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When pain is refractory to systemic opioid and non-opioid analgesic therapy and palliative chemoradiation or ablative or stimulant
neurosurgical procedures are not possible, palliative treatment becomes limited, particularly if the patient wishes to be at home at the
end of life. Intracerebroventricular (ICV) infusion of morphine in the home setting might be presented as an option.The present article
reviews the basic and clinical evidence of the efficacy and safety of ICV administration of opioids. Information was gathered from
various bibliographic sources, including PubMed and others, and summarized and evaluated to assess the efficacy and safety of ICV
opioids for pain relief. Results from ICV infusion of morphine into terminally ill patients refractory to other pain treatments have been
reported since the early 1980s. Good efficacy has been achieved for the vast majority of patients, without serious development of
analgesic tolerance. There have also been a low incidence of adverse effects, such as constipation and respiratory depression, and a
significant retention of alertness associated with this route of administration. Intracerebroventricular infusion of opioid analgesics thus
appears to be a safe and effective therapy for the palliative treatment of refractory pain.

Introduction

As recently stated in a comprehensive review of treatment
of cancer pain,"Whether or not primary disease-modifying
therapy is possible, a large proportion of patients with
pain...need symptomatic treatments’ [1] and, to an
increasing extent, patients who have a terminal illness
want to spend their remaining time at home. Therefore, a
dominant goal of modern care should involve palliation of
pain at the end of life in the home setting.

At the point of patient acceptance of an incurable
illness, pain can be refractory to standard treatment
options.In a recent case report [2], the oral opioid regimen
exceeded 5000 mg oral morphine equivalent per day. The
pain remained poorly controlled even after transition to
intravenous hydromorphone (>275 mg day™'), methadone
by patient-controlled analgesia (continuous 5mgh™;
button control at 5 mg (15 min) ~') and intravenous ket-
amine (10-25 mg h™"). The pain became the chief obstacle
to the patient’s desire to be at home at the time of death.
Owing to the specifics of her condition, no palliative
chemoradiation or ablative or stimulant neurosurgical

options were available, and administration of analgesics
spinally was not possible. Good results were ultimately
achieved when a device capable of delivering medication
into the right lateral cerebral ventricle was implanted. The
authors report that the implantation was successful: ‘The
patient died comfortably in her own home 46 days after
the reservoir placement, at a final morphine ICV [intracere-
broventricular] infusion rate of 0.5 mg h™" [2].

With the concept of palliative pain management
becoming more acceptable and widespread in general, the
question arises: how invasive, effective and safe is ICV
administration of opioid analgesics?

Infusion process

In 1963, Pakistani-born neurosurgeon Ayub Ommaya
reported the design of a new device that could circumvent
the difficulties associated with repeated introduction of or
removal of fluids from the cerebroventricular space [3].
Such a device, with essentially the same design and
bearing his name, remains in use for this and similar (e.g.
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Figure 1

Artistic rendering of an intracerebroventricular infusion of opioids for the
relief of refractory pain.Based on the original publication by Ommaya [3]
with modification

spinal) applications. The device essentially consists of a
compressible capsule under the scalp attached to a flex-
ible catheter that terminates in a lateral cerebral ventricle.
The capsule, located under the scalp, serves as a reservoir
for the drug, which can be refilled by syringe multiple
times. Application of mechanical pressure acts as a simple
pump and forces drug out of the capsule and into the
indwelling catheter, and thereby into the lateral cerebral
ventricle (Figure 1). If necessary or no longer needed, the
device can be replaced or removed. Ommaya used the
device to infuse amphotericin B to treat patients who had
cryptococcal meningitis [3] and methotrexate in order to
treatinoperable brain tumours [4].The technique was soon
adopted by others (e.g. [5]).

Clinical results

The earliest studies of ICV opioid use for pain relief in
humans, to the best of our knowledge, were published in
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1978 by Hosobuchi and Li [6], Catlin et al.[7] and Foley et al.
[8]. In all three studies, human B-endorphin was infused.
Representative of the three, Hosobuchi and Li [6] reported
the naloxone-reversible relief of intractable pain in three
patients.In 1979, Foley et al.[8] published a more extensive
study of a 43-year-old patient who had cancer pain intrac-
table to oral oxycodone 60 mg daily for 4 weeks, to whom
they infused 0.1-7.5 mg B-endorphin via subcutaneous
reservoir into the right lateral cerebral ventricle at 1-2
week intervals over a period of 10 weeks. A dose of 7.5 mg,
but not lower doses, produced a decrease in pain as mea-
sured by visual analogue scale, one of the few studies to do
so, and in pupil size, plus an increase in mood. Onset of
analgesia was 15 min after infusion and peaked at 3 h.The
patient did not request analgesic medication until 24 h
after the infusion.The authors also report elevated plasma
prolactin levels and lower plasma growth hormone levels
starting at doses lower than the analgesic dose.

Possibly the earliest studies in which morphine was
infused were published in 1982 by Leavens et al.[9], Roque-
feuil et al.[10, 11] and San Emeterio et al. (which is cited as
a personal communication without details in [12]). Leavens
et al.[9] infused ICV morphine into the frontal region of the
right ventricle in four patients with intractable cancer pain.
Prior use of oral or parenteral opioids gave unsatisfactory
relief of pain. If successful, ICV treatment would continue at
home by a trained responsible family member as a form of
patient-controlled analgesia by proxy.The infusion of mor-
phine caused transient nausea and vomiting and facial tin-
gling, but pain relief was an excellent 80-100%. The
minimal effective dose was 2.5-4.0mg. None of the
patients developed infections. Roquefeuil et al. [10, 11, 13,
14] reported on an increasing series of patients into whom
morphine was infused initially into the third ventricle [10]
and subsequently into the lateral ventricle. The inclusion
criteria included intractable pain of neoplastic origin
refractory to oral or subcutaneous morphine and other
analgesic drugs, diffuse pain related to multiple
metastases, a short life expectancy according to the grade
of neoplastic lesion, efficacy of central administration of
morphine by peridural route, and necessity of stopping
peridural administration because of local problems or
mechanical disturbance of the device. In all, good analge-
sia was obtained, with absence of respiratory depression
and low doses (even when the patients were allowed to
self-administer the infusion).

Lobato et al.[12] reported the results of ICV infusion of
morphine in a series of 17 terminal patients who had
intractable pain caused by orofacial, neck and dissemi-
nated cancer. The catheter tip was placed in the frontal
horn of the right lateral ventricle, and the infusion was
performed on an outpatient basis by trained persons.The
course of therapy was 0.2-4 months. Pain relief was
reported as ‘good’ or ‘excellent’ in all of the patients. The
initial dose was 0.75 mg (8 h)™, 0.25-1 mg (12 h)™', 0.25-
1 mg (24 h)™,0.25 mg (48 h)™" or 0.75 mg (72 h)™".The final
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dose was unchanged in nine of the patients and was
greater than the initial dose in six of the patients. Side-
effects occurred in nine patients, and were generally mild
and short lasting. Respiratory depression occurred in only
one patient and was said to be easily reversed by naloxone.
Interestingly, naloxone did not reverse the analgesia. Also
interestingly, constipation was not a side-effect, at least not
reported. Experience with a larger number of patients
(197) was published 4 years later [15].The authors reported
that their patients had favourable analgesic efficacy
without noticeable neurological changes or side-effects
severe enough to discontinue therapy. They also noted
that tolerance to the ICV analgesic effect was much less
marked than with parenteral administration.

Despite some questioning early on of the rigour of ICV
analgesic studies and possible confounding factors [16],
subsequent studies seem to support the early promising
results. A Cochrane review by Ballantyne and Carwood
published in 2005 [17] assessed 13 trials [9, 12, 18-28] of
ICV opioids. The majority of the reviewed studies, like the
majority subsequently, did not quantify pain relief using a
formal measure (e.g.a pain scale).Qualitative terms, such as
‘unsatisfactory; ‘good’ or ‘excellent;, were used. With that
caveat, the review found that 215 patients (73%) were
reported to have ‘excellent’ analgesia. Of the remainder, 56
patients (19%) were reported to have ‘good’ analgesia,
leaving only 20 patients (7%) who were reported to have
‘unsatisfactory’ analgesia. The side-effects of persistent
nausea, urinary retention and transient pruritis occurred
less frequently with ICV catheters compared with spinal
catheters (epidural or subarachnoid). Side-effects that
occurred more frequently with ICV than spinal administra-
tion were respiratory depression (4.3%), sedation (11%)
and confusion (13%). Constipation occurred remarkably
less frequently by the ICV route than either spinal route
(4% vs. ‘the majority of patients’). The incidence of major
infection was 4.4% for ICV infusion compared with 2.4-
8.6% for spinal infusion. Based on the totality of the data
from the multiple uncontrolled trials evaluated, the
Cochrane review concluded that ‘The available data indi-
cated ICV to be at least as effective against pain as other
neuroaxial treatments and ICV may be a successful treat-
ment of patients whose cancer pain is resistant to other
treatments’ It also concludes ‘However, more rigorous
reporting of efficacy and complications is needed before it
will be clear whether or not ICV should be pursued as a
first-line neuroaxial treatment’

The results of other studies are in agreement with
those that are covered in the Cochrane review [29-36].
Serrié [37], in addition to measuring the analgesic effect,
measured the levels of the morphine metabolite
morphine-6-glucuronide (M6G) and suggests that the
metabolite was responsible for 33-67% of the analgesic
effect. Lazorthes et al. [38] admitted to having an initial
critical attitude to this technique because of the proximity
of the brainstem and diencephalon and potential risks of
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central side-effects such as vomiting, sedation or respira-
tory depression. However, their experience over 10 years
(82 patients) was very positive. Good pain relief was
achieved in all but two patients. Side-effects were absent
or only mild and transient. Likewise, Seiwald et al.[39] also
reported that ICV morphine resulted in good to excellent
analgesia in 95% of patients with somatogenic pain.
However, they report that ICV morphine is not at all or is
only minimally effective against neurogenic pain.

The use of an implantable ICV pump has also been
reported to be effective against intractable cancer pain
[40]. The authors suggest that the high cost of a pump is
justifiable in patients with a life expectancy greater than 3
months.

Site(s) of action

In order to determine whether the analgesic effect elicited
by ICV morphine is produced at structures proximal to the
infusion site or at more distal sites (e.g. the spinal cord),
Tafani et al.[41] infused '#I-labelled ICV morphine to eight
patients suffering from intractable chronic cancer pain.
Scans of the radiotracer obtained by fy-scintigraphy
showed only slight diffusion beyond the ventricular
system up to 1h after the infusion. The great majority
(90%) of the radiotracer remained localized within the
brain (Figure 2).No tracer was detectable in the spinal cord
up to 30 min postinfusion and only 5% was detected at 1 h,
and it did not extend beyond the thoracic region. Diffusion
was greatest when the catheter was placed in the occipital
horn. In this case, radiotracer accumulated in the lateral
ventricle, where the parenchymal exchange surface is
largest. Diffusion was lowest when the catheter was placed
close to the foramen of Monro or into the third ventricle.

There thus appears to be only slight diffusion of ICV
morphine away from the ventricular system and into sur-
rounding tissue. The walls of the cerebral ventricles and
surrounding tissue contain abundant opioid receptors
(e.g.[42-45]).A direct effect in this region is consistent with
a mean analgesic onset latency of about 20 min, a time at
which there is no detectible drug in the spinal cord. It
should be noted, however, that even small amounts of
drug migration to the spinal cord might contribute to the
analgesic effect because, at least in animal models, mor-
phine has a synergistic site-site (spinal-supraspinal) anal-
gesic effect [46].

Pharmacokinetics

Sandouk et al. [47] evaluated the pharmacokinetics and
pain relief after ICV infusion by Ommaya device of 0.28-
0.61 mg morphine into the frontal horn of the lateral ven-
tricle at the level of the foramen of Munro of seven male
patients (42-68 years old) with intractable cancer pain.



Figure 2

v-Scintigraphy images of human brain and spinal cord after intra-
cerebroventricular infusion of ['?lliodomorphine into the right lateral
cerebral ventricle, as follows: (a) side view 15 min postinjection; (b) side
view 30 min postinjection; (c) rear view 60 min postinjection; (d) rear view
60 min postinjection; (e) side view 60 min postinjection; and (f) side view
60 min postinjection. Reprinted from [41] with permission

Ventricular and lumbar (L3-L4) cerebrospinal fluid
(CSF) was collected. Pain level was assessed by visual ana-
logue scale. Ventricular morphine was approximately
20 000 ng mI™" on infusion and declined to approximately
10ng ml™" at 24 h. Lumbar morphine reached approxi-
mately 200 ng ml™" at about 4 h and declined to about
10 ng ml™" at 24 h.Thus, the morphine diffused poorly from
ventricle (volume of approximately 10 ml [48]) to spine
(the ratio of mean area under the curve (AUC)venticle VS.
mean AUGCpine Was 52.6). Analgesia occurred within a few
minutes. The authors suggest that the short latency to
onset of analgesic effect corresponds to the high levels of
morphine in periventricular tissues and that the duration is
enhanced by the morphine at the spinal level.

Metabolites

In order to assess the possible contribution of metabolites
to the analgesic effect of ICV morphine, Smith et al. [49]
measured CSF and plasma levels of morphine and its two
major metabolites, morphine-3-glucuronide (M3G) and
M6G. Morphine-6-glucuronide is a potent analgesic [50];
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M3G is not analgesic, is thought to produce the excitatory
side-effects observed in patients receiving large doses of
morphine [51], and attenuates the antinociceptive effects
of ICV morphine or M6G when given ICV to rats [52-54].
The authors report successful induction of analgesia with
ICV morphine in more than 200 patients with pain associ-
ated with head and neck cancer, mid-line pain, diffuse pain
and neuropathic pain [29, 55]. In this cohort consisting of
23 patients infused with 0.15-0.5 mg ICV morphine, the
plasma levels of morphine declined to undetectable levels
by 7 days postinfusion; neither M3G nor M6G was detect-
able in the plasma of most patients throughout the period.
By 24 h following infusion, trough CSF morphine concen-
tration rose to approximately 20 um (which is about 50-fold
higher than baseline), a level that would activate all three
of the major opioid receptor types (4, & and ) [56].
Morphine-3-glucuronide was present in CSF, presumably
formed by metabolism within the brain, and declined to
about 0.03-0.3% of the level of morphine over 10 days.
Morphine-6-glucuronide was undetectable in the CSF or at
baseline throughout the 10 day period.

Sandouk et al. [57] reported the formation of M3G and
M6G in ventricular CSF (maximum at 3 h) following ICV
infusion of morphine into the frontal horn of the lateral
ventricle (level of foramen of Monro) of four male cancer
patients with intractable pain. Goudas et al. [58] infused
ICV morphine by Ommaya device in three terminal cancer
patients suffering from intractable pain. Morphine-6-
glucuronide levels remained essentially at baseline in the
ventricles and cisternae for 45-70 h, despite the large
increases in morphine levels in the same regions during
infusion.

Opioid side-effect profile

Analgesic tolerance

The occurrence of analgesic tolerance to ICV morphine is
generally reported to be relatively limited in the literature
surveyed.Some degree of tolerance to the analgesic effect
of morphine occurred in most patients. Several authors
comment that analgesic tolerance to ICV morphine was
notably more marked in patients who had received large
amounts of systemic opioids prior to initiation of ICV infu-
sion (e.g.[12,38]) and particularly those who had received
higher oral doses of slow-release morphine ([38]). The
assessment of tolerance development is particularly diffi-
cult to quantify because of the relatively short lifespan of
this terminally ill patient population and the likely increase
in pain as their disease progresses. Another possibility
might be opioid-induced hyperalgesia [59].

Respiratory depression

Lobato etal. [12] reported that respiratory depression
occurred in only one of their series of 17 patients and that
it was easily reversed by naloxone (the details were not
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given). Nurchi [26] also reports one case of respiratory
depression, which was reversed by naloxone. Langlade
et al.[60] report a case of respiratory depression following
accidental infusion of a dose of morphine 10-fold larger
than intended. The patient was a 52-year-old woman who
had breast cancer with bone metastases. Following suc-
cessful pain relief with 0.3 mg ICV morphine daily via
Ommaya device, she was discharged from hospital and
treated at home, where she was accidentally infused with
3 mg of morphine. Respiratory rate decreased suddenly
12 h later (the ventricular CSF morphine concentration was
6827 ng ml™' at this time). Naloxone (0.4 mg intravenous
plus 0.2mg intramuscular) reversed the respiratory
depressant effect, and it was continued as a continuous
infusion 1 h later for a period of 8 h (total dose = 12.8 mg)
due to persistent somnolence, miosis and recurrence of
hypoventilation.The patient recovered fully from the event
and did not complain of pain during naloxone treatment.

Smith et al.[49] also note the lack of respiratory depres-
sion in their study of 23 patients.They hypothesize that the
lack of respiratory depression might be due to the absence
of M6G or the continued presence of M3G in the brain,
because ICV M3G attenuates ICV morphine-induced respi-
ratory depression in rats and dogs [61, 62].

Alertness

Given the level of pain experienced by these patients, the
amount of mental clouding, sedation or somnolence
reported in the studies surveyed is notably low.Smith et al.
[49] summarize their representative experience succinctly:
‘A significant feature was the mental alertness of these
patients.

Constipation

In this population, opioid analgesics are considered the
mainstay of treatment, but opioid analgesics almost
always lead to bowel dysfunction and/or constipation. It is
of considerable interest, therefore, that constipation was
rarely reported as a side-effect in the ICV studies sur-
veyed. One likely reason is the absence of a contribution
of effect on opioid receptors in the gastrointestinal tract.
Smith et al. [49] postulate that another reason might be
due to the low levels of M6G, because M6G is a more
potent inhibitor of gastrointestinal transit than is mor-
phine in mice [63]. Another possibility is that administra-
tion of morphine directly to the brain circumvents a
possible synergistic spinal/supraspinal constipating effect
[64].

Temperature and endocrine effects

The infusion of ICV morphine (0.3-1.0 mg) to eight termi-
nal cancer patients with intractable pain using Ommaya
catheters inserted into the right lateral ventricle [65] pro-
duced hypothermia (secondary to cutaneous vasodilata-
tion and increased sweating), hyperglycaemia, and an
increase in prolactin and growth hormone levels. The
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hypothermia started about 20 min after infusion, reached
a maximum of —0.4°C at 60-90 min, returned to the control
level by 120 min,and was observed from the first to fourth
week of therapy. The hyperglycaemic effect also started
about 20 min after infusion, lasted about 150 min, and dis-
appeared as the treatment continued. Serum prolaction
and growth hormone levels rose almost immediately after
ICV infusion, peaked at 30 min, and returned to baseline
levels at 3 h (growth hormone) or 6 h (prolactin).The eleva-
tions were observed during the first to fourth weeks, but
disappeared as treatment continued.Thus, the effects were
significant (e.g. about sixfold increase for prolactin and
more than 10-fold increase for growth hormone), but did
not persist beyond 4 weeks of therapy.No intervention was
needed.

Seizures

Opioids can decrease seizure thresholds. Intravenous,
extradural and intrathecal administration of opioids in
both animals and humans can induce epileptic seizures or
myoclonic episodes. Kronenburg et al. [66] reported two
cases of seizures associated with the use of ICV bolus
administration of morphine (5 mg (20 min)™") in a 71-year-
old patient with no known personal or family history of
seizure disorders who was being treated for intractable
pain secondary to an invasive inoperable epidermoid car-
cinoma at the left temple. The patient was able to tolerate
increased stepwise dosage via continuous infusion mode
to treat increasing pain due to tumour progression. The
authors recommended that the initiation of ICV morphine
therapy and bolus application should be performed care-
fully and only when constant monitoring is provided for at
least 12 h.

Glutathione levels

Consistent with results in rats [67], ICV morphine (0.3 mg)
infused by an Ommaya device into the frontal horn of the
right lateral ventricle produces an acute decrease in CSF
levels of the major endogenous intracellular antioxidant,
glutathione [58]. The study did not examine long-term ICV
treatment. If the effect persists,and anticipated life expect-
ancy is long enough, coadministration of free radical scav-
engers might be desirable to prevent possible central
nervous system vulnerability to damage from oxidative
stress.

Summary and perspective

The prevalence of Americans suffering from advanced
illness is estimated at greater than 1.5 million [68], and
many of these patients rely on opioid analgesics to relieve
the associated pain [69]. If the illness progresses to the
point that it is terminal, many of these patients wish to
spend their remaining time at home. An impediment to
the fulfilment of this desire is intractable pain refractory



to systemic analgesics and other interventions. The infu-
sion of an opioid into human cerebral ventricles for the
relief of intractable pain was published more than 40 years
ago, and the overwhelming consensus is that it is safe and
effective.Thus, pain that is refractory to systemic analgesic
therapy responds well to ICV administration of opioid
medication (almost always morphine to date). The pain is
relieved without interference with the other sensory
modalities. Onset of relief generally occurs within
20-40 min and lasts 12-16 h (depending on the dose). A
possible exception is neurogenic pain, but this needs to be
confirmed. Almost all of the studies note the relative lack of
sedation and respiratory depression in patients who are
infused with ICV morphine.Very few even mention consti-
pation. This is remarkable given that the patients are
administered palliative doses for pain so severe that it is
refractory to all other pharmacological, radiological, surgi-
cal or systemic analgesic therapy.

The commonly used infusion device is small, simple to
install and use, and non-intrusive enough that patients can
be transitioned to the home setting and for hospice care.In
addition to the relief of pain, such an intervention contrib-
utes to a better quality of remaining life. It also interrupts
the otherwise inevitable trajectory toward ever-increasing
opioid side-effects (such as constipation) and the therapy
needed to treat them. There seems to be no question
about its value as a positive psychological as well as
medical intervention.

To our knowledge, with the exception of the early
studies with B-endorphin, morphine (as the sulfate or
hydrochloride salt or as dimorphine) has been the only
drug used for ICV infusion. Given the success with this
drug, there does not appear to be a compelling reason to
test others, but this possibility might be considered.

The reported observation by more than one group that
naloxone can reverse the respiratory depression induced
by excess ICV morphine, but not the morphine-induced
analgesia, raises fundamental basic science questions and
also the possible consideration of concomitant ICV dosing
of morphine with low-dose naloxone [70]. However, much
more investigation is needed.

The issue of the possible misuse, abuse or diversion of
home supplies of ICV opioids was not brought up in any of
the studies that we found. It is also not difficult to imagine
that the sensitive and complex issues of right-to-die, eutha-
nasia, assisted suicide, mercy killing, etc. could become
involved.

In summary, the administration of ICV opioid for pallia-
tive care in the home setting is associated with opportuni-
ties and challenges. The objective benefits of ICV
administration of opioid pain relievers appear to include
good efficacy, relative ease of insertion and infusion,
modest dose escalation, and relatively low incidence and
severity of opioid side-effects, particularly constipation
and mental clouding. Perhaps the more important subjec-
tive benefits are best summarized by the case in Cramond
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and Stuart [29] relayed by the friend of a patient (they had
been prisoners of war together):

‘When | engineered his transfer to your care, he was
a pitiful, narcotised, constipated struggler-to-survive
... When he came back . .., he was a quite different
man to the one that left — relaxed and philosophical,
adjusted to his inevitable fate (no more of the “Why
me!” stuff); mobile to a limited extent, which he had
not been at all before; virtually pain-free and had not a
conscious worry at all; and no constipation. We don’t
realize the full extent of worry and concern this latter
causes to those who have not normally suffered from it.
Saw him the day before he died when he was still his
old, lucid self . . .".
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