–24] for ticagrelor concentration than thosewho did not
(2,016 vs. 3,441 ng·h/mL, p ¼ 0.03). At each of the 0.5-, 1- and
2-hour time points, ticagrelor concentrations were also sig-
nificantly lower among those who received fentanyl
(►Fig. 2). Ticagrelor concentrations were similar in both
groups at 4 and 24 hours. Although there was a trend to
lower values in the fentanyl group, ticagrelor Cmax did not
significantly differ between groups (1,207 vs. 1,644 ng/mL,
p ¼ 0.11). Estimates for ticagrelor Tmax were 3 hours 13min-
utes for the fentanyl group and 2hours 19minutes for the no-
fentanyl group (p ¼ 0.01).

Extended Pharmacodynamic Results
Platelet function differences were also larger in the as-
treated analyses, compared with the intention-to-treat
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data previously reported. For example, the 2-hour mean
(standard deviation [SD]) PRU value was 113 ( � 94) in the
fentanyl group compared with 71 ( � 66) in the no-fentanyl
group (p ¼ 0.03). This finding was highly significant for ADP
response measured using platelet aggregometry (fentanyl

40.6% [ � 19.2] vs. no-fentanyl 25.2% [ � 10.8], p ¼ 0.004).
These differences yielded significantly higher rates of 2-hour
HPR in the fentanyl group compared with those who did not
receive fentanyl (20% vs. 3% by PRU [p ¼ 0.03] and 36% vs. 0%
by aggregometry [p ¼ 0.004]) (►Fig. 3). Results using a PRU
cut-off of �208 for HPR were similar (►Supplementary

Table S2, available in the online version).
The PRU values and proportion with HPR at each of the

study time points are presented in ►Table 2 and
►Supplementary Fig. S2 (available in the online version).
PRU values were in the normal range in both groups at
baseline and 0.5 hours. At 1 hour, the mean PRU value was
11% higher in the fentanyl group, but not significantly so. At
2 hours, the mean PRU was roughly 60% higher in the
fentanyl arm (p ¼ 0.02). By 4 and 24 hours, PRU values
were similarly low in both arms.

High-Sensitivity Troponin
Mean (SD) hs-TnI level 2 hours post-PCI was higher in
persons randomized to fentanyl, in both intention-to-treat
(12.1 [9.5] vs. 6.8 [4.2] ng/L, p ¼ 0.02) and as-treated (11.9
[10.4] vs. 7.0 [4.2] ng/L, p ¼ 0.04) analyses (►Supplementary

Fig. S3, available in the online version). The 99th percentile
for this hs-TnI assay is 26.2 ng/L and, in both intention-to-
treat and as-treated analyses, 11% of those randomized to
fentanyl for PCI exceeded this threshold whereas 0% of those
randomized to no-fentanyl did (p ¼ 0.08). Results for hs-cTnI
values at 4 hours post-PCI were available for a non-random
sub-group of 38 participants who had PCI. The mean 4 hour
hs-TnI level was 16 ng/L in the fentanyl group versus 10 ng/L
in the no-fentanyl group (p ¼ 0.12).

Full Report of Patient Comfort Outcomes
All 212 participants enrolled in the study, including the 70
who underwent PCI and the 142whowere consented but did
not require PCI after coronary angiography, completed the
nurse-administered pain and anxiety survey 2 hours after
the end of the procedure (►Table 3). Mean self-reported
maximal intra-procedural pain was 1.5/10 in the fentanyl
arm versus 2.3/10 in the no-fentanyl arm, but the difference
was not statistically significant (p ¼ 0.14). The number of
participants who reported significant pain (> 5/10) was 7/
107 in the fentanyl armversus 13/105 in the no-fentanyl arm
(p ¼ 0.13). There were also no significant differences in
mean procedural pain when the analysis was limited to
thosewho underwent PCI (2.3 vs. 2.8/10, p ¼ 0.46), or among
those who had femoral access for PCI. No differences in pain
were reported at the 2-hour post-procedure mark either.
Nurse-documented maximal pain recorded in the electronic
health record was also not different between the fentanyl
and no-fentanyl arms. All of the patient comfort results were
nearly identical in the intention-to-treat and per protocol
(as-treated) analyses.

Discussion

The PACIFY study demonstrates that fentanyl significantly
impairs the rapid absorption and action of oral ticagrelor,

Table 1 Patient and procedural characteristics (N ¼ 70)a

No-fentanyl
(N ¼ 35)

Fentanyl
(N ¼ 35)

p-Value

Patient characteristics

Age, y 65 ( � 9.2) 61 ( � 11.7) 0.13

Female 13 (38) 7 (20) 0.10

Race

White 27 (77) 25 (71) 0.92

Black 3 (9) 3 (9)

Other 5 (14) 7 (20)

Body mass index,
kg/m2

29.6 ( � 5.4) 29.9 ( � 4.2) 0.79

Hypertension 33 (94) 29 (83) 0.26

Diabetes mellitus 14 (40) 7 (20) 0.12

Dyslipidaemia 30 (86) 28 (80) 0.75

Current smoker 5 (16) 2 (6) 0.24

History of MI 5 (14) 6 (17) 1.00

History of prior
PCI/CABG

15 (43) 12 (34) 0.62

Home use of aspirin 31 (89) 24 (69) 0.08

Baseline platelet count,
K/cu mm

230 ( � 69) 210 ( � 72) 0.23

Baseline haemoglobin,
g/dL

13.9 ( � 1.1) 14.5 ( � 1.5) 0.07

Baseline INR 1.05 ( � 0.12) 1.13 ( � 0.34) 0.20

Baseline creatinine,
mg/dL

0.95 ( � 0.22) 0.99 ( � 0.27) 0.36

Procedural
characteristics

Initial fentanyl
dose, mcg

0 ( � 0) 27.5 ( � 8.5) < 0.0001

Total fentanyl
dose, mcg

9.3 ( � 3.5) 96.3 ( � 5.2) < 0.0001

Total midazolam
dose, mg

2.3 ( � 2.0) 2.5 ( � 1.6) 0.71

Total intra-arterial
nicardipine, mcg

422 ( � 352) 363 ( � 529) 0.64

Total intra-arterial
NTG, mEq

252 ( � 239) 184 ( � 234) 0.29

Radial access 27 (77) 23 (66) 0.43

Intra-procedural
GPIIb/IIIa-antagonist

0 (0) 1 (3) 1.00

Intra-procedural
intravenous
unfractionated heparin

35 (100) 35 (100) 1.00

Abbreviations: CABG, coronary artery bypass grafting; GPIIb/IIIa,
glycoprotein 2b3a inhibitor; INR, international normalized ratio;
MI, myocardial infarction; NTG, nitroglycerin; PCI, percutaneous
coronary intervention; SD, standard deviation.
Note: Values are n (%) or mean � SD.
aIntention-to-treat analysis.
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an important platelet inhibition therapy that requires
gastric emptying for absorption in the intestines.14,20

Ticagrelor concentrations peaked at 2 hours in the no-
fentanyl group versus approximately 4 hours in the fenta-
nyl group. Platelet inhibition was more complete in the

no-fentanyl arm at 2 hours when assessed using two
independent testing modalities. Both groups had similar
mean platelet inhibition by 4 hours, as measured by PRUs,
reflecting eventual though delayed absorption of the
loading dose.

Fig. 2 Pharmacokinetic results. �Plasma concentrations (means and standard errors) of ticagrelor after a 180-mg oral load, according to fentanyl
administration (N ¼ 70). p-Values in red are for differences in mean ticagrelor concentration at each time point. �As-treated analysis.

Fig. 3 High platelet reactivity 2 hours after loading. �High platelet reactivity 2 hours after 180 mg ticagrelor loading based on fentanyl
administration, assessed by both VerifyNow (PRU �235) and light-transmission aggregometry (�46% change from baseline). �As-treated
analysis (N ¼ 69 after excluding one participant who received a GPIIb/IIIa antagonist). PRU ¼ P2Y12 reaction units (measured by VerifyNow),
ADP ¼ response to adenosine diphosphate.
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This full reporting of the PACIFY trial results also
demonstrates that the effects of fentanyl on ticagrelor
concentration and platelet function were even more pro-
nounced when participants were analysed according to
the treatment received. These as-treated analyses comple-
ment the previously reported intention-to-treat ana-
lyses,14 both because the effect of fentanyl on the
primary and secondary outcomes was even more signifi-
cant than originally reported and because the likelihood of
crossover from no-fentanyl to fentanyl biasing our phar-
macokinetic and pharmacodynamics outcomes is low. In
addition, this report extends knowledge on the impact of
fentanyl on post-PCI procedural troponin levels (numeri-
cally higher values at 2 and 4 hours post-PCI with more
post-procedural enzymatic myocardial infarctions),
although this finding is hypothesis generating given the
small sample size and warrants further study. Finally, the
extended results for self-reported patient comfort out-
comes are important because they provide further reas-
surance that restricting the use of fentanyl to the
breakthrough treatment of pain does not expose patients
to excess discomfort during coronary angiography. This
would represent a clinical change from the widely
employed strategy (at least in the United States) of

Table 2 Mean P2Y12 reaction units (PRU, VerifyNow) at multiple
timepoints after ticagrelor loading,withHPRproportions at 1, 2, 4
and 24 hours (N ¼ 69)a

No-fentanyl
(n ¼ 33)

Fentanyl
(n ¼ 36)

p-Value

PRU 0 h 283.7 270.2 0.26

PRU 0.5 h 252.9 250.6 0.89

PRU 1 h 182.4 201.0 0.44

% HPR 1 h 36% 54% 0.10

PRU 2 h 70.6 112.9 0.03

% HPR 2 h 3% 20% 0.03

PRU 4 h 50.7 54.0 0.82

% HPR 4 h 0% 6% 0.17

PRU 24 h 84.0 64.2 0.51

% HPR 24 h 1% 1% 0.91

Abbreviation: HPR ¼ high platelet reactivity on treatment, PRU � 235.
aPer-protocol (as-treated) analysis, which includes two cross-overs from
the no-fentanyl to the fentanyl arm (note also that 1 participant from
the fentanyl arm who received a GPIIb/IIIa-antagonist was excluded
from these platelet function analyses).

Table 3 Patient comforta: Overall (N ¼ 212) among those who underwent PCI (n ¼ 70/212) and among femoral access cases
(n ¼ 35/212)b

No-fentanyl
(n ¼ 105)

Fentanyl
(n ¼ 107)

Mean
difference
(95% CI)

p-Value

Self-reported procedural anxiety, mean ( � SD) 2.2 ( � 2.8) 2.0 ( � 2.1) 0.2 (–0.6, 0.9) 0.63

Self-reported maximal procedural pain, mean ( � SD) 2.3 ( � 3.1) 1.5 ( � 2.3) 0.8 (–0.1, 1.6) 0.14

Self-reported maximal procedural pain > 5, n (%) 13 (12%) 7 (7%) 5% (–3%, 15%)c 0.13

Self-reported pain at 2 h, mean ( � SD) 0.6 ( � 1.3) 0.5 ( � 1.3) 0.1 (–0.3, 0.5) 0.44

Nurse-documented maximum procedural pain, mean ( � SD) 0.8 ( � 2.1) 0.5 ( � 1.6) 0.3 (–0.2, 0.8) 0.22

PCI cases (n ¼ 70)

Self-reported procedural anxiety, mean ( � SD) 2.6 ( � 2.7) 2.5 ( � 2.1) 0.1 (–1.2, 1.4) 0.87

Self-reported maximal procedural pain, mean ( � SD) 2.8 ( � 2.9) 2.3 ( � 2.9) 0.5 (–0.9, 2.0) 0.46

Self-reported maximal procedural pain > 5, n (%) 6 (19%) 6 (18%) 1% (–18%, 20%)c 0.90

Self-reported pain at 2 h, mean ( � SD) 0.8 ( � 1.8) 0.7 ( � 1.6) 0.1 (–0.7, 0.9) 0.77

Nurse-documented maximum procedural pain, mean ( � SD) 1.3 ( � 2.6) 0.9 ( � 2.3) 0.4 (–0.8, 1.6) 0.51

Femoral cases (n ¼ 35)

Self-reported procedural anxiety, mean ( � SD) 2.2 ( � 3.1) 2.6 ( � 2.1) –0.4 (–2.2, 1.4) 0.65

Self-reported maximal procedural pain, mean ( � SD) 2.8 ( � 3.2) 2.3 ( � 3.1) 0.5 (–1.6, 2.6) 0.65

Self-reported maximal procedural pain > 5, n (%) 4 (22%) 4 (22%) 0% (–27%, 27%)c 1.00

Self-reported pain at 2 h, mean ( � SD) 0.4 ( � 0.8) 0.5 ( � 1.0) –0.1 (–0.7, 0.6) 0.86

Nurse-documented maximum procedural pain, mean ( � SD) 0.5 ( � 1.5) 0.6 ( � 1.8) –0.1 (–1.2, 1.1) 0.88

Abbreviations: CI, confidence interval; PCI, percutaneous coronary intervention; SD, standard deviation.
aNumerical scale of 0–10, lower values signify less pain or anxiety.
bAs-treated analysis.
cDifference in proportions (%) with pain score > 5: all other values are for differences in mean score on the 0–10 scale.
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administering fentanyl prophylactically at the start of
angiography and as needed during the case (with pro re
nata fentanyl administration also not infrequently occur-
ring for non-pain symptoms like anxiety).

The PACIFY trial findings are consistent with prior knowl-
edge about the effect of other intravenous opioids on oral
P2Y12 absorption. Hobl et al demonstrated in healthy volun-
teers that intravenous morphine delays the absorption of
clopidogrel and impairs its inhibition of platelets.4 The
findings of Hobl et al, and others,7 help to explain, at least
in part, the long-established association between morphine
and adverse outcomes in ACS.2,12 However, fentanyl is far
more short acting than morphine and, while we assumed for
sample size purposes the effect of fentanyl on P2Y12 inhibi-
tors may be similar to morphine, the PACIFY trial results
confirm that this assumption was correct. Importantly, the
PACIFY trial also highlights the common misconception that
fentanyl can be used instead of morphine to avoid this
opiate-related drug interaction.

For the secondary endpoints of safety and patient
comfort, our results are consistent with prior studies. Baris
et al randomized 90 patients undergoing coronary angio-
graphy to either midazolam and fentanyl, midazolam and
placebo or double placebo, and found no differences in
sedation scores, anxiolysis and patient and cardiologist
satisfaction between the first two comparisons.23 Kennedy
et al randomized 125 patients undergoing aortofemoral
angiography to either placebo, oral temazepam, intrave-
nous midazolam or intravenous midazolam and fentanyl,
and found similar self-reported pain scores for the mid-
azolam and midazolam þ fentanyl groups (1.5 vs. 1.3 on a
5-point pain scale, p-value not reported).24 We found a
marginally lower numerical pain level in those who
received fentanyl in the full PACIFY sample (2.3 vs. 1.5
on a 10-point scale, p ¼ 0.14); although the absolute
difference was small, statistically non-significant and of
uncertain clinical significance. Furthermore, it is reassuring
that pain levels were almost identical between the groups
among PACIFY participants who had PCI and those who had
femoral vascular access for the catheterization, both of
which are typically more uncomfortable than simple radial
coronary angiography.

These trial data have several implications. To start, the
PACIFY trial describes an important drug–drug interaction
that could have clinical implications for certain patients in
the catheterization laboratory. For both elective and espe-
cially emergent PCI cases, our study suggests that non-
selective use of fentanyl perhaps should be avoided in the
absence of pain, particularlywhen rapid platelet inhibition is
desired. U.S. interventional cardiologistsmaywant to closely
scrutinize whether fentanyl is required, monitor the dose
provided and limit non-selective administration. These data
will also be of interest to emergency roomproviders who are
considering fentanyl administration in chest-pain patients
proceeding directly to PCI. However, we cannot advocate for
withholding this medication where clinically necessary for
the treatment of pain. If pre- or intra-procedural opioids are
required, given delayed oral platelet inhibition, there may be

a role in certain clinical circumstances (e.g. cases deemed
high risk for stent thrombosis) for short-term bridging with a
parenteral P2Y12 inhibitors such as cangrelor,25,26 or other
parenteral alternatives; a strategy that warrants future
study.

This study inevitably has limitations. It was not powered
for clinical outcomes and larger studies would be needed to
evaluate the effect of fentanyl–ticagrelor co-administration
on these endpoints (e.g. stent thrombosis). Based on the
approximately 2-hour delay in effective platelet inhibition,
it is probable that the magnitude of any clinical effect may
be small in frequency, but for the patients who suffer stent
thrombosis the clinical consequences can be catastrophic.
We did not power this study for pain outcomes either, so,
while the numerical differences in subject comfort scores
were small between the groups, further studies would be
required to determine whether these small differences are
significant statistically. We could not blind catheterization
laboratory nurses and doctors to the randomized treatment,
so some patients may have become aware of treatment
assignment during the case. All patients received midazo-
lam, which can cause post-procedural amnesia and could
affect patient-reported intra-procedural pain and anxiety.
However, objective nurse reports of intra-procedural pain
were also no different between the groups. We used
uncrushed ticagrelor, which is a common practice. The
effect of fentanyl on crushed ticagrelor may warrant further
study.15 We excluded < 10% of the pharmacokinetic data
from the AUC analysis, specifically, 24-hour ticagrelor con-
centrations from those participants who received a tica-
grelor maintenance dose between the 4-hour and 24-hour
laboratory draw; however, such exclusions were balanced
between the randomized groups and would not have
affected the early differences in blood concentration
(between 30 minutes and 4 hours) found in this study.
Finally, while the PACIFY results may be most important in
the setting of unstable ACS patients (where P2Y12 pre-
treatment is not possible and where ticagrelor is most
commonly administered), our study was limited to more
stable PCI patients. However, we see no a priori reason why
fentanyl’s effects on P2Y12 absorption would be weaker in
unstable patients, indeed prior data indicate they may be
stronger.5,7

In conclusion, routine use of fentanyl for PCI sedation
delays ticagrelor absorption and platelet inhibition in CAD
patients, resulting in mild excess of post-PCI myocardial
damage; all without significant evidence of substantial
improvement in subjective comfort (which was well con-
trolled in both arms of this study in the presence of local
anaesthetic and sedation by midazolam). This represents a
newly recognized drug–drug interaction with potential clin-
ical implications that warrant further study. Particularly on a
background of less common use of fentanyl in non-U.S.
catheterization laboratories,22 these data suggest also that
the often routine and non-selective use of fentanyl during
cardiac catheterization and PCImayneed to be reconsidered;
particularly in the absence of pain and when rapid platelet
inhibition is desirable.
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What is known about this topic?

• Morphine use has been associated with adverse out-
comes in patients with acute coronary syndrome.

• Randomized trials have demonstrated that, by slowing
gastrointestinal absorption, morphine can delay and
reduce the effects of oral P2Y12 platelet inhibitors like
clopidogrel, ticagrelor and prasugrel.

• Fentanyl is a more potent and short acting opioid that
is routinely used in many U.S. catheterization labora-
tories for pain prophylaxis and treatment among car-
diac patients undergoing coronary angiography and
stenting. However, fentanyl is infrequently used in
many non-U.S. (e.g. European) catheterization labora-
tories and it is unknown if, likemorphine, fentanyl also
interacts with oral P2Y12 inhibitors.

What does this paper add?

• This article provides a detailed reporting of the full
complement of primary and secondary outcome
results from the PACIFY (Platelet Aggregation with
tiCagrelor Inhibition and FentanYl) randomized trial
(NCT02683707).

• Fentanyl delays the absorption of ticagrelor and results
in less inhibited platelets at 30 minutes, 1 hour and
2 hours after coronary stenting. By 4 hours, both arms
of the study had inhibited platelets. However, the 2-
and 4-hour troponin levels were higher with fentanyl,
suggesting a clinically important drug interaction and
motivating larger studies evaluating stent thrombosis
outcomes.

• Pain was well controlled in both the fentanyl and no-
fentanyl arms of this study, with no statistical differ-
ences between groups. While we cannot argue against
judicious fentanyl use where necessary for pain con-
trol, our results support the European standard of not
routinely providing potent opiates for cardiac proce-
dures where rapid platelet inhibition is important.
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