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ABSTRACT

Spinal opioids have been used clinically since the late seventies to treat
acute, traumatic, obstetric and chronic pain. In this article the influence
of the pharmacokinetics on the dynamies of intrathecal and epidural opioid

administration are discussed with reference to current knowledge.

INTRODUCTION

During the last two decades knowledge has increased about the physiology of
pain and the mechanisms of pain relief from opioids. Martin's postulation in
1967 (63) on the existence of opioid receptors in the nervous system was con-
firmed in 1973 (75,90,99). Two years later Hughes and co-workers isolated the
first endogenous oploids (44), Within a year, evidence of analgesia in rats
after intrathecal morphine was also provided by Yaksh and Rudy (110). In 1979
Wang et al. published a study demonstrating clear evidence of pain relief
from intrathecal morphine in humans (104). Also in 1979 Behar et al. de-
scribed pain relief from epidural morphine in patients with acute and chronic
pain (4). In the same year Cousins et al. reported that pain relief from
epidural pethidine correlated with cerebrospinal fluid (CSF) concentrations
of the drug but not with plasma concentrations. The term "selective spinal
analgesia" was suggested since there were no changes in sympathetic or motor
functions (18).

Wide-spread clinical use of spinal, i.e. intrathecal and epidural, opioids
followed, but much of the necessary pharmacokinetic and pharmacodynamic know-

ledge was lacking in the beginning (11,19).
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Preclinical and in vitro experiments on spinal analgesia

Perception of noxious stimuli depends not only on peripheral stimulation and
transmission but also on modulation occurring in the sgpinal cord and in the
brain. Noxious stimuli are transmitted to the central nervous system by fine
myelinated A-delta fibres and non-myelinated C-fibres. Cells in the spinal
cord are excited by these stimuli but they can also be facilitated or in-
hibited by other peripheral nerve fibres carrying information about innocuous
events. Descending control systems originating in the brain modulate the ex-
citability of the cells transmitting noxious information (103,118).

Central terminals of the unmyelinated afferents are located in the marginal
zone (Rexed lamina I) and substantia gelatinosa (laminae II and III) of the
dorsal horn. The larger diameter fibre terminals are found mainly in lamina

IV (59).

Neurotransmitter of noxious stimuli

The excitatory neurotransmitters responsible for nociceptive transmission in
the spinal cord have not been clearly identified. Many data point to sub-
stance P, a peptide containing 11 amino acids, as the transmitter. It is
found in the dorsal root cell bodies from which the A-delta and C-fibres ori-
ginate, and in the central terminals of small myelinated and unmyelinated
fibres (42,43). Substance P is released into CSF in vivo by high intensity
electrical stimulation of peripheral nerves in animals, and this release can
be inhibited by intrathecal morphine (114,117). Intrathecal administration of
capsaicine, a homovanillic acid derivative, depletes dorsal horn substance P
in animals, and this causes an insensitivity to noxious thermal stimuli
(113). It seems that substance P has a dual action on nociception. Small
doses cause analgesia while hyperalgesia occurs when higher doses are given
(29).

Pain inhibiting systems

Several systems capable of inhibiting pain transmission on the spinal level
have been described., These include an opioid system (110), a noradrenergic
system, a serotoninergic system (111), a gamma-aminobutyric acid (GABA)-ergic
system (112) and a cholinergic system (119). Most of these systems seem to be
complementary and additive (112). Tolerance exists within the systems but
there is probably no cross-tolerance between them (50,114,116).

The endogenous opioid system has thus far been found to have members deriving
from three precursors; the endorphins from pro-opiomelanocortin (68), the en~
kephalins from pro-enkephalin A (36) and dynorphin related peptides from pro-
enkephalin B (52).
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All three peptide systems may have to be considered in the processing and mo-
dulation of ncciception at different levels of the central nervous system.
Enkephalin containing neurons are found at every level of the neuraxis, from
the cortex to the spinal cord. At the spinal cord level, enkephalin terminals
form a dense network in laminae I-IIb and V of the dorsal horn (27). Neuronal
cell bodies containing B-endorphin are relatively few, but can be found in
limbic structures and the periaqueductal grey matter in the brain. The dy-
norphin terminals form a striato-nigral pathway, and they are also present in
the hypothalamus, in certain other brain nuclei and in spinal interneurons

(65,102,106).

The opioid receptors are not a homogenous population. Several different sub-
groups have been demonstrated by binding studies with different opioid ago-
nists. These include the mu, kappa, delta, epsilon and possibly sigma re-
ceptors (15,49,108). The opioid peptides differ with regard to their affinity
for the different receptor subtypes. Enkephalins have a high affinity for
both delta and mu receptors, B-endorphin is non-selective, and dynorphin
shows selectivity for kappa receptors (109).

Analgesia has generally been viewed as mediated through mu receptors (2,54)

but both delta and kappa receptors may be involved (15,30).

Mode of action of spinal opioids

Based on iontophoretic application of opiocids and autoradiographic studies,
spinal opioids are considered to bind to opioid receptors in the spinal cord
grey matter and thus probably inhibit primary afferent nociceptive trans-
mission both pre-and postsynaptically (26,31).

As the opioid peptides, different opiold drugs have different receptor affi-
nity profiles, both with respect to receptor subtype and degree of receptor
affinity (61). The significance of this, and the relationship between spinal
opioid administration and the endogenous opioid peptides, remain to be de-

termined, however.

PHARMACODYNAMICS OF SPINAL OPIOIDS

Spinal opiods have been used to relieve postoperative, posttraumatic, ob-
stetric and chronic pain. Numerous studies have been published concerning
this since 1979. A dose response relationship between epidural morphine and
the efficacy of postoperative pain relief has been confirmed in double-blind

studies (62,69). Postoperative pain following epidural morphine has been re-
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ported to be less severe and of shorter duration than after systemic oploids
(38,51,57,78,86), while pethidine administered epidurally is as effective, or
more effective, as parenteral pethidine postoperatively (13,40,72). In pa-
tients with pain associated with cancer, a variable response to epidural mor-
phine has been reported. Deep somatic pain is relieved more effectively than
neurogenic pain and cutaneous pain (1).

Epidural morphine and pethidine have often been unable to relieve labour
pain, while intrathecal morphine has been reported to relieve pain in the
first stage of labour but only incompletely in the second stage (3,7,45,47,
74,89,94). The low efficacy of epidural morphine and pethidine in labour pain
is probably influenced by reduced drug availability to the subarachnoid space
in pregnancy because of rapid absorption to the blood via the enlarged epi-

dural venous plexa (20,48).

With spinal administration, different opioids have different pharmacodynamic
properties. The onset of pain relief is faster for fentanyl and pethidine
than for morphine after epidural administration (9,13,38,40,85), whereas the
duration of analgesia is longer for epidural morphine than for fentanyl and
pethidine (9,13,33,38,40,77,85,100).

Adverse effects

Respiratory depression was recognized early, both after intrathecal (32,60)
and epidural morphine (6,17,81). Early respiratory depression appearing with-
in an hour following epidural administration of the opioid is believed to
correlate to the plasma concentrations of the opioids (14,20) and may be seen
with any opioid given in sufficient dose. Reported cases of respiratory de-
pression following epidural pethidine have all been of the early type
(37,88,115).

Late respiratory depression appearing up to 12 hours after injection has been

reported following both intrathecal and epidural morphine (6,17,32,37,60,81).

In a series of studies in healthy volunteers Bromage and co-workers
(10,12,14) have demonstrated that lumbar epidural morphine spreads rostrally
as Jjudged from segmental spread of hypalgesia to pin scratch and ice, In
parallel to the rostral spread was an increasing respiratory depression evi-
denced by changes in the carbon dioxide (COp) response curve. Onset of tri-
geminal analgesia and peak respiratory depression coincided 6-10 hours after
injection., Marked respiratory depression was still present 22 hours after in-
jection of lumbar epidural morphine. A dose-dependent long-lasting depression
of ventilatory drive in response to COp from lumbar epidural morphine has

been reported by Rawal and Wattwil (80).
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Respiratory depression following intrathecal morphine has a similar time de-
lay (32,60).

Epidural fentanyl does not cause respiratory depression in volunteers (56)
and there have been no reports on clinical late respiratory depression
following epidural administration of lipophilic opioids such as pethidine and
fentanyl.

0ld age, respiratory disease, lack of tolerance to opioids, concomitant use
of parenteral opioids, thoracic administration and high doses of spinal mor-
phine have all been suggested as risk factors for late respiratory depression
following spinal opioids (20,37,80).

If these factors are taken into consideration, the incidence of respiratory
depression can be kept at a minimum (20,37). Nevertheless, patients receiving
spinal morphine should be observed several hours after the last injection
(21,80).

Naloxone-reversible relaxation of the detrusor and increased bladder capacity
can lead to urinary retention after epidural morphine (82,103). Urinary re-
tention does not seem to be a problem with long-term use in patients with
cancer pain (33,121).

Other adverse effects described after spinal opioids include nausea, vomiting
and iteching (20). However, few comparative data are available as to the rela-

tive incidence of the adverse effects elicited by the different opioids.

PHARMACOKINETICS OF SPINAL OPIOIDS

The different times of onset and duration of analgesia as well as side-
effects have been tentatively linked to the physicochemical characteristics
of the drugs (101,115). All opioids are ionized primarily at a physiological
pH, making the molecules water soluble. However, the lipophilicity of the
unionized fraction of the drugs differs. Morphine is the least lipophilic of
the opioid drugs in clinical use, with an octanol-water partition coefficient
of 1.42 at pH 7.4, whereas pethidine and fentanyl have partition coefficients
of 38.8 and 813, respectively (53). The newer U4-anilinopiperidine analogues

(e.g. alfentanil, sufentanil, lofentanil) are also highly lipophilic (64).

Experiments by Herz and Teschemacher revealed that onset time and duration of
action of systemically administered opioids correlated with their 1lipid par-
tition coefficients (41). It was, in analogy with this, hypothesized (20,115)
that spinally administered morphine, due to 1ts relative hydrophilicity,

passed the dura and/or penetrated to the receptor sites in the spinal cord
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slowly, while the other opioids penetrated biological membranes faster and,
thus, had more rapid access to the receptor sites. This hypothesis would ex-
plain the observed differences in onset times.

The observed differences in duration of action would conversely be explained
by the potential differences in efflux from spinal cord and CSF due to the
different lipophilicities.

However, in vitro experiments have suggested that the molecular weight, and
not the lipophilicity of an opioid, determines the rate of absorption across
the dura (67). Since morphine and pethidine have about the same molecular

weight, the absorption according to this hypothesis should be equally fast.

In recent years studies concerning the kineties of spinal opioids (16,33,39,
55,69-71,77,91,92,105) have demonstrated that analgesia occurs in the pre-
sence of very low or undetectable plasma drug concentrations, supporting a
spinal opioid action. When reviewing studies concerning the kinetics of
spinal opiocids one has to realize that the different studies are not necess-
arily comparable. Different doses, volumes, sites of administration, and CSF
and plasma sampling spots and times all influence the results.

The sensitivity and specificity of the assay method are also factors of im-
portance. For example, the radio immunoassay (RIA) for morphine used in some
studies (16,55,58) may codetermine inactive morphine-glucuronide (95). Since
morphine-glucuronide levels can be higher than unchanged morphine levels at
time intervals of 1 hour after systemic drug administration, the RIA may
cause overestimation of morphine plasma concentrations (95).

When performing the pharmacokinetic analysis, the accuracy of the assay, the
amount of data, and the method of calculation of the kinetic parameters in-
fluence the results.

The application of pharmacokinetic parameters such as "half-life" and
"clearance" to the data from lumbar CSF sampling must also be interpreted
with caution.

Clearance is traditionally a physiological parameter measuring the ability of
the eliminating organs, usually the kidneys and the liver, to remove a drug
(84). The clearance values obtained from the drug concentrations measured in
lumbar CSF, however, do not reflect clearance through eliminating organs but
rather clearance from the sampling spot.

The half-lives in CSF obtained from similar calculations also have to be
interpreted with respect to the fact that they do not necessarily reflect
what happens in the CSF compartment as a whole.

The time to reach maximal concentration in plasma (tpsy) is generally longer
after intrathecal administration than after epidural administration. (Pharma-

cokinetic data are given in Table 1.)
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The CSF concentration time curve following intrathecal morphine displays a
rapid fall during the first 15 minutes, followed by a slower fall during the
next 4 to 6 hours (55,70,91).

The same pattern is seen following intrathecal heroin (55) and pethidine
(91), but the elimination from CSF is faster. Six hours after injection, 1.6%
of the morphine dose and 0.4% of the pethidine dose remain in the initial
volume of distribution in CSF (91).

The plasma concentration time curves following epidural administration
usually resemble those after intramuscular administration. Plasma morphine
concentrations occur significantly earlier after epidural heroin (diamorphine
hydrochloride) than after epidural morphine (105).

The absorption of epidural morphine across the dura is relatively slow, and
maximal CSF concentrations are seen 75 to 135 minutes after injection
(40,71,92). Absorption half-life across the dura is 22 minutes (92). Pethi-
dine, on the other hand, crosses the dura faster, with an absorption half-
life of 7.6 minutes (92). Maximal CSF concentrations are seen 15 to 45 min-
utes after injection (33,92). Less than 4% of an epidural dose of morphine
(71,92) and pethidine (92) crosses the dura, but since the volumes of distri-
bution in the subarachnoid space are much smaller than the volume of distri-
bution in the whole body (70,91), the CSF concentrations are several times
greater than those in plasma as early as five minutes after injection
(33,69,70,91,92).

The CSF concentration time curves of both morphine and pethidine display a
biphasic fall after the initial rise due to absorption from the epidural
space. The half-lives of these falls are 73 and 369 minutes for morphine, and
71 and 982 minutes for pethidine, respectively (92). This means that a larger
fraction of the morphine in the subarachnoid space stays in the CSF as com-
pared to pethidine (92). Pethidine, on the other hand, seems to be trans-
ported more rapidly to a deep compartment in the subarachnoid space (e.g.
nervous tissue). No significant differences in kinetics were seen when mor-
phine was administered epidurally in 1 or 10 ml (92). A striking feature in

most studies is the large interindividual difference in kinetics.

Distribution of drugs administered epidurally or intrathecally

Several factors influence the distribution 1in the subarachnoid space of a
drug injected intrathecally. Age, intraabdominal and intrathoracic pressures,
site of inJjection, pH of the CSF, specific gravity, pKa and volume of the
bolus and speed of injection all affect the distribution, as does the body
position of the patient (8,82). When the drug is administered epidurally the
description of the distribution is further complicated. The absorption of the

drug occurs to the blood through the epidural vencus plexa and possibly
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through the posterior radicular artery leading directly to the spinal cord,

but also to the subarachnoid space across the dura (20).

The oploid drugs are not evenly distributed in the spinal CSF, as indicated
by a study where CSF was sampled at a cervical level following lumbar epi-
dural administration of morphine in cancer patients (34). Both morphine and
pethidine distribute initially in the subarachnoid space in a volume of about
20 ml after intrathecal administration (91). This initial distribution is
probably due mostly to diffusion in the CSF, since the initial volume of
distribution was about the same for morphine and pethidine despite their
different lipophilicities. The total volume of CSF is about 150 ml with 25-75
ml in the spinal canal (8,82). Both drugs are thus rapidly distributed in a
large fraction of lumbar CSF.

Site of injection

In a clinical setting, spinal opioids are often administered at the lumbar
level (20). The lumbar epidural space is technically easier to reach than the
thoracic epidural space and the consequenses of a potential dural puncture
are more serious when a thoracic approach is used. The level of injection may
not be crucial for the effect when epidural opioids are used, as indicated by
the results of studies where lumbar epidural morphine and pethidine were

capable of relieving post-thoracotomy pain (69,83).

RELATIONSHIP BETWEEN PHARMACOKINETICS AND PHARMACODYNAMICS

The reported onset of amalgesia following epidural administration of morphine
is 20 minutes and maximal pain relief is achieved 40-90 minutes after injec-
tion (9,38,62,85). Onset of analgesia after epidural pethidine is faster, be-
tween 5 and 20 min (13,33,40,72,85).

This is closely parallelled by the different absorption half-lives across the
dura of epidural morphine and pethidine (33,69,92).

The reported duration of action is longer for epidural morphine than for epi-
dural pethidine (9,13,33,38,40,72,77,85,100), and this is reflected by a more
rapid disappearance of pethidine from lumbar CSF (92).

The half-life of the late phase of pethidine elimination from CSF, between 12
and 24 hours after injection, tends to be longer than that of morphine. This

probably reflects a slow release of the lipophilic opiocid from nervous tissue

109



in the subarachnoid space. Evidently the amount of pethidine present at that
time is too low to cause reliable analgesia.

Measurable CSF concentrations of morphine and pethidine are still present in
lumbar CSF 24 hours after epidural injection of a 3 mg morphine and a 30 mg
pethidine bolus, respectively (92). This indicates that once in the sub-
arachnoid space, pethidine is rapidly transported to a deep compartment,
which probably consists of nervous tissue, while a large fraction of morphine
is still present in the CSF several hours after injection. Thus, epidural
morphine passes slowly from the epidural space to the subarachnoid space, but

it also seems to leave the CSF compartment slowly.

This 1s interesting with respect to the duration of analgesia following
spinal administration of opioids with different lipophilicities and also with
respect to the appearance of supraspinal adverse effects such as late respir-
atory depression.

The cephalad bulk flow of CSF has been studied using radionuclides (24) and
metrizamide, a water soluble contrast medium (25). These reach the basal cis-~
terns within 30 minutes after lumbar intrathecal administration. Several ani-
mal experiments (35,39,73) have demonstrated a rostral transport of morphine,
but no such transport, or else to a lesser extent, of pethidine and metha-
done. Morphine 1s, due to its hydrophilicity and slow elimination from CSF,

more prone to be transported rostrally than lipophilic opioids.

Pethidine has local anesthetic properties in high concentrations (107). Pre-
sumably because of this, large doses of intrathecal pethidine (1 mg-kg -1)
can be used as the sole anaesthetic agent for short lower abdominal, perineal
and lower limb surgery (22,28,66). A profound sensory and motor block is pro-
duced which lasts about 1.5 hours, and long-lasting postoperative analgesia
has been reported. Assuming linear kinetics, the results of the kinetic study
following intrathecal pethidine by Sjdstrdm et al. (91) indicate that high
CSF pethidine concentrations are necessary for a motor block -about 0.2 - 2.5
mg-m1‘1. These concentrations are not 1likely to occur after epidural adminis-
tration of pethidine. Since only about 4 % of an epidural bolus of pethidine
1s absorbed to the subarachnoid space, the administration of 70 mg of pethi-
dine intrathecally can be compared to the administration of 1.5-2 g (sie!)

epidurally in terms of subarachnoid space availability.
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DOSE CONSIDERATIONS - EPIDURAL MORPHINE AND PETHIDINE

The analgetic effect of epidural morphine seems to reach a plateau quickly,
as evidenced by a study where 2 mg doses of epidural morphine were more
effective than 0.5 or 1 mg doses, but equally effective as 4 and 8 mg doses
(62). Some authors claim that epidural morphine doses of 10 mg or 0.1 mg-kg~!
and pethidine doses of 100 mg are necessary to obtain an adequate level of
analgesia after upper abdominal, thoracic or lower limb surgery (9,33,57)
while others report good postoperative analgesia following 2-4 mg doses of
epidural morphine, with mean durations ranging from 7 to 16 hours (62,70,77)
and 10-60 mg doses of epidural pethidine with durations from 3 to 7 hours or

more (13,18,72,100).

The existing differing dose recommendations are probably due to the different
situations with different causes of pain and different patient categories
with different ages in which spinal opioids have been used. Analgesic con-
sumption postoperatively has been shown to correlate to the activity of the
endogencus opicid system (76,97) but this activity, and its modification by
different kinds of stress, anaesthesia and other medication, is largely un-
known.

Another possible explanation for the differing dose recommendations and dura-
tions of analgesia following spinal opioids may be that different authors
have differing definitions of pain relief (21). The ability to move around
freely in bed, to ambulate and to take deep breaths and cough without or with
only minor pain is or is not included in the definition of pain relief.

A further explanation for the different dose recommendations and durations is

the widely varying CSF kinetics.

The equianalgesic dose relationships between drugs depend not only on the
analgetic effect of the drug, but also on the duration of analgesia. The
equianalgesic dose relationship between systemic morphine and pethidine is
known to be 1 to 10. In a study by Sjdstrdm et al. this was investigated for
epidural morphine and pethidine using patient-controlled analgesia (PCA)
(93). Self-administration of epidural bolus increments of morphine 1 mg or
pethidine 20 mg was started postoperatively after major abdominal surgery.

Pain relief from epidural PCA with morphine and pethidine was excellent in
all but two patients in the morphine group. PCA lasted for a mean periocd of
16 hours. The average consumption of morphine was 0.52 mg-h'1 (range 0.15 -
1.04, n=15) and of pethidine it was 18.0 mg+h~1 (range 5.8 - 35.4, n=15). The
consumption thus varied five- to six-fold in both groups. The equianalgesic

dose relationship between epidural morphine and pethidine could be calculated
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to be 1:35. On a time continuum, morphine consumption was more irregular than
pethidine consumption. Pain assessment on the VAS scale did not differ be-'
tween the groups. No cases of respiratory depression were secen. Adverse
effects reported in a postoperative questionnaire were slight. Twenty-nine of
the thirty patients who used epidural PCA rated the pain relief as "very
efficient". Plasma concentrations of both morphine and pethidine were low
during epidural PCA as compared with intravenous PCA (23,98).

The difference in equianalgesic dose relationship between systemic and epi-
dural opioids reflects the closeness of the site of administration to the
opioid receptors in the spinal cord, and differences in CSF kinetics and in

opioid receptor affinities (61).

The five to six fold variation in morphine and pethidine consumption during
epidural PCA may partly be accounted for by the pharmacckinetic properties of
the drugs. However, the variability further emphasizes the individual differ-
ence in pain perception.

By using kinetic parameters from the kinetic study by Sjostrém et al. (92)
and drug utilization data from the PCA study (93), the lumbar CSF concentra-
tions of morphine and pethidine during epidural PCA can be simulated (figure
1). These simulated CSF concentrations turn out to be very high. The CSF con-
centrations that are calculated for the time of supplementary analgesia
during PCA are around 300 ng-ml'1 for morphine and 10.000 to 13.000 ng-ml'1
for pethidine. These concentrations are far higher than those reported after
single doses (58,92).

This discrepancy may indicate real differences in single dose and multiple
dose kinetics. The spinal kinetics of a drug injected intrathecally or epi-
durally is, by and large, determined by the concentration-gradients between
the epidural space, the CSF, the spinal cord and the blood. Only a small
fraction, about 4%, of an epidural single bolus dose of morphine or pethidine
is absorbed to the subarachnoid space (92). The main fraction of the bolus
dose 1is rapidly absorbed to the blood. Due to the large differences in the
volumes of distribution (23,70,91,98) the concentrations in CSF exceed those
in plasma many times over. When multiple doses of epidural opioids are admin-
istered, the resulting concentration gradients favour the systemic absorbtion
of a second epidural dose. According to this hypothesis, as CSF concentra-
tions gradually rise during repetitive doses, a successively smaller fraction

of each dose is then absorbed to the subarachnoid space.

The large inter-individual variation makes it impossible to recommend a stan-
dard dose of epidural morphine or pethidine for analgesia of predictable

duration and with a minimum of adverse effects. Patient-controlled analgesia
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Fig. 1. Computer simulated mean CSF morphine and pethidine concentrations
during epidural PCA using reported pharmacokinetic data (92) and drug utili-
zation data (93).

via the epidural route thus provides an alternative way to give an individua-

lized pain therapy.

The volume of an epidural bolus is probably not a factor of major importance,
which is indicated by the lack of significant differences in kinetics between
epidural morphine administered in 1 or 10 ml (92). The increased area of the
dura exposed to the drug in the large volume group is evidently balanced, to
a large extent, by the increased difference in concentrations across the dura

in the small volume group. It has been suggested that increasing the volume
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of a morphine bolus increases the duration of analgesia (46), but this re-

mains to be shown.

DOSE CONSIDERATIONS - INTRATHECAL MORPHINE AND PETHIDINE

Intrathecal morphine has been used in widely varying doses, from less than
0.1 mg to 20 mg (87,96). Small doses of 0.25-0.5 mg alone or in combination
with local anaesthetics for spinal anaesthesia have been reported to give
pain relief for 12-24 h or more (5,70).

The most commonly used doses of epidural morphine are in the range of 3 to 10
mg. A CSF availability of 3.6 % of epidural morphine (92) means that about
0.2 mg and 0.4 mg of epidural boluses of 5 and 10 mg, respectively reach the
subarachnoid space.

The large inter-individual variation in morphine CSF kinetics may explain
some of the reported individual differences in the duration of analgesia
after intrathecal morphine. It also makes it very difficult, or even im-
possible, to suggest a standard dose which produces a long duration of pain
relief to the individual patient without exposing the patient to the risk of
an overdose with potential adverse effects.

A certain variability of the clinical effect, due to the inter-individual

differences in kinetics, can also be expected after intrathecal pethidine.

THE "IDEAL"™ SPINAL OPIOID

A lipophilic opioid with a strong affinity for the opioid receptors might
theoretically be an "ideal" opioid for epidural use. A rapid onset of pain
relief due to rapid absorption through the dura to the spinal cord, a long
duration of action because of slow removal of the last small fraction from
the subarachnoid space, and a low risk of rostral transport because of rapid
removal from the CSF, are advantages which would be combined.

A potential problem with an opiold with a strong affinity for the opioid re-
ceptors is that it may be difficult or even impossible to reverse the opicid
effects with naloxone. This has been demonstrated for lofentanil, one of thé
new anilinopiperidines (120). Intrathecal sufentanil and alfentanil, other
agents from this class, have been shown to be at least as effective as mor-
phine in rat studies, but with shorter durations of action (120).

There is also a possibility that increased lipophilicity increases systemic
redistribution following spinal administration, which could counteract the

positive effects of increased lipophilicity following spinal administration.
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The combination of small doses of opioids and local anesthetics, might prove

to be an interesting future development.
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