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Abstract

Purpose of Review We will review the pharmacodynamics
and clinical outcomes of morphine therapy for pulmonary
oedema.

Recent Findings Both animal and human studies demonstrate
that morphine has vasodilatory properties. The effect on pul-
monary hemodynamics seems to be neutral and possibly ad-
verse on ventilation. Morphine, along with furosemide and
nitrates, is routinely used to treat cardiogenic pulmonary oe-
dema. Clinical data on the safety and efficacy of morphine for
cardiogenic pulmonary oedema are scarce; however, mor-
phine use has been correlated with increased rates of ICU
admission and mechanical ventilation. European and
American heart failure guidelines do not recommend routine
use of morphine for cardiogenic pulmonary oedema.
Summary Morphine is of questionable benefit and may be
harmful in treatment of acute pulmonary oedema. Clinical
guidelines do not encourage routine use of morphine for pul-
monary oedema; other medications for anxiolysis and vasodi-
lation may be preferable.

Keywords Pulmonary oedema - Morphine - Clinical
outcomes - Hemodynamics

This article is part of the Topical Collection on Heart Failure

< David E. Winchester
David.Winchester @medicine.ufl.edu

Mohammad Al-Ani
malani @ufl.edu

Media Ismael
Media_ni@hotmail.com

Division of Cardiology, Department of Medicine, University of
Florida, 1600 SW Archer Rd, M509, Gainesville, FL 32610, USA

@ Springer

Introduction

Cardiogenic pulmonary oedema (CPE) is the second most
common cause of dyspnoea presenting to the emergency de-
partment [1, 2]. Therapy usually targets correction of gas ex-
change via invasive or non-invasive ventilation, diuresis, and
altering pulmonary vascular hemodynamics to decrease cap-
illary leakage [3, 4]. Morphine has been described to be ben-
eficial in these cases since the 1950s; however, concerns have
been raised regarding its efficacy and safety [5, 6]. We will
review the pathophysiology of pulmonary oedema, the ratio-
nale of using morphine for CPE, and relevant pharmacody-
namic and clinical outcome data.

Pathophysiology of Pulmonary Oedema

CPE can be defined as increased fluid content of the lung
interstitium secondary to increased left atrial pressure.
Manifestations include increased intra-alveolar fluid, de-
creased pulmonary compliance, and ventilation perfusion
mismatch [7]. In normal physiology, a trivial amount of
fluid transfers from the pulmonary vasculature into the
lung interstitium that is cleared by the pulmonary lym-
phatics at a rate of roughly 20 ml/hr [8]. When
intracapillary hydrostatic pressure is high, extravascular
fluid shifts are increased [9]. Alveolar fluid accumulation
tends to occur when capillary pressure exceeds 20 mmHg
[10, 11]. Elevation in capillary pressure is often due to
increased left atrial pressure which is often due to left ven-
tricular failure. This can be acute or chronic and due to
heart failure with preserved or reduced ejection fraction.
When capillary pressure and fluid extravasation over-
whelm the lymphatic system capacitance, overt CPE typi-
cally occurs. Recovery and resolution can be complicated
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if heart failure hinders pulmonary lymphatic outflow as it
drains in the venous system, i.c., increases lymphatic pres-
sure afterload [12].

Morphine Effect on Vasculature and Hemodynamics

The vascular response to morphine was described by Vasko
et al. who induced cardiogenic pulmonary oedema in 18 dogs
before administering 1 mg/kg of morphine [13]. Canine sub-
jects were mechanically ventilated and underwent invasive
left and right cardiac pressure monitoring. Although there
was mild to moderate decrease in pulmonary vascular resis-
tance, the predominant hemodynamic response was preload
reduction via increasing the capacitance of peripheral venous
circulation. This was further investigated by Greenberg et al.
who compared morphine and furosemide for their effect on
vascular smooth muscles in vivo [14]. They used isolated
rings of canine pulmonary, mesenteric, splenic, and anterior
tibial arteries and veins. Furosemide was found to have its
most relaxing effect on pulmonary veins via an endothelium
independent mechanism. Morphine, on the other hand, had a
relaxing effect on pulmonary arterial and venous tissues,
mainly by increasing prostanoid release from the
endothelium.

Zelis et al. studied the morphine response in the upper
extremity vasculature of 69 human subjects [15]. Morphine
was observed to induce rapid vasoconstriction lasting 1-2 min
followed by a 35% reduction in the venous pressure and a
25% reduction in vascular resistance at 10 min. Arterial blood
pressure remained constant, resulting in a 26% increase in
blood flow. The physiologic vasoconstrictor response to deep
breathing, mental arithmetic, cold, post-Valsalva overshoot,
and 45° head-up position was intact. The team attempted to
describe the mechanism of morphine’s action by infusing
200 pg/min in the brachial artery and adding promethazine
(an antihistamine), propranolol (a beta-adrenergic blocker),
and atropine (a cholinergic blocker). No effect was observed
on morphine vasodilatory action; however, phentolamine (an
alpha-adrenergic agonist) abolished the effect. This suggests
that morphine causes vasodilation by reducing central sympa-
thetic efferent discharge. Vismara et al. used a similar tech-
nique to compare the vascular response to morphine in 13
subjects with pulmonary oedema and normal subjects.
Morphine sulfate was infused at 0.1 mg/kg and a similar
venodilatory response was observed; however, there was no
significant difference between those with pulmonary oedema
and controls [16]. Morphine was also shown to decrease
splanchnic vascular resistance resulting in a 19% increase in
splanchnic blood flow without a change in systemic or right
atrial pressure when infused at a dose of 0.2 mg/kg to a max-
imum of 15 mg in 13 patients [17]. A later investigation by
Grossmann et al. demonstrated that infusing morphine with

naloxone did not alter its vasodilatory effect on hand veins of
healthy volunteers [18]. Nonetheless, co-infusion with a com-
bination of diphenhydramine (an H1 receptor blocker) and
famotidine (an H2 receptor blocker) blunted the vascular re-
sponse, indicating a histamine-mediated effect, contrary to the
results of Zelis et al. Fentanyl did not have a significant effect
on peripheral vasculature.

Studies on morphine’s effect on cardiac function have also
shown discrepant results. Lappas et al. studied eight patients
with myocardial ischemia requiring revascularization and who
had normal baseline systolic function [19]. Right and left car-
diac filling pressures increased with a morphine dose of
1.5 mg/kg or more. However, stroke volume, cardiac output,
and systemic arterial pressure decreased after a dose of
0.5 mg/kg. Systemic vascular resistance was unchanged indi-
cating that blood pressure decrement was secondary to de-
creased cardiac output rather than vasodilation.
Correspondingly, other research has shown that inhibition of
CNS opioid receptors may increase blood pressure and cardi-
ac output [20]. More clinically relevant data were presented by
Lee and colleagues who administered morphine 15 mg to ten
patients with acute transmural myocardial infarction, four
were Killip class I, three were Killip class II, and three were
Killip class III [21e]. Invasive and echocardiographic hemo-
dynamic assessment showed no change in pulmonary capil-
lary wedge pressure, ejection fraction, left ventricular dimen-
sions, or right and left filling pressures. There was, however, a
slight increase in pulmonary vascular resistance at 45 min post
injection from 132.4 + 13.8 to 183.1 + 3.2. Morphine was
studied in a cohort of ten patients with acute myocardial in-
farction complicated by systolic dysfunction; each received a
dose of 0.2 mg/kg morphine. Subjects had mild negative ef-
fect on HR, BP, and SV, and no effect on LV filling pressure
[22]. Due to inconsistent evidence, the act of morphine to
relieve cardiac dyspnoea cannot be adequately explained by
pulmonary vascular preload reduction. Anxiolysis may be an
important contributor, however, literature to support this hy-
pothesis is scant [6, 23].

Effect on Gas Exchange Function

Several studies have shown that morphine causes decreased
respiratory rate and tidal volume and blunts hypoxic and hy-
percapnic ventilatory responses [24-28]. This is thought to be
mediated by its agonistic action on p-receptors located in the
central nervous system [29, 30]. Recently, Zhuang et al. ver-
ified a heavy expression of p-receptors in the caudomedial
nucleus tractus solitarius in rats [31]. This nucleus has
chemosensitive neurons activated by hypercapnia and re-
ceives input from bronchopulmonary nerve fibres and carotid
chemoreceptors involved in respiratory regulation. The study
showed that microinjection of a p-agonist into the nucleus
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significantly decreased baseline minute ventilation by 18%
(P < 0.01). Hypoxic ventilatory response was profoundly at-
tenuated by 70% due to reduction in both respiratory frequen-
cy (47%) and minute ventilation (77%). Hypercapnic ventila-
tor response was attenuated by 21%.

By causing hypoventilation, morphine can lead to respira-
tory acidosis. Patients with severe acidotic acute CPE who
received opioids have had slower improvement in pH but
there was no increase in respiratory distress or 7-day mortality
[32]. On the other hand, supplemental oxygen given to pul-
monary oedema patients may exacerbate opioid-induced re-
spiratory depression. Niesters et al. demonstrated that healthy
volunteers receiving hyperoxic air supplements have greater
opioid-induced respiratory depression compared to volunteers
receiving normoxic supplements [33]. These findings are clin-
ically relevant as patients with signs of respiratory distress are
routinely given oxygen supplementation, even in the absence
of hypoxemia [34].

Clinical Outcomes of Using Morphine
in Cardiogenic Pulmonary Oedema

Morphine use in CPE has been encouraged based on clinical
observations of relief of respiratory distress in the absence of
data that demonstrates efficacy [5, 35, 36]. The mnemonic
“MONA” encouraged morphine, oxygen, nitrates, and aspirin
for treatment of acute myocardial infarction, although the or-
igins of this memory device are unknown [37]. Table 1 sum-
marizes the available clinical evidence of using morphine for
CPE. One major hurdle to studying the efficacy of prehospital
CPE-specific therapies is a 23—40% rate of prehospital misdi-
agnosis of acute obstructive lung disease, infection, or other
types of pulmonary oedema as CPE [39, 41, 45]. A prospec-
tive study of 57 patients presenting with acute respiratory
failure evaluated prehospital administration of different com-
binations of morphine, furosemide, and nitrates and showed
no benefit of morphine and indicated a signal for worsening
ventilation [41]. Another prospective evaluation of 84 patients
receiving morphine for suspected CPE by paramedics illus-
trated the potential for adverse effects. Respiratory depression
was observed in one patient who received morphine by para-
medics and was ultimately diagnosed with aspiration pneumo-
nia by the physician’s assessment upon arrival in the ED [39].
A study of prehospital morphine safety examined the
prehospital treatment regimens of 319 patients with ADHF;
6% received prehospital morphine with no independent asso-
ciation to change in vital signs or clinical outcomes [45].
Data on in-hospital morphine usage are discouraging. Use
of morphine in the emergency department for pulmonary oe-
dema is correlated with higher likelihood of ICU admission
(odds ratio 3.08, P = 0.002) and mechanical ventilation (odds
ratio 5.04, P = 0.001) [44]. While data do not demonstrate a

causal relationship, this observation may be relevant to rural
areas where advanced critical care resources may be limited
[46]. A study of morphine usage in 4102 patients admitted to
the hospital with acute heart failure decompensation observed
that the 9.3% who received morphine were more likely to
have acute coronary syndrome, acute chronic heart failure,
diabetes mellitus, and hyperlipidaemia [42¢]. Unadjusted in-
hospital mortality was higher (odds ratio 2.0, 1.1- 3.5,
P =0.02). However, multivariate analysis showed no associ-
ation between morphine and in-hospital mortality. A landmark
retrospective analysis of 147,362 patients from the Acute
Decompensated Heart Failure National Registry (ADHERE)
has shown that 14.1% of CHF patients received morphine
during their hospitalization [43<]. These patients had a higher
prevalence of pulmonary oedema and positive troponin and
were more likely to require mechanical ventilation (15.4 vs
2.8%, P < 0.001), longer median hospitalizations (5.6 vs
4.2 days, P < 0.001), and ICU admission (38.7 vs 14.4%,
P < 0.001), as well as greater mortality (odds ratio 4.84,
P < 0.001). Despite adjusting the data for demographics, lab-
oratory values, and systolic function with similar results, there
is still a significant chance of selection bias. The database does
not include timing of morphine administration and cannot
determine if morphine was given with end-of-life palliative
intention [47, 48].

Based on the available data, the prevailing opinion is that
morphine for CPE should be used secondary to other safer
medications for anxiolysis and vasodilation [47-51]. The
2016 European Society of Cardiology does not recommend
routine use of morphine for acute heart failure and only rec-
ommends cautious use of morphine in severe dyspnoea with
pulmonary oedema [52]. Similarly, the Heart Failure Society
of America in their 2010 guidelines advice caution if mor-
phine is used in acute heart failure [53].

Conclusion

Morphine is often used for CPE to relieve dyspnoea and is
presumed to provide a pulmonary vasodilatory effect. The
available evidence fails to show any clear outcome benefit
and suggests a potential for harm. Current guidelines recom-
mend cautious use of morphine for CPE. Further study of
morphine for CPE in randomized trials may be warranted.
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