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Breathlessness is a common symptom suffered by people living with
advanced malignant and non-malignant diseases, one which significantly
limits their quality of life. If it emerges at minimal exertion, despite
the maximal, guidelines-directed, disease-specific therapies, it should be
considered persistent and obliges clinicians to prescribe symptomatic, non-
pharmacological, and pharmacological treatment to alleviate it. Opioids are
recommended for the symptomatic treatment of persistent breathlessness,
with morphine most extensively studied for this indication. It is extensively
metabolized in the liver into water-soluble 3- and 6-glucuronides, excreted
by the kidneys. In the case of advanced renal failure, the glucuronides
accumulate, mainly responsible for toxicity 3-glucuronides. Some people,
predominantly those with advanced renal failure, develop neurotoxic effects
after chronic morphine, even when prescribed at a very low dose. A single-
center case series of consecutive patients experiencing neurotoxic effects
after long-term, low-dose morphine or at risk of such effects were transferred
to methadone to avoid the accumulation of neurotoxic metabolites. Over
the course of 4.5 years, 26 patients have been treated with methadone in
the median dose of 3.0 mg/24 h p.o., for persisting breathlessness. Sixteen
of them had been treated previously with an opioid (usually morphine) at
the median dose of 7.0 mg/24 h (morphine oral daily dose equivalent).
They were transferred to methadone, with the median dose of 3.0 mg/24 h
orally (methadone oral daily dose equivalent), and the median morphine-
to-methadone dose ratio was 2.5:1. All patients experienced a meaningful
improvement in breathlessness intensity after methadone, by a median
of 5 points (range 1-8) on the 0-10 numerical rating scale (NRS) in
the whole group, and by 2 points (range 0-8) in those pretreated with
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other opioids, mainly morphine. Low-dose methadone can be considered
an efficient alternative to morphine for reducing breathlessness in people
experiencing neurotoxic effects or at risk of developing them following
treatment with morphine.

breathlessness, opioids, palliative management, heart failure, morphine, methadone

Introduction

Breathlessness is a common symptom in advanced

malignant and non-malignant life-limiting illnesses. It
affects up to 98% of people living with advanced chronic
obstructive pulmonary disease (COPD), 88% of those living
with advanced heart failure (HF), and 77% of people with
advanced cancer (1, 2). In HE it is so ubiquitous that is
considered its hallmark symptom (2, 3). The threshold of
exercise evoking breathlessness decreases in parallel to the
severity of HF. In the most advanced stages, breathlessness
is present with minimal exertion (like speaking, eating, or
toileting) or even at rest. It is depicted in the most used
classification of staging HE, the New York Heart Association
(NYHA) classification. Similarly in COPD, breathlessness is one
of the main factors determining its progression accordingly
to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) classification (4, 5).

When recognizing new or worsening breathlessness, actively
seeking condition(s) that evoke or worsen, it is mandatory (6).
Reversible conditions need to be sought actively and treated as
effectively as possible. If severe breathlessness persists despite
optimal treatment of all underlying conditions, symptomatic
non-pharmacological and pharmacological management should
be considered (7, 8).

Opioids are the recommended pharmacological therapy
for the symptomatic reduction of persisting breathlessness in
cancer (9), COPD (10), and HF (3, 11). Morphine is the
most studied opioid; hydromorphone, diamorphine, codeine,
fentanyl, and buprenorphine have been studied much less
frequently for the symptomatic reduction of breathlessness.
Fear of potential side effects of opioids (non-respiratory:
drowsiness, sedation, impaired cognition, nausea, constipation,
immunosuppression, and suppression of testosterone) and
respiratory effects (respiratory depression and respiratory
failure) limit their prescription, even if they are clinically
indicated. Most participants in controlled clinical trials
have been prescribed sustained-release morphine. Persisting
breathlessness is a registered indication in Australia for
sustained-release morphine commencing at 10 mg/24 h with the
ability to titrate this by 10 mg/24 h weekly up to a maximum
30 mg/24 h. In most countries, the lowest possible sustained-
release morphine dose is 20 mg/24 h (12-14).
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The limitation in prescribing morphine is the risk of
accumulation, primarily its neurotoxic metabolite [morphine-
3-glucuronide (M3G)] in the case of renal insufficiency (15,
16). Regular morphine should be used more cautiously if the
glomerular filtration rate is very low (17, 18). Hydromorphone,
commonly suggested as an alternative to morphine in this
situation, undergoes similar metabolism to morphine [to
hydromorphone-3-glucuronide (H3G)], which can accumulate
in severe renal impairment, encountering the same risk
of neurotoxicity as M3G, and thus should be used with
increased caution (16, 17, 19). The risk of neurotoxicity
from opioids in people with advanced conditions is probably
more common than identified, as impaired renal function is
commonly seen in people with advanced disease, especially in
advanced HF (20, 21). For this reason, clinicians prescribing
opioids should be aware of the possibility of neurotoxic side
effects, even if the doses are low. Fentanyl is sometimes
suggested for breathlessness management, but the effect of
transmucosal fentanyl is very short (about 1 h), making it
unsuitable for the management of chronic breathlessness. In
this consecutive case series, a bedside decision was made
to prescribe methadone for those patients suffering from
chronic breathlessness.

Methadone, in the case of renal failure, also accumulates
but does not have neurotoxic metabolites, so reduction of
doses (to 50-75%), prolonging the intervals between doses, and
careful monitoring of effects should be sufficient to prevent
overdose (22). Methadone can be prescribed by oral, sublingual,
intravenous, subcutaneous, intramuscular, or rectal routes. In
people who cannot swallow, sublingual methadone can be
especially useful, with a quick onset of action (23).

The aim of this consecutive case series was to describe
the effect of methadone on persisting breathlessness in people
experiencing unacceptable side effects, or at risk, from other
opioids mainly morphine.

Methods

This article presents a retrospective analysis of medical
records of consecutive patients hospitalized in a single
palliative care unit in a district hospital in Switzerland, who
experienced neurotoxic effects after small doses of morphine
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prescribed for breathlessness management, due to severe
renal failure (stage 4 or 5 according to Kidney Disease
Improving Global Outcomes (KDIGO) classification) or at
risk of such effects. After the indications for symptomatic
breathlessness management had been verified, all other opioids
were discontinued (if a patient was not opioid naive), and the
intensity of breathlessness was regularly assessed. Patients who
were able to take medicines orally received 1 mg methadone
s.l., and then twice daily if needed. If the patient experienced
a satisfactory reduction in breathlessness, the planned dose
was delayed or omitted. If needed, an additional dose was
allowed at least 3 h after the last methadone dose. After
3-4 days, the total daily dose was calculated, based on
the mean daily dose in the previous 48 h, and usually
prescribed every 12 h.

Results

From September 2017 to February 2022, 26 consecutive
patients were included (14 women and 12 men), median age
of 73.5 years (range 55-94). Eighteen patients had cancer,
seven had advanced chronic obstructive pulmonary disease
(COPD) with a median GOLD score of 3 (of whom four also
had cancer), two people predominantly had heart failure, and
two people had amyotrophic lateral sclerosis (ALS). Fifteen
people used oxygen therapy through nasal prongs (median
2 L/min), with a median pulse oximetry of 94%, generating
similar measures to patients not on oxygen (94%). Patients
with ALS were treated with non-invasive positive pressure
ventilation (servo-ventilation), one during the night hours
only, the other progressively until continuous ventilation
was required in the time directly preceding her death. The
median glomerular filtration rate (GFR) in the whole group
was 61 ml/min/1.73 m? body surface area (BSA), but in 5
people the GFR was under 30 ml/min/1.73 m? BSA (range
16-27). The detailed patient characteristics are depicted in
Supplementary Table 1.

All patients were informed that methadone treatment for
the symptomatic reduction of persisting breathlessness is not
standard therapy. All agreed to try this approach; however,
one person [ultimately the person with the longest period of
opioid treatment (550 days)] was originally hesitant to start
taking opioids, as she did not consider herself as dying. Eighteen
patients died during hospitalization, one was discharged and
seen in an ambulatory capacity (this person, under supervision
of the general practitioner, gradually lowered the dose and
finally discontinued methadone after 550 days of treatment, due
to the improvement of exercise tolerance after breathlessness
had been alleviated), and seven patients were discharged from
the palliative care unit alive and not followed up as the
study was a retrospective analysis of medical records, not
a clinical study.

Frontiers in Medicine

03

10.3389/fmed.2022.925787

Breathlessness assessment

The breathless burden was assessed using the modified
Medical Research Council (mMRC) classification and the
intensity using a 0-10 Numerical Rating Scale (NRS). Before
starting the opioids, the breathlessness median grade was 4
according to mMRC (range 2-4; two people with grade 2; nine
with grade 3, and 14 with grade 4), the median intensity was
8 NRS (range 5-10). One person experiencing breathlessness
at rest was unable to describe its intensity and in the records
of another person, mMRC and NRS assessments were missing
with only the narrative information about the improvement of
breathlessness documented.

Sixteen of the 26 people had already been on an opioid
for persisting breathlessness: (morphine—14 people, morphine
then oxycodone—1 person, and hydromorphone—1 person).

All included in this analysis reported improvements under
methadone in breathlessness—by mMRC grade median from 4
(range 2-4) to median 3 (range 2-4), and the median difference
was 1 (range 0-3). NRS scores shifted from a median 8 (range 5-
10) to 3 (range 2-7), with a median difference of 5 (range 1-8)
vs. pretreatment.

After starting methadone (9 people methadone was
prescribed de novo and 1 person received only one rescue dose
of morphine and was perceived as opioid naive), the median
mMRC grade was 3 (range 2-4) in the whole population, 2
(range 2-4) in those who had been pretreated with another
opioid, and 3 (range 3-4) in those who were put directly on
methadone. The median NRS when prescribed methadone was
3 (range 1-6) in all groups.

The median time on methadone was 21 days (range 3-550).

Two to three days after starting methadone, two people
reported breathlessness at rest (mMRC grade 4), 11—
mMRC grade 3, and 10—mMRC grade 2. For one patient,
breathlessness was not experienced at rest, but more detailed
grading was not possible as he was completely bedbound,
and in the case of two others, only descriptive data were
available from the notes.

Dosing of opioids

The median dose when pre-treated with opioids expressed
as morphine oral daily dose equivalent was 7 mg/(range
2.5-23). The median steady-state methadone oral daily
dose was 3 mg (range 0.5-9.5). The median dose ratio
between morphine and methadone after reaching stable
final
2.5 (interquartile range 1.9-4, and data of one patient

improvement (72 h after dose adjustment) was
transferred from a very high-dose hydromorphone prescribed
predominantly for pain management, calculated as morphine
oral daily dose equivalence 180 mg has been omitted from

all calculations).
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Illustrative cases

Patient #1 developed hallucinations and drowsiness that
lasted about 36 h after a single dose of 5 mg intermediate-
release (IR) oxycodone. The breathlessness alleviation was
shorter than the duration of hallucination (about18-24 h). After
hospital admission, oral oxycodone was rotated to morphine
and administered subcutaneously in a syringe driver starting
with 5 mg/24 h without any neurotoxic effects but with some
improvement in breathlessness. The dose needed to be escalated
gradually to 10 mg s.c./24 h. With this dose, drowsiness (but not
hallucinations) became evident. The patient was rotated to an
i.v. infusion of methadone, and the dose was gradually titrated
to 5 mg/24 h (calculated as 6 mg methadone oral daily dose
equivalent) with significant improvement of consciousness and
satisfactory breathlessness improvement. To optimize symptom
control, the dose was gradually increased to 8 mg iv. (oral
dose equivalence 9.5 mg) without causing relevant sedation
or hallucinations.

Patient #6 with breathlessness caused by alveolar
hypoventilation secondary to ALS had occasionally tried
in the past to use 1 mg intermediate-release morphine orally up
to maximum of 3 times per day. It always changed the character
of breathlessness at rest from air hunger to qualitatively very
different thoracic and neck rigidity disturbing breathing,
being a little less distressing than the original breathlessness.
Starting 1 mg methadone, once daily orally, alleviated the
breathlessness successfully without causing the unpleasant
effect of muscle stiffness. The effect remained stable for several
months. Occasionally, the patient requested a pause in the
administration of methadone, to make sure its continuation was
still needed. Breathlessness relapsed every time within 2-3 days
and settled as methadone was restarted. This pattern lasted for
several months until death.

Patient #8 had oxygen-dependent, severe COPD with
persisting breathlessness, which was well-controlled for
7 months on morphine 8 mg/24 h (oral IR solution—2 mg
every 6 h). The person developed hallucinations (the cause of
an emergency room presentation) likely caused by morphine
metabolites accumulation secondary to acute renal failure.
After rehydration and discontinuation of morphine, the
hallucinations disappeared, but breathlessness reappeared
18-24 h. Because the reappeared
before the normalization of renal function and the patient

after breathlessness
declined continued morphine (due to the experience of the
hallucinations), oral methadone was commenced (1 mg
every 12 h) providing good relief from breathlessness, with
the benefit lasting more than 10 months at that dose. With
methadone, the patient was able to gradually increase her
exercise capacity while still relying on around-the-clock oxygen
therapy and walking aids.

Patient #20 with lung cancer and a malignant pleural
effusion treated with drainage reported increasing tiredness

Frontiers in Medicine

04

10.3389/fmed.2022.925787

preventing dose escalation after starting morphine IR
2 mg every 6 h. Breathlessness NRS scores had dropped
from 7 to 4. The introduction of 2 mg methadone
per day (escalated to 3 mg) generated quantitative and
qualitative improvements in breathlessness. Two weeks

after methadone was introduced, hospital admission
was required due to the worsening of breathlessness and
deterioration of the general condition. He died 1 week after
breathlessness alleviation was reached with a methadone dose

escalation to 10 mg.

Discussion

Breathlessness is a common symptom in people living
with advanced diseases, both in malignant and non-malignant
life-limiting illnesses. If it remains severe despite optimal
disease-specific treatment, it should be considered “persisting”
and oblige clinicians to initiate symptomatic management,
of
pharmacological treatment mainly by regular, low-dose opioids,

consisting non-pharmacological interventions and
particularly morphine (9, 12, 14). Morphine is extensively
and rapidly metabolized in the liver, especially after oral
administration, to morphine-6-glucuronide (M6G) considered
as main metabolite responsible for pharmacologically desired
effects, and M3G perceived as probably responsible for
adverse, neurotoxic effects. M3G is more likely to accumulate
in severe renal failure. For this reason, opioids that do
not have potentially harmful metabolites that can be used
in this population are relevant. In this consecutive case
series of 26 patients who experienced or were at risk of
neurotoxicity from other opioids, all were successfully
treated with methadone in a single Swiss center over a
4.5-year course.

All treated patients experienced clinically meaningful
improvements in breathlessness intensity after methadone
administration by a median of 5 (range 1-8) in the whole
group in comparison to pretreatment (change from median 8 to
median 3 points) on the NRS. Those who were pretreated with
another opioid experienced further reductions in breathlessness
in comparison to change after morphine by a median of 2 (range
0-8; from median to median 2.5) points on the NRS. The median
improvement of breathlessness after morphine in comparison
to pretreatment was 3 points on the NRS (range 0-7 points).
According to mMRC after starting methadone, the median
improvement reached 1 point (range 0-3) for methadone vs.
pre-treatment in the whole group, 1 point (range 0-2) vs.
pretreatment in those directly commenced on methadone, and
further reductions in breathlessness in comparison to change
under morphine by 1 point (range 0-2). The current study
outlines the improvement of breathlessness after methadone
even in people who had experienced symptomatic benefits from
a previous opioid (10, 12, 14). The absorption of methadone
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from oral mucosa allowed convenient administration of
single drops, even in unconscious patients. No one reported
neurotoxic effects. One person required a dose reduction to
0.5 mg methadone daily due to slight sedation.

The median methadone oral daily dose equivalence needed
for stable symptom management was 3 mg (range 0.5-9.5).
For those who were previously treated with other opioids
(n = 16), mainly morphine, the median morphine oral daily
dose equivalence was 7 mg. The median of the dose ratio
between morphine and methadone was 2.5:1 (interquartile
range 1.9-4), a little less than described by other authors (24).
It can be hypothesized that patients in our study were treated
with a little higher than equipotent dose of opioids. Despite
this, they reported better management of breathlessness from
methadone, both quantitatively and qualitatively, including a
few patients who ceased taking morphine and commenced
course methadone. That could mean slightly different receptor
affinities of opioids are targeted.

Limitations

This is a retrospective record analysis of patients treated in
a single center. All non-randomized and non-blinded studies
bear considerable risks of bias, and any causative relationship
of pharmacological interventions with clinical outcomes needs
to be interpreted with caution.

Conclusion

Low-dose methadone can be considered as an alternative
to other opioids, for breathlessness management, in those who
experience neurotoxic effects after other opioids, or those at
risk of such effects (due to severe renal failure), although this
hypothesis requires further exploration. Variations in its half-life
make it more challenging to titrate, and this needs to be done on
a case-by-case basis. Further studies are needed to verify these
preliminary findings.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Nordgren L, Sorensen S. Symptoms experienced in the last six months of life
in patients with end-stage heart failure. Eur J Cardiovasc Nurs. (2003) 2:213-7.
doi: 10.1016/S1474-5151(03)00059-8

2. Moens K, Higginson IJ, Harding R. Are there differences in the prevalence
of palliative care-related problems in people living with advanced cancer and

Frontiers in Medicine

10.3389/fmed.2022.925787

Ethics statement

Ethical review and approval was not required for
the study on human participants in accordance with the
local legislation and institutional requirements. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

PS chaired the Palliative Care Department, where the case
series has been recruited. The design of the retrospective
analysis, a draft of the manuscript, presentation of data, and
interpretation of data have been developed by both authors.
Both authors agreed the final version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.925787/full#supplementary- material

eight non-cancer conditions? A systematic review. J Pain Symptom Manage. (2014)
48:660-77. doi: 10.1016/j.jpainsymman.2013.11.009

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M, et al.
2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. (2021) 42:3599-726.

frontiersin.org


https://doi.org/10.3389/fmed.2022.925787
https://www.frontiersin.org/articles/10.3389/fmed.2022.925787/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.925787/full#supplementary-material
https://doi.org/10.1016/S1474-5151(03)00059-8
https://doi.org/10.1016/j.jpainsymman.2013.11.009
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Sobanski and Currow

4. Mahler DA, O’Donnell DE. Recent advances in dyspnea. Chest. (2015)
147:232-41. doi: 10.1378/chest.14-0800

5. GOLD Science Committee Members. Global Initiative for Diagnosis,
Management and Prevention of Chronic Obstructive Pulmonary Disease, 2022
Report. Geneva: GOLD Science Committee Members (2022).

6. Wiseman R, Rowett D, Allcroft P, Abernethy A, Currow D. Chronic refractory
dyspnoea: Evidence based management. Austr Family Phys. (2013) 42:137-40.

7. Widera EW. The role of opioids in patients with chronic obstructive
pulmonary disease and chronic breathlessness. JAMA Intern Med. (2020)
180:1315-6. doi: 10.1001/jamainternmed.2020.3133

8. Currow DC, Abernethy AP, Ko DN. The active identification and management
of chronic refractory breathlessness is a human right. Thorax. (2014) 69:393-4.
doi: 10.1136/thoraxjnl-2013-204701

9. Hui D, Bohlke K, Bao T, Campbell TC, Coyne PJ, Currow DC, et al.
Management of dyspnea in advanced cancer: ASCO Guideline. J Clin Oncol. (2021)
39:1389-411. doi: 10.1200/JC0O.20.03465

10. Verberkt CA, van den Beuken-van Everdingen MH]J, Schols JMGA,
Hameleers N, Wouters EFM, Janssen DJA. Effect of sustained-release morphine
for refractory breathlessness in chronic obstructive pulmonary disease on health
status: a randomized clinical trial. JAMA Intern Med. (2020) 180:1306-14. doi:
10.1001/jamainternmed.2020.3134

11. Maddox TM, Januzzi JL Jr, Allen LA, Breathett K, Butler J, Davis LL, et al.
2021 Update to the 2017 ACC expert consensus decision pathway for optimization
of heart failure treatment: answers to 10 pivotal issues about heart failure with
reduced ejection fraction: a report of the american college of cardiology solution
set oversight committee. J Am Coll Cardiol. (2021) 77:772-810. doi: 10.1016/j.jacc.
2020.11.022

12. Currow D, Louw S, McCloud P, Fazekas B, Plummer J, McDonald CF, et al.
Regular, sustained-release morphine for chronic breathlessness: a multicentre,
double-blind, randomised, placebo-controlled trial. Thorax. (2019) 75:50-6. doi:
10.1136/thoraxjnl-2019-213681

13. Ekstrom MP, Bornefalk-Hermansson A, Abernethy AP, Currow DC. Safety
of benzodiazepines and opioids in very severe respiratory disease: national
prospective study. BMJ. (2014) 348:g445. doi: 10.1136/bmj.g445

14. Currow DC, McDonald C, Oaten S, Kenny B, Allcroft P, Frith P, et al. Once-
daily opioids for chronic dyspnea: a dose increment and pharmacovigilance study.
] Pain Symptom Manage. (2011) 42:388-99. doi: 10.1016/j.jpainsymman.2010.11.
021

Frontiers in Medicine

06

10.3389/fmed.2022.925787

15. Pauli-Magnus C, Hofmann U, Mikus G, Kuhlmann U, Mettang T.
Pharmacokinetics of morphine and its glucuronides following intravenous
administration of morphine in patients undergoing continuous ambulatory
peritoneal dialysis. Nephrol Dial Transplant. (1999) 14:903-9. doi: 10.1093/ndt/14.
4.903

16. Smith M. Neuroexcitatory effects of morphine and hydromorphone: evidence
implicating the 3-glucuronide metabolites. Clin Exp Pharmacol Physiol. (2000)
27:524-8. doi: 10.1046/j.1440-1681.2000.03290.x

17. Pham PC, Khaing K, Sievers TM, Pham PM, Miller JM, Pham SV, et al. 2017
update on pain management in patients with chronic kidney disease. Clin Kidney J.
(2017) 10:688-97. doi: 10.1093/ckj/sfx080

18. Currow D, Watts GJ, Johnson M, McDonald CE, Miners JO, Somogyi AA,
et al. A pragmatic, phase III, multisite, double-blind, placebo-controlled, parallel-
arm, dose increment randomised trial of regular, low-dose extended-release
morphine for chronic breathlessness: Breathlessness, Exertion And Morphine
Sulfate (BEAMS) study protocol. BMJ Open. (2017) 7:¢018100. doi: 10.1136/
bmjopen-2017-018100

19. Lee KA, Ganta N, Horton JR, Chai E. Evidence for neurotoxicity due to
morphine or hydromorphone use in renal impairment: a systematic review. J Palliat
Med. (2016) 19:1179-87. doi: 10.1089/jpm.2016.0101

20. Heywood JT, Fonarow GC, Costanzo MR, Mathur VS, Wigneswaran JR,
Wynne J, et al. High prevalence of renal dysfunction and its impact on outcome
in 118,465 patients hospitalized with acute decompensated heart failure: a report
from the ADHERE database. ] Card Fail. (2007) 13:422-30. doi: 10.1016/j.cardfail.
2007.03.011

21. Mullens W, Damman K, Testani JM, Martens P, Mueller C, Lassus J,
et al. Evaluation of kidney function throughout the heart failure trajectory - a
position statement from the Heart Failure Association of the European Society of
Cardiology. Eur ] Heart Fail. (2020) 22:584-603. doi: 10.1002/ejhf.1697

22. Murtagh FE, Addington-Hall JM, Donohoe P, Higginson IJ. Symptom
management in patients with established renal failure managed without dialysis.
Edtna Erca J. (2006) 32:93-8. doi: 10.1111/j.1755-6686.2006.tb00459.x

23. Hagen NA, Moulin DE, Brasher PM, Biondo PD, Eliasziw M, Watanabe SM,
et al. A formal feasibility study of sublingual methadone for breakthrough cancer
pain. Palliat Med. (2010) 24:696-706. doi: 10.1177/0269216310375999

24. McLean S, Twomey F. Methods of rotation from another strong opioid
to methadone for the management of cancer pain: a systematic review of the
available evidence. J Pain Symptom Manage. (2015) 50:248-59.el. doi: 10.1016/j.
jpainsymman.2015.02.029

frontiersin.org


https://doi.org/10.3389/fmed.2022.925787
https://doi.org/10.1378/chest.14-0800
https://doi.org/10.1001/jamainternmed.2020.3133
https://doi.org/10.1136/thoraxjnl-2013-204701
https://doi.org/10.1200/JCO.20.03465
https://doi.org/10.1001/jamainternmed.2020.3134
https://doi.org/10.1001/jamainternmed.2020.3134
https://doi.org/10.1016/j.jacc.2020.11.022
https://doi.org/10.1016/j.jacc.2020.11.022
https://doi.org/10.1136/thoraxjnl-2019-213681
https://doi.org/10.1136/thoraxjnl-2019-213681
https://doi.org/10.1136/bmj.g445
https://doi.org/10.1016/j.jpainsymman.2010.11.021
https://doi.org/10.1016/j.jpainsymman.2010.11.021
https://doi.org/10.1093/ndt/14.4.903
https://doi.org/10.1093/ndt/14.4.903
https://doi.org/10.1046/j.1440-1681.2000.03290.x
https://doi.org/10.1093/ckj/sfx080
https://doi.org/10.1136/bmjopen-2017-018100
https://doi.org/10.1136/bmjopen-2017-018100
https://doi.org/10.1089/jpm.2016.0101
https://doi.org/10.1016/j.cardfail.2007.03.011
https://doi.org/10.1016/j.cardfail.2007.03.011
https://doi.org/10.1002/ejhf.1697
https://doi.org/10.1111/j.1755-6686.2006.tb00459.x
https://doi.org/10.1177/0269216310375999
https://doi.org/10.1016/j.jpainsymman.2015.02.029
https://doi.org/10.1016/j.jpainsymman.2015.02.029
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Regular, low-dose methadone for reducing breathlessness in people experiencing or at risk of neurotoxic effects from morphine: A single-center case series
	Introduction
	Methods
	Results
	Breathlessness assessment
	Dosing of opioids
	Illustrative cases

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


