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Introduction: This randomized, cross-over, double-blind, controlled
study of continuous intrathecal morphine administration in
patients with severe, long-term pain addresses whether the sup-
plementation of low doses of naloxone in this setting is associated
with beneficial clinical effects.

Methods: All of the study subjects (n=11) provided informed
consent and were recruited from a subset of patients who were
already undergoing long-term treatment with continuous intra-
thecal morphine because of difficult-to-treat pain. The patients
were (in a randomized order) also given intrathecal naloxone
(40 ng/24h or 400 ng/24 h). As control, the patients’ ordinary dose
of morphine without any additions was used. The pain (Numeric
Rating Scale, NRS) during activity, perceived quality of sleep, level
of activity, and quality of life as well as the levels of several
proinflammatory and anti-inflammatory cytokines in the blood
were assessed. The prestudy pain (NRS during activity) in the study
group ranged from 3 to 10.

Results: A total of 64% of the subjects reported improved quality
of sleep during treatment with naloxone at a dose of 40 ng per 24
hours as compared with 9% with sham treatment (P=0.024).

Although not statistically significant, pain was reduced by 2 NRS
steps or more during supplemental treatment with naloxone in 36%
of subjects when using the 40 ng per 24 hours dose and in 18% of
the subjects when using naloxone 400 ng per 24 hours dose. The
corresponding percentage among patients receiving unaltered
treatment was 27%.

Conclusions: To conclude, the addition of an ultralow dose of
intrathecal naloxone (40 ng/24 h) to intrathecal morphine infusion
in patients with severe, persistent pain improved perceived quality
of sleep. We were not able to show any statistically significant
effects of naloxone on pain relief, level of activity, or quality of life.
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Conventional pain therapies are insufficient for some
patients with severe long-term pain. Pain treatment

with indwelling spinal catheters and implantable pumps for
noncancer pain syndromes has been shown to yield good
results in these patients1,2 and to be safe.3–6 Even with this
invasive method, acceptable pain relief is still not achieved
for certain patients, and the identification of additional
therapies to improve pain relief is essential. This study
focused on the potential beneficial effects achieved by
supplementing intrathecal (IT) continuous morphine infu-
sion with concurrent and similarly administered naloxone
(NAL).

Previous studies with combinations of intravenous
morphine and NAL have shown no pain reduction com-
pared with morphine alone, but an opioid sparing effect has
been observed7,8 and a reduction in opioid-induced side
effects.9 Only single case reports have suggested that the
analgesic effects of IT morphine may be increased with
the combined administration of NAL.10,11 The possible
analgesic action of IT combinations of morphine and NAL
has thus remained unclear. Of particular interest is the
finding that the reduction of opioid-induced side effects
attained with NAL are dose dependent.9,12 In the present
study protocol, we used NAL at 2 dose levels, 40 ng/24 h
(NAL40) and 400 ng/24 h (NAL400). Morphine activates
the m-opioid receptor, which in turn activates
the Gi/o protein. The complex of m-opioid receptor and Gi/o

functions by multiple mechanisms to inhibit neural pain
impulses, thereby decreasing pain sensations.13,14 In chronic
pain states and also after long-term morphine treat-
ment,15,16 the m-opioid receptor shifts its coupling from the
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inhibitory Gi/o protein to the excitatory Gs protein.
14,17–20

This switch causes diminished pain relief and increased
morphine tolerance. NAL at ultralow concentrations has
the ability to block m-opioid receptor coupling to the exci-
tatory Gs protein and causes the m-opioid receptor to again
increase its coupling to the inhibitory Gi/o protein,21–23

thereby improving pain relief.24,25

Long-term pain is associated with persistent low-grade
inflammation.26–30 There is evidence indicating that treat-
ment with IT morphine induces proinflammatory cytokines
that oppose morphine-induced analgesia.31,32 NAL seems
to have anti-inflammatory properties, with the capacity to
increase the amount of anti-inflammatory and neuro-
protective cytokines, glial-derived neurotrophic factor
(GDNF) and interleukin (IL)-10,33 and inhibit the release
of the proinflammatory cytokine IL-1b.34

This study was performed in a patient group with a
history of long-term, difficult-to-treat pain and unin-
terrupted IT morphine therapy. The objective was to
investigate whether the addition of simultaneous IT
administration of NAL would confer improved analgesia,
improved quality of sleep, alter patients’ quality of life,
and/or change the levels of proinflammatory and anti-
inflammatory cytokines in the blood.

METHODS

Inclusion of Patients
This was a randomized, cross-over, double-blind,

controlled study in patients with a history of severe long-
term pain treated by continuous IT morphine. The study
was performed in a Swedish teaching hospital and was
approved by the Gothenburg University Ethical Review
Board and the Swedish Medical Product Agency. The study
adhered to all applicable laws and regulations, Good
Clinical Practice, and the Declaration of Helsinki. The
study was conducted in accordance with the Consort
checklist, Supplemental Digital Content 1, http://links.
lww.com/CJP/A151.

The study included male and female outpatients 18
years and above who had been receiving long term (Z2 y)
continuous IT morphine infusion for severe pain and were
still being treated this way. The exclusion criteria included
disease that complicated assessments of pain status and
functional capacity, inability to provide informed consent for
the study, or pain NRS<3 during daily activities at the time
of screening. At the time of screening for the study, 22
patients treated at the Pain Unit at Sahlgrenska University
Hospital (Gothenburg, Sweden) with subcutaneous pumps
and indwelling catheters fulfilled these criteria. Among these
22 patients, 12 gave informed written consent to participate
in the study (Table 1). Of the 10 patients who declined to
participate, 5 did so because the pain clinic was too far away
or because it was too tiring to travel to the pain clinic every
third week for 9 weeks. Two patients had planned for a trip
abroad, and 3 did not want to risk a worsening of their pain.

Pain History
The 12 study patients were 8 women and 4 men, aged

39 to 70 years (median, 52 y; mean, 54.5 y), who had had
their IT systems installed for 2 to 13 years. This group of
patients had a pain intensity score at the beginning of the
study that ranged from 3 to 10 on the Numeric Rating Scale
(NRS) in daily activities, such as walking or doing light
housework. Nine patients claimed that their pain was due

to failed back surgery. Two patients reported multiple
abdominal surgeries and 1 patient reported trauma as the
cause of chronic pain. All of the study participants had
undergone multiple surgeries, and all had some neuro-
logical deficits such as hyperesthesia, numbness, tingling
sensations, or buzzing. The type of pain was mixed
neuropathic and nociceptive. Two patients worked part
time patient worked part time. Two patients were retired,
and 8 patients were on disability retirement. Regarding
other medications, 5 of the study patients also used para-
cetamol (0.5 to 4 g/d) and/or diclofenac (50 to 150mg/d);
however, none of the patients used opioids apart from the
IT morphine present at inclusion.

Background IT Morphine Medication
The IT infusion system consisted of an implanted

subcutaneous pump incorporating a silicon membrane that
could be punctured from the outside, allowing the pump to
be filled with morphine alone or, in addition, also filled with
other medications. The tip of the IT infusion catheter was
at a high lumbar level. The catheter had been tunneled
subcutaneously to the anterior side of the body, where it
was connected to the subcutaneous pump (Synchro Med or
Iso Med, Medtronic Corp., Minneapolis, MN).35 Each
subcutaneous pump coupled to the IT catheter was set to
deliver morphine continuously at an individually set dose
and the patients could not alter the infusion rate. The
patients in this study used morphine IT in the range of 0.6
to 4mg/24 h, a dose that the treating physician considered
maximal in relation to the observed and/or patient-reported
negative side effects. The individual morphine infusion
doses were left unchanged for at least 6 months before the
study. During the study,patients experiencing severe self
reported pain would receive oral oxycodone as needed.

Study Protocol
The study consisted of 3 consecutive 3-week periods,

during which individual background treatment with IT
morphine was kept unaltered. No wash-out periods were
interpositioned, thus the total duration of the study was 9
weeks. Interventions, each performed one by one, com-
prised addition of NAL to the IT pump system at 2
respective dose levels, NAL40 and NAL400, and a sham
treatment procedure (SHAM). At the start of the initial 3-
week period, the patients were randomized in a non-
stratified manner to 3 parallel groups based on the order of
their first treatment (Fig. 1). Blinding was maintained
throughout all treatment periods via strict routines at the
pain clinic. An assisting nurse otherwise not directly
involved in the study prepared the study medications
for each patient arriving to reception according to
the randomized protocol. Other staff and study patients
were blinded to the randomized order of the procedures,
and the infusion system particulars were coded but were
otherwise similar in appearance. The subcutaneous pumps
were individually refilled with the patients’ ordinary

TABLE 1. Patient Characteristics

Characteristics
Age (mean [SD]) (y) 54.5 (9.4)
Sex (female/male) (%) 73.7/27.3
Marital status (% married) 45.5

Duration of current treatment in years (median [SD]) 7.0 (3.4)
Pain before study NRS (median [SD]) 5.0 (2.2)
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background morphine solution, of which 1mL was imme-
diately withdrawn. The latter allotment was either replaced
by an equal volume of prepared NAL diluted in the mor-
phine or, as SHAM, simply returned into the pump system.

Data Collection
Before the study intervention and after each 3-week

period of treatment, the patients rated the pain intensity
that they experienced during activities over the last 3 weeks.
Activities were defined as walking or doing light house-
work. After study completion, the patients returned to their
prestudy IT morphine regimen (ie, without NAL).

Self-reported NRS was used for the assessment of pain.
The NRS is a well-validated scale that has been used in
several human pain trials during the last years. The NRS is
an 11-step scale in which 0 indicates no pain and 10 indicate
the worst possible pain. The NRS scale has demonstrated a
statistically significant correlation with the Visual Analogue
Scale.36 The NRS is also recommended by the “Change Pain
Advisory Board” for clinical trials.37 According to Cepeda
et al,38 a 1.3-step change or a reduction of 30% in the NRS is
experienced as a meaningful change by the patient. Similarly,
in the present study, a 2-step change in the NRS scale in
either direction was considered an improvement or a wor-
sening of the pain. Safety assessments included occurrences of
treatment-emergent adverse effects (TEAEs) and serious
adverse events, which were defined as any event resulting in
prolonged hospitalization or death, a life-threatening expe-
rience, severe or permanent disability, or relevant alterations
in vital signs.

Assessments of perceived sleep quality and perceived
level of activity were performed at the end of each 3-week
study period. The study patients were asked (by one of the
investigators, L.B.) how they rated their sleep quality dur-
ing the last 3 weeks compared with their sleep quality
before the study. According to the study protocol,
“Improved,” “Unchanged,” or “Worse” was documented.
After each treatment, the patients filled out a Short Form

36 (SF-36) quality of life assessment. The “Swedish stand-
ard version” was used.39–41

Peripheral venous blood was collected before the study
and after each 3-week study period. The serum samples
were analyzed with a colorimetric enzyme-linked immuno-
sorbent assay using commercially available kits. Assays
specific for human brain-derived neurotrophic factor
(BDNF) (DY248; detection limit 23 pg/mL), human
GDNF (DY212; 31 pg/mL), human IL-1b (DY201; 0.2 pg/
mL), human IL-8 (DY208; 2.7 pg/mL), human IL-10
(DY217B; 0.9 pg/mL), and human tumor necrosis factor-
alpha (TNF-a) (DY210; 0.5 pg/mL) were purchased from
R&D Systems (Minneapolis, MN). All assays were run
according to the recommendations of the manufacturers,
and the color intensity was measured on a Spectramax 340
from Molecular Devices (Sunnyvale, CA).

Statistics
A power analysis was performed using a web-based

statistical tool (http://www.quantitativeskills.com). To
detect a 30% change in NRS with a SD for the difference of
30% (paired design), 10 patients were needed at a power of
80% with a significance level of 0.05. To compensate for
missing values, 12 patients were included.

To compare the NRS scores, we used a nonparametric
2-related samples Wilcoxon signed-rank test. The scores
achieved after treatment with NAL40 and NAL400 were
compared. Comparisons between the 2 NAL treatments were
also performed. The scores attained after SHAM were
compared with the scores attained before the study. The
scores from SF-36 were also assessed using the Wilcoxon
signed-rank test. To analyze the quality of sleep and level of
activity, the Fisher exact test was performed to compare the
number of patients who found that their sleep improved with
the number of patients who stated that their sleep was the
same or worse. The Mann-Whitney U test was used to ana-
lyze the differences in cytokine levels between the groups.

FIGURE 1. The patients included in this study were treated with individually established doses of IT morphine (0.6 to 4 mg/24 h) in
addition to NAL40, NAL400, or SHAM in a randomized order. Each intervention was performed for 3 weeks.
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RESULTS

Pain
At the initial patient assessment (ie, before any

changes in analgesic treatment), the median NRS of the
study group was 5.00, whereas the range of NRS was
considerable (NRS 3-10, Fig. 2). None of the subsequent
study interventions were associated with statistically sig-
nificant changes in pain. The numerical findings were as
follows.

In this study, we considered an NRS change of 2 steps
or more in either direction as clinically relevant; such a
change was considered either an “improvement” or a
“worsening” (see Methods section). Consequently, an NRS
change of <2 steps was considered as not clinically

important. Assessments concerning treatment with SHAM
were compared with the initial assessments. In total, 27%
of the patients reported improvement, 55% reported no
change, and 18% reported worsening with SHAM. None of
the patients needed rescue medication (Fig. 3).

The findings for treatment with adjuvant NAL400
were compared with the findings obtained with SHAM.
In total, 18% of the patients reported improvement, 36%
reported no change, and 45% reported worsening. One
patient was prescribed 5 doses of rescue medication (per
oral oxycodone 10mg) during treatment with NAL400 due
to worsening in pain status.

The data obtained with adjuvant NAL40 were also
compared with the data obtained with SHAM. A total of
36% of the patients reported improvement, 36% reported
no change, and 27% reported worsening.

Quality of Sleep
The perceived quality of sleep (vs. initial assessment)

was improved by NAL40 in 64% of the patients
(P=0.024), but not significantly changed by NAL400 or
SHAM (Fig. 4). There were no significant differences
between the SHAM treatment and either dose of NAL
regarding the level of activity (Fig. 5). However, a total of
36% of the patients reported an increased level of activity
after receiving adjuvant NAL40 and all of these patients also
reported improved perceived quality of sleep.

Quality of Life
The SF-36 questionnaires demonstrated a markedly

low quality of life among the study patients compared with
the age-matched controls or chronic disease/handicap
groups (Sullivan et al41) (Fig. 6). Compared with SHAM,
treatment with adjuvant NAL400 was associated with
lower SF-36 scores for the domains of Mental Health
(P=0.028).

Blood Samples
There were no statistically significant correlations

between the serum levels of the analyzed cytokines (GDNF,

FIGURE 2. Pain (numerical rating scale during activity) at the
initial assessment, with SHAM, with NAL400, or with NAL40.
The figure shows the median, interquartile range, and outliers
(n = 11).

FIGURE 3. Effects of the interventions on pain (percent of
patients) expressed as “Improved” (black), “Unchanged”
(shaded), or “Worse” (striped) (n = 11).

FIGURE 4. Effects of the interventions on perceived quality of
sleep (percent of patients), expressed as “Improved” (black),
“Unchanged” (shaded), or “Worse” (striped). P indicates a
comparison between SHAM and NAL40 (n = 11).
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BDNF, IL-8, TNF-a, IL-10, and IL-1-b) and either given
dose of adjuvant NAL or SHAM.

Safety and Side Effects
Safety assessments included occurrences of TEAEs

and serious adverse.
Side effects during treatment with NAL were common

but minor and did not differ in severity, frequency, or
character from those that were observed with SHAM.
However, 1 patient developed a severe headache requiring
hospital admission after the first intervention with NAL40.
This patient was concomitantly (a different concurrent
study protocol) exposed to cerebrospinal fluid sampling
through the IT catheter device, which may have caused
meningeal irritation. However, it is possible that her
symptoms were not related to the study intervention as
such. Regardless of the underlying mechanism, we decided
to decode the randomization protocol, to exclude the
patient from the study and to report the case as a TEAE.
The patient recovered uneventfully within a few days, and
there were no demonstrable sequelae at follow-ups. One
other patient experienced transient opioid withdrawal
symptoms requiring hospital admission. This event was
associated with a temporary unintended discontinuation of
the subcutaneous pump infusion and could easily be cor-
rected by restarting the pump. None of the patients who
experienced increased pain during the study remained in
this state, and they rapidly returned to their normal pain
status at the end of the study.

DISCUSSION
This study addresses new developments of the use of

morphine and NAL for pain therapy and associated
changes in perceived sleep quality, level of activity, and
quality of life in a particularly difficult-to-treat cohort of
patients. We exclusively recruited study patients who had
current experience with both long-term severe pain and
continuous IT opioid administration. A noteworthy feature
among the study patients was that despite this rather
complex treatment, they were still significantly affected by
pain that disturbed their quality of life.

The key finding in the study was that addition of
NAL40 to patients with persistent noncancer pain who
were being treated with continuous IT infusion of morphine
was associated with improvements in self-reported sleep.
This is a new finding, which illustrates a potential beneficial
role for ultralow doses of NAL as an adjuvant to IT
morphine. Importantly, the effects of NAL40 were sig-
nificantly better than SHAM. Actually, all study patients
who reported an increased level of activity also reported
improved quality of sleep. This agrees with the previous
reports that patients with chronic pain often have sleep
disturbances.42,43 In particular, it seems that chronic pain
leads to insomnia and more frequent awakenings.44,45

Reciprocally, there is a strong connection between sleep
disturbances and exacerbation of pain in chronic pain
patients.46,47 This suggests a pathophysiological correlation
between the occurrence of impaired sleep quality and long-
term nonmalignant pain. Possible underlying mechanisms
for such interactions include disturbances of serotonergic
pain-inhibitory pathways.48 However, it must be under-
scored that these proposed interdependences are yet not

FIGURE 5. Effects of interventions on patient activity (percent of
patients) expressed as “Improved” (black), “Unchanged” (shaded),
or “Worse” (striped) (n= 11).

FIGURE 6. Composite illustrations of SF-36 scores depicting data
from an age-matched healthy control population (blue), an age-
matched population with chronic disease/handicap (red), and
the present study cohort patients during treatment with SHAM
(green), NAL400 (purple) or NAL40 (turquoise). Note that the
study group had a comparatively low quality of life irrespective of
the intervention. The SF-36 domains (x-axis) refer to Physical
Function (PF), Role-Physical (RP), Body Pain (BP), General Health
(GH), Vitality (VT), Social Function (SF), Role-Emotional (RE), and
Mental Health (MH). Adapted with permission from Institute of
Health and Care Sciences, Sahlgrenska Academy, University of
Gothenburg. Adaptations are themselves works protected by
copyright. So in order to publish this adaptation, authorization
must be obtained both from the owner of the copyright in the
original work and from the owner of copyright in the translation
or adaptation.
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well understood and associations between long-term pain
and sleep quality might simply be coincidental. Further
research in larger well-defined patient cohorts, focusing
on hither unknown mechanisms for pain versus sleep
interactions is needed. Such studies would ideally use sleep
laboratory methodology, avoided for ethical reasons in the
present study.

The findings of this study do not statistically support
that IT NAL given as an adjuvant to IT morphine would
improve pain relief. However, 3 study patients who did not
show reduced pain by SHAM experienced marked pain
relief by both NAL40 and NAL400. It is noteworthy, that
the pain relief attained by one of these 3 patients after
having participated in the study was so pronounced that she
wished to completely discontinue her IT treatment. She was
consequently weaned from her IT morphine over the
duration of 2 months and subsequently had her IT system
removed. The other 2 improved patients achieved good
pain relief that lasted for several weeks after the study.

The SF-36 data highlighted that the study patients
generally had a low quality of life. In this respect, there
were no significant differences between SHAM and adju-
vant NAL40. However, during treatment with NAL400
there was a statistically significant deterioration in scores
for the Mental Health, Physical Function, and Social
Function domains. These results may indicate that NAL
given in the latter higher dose range can worsen pain
experienced by certain patients. Levels of the investigated
cytokines in the present study were generally low, which
could indicate a problem related to the detection levels,
even with state-of-the-art cytokine analyses (see Methods
section).

A central and highly relevant matter is the choice of
NAL doses in this study. We set out to investigate effects of
NAL over a fairly wide dose range. Our choice of the
ultralow dose (NAL40) was based on a comparable report
by Hamann et al in 200811 in which 1 patient experienced
significant pain reduction during treatment with continuous
IT infusion of morphine at a dose of 5mg/24 h in combi-
nation with 50 ng NAL/24 hours. Concerning our choice of
NAL400, the rational was to use a dose 10 times higher
than NAL40. On the basis of the previous findings, we
deemed NAL400 to still be a markedly lower dose than
required to antagonize the effects of morphine.49–51

Our intention was to block the coupling of the m-opioid
receptor to the Gs protein and enhance its coupling to the
Gi/o protein while avoiding doses high enough to block the
m-opioid receptor itself and thereby increase pain. Because
45% of the patients experienced increased pain during adju-
vant treatment by NAL400, this dose may actually have been
too high for some patients. One noteworthy observation was
that the patients who experienced improved pain relief with
any dose of NAL had a daily mean morphine dose of 1.13mg
IT. However, patients who did not have any improvement in
pain relief had a daily mean morphine dose of 2.84mg IT.
There may be an optimal ratio between morphine and NAL
to achieve the desired reaction. This speculation requires
further investigation.

The underlying mechanisms of the clinical findings in
this study are complex and not fully understood. To achieve
improved pain relief with ultralow doses of NAL in settings
with long-term morphine administration, the coupling
between the m-opioid receptor and the Gs protein is inhib-
ited by the NAL.17,22–23 The reason for the variable pain
relief achieved by patients given NAL is that the optimal

dose ratio between morphine and NAL is individually
variable due to the varying sensitivity of the Gs protein
to NAL.

We previously investigated inflammatory-activated
astrocytes and demonstrated that in the absence of a
working astrocyte network, interactions between astrocytes
and neurons are problematic; this disturbed communica-
tion may be a contributing factor to persistent pain.52–56

The inflammation-induced cellular alterations in astrocytes
can be reversed using a combination of a m-opioid receptor
agonist, a m-opioid receptor antagonist at an ultralow
concentration and an antiepileptic agent that reduces IL-1b
release in astrocyte cultures.57,58 In the present clinical
study, we used the combination of morphine and ultralow
doses of NAL without any statistically significant benefits
with respect to pain relief. It may be necessary to use an
adjuvant antiepileptic agent to achieve more pronounced
effects.

There are some limitations to this study. Of particular
relevance is, as a function of the inclusion criteria, that the
patients’ pain histories were generally long-standing, whereas
the duration of the study was relatively short. We acknowl-
edge that this has implications for the generalizability of our
findings. However, we argue that the inclusion strategy ena-
bled us to focus on patients with well-documented, severe
pain. In addition, we suggest that a longer study period
could, through spontaneous individual variations in pain
status, have endangered the interpretation of the study find-
ings. We also acknowledge that assessments of the different
dimensions of sleep are complex. In the interest of simplicity,
we chose a robust technique when gauging alterations in sleep
quality, that is a 3-alternative ordinal query. Furthermore, to
maintain blinding throughout the study, we had to accept a
nonstratified randomization format. Finally, more females
than males were recruited for the study. However, this reflects
the overrepresentation of females among patients with
chronic pain.

To conclude, this study performed in patients with
difficult-to-treat long-term pain, suggests that NAL in an
ultralow dose range, given as an adjuvant to continuous IT
morphine infusion, improves perceived quality of sleep, but
fails to significantly alter pain, level of activity, quality of
life, or systemic levels of proinflammatory and anti-
inflammatory cytokines. Further research in larger well-
defined patient cohorts, aiming at systematic exploration of
mechanisms for pain versus sleep quality interactions, are
needed.
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