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Abstract

Background and Aims

Methadone is a well-known drug for the treatment of heroinopathy but its role as an analgesic is often forgotten,
especially in primary and non-specialist medicine settings. In this article we want to describe its characteristics in this
application not only for the cessation of painkillers but above all for the management of neuropathic pain and

hyperalgesia induced by opioid therapy in the long term.

Methods and results

We conducted searches in PUBMED and MEDLINE for clinical trials and reviews done on the efficacy and safety of
methadone used for analgesia in chronic pain and in the disassuefation from painkillers abuse. Clinical trials and the
works found have overall shown that this drug has positive effects on the control of pain especially neuropathic and

mixed and on some associated aspects such as the quality of life.

Discussion and conclusions

Methadone remains a mysterious but at the same time fascinating drug, both for the aura of mystery around its name,
frowned upon by both patients and prescribers, but at the same time unparalleled in terms of efficacy for analgesia in
cancer pain and not, especially in patients who have lost sensitivity to other opioids even more potent than methadone
such as fentanyl. In other words, the efficacy in the cessation of abusers of painkillers both for recreational purposes

and secondary to background pain now no longer controlled makes this drug unique as a maintenance therapy.
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Background and Aims

For the current International Association for the Study of Pain (IASP), “pain” can be defined as “An unpleasant sensory
and emotional experience, associated with an actual or potential tissue damage, or described in terms of such damage”
and was recommended by the Subcommittee on Taxonomy and adopted by the IASP Council in 1979.1" Chronic pain has
been recognized by the World Health Organization as one of the world's major public health problems in general, as it
affects all age groups with a higher prevalence in women. In ltaly it affects about one in 5 people, and one in 4 people
suffer from it on average for 7 years.[2] The disease has disabling consequences from a physical and socio-relational point
of view; ninety percent of cases are treatable, yet as many as 40 percent of people with chronic pain are still unaware of
the treatments available today. In addition, about two years elapse between the onset and the first medical visit and the
times to receive a correct diagnosis are more than five years. Unfortunately, in fact, despite more than 10 years have
passed since the approval of Law 38 which recognized chronic pain as a pathology that needs its own specific network of
assistance and care to which citizens have the right to access, assistance for people with chronic pain turn out to be
approximate and unsatisfactory: 21 percent of affected people don't know where to turn and 33 percent, before reaching a
specialized center undergo inadequate therapies, unnecessarily consulting from three to seven specialists, with waste of
time and resources.l®] On average, the social and economic costs per capita exceed 4,000 euros per year, weighing on
the National Health Service with about 1,400 euros a year and more than 3,000 euros directly on people. In the context of
pharmacological treatment of pain, opioids still play an important role, even in non-malignant pain. In this article we want
to focus in particular on methadone regarding some of its characteristics that make it useful in the management of serious
but frequent situations like the abuse of painkillers for recreational purposes, common among young people especially in
America, where it acts as a maintenance therapy for psycho-physical cessation, and the management of opioid
hyperalgesia in patients with chronic underlying pain, especially neuropathic and no longer controlled by other less potent
opioids but taken for a long time which have led not only to physical dependence but above all to paradoxical worsening

of the underlying pain and relative absence of other effective treatment techniques.!*!
Methods
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The article aims to be a review of literature data, integrated with pharmacological technical aspects detected by the
summary of the product characteristics of the drug and by pharmacological literature. We conducted searches in
MEDLINE and PUBMED) for clinical trials and reviews on the efficacy and safety of these drugs for that use, selecting as
keywords "methadone - pharmacology, chronic pain - opioid hyperalgesia, NMDA system, methadone - role in, abuse of
painkillers ". No time limit has been set for the search. We focused on research on articles that mainly dealt with the
neurobiological correlates of methadone and its use in chronic non-malignant pain, without neglecting aspects related to

pharmaceutical chemistry and pharmacology.

Discussion

Methadone (MTD, image 1) is a synthetic opioid, synthesized in Germany in 1937 as an analgesic. Chemically it differs
markedly from morphine and heroin, being a phenylpropylamine, obtained by eliminating the piperidine ring from the
morphine pharmacophore.[5][6] It comes in the form of colorless and odorless crystals or in the form of a white crystalline
powder. Soluble in water, easily soluble in alcohol and in chloroform, practically insoluble in ether and in glycerol; is a
chiral substance, therefore, it appears as a racemic mixture of two mirror molecules (enantiomers) in a mutual ratio of 1: 1,
respectively the left-handed form of methadone (L) -methadone and the dextrorotatory (D)-methadone form (in clockwise).
The dextrorotatory form possesses the powerful antitussive properties, but is almost entirely devoid of analgesic
properties; it follows that levomethadone is about twice as effective as an analgesic, at the same dose, than the racemic

form.[718]

Image 1. Chemical structure of methadone
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It's sold as an oral solution, in the form of a syrup in two formulations, normal (1 mg / ml) and concentrated (5 mg / ml)
and also in injectable formulation (little used). The bottle is amber as the active ingredient is sensitive to light with possible
photo-induced decomposition. MTD recognizes two main therapeutic uses, which are the treatment of opiate addiction
and pain.l°Il'% The use of methadone is part of a context, not new, relating to the consumption of opioids which in the
USA, in recent years, has reached worrying proportions. Just think that between 1999 and 2014 deaths attributed to MTD
use increased by 390%, an effect due to the increase in its use, especially as a painkiller, and the phenomenon of

diversion, that is, the use of the drug for non-therapeutic purposes (image 2).l'"]
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Image 2a. Total o pioid overdose deaths in the USA from 1999 to 2019
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Image 2b. Painkillers most frequently involved in acute opioid poisoning in the US from 2001 to
2011

However, studies in this regard have shown that the phenomenon of painkillers abuse is very different depending on
whether it is the primary therapeutic context of patients ( with chronic pain or primary abusers for euphoric purposes). We
can distinguish two types of painkiller abusers:

1) patients with primary abuse of painkillers (PK): we are talking about people who, for various reasons, have started
taking opioid analgesics, from codeine to fentanyl, and who have developed tolerance and sometimes physical or
psychological dependence over time (craving). These are both subjects who take painKiller with a primary euphoric
purpose and exclusively for creatives (often in social contexts and together with other substances, generally taking them
intranasally, by injection or by ingesting tablets with possible overdose effects, even fatal, especially in "naive "subjects)
and patients who, after an initial opioid prescription (generally for post-operative pain or short-term pain), is followed by a
phase of continuity in the intake of the drug for the management of other problems, for example minor pains , with
generation of an abusive conduct [4]. It must be said that these cases mainly depend on factors relating to the
aforementioned compounds (placing on the market of increasingly potent drugs and in rapid-release, buccal or liquid
formulations or liable to misuse such as the shredding and pulverization of slow-release oxycodone tablets with release
rapidity of large doses of the active ingredient). In particular compounds such as codeine, tramadol and oxycodone are, in
Italy, the most prescribed for various types of pain (in the USA other compounds such as hydromorphone, hydrocodone
etc ... have far exceeded hospital accesses for overdose compared to the same heroin ). For that patients methadone can
be used as in heroin stabilization therapy, by exploiting its physical anti-abstinence and anti-craving action [5]. In fact, in
this type of patient, the mayor problem is the craving for the drug of abuse and therefore it is important to provide a
maintenance phase that is aimed at extinguishing the craving, followed by a phase of progressive escalation of the

methadone dose

2) patients with uncontrolled chronic pain with strong and / or high-dose opioid drugs for the development of opioid

tolerance and hyperalgesia [6]. In this case we have subjects with chronic underlying pain, often resistant to normal
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analgesic therapies, with a central spinal hyperexcitability who over time have developed a progressive tolerance to the
analgesic effects, spinal and supraspinal spinal effects, of other opioids and above all hyperalgesia which , as known, is
NMDA-mediated. The problem to be managed in these patients is not the primary craving for the overused opioid but the
management of tolerance and hyperalgesia, in addition to that of underlying pain. Also in this cases, methadone offers
advantages linked to its properties and the relative ease of use, with an induction phase with progressive increase in daily

doses and followed by a maintenance [8].

In the case of the treatment of opioid addiction, the phenomenon of misuse involves above all young poly-consumers,
while in the case of the treatment of pain elderly subjects with serious pathologies and users of a polypharmacy.['?) MTD
is an opioid mu-receptor agonist with glutamate N-methyl-D-aspartate (NMDA) receptor antagonist and monoamine
reuptake inhibitor properties; the plasma levels, following its oral administration, appears 30 minutes after its ingestion and
presenting a bioavailability of about 70-90%. The plasma peaks of the drug appear, however, after 2-4 hours from its
intake.['3! MTD is metabolized primarily by the liver to inactive metabolites by the action of P450 cytochromes, the main
being CYP3A4, the same cytochrome which metabolizes many drugs used in the clinic for therapeutic purposes.
Specifically, it was observed that MTD is a weak inhibitor of CYP3A4 and other substrates such as CPY2C89, CYP2C19
and CYP2D610. Since there also exist wide individual differences in CYP3A4 and CYP2D6 activities (which may have
different polymorphisms), MTD may exhibit subjective variability both in therapeutic and side effects.l'*! In this sense the
MTD, in subjects particularly vulnerable, it can develop severe toxicity, especially if taken with drugs capable of causing
prolongation of the QTc interval of the electrocardiogram. The half-life of the MTD is long, ranging from 5 to 59 hours, and
in slow metabolizers, the MTD can be accumulated in the body by increasing vulnerability to the risk of respiratory
depression and death.MTD has proved to be a relatively safe and manageable drug in clinical practice.l'®! In any case,
the greatest danger of the MTD is due to the risk of intoxication and overdose, in how much the drug has a long half-life, a
high bioavailability and a tendency to accumulate due to its slow elimination from the body. In particular, the evidence
shows how the risk of intoxication and death due to use of MTD are related to its long half-life, its high bioavailability, the
tendency to accumulate and its slow elimination.['! The differences individual in the pharmacokinetics of the drug, in
association with too rapid titration (fractionation) of the daily dose during the induction phase, are the main factors that can
favor the development of intoxication and respiratory depression.because 30 mg of MTD can cause fatal respiratory
depression in non-tolerant subjects, in the induction phases the MTD in the first day should not exceed 30 mg / die. In any
case, the dosage increase may take place in the following days (up to 3-5 consecutive), with variable dosages between
10-20 mg, as long as the craving does not will be controlled and the euphoric effects of the substances will be under
control.l'”! Clinical evidence has now amply demonstrated that the greater number of deaths from overdose occur in the
induction phases due to drug accumulation, even in subjects receiving MTD for pain treatment, especially if these are
elderly and suffer from severe liver and kidney disease or take drugs capable of interfering with the metabolism of the
MTD. Also, to increase its safety, the drug should not be used in subjects who have a prolongation of the QTc tract of the
electrocardiogram greater than 500ms or with severe cardiopulmonary pathologies. The MTD should also be used
cautiously in subjects suffering from syncope and convulsions and taking drugs that can interfere with CYP3A4

metabolism. THE patients who are being treated with MTD should not be treated with highs dosages of benzodiazepines,
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as this could lead to a potential respiratory depression. The induction phase is also used for the treatment of pain must be
cautious: the initial dose should not exceed 15-30 mg / day for the first 3 days and a distribution of the drug every 8-12
hours is recommended, according to a fractionation of the dosage between 2.5-10 mg, based on to the patient's ability to

control the pain and to tolerate the drug.!'8l[1°]

How to prescribe methadone

The MTD is found in the table of narcotic medicines, section A and therefore requires the ministerial prescription in tracing (RMR) in triplicate. However, in order
to facilitate access to pain therapies, following Law 38 of 2010, simplifications were created for the prescription of certain drugs for this specific use.[20120
Therefore MET for the cessation of addiction to illicit opioids remains prescribable only as RMR while for the treatment of chronic pain it can also be prescribed

with a red prescription (SSN) by general practitioners, with the initials TDLO1 in the "regional provisions" field. It must be said that drug prescriptions are always

valid for 30 days from the date of issue and can only be delivered to adults and without obvious serious psychic alterations.["]

It is known that the administration of opiate drugs is able to induce the phenomenon of tolerance, which consists in the
decreased response to a certain drug or substance. Tolerance, from a clinical point of view, can be demonstrated by the
decrease in effect following the administration of a date dose or the need to increase the dose, to have the same effect,
detected with previously lower doses.[??] Tolerance is a mechanism that finds one base in precise alterations of the bond
of the substance with its own receptor and of specific alterations of the signal transduction processes. The different
opioids that are capable of inducing the development of tolerance in a different way because there are different
mechanisms of signal transduction that they can evoke. The chronic administration of morphine is, for example, capable
of determining a strong tolerance for receptor desentization. More generally, in the case the system plays a decisive role
in the tolerance induced by opiates of glutamate.[23] Numerous studies have, in fact, shown how the activation of NMDA
receptors of glutamate is capable of inducing greater "resistance" to the effects of opioids. In other words, the glutamate
NMDA receptors are able to regulate the expression of the mu opioid receptors and represent the pharmacological basis
for the development of tolerance.?* From the point of Clinically, opioid tolerance is also capable of producing the so-
called cross-tolerance, i.e. a condition of cross tolerance also towards other opiates that is also used for therapeutic
purposes (as occurs in the case of the use of the MTD to block heroin withdrawal). After all, the basis of safety there is
also induced tolerance of chronic opioid administration on respiratory depression. In general, opiates are capable of
promoting tolerance through a receptor desentization, while the MTD is able to determine a reduced tolerance through a
process of internalization mu opioid receptors and an antagonistic action on NMDA receptors of glutamate, provided that it
is used with doses capable of controlling the craving and pain (i.e. used with a so-called blocking dose).[?®! For all for the
aforementioned reasons, MTD appears to be the most effective opioid drug in control craving and pain, with minimal
effects on developmental mechanisms of tolerance. Opioid-induced hyperalgesia (HIO, image 3) is considered a
complication of opioid therapy and improves if the opioid is reduced or eliminated. In other words, HIO represents a kind
of pain sensitization that MTD seems to be able to reduce. The molecular basis of HIO are probably linked to the
mechanisms of tolerance, through an activation of NMDA receptors of glutamate and an altered sensitivity of the mu

opioid receptors.[?¢!
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Image 3. Molecular mechanisms of opioids- induced hyperalgesia

The HIO- treatment consists in the reduction or elimination of the opiate, in the use of a glutamate NMDA receptor
antagonist, or in the consider other pain relief solutions (such as the use of physical or neurosurgical

techniques).[27] Interestingly, some anecdotal reports have shown how reducing the dosage of the opiate and
administering a low dose of MTD can improve the HIO. In this sense, MTD, unlike other opiate drugs, appears to be, due
to its pharmacokinetic properties, particularly effective also for treatment of the HIO. The use of opiates is continuously
increasing around the world and therefore always is more patients with tolerance.2®! It is currently estimated that around
30% of the population in the United States suffer from chronic pain and that one high percentage of them use opiate
drugs, such as MTD which, in fact, in patients with chronic pain, in addition to being effective, has been shown to be able
to induce, only in rare cases, phenomena of severe dependence and tolerance, probably due to its ability to block
glutamate NMDA receptors. MTD is also the most indicated opioid drug for the treatment of pain, especially chronic, in
subjects who have a tolerance due to the use of substances.[*®/ Recent data suggests that around 20 millions of people in
the United States have a disorder related to the use of substances and how about ¥ of the entire aforementioned
population consumes substances. After all, substance abuse is present in 25-40% of patients who are hospitalized and in
40-60% of those who experience trauma. Moreover, always in the United States, there has been an exponential increase
in access to the emergency room for the abuse of opioid analgesics. In these patients the management pain, both acute
and chronic, is very complex, and MTD would be the most suitable drug, at least for subjects who do not present a
present or past history of opiate addiction. In any case, a survey conducted on more than 10,000 patients afferent to
centers for the treatment of pain has proven, as well as in patients with a history of addiction, only rarely phenomena of
iatrogenic dependence on MTD have developed. In the case of, instead, the control of acute pain should take place in the

subjects undergoing therapy a maintenance with MTD, although pain sensitivity is impaired in them, the use of any
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painkillers should follow the "normal” directions of prescription.[30] For the treatment of chronic pain, in subjects with
tolerance, the opioid drug of choice is always the MTD, for at least two reasons that are: its long half-life and the drug's
ability to block NMDA receptors of glutamate. Both factors are, in fact, capable of limiting the phenomenon of tolerance
and the possible development of HIO. The greatest limits of use of the MTD in the treatment of pain, in the presence of
tolerance, are however, the prolongation of the QTc interval of the electrocardiogram (which should be performed before
the start of treatment), pharmacokinetic interactions with other drugs and the risk of overdose. In these cases, where

tolerance is also present, it might be useful to apply the so-called "rotation" of opiates or increase their dosage.*']

Focus on: L-methadone

A 5: 1 formulation of concentrated methadone has been available on the market for some time, marketed as ellepalmiron, consisting of the sole left-handed form
of racemic methadone. This formulation, in ltaly only for hospital distribution, is indicated only for the cessation of addiction to opioid abuse. The advantage is the

relative greater cardiovascular safety without compromising its mu agonist properties. It must be said that it could represent an advantage in chronic pain

precisely due to the lower risk of long QT but to date it has not yet received such approval and the use would therefore be off-label.[3?]

Conclusions

Methadone is an atypical opioid, with pharmacological characteristics that make it very useful not only for detoxifying
heroin addicts but also for treating patients with chronic pain and concomitant opioid hyperalgesia and the development of
tolerance associated with a now intractable background pain.[33] In particular, the switch from the abused opioid (usually
oxycodone or tramadol but also hydromorphone, morphine or fentanyl) to the exclusive use of methadone at adequate
dosages, usually with 2 or 3 administrations per day, allows to interrupt the vicious circle of pain - overuse of the opioid -
hyperalgesia and sensitization - aggravation of the pain itself, by decreasing the doses and, taking advantage of the
equianalgesia, switching to an opioid capable of also treating the hyperalgesia itself by restoring the opioid tone. In the
primary abusers of painkiller for euphoric purposes instead it assumes the same role as in heroin, stabilizing the patient
from physical abstinence and reducing the craving until he is controlled. Unfortunately, it is still little known in ltaly today

and often a shadow only of SERDs or the bad reputation of "drug addicts".[>41[35]

Conflict of Interest Statement The authors certify that there is no conflict of interest with any financial organization
regarding the material discussed in the manuscript

The authors DECLARE: not to find themselves in situations of incompatibility or in conditions of conflict of interest also
potential.

Funding Sources: the authors didn’t receive any funding for this manuscript

Qeios ID: ABG3ZQ.2 - https://doi.org/10.32388/ABG3ZQ.2 9/12



Q Qeios, CC-BY 4.0 - Atrticle, July 17, 2022

References

10.

11.

12.

13.

. "Elefritz JL, Murphy CV, Papadimos TJ, Lyaker MR. Methadone analgesia in the critically ill. J Crit Care. 2016

Aug;34:84-8. doi: 10.1016/j.jcrc.2016.03.023. Epub 2016 Apr 5. PMID: 27288616.

. "Hanna V, Senderovich H. Methadone in Pain Management: A Systematic Review. J Pain. 2021 Mar;22(3):233-245.

doi: 10.1016/j.jpain.2020.04.004. Epub 2020 Jun 26. PMID: 32599153

"Elsass K, Marks S, Malone N. Nonoral Routes of Methadone for Analgesia in Palliative Care #358. J Palliat Med.
2018 Sep;21(9):1357-1358. doi: 10.1089/jpm.2018.0346. PMID: 30207887.

"Jones HE, Kraft WK. Analgesia, Opioids, and Other Drug Use During Pregnancy and Neonatal Abstinence Syndrome.
Clin Perinatol. 2019 Jun;46(2):349-366. doi: 10.1016/j.clp.2019.02.013. Epub 2019 Mar 30. PMID: 31010564.

"Tognoli E, Proto PL, Motta G, Galeone C, Mariani L, Valenza F. Methadone for postoperative analgesia: contribution
of N-methyl-D-aspartate receptor antagonism: A randomised controlled trial. Eur J Anaesthesiol. 2020 Oct;37(10):934-
943. doi: 10.1097/EJA.0000000000001217. PMID: 32516227.

"De Aquino JP, Parida S, Avila-Quintero VJ, Flores J, Compton P, Hickey T, Gémez O, Sofuoglu M. Opioid-induced
analgesia among persons with opioid use disorder receiving methadone or buprenorphine: A systematic review of
experimental pain studies. Drug Alcohol Depend. 2021 Nov 1;228:109097. doi: 10.1016/j.drugalcdep.2021.109097.
Epub 2021 Sep 22. PMID: 34601272; PMCID: PMC8595687.

"Lyaker MR, Elefritz JL, Murphy CV. Methadone analgesia in the critically ill. J Crit Care. 2016 Dec;36:296. doi:
10.1016/].jcrc.2016.07.009. Epub 2016 Jul 19. PMID: 27491562.

"Kohler M, Chiu F, Gelber KM, Webb CA, Weyker PD. Pain management in critically ill patients: a review of multimodal
treatment options. Pain Manag. 2016 Nov;6(6):591-602. doi: 10.2217/pmt-2016-0002. Epub 2016 May 18. PMID:
27188977.

"Rusch E, Bovi MF, Martinelli EC, Garcia-Gomes MS, Mori CM, Martins DS, Carregaro AB. Effects of Three
Consecutive Days of Morphine or Methadone Administration on Analgesia and Open-Field Activity in Mice with Ehrlich
Carcinoma. J Am Assoc Lab Anim Sci. 2021 May 1,60(3):349-356. doi: 10.30802/AALAS-JAALAS-20-000053. Epub
2021 Apr 16. PMID: 33863403; PMCID: PMC8145117.

"Carvalho AC, Sebold FJG, Calegari PMG, Oliveira BH, Schuelter-Trevisol F. Comparagdo da analgesia pos-
operatdria com uso de metadona versus morfina em cirurgia cardiaca [Comparison of postoperative analgesia with
methadone versus morphine in cardiac surgery]. Braz J Anesthesiol. 2018 Mar-Apr;68(2):122-127. Portuguese. doi:
10.1016/j.bjan.2017.09.005. Epub 2017 Oct 31. PMID: 29096877.

AUscaz‘egui RA, Barros FF, Almeida VT, Kawanami AE, Feliciano MA, Vicente WR. Evaluation of chemical restraint,
isoflurane anesthesia and methadone or tramadol as preventive analgesia in spotted pacas (Cuniculus paca)
subjected to laparoscopy. Vet Anaesth Analg. 2021 Jan;48(1):82-91. doi: 10.1016/j.vaa.2020.09.001. Epub 2020 Sep
21. PMID: 33229231.

"Lipman AG. Methadone:effective analgesia, confusion, and risk. J Pain Palliat Care Pharmacother. 2005;19(2):3-5.
PMID: 16061455.

"Tobias JD. Methadone: applications in pediatric anesthesiology and critical care medicine. J Anesth. 2021

Qeios ID: ABG3ZQ.2 - https://doi.org/10.32388/ABG3ZQ.2 10/12



Q Qeios, CC-BY 4.0 - Atrticle, July 17, 2022

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Feb;35(1):130-141. doi: 10.1007/500540-020-02887-4. Epub 2021 Jan 12. PMID: 33432486.

"Lugo RA, Satterfield KL, Kern SE. Pharmacokinetics of methadone. J Pain Palliat Care Pharmacother. 2005;19(4):13-
24. PMID: 16431829.

"Davies D, DeVlaming D, Haines C. Methadone analgesia for children with advanced cancer. Pediatr Blood Cancer.
2008 Sep;51(3):393-7. doi: 10.1002/pbc.21584. PMID: 18428431.

"Neto JO, Machado MD, de Almeida Correa M, Scomparim HA, Posso IP, Ashmawi HA. Methadone patient-controlled
analgesia for postoperative pain: a randomized, controlled, double-blind study. J Anesth. 2014 Aug,;28(4):505-10. doi:
10.1007/500540-013-1785-3. Epub 2014 Jan 21. PMID: 24445560.

"Bova SE, Kruer RM, Nesbit SA, Grant MC, Jarrell AS. Perioperative methadone prescribing and association with
respiratory depression. J Opioid Manag. 2020 Nov-Dec;16(6):443-449. doi: 10.5055/jom.2020.0602. PMID: 33428191.
"Biewald MA, Scarborough B, Lindenberger E. Methadone for Palliative Care Providers: A Case-Based Flipped
Classroom Module for Faculty and Fellows. MedEdPORTAL. 2021 Jul 26;17:11172. doi: 10.15766/mep_2374-
8265.11172. PMID: 34395853; PMCID: PMC8310899.

"D'Souza RS, Gurrieri C, Johnson RL, Warner N, Wittwer E. Intraoperative methadone administration and
postoperative pain control: a systematic review and meta-analysis. Pain. 2020 Feb;161(2):237-243. doi:
10.1097/j.pain.0000000000001717. PMID: 31613867.

"Jiao M, Greanya ED, Haque M, Yoshida EM, Soos JG. Methadone maintenance therapy in liver transplantation. Prog
Transplant. 2010 Sep;20(3):209-14; quiz 215. doi: 10.7182/prtr.20.3.r8n4k17212158k62. PMID: 20929104.

"Chan FJ, Schwartz AM, Wong J, Chen C, Tiwari B, Kim SJ. Use of Chronic Methadone Before Total Knee
Arthroplasty. J Arthroplasty. 2017 Jul;32(7):2105-2107. doi: 10.1016/j.arth.2017.02.048. Epub 2017 Feb 28. PMID:
28343821.

"Gémez-Lépez L, Sala-Blanch X, Gambus Cerrillo PL, Lépez Gutiérrez A, Agusti Lasts M, Anglada Casas MT.
Outpatient intravenous multimodal elastomeric pump with methadone in ambulatory surgery. Rev Esp Anestesiol
Reanim (Engl Ed). 2018 Jun-Jul;65(6):306-313. English, Spanish. doi: 10.1016/j.redar.2018.01.011. Epub 2018 Apr
14. PMID: 29665978.

"DeRossi R, Pagliosa RC, de Carvalho AQ, Macedo GG, Hermeto LC. Fentanyl and methadone used as adjuncts to
bupivacaine for lumbosacral epidural analgesia in sheep. Vet Rec. 2017 Jan 28;180(4):96. doi: 10.1136/vr.103860.
Epub 2016 Oct 25. PMID: 27780901.

"Mercadante S, Sapio M, Serretta R, Caligara M. Patient-controlled analgesia with oral methadone in cancer pain:
preliminary report. Ann Oncol. 1996 Aug;7(6):613-7. doi: 10.1093/oxfordjournals.annonc.a010679. PMID: 8879376.
"Kreutzwiser D, Tawfic QA. Methadone for Pain Management: A Pharmacotherapeutic Review. CNS Drugs. 2020
Aug;34(8):827-839. doi: 10.1007/s40263-020-00743-3. PMID: 32564328.

"Bell J, Strang J. Medication Treatment of Opioid Use Disorder. Biol Psychiatry. 2020 Jan 1;87(1):82-88. doi:
10.1016/j.biopsych.2019.06.020. Epub 2019 Jul 2. PMID: 31420089.

"Solhjoo S, Punjabi NM, Ivanescu AE, Crainiceanu C, Gaynanova I, Wicken C, Buckenmaier C 3rd, Haigney MC.
Methadone Destabilizes Cardiac Repolarization During Sleep. Clin Pharmacol Ther. 2021 Oct;110(4):1066-1074. doi:
10.1002/cpt.2368. Epub 2021 Aug 10. PMID: 34287835; PMCID: PMC8803393.

Qeios ID: ABG3ZQ.2 - https://doi.org/10.32388/ABG3ZQ.2 1112



Q Qeios, CC-BY 4.0 - Atrticle, July 17, 2022

28.

29.

30.

31.

32.

33.

34.

35.

"Toce MS, Chai PR, Burns MM, Boyer EW. Pharmacologic Treatment of Opioid Use Disorder: a Review of
Pharmacotherapy, Adjuncts, and Toxicity. J Med Toxicol. 2018 Dec;14(4):306-322. doi: 10.1007/s13181-018-0685-1.
Epub 2018 Oct 30. PMID: 30377951; PMCID: PMC6242798.

"Kapur BM, Hutson JR, Chibber T, Luk A, Selby P. Methadone: a review of drug-drug and pathophysiological
interactions. Crit Rev Clin Lab Sci. 2011 Jul-Aug;48(4):171-95. doi: 10.3109/10408363.2011.620601. PMID: 22035341.
"McPherson ML, Costantino RC, McPherson AL. Methadone: Maximizing Safety and Efficacy for Pain Control in
Patients with Cancer. Hematol Oncol Clin North Am. 2018 Jun;32(3):405-415. doi: 10.1016/j.hoc.2018.01.004. Epub
2018 Mar 22. PMID: 29729777.

"Chou R, Weimer MB, Dana T. Methadone overdose and cardiac arrhythmia potential: findings from a review of the
evidence for an American Pain Society and College on Problems of Drug Dependence clinical practice guideline. J
Pain. 2014 Apr;15(4):338-65. doi: 10.1016/].jpain.2014.01.495. PMID: 24685459.

"Newman RG. Methadone: prescribing maintenance, pursuing abstinence. Int J Addict. 1995 Aug;30(10):1303-9. doi:
10.3109/10826089509105135. PMID: 7591345.

"Somogyi AA, Barratt DT, Ali RL, Coller JK. Pharmacogenomics of methadone maintenance treatment.
Pharmacogenomics. 2014 May;15(7):1007-27. doi: 10.2217/pgs.14.56. PMID: 24956254.

AMonne//y VJ, Hamilton R, Chappell FM, Mactier H, Boardman JP. Childhood neurodevelopment after prescription of
maintenance methadone for opioid dependency in pregnancy: a systematic review and meta-analysis. Dev Med Child
Neurol. 2019 Jul;61(7):750-760. doi: 10.1111/dmcn.14117. Epub 2018 Dec 3. PMID: 30511742; PMCID:
PMC6617808.

"McGlone L, Mactier H, Hamilton R, Bradnam MS, Boulton R, Borland W, Hepburn M, McCulloch DL. Visual evoked
potentials in infants exposed to methadone in utero. Arch Dis Child. 2008 Sep;93(9):784-6. doi:
10.1136/adc.2007.132985. Epub 2008 Feb 27. PMID: 18305073.

Qeios ID: ABG3ZQ.2 - https://doi.org/10.32388/ABG3ZQ.2 12/12



	Methadone: from Chronic Non-Oncological pain and primary Management Of Opioid Hyperalgesia to Disassuefaction Of Painkillers Abuse
	Abstract
	Background and Aims
	Methods
	Discussion
	Conclusions
	References


