Intrathecal opioids

YVEs VEILLETTE, MD, FRCPC

Opioid receptors were identified in the central nervous system in 1971." Later,
in 1977, these receptors were precisely localized in the posterior horn of the spinal
cord.” Other receptors, discovered in peripheral tissues (eg, intestines, inflamma-
tory cells, cutaneous tissue) are now the subjects of intensive research.** These
advances, along with the discovery of endogenous opioids (endorphins, dynor-
phins, and enkephalins),’ were the result of animal studies that demonstrated the
analgesic potency of intrathecally-administered opioids.” In 1979, Wang used
intrathecal morphine for the first time to alleviate pain in cancer patients.® The
histochemical safety of morphine was revealed in autopsies and led to its use in
controlling acute, chronic, and cancer pain.

This article discusses the intrathecal use of opioids to manage pain. We will
start with a brief examination of the physiology of opioid receptors, their mecha-
nisms of action, and certain pharmacokinetic considerations. The discussion will
then proceed to clinical applications in situations of acute pain (perioperative and
obstetrical), as well as chronic and cancer pain. Finally, there is a review of the
technical considerations (monitoring, side effects, and complications).

PHYSIOLOGY

Painful stimuli trigger neural transmission via A-delta and C-type somatosensory
fibers. These fibers relay their information to the secondary sensory neurons found in
large numbers in the substantia gelatinosa of the posterior horn of the spinal cord. This
is where modulation from a descending system takes place and is mediated by different
substances including endogenous endorphins. While various receptors in the nervous
system have been identified (u, k, and 9), it is the k and 0 receptors that have a dominant
action at the spinal level, while the p receptors are mainly responsible for supraspinal
action. Other receptors exist (¢ and o), but are not specific to opioids (Table 1)."

MECHANISM OF ACTION

Opioid receptors are located in the glycoprotein membranes and are coupled with G
proteins that modulate the ionic conduction of calcium and potassium. When stimu-
lated, the p and & receptors open a potassium channel, increasing conductance,
whereas the k receptors inhibit the entrance of calcium. In both cases, the ensuing
hyperpolarization inhibits neuronal activity."' Opioid tolerance could be caused by a
decrease in the coupling of u receptors and protein G receptors.'?

PHARMACOKINETICS

The effectiveness of intrathecal opioids depends on their bioavailability. Penetration
into medullary tissue is influenced by their molecular weight, degree of ionization, and
lipophilicity. Fentanyl and meperidine are absorbed more rapidly than morphine for
these reasons. They bind more solidly to neural tissue. Little is known about opioid
metabolism in the spinal cord, but it plays a secondary role in the cessation of analgesic
activity since clearance is the primary factor responsible. Clearance depends on diffu-
sion along the neuraxis, as well as vascular absorption. The drug reaches the cerebel-
lomedullary cistern via diffusion where it is absorbed by the arachnoid granulations. This
is particularly true in the case of morphine. The more lipophilic products are reabsorbed
at the site through spinal vasculature."”
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TABLE 1: Opioid receptors, sub-types and physiological
effects

Receptor Sub-Type Effects

Mu Mu;, Supraspinal analgesia
Mu, Physical dependence
Euphoria
Sedation
Respiratory depression
Delta Delta, , Constipation

Orthostatic hypotension

Arteriolar/venous dilatation
Spinal analgesia

Euphoria

Potentiates analgesia of
Mu receptors

Spinal analgesia

Sedation

Pupillary constriction
Supraspinal analgesia (K 3)

Kappa Kappa; 3

Adapted from Lipman AG, Jackson KC. Opioids. In Warfield C, Bajwa Z,eds.
Principles and Practice of Pain Management, 2" ed. New York: McGraw-Hill, 2001

CLINICAL APPLICATIONS

There are numerous clinical applications for the
intrathecal opioids (Table 2); however, trauma-
induced and non-surgical pain are not discussed in
this article since there are few clinical studies on
these subjects.

ACUTE PAIN

For acute pain, the usefulness of morphine
administered via the spinal route is limited by the
time factor. Indeed, anesthesiologists prefer using the
epidural route when a catheter intended for pro-
longed administration must be placed. The introduc-
tion of a catheter into the subarachnoid space
requires a bigger needle than the one used for simple
spinal anesthesia and this may increase the inci-
dence of headache. The neurological effects associ-
ated with the use of spinal microcatheters and local
anesthetics'* have likely discouraged their use with
opioids. Hence, intrathecal opioid administration is
generally used as a complementary technique during
the operative period, for short-term postoperative
analgesia (until oral medications can be used), or in
obstetrical practice, where opioids are administered
alone or in combination during labour, delivery, and
for caesarean sections.

Perioperative administration

Intrathecal opioids have been used in the periop-
erative period with various local anesthetics. Due to
its potential neurotoxicity, lidocaine was replaced by
bupivacaine (in low doses) for short surgical proce-
dures.” Adding opioids to low-dose bupivacaine can
help reduce the number of unsuccessful spinal anes-
thesias.'® For example, in one study, the addition of
10 pg of fentanyl to 3 ml of bupivacaine 0.17% pro-

TABLE 2: Therapeutic applications of intrathecal opioids

Acute pain

* Perioperative pain

e Postoperative pain

* Perinatal pain

* Trauma-induced pain

* Non-surgical pain (angina, myocardial infarction,
herpetic neuralgia, pyelonephritis, thrombophlebitis)

Non-cancerous chronic pain
* Ischemia, back pain, neuropathy, mixed pain.

Cancer pain

duced anesthesia sufficient for knee arthroscopy in
all subjects. On the other hand, 6 of 25 patients in a
control group where bupivacaine was used alone at
the same dose complained of insufficient anesthesia.
Several studies report similar findings with different
surgical procedures. However, the doses studied var-
ied and suggesting an ideal “local-opioid anesthesia”
combination is difficult (Table 3).

A dose of 20 ng of fentanyl prolongs the sensory
block associated with 50 mg of isobaric lidocaine,
but it has no effect on the sensory block induced by
100 mg of procaine."”

Postoperative analgesia

The administration of spinal opioids also
improves postoperative analgesia. Because of its long
duration of action, morphine is the agent of choice
for anesthesiologists. However, it is recommended
that patients be hospitalized because of the possibility
of late respiratory depression. During hip surgery in
the elderly patient, 0.2 mg of morphine added to 12
mg of isobaric bupivacaine produced analgesia for a
median duration of 24 hours, compared to the con-
trol group where analgesia was sustained for 9 hours
(median).* Prolonged pain control (+24 hours) was
also obtained with 20 png/kg of intrathecal morphine
after spinal fusion.? In another study, patients
undergoing knee arthroplasty also benefited from
the administration of 300 ng of intrathecal mor-
phine during the postoperative period.” The same
results were seen in cases of laparoscopic cholecys-
tectomy,? thoracotomy (when combined with
sufentanil),”® and coronary bypass surgery.”

Obstetrical anesthesia

In obstetrics, spinal opioids are used alone or
combined with low doses of local anesthetics for
labour and delivery. They are combined with local
anesthetics for caesarean sections. Many combinations
have been studied for the period of labour, with satis-
factory results. Fentanyl (20-25 ng), sufentanil (5-10
pg), or morphine (150 pg), added to 1.25-2.5 mg of
bupivacaine represent possible combinations. One
study did not show any synergy when 1.25 mg of



TABLE 3: Examples of “local anesthetic-opioid” combinations

Authors Surgery Bupivacaine dose Fentanyl dose Failures
Ben-David B'® Arthroscopy 3ml0.17 % 10 ug 0/25
2 groups of 25 3ml0.17 % 6/25
Kang FC'® Caesarean section 5mg 25 ug 0/15
2 groups of 15 8 mg 0/15
Ben-David B'? Caesarean section 5mg 25 ug 0/16
2 groups of 16 10 mg 0/16
Ben-David B* Hip 4 mg 20 ug 0/10
2 groups of 10 10 mg 0/10
Kuusniemi KS?' Urology 10 mg 6.3% supplemental
4 groups of 20 10 mg 25 ug analgesia
Various procedures 7.5 mg Group not mentioned
5mg 25 ug

bupivacaine was added to 25 pg of fentanyl.*® A
recent review of the literature revealed that the use
of spinal opioids during labour increases the risk of
fetal bradycardia.” A meta-analysis conducted on
the use of intrathecal opioids during caesarean sec-
tion concluded that fentanyl (at doses ranging from
2.5 pg to 60 pg) delays the administration of post-
operative analgesics by only 4 hours on average,
without decreasing the total dose of medications
taken during the first 6 to 24 hours. Only morphine
in doses of 0.1 to 0.2 mg delays the administration of
analgesics by 11 to 27 hours and decreases their
subsequent use.*

CHRONIC PAIN

The treatment of chronic pain is practiced
mainly by anesthesiologists working within multi-
disciplinary teams. These anesthesiologists often
tend to include invasive techniques in their global
approach, such as the use of the intrathecal pump.
However, this technique is indicated only when the
medication administered by other routes is ineffec-
tive either because the dosage is too high or because
of intolerable side effects. The intrathecal adminis-
tration of opioids via a pump is therefore limited to a
small number of patients. The selection of these
patients is of paramount importance. Chronic pain is
multidimensional and psychological assessment is
essential to rule-out premorbid personalities. Pain
management includes teaching many behavioural
components to these patients. The indication to
administer intrathecal opioids to treat chronic pain
is very recent and morphine is the only drug
approved by the American FDA. Some physicians
question its long-term effectiveness because of the
high frequency of side effects, and tolerance that
necessitates escalating doses that are sometimes too
high for the capacity of the pumps. Others, however,
believe in its effectiveness as part of a continuum
outlined in the algorithm in Figure 1.

Clinical trials

There are several ways to conduct a clinical trial in
patients suffering from chronic pain. Neuraxial
administration (intrathecal or epidural) of opioids
can be done with a single injection or by continuous
infusion. While single-dose administration is the
method used most often, it cannot be recommended
because of its potential placebo effect; furthermore,
the patient cannot carry out activities such as climb-
ing stairs, walking, sleeping, etc. Finally, it is difficult
to anticipate the appropriate dose. A clinical trial may
be conducted on ambulatory or hospitalized patients;
the ambulatory setting is less costly, but there is less
supervision. The duration may vary from one to sev-
eral days. Fear of infection necessitates a trial of 2 to 4
days duration and some authors advocate a crossover
trial with placebo and opioids.**> The following is a
practical way to convert an oral dose to an intraspinal
dose: 300 mg of morphine by mouth = 100 mg of

Figure 1: Continuum of chronic pain management
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Table 4: Relative potency and starting intrathecal doses of commonly used opioids

Parenteral potency Relative neuraxial potency Suggested starting
Opioid (Morphine = 1) (Morphine = 1) intrathecal dose
Morphine 1 1 1 mg
Hydromorphone 6 2-3 0.5 mg
Methadone 1 0.5 2.5mg
Fentany! 100 10-15 50 ug
Sufentanil 1000 82-100 10 pg

intravenous morphine = 10 mg of peridural mor-
phine = 1 mg of intrathecal morphine.

Different types of equipment are available for
intrathecal administration. For those interested
in the technical aspects, refer to Waldman.*!

Medications

Morphine is the usual medication. It may be
diluted to a maximum dose of 50 mg per cc. In
cases of chronic pain, it is preferable to limit
morphine to doses of 20 mg per day, although
certain authors have gone as high as 60 mg per
day. However, the accumulation of active
metabolites can cause paradoxical hyperalgesia,
allodynia, and myoclonus.* For this reason, it is
advisable to add a co-medication when tolerance
occurs. Bupivacaine and clonidine are the medica-
tions most often added, either alone or together.
A dose of 8 mg of bupivacaine per day does not
cause any motor block. Some studies have gone
as high as 24 mg/day. For clonidine, the doses
vary from 50 to 900 pg/day. With higher doses
of clonidine, there is greater danger of hypoten-
sion and sedation. In general, it is better to limit
the dose to approximately 300 pg/day. Mor-
phine may be replaced by hydromorphone,
which is, on average, 5 times more potent. It may
be diluted to as much as 300 mg per cc.

In an American study, 95.5% of the medica-
tion administered was morphine. However,
lipophilic opioids (fentanyl, sufentanil, alfen-
tanil, and buprenorphine) alone or in combina-
tions were also used in about 8% of cases.
Compared to morphine, the accepted potency
ratio for their intravenous use does not apply to
intrathecal administration (Table 4). Bupiva-
caine was used as an adjuvant medication to
morphine in 19.8% of cases. The patients in this
study had a linear increase in their dose, reach-
ing stable levels after one year. They used an
average of 9.2 mg of bupivacaine per 24 hours.
Medical reports reported excellent alleviation of
pain in 52.4% of cases, and good alleviation in
42.9% of cases; however, this was a retrospective
study.**

Contraindications to the use of intrathecal
opioids for chronic pain are few. They include

infection, either systemic or localized at the site
of insertion of the material, or a lesion in the
intraspinal space, thus preventing circulation of
the cerebrospinal fluid. If there is any doubt
about cerebrospinal fluid circulation, a CT scan
or MRI is imperative.

CANCER PAIN

Cancer pain is successfully treated via the
enteral route in 90% to 95% of cases. Palliative
care teams, established in recent years, regard
pain management as an important aspect of
their practice. Certain cases will necessitate an
invasive approach and frequently, at their
request, peridural and spinal catheters are
installed. The high cost of programmable
pumps, the brief period of survival, and the dis-
tress these patients experience favours the use of
tunneled catheters with external pumps. The
infection rate in these often anergic patients is
surprisingly low, ie, approximately 5%. Mor-
phine escalation occurs more quickly than in
patients with chronic pain, and opioid doses are
higher.*® The approach to determination of
dosages is the same as for noncancerous pain.

SIDE EFFECTS AND COMPLICATIONS

Some of the side effects and complications of
the intraspinal opioids, such as nausea and vom-
iting, hypotension, drowsiness, muscle rigidity,
and early respiratory depression, are propor-
tional to the dose and may be due to their vascu-
lar absorption. The characteristic side effects of
the spinal use of opioids include pruritis, urinary
retention, and late respiratory depression. These
effects are not as obvious when opioids are used
for chronic or cancer pain. On the other hand,
certain specific side effects may be observed in
these patients, such as edema of the lower limbs
and certain endocrine and sexual dysfunctions.
One particular side effect mentioned in the liter-
ature is a reactivation of herpes simplex labialis.

Monitoring

Monitoring is particularly important when
spinal opioids are administered for acute pain,
whether postoperative or obstetrical techniques




are used. Monitoring of vital signs, respiratory
rate, and level of sedation is advised, as well as
use of a visual analog scale to evaluate pain
relief. In obstetrical practice, the fetal heart rate
must also be monitored.

Nausea and vomiting

Nausea and vomiting occur in approximately
30% of cases. These effects are likely caused by
cephalic migration of opioids to receptors in the
area postrema.’® Nausea and vomiting may be
reduced with intravenous metoclopramide (10
to 20 mg), ondansetron hydrochloride (4 to 8
mg), droperidol (0.75 to 1.5 mg), or dimenhydri-
nate (50 to 100 mg).

Respiratory depression

The exact incidence of respiratory depression
is unknown. Late respiratory depression requires
observation of the patient for 4 to 6 hours with
the lipophilic opioids and for over 24 hours with
morphine. Respiratory depression is treated with
doses of naloxone 0.1 mg IV every 1 to 2 minutes,
depending on the response. An infusion of a
mixture of naloxone 0.4 mg in 100 cc of saline
at a flow-rate of 10 cc per hour is a good solution
for prolonged respiratory depression. Episodes of
respiratory depression have also been reported
in neonates after epidural administration of
morphine, fentanyl, or sufentanil.*®

Pruritis

Pruritis, the most common side effect, is
likely caused by cephalic migration of opioids to
the trigeminal nucleus located superficially in
the medulla, where opioid receptors are found.*
It may be treated with diphenhydramine
hydrochloride (25 to 50 mg IV), or naloxone in
microdoses of 40 pg.

Urinary retention

The precise incidence of urinary retention is
unknown since many patients often have a
urinary catheter. The frequency is higher when
opioids are administered peridurally or intrathe-
cally rather than via the intramuscular or intra-
venous route. One possible explanation is the
effect of opioids on receptors in the sacral region
of the spinal cord. This interaction inhibits the
sacral parasympathetic system, causing muscle
relaxation of the bladder, leading to urinary
retention. An experiment in humans demon-
strated a marked increase in bladder muscle
relaxation 15 minutes after the peridural injec-
tion of 2, 4, and 10 mg of morphine that lasted
for 16 hours, as compared to the intramuscular or
intravenous injection of 10 mg of morphine.***
This effect can be reversed with strong doses of

naloxone, namely a bolus of 0.4 mg followed by
infusion at 10 pg/kg/hour. This will significantly
neutralize the analgesia.***®

Muscle rigidity

Muscle rigidity may occur after administra-
tion of opioids via the peridural or spinal
routes*® However, it occurs less frequently than
after intravenous administration. For an explana-
tion of this phenomenon, refer to the article in
Anesthesiology Rounds, August/September 2002.%

Gastrointestinal motility

Spinal opioids may induce a delay in diges-
tive transit. Two explanations are suggested for
this effect. The first is systemic, implying that
opioids can be active in the digestive tract,
mainly in the gastric antrum and the duode-
num. However, given the low doses used for
spinal administration, this mechanism probably
has little effect. The other mechanism involves
both the medullary and periventricular cerebral
sites.*

Herpes simplex labialis

Reactivation of the herpes simplex labialis
virus is a concern for 2 to 5 days after the intrathe-
cal injection of opioids. This may be caused by
activation of the virus located at the trigeminal
nucleus where opioid receptors are also found.
This hypothesis was called into question, however,
by a study reporting that as many as 84% among
parturients without a neuraxial injection will
exhibit signs of reactivation of the virus.*

Edema of the lower limbs

Edema occurs after long-term treatment for
chronic or cancer pain. The incidence is
unknown and probably underestimated. To
some extent, support hose and diuretics can
help reduce the problem, and in one study, the
use of aldactone gave good results.*®

Endocrine and sexual dysfunction

While the incidence of sexual and endocrine
dysfunction is high with chronic use of intrathe-
cal opioids, they have only recently been investi-
gated. Studies show a decrease in serum
testosterone levels, a high incidence of hypogo-
nadotropic hypogonadism, as well as central
hypocorticism and growth hormone deficiency
in approximately 13% and 17% of subjects,
respectively.®

Yves Veillette, MD, FRCPC, is Director of the Pain Treat-
ment Clinic at the Maisonneuve-Rosemont Hospital in
Montreal.
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