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A Comparison of Intrathecal, Epidural, and Intravenous

Sufentanil for Labor Analgesia

William R. Camann, M.D.,* Roger A. Denney, M.D.,t Elizabeth D. Holby, M.D.,t Sanjay Datta, M.D.}

A number of recent studies have suggested that the analgesic effects
of highly lipid-soluble opioids are similar when these agents are
administered either epidurally or intravenously. We sought to test
whether the lipid-soluble opioid sufentanil was more effective when
administered intrathecally than when administered epidurally or
intravenously. Twenty-four women during active labor received su-
fentanil 10 ug either intrathecally (n = 9), epidurally (n = 8), or
intravenously (n = 7), using a combined spinal-epidural technique.
The sufentanil was administered alone, without concomitant local
anesthetics. Analgesia was assessed using the visual analogue score
as well as the time elapsed from the administration of study drug
to the patient’s request for additional analgesia via the epidural
catheter (bupivacaine 0.25%). The median duration of analgesia

(median, interquartile range) was 84 (70-92) min in the intrathecal -

group, 30 (23-32) min in the epidural group, and 34 (17-30) min
in the intravenous group (P < 0.001). The intrathecal group showed
rapid and significant decrease in visual analogue scale scores,
whereas visual analogue scale scores in the other two groups did
not decrease and remained significantly elevated compared to those
of the intrathecal group at all observation points. Side effects were
limited to pruritus in 3 patients (2 moderate and 1 severe) in the
intrathecal group. No patient developed post-dural puncture head-
ache. We conclude that sufentanil 10 ug intrathecally provides rapid
and effective analgesia of 1-2-h duration during labor. Epidural
and intravenous use of this dose of sufentanil did not provide evi-
dence of satisfactory analgesia. Increased efficacy after intrathecal
injection of sufentanil 10 ug suggests a spinal site of action by this
route. (Key words: Analgesics: opioid; sufentanil. Anesthesia: ob-
stetric. Anesthetic techniques: epidural; intrathecal; intravenous.
Pain: labor.)

THE USE OF EPIDURAL and intrathecal opioids has be-
come widespread. In particular, the epidural administra-
tion of opioids has gained great popularity in various clin-
ical settings as a sole analgesic agent or as an adjunct to
low-dose local anesthetic regimens.! Recently, a number
of investigators have questioned whether the route of ad-
ministration (epidural vs. parenteral) affects analgesic ef-
ficacy. Several highly lipid-soluble opioids have been
found to have nearly identical analgesic profiles when in-
Jected either epidurally or parenterally, thus raising the
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question as to site of action (spinal cord vs. supraspinal)
of these agents by these routes.2-8

All of the above-cited studies have compared epidural
to parenteral administration of opioids. None has included
intrathecal agents in its study design. Two recent prelim-
inary reports have claimed that intrathecal administration
of sufentanil can provide rapid and effective pain relief
during labor.®!® We conducted this study to compare in-
trathecal, epidural, and intravenous administration of a
single dose (10 ug) of sufentanil during labor, using a
combined spinal-epidural technique.

Materials and Methods

Twenty-four ASA physical status 1 or 2 parturients
requesting epidural analgesia during active labor were
enrolled in the study. All patients were at term and had
uncomplicated pregnancies and normal fetal heart trac-
ings. All gave written informed consent to an institution-
ally approved human research protocol. When patients
first requested analgesic medication, the following com-
bined spinal-epidural technique was used. The patient
was placed in the right or left lateral decubitus and the
usual aseptic preparation and draping performed. A 4V%-
inch 17-G Weiss needle was inserted into the epidural
space at either the L2-L3 or L3-L4 interspace using the
loss of resistance to air technique. A 4'Y/¢-inch 25-G
Whitacre spinal needle (Becton-Dickenson, Rutherford,
NJ) was passed via the epidural needle into the subarach-
noid space until clear cerebrospinal fluid (CSF) was ob-
tained.

All patients then received, in a randomized, double-
blind fashion, an intrathecal (2 ml), intravenous (2 ml),
and epidural (10 ml) injection at roughly the same time.
One of the injectates contained 10 ug sufentanil; the other
two contained only saline. (The epidural injection was
given via the epidural needle immediately after removal
of the spinal needle. After the epidural and spinal injec-
tions, an epidural catheter was placed 2 cm into the epi-
dural space, but no local anesthetics were injected.) All
injectates were prepared by an anesthesiologist not in-
volved in subsequent data collection and were randomized
according to a random number scheme with instructions
contained in sequentially numbered, opaque envelopes.

Analgesia was assessed using a 10-cm linear visual an-
alogue scale at the time of study drug injection and 10,
20, 30, 40, 60, 90, 120, and 180 min thereafter. Maternal
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blood pressure was measured at the same intervals. Pa-

tients could request additional analgesia (bupivacaine

0.25% via the epidural catheter) if pain relief was unsat-

isfactory by 15 min after injection of study drug. When

additional analgesia was requested, the study protocol and

data collection were terminated, and patients then were
given epidural bupivacaine as per usual clinical routine
for the remainder of their labor. The time from study
drug administration until a request for additional anal-
gesia was noted. Side effects (pruritus, nausea, and som-
nolence) were assessed using a four-point ordinal scale
where 0 = none, 1 = mild, 2 = moderate, and 3 = severe.
Continuous electronic fetal heart rate monitoring was
used for all patients throughout labor.

Continuous ordinal data were analyzed using Kruskal-
Wallis analysis of variance and Mann-Whitney tests. Data
are expressed as median and interquartile range (25-75%
confidence interval). A value of P < 0.025 was considered
to indicate statistical significance.

Results

Demographic characteristics did not differ among
groups (table 1). The median duration until first request
for additional analgesia (fig. 1) was 84 (70-92) min in the
intrathecal group (n = 9), 30 (23-32) min in the intra-
venous group (n = 7), and 24 (17-30) min in the epidural
group (n = 8) (P < 0.001). Baseline visual analogue scale
scores were equivalent for all groups. The intrathecal
group showed rapid (within 10 min) and significant de-
crease in visual analogue scale scores (fig. 2). Visual an-
alogue scale scores in the intravenous and epidural groups
did not decrease at any observation point and remained
greater than those in the intrathecal group (fig. 2).

No patient complained of dysphoria, excessive sedation,
or nausea or demonstrated abnormalities of fetal heart
rate tracing. No patient developed hypotension or evi-
dence of motor blockade. Three patients in the intrathecal

group complained of pruritus (two moderate and one se-

TABLE 1. Maternal Demographic Characteristics

INTRATHECAL SUFENTANIL

Intrathecal Epidural Intravenous
Characteristic n=29) (n=8) n=17
Age 29 *6 29 =+ 4 31 *+3
Height (cm) 172 +2 [170 = 2 |170 =1
Weight (kg) 75 +9 84 =x12 77 +9
Parity
0 6 3 5
=1 3 5 2
Birth weight (kg) 3.8+ 4| 86+ .4 35+ 4
Cervical dilatation at time
of study drug
administration (cm) 46+16| 43+ 5| 38+ .8

Data expressed as means + SD.
No significant difference among groups.
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FIG. 1. Duration of analgesia (median, interquartile range) after
sufentanil administration. *P < ,001, intrathecal versus epidural and
intravenous.

vere). None required treatment for pruritus. No patient
developed post—dural puncture headache.

Discussion

The principal finding of this study is that sufentanil 10
ug administered intrathecally provided effective analgesia
of 1-2-h duration during labor, whereas the same dose
given intravenously or epidurally failed to provide satis-
factory pain relief. Although the number of patients in
this study was small, the differences in quality and duration
of analgesia between the intrathecal and the other two
groups were striking and highly significant. We had orig-
inally planned to enroll more patients in this protocol but
terminated the study when it became clear that a large
number of the subjects had clearly unsatisfactory anal-
gesia. Data analysis upon termination of the study con-
firmed that the unsatisfactory analgesia was confined to
the epidural and intravenous groups. Although the inci-
dence of side effects was low, the small study size precludes
any definitive statement about side effects of this technique
in a larger population.

A number of recent studies have suggested that the
analgesic effects of epidural and intravenous administra-
tion of various lipid-soluble opioids (fentanyl, alfentanil,
butorphanol, and meperidine) are largely equivalent.*"®
However, these studies did not assess intrathecal com-
pared to parenteral administration of these agents. Our
findings support other recent reports that intrathecal
opioids,'! in particular sufentanil,®!® provide effective
analgesia during labor. We propose that low-dose in-
trathecal sufentanil has a primarily intraspinal, rather than
systemic, site of action. Additional studies measuring both
plasma and CSF concentrations of sufentanil after ad-
ministration by these routes are needed to substantiate
this finding further. Although our study suggests in-
creased potency of sufentanil after intrathecal adminis-
tration, the lack of a dose-response study design precludes
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~ F16. 2. Visual analog scale scores (median, inter-
quartile range) after sufentanil administration. Insuf-
ficient numbers of patients precluded data tabulation
after 30 min in the intravenous and epidural groups.
Numbers in brackets indicate number of patients in
each group at the time of assessment. *P < .001, in-
trathecal versus intravenous and epidural. *P < .001
versus intrathecal baseline visual analog scale score.
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any estimation of relative potency ratios by the various
routes.

Two previous studies have compared epidural to in-
travenous sufentanil in human clinical trials. Cohen et al.
found that post-cesarean delivery analgesia after admin-
istration of epidural sufentanil 30 ug was twice as long
(200 vs. 108 min) as that after the same dose of intravenous
sufentanil, although this difference was not statistically
significant because of low numbers of patients (n = 6 in
each group) in that study.® Rossell et al. studied intra- and
postoperative effects of sufentanil 0.7 ug-kg™" either in-
travenously or epidurally in thoracic surgery patients.'
They concluded that the epidural route provided longer
and more profound analgesia.

One of the alleged advantages of neuraxial, as opposed
to parenteral, administration of opioids is the ability to
provide analgesia with small doses of drug. However, it
appears that as lipid solubility increases, the differential
between effective epidural and parenteral doses nar-
rows.'® Moreover, many of the studies using epidural su-
fentanil have used doses quite larger than would be con-
sidered appropriate for intravenous administration. For
example, several investigators have used epidural sufen-
tanil at a dose of 50 ug or greater in awake patients during
labor or cesarean delivery.®!*!5 It is unlikely that 50 ug
intravenous sufentanil would be well tolerated in awake
patients. Therefore, although epidural sufentanil may
provide effective analgesia, large doses are required.
These doses, if unintentionally injected intravenously,
would likely result in profound respiratory depression.

Lower doses (5-10 ug) of epidural sufentanil may provide
effective analgesia but only when combined with local an-
esthetic supplementation.'® Epidural sufentanil alone ap-
pears to provide insufficient analgesia during labor.'¢

The quality of analgesia after administration of in-

trathecal sufentanil was excellent; however, all patients
required some subsequent epidural local anesthetic sup-
plementation. The rapid onset and relatively short du-
ration of sufentanil analgesia can be explained by phar-
macokinetic data.!”"!® Previous investigations have found
that sufentanil has a high affinity for u-opioid receptors.
However, the clearance from CSF was found to be rapid,
with a mean residence time in CSF of 0.92 h.!” Moreover,
the unsatisfactory analgesia in the epidural group is likely
explained by the increased potency of intrathecal versus
epidural sufentanil. CSF concentrations of sufentanil after
a bolus dose of 75 ug given epidurally are similar to these
after only 15 ug given intrathecally.'”

A concern regarding the use of intrathecal medications
in humans is potential neurotoxicity. A recent study by
Rawal et al. in sheep demonstrated histologic changes
consistent with neurotoxicity after intrathecal adminis-
tration of 7.5 ug/kg sufentanil repeated every 6 h for 72
h.'® Smaller doses (0.75 ug/kg) resulted in only mild
changes. The clinical relevance of these findings after such
large doses of sufentanil is unclear. Moreover, the exper-
imental model (sheep) has a very small intrathecal space
in contrast to that of humans. Thus, acute dilution of
drug within the CSF and rapid clearance from CSF is
likely to be much greater in humans than in the experi-
mental model used by Rawal et al. None of the existing
reports in the literature describes any neurologic deficits
after administration of either epidural or intrathecal su-
fentanil.

We chose our dose of sufentanil (10 ug) because it is
comparable to the dose in preliminary reports using in-
trathecal sufentanil as a sole agent for labor analgesia.
Moreover, we did not feel comfortable giving a dose larger
than 10 pg intravenously to awake patients during labor.
The absence of motor blockade or hypotension suggest
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that this technique may be a useful adjunct to the initiation.
of obstetric epidural analgesia. We conclude that 10 ug
intrathecal sufentanil provides rapid and profound anal-
gesia during labor. Further studies are warranted to assess
the effect of this technique on subsequent epidural local
anesthetic requirements or on the progression of labor.
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