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1. Abstract 

With potent analgesic properties, perceived hemodynamic benefits and limited alternatives, opiates 

are the analgesic mainstay for acute coronary syndrome (ACS) patients reporting peri-procedural 

pain or nitrate-resistant chest pain. However, large observational studies suggest that opiate 

administration during ACS may result in adverse cardiovascular outcomes. Complimenting this, a 

number of recent mechanistic studies have demonstrated delayed and attenuated effects of oral dual 

anti-platelet therapy (DAPT) on platelet inhibition endpoints among subjects receiving intravenous 

morphine. These studies support the hypothesis that morphine delays the gastrointestinal absorption 

of DAPT medications. However, no data exist on the impact of intravenous fentanyl, a systemic 

opioid analgesic routinely administered during percutaneous coronary intervention (PCI) 

procedures, on the platelet inhibition effects of DAPT. We hypothesize that, similar to morphine, 

fentanyl administered at the time of PCI will reduce and delay the effect of DAPT on platelet 

function. As such, the primary aim of this study is to test the impact of intravenous fentanyl on 

residual platelet reactivity by randomizing patients undergoing PCI to a strategy of peri-procedural 

benzodiazepine plus non-systemic local analgesia or to the current standard of benzodiazepine plus 

intravenous fentanyl. Our study will address a major gap in knowledge. PCI analgesia with fentanyl 

is often administered concurrently with loading doses of DAPT, particularly in ACS. Given the 

critical need for rapid and robust inhibition of platelet function during PCI, our research study has 

true potential to change clinical practice, particularly if we demonstrate reduced DAPT absorption 

and elevated residual platelet reactivity among patients receiving fentanyl during PCI. As such, this 

research could result in a paradigm shift in the analgesia management of PCI and have a profound 

impact on optimization of post-PCI cardiac outcomes. 

 

2. Objectives  
Primary Objective: We will test the hypothesis that randomization to fentanyl will be associated 

with higher residual platelet reactivity, as determined by mean P2Y12 reactivity units (PRUs) at 2 

hours, among persons undergoing PCI with IV fentanyl analgesia (as well as aspirin and 

ticagrelor), compared to subjects randomized to undergo PCI with non-systemic analgesia.  

Secondary Objective: To test the hypothesis that fentanyl administered during PCI will adversely 

impact the pharmacokinetics of ticagrelor, as determined by the area under the curve of active 

metabolite measured using liquid chromatography tandem mass spectrometry. 

Secondary Objective: To test for differences in patient reported pain scores and biomarkers of 

myocardial injury, comparing PCI patients randomized to peri-procedural benzodiazepine plus 

non-systemic local analgesia or to the current standard of benzodiazepine plus intravenous 

fentanyl. 
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Figure 1- Morphine Lowers Plasma Concentrations of 

Clopidogrel Active Metabolite. **p≤0.01 JACC 2014;63:630–5 

3. Background   
Morphine has long played a central role in the management of ACS 1-4. However, a 2005 

observational study suggested that patients receiving morphine for pain relief in ACS had worse 

outcomes 5. In this context, recent research 

demonstrates that intravenous morphine delays 

and inhibits the absorption of oral DAPT with 

resultant delay in the time to maximal platelet 

inhibition 6-9. Hobl et al. administered a loading 

dose of 600mg clopidogrel together with either 

placebo or 5mg morphine intravenously in a 

randomized, double-blind, cross-over mechanistic 

trial 6. Morphine injection delayed clopidogrel 

absorption (Tmax: 105 vs. 83 min, p = 0.025) and 

reduced the total exposure to its active metabolite 

by 34% (p = 0.001, figure 1). Morphine also 

resulted in higher residual platelet aggregation 

and delayed maximal inhibition of platelets by 2 

hours (n = 24; p<0.001) 6. Similar results have 

recently been reported for subjects receiving 

ticagrelor. 9, 10 Morphine’s association with 

emesis, inhibition of gastric emptying and 

reduced GI motility is hypothesised as the cause.  

 

Delayed and reduced absorption of DAPT in 

ACS patients is likely to translate into worse 

cardiovascular outcomes because maximal 

inhibition of platelet function is necessary to 

treat intracoronary atherosclerotic plaque 

rupture and thrombosis, as well as to minimize 

the risk of in-stent thrombosis among patients 

who receive coronary stents at the time of PCI. In keeping with this, morphine has also recently 

been associated with suboptimal reperfusion after PCI in patients with ACS (figure 2). 11 As a 

consequence, 2015 European guidelines now state, “in ACS patients whose ischemic symptoms are 

not relieved by nitrates and beta-blockers, opiate administration is reasonable…, with the caveat 

that morphine may slow intestinal absorption of oral platelet inhibitors.”4 

 

However, no data exist as to the impact of fentanyl, another IV opiate, on DAPT absorption and 

platelet inhibition. This represents a major gap in current knowledge. Indeed, fentanyl is used for 

analgesia in the vast majority of PCI procedures in Europe and the US, often being administered 

concurrently with loading doses of DAPT. It is known that fentanyl has similar effects to morphine 

on GI motility 12 and that the typical fentanyl PCI dose, 25-50mcg, is equipotent with the morphine 

dose used by Hobl and Kubica in two recent trials (5mg). 6, 9 Given the critical need for rapid and 

robust inhibition of platelet function among patients receiving intracoronary stents during PCI, this 

research proposal has true potential to change clinical practice, particularly if our results confirm 

reduced DAPT absorption and elevated residual platelet reactivity among patients receiving 

fentanyl during PCI. As such, this research could result in a paradigm shift in the analgesia 

management of PCI and have a profound impact on optimization of post-PCI clinical outcomes.  

 

 

 

 

Figure 2- Morphine adversely impacts post PCI infarct size 

& myocardial salvage index by MRI. Clin Res Card 2015;104:727–34 

min 
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4. Study Procedures 
a. Study design, including the sequence and timing of study procedures   

This is an open-label randomized controlled trial. We will accrue 70 patients undergoing loading of 

oral DAPT (aspirin and ticagrelor 180mg [the latter only being administered if a stent procedure is 

necessary]) as part of routine clinical care. This may require that up to 300 patients will need to be 

approached for consent. The reason for this is that only about 1 in 4 patients who undergo left heart 

catheterization actually need DAPT loading for stent placement (many do not need stents) and it is 

impossible to know who these patients will be before the catheterization procedure is performed. 

 

Consenting patients will be randomized, 1:1, to peri-procedural intravenous benzodiazepine plus 

non-systemic local analgesia or to the current standard of peri-procedural intravenous 

benzodiazepine plus intravenous fentanyl plus local analgesia (figure).  

 

Peri-procedural analgesia is part of routine clinical care, thus, the primary research procedure in this 

study is the randomization to the type of analgesia (fentanyl vs. no fentanyl).  

 
Subsequent to randomization, clinical care will then proceed as per normal practice (e.g. patients 

requiring coronary stenting will undergo the procedure at the discretion of the interventional 

cardiologist). However, because ticagrelor is a newer DAPT option and is less commonly given at 

our hospital than clopidogrel, we will require that patients enrolled into our study not be switched 

from ticagrelor to clopidogrel within the first 12 hours of the initial ticagrelor load in the 

catheterization lab (this is due to theoretical concerns that clopidogrel loading is less effective 
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within the first 12 hours of ticagrelor loading due to competition for platelet receptors). As such, we 

require all patients enrolled into the study to be admitted for observation for 12-24 hours after 

enrolment. Ticagrelor was chosen for this study as it is a potent and fast-acting agent, has been 

demonstrated to be superior to clopidogrel, and will allow us to answer the main research question 

as to whether, or not, fentanyl delays the GI absorption of oral anti-platelet agents. 

 

In order to address our research objectives, enrolled patients will need to undergo sampling of blood 

after randomization (figure). While such blood sampling is typical in routine clinical care, we will 

also be obtaining blood for the sole purposes of research. Blood will be sampled at 0, 0.5, 1, 2, 4, 

and 24 hours after randomization. Where possible, blood will be drawn from existing IV access. For 

research purposes, we will also obtain patient-reported procedural pain data using the visual analog 

scale and the numeric rating scale at 2 hours (NRS). 13  

 

b. Study duration and number of study visits required of research participants. 

 

The duration of the study will be over 24 hours. The only study visit required is the admission 

during which the PCI is being performed as part of routine clinical care. Of note, patients 

undergoing PCI are routinely kept in the hospital for a minimal of 24 hours. 

 

c. Blinding, including justification for blinding or not blinding the trial, if applicable. 

 

Patients will not be blinded to the analgesia strategy (benzodiazepine sedation and local vs 

systemic analgesia) as the coronary angiogram is being performed as part of routine clinical care 

and it will not be possible to blind medical providers to the medications administered during the 

procedure. However, the collaborators who perform the analyses of blood samples will be 

blinded to the randomized allocation in order to minimize ascertainment bias. 

 

d. Justification of why participants will not receive routine care or will have current therapy 

stopped. 

 

All subjects enrolled will receive standard clinical care. The only change from standard practice 

is the 50% chance of being randomized to peri-procedural intravenous benzodiazepine plus non-

systemic local analgesia. This will consist of benzodiazepine and local anaesthetic (e.g. 

subcutaneous lidocaine), as described below. We believe this is ethically justifiable for the 

following reasons; 1) the procedural pain is typically minimal, with the vast majority of patients 

undergoing radial approach to left heart cath; 2) benzodiazepine and local anesthetic are well 

known to provide effective comfort for patients who can’t receive opiates (e.g. due to allergy); 

3) those patients who complain of breakthrough pain in the non-systemic analgesia arm are 

allowed receive bail-out IV opiates in our research protocol; and 4) our hypothesis is that IV 

opiates may themselves be causing indirect harm in the setting of PCI by attenuating the 

effects of DAPT. Indeed- in the context of research demonstrating that morphine reduces and 

delays the effect of DAPT on platelet inhibition- our primary hypothesis is that the impact of 

intravenous fentanyl on platelet inhibition outcomes will be similar. However, because no 

studies have evaluated this question, there is a state of clinical equipoise. The only way to 

answer this pressing clinical question is to randomize patients to non-systemic analgesia, while 

ensuring patient discomfort is no different, and to compare platelet function results in these 

patients to a similar group of patients who are randomized to the current standard of peri-

procedural intravenous benzodiazepine plus intravenous fentanyl. 
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e. Justification for inclusion of a placebo or non-treatment group. 

 

There is no placebo or non-treatment group in this randomized trial.  

 

f. Definition of treatment failure or participant removal criteria. 

 

Treatment failure will be defined as subject-report of uncontrolled pain or discomfort during the 

PCI procedure. As part of routine care patients are regularly asked to report any pain during the 

procedure. In all instances, and most notably in the group randomized to initial intravenous 

benzodiazepine plus non-systemic analgesia, post randomization analgesia will be managed as 

per usual by the procedural team. Specifically, the study protocol only provides initial guidance 

on analgesia, based on the randomized allocation. Once the initial analgesia has been provided, 

should patients subsequently report uncontrolled pain or discomfort, the treating team can 

administer any analgesia that they feel is clinically indicated, including intravenous fentanyl in 

either arm of the study. There are no protocol-based removal criteria. However, participants can 

remove themselves at any time from the study as participation is voluntary.  

 

g. Description of what happens to participants receiving therapy when study ends or if a 

participant’s participation in the study ends prematurely. 

 

When the study ends or should participation end prematurely, all subjects enrolled will undergo 

routine treatment as per usual best practice. Participants will be analyzed on an intention to treat 

basis. Therefore, participants will be analyzed based on their initial randomized analgesia 

allocation and whether or not their participation in the study ended prematurely. 

 

5. Inclusion/Exclusion Criteria 

 

Key inclusion criteria are: undergoing clinically indicated PCI; >18 years of age; able for PO 

medications and to provide informed consent. Key exclusion criteria: pregnant; any 

DAPT(clopidogrel, prasugrel, ticagrelor) within 14 days of enrollment; known coagulation 

disorders; active treatment with oral anticoagulant or low molecular weight heparin; impaired renal 

or hepatic function; platelets < 100 x10 3 /mcl; planned use of GP2b3a for PCI; Prior TAVR or 

planned TAVR post PCI; and contraindications to ticagrelor or opiates. 

 

6. Drugs/ Substances/ Devices 

a. The rationale for choosing the drug and dose or for choosing the device to be used. 

 

Subjects randomized to the current standard of peri-procedural intravenous benzodiazepine plus 

intravenous fentanyl will receive an initial dose of 1 mg of midazolam and 25-50 mcg of 

fentanyl. Subsequent doses of either medicine can be provided as necessary. The rationale for 

this dosing schedule is that it is the standard of care. Furthermore, 25-50mcg of fentanyl is 

equipotent with the morphine dose used by Hobl and Kubica in two recent trials (5mg). 6, 9 

Subjects randomized to the research strategy of peri-procedural intravenous benzodiazepine plus 

non-systemic analgesia will receive an initial dose of 1 mg of midazolam (with titrations 

allowed as necessary) and local anaesthetic (e.g. subcutaneous lidocaine). The rationale for this 

strategy is to maintain comfort during the case without exposing the subjects to opiates. 

 

b. Justification and safety information if FDA approved drugs will be administered for non-FDA 

approved indications or if doses or routes of administration or participant populations are 

changed. 

N/A 
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c. Justification and safety information if non-FDA approved drugs without an IND will be 

administered.  

N/A 
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7. Study Statistics 

a. Primary outcome variable. 

 

In both randomized groups P2Y12 reactivity units (PRUs), measured using VerifyNow, will be 

determined at 0, 0.5, 1, 2, 4, and 24 hours. The primary outcome will be mean PRU at 2 hours.  

 

b. Secondary outcome variables. 

 

Additional secondary platelet outcomes will include light transmission aggregometry (LTA) at 2 

hours, and also time-averaged PRU using mixed effects models. Given we hypothesize fentanyl 

may impair platelet inhibition due to reduced gastrointestinal absorption of ticagrelor, we will 

also compare ticagrelor pharmacokinetics in both arms, as determined by the area under the 

curve of active metabolite by liquid chromatography mass spectrometry (at 0, 0.5, 1, 2, 4 and 24 

hours). We will also determine the impact of fentanyl on myocardial injury, as measured by 

high-sensitivity Troponin-I in the serum. In all 300 patients consented, we will also compare 

patient reported pain among both groups using the visual analog scale and the numeric rating 

scale (NRS). (12) These simple to perform subjective assessments can measure clinically 

meaningful differences in pain (e.g. a difference of 30% on the NRS). (12) 
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c. Statistical plan including sample size justification and interim data analysis. 

 

Based on prior data 14, we anticipate a 2 hour PRU of ~230 (Standard Deviation of 25) among 

patients receiving 180 mg ticagrelor without opiate and estimate a conservative effect size of 

20% increase in 2hr PRU among those who receive fentanyl 8, 15. These calculations yield a 

sample size estimate of ≤23 subjects per group (approx. 50 total) to achieve 90% power (2 sided 

alpha 0.05). Accounting for drop out and unanticipated increases in 2hr PRU variability, and to 

provide power for subgroup analyses, we will accrue 70 patients who undergo DAPT loading in 

total. In all analyses a value of p < 0.05 will be considered statistically significant. 

 

d. Early stopping rules. 

 

N/A 

 

8. Risks 

a. Medical risks, listing all procedures, their major and minor risks and expected frequency. 

 

It is possible that the non-systemic analgesia arm could report increased peri-procedural pain, 

however IV opiates are permitted at any time, for any participant, based on break-through pain 

reported during the case. The other main medical risks are the bleeding and bruising from 

venipuncture. Where possible we will draw blood from IV access to minimize venipuncture. As 

our research protocol includes the administration of ticagrelor as the anti-platelet agent used for 

the stenting procedure, some providers may wish to transition their patients from ticagrelor to 

other anti-platelet agents (such as clopidogrel or prasugrel) after completion of participation in 

our study. This change may be motivated by clinical or patient preference reasons. However, if 

the provider elects to make such a change after the participant has completed the study, we will 

require them to not change to either clopidogrel (starting with a 600mg load) or prasugrel 

(starting with a 60mg load) within the first 12 hours of the initial ticagrelor load (specifically, 

they will need to wait until 12 hrs has passed from the last ticagrelor dose and then load with the 

alternative agent at the time the next dose of ticagrelor would have been due. This requirement 

will minimize the risk that patients who are switched from ticagrelor to an alternative anti-

platelet agent will not be exposed to the potential risk of suboptimal platelet inhibition in the 

period around which this change is made. 

 

b. Steps taken to minimize the risks. 

 

As already mentioned, blood will be drawn from existing iv heparin locks when available. 

Furthermore, we plan to minimize difference in pain by applying effective non-systemic 

analgesia that will consist of a rigorous pain relief strategy of potent benzodiazepine and 

effective local anaesthetic (e.g. subcutaneous lidocaine). In addition, patients can request more 

pain relief (including opiates) after the initial randomized analgesia has been allocated and can 

withdraw at any time from the study. 

 

c. Plan for reporting unanticipated problems or study deviations. 

 

Any unanticipated problems will be reported to the IRB. 

 

d. Legal risks such as the risks that would be associated with breach of confidentiality. 

 

Date will be stored on a secure and encrypted P.I.’s computer. 
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e. Financial risks to the participants. 

 

There are no financial risks to the participants 

 

9. Benefits 

a. Description of the probable benefits for the participant and for society. 

 

There are no guaranteed individual benefits for the participant. However, given the critical 

need for rapid inhibition of platelet function during PCI, this research proposal has true 

potential to change clinical practice, particularly if our results confirm reduced DAPT 

absorption and elevated residual platelet reactivity among patients receiving IV fentanyl 

during PCI. As such, this research could result in a paradigm shift in the analgesia 

management of PCI and have a profound impact on optimization of post-PCI clinical 

outcomes. 

 

10. Payment and Remuneration 

a. Detail compensation for participants including possible total compensation, proposed 

bonus, and any proposed reductions or penalties for not completing the protocol. 

 

Subjects will not be compensated for participation in this study. 

 

11. Costs 

a. Detail costs of study procedure(s) or drug (s) or substance(s) to participants and identify 

who will pay for them. 

 

The research performed on the blood samples will be paid for by the P.I. and not billed to 

the patient. 
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