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Abstract

Since the turn of the twentieth century, morphine, an opioid analgesic, has played
an integral role in the management of pain in myocardial infarction (MIl). This is
attributed to morphine’s effect on reducing blood pressure, slowing heart rate, and
relieving anxiety, which may decrease myocardial oxygen demand, added to the fact
that morphine has been studied extensively in pain management in many settings. For
this morphine kept considered amongst the first line therapies and most effective for
acute pain management in Ml patients according to many guidelines.

However, observational data suggest that morphine administration during acute
myocardial infarction (AMI) may have negative consequences, while this practice also
lacks supporting rigorous evidence or studies designed to assess the effect of morphine
administration. Added to this recent evidence uncovered that morphine may impede
gastrointestinal absorption of oral antiplatelet drugs important in reducing mortality
in AMI.

These observations permit a comprehensive evaluation of the rationality of
administration of morphine in AMI, and whether better alternatives are available
in currently used analgesics or by using a morphine non-interacting P2Y12 receptor
inhibitor for AMI patients.

In this review we discuss the rationality of morphine use according to recent evidence
and the side effects and drug-drug interactions of morphine affecting MI patient with
the present alternatives based on the findings of experimental, observational and
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INTRODUCTION

Myocardial infarction (MI) is a major cause of mortality and
disability worldwide. The term MI reflects cell death of cardiac
myocytes caused by ischemia, as a result of a perfusion imbalance
between supply and demand. It's most obvious classical clinical
symptoms include various combinations of chest, upper
extremity, jaw, or epigastric discomfort on exertion or at rest
[1]. The discomfort associated with acute myocardial infarction
(AMI) usually lasts at least 20 minutes. Often, the discomfort is
diffuse, not localized, not positional, not affected by movement of
the region, and it may be accompanied by dyspnoea, diaphoresis,
nausea, or syncope. Relief of stressful symptoms as chest pain is
important, not only for patient well being, but also because stress
induces systemic circulatory effect that may worsen the ongoing
infarction [2].

Since 1923 when James MacKenzie first suggested use of
morphine and chloroform for treating cardiac patients with bed
rest until unconsciousness is achieved. Since then morphine has

been considered as one of the firstline medications recommended
for pain control in AMI. This was attributed to morphine effect
on reducing blood pressure, slowing heart rate, and relieving
anxiety, which may decrease myocardial oxygen demand, added
to the fact that morphine has been studied extensively in pain
management in many other settings while opioids are generally
considered the first line therapies and most effective for acute
pain management [2,3].

Despite this, morphine use in the setting of AMI lacks
supporting rigorous evidence or studies designed to assess
the effect of morphine administration. Yet many international
guidelines such as the American College of Cardiology, the
American Heart Association, and the European Society of
Cardiology guidelines recommend morphine administration as a
standard therapy in pain management in AMI [4,5].

Added to the critique of lack of strong evidence, a large
observational study in 2005 reported that the use of morphine
either alone or in combination with nitroglycerin was associated
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with higher mortality than nitroglycerin alone, whereas new
studies and trials may further explain this by associating
morphine use with attenuation of action of oral antiplatelet
medications [6,7].

These observations permit a comprehensive evaluation of the
rationality of administration of morphine in AMI, how it impacts
MI treatment and reperfusion therapy success, and whether
better alternatives exist for managing pain in AMI patients, which
warrant rigorously designed studies.

Ischemic pain of acute myocardial infarction

MI is defined as myocardial cell death due to prolonged
ischemia. Coronary atherosclerosis is a chronic disease with
stable and unstable periods. During unstable periods with
activated inflammation in the vascular wall, patients may
develop MI. The mechanism of MI often involves a complete
blockage of a coronary artery or more caused by a rupture of
an atherosclerotic plaque or less commonly due to coronary
artery spasms.

Due to the myocardial cell death or ischemia, MI is most
commonly accompanied by chest pain, tightness or discomfort
which may radiate to shoulders, arms, back, neck, or jaw. This
pain together with blood flow abnormalities, induce a massive
surge of catecholamine release from the sympathetic nervous
system leading to systemic circulatory effects such as an increase
in blood pressure, heart rate, and stroke volume. As a result these
changes may adversely further influence the balance between
myocardial metabolic requirement and supply and further result
in infarct extension [8,9].

The amount of myocardium that undergoes necrosis in
MI is an important predictor of morbidity and mortality. The
infarction does not occur instantaneously, it first develops
in the subendocardium and progresses as a wave-front of
necrosis from subendocardium to subepicardium over the
course of several hours. Transient coronary occlusion may cause
only subendocardial necrosis, whereas persistent occlusion
eventually leads to transmural necrosis. The goal of acute
coronary interventions generally is to interrupt this wave-front
and limit myocardial necrosis [10].

Restoration of arterial blood flow remains the only way to
salvage ischemic myocytes permanently, by either thrombolytic
enzymes or percutaneous coronary intervention (PCI) or by
Coronary artery bypass grafting (CABG), in addition to the
following interventions that can delay ischemic injury which
include oxygen, nitroglycerine, thrombolytic agents, 3-blockers,
and pain management [9,10].

Concerns around morphine use

Beside the effectiveness of morphine in management of pain
and its clinical use to relieve chest pain in AMI; a practice first
documented back in 1912, and since then been the ultimate
practice supported with major therapy guidelines till today [11].
However strong criticisms to its use exist.

To start with, there have never been any randomized,
controlled, clinical trials or large scale observations evaluating
and supporting the efficacy or safety of morphine for use in ACS

while many guideline recommendations were not based upon
randomized clinical trials but only upon expert opinion which is
considered to be “poor” form of evidence.

Secondly morphine known side effects such as hypotension,
bradycardia and respiratory depression, may resultin deleterious
outcomes in high doses especially in AMI patients who might
lack the coronary reserve required to withstand the stresses of
hypotension and hypoxemia [12-17].

The CRUSADE registry which is a retrospective, observational
study of 57 000 patients in which a total of 17,003 patients
(29.8%) received morphine within 24 hours of presentation,
revealed that administration of morphine either alone or in
combination with nitroglycerin was associated with higher
mortality for patients presenting with non-ST-segment elevation
myocardial infarction (NSTEMI) [6].

This analysis raised concerns regarding the safety of using
morphine in patients with NSTEMI and emphasized on the need
for randomized trials.

This outcome of morphine administration could be due to
morphine effect of blunting the severity of angina without actually
ameliorating the underlying pathophysiologic cause of chest pain
(i.e., coronary hypoperfusion) or due to morphine effect on oral
antiplatelet drugs absorption as shown in later studies [6]

In contrast a second observational study was carried, aiming
to assess the potential clinical impact of pre-hospital morphine
administration in ST-elevation myocardial infarction (STEMI)
patients from a nationwide French registry. 4,169 patients with
AMI were included 19% of them received morphine during pre-
hospital management, and the study concluded that pre-hospital
morphine use was not associated with an increase of in-hospital
complication and one-year mortality; and, could be more used as
recommended in the guidelines. [18].

In animal studies, morphine has been demonstrated quite
conclusively to increase myocardial infarction size as reported
by Markiewicz W. et al., 1982 [19] while contradictory to these
results, several other studies found morphine and particularly
selective delta receptor’s opioid agonists to show powerful
cardioprotective effects in numerous animal models and man
where in low doses it triggers a powerful endogenous system
that leads to a marked reduction in infarct size, called the
phenomenon of ischemic preconditioning [20,21].

So to develop a clear cause effect relationship, randomized
controlled clinical trials are necessary and warranted. As
recent trials uncovered a very important effect associated with
morphine use in MI that was not been noticed for the last decades
(Table 1).

Recently in 2013 Parodi and his colleagues while studying
prasugrel and ticagrelor loading doses in STEMI patients
observed that the onset of action of prasugrel and ticagrelor was
delayed by co-administration of morphine as a result of a drug-
to-drug interaction (DDI) [22-24].

Later in the ATLANTIC study, in-ambulance administration
of ticagrelor in patients with STEMI transferred for primary PCI,
improved coronary reperfusion only in those patient groups who
did not receive morphine. [25].

J Cardiol Clin Res 4(4): 1067 (2016)

2/11



Basgut et al. (2016)
Email: bilgenbasgut@gmail.com

@SCil\/ledCentrai
Table 1: Studies regarding outcomes of morphine administration in AML
Authors / year Study name Study Design Study Aim Population Results
Thomas, Haemodynamic effects of mor- Prospective clinical Haemodynamic effects of N=13 AMIpa- Morphine associated
Michael, etal; | phine in patients with acute myo- trail morphine in patients with tients with haemodynamic
1965 [12] cardial infarction acute myocardial infarction instability such as hypo-
tension, bradycardia and
respiratory depression.
Meine, Trip J., et |"Association of intravenous mor- |retrospective, ob- evaluate the use of morphine N=57039 Morphine associated
al; 2005 [6] phine use and outcomes in acute |servational registry within the first 24 hours after NSTEMI with negative impact on
coronary syndromes: results from enrolling patients  |presentation in patients mortality and clinical
the CRUSADE Quality Improve- outcome.
ment Initiative."
lakobishviliZ, |Effect of Narcotic Treatmenton |Retrospective, ob- |Evaluation of the effect of n=765STEMI | Neutral regarding clinical

etal; 2010 [83]

Outcomes of Acute Coronary Syn-
dromes : (ACSIS) 2008 database

servational
registry, focused on
morphine.

prehospital and in-hospital IV
narcotics use on the in-hos-
pital and 30-day outcomes
among consecutive patients
with various types of ACS.

n =993 NSTEMI

outcome

Puymirat, Correlates of pre-hospital mor-  retrospective, obser- the potential clinical impact N=4,169 Pre-hospital morphine
Etienne, etal; |phine use in ST-elevation myo-  |vational registry of pre-hospital morphine 19% (792) on  use was not associated
2015 [18] cardial infarction patients and its administration in STEMI morphine with an increase of in-
association with in-hospital out- patients hospital complication
comes and long-term mortality: and one-year mortality.
the FAST-MI (French Registry of
STEMI & NSTEMI) programme.
De Waha, Su- Intravenous morphine adminis- | Observational, fo- | To analyze the impactof IV 'n=276 STEMI |Suspected negative im-
zanne, et al.; tration and reperfusion success |cused morphine on ischemic pact on clinical surrogate
2015 [27] in ST-elevation myocardial infarc- lon morphine. injury and salvaged myocar- end-point.

tion: insights from cardiac mag-
netic resonance imaging.

dium assessed by cardiac
magnetic resonance imaging
in patients with STEMI
reperfused by PPCL

The first randomized, double-blind, placebo-controlled,
cross-over trial was carried in 2014 by Eva-Luise Hobl and
her colleagues to examine the possible drug-drug interactions
between clopidogrel and morphine. They found that morphine
delays clopidogrel absorption, decreases plasma levels of
clopidogrel active metabolite, and retards and diminishes its
effects, which may lead to treatment failure in susceptible
individuals [7].

Further in a second trial, the IMPRESSION trial was performed
in 70 patients (35 in each study group) in a single-centre. The
study also found that morphine delays and attenuates ticagrelor
exposure and action in patients with MI [26].

Other researchers also recently found that IV morphine
administration prior to PCI to be independently associated with
suboptimal reperfusion success after PCI in patients with STEMI
[27].

Mechanisms and hypothesis
associated negative outcomes

behind morphine

In patients with MI, a number of medications of importance
in terms of mortality and morbidity are usually administered
all together, thereby raising the potential risk for drug-to-drug
interaction. As our knowledge of the morphine-antiplatelet
interaction has increased significantly over the last 3 years, recent
evidence may explain morphines administration associated
negative outcomes in AMI patients [6,28].

Drug interactions can occur due to pharmacokinetic
interactions including rate of absorption, metabolic pathways,
drug transport through membranes and protein binding. While
opioids provide highly effective pain relief, the therapeutic
activity of opioids is compromised by their gastrointestinal
adverse profile. Opioids slow gastrointestinal tract motility and
decrease intestinal secretions both by a central nervous system-
mediated effect and an effect on the peripheral opioid receptors
in the GI tract. As this may induce also nausea and vomiting;
a well-known opioid-induced effects, it is also hypothesized
that low doses of opioids activate mu opioid receptors in the
chemoreceptor trigger zone (CTZ), thereby stimulating further
vomiting [29].

Opioid-induced bowel dysfunction is also another adverse
effect, which inturn reduce or delay absorption and decrease
peak plasma drug concentration levels (i.e. C__) of other orally
administered drugs [30].

Opioids such as methadone were early reported to affect
absorbtion of antiviral drugs as an example, by increasing their
exposure to inactivating gastric acids and by this decreasing their
bioavailability [7]. In the case of morphine in AMI, as reported by
Eva-Luise Hobl and her colleagues, morphine injection delayed
maximal plasma concentrations of clopidogrel (T, : 105 vs. 83
min, p = 0.025) and reduced both the Cmax of clopidogrel active
metabolite (from 171 to 113 ng/ml, p = 0.025) and the total
exposure as measured by the AUC by 34% (16,840vs. 11,103 ng
x h/ml, p = 0.001). As a result morphine administration delayed
clopidogrel absorption (p = 0.025) and delayed the maximal

J Cardiol Clin Res 4(4): 1067 (2016)

3/11



Basgut et al. (2016)
Email: bilgenbasgut@gmail.com

@SCil\/ledCentrai

inhibition of platelet aggregation on average by 2 h (n = 24; p
< 0.001). Residual platelet aggregation was higher 1 to 4 h after
morphine injection (n = 24; p < 0.005). Furthermore, morphine
delayed the inhibition of platelet plug formation under high
shear rates(P2Y-Innovance; n = 21; p < 0.004) and abolished the
3-fold prolongation in collagen adenosine diphosphate induced
closure times seen in extensive and rapid metabolizers (n = 16;
p =0.001) [26].

Meanwhile Jacek Kubica et al reported from the IMPRESSION
trial that morphine also delay and attenuate ticagrelor exposure
and action in patients with MI by 36% decrease in exposure
(AUC(0 - 12): 6307 vs. 9791 ng h/mL; P = 0.003), and 37%
(AUC(0 - 12): 1503 vs. 2388 ng h/mL; P = 0.008), respectively,
with a concomitant delay in maximal plasma concentration of
ticagrelor (4 vs. 2 h; P = 0.004) [24,26].

Multiple regression analysis of the IMPRESSION trial showed
that lower AUC(0 - 12) values for ticagrelor were independently
associated with the administration of morphine (P = 0.004) and
the presence of STEMI (P = 0.014). While All three methods of
platelet reactivity assessment carried in this study showed a
stronger antiplatelet effect in the placebo group and a greater
prevalence of high platelet reactivity in patients receiving
morphine. Morphine was also concluded not to affect conversion
of ticagrelor to its active metabolite in AMI patients [26].

These effects of morphine on plazma concentration levels
of oral antiplatlet medications are hypothetically attributed to
decreased concentrations of the parent compound, probably
resulting from morphine-induced impaired gastric emptying,
lower intestinal motility and higher incidence of vomiting [28].

It is also hypothesized that patients who received morphine
might be subjects at higher risk of negative outcomes. Thus, it
is possible that in sicker patients, haemodynamic derangement,
adrenergic activation, and systemic vasoconstriction with the
reduction of blood volume to the abdomen may contribute to the
delayed drug adsorption and to the reduced platelet inhibition.
But the same morphine effect was also reported from the
IMPRESSION trial in healthy subjects [26].

Potent P2Y12-inhibitors (prasugrel and ticagrelor) were
hypothesized to provide an effective alternative to clopidogrel
when morphine is given, butin a later multicentre study the drug-
to-drug interaction between morphine and antiplatelet agents
was observed in 300 STEMI patients undergoing PCI recieving
either prasugrel and ticagrelor. This association persisted even
after excluding patients who vomitted [31].

Cortisol, or hydrocortisone, is a steroid hormone
(glucocorticoid) that is vital to the endocrine system released
by the adrenal cortex to combat stress, opioid are well known
for their effect of inducing cortisol deficiency which may
advance to episodes of Addisonian crises [32]. Symptoms
include gastrointestinal effects, extreme weakness, mental
confusion, darkening of the skin, dizziness. nausea or abdominal
pain, vomiting and fever, though all dont appear spontaineosly.
A single 5-mg intravenous dose of morphine sulfate quickly
paralyzes cortisol production in opioid-naive men and
women, with a drop of more than 75% from baseline within

3 hours [33,34]. A meta-analysis of 11 trials (2,646 patients)
suggests a possible mortality decrease with corticosteroids.
Additional studies examining the effectiveness of replacement
corticosteroids, perhaps beginning concurrently with morphine
administration in patients with AMIs,are also warranted [35].

Other mechanisms that may result in the negative outcomes
associated with morphine administration in AMI, include
decrease in myocardial oxygen delivery, decrease of arterial
oxygenation, increase in arterial carbon dioxide, and perhaps
even cerebral hypoperfusion [36].

Suggested alternatives for analgesia in acute MI

Oral antiplatelet agents are the mainstay of pharmacological
treatment in patients with MI, while 30 % of these patients are
co-prescribed morphine which affects the absorption of the
first. Thus its of importance to review guidelines and further
charectorize and develop strategies to overcome this interaction
which could lead to treatment failure in susceptible patients.

In the following paragraphs we address the possible
alternatives and management of morphine antiplatelet
interaction [37,38].

Non-steroidal antiinflammatory drugs (NSAIDs)

Ketorolac and indoprofen were amongst the earliest Non
steriodal Antiinflammatory drugs (NSAIDs) analgesics suggesting
for pain management in MI [39,40]. NSAIDs are a group of agents
widely used for their anti-inflammatory, antipyretics, and
analgesics. Their main mechanism of action is to inhibit a class of
enzymes known as cyclooxygenases (COX-1 & COX-2). According
to the isoenzyme they preferentially block, traditionally, they are
devided into COX-1 inhibitors which are very few with aspirin the
most commonly used, COX-2 inhibitors which include rofecoxib,
celecoxib, valdecoxib, parecoxib, etoricoxib, and lumaricoxib,
and non selective NSAIDs, which inhibit both COX-1 and COX-2
indiscriminately, and include diclofenac, naproxen, ibuprofen,
indomethacin, and piroxicam [41-44].

NSAIDs offer effective pain relief for the most common
forms of pain both acute and chronic ones, and are thus widely
used for relief of pain for a wide range of medical conditions
(44), but despite their widespread use, the US Food and Drug
Administration (FDA) in July 2015 strengthened warnings about
the risk of heart attack and stroke associated with nonsteroidal
antiinflammatory drugs (NSAIDs) [45]. The relationship between
NSAID use and cardiovascular events has long been subject
to numerous observational studies, clinical trials and meta-
analyses, with sometimes ambiguous conclusions [46,47].

The increased risk for cardiovascular events was first
demonstrated for COX-2 inhibitors but later found also associated
with most NSAIDs. A meta-analysis in 2006, of 138 randomized
trials was done in comparing the risk of vascular events of COX-2
inhibitors and traditional NSAIDs on 145,373 enrolled patients.
The analysis found COX-2 inhibitors as well as high-dose
diclofenac and ibuprofen to be associated with a higher risk of
vascular events, mainly MI, in contrast to high-dose naproxen
[48].
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In a systematic review of community-based controlled ob-
servational studies published 2011, the aim was to provide es-
timates of the comparative risks with individual NSAIDs at typi-
cal doses. The review included data from 21 cohort studies with
2.7 million exposed individuals and 30 case-controls, with a total
of 184,946 cardiovascular events. The highest overall cardiovas-
cular risks were seen with rofecoxib and diclofenac, while the lo-
west with low dose ibuprofen and naproxen [49]. Naproxen was
reported also from a meta-analysis of 31 large-scale randomized
trials, to be least harmful compared to other NSAIDs and not be-
ing associated with MI or cardiovascular death [50].

A large LANCET published meta-analysis came by in 2013,
aimed to characterize vascular and gastrointestinal effects of
NSAIDs, particularly in patients at increased risk of vascular
disease. The review concluded that the vascular risks of high-
dose diclofenac, and possibly ibuprofen, were comparable to
COX-2 inhibitors, whereas high-dose naproxen was associated
with less vascular risk than other NSAIDs [51,52].

Its thought that NSAIDs increased cardiovascular risk is
due to either “platelet COX-1 to endothelial COX-2 inhibition
imbalance”, or to chronic renal COX-2 inhibition resulting in
hypertension, or both together. In the first case risk would be
immediate, in the second it would be time-dependent.

Also naproxen, ibuprofen and other NSAIDs may inhibit the
cardioprotection of aspirin when administered in close time
proximity with it. Bleeding is a concern too, coadministration
of antithrombotic treatments with all types of NSAIDs (except
aspirin) has been shown to increase the bleeding risk in patients
with MI [53,54].

Though the time course of the risk has not been clearly
elucidated, with arguments for an association with prolonged
duration of use only. Few evidence suggest NSAIDs to be
considered relatively safe drugs when prescribed at the most
effective dose and for the shortest duration of time, which was
defined to be 10 days or fewer in some studies, while others
studies indicate constant risk with also short term use of NSAIDs
[47,51].

For this though it may sound reasonable out of all NSAIDs to
evaluate short term naproxen (the least risky NSAID) compared
to narcotics for acute analgesia in MI patients, as some NSAIDS
shown to give better pain relief than morphine [46,47]. The FDA
Advisory Committee went to that current data does not support
the conclusion that naproxen has a lower risk of thrombotic
events than other NSAIDs; and that there is no latency period for
the risk of cardiovascular thrombotic events is associated with
NSAID use [46].

Hence NSAIDs though being effective analgesic agents, their
use is attenuated due to their associated cardiovascular events
risk and thus cannot be considered as alternatives for opioids
till new supporting evidence emerges, while The only NSAID
drug that should be given to such a patient before ACS has been
definitely ruled out is aspirin [55].

Five alternative strategies for analgesia in AMI

IV nitrates and Beta-blockers: As Ischemia being the main

etiology behind chest pain in AMI, reperfusion therapy in STEMI
and high risk NSTEMI patients is the most important component
of treatment, which strongly influences short- and long-term
patient outcomes.

In mild NSTEMI patients, immediate relief of ischemia and
prevention of recurrent MI and death is achieved with proper
antianginal, antiplatelet, and anticoagulant therapy. Of these
nitrates and beta-blockers (BBs) achieve a rapid reduction of
pain intensity [56,57].

It is reasonable to administer intravenous BBs at the time
of presentation to patients with STEMI who are hypertensive
or have an ongoing ischemia and no contraindications to beta
blockers use [5]. Early intravenous metoprolol followed by high-
dose oral therapy had a neutral effect on the combined endpoint
of death, recurrent MI, or cardiac arrest. There were lower rates
of recurrent MI and ventricular fibrillation (VF) in the treated
groups, but with a significantly higher rate of cardiogenic shock
with metoprolol, especially on days 0 and 1 [5].

A Meta-analysis of randomized trials enrolling at least 100
patients was carried to evaluate BBs use in MI. Sixty trials with
102,003 patients were eligible, BBs reduced mortality in studies
carried before widely adopting the reperfusion therapy, but not
in the reperfusion era. In contemporary practice of treatment of
MI, BBs have no mortality benefit but reduce recurrent MI and
angina (short-term) at the expense of increase in heart failure,
cardiogenic shock and drug discontinuation. Current guidelines
recommend as a class 2 recommendations to administer
intravenous BBs at the time of presentation to patients with
STEMI and no contraindications to their use who are hypertensive
or have ongoing ischemia [5].

Nitrates are recommended for the relief of chest pain in both
AHA and ESC guidelines. They work by reducing LV preload and
increasing coronary blood flow which results in a decrease in
myocardial oxygen consumption and thus relief the symptoms of
ischemia. But in clinical practice it doesnot affect the myocardial
injury unless a significant vasospasm is present [5,56].

Guidelines reccommendations are mainly attributed to
preperfusion era trials which reported some beneficial effect
on mortality [58]. Also a retrospective study of 8,255 patients
of whom 1,662 (20%) received sublingual NTG, revealed
that the chest pain score (on a scale of 0-10) after recieving
NTG decreased from 6.9 to 4.4 (a mean difference of 2.5; 95%
confidence limit 2.4-2.8) [59].

In contrast to this a recent multicenter randomized controled
trial reported that Sodium nitrite administered intravenously
immediately prior to reperfusion in patients with STEMI does not
reduce infarct size [60].

Thus we conclude from these evidence that nitrates can
ameliorate symptoms and signs of myocardial ischemia, whilst
they could be useful in absence of contraindications especially in
patients with persistant ischemia and concomitant hypertension
or heart failure [5,56].

IV Acetaminophen, still the safest Analgesic: Acetaminop-
hen (APAP) or Paracetamol, has been a mainstay for pain and fe-
ver management for many years. Its has been used for decades ef-

J Cardiol Clin Res 4(4): 1067 (2016)

5/11



Basgut et al. (2016)
Email: bilgenbasgut@gmail.com

@SCil\/ledCentrai

fectively for the management of mild to moderate pain. its IV for-
mulation have been widely used in Europe since 2 decades and is
proposed for pain of sudden onset in people in the emergency de-
partment though not sufficiently studied yet [61,62].

Parodi proposed the use of IV paracetamol in AMI. APAP
is highly safe and preferred in pain management particularly
in those with increased cardiovascular risk or kidney disease,
unlike NSAIDs [53]. Fourteen randomized controlled trials were
recently identified in MEDLINE and EMBASE, they had various
methodologic flaws, and the studies enrolled a sum of 1,472
patients.

In 8 of the forteen trials IV APAP was reported to be
comparable with other pain medications with no statistical
differennce in pain score, the medications compared included
different effective doses of morphine, oxycodone, tramadol,
piroxicam, topical 5% lidocaine and dexketoprofen.

In the other studies, IV APAP was repoted to be superior
compared to IV morphine and IM piroxicam, where it was
associated with significant reduction in pain scores. While the
incidence of side effects associated with IV APAP was very low.
A limitation to generalising these results is the fact that the level
of evidence for the individual trials ranged from very low to
moderate and thus limited evidence to support the use of APAP
for acute pain control in ED with “no studies” being yet done in
AMI patients [63].

Opiates May All be Equal, but They Are Not All the Same:
Opioids have similar properties to the opium from which they are
derived, while they target the same endorphin receptor, but still
they have many differences pharmacologically, experimentally,
clinically and from health economics point of view [64]. The
short acting synthetic opioid alfentanil is commonly used in
anaesthesia, it favoring charecteristics include its rapid onset of
action, of 1-2 minutes shown to be safe also for cardiac patients,
and better side effects profile than morphine (more controlable
due short duration of action). Furthermore, alfentanil seems to
liberate less histamine than morphine, which is hypothesized
to have a role in GI side effects of morphine including delayed
motility and thus alfentanil may less interact with oral antiplatelet
therapies [65-67].

A randomised double-blind clinical trial in which the effects
of alfentanil were compared with those of morphine in the
prehospital treatment of 40 haemodynamically stable patients
suffering from acute ischaemic-type chest pain. The study
reported that pain relief was faster (p < 0.005) in the alfentanil
group than in the morphine group. Alfentanil provided effective
analgesia during the follow-up period of 15 minutes with no
haemodynamic or respiratory side effects.

The study concluded that alfentanil is an effective analgesic
in the prehospital treatment of myocardial ischaemic pain.
Intranasal fentanyl also showed in another RCT to have no
significant difference in analgesia compared with intravenous
morphine for prehospital analgesia [67,68]. Neverless further
RCT are necessory to exclude or verify the magnitude of
interaction of Alfentanil if it occurs.

Tramadol was also shown to have a significant effect on
gastric empting which is measarble but smaller than morphine
and may thus have clinical and economic advantages in acute
pain management compared with morphine [69].

Tramadol has been in clinical use in Germany since the late
1970s and has proven effective in both experimental and clinical
pain without causing serious cardiovascular or respiratory side
effects. Its proposed for firstline management of postoperative
pain instead of morphine. It is also associated with a low
incidence of cardiac depression and significantly less dizziness
and drowsiness than morphine [70,71].

In contrast to morphine, tramadol has not been shown to
induce histamine release. At therapeutic doses, tramadol has no
effect on heartrate, left ventricular function or cardiac index [72].

Tapentadol is also an orally active, centrally acting synthetic
analgesic that is thought to exert its analgesic effects as tramadol
via a dual mechanisms of action (mu opioid receptor agonism
and norepinephrine reuptake inhibition).Tapentadol offers also
the prospect of reduced opioid-related gastrointestinal adverse
events and hence do not significantly increase the possibility of
delayed absorption of other drugs while maintaining adequate
analgesia [73,74].

Combinations .. More effective but less toxic: Tramadol
As being effective in moderate to severepain, while morphine
is thought to be more effective for severe acute pain a
combination drug containing tramadol hydrochloride 37.5 mg
and acetaminophen 325 mg may reasonably reduce the onset
time of analgesia and improves the degree of analgesia. The
combination could be studied in AMI as this product reduces the
incidence of tramadol related adverse events, while the addition
of acetaminophen improves pain relief and provides a faster
onset and longer duration of action with fewer adverse events
than either component separately [73].

Also Opioid-induced bowel dysfunction and effects on other
drugs can be effectively treated by combining morphine with
a peripherally acting opioid receptor antagonists. Examples
include oral naloxone or subcutaneous methylnaltrexone, such a
combination could lead to less peripharal side effects of morphine
and thus may favorably attenuate morpine’s delayed absorption
of oral antiplatelet medications [75,76].

Alternative Routes for P2Y12 receptor inhibitors:
Antiplateletagents are the mainstay of pharmacological treatment
in patients presenting with an AMI, the novel and potentially
relevant drug-drug interaction (DDI) between morphine and
oral P2Y12 receptor inhibitors indicate that co-administration of
morphine should be avoided, if possible. As the DDI being mainly
attributed to morphine delay effect of oral absorption of P2Y12
receptor inhibitors, crushing prasugrel and ticagrelor tablets may
result in a better pharmacokinetic as was reported of crushed
clopidogrel in a healthy volunteers study. 300 mg clopidogrel was
administered and crushed via a nasogastric tube this resulted in
a faster and greater bioavailability of the drug compared with
whole tablets [77]. The same results were reported from The
MO]JITO (Mashed Or Just Integral pill of TicagrelOr) study [78].
The study revealed that crushed ticagrelor tablet administration
in STEMI patients was feasible and provides earlier platelet
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inhibition compared with standard integral tablets.

Also a study assessing STEMI patients undergoing PPCI (n
= 52) who were treated with a prasugrel 60-mg loading dose
(LD) either as whole or crushed tablets. PK/PD analyses were
performed at 7 time points. The study revealed crushed prasugrel
to lead to faster drug absorption, and consequently, more prompt
and potent antiplatelet effects compared with whole tablet
ingestion. Although the use of morphine was numerically higher
in the crushed group, this did not reach statistical significance.
Also morphine was used in though in 75% of the overall study
population and was not associated with any significant difference
on the primary endpoint. As well as during the overall 24-hours
of study time course, there was no treatment effect by morphine
interaction. Except that it was associated with modestly
reduced exposure to prasugrel active metabolite but not a
pharmacodynamic effect. This may suggest that beside the DDI
other mechanisms may play a major role in the pathophysiology
of delayed absorption of P2Y12 receptor inhibitors in patients
undergoing PCI [79,80].

Cangrelor, an intravenous direct-acting P2Y12 receptor
inhibitor, could be an ideal choice in patients with STEMI
receiving morphine. As it is difficult to achieve adequate platelet
inhibition at the time of PCI with oral agents due absorption delay
that affect the onset of effect of antiplatelet, [V Cangrelor optimize
treatment because it produces nearly maximal inhibition of
platelet aggregation within minutes [81].

It also of mentioning that newer P2Y12 receptor inhibitor
use is associated with a considerable economic burden on some
patients in comparison to generic clopidogrel which also worth
to be considered for cost effectiveness evaluation [82] (Table 2).

CONCLUSION

Almost for a century morphine, an opioid analgesic, had
been the ultimate and most effective management of chest pain
in AMI. Benefits were attributed to its lowering blood pressure,
heart rate and alleivating anxiety, as it is also reported to exert
cardioprotective effects, but still their use lacks supporting
rigorous evidence examining long term outcomes.

The CRUSADE study raised concerns regarding the safety of
using morphine in patients with NSTE ACS emphasizeing the need
for a randomized trials, smaller observations reported neutral
effect of morphine. While pharmacodynamic observations
published in 2013 suggested that the onset of action of prasugrel
and ticagrelor may be delayed by co-administration of morphine,
Morphine-P2Y12 inhibitors DDI was later confirmed by small
RCTs.

The interaction is mainly due Morphine effect of delaying
gastrointestinal motility and thus delaying the absorption of oral
antiplatelets. Other hypothesized theories include, that morphine
sulfate quickly paralyzes cortisol production in opioid-naive
men and women, whilst scientists linked morphine effects to its
histamine releasing effect.

Table 2: Studies regarding antiplatelet use in AMI and effect of morphine.
Authors / Study name Study Design Study Aim Population Results
year
Zafar, M. Urooj, Crushed Clopidogrel A prospective To compare the absorption [N=9 A 300 mg loading dose of crushed
etal; 2009 [77] Administered via open-label of 300 mg clopidogrel healthy clopidogrel administered via NG
Nasogastric Tube Has Faster crossover clinical administered crushed via subjects tube provides faster and greater
and Greater Absorption trail nasogastric (NG) tube versus bioavailability than an equal dose
than Oral Whole Tablets whole tablets taken orally in taken orally as whole tablets
healthy volunteers.
Parodi, Guido, |Comparison of prasugrel arandomized, To evaluate the impact of n=>50 Morphine use is associated with a
etal; 2013 and ticagrelor loading doses 2-arm, prospective increased ticagrelor LD on | STEMI delayed activity of ticagrelor and
[22] in ST-segment elevation study platelet inhibition as prasugrel
myocardial infarction compared with the standard
patients: RAPID (Rapid prasugrel LD.
Activity of Platelet Inhibitor
Drugs) primary PCI study.
Morton, Allison Morphine delays the onset | an open-label, To determine whether n =11 post- Negative impact on pharmacodynamics
C.,etal; 2013  of action of prasugrel in crossover study ~ morphine delays the onset | STEMI of prasugrel.
[85] patients with prior history of action of prasugrel in
of STEMI patients with previous PPCI
for STEMI.
Hobl EL etal; |Morphine decreases arandomized, To examine possible drug- n=24 Negative impact on pharmacokinetics
2014 [7] clopidogrel concentrations | double-blind, drug interaction between healthy and
and effects: a randomized, | controlled trial clopidogrel and morphine subjects pharmacodynamics of clopidogrel
double-blind, placebo-
controlled trial
Parodi, Guido, |Morphine Is Associated patient-level To assess platelet inhibition n =300 Morphine use is associated with
etal; 2015 With a Delayed Activity of |integrated analysis  after a loading dose of STEMI a delayed onset of action of the
[25] Oral Antiplatelet Agents from 5 studies the antiplatelet agents in 32% (95 oral antiplatelet agents. Even after
in Patients With STEMI STEMI patients according to | patients) on|excluding vomiting patients.
Undergoing Primary morphine use. morphine
Percutaneous Coronary
Intervention
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Franchi, Impact of morphine on a post-hoc analysis | To assess the impact n=46 use of morphine alters PK profile and
Francesco, et  pharmacokinetic and of arandomized  of morphine on AMI,35% on delays the PD effects of ticagrelor
al; 2015 [86]  pharmacodynamic profiles study pharmacokinetic morphine
of ticagrelor in patients profiles of ticagrelor. (16
with ST-segment elevation patients)
myocardial infarction
undergoing primary
percutaneous coronary
intervention.
Silvain J etal; Impact of morphine A sub analysis to assess the n=37 Suspected negative impact on
2015 [25] administration on for randomized pharmacodynamic (PD) and STEMI pharmacodynamics of ticagrelor.
ticagrelor-induced platelet | double blind pharmacokinetic (PK) effect
inhibition in ST-elevation  placebo controlled |of ticagrelor pretreatment.
myocardial infarction trial
patients treated by primary
pci: results from the
PRIVATE-ATLANTIC study
Kubica ] etal; |Morphine delays and a single-centre, To assess the influence of IV \n =70 AMI |Morphine delays and attenuates
2015 [26] attenuates ticagrelor randomized, morphine on the ticagrelor exposure (PK) and action
exposure and action in double-blind tria | pharmacokinetics and (PD) in patients with myocardial
patients with myocardial pharmacodynamics of infarction
infarction: the randomized, ticagrelor and its active
double-blind, placebo- metabolite in AMI patients
controlled IMPRESSION
trial
Hobl EL etal; Morphine interaction with randomized, To clarify whether more n=12 Negative impact on pharmacokinetics
2015 [80] prasugrel: a double-blind, | double-blind, potent P2Y12-inhibitors healthy and
cross-over trial in healthy | placebo- may provide an effective subjects neutral on pharmacodynamics of
volunteers controlled, cross- |alternative, we examined prasugrel.
over trial drug-drug interactions
between morphine and
prasugrel.
Parodi, Guido, Ticagrelor crushed tablets |a prospective, to evaluate the superiority |n=82 crushed ticagrelor tablet
etal; 2015 [78] administration in STEMI 4-center, of ticagrelor crushed pills administration in STEMI patients is
patients: the MOJITO study. international, versus integral tablets feasible and provides earlier platelet
randomized, of equal dose in STEMI) inhibition compared with standard
active-controlled  patients integral tablets
study
Hobl EL etal; Morphine decreases randomized, to evaluate the effects n=24 Morphine co-administration
2016 [87] ticagrelor concentrations  double-blind, of morphine on the healthy moderately decreases ticagrelor
but not its antiplatelet controlled, intestinal resorption, subjects plasma concentrations but does not
effects: a randomized trial  crossover trial pharmacokinetics and inhibit its pharmacodynamic effects
in healthy volunteers pharmacodynamics of
ticagrelor
Rollini, Crushed prasugrel tablets | prospective, to determine whether n=52 D Crushed prasugrel leads
Fabiana, etal; in patients with STEMI randomize, open- | crushing prasugrel to faster absorption, and more potent
2016 [79] undergoing primary label study is associated with antiplatelet effects.
percutaneous coronary more favorable drug D Morphine wasn’t associated
intervention: the CRUSH bioavailability and platelet with any significant difference on the
study. inhibitory effects compared primary endpoint.
with whole tablets in STEMI D Morphine was associated
patients undergoing PPCL with modestly reduced exposure to
prasugrel active metabolite but not
a pharmacodynamic effect in the
uncrushed formulation group.

In search for alternatives for morphine in AMI, NSAIDs though
being effective analgesic agents, their use is attenuated due to
their associated cardiovascular events risk, while naproxen was
reported to have minimum risk especially when administered
for a short duration <10 days though still it may inhibit the
cardioprotection of aspirin and thus strictly not recommended
till supporting evidence emerges.

blockers and nitrates at the time of presentation to MI patients
with no contraindications, which may lead to significat pain relief.
Other alternatives as IV acetaminophen, was shown in small
studies to be atleast as equally effective as other analgesics, also
its combination with tramadol could be effective for moderate to
severe pain, as well as afentenyl, though all are not studied yet for
interaction with antiplatelets and use in AML.

It's reasonable to initially administer intravenous beta Modifying route of adminisration of antiplatelets is also
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an alternative associated with better pharmacokinetic profile
for P2Y12 inhibitors, but not a pharmacodynamic effect when
coadministered with morphine suggesting that other mechanisms
may affect the pathophysiology of delayed absorption of P2Y12
inhibitors, which needs further rigorous evaluation.

REFERENCES

1. Thygesen K, Alpert JS, White HD. Joint ESC/ACCF/AHA/WHF Task
Force for the Redefinition of Mpyocardial Infarction. Universal
definition of myocardial infarction. Eur Heart J. 2007; 28: 2525-2538.

2. Herlitz ], Hjalmarson AA, Waagstein F. Treatment of pain in acute
myocardial infarction. Br Heart J. 1989; 61: 9-13.

3. MacKenzie J. Angina pectoris. Oxford (England): Oxford Medical
Publication; 1923.

4. Hamm CW, Bassand JP, Agewall S, Bax ], Boersma E, Bueno H, et al.
ESC guidelines for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation: the
Task Force for the Management of Acute Coronary Syndromes (ACS)
in Patients Presenting Without Persistent ST-Segment Elevation of the
European Society of Cardiology (ESC). Eur Heart J. 2011; 32: 2999-
3054.

5. O’'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de
Lemos JA, et al. 2013 ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation. 2013; 127: 362-425.

6. Meine, Trip ], Roe MT, Chen AY, Patel MR, Washam B, et al. Association
of intravenous morphine use and outcomes in acute coronary
syndromes: results from the CRUSADE Quality Improvement
Initiative. Am Heart J. 2005; 149: 1043-1049.

7. Hobl EL, Stimpfl T, Ebner ], Schoergenhofer C, Derhaschnig U, Sunder-
Plassmann R. Morphine decreases clopidogrel concentrations and
effects: a randomized, double-blind, placebo-controlled trial. ] Am Coll
Cardiol. 2014; 63: 630-635.

8. Slavikova ], Kuncova ], Topolcan O. Plasma catecholamines and
ischemic heart disease. Clin Cardiol. 2007; 30: 326-330.

9. Little RA, Frayn KN, Randall PE, Stoner HB, Morton C, Yates DW, et
al. Plasma catecholamines in the acute phase of the response to
myocardial infarction. Arch Emerg Med. 1986; 3: 20-27.

10.Raphael R, Strayer DS, Rubin E, McDonald JM. Rubin’s pathology:
clinicopathologic foundations of medicine. Lippincott Williams &
Wilkins, 2008.

11.Herrick JB. Landmark article (JAMA 1912). Clinical features of sudden
obstruction of the coronary arteries. By James B. Herrick. JAMA. 1983;
250: 1757-1765.

12.Thomas M, Malmcrona R, Fillmore S, Shillingford ]J. Haemodynamic
effects of morphine in patients with acute myocardial infarction. Br
Heart]. 1965; 27: 863-875.

13.Kerr F, Donald KW. Editorial: Analgesia in myocardial infarction. Br
Heart]. 1974; 36: 117-121.

14.Grendahl H, Hansteen V. The effect of morphine on blood pressure and
cardiac output in patients with acute myocardial infarction. Acta Med
Scand. 1969; 186: 515-517.

15.Alderman EL, Barry WH, Graham AF, Harrison DC. Hemodynamic
effects of morphine and pentazocine differ in cardiac patients. N Engl
] Med. 1972; 287: 623-627.

16.Kopman EA, Ramirez-Inawat RC. Arterial hypoxaemia following
premedication in patients with coronary artery disease. Can Anaesth

Soc].1980; 27: 132-134.

17.Hilfiker O, Larsen R, Brockschnieder B, Sonntag H. Morphine-
banesthesiaQ-coronary blood flow and oxygen consumption in
patients with coronary artery disease. Anaesthesist. 1982; 31: 371 -
376.

18.Puymirat E, Lamhaut L, Bonnet N, Aissaoui N, Henry P, Cayla G, et al.
Correlates of pre-hospital morphine use in ST-elevation myocardial
infarction patients and its association with in-hospital outcomes
and long-term mortality: the FAST-MI (French Registry of Acute ST-
elevation and non-ST-elevation Myocardial Infarction) programme.
Eur Heart]. 2016; 37: 1063-1071.

19.Markiewicz W, Finberg JP, Lichtig C. Morphine increases myocardial
infarction size in rats. Anesth Analg. 1982; 61: 843-846.

20.Schultz JE, Gross GJ. Opioids and cardioprotection. Pharmacol Ther.
2001; 89: 123-137.

21.Gross GJ. Role of opioids in acute and delayed preconditioning. ] Mol
Cell Cardiol. 2003; 35: 709-718.

22.Parodi G, Valenti R, Bellandi B, Migliorini A, Marcucci R, Comito V, et al.
Comparison of prasugrel and ticagrelor loading doses in ST-segment
elevation myocardial infarction patients: RAPID (Rapid Activity of
Platelet Inhibitor Drugs) primary PCI study. ] Am Coll Cardiol. 2013;
61:1601-1606.

23.Parodi G, Bellandi B, Valenti R, Migliorini A, Marcucci R, Carrabba N,
et al. Comparison of double (360 mg) ticagrelor loading dose with
standard (60 mg) prasugrel loading dose in ST-elevation myocardial
infarction patients: the Rapid Activity of Platelet Inhibitor Drugs
(RAPID) primary PCI 2 study. Am Heart J. 2014; 167: 909-914.

24.Parodi G, Bellandi B, Xanthopoulou I, Capranzano P, Capodanno D,
Valenti R, et al. Morphine is associated with a delayed activity of oral
antiplatelet agents in patients with ST-elevation acute myocardial
infarction undergoing primary percutaneous coronary intervention.
Circ Cardiovasc Interv. 2015; 8: 001593.

25.Montalescot G, van ‘t Hof AW, Lapostolle F, Silvain ], Lassen JF,
Bolognese L, et al. Prehospital ticagrelor in ST-segment elevation
myocardial infarction. N Engl ] Med. 2014; 371: 1016-1027.

26.Kubica J, Adamski P, Ostrowska M, Sikora ], Kubica JM, Sroka WD.
Morphine delays and attenuates ticagrelor exposure and action in
patients with myocardial infarction: the randomized, double-blind,
placebo-controlled IMPRESSION trial. Eur Heart J. 2016; 37: 245-252.

27.De Waha S, Eitel I, Desch S, Fuernau G, Lurz P, Urban D, et al.
Intravenous morphine administration and reperfusion success in
ST-elevation myocardial infarction: insights from cardiac magnetic
resonance imaging. Clin Res Cardiol. 2015; 104: 727-734.

28.Alexopoulos D, Bhatt DL, Hamm CW, Steg PG, Stone GW. Early P2Y12
inhibition in ST-segment elevation myocardial infarction: Bridging the
gap. Am Heart]. 2015; 170: 3-12.

29.Holzer P. Opioid receptors in the gastrointestinal tract. Regul Pept.
2009; 155: 11-17.

30.Kubica J, Kubica A, Jilma B, Adamski P, Hobl EL, Navarese EP, et al.
Impact of morphine on antiplatelet effects of oral P2Y12 receptor
inhibitors. Int ] Cardiol. 2016; 215: 201-208.

31.Rainey PM, Friedland G, McCance-Katz EF, Andrews L, Mitchell
SM, Charles C, et al. Interaction of methadone with didanosine and
stavudine. ] Acquir Immune Defic Syndr. 2000; 24: 241-248.

32.Abs R, Verhelst ], Maeyaert ], Van Buyten JP, Opsomer F, Adriaensen H,
et al. Endocrine consequences of long-term intrathecal administration
of opioids. ] Clin Endocrinol Metab. 2000; 85: 2215-2222.

33.Zis AP, Haskett RF, Albala AA, Carroll B]. Morphine inhibits cortisol and

J Cardiol Clin Res 4(4): 1067 (2016)

9/11


http://www.ncbi.nlm.nih.gov/pubmed/17951287
http://www.ncbi.nlm.nih.gov/pubmed/17951287
http://www.ncbi.nlm.nih.gov/pubmed/17951287
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1216614/pdf/brheartj00061-0017.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1216614/pdf/brheartj00061-0017.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/21873419
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/23247304
http://www.ncbi.nlm.nih.gov/pubmed/15976786
http://www.ncbi.nlm.nih.gov/pubmed/15976786
http://www.ncbi.nlm.nih.gov/pubmed/15976786
http://www.ncbi.nlm.nih.gov/pubmed/15976786
http://www.ncbi.nlm.nih.gov/pubmed/24315907
http://www.ncbi.nlm.nih.gov/pubmed/24315907
http://www.ncbi.nlm.nih.gov/pubmed/24315907
http://www.ncbi.nlm.nih.gov/pubmed/24315907
http://www.ncbi.nlm.nih.gov/pubmed/17674373
http://www.ncbi.nlm.nih.gov/pubmed/17674373
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://books.google.co.in/books?vid=ISBN0781795168&redir_esc=y
https://books.google.co.in/books?vid=ISBN0781795168&redir_esc=y
https://books.google.co.in/books?vid=ISBN0781795168&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/6350634
http://www.ncbi.nlm.nih.gov/pubmed/6350634
http://www.ncbi.nlm.nih.gov/pubmed/6350634
http://www.ncbi.nlm.nih.gov/pubmed/5323430
http://www.ncbi.nlm.nih.gov/pubmed/5323430
http://www.ncbi.nlm.nih.gov/pubmed/5323430
http://heart.bmj.com/content/36/2/117.full.pdf
http://heart.bmj.com/content/36/2/117.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/4910015
http://www.ncbi.nlm.nih.gov/pubmed/4910015
http://www.ncbi.nlm.nih.gov/pubmed/4910015
http://www.ncbi.nlm.nih.gov/pubmed/4561828
http://www.ncbi.nlm.nih.gov/pubmed/4561828
http://www.ncbi.nlm.nih.gov/pubmed/4561828
http://www.ncbi.nlm.nih.gov/pubmed/6767539
http://www.ncbi.nlm.nih.gov/pubmed/6767539
http://www.ncbi.nlm.nih.gov/pubmed/6767539
http://www.ncbi.nlm.nih.gov/pubmed/6982637
http://www.ncbi.nlm.nih.gov/pubmed/6982637
http://www.ncbi.nlm.nih.gov/pubmed/6982637
http://www.ncbi.nlm.nih.gov/pubmed/6982637
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/26578201
http://www.ncbi.nlm.nih.gov/pubmed/7125250
http://www.ncbi.nlm.nih.gov/pubmed/7125250
http://www.ncbi.nlm.nih.gov/pubmed/11316516
http://www.ncbi.nlm.nih.gov/pubmed/11316516
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/23500251
http://www.ncbi.nlm.nih.gov/pubmed/23500251
http://www.ncbi.nlm.nih.gov/pubmed/23500251
http://www.ncbi.nlm.nih.gov/pubmed/23500251
http://www.ncbi.nlm.nih.gov/pubmed/23500251
http://www.ncbi.nlm.nih.gov/pubmed/24890542
http://www.ncbi.nlm.nih.gov/pubmed/24890542
http://www.ncbi.nlm.nih.gov/pubmed/24890542
http://www.ncbi.nlm.nih.gov/pubmed/24890542
http://www.ncbi.nlm.nih.gov/pubmed/24890542
http://www.ncbi.nlm.nih.gov/pubmed/25552565
http://www.ncbi.nlm.nih.gov/pubmed/25552565
http://www.ncbi.nlm.nih.gov/pubmed/25552565
http://www.ncbi.nlm.nih.gov/pubmed/25552565
http://www.ncbi.nlm.nih.gov/pubmed/25552565
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/26491112
http://www.ncbi.nlm.nih.gov/pubmed/26491112
http://www.ncbi.nlm.nih.gov/pubmed/26491112
http://www.ncbi.nlm.nih.gov/pubmed/26491112
http://www.ncbi.nlm.nih.gov/pubmed/25725777
http://www.ncbi.nlm.nih.gov/pubmed/25725777
http://www.ncbi.nlm.nih.gov/pubmed/25725777
http://www.ncbi.nlm.nih.gov/pubmed/25725777
http://www.ncbi.nlm.nih.gov/pubmed/26093859
http://www.ncbi.nlm.nih.gov/pubmed/26093859
http://www.ncbi.nlm.nih.gov/pubmed/26093859
http://www.ncbi.nlm.nih.gov/pubmed/19345246
http://www.ncbi.nlm.nih.gov/pubmed/19345246
http://www.ncbi.nlm.nih.gov/pubmed/27128531
http://www.ncbi.nlm.nih.gov/pubmed/27128531
http://www.ncbi.nlm.nih.gov/pubmed/27128531
http://www.ncbi.nlm.nih.gov/pubmed/10969348
http://www.ncbi.nlm.nih.gov/pubmed/10969348
http://www.ncbi.nlm.nih.gov/pubmed/10969348
http://www.ncbi.nlm.nih.gov/pubmed/10852454
http://www.ncbi.nlm.nih.gov/pubmed/10852454
http://www.ncbi.nlm.nih.gov/pubmed/10852454
http://www.ncbi.nlm.nih.gov/pubmed/6514937

@SCil\/ledCentrai

Basgut et al. (2016)
Email: bilgenbasgut@gmail.com

stimulates prolactin secretion in man. Psychoneuroendocrinology.
1984;9: 423-427.

34.Rittmaster RS, Cutler Jr GB, Sobel DO, Goldstein DS, Koppelman MC,
Loriaux DL, et al. Morphine inhibits the pituitary-adrenal response
to ovine corticotropin-releasing hormone in normal subjects. J Clin
Endocrinol Metab 1985; 60: 891- 895.

35.Daniell HW. Letter to the Editor. AHJ. 2005; 150: e1.

36.Zhang N, Chen K, Rha SW, Li G, Liu T. Morphine in the setting of acute
myocardial infarction: pros and cons. Am ] Emerg Med. 2016; 34: 746-
748.

37.Mc Carthy CP, Mullins KV, Sidhu SS, Schulman SP, Mc Evoy JW. The
on- and off-target effects of morphine in acute coronary syndrome: A
narrative review. Am Heart ]. 2016; 176: 114-121.

38.Shekelle P, Eccles MP, Grimshaw JM, Woolf SH. When should clinical
guidelines be updated? 2001; 323: 155-157.

39.Keller DL. Ketorolac use in acute coronary syndromes. Am ] Med.
2013; 126: 15.

40.Bressan MA, Costantini M, Klersy C, Marangoni E, Meardi G, Panciroli
C, et al. Analgesic treatment in acute myocardial infarction: a
comparison between indoprofen and morphine by a double-blind
randomized pilot study. Int ] Clin Pharmacol Ther Toxicol. 1985; 23:
668-672.

41.Antman EM, Bennett JS, Daugherty A, Furberg C, Roberts H, Taubert
KA, et al. Use of nonsteroidal antiinflammatory drugs an update for
clinicians: a scientific statement from the American Heart Association.
Circulation. 2007; 115: 1634-1642.

42.Capone ML, Tacconelli S, Di Francesco L, Sacchetti A, Sciulli MG,
Patrignani P, et al. Pharmacodynamic of cyclooxygenase inhibitors in
humans. Prostaglandins Other Lipid Mediat. 2007; 82: 85-94.

43.Fitz Gerald GA, Patrono C. The coxibs, selective inhibitors of
cyclooxygenase-2. N Engl ] Med. 2001; 345: 433-442.

44.Schnitzer TJ. Update on guidelines for the treatment of chronic
musculoskeletal pain. Rheumatol. 2006; 25: 22-29.

45.US Food and Drug Administration. FDA briefing document on
nonsteroidal anti-inflammatory drugs and cardiovascular thrombotic
risk. Joint Meeting of the Arthritis Advisory Committee and the Drug
Safety and Risk Management, Advisory Committee.2014: 10-11.

46.Salvo F, Antoniazzi S, Duong M, Molimard M, Bazin F, Fourrier-Réglat
A, et al. Cardiovascular events associated with the long-term use of
NSAIDs: a review of randomized controlled trials and observational
studies. Expert Opin Drug Saf. 2014; 13: 573-585.

47.Aminoshariae A, Kulild JC, Donaldson M. Short-term use of non
steroidal anti-inflammatory drugs and adverse effects: An updated
systematic review. ] Am Dent Assoc. 2016; 147: 98-110.

48.Kearney PM, Baigent C, Godwin ], Halls H, Emberson ]JR, Patrono
C, et al. Do selective cyclo-oxygenase-2 inhibitors and traditional
non-steroidal anti-inflammatory drugs increase the risk of
atherothrombosis? Meta-analysis of randomised trials. BM]. 2006;
332:1302-1308.

49.McGettigan P, Henry D. Cardiovascular risk with non-steroidal
anti-inflammatory drugs: systematic review of population-based
controlled observational studies. PLoS Med. 2011; 8: 1001098.

50.Trelle S, Reichenbach S, Wandel S, Hildebrand P, Tschannen B, Villiger
PM, et al. Cardiovascular safety of non-steroidal anti-inflammatory
drugs: network meta-analysis. BM]J. 2011; 342: 7086.

51.Schjerning Olsen AM, Fosbgl EL, Lindhardsen ], Folke F, Charlot
M, Selmer C, et al. Duration of treatment with nonsteroidal anti-

inflammatory drugs and impact on risk of death and recurrent
myocardial infarction in patients with prior myocardial infarction: a
nationwide cohort study. 2011; 123: 2226-2235.

52.Coxib and traditional NSAID Trialists’ (CNT) Collaboration, Bhala N,
Emberson ], Merhi A, Abramson S, Arber N, et al. Vascular and upper
gastrointestinal effects of non-steroidal anti-inflammatory drugs:
meta-analyses of individual participant data from randomised trials.
Lancet. 2013; 382: 769-779.

53.Bello AE, Holt R]. Cardiovascular risk with non-steroidal anti-
inflammatory drugs: clinical implications. Drug Saf. 2014; 37: 897-
902.

54.Schjerning Olsen AM, Gislason GH, McGettigan P, Fosbgl E, Sgrensen R,
Hansen ML, et al. Association of NSAID use with risk of bleeding and
cardiovascular events in patients receiving antithrombotic therapy
after myocardial infarction. JAMA. 2015; 313: 805-814.

55.Gupta R, Haydock T. Analgesia for acute myocardial infarction pain.
Ann Emerg Med. 2003; 41: 753-754.

56.Amsterdam Ezra A. 2014 AHA/ACC guideline for the management of
patients with non-ST-elevation acute coronary syndromes: a report
of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Journal of the American College of
Cardiology 64.24. 2014; 139-228.

57.Everts B, Karlson B, Abdon NJ, Herlitz ], Hedner T. A comparison of
metoprolol and morphine in the treatment of chest pain in patients
with suspected acute myocardial infarction-the MEMO study. ] Intern
Med. 1999; 245: 133-141.

58.Yusuf S, Collins R, MacMahon S, Peto R. Effect of intravenous nitrates
on mortality in acute myocardial infarction: an overview of the
randomised trials. Lancet. 1988; 1: 1088-1092.

59.Engelberg S, Singer AJ, Moldashel ], Sciammarella ], Thode HC, Henry
M, et al. Effects of prehospital nitroglycerin on hemodynamics and
chest pain intensity. Prehosp Emerg Care. 2000; 4: 290-293.

60.Siddiqi N, Neil C, Bruce M, MacLennan G, Cotton S, Papadopoulou S,
et al. Intravenous sodium nitrite in acute ST-elevation myocardial
infarction: a randomized controlled trial (NIAMI). Eur Heart J. 2014;
35:1255-1262.

61.Graham GG, Davies M], Day RO, Mohamudally A, Scott KF. The modern
pharmacology of paracetamol: therapeutic actions, mechanism of
action, metabolism, toxicity and recent pharmacological findings.
Inflammopharmacology. 2013; 21: 201-232.

62.Sin B, Wai M, Tatunchak T, Motov SM. The Use of Intravenous
Acetaminophen for Acute Pain in the Emergency Department. Acad
Emerg Med. 2016; 23: 543-553.

63.Fulton RL, Walters MR, Morton R, Touyz RM, Dominiczak AF, Morrison
DS, et al. Acetaminophen use and risk of myocardial infarction and
stroke in a hypertensive cohort. Hypertension. 2015; 65: 1008-1014.

64.Drewes AM, Jensen RD, Nielsen LM, Droney ], Christrup LL, Arendt-
Nielsen L, et al. Differences between opioids: pharmacological,
experimental, clinical and economical perspectives. British Journal of
Clinical Pharmacology. 2013; 75: 60-78.

65.Kanowitz A, Dunn TM, Kanowitz EM, Dunn WW, Vanbuskirk K. Safety
and effectiveness of fentanyl administration for prehospital pain
management. Prehosp Emerg Care. 2006; 10: 1-7.

66.Janson, Paul. View point: Opiates May All be Equal, but They Are Not
All the Same. Emergency Medicine News. 2016; 38: 3-7.

67.Silfvast T, Saarnivaara L. Comparison of alfentanil and morphine in
the prehospital treatment of patients with acute ischaemic-type chest

J Cardiol Clin Res 4(4): 1067 (2016)

10/11


http://www.ncbi.nlm.nih.gov/pubmed/6514937
http://www.ncbi.nlm.nih.gov/pubmed/6514937
http://www.ncbi.nlm.nih.gov/pubmed/2984235
http://www.ncbi.nlm.nih.gov/pubmed/2984235
http://www.ncbi.nlm.nih.gov/pubmed/2984235
http://www.ncbi.nlm.nih.gov/pubmed/2984235
http://www.ahjonline.com/article/S0002-8703(05)00803-3/references
http://www.ncbi.nlm.nih.gov/pubmed/26874396
http://www.ncbi.nlm.nih.gov/pubmed/26874396
http://www.ncbi.nlm.nih.gov/pubmed/26874396
http://www.ncbi.nlm.nih.gov/pubmed/27264228
http://www.ncbi.nlm.nih.gov/pubmed/27264228
http://www.ncbi.nlm.nih.gov/pubmed/27264228
http://www.ncbi.nlm.nih.gov/pubmed/11463690
http://www.ncbi.nlm.nih.gov/pubmed/11463690
http://www.ncbi.nlm.nih.gov/pubmed/23582941
http://www.ncbi.nlm.nih.gov/pubmed/23582941
http://www.ncbi.nlm.nih.gov/pubmed/3912334
http://www.ncbi.nlm.nih.gov/pubmed/3912334
http://www.ncbi.nlm.nih.gov/pubmed/3912334
http://www.ncbi.nlm.nih.gov/pubmed/3912334
http://www.ncbi.nlm.nih.gov/pubmed/3912334
http://www.ncbi.nlm.nih.gov/pubmed/17325246
http://www.ncbi.nlm.nih.gov/pubmed/17325246
http://www.ncbi.nlm.nih.gov/pubmed/17325246
http://www.ncbi.nlm.nih.gov/pubmed/17325246
http://www.ncbi.nlm.nih.gov/pubmed/17164136
http://www.ncbi.nlm.nih.gov/pubmed/17164136
http://www.ncbi.nlm.nih.gov/pubmed/17164136
http://www.ncbi.nlm.nih.gov/pubmed/11496855
http://www.ncbi.nlm.nih.gov/pubmed/11496855
http://www.ncbi.nlm.nih.gov/pubmed/16741783
http://www.ncbi.nlm.nih.gov/pubmed/16741783
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ArthritisAdvisoryCommittee/UCM383180.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ArthritisAdvisoryCommittee/UCM383180.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ArthritisAdvisoryCommittee/UCM383180.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ArthritisAdvisoryCommittee/UCM383180.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24697248
http://www.ncbi.nlm.nih.gov/pubmed/24697248
http://www.ncbi.nlm.nih.gov/pubmed/24697248
http://www.ncbi.nlm.nih.gov/pubmed/24697248
http://www.ncbi.nlm.nih.gov/pubmed/26562732
http://www.ncbi.nlm.nih.gov/pubmed/26562732
http://www.ncbi.nlm.nih.gov/pubmed/26562732
http://www.ncbi.nlm.nih.gov/pubmed/16740558
http://www.ncbi.nlm.nih.gov/pubmed/16740558
http://www.ncbi.nlm.nih.gov/pubmed/16740558
http://www.ncbi.nlm.nih.gov/pubmed/16740558
http://www.ncbi.nlm.nih.gov/pubmed/16740558
http://www.ncbi.nlm.nih.gov/pubmed/21980265
http://www.ncbi.nlm.nih.gov/pubmed/21980265
http://www.ncbi.nlm.nih.gov/pubmed/21980265
http://www.ncbi.nlm.nih.gov/pubmed/21224324
http://www.ncbi.nlm.nih.gov/pubmed/21224324
http://www.ncbi.nlm.nih.gov/pubmed/21224324
http://www.ncbi.nlm.nih.gov/pubmed/21555710
http://www.ncbi.nlm.nih.gov/pubmed/21555710
http://www.ncbi.nlm.nih.gov/pubmed/21555710
http://www.ncbi.nlm.nih.gov/pubmed/21555710
http://www.ncbi.nlm.nih.gov/pubmed/21555710
http://www.ncbi.nlm.nih.gov/pubmed/23726390
http://www.ncbi.nlm.nih.gov/pubmed/23726390
http://www.ncbi.nlm.nih.gov/pubmed/23726390
http://www.ncbi.nlm.nih.gov/pubmed/23726390
http://www.ncbi.nlm.nih.gov/pubmed/23726390
http://www.ncbi.nlm.nih.gov/pubmed/25079141
http://www.ncbi.nlm.nih.gov/pubmed/25079141
http://www.ncbi.nlm.nih.gov/pubmed/25079141
http://www.ncbi.nlm.nih.gov/pubmed/25710657
http://www.ncbi.nlm.nih.gov/pubmed/25710657
http://www.ncbi.nlm.nih.gov/pubmed/25710657
http://www.ncbi.nlm.nih.gov/pubmed/25710657
http://www.ncbi.nlm.nih.gov/pubmed/12744246
http://www.ncbi.nlm.nih.gov/pubmed/12744246
http://www.ncbi.nlm.nih.gov/pubmed/10081516
http://www.ncbi.nlm.nih.gov/pubmed/10081516
http://www.ncbi.nlm.nih.gov/pubmed/10081516
http://www.ncbi.nlm.nih.gov/pubmed/10081516
http://www.ncbi.nlm.nih.gov/pubmed/2896919
http://www.ncbi.nlm.nih.gov/pubmed/2896919
http://www.ncbi.nlm.nih.gov/pubmed/2896919
http://www.ncbi.nlm.nih.gov/pubmed/11045405
http://www.ncbi.nlm.nih.gov/pubmed/11045405
http://www.ncbi.nlm.nih.gov/pubmed/11045405
http://www.ncbi.nlm.nih.gov/pubmed/24639423
http://www.ncbi.nlm.nih.gov/pubmed/24639423
http://www.ncbi.nlm.nih.gov/pubmed/24639423
http://www.ncbi.nlm.nih.gov/pubmed/24639423
http://www.ncbi.nlm.nih.gov/pubmed/23719833
http://www.ncbi.nlm.nih.gov/pubmed/23719833
http://www.ncbi.nlm.nih.gov/pubmed/23719833
http://www.ncbi.nlm.nih.gov/pubmed/23719833
http://www.ncbi.nlm.nih.gov/pubmed/26824905
http://www.ncbi.nlm.nih.gov/pubmed/26824905
http://www.ncbi.nlm.nih.gov/pubmed/26824905
http://www.ncbi.nlm.nih.gov/pubmed/25801870
http://www.ncbi.nlm.nih.gov/pubmed/25801870
http://www.ncbi.nlm.nih.gov/pubmed/25801870
http://www.ncbi.nlm.nih.gov/pubmed/22554450
http://www.ncbi.nlm.nih.gov/pubmed/22554450
http://www.ncbi.nlm.nih.gov/pubmed/22554450
http://www.ncbi.nlm.nih.gov/pubmed/22554450
http://www.ncbi.nlm.nih.gov/pubmed/16418084
http://www.ncbi.nlm.nih.gov/pubmed/16418084
http://www.ncbi.nlm.nih.gov/pubmed/16418084
http://journals.lww.com/em-news/Fulltext/2016/05000/Viewpoint__Opiates_May_All_be_Equal,_but_They_Are.17.aspx
http://journals.lww.com/em-news/Fulltext/2016/05000/Viewpoint__Opiates_May_All_be_Equal,_but_They_Are.17.aspx
http://www.ncbi.nlm.nih.gov/pubmed/11785593
http://www.ncbi.nlm.nih.gov/pubmed/11785593

@SCiMGdCentrai

Basgut et al. (2016)
Email: bilgenbasgut@gmail.com

pain. Eur ] Emerg Med. 2001; 8: 275-278.

68.Rickard C, O'Meara P, McGrail M, Garner D, McLean A, Le Lievre P. et
al. A randomized controlled trial of intranasal fentanyl vs intravenous
morphine for analgesia in the prehospital setting. Am ] Emerg Med.
2007; 25:911-917.

69.Lewis KS, Han NH. Tramadol: a new centrally acting analgesic. Am ]
Health Syst Pharm. 1997; 54: 643-652.

70.Vergnion M, Degesves S, Garcet L, Magotteaux V. Tramadol, an
alternative to morphine for treating posttraumatic pain in the
prehospital situation. Anesth Analg. 2001; 92: 1543-1546.

71.Wilder-Smith CH, Hill L, Osler W, O’Keefe S. Effect of tramadol and
morphine on pain and gastrointestinal motor function in patients with
chronic pancreatitis. Dig Dis Sci. 1999; 44: 1107-1116.

72.Close BR. Tramadol: does it have arole in emergency medicine? Emerg
Med Australas. 2005; 17: 73-83.

73.Sawaddiruk, P. Tramadol hydrochloride/acetaminophen combination
for the relief of acute pain. Drugs Today (Barc). 2011; 47: 763-772.

74.Smith HS, Laufer A. Opioid induced nausea and vomiting. Eur ]
Pharmacol. 2014; 722: 67-78.

75.Kress HG. Tapentadol and its two mechanisms of action: is there a new
pharmacological class of centrally-acting analgesics on the horizon?
Eur ] Pain. 2010; 14: 781-783.

76.Jeong ID, Camilleri M, Shin A, Iturrino ], Boldingh A, Busciglio I, et
al. A randomised, placebo-controlled trial comparing the effects of
tapentadol and oxycodone on gastrointestinal and colonic transit in
healthy humans. Aliment Pharmacol Ther. 2012; 35: 1088-1096.

77.Zafar MU, Farkouh ME, Fuster V, Chesebro JH. Crushed Clopidogrel
Administered via Nasogastric Tube Has Faster and Greater Absorption
than Oral Whole Tablets. ] Interv Cardiol. 22: 385-389.

78.Parodi G, Xanthopoulou I, Bellandi B, Gkizas V, Valenti R, Karanikas S,
et al. Ticagrelor crushed tablets administration in STEMI patients: the
MOJITO study. ] Am Coll Cardiol. 2015; 65: 511-512.

Cite this article

79.Rollini F, Franchi F, Hu ], Kureti M, Aggarwal N, Durairaj A, et al.
Crushed prasugrel tablets in patients with STEMI undergoing primary
percutaneous coronary intervention: the CRUSH study. ] Am Coll
Cardiol. 2016; 67: 1994-2004.

80.Hobl, Eva-Luise. Morphine interaction with prasugrel: a double-blind,
cross-over trial in healthy volunteers. Clinical Research in Cardiology.
2015: 1-7.

81.Cohen MV, Downey JM. Combined Cardioprotectant and
Antithrombotic Actions of Platelet P2Y12 Receptor Antagonists in
Acute Coronary Syndrome Just What the Doctor Ordered. ] Cardiovasc
Pharmacol Ther. 2014; 19: 179-190.

82.Fanari Z, Weiss S, Weintraub WS. Cost Effectiveness of Antiplatelet and
Antithrombotic Therapy in the Setting of Acute Coronary Syndrome:
Current Perspective and Literature Review. Am ] Cardiovasc Drugs.
2015; 6: 415-427.

83.Iakobishvili Z, Porter A, Battler A, Behar S, Roth A, Atar S, et al. Effect
of narcotic treatment on outcomes of acute coronary syndromes. Am ]
Cardiol. 2010; 105: 912-916.

84.Parodi, Guido. Chest pain relief in patients with acute myocardial
infarction. European Heart Journal: Acute Cardiovascular Care. 2015:
2048872615584078.

85.Morton, Allison C. Morphine delays the onset of action of
prasugrel in patients with prior history of St Elevation Myocardial
Infarction. Circulation. 2013; 128: 11449.

86.Francesco F, Rollini F, Cho JR, Bhatti M, Degroat C, Ferrante E, et al.
Impact of morphine on pharmacokinetic and pharmacodynamic
profiles of ticagrelor in patients with ST-segment elevation
myocardial infarction undergoing primary percutaneous coronary
intervention. JACC. 2015; 65: 10.

87.Hobl EL, Reiter B, Schoergenhofer C, Schwameis M, Derhaschnig U,
Kubica ], et al. Morphine decreases ticagrelor concentrations but not
its antiplatelet effects: a randomized trial in healthy volunteers. Eur ]
Clin Invest. 2016; 46: 7-14.

Abdikarim ABDI, Basgut B (2016) An Evidence-Based Review of Pain Management in Acute Myocardial Infarction. J Cardiol Clin Res 4(4): 1067.

J Cardiol Clin Res 4(4): 1067 (2016)

11/11


http://www.ncbi.nlm.nih.gov/pubmed/11785593
http://www.ncbi.nlm.nih.gov/pubmed/17920976
http://www.ncbi.nlm.nih.gov/pubmed/17920976
http://www.ncbi.nlm.nih.gov/pubmed/17920976
http://www.ncbi.nlm.nih.gov/pubmed/17920976
http://www.ncbi.nlm.nih.gov/pubmed/9075493
http://www.ncbi.nlm.nih.gov/pubmed/9075493
http://www.ncbi.nlm.nih.gov/pubmed/11375843
http://www.ncbi.nlm.nih.gov/pubmed/11375843
http://www.ncbi.nlm.nih.gov/pubmed/11375843
http://www.ncbi.nlm.nih.gov/pubmed/10389680
http://www.ncbi.nlm.nih.gov/pubmed/10389680
http://www.ncbi.nlm.nih.gov/pubmed/10389680
http://www.ncbi.nlm.nih.gov/pubmed/15675908
http://www.ncbi.nlm.nih.gov/pubmed/15675908
http://www.ncbi.nlm.nih.gov/pubmed/22076491
http://www.ncbi.nlm.nih.gov/pubmed/22076491
http://www.sciencedirect.com/science/article/pii/S0014299913007711
http://www.sciencedirect.com/science/article/pii/S0014299913007711
http://www.ncbi.nlm.nih.gov/pubmed/20659810
http://www.ncbi.nlm.nih.gov/pubmed/20659810
http://www.ncbi.nlm.nih.gov/pubmed/20659810
http://www.ncbi.nlm.nih.gov/pubmed/22348605
http://www.ncbi.nlm.nih.gov/pubmed/22348605
http://www.ncbi.nlm.nih.gov/pubmed/22348605
http://www.ncbi.nlm.nih.gov/pubmed/22348605
http://www.ncbi.nlm.nih.gov/pubmed/19496900
http://www.ncbi.nlm.nih.gov/pubmed/19496900
http://www.ncbi.nlm.nih.gov/pubmed/19496900
http://www.ncbi.nlm.nih.gov/pubmed/25660931
http://www.ncbi.nlm.nih.gov/pubmed/25660931
http://www.ncbi.nlm.nih.gov/pubmed/25660931
http://www.ncbi.nlm.nih.gov/pubmed/27012781
http://www.ncbi.nlm.nih.gov/pubmed/27012781
http://www.ncbi.nlm.nih.gov/pubmed/27012781
http://www.ncbi.nlm.nih.gov/pubmed/27012781
http://www.ncbi.nlm.nih.gov/pubmed/24298192
http://www.ncbi.nlm.nih.gov/pubmed/24298192
http://www.ncbi.nlm.nih.gov/pubmed/24298192
http://www.ncbi.nlm.nih.gov/pubmed/24298192
http://www.ncbi.nlm.nih.gov/pubmed/26068886
http://www.ncbi.nlm.nih.gov/pubmed/26068886
http://www.ncbi.nlm.nih.gov/pubmed/26068886
http://www.ncbi.nlm.nih.gov/pubmed/26068886
http://www.ncbi.nlm.nih.gov/pubmed/20346305
http://www.ncbi.nlm.nih.gov/pubmed/20346305
http://www.ncbi.nlm.nih.gov/pubmed/20346305
http://acc.sagepub.com/content/early/2015/04/20/2048872615584078
http://acc.sagepub.com/content/early/2015/04/20/2048872615584078
http://acc.sagepub.com/content/early/2015/04/20/2048872615584078
http://circ.ahajournals.org/content/128/Suppl_22/A11449
http://circ.ahajournals.org/content/128/Suppl_22/A11449
http://circ.ahajournals.org/content/128/Suppl_22/A11449
http://content.onlinejacc.org/article.aspx?articleid=2198891
http://content.onlinejacc.org/article.aspx?articleid=2198891
http://content.onlinejacc.org/article.aspx?articleid=2198891
http://content.onlinejacc.org/article.aspx?articleid=2198891
http://content.onlinejacc.org/article.aspx?articleid=2198891
http://www.ncbi.nlm.nih.gov/pubmed/26449338
http://www.ncbi.nlm.nih.gov/pubmed/26449338
http://www.ncbi.nlm.nih.gov/pubmed/26449338
http://www.ncbi.nlm.nih.gov/pubmed/26449338

	An Evidence-Based Review of Pain Management in Acute Myocardial Infarction
	Abstract
	Introduction
	Ischemic pain of acute myocardial infarction
	Concerns around morphine use 
	Mechanisms and hypothesis behind morphine associated negative outcomes
	Suggested alternatives for analgesia in acute MI 
	Non-steroidal antiinflammatory drugs (NSAIDs) 
	Five alternative strategies for analgesia in AMI 

	Conclusion
	References

