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What's already known about this topic?

* NMDA receptors play a major role in neuropath&npand opioid-induced hyperalgesia

» The “use dependence” explains why the more sevecronic the pain, the more effective
the ketamine analgesic properties

» There are no official recommendations for the afseetamine for chronic pain

What does this study add?

* This study confirms that two thirds of patientisharefractory chronic pain may benefit from
ketamine

» The longer patients receive an opioid treatmigagt more ketamine should be an option

» We propose 4-hr intravenous tests or direct titrakion for ketamine ambulatory oral
administration
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Abstract

Background: This work summarizes the efficiency, failuresdaadverse effects of oral
administration of ketamine at home for intractatoén.

Methods: This 5-year retrospective study involved testikgtamine by intravenous in-
hospital administration, then a conversion to aal aoute, or oral treatment directly
administered at home. The daily intravenous doag mcreased by steps of 0.5 mg.kg-1 to
attain an effective daily dose of 1.5 to 3 mg.kd?ain was evaluated on a numeric scale from
0 to 10, and evidence of adverse effects was ¢etleevery day. The effective daily dose was
delivered orally (3 to 4 intakes). If effective,t@mine was continued for 3 months. Short
infusions or direct oral treatment began with afdigkg-1 dose, then the daily ketamine dose
was increased in 15- to 20-mg increments.

Results Among 55 cases (51 patients, neuropathic pain)6@% mean effective oral dose
was 2 mg.kg. Ketamine was effective in 24 patients (44%, meain reduction 67 + 17%),
partially effective in 20% (mean pain reduction8Q1%), with a mean opioid sparing of 63
+ 32%, and failure in 22%. Half of the patients esipnced adverse effects, but only 8 had to
stop treatment. For patients with opioid therapyiufe of ketamine was less frequent (7% vs.
36%:; p < 0.02), with fewer adverse effects (33%068%%; p < 0.01).

Conclusions Pain was reduced or abolished in two-thirds dilgpés under ketamine therapy;
ketamine was effective for patients taking opicadsl resulted in few adverse effects.

Key words: ketamine, oral ketamine, chronic pain, opioidiease effects

Introduction

Some patients with chronic pain do not responithéousual analgesic therapies. Some
present intractable pain, which is resistant tophore treatment. Moreover, opioids favor the
phenomena of acute and chronic tolerance, termexddepduced hyperalgesi&uignard et
al., 2000). These effects, which are dose-dependssult in part from the involvement of N-
methyl-D-aspartate (NMDA) receptors in the centralvous system (Mion and Villevieille,
2013). Hyperactivity of NMDA receptors plays a majole in the genesis of neuropathic
pain. Long-term changes in neuronal excitabilithjcka explain the phenomena of allodynia
and hyperalgesia, rely in synapses activated byad®&cy amino acids. Thus, the NMDA non-
competitive channel blocker ketamine may represepbtential therapeutic alternative in
many chronic pain conditions (Grande et al., 20@8pecially for patients taking opioids,
with beneficial effects in the long term (Sigterraaat al., 2010; Patil and Anitescu, 2012).

Ketamine binds to an intrachannel site, decreasimgy channel opening time. It
decreases “wind-up”, the amplification of the rasg®to repeated stimulation, considered an
elementary form of sensitization of the centralvoes system (Guirimand et al., 2000).
Antagonism of the NMDA receptor is increased if ti@annel has been previously opened by
glutamate fixation and membrane depolarizationsThise dependence” explains why the
more severe or chronic the pain, the more effecttve ketamine analgesic properties
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(Polomano et al., 2013). Ketamine also acts thradggrending pain modulation pathways
(Niesters et al., 2013) and has anti-inflammatamypprties (De Kock et al., 2013). Small
ketamine doses improve the mood of depressed pgti@phenomenon that may participate
in the analgesic effect in chronic pain (Romerodtaal, 2011).

Ketamine may be administered by numerous routésavienous (i.v.), intramuscular,
subcutaneous, oral (p.o.), and others (e.g., ias@n sublingual, rectal). Although tests are
often made by the i.v. route, the p.o. route i®avenient choice for ambulatory treatment.
Despite the promise of ketamine, a recent reviewhefuse of oral ketamine for palliative
care could not identify official recommendations fts use (Soto et al., 2012). Reported
protocols remain empirical and heterogeneous, weigiains the difficulty in analyzing the
literature. The level of evidence remains low olldiell et al., 2003; Jackson K et al., 2005;
Jost et al., 2010), and most investigations inckmeall numbers of patients (n < 30). Finally,
the frequency of important side effects may preeltite use of ketamine for chronic pain
(Hocking and Cousins, 2003).

For 7 years in our chronic pain center, cases todétable pain with failure of conventional
treatment have been referred for oral ketamine adimation. Here, we summarize the
observed efficiency and failure of this treatmemtd asecondary effects that may be
encountered with oral ketamine administration reteospective study.

2. Methods

This was a 5-year retrospective study (2007-2012)cansecutive patients with
intractable chronic pain for which the team in gfgafor managing pain introduced ketamine
as a rescue treatment because of therapeutic impass

Patients

Inclusion criteria

All patients had experienced pain syndromes foesswears and the chronic pain was
no longer responding to usual treatment. All haenbigeated in the same pain center by the
same physicians. Some received opioid therapy doragancer—related chronic pain; some
exhibited no indication for opioid therapy, but Some instances, opioid therapy had been
discontinued because of lack of efficacy or becaemondary effects outweighed clinical
benefit.

The chronic pain syndromes were neuropathic pangperal or central origin), often
of post-surgical origin; fiboromyalgia; rheumaticiaor miscellaneous conditions such as
complex regional pain syndrome or myalgia. Finallig included some patients receiving
high doses of opioids, who were aware of no needdease their treatment and who were
admitted for morphine withdrawal.

All patients who agreed to this alternative therdyay been informed, via a written
document, of the potential benefits and side effedftthe treatment and ways to mitigate
them. The document stipulated that this treatmemlevbe temporary and that therapeutic
de-escalation would follow 1 to 3 months of treatine
Exclusion criteria

Most cancer patients were not included becausevieeg not regularly followed in our
clinic unless the cancer appeared secondarily aasl vot the cause of the initial pain. No
patients with unbalanced hypertension or psyclaati@itions were included.
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Methods

The main goal of the therapeutic program is tovalpatients to take their treatment at
home. Ketamine efficacy and tolerance was initialgted by the i.v. route as in-hospital
administration, then converted to the oral routet Wwith time, simpler procedures were
adopted. Thus, 3 procedures have been commonly(bk®ad chart, Fig. 1):

[ 1. In-hospital i.v. infusion test | | 2. outpatients | | 3. Beginning with oral route |
N =24 N =21 N =10
‘ 4-10 days hospitalization ‘ 1-day hospitalization\
[Day1] | 0.5 mg.kg" i.v.over4 hr | first oral dose 0.5 mg.kg ™" / day |

|1 mg.kg'1 ketamine (éyringe pump)
loading dose 10 mg/1h
| rest of the dose : 23 hours

with oral ketamine solution |

‘ patient returned at home

| steps 0.5 mg.kg™" / 1 - 3 day] steps 1 ml (5 mg) / oral intake
[ daily limit : 3 mg.kg? =15-20 mg / day

end of first week
evaluate efficacy and adverse effects
oral solution delivered for 28 days
monthly consultation

effective daily dose |

‘oral ketamine solution (5 mg.ml'l-)‘
'3-4 oral intakes / day | effective daily dose reached in 1 month |

| noimprovement
at 3 mg.kg'.day’

——| protocol terminated |

A
treatment effective |

‘ 1 - 3 months of effective treatment |

[ Progressive withdrawal |

maximum de-escalation 15 to 20 mg / 3 days
(5 mg for each intake)

Fig. 1. Flow chart describing the three possibilities @ténine titration protocol (N = 55)

1. In-hospital administration

Because ketamine should be administered as pralonge infusions (4-10 days)
(Goldberg at al., 200%nd infusions of shorter duration were not effextin the long term
(Noppers et al., 2011), patients were hospitaliped.0 days at the beginning of the protocol
for an i.v. infusion test. The test began with auistration by syringe pump of 1 mgkg
ketamine per day (10 mg.thtial, containing 50 mg racemic ketamine). On thstfilay, a
loading dose consisted of a 1-hr continuous infusibl0 mg. The rest of the daily dose was
then delivered during the 23 remaining hours. Tdady dose was subsequently increased
every l1 to 3 day, by steps of 0.5 mg‘kmp safely attain an effective daily dose of 1.53to
mg.kg-.

Data on pain and unwanted effects were collectedyegtay. Pain was evaluated on a
numeric scale from 0 to 10. The effective dose esauated over 4 to 10 days. When the
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effective daily dose had been determined, the sémse was then delivered orally by means
of a ketamine solution of 5 mg.thpprepared locally by the hospital pharmacy. Or&ke
was divided into 3 daily doses, or when the patrexeded a nightly dose - 4 daily doses. If
the treatment was effective, it was continued foo B month at the full dose, then gradually
decreased. Without significant improvement of patn3 mg.kg'.day*, the protocol was
terminated.

2. Intravenous administration during 1-day hospitalization for outpatients

Outpatients underwent a more flexible protocol véthinfusion of 0.5 mg.kyover 4
hr only to test potential side effects. The patig@n returned home with the oral ketamine
solution and was allowed to increase the dose edayyat steps of 15 to 20 mg per day up to
the daily limit of 3 mg.kd.

3. Beginning with the oral route

Recently, because of usually good tolerance tok#tamine oral solution, we began
initial administration of the oral solution at horaea starting dose of 0.5 mgkday™. The
first dose is now administered during the medidsit\and the patient returns home with the
amount of oral ketamine solution needed for 1 wddle patient is allowed to increase each
oral intake by steps of 1 ml (i.e., 5 mg for eaatake), 3 to 4 times daily, which represents a
maximum daily escalation of 15 to 20 mg. The effextdaily dose is reached in about 1
month. All patients visit at the end of the firse&k to evaluate efficacy and adverse effects.
The oral solution is then delivered for 28 days #rm&modalities of follow-up are explained
with a monthly consultation. All patients were abdeobtain information by phone or e-mail
contact.

Progressive withdrawal

To prevent withdrawal symptoms, which were obselnesvo patients at the beginning
of the protocol, after 1 to 3 months of effectiveatment, the daily dose was progressively
lessened with a maximum de-escalation of 15 tm8@5 mg for each intake) every 3 days.

Oral ketamine solution

In France, ketamine is an anesthetic drug interatdy for hospital use. Currently,
ketamine is not commercially available in oral fatation (McNulty and Hahn, 2012). In
some pain centers, practitioners and hospital pheists have developed a protocol whereby
an outpatient may receive adequate treatment foeeks. Because ketamine is sometimes
used as a “street” drug, the question of poteati@ise remains important and the preparation
of ketamine is subjected to regulation. Howevergthbr long-term use for patients with
chronic pain produces dependence remains uncleaensure its justified prescription, oral
ketamine is started only on the recommendation pdilkative medicine consultant or a pain
clinic physician. Because oral ketamine is usedatf€l, every delivery is followed up and
registered. Finally, a specific course for deliverat is simple and safe is required for patients
who are ambulatory. Prescribers must ensure tlegt white detailed prescriptions with full
information on strength, dosage, route and requguethtity. Each prescription cannot exceed
28 days for ambulatory patients. For several yeaushospital has allowed this practice for
the benefit of some patients with chronic intratggiain.

Because ketamine is not allowed in community pharesa hospital pharmacies
prepare, provide, deliver and invoice the treatmenhe health care system in France covers
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the costs of ketamine. The availability of a reéohuse, standardised solution may contribute
to optimal care. In the absence of a specific fanahulation, which is not currently approved,
a solution for oral medication can be preparedhgyhospital pharmacist from vials of i.v.
ketamine diluted with purified water. Ketamine i®tnavailable as raw material in
pharmaceutical quality.

The chemical stability of compound ketamine andfigar water was determined by
means of a ultraviolet infrared (UVIR) method: tpeeparations, stored at 2-8°C, show
chemical stability (6 months if the bottle has heen opened and remains protected from the
light, and 1 month after opening). As an oral Solut sterility testing was not performed.
Because of its chemical stability, a sizeable b#&H) of ketamine solution (5 mg.f)l is
prepared in advance at the hospital pharmacy, astgatively and qualitatively controlled,
and is divided into brown bottles. A wide range5oftandard doses (50, 75, 300, 625 and
1250 mg) can provide reasonable flexibility to &@dch prescription. As well, the solution can
be mixed with soda or fruit juice (Lossignol et, &005) immediately before swallowing to
mask the particularly bitter taste. The ketaminespription is delivered along with an oral
syringe and bottle stoppers for withdrawal of tleuson from the bottle. This hospital
preparation is reported to thgence Nationale de Sécurité du MédicamanErance. In
addition, patients are given information leafletgitten by the pharmacist in close
collaboration with specialists.

Monitoring and prevention of side effects

With ketamine treatment, the daily dose of opiowss reduced by twofold for all
patients receiving high doses of opioids. This dass then reassessed on a daily basis.
Psychic effects (e.g., hallucinations, confusiomalaise) were treated with oral midazolam
(2.5 mg on sugar during i.v. infusion) or with hadoidol (for outpatients). Cramps were
treated with oral baclofen (3 tablets per day).etifunction was evaluated before ketamine
treatment and thereafter on a regular basis (Nepgteal., 2011). From 2009 onward, patients
were informed about the risk of urologic insult.

Main goals of the study

1) Pain was evaluated on a numeric scale (0-10) beforarketatreatment and immediately
after i.v. infusion. During oral treatment and afketamine treatment had been stopped, it
was evaluated every time a medical consultationplesned. Reduction in pain by > 50%
was defined as successful response to ketaminempartant improvement in quality of
life was also taken into account. If the qualitylité had not improved and pain intensity
had been reduced by < 25%, ketamine treatment aresdered a failure.

2) The de-escalation of opioids was quantified and considered clinically signifitahen the
reduction in opioids dose was > 30%.

3) Definition of responders, non responders and partially responders

Although other studies report global results, sashmean reduction in pain intensity,
this way in reporting results is poorly informatibecause of the wide variation in patient
responses. Responders have in most works at l@#sté&duction in pain intensity, relief from
associated problems (depression, sleep disturban@esl better ability to work (Moore et al.,
2013). That was our definition of ketamine beintgetive. On the basis of our main goals,
reduction in opioid needs was an expected bentketamine, even in case of insufficient
pain reduction. Thus, according to the goals tbotucing oral ketamine, the patients were
expected to belong to one of 4 groups:
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- Effective: mean pain reduction 50% and/or quality of life significantly improved
- Partially effective: mean pain reduction 25% to 50%

- Opioid sparing only: mean pain reduction < 25% but opioid dose dectebgat
least 30%.

- Failure: mean pain reduction 25%, quality of life not improved and opioid dosag
not decreased.

Statistical analysis

Results are reported as mearSD or median (interquartile range). Depending o t
distribution of the data, means were compared hgesitt test or with distribution-free tests
(Mann-Whitney or Kruskall-Wallis test, depending the number of groups). If necessary,
continuous data were compared by Pearson cormelaimalysis. Categorical data were
compared by Pearson chi-square test, with apptepdambining of data when expected
sample sizes were too small. All tests were twedidvith p< 0.05 considered statistically
significant. Analysis involved use of StatEl for dvosoft Excel (Ad Science, Paris).

3. Results

We could retrieve 55 records of cases from the -paitter database, which
corresponded to 51 patients (4 patients underwesgparate ketamine treatments). The sex
ratio (M/F) was 17/34 (0.5). The mean age was 42 years and body mass index 25 = 4
kg.m2*. The description of pain types is reported in €ahl

Table 1.Characteristics of patients and type of pain bphkene treatment response.

Effective | Partially Opioid Failure
effective | sparing only Total
44% 20% 14% 22% (n=55)
Patient characteristics (n=24) (n=11) (n=8) (n=12)
Pain lowering on a numeric scale 67 +17% | 30+11%| 6+12% | 4+9% | 40 £ 33%
Age, years 47 +13 49 +11 46 +9 45+13| 46+ 12
Sex ratio, M/F, no. 13/11 2/9 0/8 3/9 17/34
Body mass index, kg.m? 25+ 4 26+5 22+3 264 | 25+4
Type of pain, no.
neuropathic 13 7 5 8 29 (60%)
rheumatologic 6 3 2 2 13 (24%)
fiboromyalgia 2 0 1 2 5 (9%)
miscellaneous 3 1 0 0 4 (7%)

Data are meas SD unless indicated.

Among the 55 treatments, the mean reduction in péim oral ketamine as compared
with before treatment was 40 + 33%. The mean ef¥feadral dose was correlated but not
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greatly with dose by weight (145 + 63 mg vs 2.03kgg, p < 0.03; R = 0.09). Data for the
median oral dose are in Figure S1 and median tedtoturation in Figure S2 (Online only
supplementary material).

mg Oral dose days
350 1095 - . ettarlir:e
300
250
730
200
non-atypical
150 u F— Max
365
100
Q7s
50 —_—
L] Median
0 0 Q25
Fig. S2. Median duration of oral ketamine treatment
(dot; whiskers: interquartile range 25-75%).
Fig. 81. Median oral ketamine dose Extreme value corresponds to a 22-year-old patient
(dot; whiskers: interquartile range 25-75%) with a genetic disease who received oral ketamine
for 55 cases. in a compassionate protocol.
Fig. S1. Median oral ketamine dose (dot; Fig. S2 Median duration of oral ketamine
whiskers: interquartile range 25-75%) for 55 | treatment (dot; whiskers: interquartile range 25—
cases. 75%). Extreme value corresponds to a 22-yeaf-
old patient with a genetic disease who received
oral ketamine in a compassionate protocol.

According to their response to the treatment, ptievere divided in four groups :
oral ketamine was effective in 44% (24 patients)tiplly effective in 20% (11 patients), with
opioid sparing without pain reduction in 14% (8ieats), and completely ineffective in 22%
(12 patients, Table 1). Overall, in groups 1, 2 andpioid sparing was 62 + 38% (Table S1)

The groups did not differ in sex ratio, age, bodyssindex or characteristics of pain
(neuropathic vs. other diagnoses) (Table 1); howete groups did differ in time course of
pain reduction with nearly no variation for groupsind 4, a transitory reduction for group 2
as long as oral ketamine was administered, andtaisad reduction for group 1 (Fig. 2, p<
0.00001), even when oral ketamine had been stopped.

At analysis of the data, among the 24 patientsraug 1, 5 patients had been lost to
follow-up, 1 was still receiving ketamine treatmehtwas dead and 2 were relieved of the
medical condition that had been the cause of tti@onic pain. Among the 15 remaining
patients, 3 (20%) showed no sustained amelioratidgheir pain after the end of the ketamine
treatment, but 2 (13%) showed > 2 months reduatibpain and 10 (67%) showed > 6
months reduction.

Among the entire cohort of cases (n=55), pain rBdocwas correlated with the
precocity of introduction of ketamine after the imegng of chronic pain (p = 0.03), dose (p <
0.02) or duration (p < 0.05) of perfusion, takingads and duration of oral treatment (p =
0.003). However, overall, determination coefficentere weak.
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during and after the eng
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(*** compared with the
3 other groups: p <

0.0001).

The 4 groups did not differ in delay before begmnketamine treatment after the
onset of chronic pain, therapeutic strategy (iastt short or long, or direct oral route),
ketamine dose, adverse effects rate or treatmetiter dhan opioids (antidepressants,
antiepileptic drugs, or other treatments).

In contrast, patients without any opioid treatmeotring the ketamine challenge
showed a 36% failure rate, whereas those recempngids showed only a 7% failure rate (p
< 0.02). This finding was mainly related to the tfdloat opioid de-escalation with oral
ketamine was an expected benefit of oral ketamiine groups differed by oral treatment
duration (p < 0.0001) with, of course, continuatadrihe treatment only when it was effective
(Table S1, Online only supplementary material).

Table S1.Characteristics of treatment by ketamine: treatmesponse.

Treatment characteristics E(frf]ezczti‘:/)e Zgglc&tlil\ll):e Spaciipnlg Ignly Tglzlll”zi &2?5')
(n=11) (n=8)

Treatment delay (days) 407 £ 474 814 + 843 1413 + 1908 696 + 57 698 + 939

Long perfusion (4—10 days), no. 11 2 5 6 24

Perfusion duration (hr) 117 +109 63 £109 170 £ 110 84 + 100 106 + 108

Short perfusion (4 hr), no. 8 6 1 6 21

p.o. only, no. 5 3 2 0 10

i.v. ketamine daily dose(mg) 101+ 75 72+£79 111 +65 73 £54 90 £ 69

Oral ketamine daily dose(mg) 142 + 66 159 + 50 130 + 60 147 £ 75 145 + 63

Taking opioids, no.(%) ** 11 (46%) 6 (55%) 8 (100%) 2 (17%)| 27 (49%)

Opioid sparing (%) 68 £ 44 58+34 63 £ 32 - 62 + 38

Treatment duration (days)*** 255 + 278 251 +£195 86+ 72 31+32 181 + 225

Adverse effects% 42 73 13 67 51

Data are mea# SD unless indicated; p.o., per o0s, orally; inttdavenously

**p<0.02  *** p<0.0001
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At the end of treatment when ketamine decreased ipgnsity (p < 0.05), patients
were more often working and less often off work ttudisability (Table S2).

Table S2.Effect of pain lowering with ketamine on workingniction

o Effective an ioi rin
Activity parti;Ic;/ e?f:ct(ijve Ogr?ddf:iﬁ?re ’
Working 15 (43%) 6 (30%)
Not working 12 (34%) 3 (15%)
Disability 8 (23%) 11 (55%)

Data are number (%); all significant at p<0.05

About half of the patients (51%) showed adverseat$t Their nature is detailed in
Figure 3.

M digestive
disorders
i cramps

w cystalgia

H asthenia,
sedation

headache |

No adverse effect

malaise, dizziness
or hallucinations

Fig. 3. Adverse effects with ketamine treatment in 55 sase

Table S3.Characteristics of patients with and without adeexfects with ketamine
treatment.

Patient characteristics No adverse effects| Adverse effects
(n=27) (n=28)
Age (years) 46+ 12 48 +12
BMI (kg/m ?) 25+5 25+ 4
Neuropathic pain no. (%) 16 (59%) 15 (54%)
Opioid treatment, no. (%) ** 18 (67%) 9 (33%)
No opioid treatment, no. (%) 9 (32%) 19 (68%)
Delay (days) 527 + 526 875 + 1217
Pain lowering (%) 61% 67%
Oral dose (mg) 148 + 65 142 + 62
Treatment duration (days) 209 + 273 152 + 161

Data are meati SD unless indicated* p<0.01 compared with no opioid treatment
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Only in one patient were cramps not relieved bydfan. Only 2 patients showed
elevated levels of liver enzyme > 3 times the ndwalues before the beginning of ketamine
treatment. These patients, included for compastwaeasons, were carefully monitored.

Liver disturbances did not deteriorate and progvessreturned to normal. In all, 8 ketamine
treatments had to be stopped because of adveestseft case for cystalgia, 3 cases for
headaches, and 4 cases for psychic effects (haditions, malaise, dizziness and sedation).
The occurrence of adverse effects was not relatege, body mass index, type of pain, delay
in beginning ketamine treatment after the onsehobnic pain, reduction in pain, or dose and
duration of oral treatment. In contrast, adverseots were lower for patients receiving than
not receiving opioids (33% vs. 68%, p < 0.01; TRB.

4. Discussion

This retrospective study of 55 cases of oral aationy ketamine treatment shows that
refractory chronic pain was abolished in 44% ofgyds; that opioid therapy could be reduced
by 62%, on average; and that only 22% of patiemdsndt benefit at all from oral ketamine.
Of note, patients receiving opioid therapy tendedenefit from oral ketamine and showed
few adverse effects.

As early as 1990, two Japanese teams reportagsehef ketamine for treating cancer-
associated pain (Oshima et 4P90; Kanamaru et al., 1990). Four years laterkBaja et al.
demonstrated in a double-blind controlled studysusr placebo that 0.25 mgkg.v.
ketamine improved allodynia and hyperalgesia irf 6 patients with intractable neuropathic
chronic pain(Backonja et al., 1994). Since these seminal puiibics, a large number of
papers reported the efficacy of ketamine for irtable pain, but most were case reports
(Hoffmann et al., 1994; Knox et al., 1995; Mion at, 1997; Koulmann et al., 2004) or
involved small series (Kiefer et al., 2008; Bred(@013a), although some were controlled
trials (Mercadante et al., 2000; Mitchell and FaJl@002; Noppers et al.,, 2010). In most
papers, ketamine, used as i.v and subcutaneousanguor oral medication, (Broadley et al.,
1996) reduced paroxysmal pain and allodynia wheathér therapeutics had failed (Guedj et
al., 2007; Azari P, et al., 2012).

Moreover, since 1998 (Chow et al., 1998), manyclag have pointed to ketamine
enabling a marked and sustained reduction in neeadioid therapy for patients that had
become refractory to high doses of morphinomimgi@serry et al.,1995; Clark and Kalan,
1995; Quinlan, 2012; Barreveld et al., 2013). A asgistic action between ketamine and
opioids has been demonstrated in patients with nibrpain. Indeed, NMDA receptor
inhibition with ketamine may oppose opioid-inducégperalgesia and NMDA-related
neuropathic pain (McQueen and Baroletti, 2002). raiie ketamine may represent a
therapeutic alternative when other treatments ialed, with a progressive disappearing of
central sensitizatiderreur ! Signet non défini.. Injection of an i.v. dose as low as 2.5 mg
may reduce pain refractory to continuous high-dimdaesions of morphine. A significant
analgesic effect is reported despite a halving ofphine doses, with respiratory benefits
(Mercadante, 1996; Koulmann et al., 2004; Lossigetlal., 2005). In 1999, Lauretti et al.
showed that 0.5 mg.Kgketamine p.o. every 12 hr reduced the requiredusnof morphine
and reduced drowsiness, constipation, nausea andting associated with opioid use
(Lauretti et al., 1999). 2013). A synergistic antibetween ketamine and opioids has been
demonstrated in patients with chronic pain. Indé&ddDA receptor inhibition with ketamine
may oppose opioid-induced hyperalgesia and NMDAtesl neuropathic pain (McQueen and
Baroletti, 2002). Overall, ketamine may representharapeutic alternative when other
treatments have failed with a progressive disappgaf central sensitization. Injection of an
i.v. dose as low as 2.5 mg may reduce pain refradto continuous high-dose infusions of
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morphine. A significant analgesic effect is repdrteespite a halving of morphine doses with
respiratory benefits (Mercadante, 1996; Koulmanmlgt2004; Lossignol et al., 2005). In
1999, Lauretti et al. showed that 0.5 mg-Kgetamine p.o. every 12 hr reduced the required
amount of morphine and reduced drowsiness, cottistipanausea and vomiting associated
with opioid use (Lauretti et al., 1999).

Ketamine has been reported to be effective agamesiropathic pain of central
(Devulder et al., 2002) or peripheral origin (Kvstnom et al., 2003), such as post-herpetic
neuralgia (Eide et al., 1994), pain secondary tdtiple sclerosis (Sakai et al., 2004),
phantom limb pain (Eichenberger et al., 2008),diapain (Alvarezet al., 2003), migraines
(Afridi et al., 2013) or erythromelalgia (Uchida &t, 2002) and may be useful in complex
regional pain syndrome (Correll et al., 2004) atfoinyalgia (Henriksson and Sorensen,
2002). The same effects have been widely obsemethmcer patients (Clark and Kalan,
1995; Mercadante et al., 2000; Jackson et al., ;28@hnan et al., 2002; Bredlau et al.,
2013b).

In contrast, Haines et al. reported that an ooakdf ketamine improved analgesia in
only 3 of 21 patients, only a 14% success rate. Sitie effects of the molecule limited the
utility in almost half of their patients (Haines carGaines, 1999). More recently, in a
controlled trial of 185 subjects, Hardy et al. fduthat ketamine did not have net clinical
benefit when used as an adjunct to opioids for mierancontrolled cancer pain. The study,
however, was criticized because of a too-shorttanefast ketamine dose escalation, which
explains a prohibitive rate of adverse effects (yaat al., 2012).

Nonetheless, for more than 600 patients includest @80 years in series or RCTSs, the
response to ketamine was about 60%. The “clinieal-world experience” challenges the
chronic reluctance of reviews to admit this faccikon K et al., 2005; MacKintosh et al.,
2012). The Rabben et al. study of 43 patients islagse agreement with our findings: one
third of patients showed permanent response tonke&g one third showed transient
amelioration and one third showed no response (&abbal., 1999). The Noppers review of
36 RCT reports confirmed that ketamine could persity (several weeks to more than 3
months) decrease chronic pain (Noppers et al.,)2010

The differences between response and non-respuoagebe explained by different
metabolic pathways (Rabben and @ye, 2001) becawtabpolites other than norketamine
(Malinovsky et al., 1996), namely dehydronorketaenamd hydroxynorketamine (Zhao et al.,
2012), play a role in neuropathic pain analgesialderg et al., 2010). Zarate et al.
confirmed that response to ketamine or adversetsfimay be related to the predominating
metabolic pathway (Zarate et al., 2012). Alterr&ily with the long duration of pain,
hyperalgesia might be due to mechanisms indeped®i¥IDA receptors.

Tests to determine response and non-responseoarstandardized (Cohen et al.,
2009a). Doses range from 5 to 50 mg. One team faugabd predictive value (Cohen et al.,
2009b) of the response to an i.v. dose of 0.1 mf.Kr team began to perform these tests
on a 10-day basis, but we are now using more sisgiemes with 4-hr tests or even direct
oral ambulatory titration. Once the i.v. test hamem performed, ketamine treatment is
converted to the oral route for prolonged admiatgdn. During oral administration of
ketamine, active metabolites explain part of thalgesic effect@fMercadante, 1996) because
of the hepatic first pass. For this reason too,di#a route is associated with fewer adverse
effects (salivation or psychic effects) than theepgeral route (Cherry et al.,1995). Thus, with
an oral-administration relay, the proposed doseg fram one third (Fitzgibbon et al., 2002)
to 100% of the parenteral dose. Daily doses ofth2800 mg may be taken in 3 to 5 intakes.
A recent systematic review proposed to start with doses of 0.5 mg.kg cognitive effects
are often minor (Blonk et al., 2010).

Ketamine treatment can often be interrupted by 2 weeks; too short treatments are
not effective (Noppers et al., 2011). A withdrawadriod of 2 additional weeks with
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progressive decreasing doses is usually planneakt Aqgom this usual scheme, long-term oral
ketamine administration, preferentially for compasate protocols, have been seldom
reported for periods ranging from several weekstwe than 1 year (Klepstad et al., 2001;
White and Karsli, 2007). Despite the recommendatia ketamine treatment at an effective
dose should last no more than 3 months, some gbdhients in our series were reluctant to
stop their treatment. This situation explains therquartile interval (25-75%) of 1 and 8
months (Fig. S2). When duration exceeds severaltmorthe risk of toxicity, although
described in “street” users, is of major concerd @&rcludes urologic (Smith, 2010; Yiu-
Cheung, 2012; Pal et al., 2013), hepatic (Noppetsal., 2011) or cognitive disturbances
(Chan et al., 2013). Some imaging studies alsoatepetential brain damage (Wang et al.,
2013). Half of our patients did not experience aslweeffects, 25% had expected effects
observed in most studies (sedation or psychic &ffédg. 3). Of interest is the reporting of
headaches and cramps. Two patients showed hepafiendtion before ketamine treatment,
and these disturbances did not deteriorate a#atrtrent.

Overall, more than two-thirds of our patients aad from ketamine treatment. In all,
15 (27 %) showed a spectacular functional amelmmaa return to work or resuming a
physical activity), and 5 (9 %) benefited from lelagting opioid withdrawal (several months
or longer). Only 8 stopped the treatment becauseloérse effects.

Limitations of the study

This is a retrospective, non-randomized studyasgolacebo effect of 10% to 20%
cannot be ruled out (Cepeda et al., 2012). Howesase reports of patients unaware of the
use of ketamine for treating their refractory p@ioulmann et al., 2004), animal studies
(Alvarezet al., 2003; Castel et al., 2013), experimentadiss in humans (Graven-Nielsen et
al., 2000) and several RCTs (Mercadante et al.0pb8ve demonstrated the beneficial effect
of ketamine in chronic pain. Besides lowering pa&eatamine helped with mood, physical
activity and quality of life. The number of patient rather small because we treated only
refractory pain syndromes with ketamine, but igéarthan most studies reporting results of
ketamine use for chronic pain. Our use of 3 tregagirotocols over time may be a weakness,
but highlights the good tolerability of oral ketaraiwhen dose titration is particularly careful.
Finally, a total of 51% of our patients were notaing opioids during ketamine
administration, but most of these patients had iptsly shown failure or diminishing
efficacy of opioid therapy.

Conclusions

Despite the uncertainty alleged by previous regsieand meta-analyses, our
retrospective study of 51 patients found that whleronic pain becomes intractable despite
conventional treatment, ketamine might be a useftdrnative. In nearly two thirds of
patients, ketamine reduced chronic pain temporarilyn the long term. Our main result is
that the longer patients receive an opioid treatimtye more ketamine should be an option,
with more likely analgesic efficacy and less likeklgcondary effects. Moreover, we confirm
that ketamine may be useful for opioid withdrawalthough some patients may hope for
prolonged treatment with ketamine, the treatmematihbn should be as limited as possible
due to its potentially harmful secondary effects.
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