

















Risk Ratio Risk Ratio
Study or Subgroup  Weight 1V, Random, 95% CI IV, Random, 95% CI
RCTs
Bressan 1985 0.2% 1.00 [0.02, 48.09]
Everts 1999 1.7% 1.93[0.49, 7.54] ]
Kubica 2015 0.3% 3.00[0.13, 71.22]
Subtotal (95% CI) 2.2% 1.93 [0.59, 6.35] i

Heterogeneity: Tau? = 0.00; Chi2 =0.19, df =2 (P = 0.91); I?= 0%
Test for overall effect: Z = 1.08 (P = 0.28)

Observational studies

Bellandi 2016 1.3% 1.46 [0.30, 7.03]
Bonin 2018 7.0% 1.09[0.56, 2.12]
Farag 2017 1.5% 3.39[0.80, 14.27]
Grendhal 1969 0.2% 1.00[0.02, 46.05]
Johnson 2015 0.2% 0.33[0.01, 16.40]
Meine 2005 86.3% 1.20[0.99, 1.45]
Puymirat 2015 1.4% 0.66 [0.15, 2.93]
Subtotal (95% CI) 97.8% 1.20 [1.00, 1.43]

Heterogeneity: Tau? = 0.00; Chi? = 3.18, df =6 (P = 0.79); I>= 0%
Test for overall effect: Z = 2.01 (P = 0.04)

Total (95% Cl) 100.0% 1.21[1.02, 1.45]
Heterogeneity: Tau? = 0.00; Chi? = 3.97, df =9 (P = 0.91); I?=0%
Test for overall effect: Z =2.15 (P = 0.03)
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Test for subgroup differences: Chi? = 0.60, df = 1 (P = 0.44), 1= 0%

Figure 3 Forest plot of MACE (major adverse cardiovascular events) according to morphine use, subgroups according to
study design. IV, inverse variance; RCTs, randomised controlled trails.

method at both 1 hour (MD 27.80, 95% CI 16.03 to 39.57,
1’=24%) and 2 hours after morphine administration (MD
19.99, 95% CI 1.52 to 38.46, 1°=82%).

Additional outcomes

We found no differences associated with morphine use,
namely regarding the risk of cardiogenic shock (RR 1.48;
95% CI11.00to 2.18; I2=O%), heart failure (RR 1.17;95% CI
0.91 to 1.51; I2=33%), hypotension (RR 0.93; 95% CI 0.49
to 1.74; I°=5%), nausea/emesis (RR 1.84; 95% CI 0.80 to
4.93; 1°=44%), respiratory insufficiency (RR 0.77; 95% CI

0.31 to 1.91; 1’=0%) or stent thrombosis (RR 1.13; 95% CI
0.67 to 1.92; I°=0%) (online supplementary material).

DISCUSSION

Our main findings were as follows: (1) morphine was asso-
ciated with an increased risk of in-hospital mortality and
MACE; however, high risk of bias led to low confidence
in the results; (2) morphine decreased the antiplatelet
effect of P2Y12 inhibitors in the first hours of ACS, and

Figure 4 Forest plot of platelet reactivity at 1 hour postmorphine administration, using the VerifyNow method, subgroups
according to study design.lV, inverse variance; RCTs, randomised controlled trails.
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Morphine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
RCTs
Kubica 2015 141.8 164.6 35 457 824 35 26.3% 96.10[35.12, 157.08] L
Thomas 2016 104 81 6 26 27 6 20.9% 78.00[9.68, 146.32] I
Subtotal (95% CI) 41 41  47.2% 88.07 [42.58, 133.57] i
Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (P = 0.70); I = 0%
Test for overall effect: Z = 3.79 (P = 0.0001)
Observational studies
Bellandi 2016 182 109 32 119 118 32 31.6% 63.00[7.34, 118.66] - &
Franchi 2015 127 120 23 95 115 23  21.2% 32.00[-35.93, 99.93] N
Subtotal (95% CI) 55 55 52.8%  50.55[7.50, 93.60] .
Heterogeneity: Tau? = 0.00; Chi2 = 0.48, df =1 (P = 0.49); 7= 0%
Test for overall effect: Z = 2.30 (P = 0.02)
Total (95% CI) 96 96 100.0% 68.28 [37.01, 99.55] D

Heterogeneity: Tau? = 0.00; Chiz = 2.01, df = 3 (P = 0.57); I?= 0%
Test for overall effect: Z = 4.28 (P < 0.0001)
Test for subgroup differences: Chiz = 1.38, df = 1 (P = 0.24), 12 = 27.5%
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Figure 5 Forest plot of platelet reactivity at 2 hours postmorphine administration, using the VerifyNow method, subgroups
according to study design. IV, inverse variance; RCTs, randomised controlled trails.

the risk of bias associated with this objective measure was
considered to be low.

Despite the widespread use of morphine in chest pain
and anxiety relief in patients with ACS, conflicting data
about its clinical impact has recently come to light.”’ The
activation of opioid receptors in the myenteric plexus
decreases gut motility and secretion, inhibiting the acti-
vation of drugs whose action is directed at the P2Y12
protein and decreasing its absorption and bioavailability.
Moreover, morphine is also known for its proemetic and
antiperistaltic effects, which can further contribute to the
decreased absorption of antiplatelet drugs.

This systematic review was planned and designed to
evaluate the safety outcomes associated with morphine
use in ACS. Pooled data RCTs and observational studies
showed that treatment with morphine in patients with
ACS is associated with a significant increase risk of in-hos-
pital mortality, MACE and platelet reactivity.

We found that morphine decreased the antiplatelet
effect of P2Y12 inhibitors in the first hours of ACS.
The clinical significance of this increase is uncertain,
as the magnitude of this change is less than the differ-
ence between ticagrelor and clopidogrel in ACS,* but
appears to be at least twice as large as the impact of
esomeprazole on the pharmacodynamics of clopido-
grel.”” This effect of morphine ceases to be relevant
at around the 8 hour mark.”® This may contribute to a
delay in the onset of acute medical treatment, a greater
prothrombotic milieu and more myocardial damage in
patients with ACS. What is more, the analgesic effect
of morphine followed by a decreased sympathetic
response of the patient, without directly reversing the
cause of ACS, may lead physicians to underestimate the
severity of the underlying disease and to postpone the
referral to an invasive revascularisation procedure. All
the above-mentioned reasons may contribute towards

the increased risk of in-hospital mortality and MACE
related to the use of morphine. In clinical practice,
other opioid analgesic drug such as fentanyl can be
used, and a recent trial showed that fentanyl treatment
in ACS increased platelet reactivity compared with no
treatment. Although this suggests a possible class-effect
of opioids on antiplatelet drugs, the evidence is sparse
and requires further investigation before firm conclu-
sions can be made.*

Unexpectedly, we did not find an increased risk of
nausea/emesis associated with morphine. This raises the
likelihood that the reduction of gut secretion and motility
is the core effect through which morphine decreases the
activation of P2Y12 drugs.

With regard to platelet reactivity, we believe that the
magnitude of the difference found supports a change in
clinical practice, moving away from a recommendation
to use morphine in ACS to recommending not using it
routinely. The strength of this recommendation may be
controversial due to the nature of the trials used and
the other outcomes in this review not being statistically
significant.

An important concern when combining randomised
and observational data is the extent to which the partici-
pants and clinical setting are sufficiently similar to justify
their pooling. On this account, the results of this review
are robust since we found low heterogeneity across
the outcomes of interest and the fact that none of the
subgroup analyses comparing RCTs versus observational
studies were statistically significant. Further proof of the
consistency of the results is that no subgroup analysis
showed a difference between STEMI and NSTE-ACS.
However, due to concerns over risk of bias across studies,
we assessed the certainty in the evidence as low, despite
there being little concern regarding inconsistency, indi-
rectness or lack of statistical power.
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The key limitation of this review comes from the
key limitation of most observational research, namely
confounding. In a conservative approach, we attempted
to minimise the impact of observational studies and
their bias in the estimates by applying a correction factor
previously used in other meta-analysis.”® ¥’ Nevertheless,
we must recognise that this adjustment is artificial and
limits our results. Another limitation regards the possible
differences in the doses and route of administration of
morphine that were not available in most of the included
studies.

Physicians may administer morphine to patients with
more severe forms of chest pain, which may correspond
to a more severe underlying ACS. This means that the
increased risk of negative clinical outcomes could come
as a result of patients being given morphine, or, alterna-
tively, from the fact that morphine is usually reserved for
the sickest patients. Because the included observational
studies were substantially larger than the RCTs, including
them in the meta-analysis could increase the risk of
producing a biased result with an undue degree of statis-
tical precision. To minimise this risk, we used methods to
decrease the weight given to the largest and most biased
studies, providing a more conservative estimate based on
the available evidence. In doing so, we have produced the
first and only systematic review to date that evaluates this
highly relevant clinical question.

CONCLUSIONS

This systematic review raises concern about the use of
morphine in patients with ACS and challenge the current
clinical recommendations for its use in ACS. Most data
come from studies at high risk of bias when evaluating the
true effect of morphine in this setting. As such, a low-bias,
adequately powered RCT designed to evaluate this ques-
tion would be of significant scientific and clinical value.
However, there is high certainty that morphine decreased
the antiplatelet effect of P2Y12 inhibitors in the first
hours of ACS.
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