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RESUMO

Tese de Doutorado
Programa de Pos-graduacédo em Ciéncias da Saude: Farmacologia
Universidade Federal de Santa Maria, RS, Brasil

USO DA COMBINACAO DE CETAMINA E METADONA NO
TRATAMENTO DA DOR NEUROPATICA CAUSADA POR

DIFERENTES ETIOLOGIAS CLINICAS
AUTORA: Maria Celoni de Mello de Godoy
ORIENTADOR: Juliano Ferreira
LOCAL E DATA DA DEFESA: Santa Maria, 27 de abril de 2013

Metadona e cetamina tém sido usados no tratamento da dor neuropatica, mas os
beneficios da associacdo das duas drogas sdo desconhecidos. Com o objetivo de
melhorar a eficacia analgésica e reduzir a ocorréncia de efeitos adversos, uma
solucéo oral de metadona mais cetamina foi testada em pacientes que sofrem de dor
neuropatica de diferentes etiologias e resistentes a outros tipos de tratamento.
Todos os pacientes foram tratados no ambulatorio da dor do Hospital Universitario
de Santa Maria (HUSM) entre outubro de 2006 e marco de 2008. A dor foi analisada
antes e varias vezes depois de iniciar o tratamento, através da escala visual
analogica (EVA), bem como alodinia, dor em queimacdo e/ou em choque. Efeitos
adversos, como sonoléncia, nauseas, vomitos, tontura, alucinacdo, constipacao e
dor de cabeca, também foram investigados. A primeira parte desta tese apresenta
um relato de caso de 18 pacientes com dor neuropatica, submetidos ao tratamento
com a solucéo oral de metadona mais cetamina durante seis meses. Exceto para um
paciente que descontinuou o tratamento devido a efeitos adversos intoleraveis,
todos os pacientes relataram alivio da dor e de baixa prevaléncia de efeitos
adversos ao longo do tratamento. A segunda parte desta tese apresenta um estudo
duplo-cego randomizado, realizado com 37 pacientes apresentando dor neuropatica
de diferentes etiologias. Os pacientes foram divididos aleatoriamente em trés grupos
de tratamento: grupo metadona (n = 13), grupo cetamina (n = 11) e grupo metadona
mais cetamina (n = 13). Todos o0s pacientes receberam o tratamento designado por
via oral, durante 3 meses. O tratamento com metadona, cetamina ou metadona mais
cetamina, gradualmente (melhor efeito em 30 do que em 7 dias) e em grande parte
(inibicéo de cerca de 70% no final do tratamento) reduziu o nivel de dor neuropatica
sem apresentar diferenca significativa entre os grupos. A dor em queimacgéo ou em
choque apresentada pelos pacientes foi igualmente reduzida em todos os grupos de
tratamento, mas a prevaléncia de alodinia foi significativamente reduzida apenas no
grupo cetamina. A sonoléncia foi mais prevalente nos grupos da metadona e
metadona mais cetamina, a manifestagcdo dos demais efeitos adversos foi muito
semelhante em todos os grupos de tratamento.

Palavras-chave: Analgesia multimodal. Dor refrataria. Receptor NMDA. Opidides.



ABSTRACT

Tese de Doutorado
Programa de Pos-graduacédo em Ciéncias da Saude: Farmacologia
Universidade Federal de Santa Maria, RS, Brasil

USO DA COMBINACAO DE CETAMINA E METADONA NO
TRATAMENTO DA DOR NEUROPATICA CAUSADA POR
DIFERENTES ETIOLOGIAS CLINICAS

AUTORA: Maria Celoni de Mello de Godoy
ORIENTADOR: Juliano Ferreira
LOCAL E DATA DA DEFESA: Santa Maria, 27 de abril de 2013

Methadone and ketamine have been used in neuropathic pain management,
but the benefits of the association of both drugs are uncertain. Aiming to enhance the
analgesic efficacy and to reduce the occurrence of adverse-effects, an oral solutionof
methadone plus ketamine was tested in patients suffering of neuropathic pain of
different etiologies and resistant to other analgesics. All patients were treated in the
Clinical Care & Pain Management of Santa Maria University Hospital (HUSM)
between October 2006 and March 2008. Pain (primary aim) was analyzed before and
several times after starting the treatment, through the visual analogical scale (VAS),
allodynia and burning or shooting pain evaluation. The development of adverse-
effects (secondary aim), such as somnolence, nausea, vomit, dizziness,
hallucination, constipation and headache, was also investigated. The first part of this
thesis presented the case report of 18 neuropathic pain patients treated with the oral
solution of methadone plus ketamine during 6 months.Except for one patient that
discontinued the treatment due to intolerable adverse effect, all patients reported
pain relief and lowprevalence of adverse effects throughout the treatment. The
second part of this thesis presents arandomized, double-blind study conducted with
37 neuropathic patients. Patients were randomly assigned in three treatment groups:
methadone group (n=13), ketamine group (n=11) and methadone plus
ketaminegroup (n=13). All patients received the designated treatment by oral route,
during 3 months. Methadone, ketamine or methadone plus ketamine
treatmentgradually (better effect in 30 than in 7 days) and largely (inhibition of about
70% at the end of treatment) reduced the level of neuropathic pain (VAS) with
nodifference between the treatment groups.The proportion of patients presenting
burning or shooting pain was similarly reduced in all treatmentgroups, but the
prevalence of allodynia was significantly reduced only in ketamine group. Excepted
for the somnolence that was more prevalent in methadone and methadone plus
ketamine groups, the prevalence of the adverse effects was very similar in all
treatment groups. All together, the present data show that the combination of
methadone plus ketamine was effective to reliefneuropathic pain resistant to other
analgesics, though the combination of the two drugs did not show superior efficacy
than those reached by methadone or ketamine alone. This study strengthens the use
of methadone or ketamine as alternatives to treat neuropathic pain. The drug of
choice, however, should be based on the patient background.

Key words: Multimodal analgesia. Refractory pain. NMDA receptor. Opioid.
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APRESENTACAO

Nos itens INTRODUGAO e REVISAO BIBLIOGRAFICA consta uma revisdo
suscinta da literatura sobre os temas abordados nesta tese.

A metodologia realizada e os resultados obtidos que compdem esta tese
estdo apresentados sob a forma de Artigo e Manuscrito, 0s quais se encontram no
item RESULTADOS. O artigo esta disposto na forma em que foi publicado e o
manuscrito na forma que foi submetido para a revista European Journal of
Anesthesiology.

Os itens DICUSSAO e CONCLUSAO s&o encontrados no final desta tese e
apresentam interpretagdes e comentarios gerais sobre o Artigo e Manuscrito contido
neste trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacbes que
aparecem nos itens INTRODUCAO e REVISAO BIBLIOGRAFICA desta tese.



1 INTRODUCAO
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A dor neuropética é um grande desafio para os médicos. Nos Estados Unidos
da América do Norte mais de 5 milhdes de pessoas sofrem de dor neuropética de
carater crbnico; para 33% desses pacientes a dor experimentada € a pior
imaginavel; e a grande maioria jA procurou mais de um médico para resolver o
problema. Nao existe consenso no tratamento de dor neuropatica e o alivio, apesar
do tratamento, se situa ao redor de 30% (Harden, 2005).

A dor neuropatica é decorrente de lesdo ou disfuncdo do sistema nervoso
central (SNC) e periférico, muitas vezes de dificil diagnostico e de terapéutica muito
complexa (Woolf et al., 1998). A dificuldade diagnostica esta na multiplicidade de
etiologias, na variedade de sintomas, cronicidade e também pelas alteracfes
psiquicas que tais pacientes podem ter em decorréncia do sofrimento croénico 0s
quais estdo expostos, além das frustracdes nas varias tentativas em busca de seu
alivio.

Entre as sindromes dolorosas neuropéticas estdo incluidas entidades
heterogenias que diferem em etiologia e local da lesdo. Entre as etiologias mais
comuns podemos citar a neuralgia do trigémeo, a neuralgia pés-herpética, a dor do
membro fantasma, a dor isquémica do pos-operatério, a dor por acidentes
isquémicos centrais, a dor ocasionada por infiltracdo nervosa tumoral, as Sindromes
Complexas Regionais tipo | e 1l (SCR tipo | e tipo Il) (Berthelot, 2006).

Seu quadro clinico é variado incluindo dor tipo queimacdo, choque,
formigamento, disestesia, alodinia, hiperalgesia e hiperpatia. Apesar do grande
avanco das técnicas de auxilio diagnostico da dor, 0 mesmo nao tem ocorrido com o
repertorio terapéutico analgésico.

Apesar do grande avangco das técnicas de auxilio diagnéstico da dor
neuropatica, 0 mesmo nao tem ocorrido com o repertério terapéutico analgésico. O
tratamento medicamentoso da dor neuropatica é usualmente multimodal, composto
por antidepressivos triciclicos, anticonvulsivantes, anestésicos locais, agonistas o, e
opidides (Oxenham e Farrer, 1988; Sandoval et al., 2005). Porém néo existe
consenso sobre o tratamento da dor neuropdtica, pois a eficacia é variavel
dependendo do quadro clinico e do farmaco utilizado, os efeitos adversos podem
inviabilizar o tratamento, os custos do tratamento podem se tornar onerosos e
algumas vias de administracdo dos medicamentos (analgesia peridural) dificultam a

adesao do paciente ao tratamento.
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Opidides usualmente tem eficacia limitada no tratamento da dor neuropatica,
basicamente porque alguns tipos de dor neuropatica sdo refratarias ao tratamento
com opidides ou porque os efeitos adversos oriundos da utilizacdo cronica destes
farmacos inviabilizem o tratamento (Woolf and Mannion, 1999; Sandoval et al.,
2005). A metadona € uma alternativa ao uso de outros opioides, pois difere destes
em varias caracteristicas farmacocinéticas e farmacodinamicas (Inturrisi, 2005). E
ainda uma vantagem da metadona o seu baixo custo. De fato, alguns estudos da
literatura sugerem que a metadona pode ter boa eficacia no tratamento da dor
neuropatica (Sandoval et al., 2005). Além de ser agonista de receptores opibdides do
tipo pu e 8, a metadona também antagonista do receptor para glutamato do tipo N-
metil-D-aspartato (NMDA), o que poderia explicar seu diferente perfil farmacolégico
(Makin e Ellershaw, 1998 e Inturrisi, 2005). Apesar de sua eficacia analgésica, a
metadona é geralmente utilizada somente quando outros opibides falham em reduzir
a dor cronica (Sandoval et al., 2005).

Outro medicamento que parece ser Util para tratamento da dor neuropética é
a cetamina. Originalmente utilizada como medicagdo anestésica, o principal
mecanismo de acdo da cetamina parece ser o antagonismo do receptor NMDA
(Martin e Lodge, 1985). Vérios estudos demonstram que a cetamina pode reduzir a
dor neuropética de varias etiologias (Haines e Gaines, 1999). Porém, a via de
administrac@o da cetamina nestes estudos é endovenosa ou intratecal o que dificulta
o tratamento dos pacientes cronicamente (Hocking e Cousins, 2003).
Alternativamente, limitados estudos de caso demonstram que a administragao oral
da cetamina também causa analgesia (Haines e Gaines, 1999; Vick e Lamer, 2001).
Desta forma, ainda sdo necessarios mais estudos com grupos maiores de paciente
para elucidar a eficacia analgésica da cetamina administrada por via oral na dor
neuropatica. Outro ponto importante para estudo da cetamina é que este farmaco é
utiizado geralmente como uma mistura racémica de dois estereoisdmeros,
chamados de R e S. Porém, esta demonstrado que a forma S da cetamina é a mais
ativa como anestésico e causa menos efeitos adversos do que a forma racémica
(Marhofer et al., 2000). Nao existem estudos sobre a eficacia analgésica do isémero
S da cetamina, administrado por via oral, para o tratamento da dor neuropatica.

Aléem da utilizacdo isolada de cetamina ou metadona, outra estratégia
terapéutica interessante poderia ser a combinacdo dos dois farmacos. A combinacéo
de analgésicos de diferentes classes terapéuticas € frequentemente utilizada para o
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alivio da dor crénica, com o objetivo de melhorar a eficacia analgésica e reduzir os
efeitos adversos. A combinacdo de antagonista dos receptores NMDA e opidides
(morfina ou metadona) em modelos animais de dor neuropatica demonstrou um
sinergismo analgésico, além de prevenir a dependéncia e a tolerancia aos opioides
(Kannan et al., 2002; Pelissier et al, 2003). Infelizmente, ndo existem estudos
clinicos investigando a combinacdo da cetamina e da metadona para o tratamento
da dor neuropatica. Por isso, este trabalho tem o objetivo de verificar se a
combinacgéo entre metadona e cetamina é eficaz no tratamento de dor neuropatica

com o minimo de efeitos adversos.



2 OBJETIVOS
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2.1 Objetivo Geral

O objetivo do presente trabalho foi comparar o efeito analgésico do
tratamento oral com metadona ou cetamina com o tratamento oral da combinacéo
de ambos os farmacos em pacientes com dor neuropética de diferentes etiologias e

refrataria ao tratamento convensional.

2.2 Objetivos especificos

e Comparar o efeito do tratamento oral com metadona ou cetamina com a
combinacdo de ambos os farmacos na intensidade e em alguns sinais da dor

neuropatica,

¢ Investigar os possiveis efeitos adversos produzidos pelo tratamento oral da
combinacdo de metadona e cetamina em pacientes com dor neuropatica e
comparar estes efeitos com aqueles causados pelos farmacos utilizados

isoladamente.



3 REVISAO BIBLIOGRAFICA
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3.1 Mecanismos envolvidos no desenvolvimento e manutencdo da dor

neuropatica

Para uma melhor avaliagdo de um portador de dor neuropatica, em relagéo a
génese e ao tipo de dor que esta tendo, € muito importante o estudo das pesquisas
basicas que envolvem o conhecimento da neurofisiologia, neurofisiopatologia e dos
receptores neurais. Apos lesdo do sistema nervoso, periférico ou central, pode
ocorrer uma cascata de eventos que incluem alteragdes bioquimicas importantes na
periferia e no SNC (Woolf e Mannion, 1999).

Os mecanismos periféricos que aumentam a estimulacdo de neurbnios
incluem acdo de mediadores sobre as terminacdes nervosas sensiveis a
estimulacdo nociva (nociceptores) e o efeito da lesdo do nervo sobre seu
funcionamento. Diversas substancias sdo responsaveis pela ativacdo e
sensibilizacdo dos nociceptores, das quais podemos destacar as cininas, as
prostaglandinas, a histamina, os prétons, os ions K", o trifosfato de adenosina, e as
interleucinas.

Na medula espinhal, a inter-relacdo entre a excitabilidade e a inibicdo dos
neurdnios espinhais determina a mensagem que € transmitida para centros supra-
espinhais (tdlamo, formacdo reticular, sistema limbico e cortex). Nesse processo
estdo envolvidos diversos neurotransmissores excitatorios (como o glutamato e as
taquicininas) e inibitérios (como as encefalinas, a serotonina e a noradrenalina). O
glutamato é o principal neurotransmissor excitatério do sistema nervoso central.
Apés a estimulacdo nociva periférica, o glutamato € liberado de terminagbes de
fibras aferentes primarias, principalmente nas laminas superficiais da do corno
dorsal da medula espinhal. Uma vez liberado, o glutamato estimula seus receptores
encontrados nas membranas neuronais que desencadeiam uma série de eventos
responsaveis pela producdo da dor. Os principais receptores para o glutamato sao
do tipo ionotrépicos. Os receptores ionotrépicos sao canais ibnicos dependentes de
ligante que alteram a permeabilidade da membrana a ions sédio e calcio dentro de
poucos milisegundos apds a ligagdo do agonista. Estes receptores podem ser
classificados farmacologicamente, de acordo com a interagdo de ligantes
especificos, em trés subtipos: receptores AMPA (a-amino-3-hidroxi-5-metil-4-

isoxazolepropionato), cainato e NMDA (N-metil-D-aspartato) (Hudspith, 1997).
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Durante a estimulacdo nociva aguda, o glutamato ativa somente, receptores do tipo
AMPA e cainato, causando influxo de sédio em neurdnios espinhais e induzindo dor
aguda. O receptor NMDA nao é ativado nestas situacdes agudas porque seu poro
esta bloqueado por ions magnésio (Mg™™).

Em alguns estados de dor crdnica, tipicamente aquelas neuropaticas, o
circuito do corno dorsal da medula pode ser remodelado, o que contribui para 0s
estados de alodinia que caracterizam a maioria das neuropatias (Woolf, 1994; Urban
e Gebhart, 1999). Lesdes dos tecidos periféricos produzem impulsos continuos na
medula espinhal, via ativacdo de fibras aferentes primérias, que resulta em aumento
progressivo da resposta de neurbnios espinhais a estimulos subsequentes,
fendbmeno conhecido como sensibilizagdo central. Por consequiéncia da estimulacéo
aferente aumentada, o glutamato € liberado em grande quantidade e por periodos
mais longos do que aqueles associados com um evento nocivo agudo. Neste caso
ocorre a remocao do ion magnésio que bloqueia o receptor NMDA, ocorre a ativacao
deste em neurbnios espinhais, o que causa um influxo de calcio e consequente
estimulacdo de varios sitios intracelulares. Desta forma, a ativacdo dos receptores
NMDA esta intimamente envolvida no fenbmeno de sensibilizacdo central e
consequente producao dor cronica (Meller e Gebhart, 1994; Hudspith, 1997).

O influxo de calcio induzido pela ativacdo do receptor NMDA provoca, entre
outras acoes, a ativacdo da enzima oxido nitrico sintase e consequente sintese de
oxido nitrico a partir da L-arginina em tecido neural (Garthwaite et al., 1988). As trés
formas de NO sintase, a neuronal, a endotelial e a induzida, sdo encontradas no
sistema nervoso central, onde participam de funcdes fisiologicas e patoldgicas
(Paakkari e Lindsberg, 1995). O glutamato e o NMDA perfundidos na medula
espinhal de ratos séo capazes de liberar localmente éxido nitrico (Rivot et al., 1999).
Este NO liberado pode agir intracelularmente interagindo com diversos alvos, ou
entdo agir como mensageiro retrogrado, modulando a liberacdo de glutamato e
neuropeptideos das terminagbes de neurdnios aferentes primarios (Meller e
Gebhart, 1994; Aimar et al., 1998). Como consequéncia, o 6xido nitrico parece estar
envolvido na modulacdo da nocicepcdo em nivel espinhal. De fato, existem
evidéncias demonstrando a liberacdo de NO e alteracdo na atividade e quantidade
de NO sintase na medula espinhal apés leséo periférica (Choi et al., 1996; Rivot et
al., 1997; Gordh et al., 1998).
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O receptor NMDA é um receptor excitatorio que tem implicagdo na modulacéo
da propagacdo de estdgio de dor em modelos animais (Mehta, 2012). O receptor
NMDA para o glutamato € implicado na geracdo e manutencdo de estagio central de
hipersensibilidade. Os receptores NMDA tem grande interacdo na sensibilizacéao
central, neuroplasticidade, tolerdncia aos opidides e ao desenvolvimento de dor
neuropatica, o que tem levado ao aumento do interesse pelo seu uso clinico de
antagonista NMDA (cetamina) (White et al., 1982).

Com isso, antagonistas NMDA tém o potencial de ndo abolir totalmente a dor,
mas prevenir ou bloquear estagios hiperalgicos induzidos por dano tecidual,
inflamacéo, dano de nervo e isquemia. Ha estudos mostrando que o receptor NMDA
medeia eventos criticos em estadgios de dor patolégica e/ou prolongada.
Consequentemente, o uso de antagonistas NMDA pode ajudar no tratamento de dor
de dificil controle quando dada sozinha ou em combinagdo com opidides. A
combinacao de opidides e antagonistas NMDA pode ser especificamente Gtil quando
a dor é de dificil controle somente com opidides (Ex. dor neuropética). O uso da
combinacdo dessas duas drogas em baixas doses pode ser possivel com grande

eficacia para a dor e poucos efeitos colaterais.

3.2 Cetamina, metadona e sua combinacao

A cetamina € a Unica droga como antagonista do receptor NMDA atualmente
em uso clinico. Tem uma acgdo analgésica em muitos sitios do sistema central e
periférico (Kohrs e Durieux, 1998). A cetamina foi desenvolvida em 1963 como um
agente anestésico (White et al., 1982). O efeito analgésico da cetamina parece ser
multifatorial como sua interacdo com uma variedade de mecanismos de dor. Estas
incluem interacdo com receptores opidides, NMDA, AMPA, cainato e acido y-amino
butirico. A cetamina inibe também a recaptacédo de serotonina, dopamina e canais
Na'/K" voltagem dependente. O mecanismo de ac¢&o na reversio da tolerancia dos
opidides pela cetamina esta envolvido na interacédo entre os receptores NMDA, oxido
nitrico (NO) e receptores p-opidide (Mao et al., 1995).

O receptor NMDA tem sido demonstrado com maior interagcdo na

sensibilizacdo central, neuroplasticidade, tolerancia aos opidides e ao
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desenvolvimento de dor neuropatica (Kuiper et al., 2000; Kannan et al., 2002
Berthelot, 2006) o que tem levado ao aumento do interesse pelo seu uso clinico de
antagonista NMDA (cetamina) (White et al., 1982).

Os opidides (principalmente a morfina) sdo drogas que usadas isoladamente
tem pouca acdo na dor neuropética (Dickenson, 1997), ao contrario da metadona
por possuir um perfil favoravel para os tratamentos prolongados ao seu baixo indice
de desenvolvimento de taquifilaxia, tolerancia e neurotoxicidade.

A metadona é um opidide que tem sido utilizado desde 1964 nos EUA em
programas para adictos. A metadona pode ser utilizada por diversas vias (oral,
venosa, subcutanea, espinhal, retal), contudo, a via oral é a mais comum. O
emprego da metadona possui inmeras vantagens:

1. Excelente biodisponibilidade por via oral (80%);
Altamente lipofilica com rapido inicio de ac¢éao;
Meia vida (22 horas);
Baixo clearance hepético;
Reduz os episddios de dor incidental ou espontanea,;
Auséncia de metabdlitos ativos;

Baixa tolerancia cruzada com outros opidides;

© N o g A~ WD

Concentragdo de equilibrio plasmatica se mantém por tempo prolongado (Shir
et al., 2001).
A metadona é um opidide sintético barato com acdo agonista em receptores
opidides p e 3, além de agir em receptores NMDA. A metadona tem sido utilizada no
alivio da dor de céancer e dor neuropatica de dificil controle (Sandoval et al., 2005).
Também a combinacdo de antagonista dos receptores NMDA e opioides
(morfina e metadona) em modelos animais tém mostrado um sinergismo analgésico,
enguanto previne a dependéncia e a tolerancia dessas drogas (opib6ide) (Kannan et

al., 2002).
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Editor,

Pain resulting from ncuropathy is probably the most
challenging and difficult painful state to manage.'
Subanaesthetic doses of keramine, an N-methvl-D-
aspartate (NMDA) receptor antagonist, and methadone,
a mu-opioid receptor (MOR) agonist and NMDA
receptor antagonist, have been used separately as an
alternative to treat ncuropathic pain, especially in
patients refractory to first-line analgesics.'™ For the
purpose of enhancing the analgesic efficacy and reducing
the occurrence of adverse effects, the multimodal
analgesia, a clinical practice achieved by combining
different drugs, has been used to improve the therapeutic
efficacy of pain therapy.! Here, we report the therapeutic
response of 18 patients (mean age of 50.6 years, range
of 23 to 71 years; five men and 13 women) suffering
from ncuropathic pain of different causes and refractory
to conventional analgesics to an association of methadone
and ketamine, as an oral solution, for 6 months.

Table 1 the characteristics  of
the partients. All patients went to the Clinical Care &
Pain Management of Santa Maria University Hospital
(HUSM) between October 2006 and March  2008.
The patients who were considered candidates for the
experimental  treatment  claimed neuropathy-related

summarises main
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painful sensations poorly responsive to conventional
pharmacotherapics. The visual analogue pain (VAS) pain
score was the main treatment effect assessed.® Moreover,
we also measured the presence and the degree of
allodvnia and burning and/or shooting pain. The patients
consented with the proposal therapy being evaluated.
Except for the opioid drugs, all prior prescribed treat-
ments continued during the whole of the experimental
period.

Ethical approval for this study (Ethical Committee
No. 0050.0.243.000-07) was provided by the Ethical
Committee of Federal University of Santa Maria,
Santa Maria, Brazil (Chairman Prof C.E. da Silva) on
13 August 2007.

Prior to starting the methadone and ketamine treatment,
the partients attempred several conventional analgesics.
Around 62, 38, 33 and 17% of the patients attempted
tricvele antidepressants (amitriptyline and nortryptvline),
anticonvulsivants  (gabapentin  and  carbamazepine),
opioids (morphine, codeine or tramadol) and non-
steroidal  anti-inflammarory  drugs  (acetaminophen),
respectively, to manage their pain (Table 1). As shown
in Fig. la, all prior prescribed treatments have failed,
as patients had elevated VAS score (median of 9, range 7
to 10) at the first clinical evaluation.

The solution of methadone along with ketamine was
prepared by mixing 10 ml of methadone (10 mgml™),
20 ml of S(+)-ketamine [50 mg ml~! (both from Cristilia,
Sio Paulo, Brazil] and 70 ml of saline 0.9% (Baxter, Sio
Paulo, Brazil), obraining a concentration of 1mgml™"
of methadone and 10mgml™" of ketamine. Three
milligrams of methadone along with 30 mg of ketamine
was introduced three times a day. We based our
methadone dose on the recommendations for medical
management of chronic non-malignant pain, by the
College of Physicians and Surgeons of Ontario, Canada
(November 2000, htep:/fwww.cpsa.ab.ca/Libraries/Pro_
TPP/MedicalManagementPain.sflb.ashx). They state that
25mgq8h™ (7.5mg per day) of methadone is well
tolerated by patients with chronic non-malignant pain.

Methadone along with ketamine treatment gradually
reduced the VAS scores (Fig. la). After 15 days of
treatment, 83% of the patients described a reduction of
at least 50% of the VAS (median of 4, range 2 to 5).
In 2 months of treatment, the average of VAS score
reduction was 75 £4%, reaching 86 + 3% (median of 2,
range 0 to 4) at the terminus of the treatment (Fig. 1a).
Nevertheless, in 41% of patients, VAS reached a stable
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Adverse
Adverse effect:

Prior treatment effect: Start End

Nortryptyline (50 mg per day), Somnelence (1) 0
gabapentin (800 mg per day)

Amitriptyline (75 mg per day) 0 0

Amitriptyline (75 mg per day), o] 0
gabapentin (900 mg per day)

Amitriptyline (50 mg per day), Headache (1) 0
carbamazepine (600 mg per day)

- Tachycardia (2) 0

Amitriptyline (75 mg per day), Constipation (2) 0
gabapentin (600 mg per day)

= Nausea (2) 0

somnolence (1)

s Somnolence (1) 0

Amitriptyline (50 mg per day) anxiety (1) 0

Amitriptyline (76 mg per day), [} 0
carbamazepine (600 mg per day)

= 0 0

Acetaminophen (2 g per day), Somnolence (1) 0
nortryptyline (25 mg per day)

Acetaminophen (2 g per day), o] 0
nortryptyline (25 mg per day)

Amitriptyline (50 mg per day) Dizziness (1) Sweating (2)

Nortryptyline (25 mg per day) Somnolence (1) 0

Amitriptyline (25 mg per day), Constipation (2) 0
gabapentin (600 mg per day)

Amitriptyline (75 mg per day), Somnalence (1) Sweating (2)
carbamazepine (800 mg per day)

Codeine (120 mg per day), Sweating (3) 0

Table 1 Patients’ details diagnosis, historical of pain, treatment and adverse effects
Pain
Age Weight history
Patient  (years) (kg) Sex Diagnosis (years)
1 67 75 M DP 5
2 50 70 M DP 2
3 56 80 M Stump pain 3
4 57 58 F Sciatalgia 0.18
5 44 69 M Radicular pain 3
6 35 67 F Radicular pain 6
7 54 65 F CRPS-, left ankle 0.58
8 62 61 7 CRPSH|, left forearm 0.5
9 49 72 F CRPS-, both lower limbs 4
10 42 51 B CRPSH|, left lower limb 1
1 47 53 F CRPSH, right forearm 0.16
12 28 48 F HIV-associated neuropathic 0.25
pain, both lower limbs
13 78 54 F PHN, left thoracic roots 0.16
14 52 65 I CRPSH, right lower limb 12
15 7 57 F CRPSH, left forearm 0.16
16 67 65 B CRPSH, left ankle 0.32
17 23 68 M CRPSH, right knee 1.5
18 39 55 I CRPSH, right lower limb 1.16

Acetaminophen (2 g per day)

CRPS, complex regional pain syndrome (type | or ll); DP, diabetic polyneuropathy; PHN, postherpetic neuralgia. ®Patients who previously used firstline (antidepressant,
anticolvulsants), second-line (serotonion noradrenalin reuptake inhibitors, topical lidocaine) or third-line (opioids) analgesics but abandoned treatment on their own before
admission. Adverse effect presented at the beginning of the treatment (start) and 6 months after (end): (0) not at all; (1) a little bit; (2) moderately; (3) very much.

value after 2 months. In these cases, the methadone along
with ketamine was increased to 12mg of methadone
along with 120 mg keramine daily. Off all patients, four
discontinued the treatment: three of them due to
complete pain relief and one due to intolerable adverse
effects. One patient (#12) was only evaluated up to
month 3, as they died due to their bascline disease.

Altogether, methadone along with ketamine reduced
100% of VAS score in seven out of 18 patients (40%).
Complete pain relief was reported by one patient after
2 months, and by four pauents after 3 months of
the treatment. Of them, only one (#16) was evaluated
up to 6 months. In this case, the level of pain remained

unchanged up t the last evaluation.

Among the 18 patients, 78% presented some degree
of allodynia before starting the methadone along with
ketamine rtreatment, which, except for one patient,
was accompanied by buming and/or shooting pain.
The methadone along  with  keamine  treatment
abolished the allodynia in all cases, of which 22% did
not present allodynia anymore from 15 days of treatment,
and after 1 month only 50% of the patients complained
of some degree of allodynia. Burning and/or shooting
pain, although resolved later than allodynia, were almost
completely eliminated in all patients (15 of 17; 88%) at
month 2 of the treatment.

Eur J Anaesthesiol 2013; 30:1-3

The mcidence of adverse effects was gradually reduced
along the methadone along with ketamine treatment
(Iig. 1b). Overall, adverse effecrs were reported by
14 of the 18 padents (78%), mainly at the inital
stage of the treatment. Somnolence was the most
common adverse effect reported (44%), followed by
constipation (22%) and nausea (11%). Only one patient
reported dizziness and visual hallucinations and another
complained of tachvcardia in the first 2 weeks of
treatment. Nevertheless, except for two cases of
excessive swearing, which showed only a slight reduction
throughout the treatment, all reported adverse effects
were controlled by methadone along with ketamine
dose titration, meal orientation and association with other
therapies (senna tea; haloperidol; clonazepan) depending
on the case. Thereby, after 2 months, there were no
more complaints of intolerable adverse effects. Although
five patients discontinued the treatment (Fig. 1b),
only one casc was duc to intolerable adverse effects
(patient #18).

Although we cannot say for sure, it is likely that the
analgesic effect observed by us was resolved quickly
because of the high involvement of NMDA receprors,
targeted by both methadone and keramine, in neuro-
pathic pain. The analgesic effect of NMDA recepror
antagonists has been demonstrated in patients with
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Level of pain (a) and incidence of adverse effects (b) during 6 months of
methadone and ketamine treatment. The level of pain is expressed by
visual analogue scale (VAS), in which 10 represents the worst pain.
Each point represents the median of 13 to 18 patients and the vertical
lines represent the interquatile range. Statistical analysis was
determined using non-parametric Kruskal—Wallis test followed by
Dunn's test. Asterisks denote the significance levels in comparison with
pretreatment values (day 0); **P < 0.01, *** P<0.001 (a). The
incidence of adverse effects is expressed by the number of patients
exhibiting some adverse effect along the 6-month methadone and
ketamine treatment. Each column represents the contingency of
patients exhibiting or not some adverse effect. Chi-square analyses
denotes a significant reduction in the number of patients exhibiting
adverse effects during the treatment; P < 0.0001 (b).

neuropathic pain from different causes.®® Our results
were not unexpected, as ketamine has been demonstrated
as very cffective in complex regional pain syndrome
patients,”® a2 common condition among
related here. Although the combination of methadone

cascs

and keramine scems to be redundant at the NMDA
receptor level, it is currently known that by associating
an opioid agonist with an NMDA receptor antagonist
it is possible to improve opioid analgesia and delay
the development of opioid tolerance.”  Morcover,
methadone often provides better analgesia than other
opioids in the setting of neuropathic pain.? In this way,
the dual action of methadone both on NMDA and MOR
receptors makes it a potential drug for this purpose.
As methadone may prolong Q'I" interval, cardiac monitor-
ing must be carried out in patients, especially with the use
of chronic high doses (>100 mg per day) and with heart/
liver discase.”

In summary, a routine of a 6-month intake of combined
methadone and ketamine showed to be efficacious
to treat neuropathic pain irresponsive to other analgesics,
independent of its causes and with minimal adverse
effects.

These results suggest that methadone and ketamine oral
solution is a viable choice for patients with refractory
neuropathic pain. Nevertheless, these results must
be confirmed through blinded and randomised controlled
trials and the measure of other global perceived effects
(L.e. impact on the quality of life) must be taken into
account.
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Abstract
Either oral methadone or ketamine have been used alone in neuropathic pain
management, however, the benefits of the association of both drugs are uncertain.
Here, we conducted a randomized, double-blind study with 37 patients with refractory
neuropathic pain of different etiologies to test the hypothesis that methadone plus
ketamine are more effective than methadone or ketamine alone in reducing
neuropathic pain. Patients were randomly assigned to receive oral methadone
(n=13), ketamine (n=11) or methadone plus ketamine (n=13) orally for 3 months.
Pain (primary aim) was analyzed before and several times after starting the treatment
through the visual analogical scale (VAS), and we have also evaluated allodynia,
burning or shooting pain. In addition, the development of adverse-effects (secondary
aim) was investigated. Methadone, ketamine or methadone plus ketamine treatments
gradually (better effect in 30 than in 7 days) and largely (inhibition of about 70% at
the end of treatment) reduced the level of neuropathic pain (VAS) with any difference
among the groups in all periods evaluated. The proportion patients’ presenting
burning or shooting pain was similarly reduced in all groups, but the prevalence of
allodynia was just significantly reduced in ketamine group. The prevalence of some
adverse effects (nausea, vomit, dizziness, hallucination, constipation and headache)
was similar in all groups, with exception of somnolence that was more prevalent in
methadone and methadone plus ketamine groups than in ketamine group. This study
indicates that methane plus ketamine was not superior to ketamine or methadone

alone to reduce neuropathic pain or cause adverse effects.

Key words: multimodal analgesia; refractory pain; NMDA receptor; opioid.
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1. Introduction

Pain resulted from neuropathy is probably the most challenging and difficult
painful state to manage ™. Neuropathic pain could be developed by different causes,
such as infectious and metabolic diseases, chemotherapy, and trauma, besides, it is
often associated with common alterations in pain response, such as allodynia,
burning and shooting pain ? 2. Because neuropathic pain has many causes and
resultant symptoms, the underlying dysfunctional mechanisms are likely to be diverse
making the clinical management problematic.

During the last decade, sub-anesthetic doses of ketamine have become used
as an alternative to treat neuropathic pain “®. However, oftentimes the effective
analgesic dose induces severe adverse-effects such as floating sensations,
hallucinations, delirium, and drowsiness, probably due to its inhibitory action on N-
methyl-D-aspartate (NMDA) receptor [, As well as ketamine, the synthetic opioid
methadone inhibits NMDA receptors besides its action on MOR receptors [8].
Methadone is often used to treat severe pain®'¥ and has been successful against

neuropathic pain resistant to conventional analgesics!?%.

Because its unique
pharmacological property of blocking NMDA receptors, methadone may be
particularly useful in the management of neuropathic pain, in which the NMDA
receptor seems to play an important role; despite the opioid resistance of neuropathic
pain™®*". Nevertheless, typical opioid adverse-effects such as somnolence, nausea,
constipation, vomiting, and analgesic tolerance sometimes limit its use.™®

For the purpose of enhancing the analgesic efficacy and reduce the

occurrence of adverse-effects, the multimodal analgesia, a clinical practice achieved

by combining different drugs, has been used to improve the therapeutic efficacy of
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pain therapy *°

. Previously, we have reported the therapeutic response of 18
patients suffering from refractory neuropathic pain, of different etiologies, to an
association of methadone and ketamine, as an oral solution, for 6 months %. We
observed that the methadone plus ketamine treatment produced a progressive
decrease in VAS (Visual Analogic Scale) besides largely reducing the complaint of
allodynia and burning/shooting pain. Also, we observed a lower degree of the
adverse-effect intensity in patients who still presented some effect after 6 months of
treatment. Apart to be promising, these results must be confirmed through blinded
and randomized controlled trials. For this reason, we designed a double-blinded
randomized trial to compare the effect of methadone alone, ketamine alone or

methadone plus ketamine in patients suffering from various types of neuropathic pain

resistant to conventional therapies.

2. Methods

2.1. Study Population

After approval by the ethics committee and written informed consent was
given, 44 patients with neuropathic pain of different etiologies were evaluated, ages
22 to 77 years were enrolled into the randomized, double-blind, placebo-controlled
study. All patients went to the Clinical Care & Pain Management of Santa Maria
University Hospital (HUSM) claiming of neuropathic-related painful sensations poorly
responsive to conventional pharmacotherapies. All prior prescribed treatments
continued during all the experimental period. Patients with a history of severe

psychiatric disorder, abuse drugs users or hepatic disease were excluded.
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Ethical approval for this study (Ethical Committee N° 0050.0.243.000-07) was
provided by the Ethical Committee of Federal University of Santa Maria, Santa Maria,
Brazil (Chairman Prof C.E. da Silva) on 13 August 2007. All protocols employed were
conducted in accordance with the Declaration of Helsinki and guidelines on Good

Clinical Practice. The flow diagram of the study is demonstrated in Figure 1.

2.2. Randomization and Interventions

The treatment allocation method used was advanced simple randomization
without blocking or stratification. Before the recruitment phase of the study, the
envelopes containing all protocol materials were prepared and numbered
sequentially, which were grouped so that each envelope had an independent 50%
probability of being included in either group. A sheet indicating the allocated
treatment was then placed in the envelope and the envelopes were sealed. A
random number was used to assign each consecutively numbered envelope to
receive orally 3 mg of methadone, 30 mg of ketamine, or 3 mg of methadone plus 30
mg of ketamine 3 times a day (9 mg of methadone, 90 mg ketamine or 9 mg of
methadone plus 90 mg ketamine daily). The dose used was based in a previous
study 2%,
The solution of methadone was prepared by mixing 10 ml of methadone
hydrochloride (10 mg/ml, Cristalia®, S&o Paulo, Brazil) and 90 ml of saline 0.9%
(Baxter, Sao Paulo, Brazil), obtaining a concentration of 1 mg/ml of methadone. The
solution of ketamine was prepared by mixing 20 ml of S(+)-ketamine hydrochloride
(50 mg/ml, Cristalia® S&o Paulo, Brazil) and 80 ml of saline 0.9% (Baxter, S&o

Paulo, Brazil), obtaining a concentration of 10 mg/ml of ketamine. Finally, the solution

of methadone plus ketamine was prepared by mixing 10 ml of methadone
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hydrochloride (10 mg/ml, Cristalia®, S&o Paulo, Brazil), 20 ml of S(+)-ketamine
hydrochloride (50 mg/ml, Cristalia®, S&o Paulo, Brazil) and 70 ml of saline 0.9%
(Baxter, Sdo Paulo, Brazil), obtaining a concentration of 1 mg/ml of methadone and
10 mg/ml of ketamine.

Throughout the course of the study, the sealed envelopes were removed and
opened sequentially by a nurse technician who delivered the methadone, ketamine
or methadone plus ketamine solutions only after prospective patients had been
screened and had consented to participation. During the entire protocol timeline,
blinding, and randomization were undertaken by 2 investigators who were not
involved in the patient's evaluation. Other individuals involved in the patient's care

were unaware of the treatment group to which the patient belonged.

2.3. Assessment

From each patient, data concerning pain diagnosis, age, gender, and all
pharmacotherapies used to manage neuropathic pain were collected at the first
clinical evaluation. Information regarding how long each patient had neuropathic pain
and the intensity of pain at first evaluation time was also collected. All clinical
information was collected by a physician.

At 7, 15, 30, 60 and 90 days after the beginning of methadone plus ketamine
treatment, each patient had their level of pain and adverse-effects evaluated. The
primary outcome was pain, as assessed by the visual analogical scale (VAS). The
intensity of pain was measured by a 10-cm VAS ?Y. VAS scores ranged from no pain
(zero) to worst possible pain (10 cm). The secondary outcomes were the presence of
burning and/or shooting pain, allodynia and adverse effects. Burning and/or shooting

pain and allodynia was evaluated as previously described M. Adverse-effects like
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somnolence, dizziness, nausea, vomiting, constipation, visual hallucinations or any

other eventually induced by the treatment were also assessed ™.

2.4. Statistical Analysis

For the initial power analysis, an incidence of moderate to intense neuropathic
pain on VAS of about 100% was expected in all groups, which corresponds to a
prorating incidence of moderate to intense pain reported in previous clinical trials in
Brazilian patients having neuropathic pain % %!, The analysis indicated that a study
of 42 subjects (14 per group) was required to detect a 30% difference between
groups with a power of 90% and a 2-tailed a set at 0.05 2%,

The differences between groups were examined by analysis of variance
(ANOVA) with Bonferroni's post hoc test to analyze parametric variables, and
categorical data were examined by x2 or Fisher's exact tests. After first checking
assumptions of normality for the outcome measures, the experimental groups were
compared for differences in pain and somnolence by repeated-measures ANOVA,
with the treatment group as a factor and time as the repeated measure. One-way
ANOVA with Bonferroni's test for post hoc multiple comparisons was used to identify
differences between groups at each time point. For all analyses, statistical
significance was set at P < 0.05 (2-tailed). Data were analyzed using GraphPad

Prism 5.0.
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3. Results

Forty-two patients were randomly assigned to 1 of 3 groups (Figure 1).
Fourteen patients were allocated in each group. During the follow up period (up to 15
days) few patient discontinued intervention because unmanageable adverse effects
(1 in methadone alone group, 2 in ketamine alone group, or 1 in methadone plus
ketamine group). Moreover, one patient of the ketamine group discontinued
intervention because by ineffective effect. Table 1 summarizes the main
characteristics of the patients. Demographic and morphometric characteristics were
similar in patients assigned to receive methadone, ketamine and methadone plus
ketamine.

The allocated patients were diagnosed with different categories of neuropathic
pain, such as lumbar radiculopathy (including sciatica), peripheral neuropathy
(including diabetic neuropathy and post herpetic neuralgia) and complex regional
pain syndrome | and Il, being lumbar radiculopathy and peripheral neuropathy the
most frequent etiologies. The proportion of neuropathic pain categories was not
different among the groups (Table 1). Moreover, the median duration of pain before
intervention was similar in the three groups (12 months). Prior starting the
methadone, ketamine or methadone plus ketamine treatments, the patients
attempted several classes of conventional analgesics (Table 1). Anticonvulsants and
antidepressants were usually more used than opioids (except methadone) or
nonsteroidal anti-inflammatory drugs and the proportion of the analgesic classes
used by patients was not different among different groups (Table 1). As shown in
Table 1, all prior prescribed analgesic treatments have failed, since patients had

elevated VAS scores (mean of about 7) at the first clinical evaluation. Some patients
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also presented allodynia, burning and shooting pain before treatments (Table 2). The
baseline pain intensity and the proportion of allodynia, burning and shooting pain was
also similar among the three groups before the intervention.

Methadone, ketamine or methadone plus ketamine treatments gradually
reduced the level of neuropathic pain, measured by VAS (Figure 2). There was not
statistically significant difference among the groups on the levels of neuropathic pain,
in all periods evaluated. The reduction of pain was about 40, 60 and 70% after 7, 15
and 30 days of treatment, respectively, being maintained low until 90 days (Figure 2).

The proportion patients presenting burning pain was similarly reduced in
methadone (from 77% before treatment to 23% 90 days after treatment started),
ketamine (from 63 to 18%) or methadone plus ketamine groups (from 69 to 23%)
(Table 2). The prevalence of shooting pain was also equally reduced in methadone
(from 61% before treatment to 8% 90 days after treatment started), ketamine (from
45 to 0%) or methadone plus ketamine groups (from 54 to 15%) (Table 2). However,
the prevalence of allodynia (that ranged 23-36% among the groups before treatment)
was just significantly reduced in patients that received ketamine alone (where the
allodynia was abolished), but not in the patients treated with methadone alone or
methadone plus ketamine groups 90 days after treatment started (Table 2).

After 90 days of treatment with methadone, ketamine or methadone plus
ketamine some patients presented several adverse effects, including somnolence,
nausea, vomit, dizziness, hallucination, constipation and headache (Table 3). The

prevalence of adverse. (Table 3).
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4. Discussion

Neuropathic pain is a complex syndrome, poorly managed in clinical practice,
and most of the treatment alternatives are associated to serious side effects that
limited the analgesic efficacy. Moreover, a large proportion of patients with
neuropathic pain are refractory to the conventional therapies . Then, the search
for new alternatives to neuropathic pain management is a relevant issue. We
previously described a series of cases showing that the combination of methadone
plus ketamine % would be an interesting strategy to managed refractory neuropathic
pain, with limited side effects. In this study we compared using a double-blinded
randomized trial if methadone alone, ketamine alone, or methadone plus ketamine
given as an oral solution, exerts analgesic efficacy in patients with neuropathic pain
of different causes who were refractory to conventional analgesics, during 3 months
of oral treatment. The use of ketamine alone, methadone alone, or the combination
of methadone plus methadone presented analgesic effect in almost all the patients
tested, and this action was not associated to serious adverse effects. However, the
combination of methadone plus ketamine did not increase the analgesic efficacy, and
there is no improvement of related adverse effect symptoms.

Previously, the analgesic effect of oral methadone or ketamine treatment
alone was observed for neuropathic pain from different etiologies mainly in report
case studies 1 Our data are in accordance of these studies and also showed
using a double-blind randomized clinical trial that the analgesic efficacy of
methadone or ketamine alone is high specially 30 days after the treatment. The
combination of diverse analgesics is frequently used in the clinical practice to the

treatment of chronic pain conditions, as the synergic action of drugs could enhance
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the analgesia and also reduce the incidence of adverse effects!*. Previously, in a
preclinical study of neuropathic pain in rats it was showed that methadone plus
ketamine combination possessed a synergic analgesic effect'®™. In addition, the
combination of methadone and ketamine for the treatment of perioperative pain
observed in patients reduced the opioid consumption when compared to methadone
alone [26]. However, until now any randomized clinical trial was performed to show
the analgesic effect of the combination of methadone and ketamine for neuropathic
pain treatment. Here, we observed that the oral treatment with the methadone plus
ketamine was effective for neuropathic treatment, but this analgesic effect was not
superior than that observed in the groups treat alone with these drugs when we
compared the pain relief by VAS observation. The lack of superior efficacy of the
methadone plus ketamine combination was not due to a ceiling effect, since the
analgesic effect of methadone and ketamine given alone reduced patient’s pain from
40 to 70% after treatment. Moreover, the similar efficacy of the drugs given alone or
in combination indicates that they act on convergent targets or structures to produce
analgesia in neuropathic patients. In fact, methadone may inhibit NMDA receptors
besides to activate opioid receptor and, conversely, ketamine may block NMDA
receptors and stimulate opioid receptors [ & 2”1 Thus, different from post operative
pain, the combination of methadone and ketamine did not show any beneficial
analgesic effect when administered in combination.

Unconcerned of the heterogeneous etiologies of neuropathic pain the clinical
symptoms, such as sensorial dysfunctions manifested oftentimes such as allodynia
and burning/shooting pain sensations are frequently similar ** 2. These pain
dysfunctions were reported by all the patients under study, and we have in the

baseline a similar intensity and the proportion of allodynia, burning and shooting pain
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among the three groups. While the frequency of burning and shooting pain was
similarly reduced in all the groups after treatment, the prevalence of allodynia was
just significantly reduced in the patients that received ketamine alone.

The treatment of patients with the combination of methadone plus ketamine,
ketamine alone, or methadone alone over a period of 90 days induced some adverse
effects. While the prevalence of all the other adverse effects was similar among the
groups, the manifestation of somnolence was higher in the methadone and also in
the methadone plus ketamine groups. The induction of somnolence is a quite
common during the first weeks of opioid treatment™®. Such effect is associated with
opioid action at central nervous system, and tends to disappear along the treatment
since tolerance to this opioid effect is gained. The other side effects observed after
the oral administration of methadone, ketamine, or the combination of methadone
plus ketamine, including nausea, vomiting, dizziness, hallucination, constipation, and
headache were previously observed after the administration of these drugs alone "
'8 However, we have not observed a reduction in the prevalence of these adverse
effects when we use the combination of methadone and ketamine.

Collectively, our data based in a randomized and double-blind study showed
that methadone plus ketamine management of neuropathic pain in patients refractory
to conventional analgesics was not superior to ketamine or methadone alone to relief

pain or induce adverse effects.
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Figures
Figure 1: Fluxograma da randomizac¢é&o dos pacientes
Assessed for eligibility (n=42)
» Excluded (n=0)
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[ Allocation ]
A\ 4 A 4 \ 4
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+ Received allocated intervention (n=14) + Received allocated intervention (n=14) (n=14)

+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0) + Received allocated intervention (n=14)

+ Did not receive allocated intervention (n=0)

[ Follow-Up ]

A 4 Y
Lost to follow-up (give reasons) (n=10) Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (unmanageable Discontinued intervention (1 by ineffective Discontinued intervention (unmanageable
adverse effects) (n=1) effect, 2 by unmanageable adverse effects) adverse effects) (n=1)
(n=3)

[ Analysis ]
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0) 0)
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Characteristic

Methadone group,

N=13
Age (years) ? 52+4
Weight (kg) @ 69+3
Duration of
pain (months)” 12 (6-33)
Gender (M/F)° 6/7
Diagnosis®* 6/1/6
gﬁgjgesicsqe 7/13/11/5
Basal VAS @ 7.8£0.4

Ketamine group,
N=11

544
67+2
12 (6-36)
6/5
6/1/4
7/11/4/1

7.1+0.3

Methadone plus
ketamine group, N=13

4513
64+2
12 (4.5-50)
5/8
6/2/6
9/13/5/4

7.6+0.3

P value

0.19

0.41

0.96

0.73

0.96

0.60

0.30

Data are shown as *Mean+SEM; "Median (interquartile range 75%) or ‘contingency of proportion.
P values denote the significance level between groups (° one-way ANOVA; ®’Mann Whitney’s test; C)(2

test).

Y umbar radiculopathy / Complex regional pain syndrome | and Il / Peripheral neuropathy.

®Anticonvulsants / Antidepressants / Opioids / Nonsteroidal anti-inflammatory drugs.

Table 2. Effect of treatments on other painful manifestations of patients

Other painful Methadone Ketamine Methadone plus gr\;ﬂﬁg
manifestations group group ketamine group groups)
Allodynia before treatment 3/10 a/7 4/9 0.77
Allodynia 90 days after 1 0/11 3/10 0.17
treatment started

P value (before vs. after) 0.28 0.02 0.66 -
Burning pain before 10/3 7/4 9/4 0.77
treatment

Burning pain 90 days after 3/10 2/9 3/10 0.95
treatment started

P value (before vs. after) 0.01 0.03 0.02 -
Shooting pain before 8/5 5/6 7/6 0.73
treatment

Shooting pain 90 days 1/12 0/11 2111 0.39
after treatment started

P value (before vs. after) 0.01 0.01 0.04 -

Data are shown as contingency of proportion (presented/non-presented other painful manifestations).

P values denote the significance level between groups, x“ test).
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Figure 2. Effect of methadone, ketamine or methadone + ketamine during 90 days on the visual

analogical scale (VAS) in patients suffering from neuropathic pain and resistant to conventional

therapies. Data are presented as the means + SEM from 11 up to 16 patients each group. ***P< 0.001

compared to before treatment (Time 0); Two-way ANOVA followed Bonferroni’s test.

Table 3. Prevalence of adverse effects in the different groups

Methadone Ketamine Methadone plus ketamine P value

Adverse effect rou rou rou (among

group group group groups)
Somnolence 12/1 2/9 6/7 0.01
Nausea 4/9 1/10 3/10 0.43
Vomit 2/11 1/10 2/11 0.88
Dizziness 1/12 2/9 0/13 0.27
Hallucination 0/13 1/10 0/13 0.30
Constipation 2/11 0/11 1/12 0.39
Headache 0/13 1/10 0/13 0.30

Data are shown as contingency of proportion (presented/non-presented adverse effect).
P values denote the significance level between groups, x2 test).
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Tem sido notavel o avango no conhecimento e no tratamento da dor
neuropatica nas ultimas décadas, bem como, o surgimento de inUmeras diretrizes de
avaliacdo e de tratamento dessa entidade, elaborados por diferentes sociedades
meédicas de especialidades, com 0 objetivo de guiar o profissional, no tratamento de
uma das mais desafiantes dores que o0 ser humano possa experimentar.

Mesmo assim, grandes dificuldades continuam sendo enfrentadas nesse
tratamento, tanto para 0s pacientes como para a equipe que esta tratando. A dor
neuropatica € desafiadora para o paciente, uma vez que € percebida em locais
aparentemente saudaveis, o que torna dificil a aceitacdo da dor pelos préprios
pacientes e pelos familiares; para o médico, existe a intrigante constatacao de que
para o mesmo diagndstico, somente uma pequena parcela de pacientes desenvolve
esse tipo de dor e ainda mais, que existe uma enorme variabilidade de resposta dos
pacientes a um mesmo tratamento (Attal, 2012).

Estdo muito bem estabelecidos, atualmente, os farmacos considerados de
primeira linha para o tratamento de dor neuropatica: antidepressivos triciclicos,
gabapentina, pregabalina, duloxetina e adesivos transdérmicos de lidocaina, esse
altimo especialmente utilizado na neuralgia pés-herpética. Como farmacos de
segunda linha, aparecem o tramadol e os opidides fortes e na terceira linha, alguns
outros anticonvulsivantes, antagonistas dos receptores NMDA e capsaicina tdpica.
As associacdes de antidepressivos com anticonvulsivantes ou de anticonvulsivantes
e opidides ou antidepressivos e opidides sdo muitas vezes Uteis, particularmente
guando a monoterapia nao é eficiente (Dworkin, 2007). N&o constando ainda em
diretrizes, mas vislumbrando boas opcdes terapéuticas estdo os adesivos de
capsaicina, a toxina botulinica tipo A e os canabindides, com limitac6es na pratica,
no Brasil, pelo preco, pelas dificuldades de importacao e de legalizacao (Attal, 2012).

A constatacdo da falta de resposta total ou parcial ao tratamento da dor
neuropatica utilizando-se todos o0s recursos disponiveis € um acontecimento
frequente que frustra de maneira avassaladora tanto o paciente como o médico.
Nessas circunstdncias € que muitas vezes, lanca-se mao de tratamentos, que
possuam alguns mecanismos de acdo eficazes contra a dor neuropatica,
isoladamente ou em associacdes, mas que ainda ndo facam parte do armamentario
terapéutico, por falta de via de administracdo especifica, previsibilidade de efeitos
adversos, ou pela falta de estudos suficientes com certas associagdes (Kiefer, 2008;
Subramaniam, 2004).
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Optamos nesse estudo, avaliar isoladamente ou em associagdo, a cetamina,
um antagonista do receptor N-metil-D-aspartato, que tem despertado interesse no
manejo da dor, em baixas doses, como uma substancia que exibe efeitos anti-
hiperalgésicos, anti-alodinicos ou protetores de tolerancia. E a metadona, opidide
que exibe propriedades ndo opidides relevantes para o tratamento da dor
neuropatica, que o distingue dos demais opioides fortes, para pacientes portadores
de dor neuropatica que néo responderam ao tratamento convencional.

A cetamina esta disponivel, comercialmente, somente para uso parenteral, o
que na dor crdnica torna-se um problema, uma vez que € muito desconfortavel e
técnicamente pouco exequivel um tratamento prolongado com farmacos injetaveis.
Optou-se, entéo, utilizar a preparacao parenteral como solucao oral, ajustando-se as
doses. E conhecida a extensa primeira passagem da cetamina pelo figado,
resultando numa baixa biodisponibilidade e elevada concentracdo de metabdlitos
ativos, prolongando dessa maneira o efeito analgésico, quando a opcao for a via
oral. Outro aspecto interessante € de que a cetamina por via oral parece ser
acompanhada de menor incidéncia de efeitos adversos, o que se explica pelos
menores niveis plasmaticos em relacdo a via parenteral e ainda, pela presenca
plasmatica elevada de norcetamina, devido a primeira passagem hepética, mais
segura do que a cetamina (Blonk, 2010).

De posse dessas informacgdes, escolhnemos uma dose subclinica de cetamina
oral, dividida em 2 a 3 administracdes diarias e comparamos com a metadona,
também em baixas doses, por via oral e ainda com a associacao desses 2 farmacos
nas mesmas doses para tratar pacientes com dor neuropatica de etiologias diversas,
gue nao respondiam ao tratamento segundo diversas diretrizes estabelecidas.

Nossos resultados evidenciaram reducdo dos escores de dor nos 3 grupos
estudados, sem diferenca significativa entre os mesmos, e maior reducdo da
alodinia no grupo que recebeu somente cetamina. Na avaliacdo dos efeitos
adversos, observou-se maior sonoléncia nos grupos que receberam metadona,
enquanto efeitos adversos como nausea, voémito, alucinagdes, constipagdo, tonturas
e cefaléia ndo diferiram entre os trés tipos de tratamento. Analisando nossos
resultados podemos inferir, que os pacientes que receberam cetamina, isoladamente
apresentaram uma melhor resposta, tanto em relacdo a analgesia, pela maior
reducéo da alodinia, como pela menor incidéncia de efeitos adversos. Entretanto, a

reducdo dos escores de dor nos trés grupos, o que em dor neuropatica é um
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resultado positivo, nos permite concluir que tanto a metadona como a cetamina oral,
utilizadas isoladamente, assim como a associacao de ambas, constituem-se numa
opcéao para o tratamento da dor neuropatica refrataria ao tratamento.

Varios questionamentos podem ser feitos em relacdo a metodologia utilizada:
a falta de formulacdo oral da cetamina comercialmente disponivel, e a n&o
aprovacao do uso da solucdo parenteral por essa via, mesmo entendendo que
ocorra menor incidéncia de efeitos adversos; a grande variabilidade da dose efetiva
entre 0s pacientes; a falta de conhecimento dos efeitos adversos a longo prazo com
uso de cetamina, especialmente em relacdo a dependéncia; as diferentes origens de
dor neuropética para um mesmo tratamento; as dificuldade em selecionar e
monitorar criteriosamente e com seguranca, 0S pacientes com dor neuropatica
programados para o uso crénico de opidides, entre tantos outros.

Acreditamos que o desenvolvimento de uma formulacdo especifica de
cetamina para o uso oral; um maior nimero de estudos para comprovar a eficacia
analgésica e a incidéncia de efeitos adversos, a longo prazo, com essa via e ainda a
avaliacdo do papel das associacdes de cetamina com opidides ampliem o
conhecimento do tdo ainda limitado papel da cetamina oral no tratamento da dor

cronica.
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Com base nos resultados obtidos no presente estudo, pode-se concluir que:

e O tratamento de dor neuropatica de diferentes etiologias com metadona,
cetamina e com a combinagdo de ambos os farmacos, foi igualmente eficaz
no alivio da dor.

e Os efeitos adversos produzidos pelo tratamento oral da combinacdo de
metadona e cetamina em pacientes com dor neuropatica foram semelhantes

agueles apresentados por esses farmacos administrados isoladamente;
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Apéndice

APENDICE A - Protocolo para coleta de dados

AMBULATORIO DA DOR NEUROPATICA
PROTOCOLO PARA COLETA DE DADOS

(ANAMNESE E EXAME FISICO)

Nome:
Idade:
Diagnostico Clinico:
Quadro Clinico: Caracteristicas da dor:
(QC)
Intensidade da dor — ESCALA VISUAL ANALOGICA — EVA-
Inicio QC:
Tratamentos ja realizados:
Coleta de liqguor no Ambulatério da Dor: armazenado no
hemato/oncologia — HUSM
Inicio do Tratamento com:
-CLORIDRATO DE METADONA + CETAMINA —
-CLORIDRATO DE METADONA —
-CLORIDRATO DE CETAMINA —
AVALIACAO SEMANAL POR UM PERIODO DE 3 MESES
EFEITOS ADVERSOS: - tontura;
- sonoléncia;
- nauseas;

- vOmitos;
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ANEXO A - Termo de Consentimento Livre e Esclarecido

Titulo do estudo: USO DE CETAMINA E/OU METADONA NO TRATAMENTO DA DOR
NEUROPATICA CAUSADA POR DIFERENTES ETIOLOGIAS CLINICAS.

Pesquisadora responsavel: MEDICA ANESTISIOLOGISTA MARIA CELONI DE MELLO DE
GODOY.

Instituicdo/departamento: HOSPITAL UNIVERSITARIO DE SANTA MARIA/ CCS.

Telefone para contato: (55)32208526; (55) 9971 4343 (Médica responsavel Maria Celoni)

Local da coleta de dados: AMBULATORIO DA DOR DO HOSPITAL UNIVERSITARIO DE SANTA
MARIA.

1- O Projeto de Pesquisa realizado no Ambulatério da Dor Neuropética do Hospital
Universitario de Santa Maria (HUSM) tem como objetivo o uso de conhecidas drogas analgésicas
para alivio de sua dor ( DOR NEUROPATICA).

2- Antes do inicio do tratamento serd coletado material necessario como amostra de
sangue e coleta de liquor para analisarmos o efeito do tratamento.

3- A coleta do liquor e a amostra do sangue serdo realizada pela médica Maria Celoni de
Godoy, anestesiologista, no ambulatério da dor do HUSM.

4- A amostra de sangue serd realizada por puncéo periférica da veia do antebraco. O liquor
é um liquido retirado com uma agulha muito fina e este liquido esta localizado junto da coluna lombar.
A coleta do liquor e da amostra de sangue ndo causara nenhum desconforto ou risco para a sua
salde e bem-estar.

5- Participando do estudo vocé ir4 responder algumas perguntas sobre sua dor, seus
habitos como possivel utilizacdo de alcool, cigarro e outras doencgas.

6- Vocé ndo ter4 nenhum gasto participando do projeto e sua participacdo serd por sua
prépria vontade.

7- Sua identidade e suas respostas serdo mantidas em segredo (carater anénimo dos
prontuarios) e somente os/as pesquisadores/as envolvidos terdo acesso ‘as informagdes. Entretanto,
os dados coletados nesta pesquisa poderdo ser publicados em revistas médicas e provavelmente
apresentados em congresso. As informagfes contidas nas fichas serdo guardadas e poderdo ser
usadas em outros estudos, sendo sempre seu home mantido em sigilo.

8- Vocé tem o direito de fazer qualquer pergunta sobre o0 projeto aos/as pesquisadores/as.
Vocé pode parar sua participacdo no estudo a qualquer momento se ndo estiver satisfeito com o
tratamento proposto e procurar outros recursos medicos.

9- N6s achamos que os resultados deste projeto poderdo ajudar ou amenizar a sua dor e
de muitos outros pacientes com quadro clinico semelhante ao seu.

10- Em caso de dano pessoal, diretamente causado pelos procedimentos ou tratamentos
propostos neste estudo, o participante tem direito a tratamento médico na Instituigdo, bem como ‘as
indenizacdes legalmente estabelecidas.

Acredito ter sido suficientemente informado a respeito das informacdes que li ou que foram
lidas e explicadas verbalmente para mim, descrevendo o estudo “USO DA COMBINACAO DE
CETAMINA E METADONA NO TRATAMENTO DA DOR NEUROPATICA CAUSADAS POR
DIFERENTES ETIOLOGIAS CLINICAS’.

Eu discuti com a médica Maria Celoni de Godoy, sobre a minha decisdao em participar nesse
estudo. Ficaram claros para mim quais o0s propésitos do estudo, os procedimentos a serem
realizados, seus desconfortos e riscos, as garantias de confidencialidade (lido e anexado por escrito
‘a este termo de consentimento que irei assinar) e de esclarecimentos permanentes. Ficou claro
também que minha participacdo € isenta de despesas e que tenho garantia do acesso a tratamento
hospitalar quando necessario. Concordo voluntariamente em patrticipar deste estudo e poderei retirar
0 meu consentimento a qualquer momento, antes ou durante 0 mesmo, sem penalidades ou prejuizo
ou perda de qualquer beneficio que eu possa ter adquirido, ou no meu atendimento neste Servico.

Assinatura do/a Participante N. identidade(ClI)
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Assinatura do responsavel pelo estudo

Data: / /

Endereco para contato: Ambulatério da Dor Neuropatica - Hospital Universitario de Santa Maria,
HUSM. Faixa de Camobi, Km 9 — Campus Universitario. CEP: 97105-900

Santa Maria/RS — Brasil.

Telefone: (55) 32208526 (Dra. Maria Celoni).
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ANEXO B — Termo preliminar de doagdo dos medicamentos

Prezada Professora Maria Celoni de Godoy,

O Cristalia vé com bons olhos tudo que se relaciona a pesquisa a pesquisa
cientifica, pois acreditamos que a medicina avanga com pesquisa.

No entanto temos algumas rotinas internas que precisamos cumprir.

A saida dos farmacos do Cristdlia deve apresentar algumas justificativas.
Quando se trata de pesquisa cientifica, além dos tramites normais, 0
departamento médico tem em seus arquivos, o histérico e a documentacdo
relativa a pesquisa. Esta documentacéo, € a mesma que € exigida pelos CEPs e
Anvisa, conforme ficha em anexo.

A metadona e a cetamina sdo farmacos, que além do que foi mencionado
anteriormente, necessitam de um controle maior em virtude de serem
medicamentos controlados pela a Anvisa.

O envio desta documentacao para nés tem o nosso compromisso de sigilo.

De posse disso, solicitamos o preenchimento e a documentacédo contida na ficha
em anexo que deve ser assinada e enviadas a nos.

Atenciosamente

Dr. Hugo E P Praxedes

Gerente Médico - Unidade Hospitalar
Cristalia Prod.Quim. Farmacéuticos Ltda
Av. Nossa Senhora da Assuncéo, 574.
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ANEXO C - Escala Visual Analdgica

Escala visual analdgica - EVA

Auséncia 0 1 2 3 4
de dor

(Altier et al., Clin J Pain 2005;21:364-369)



