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of intrathecal fentanyl labor analgesia
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ABSTRACT

Background: Magnesium has been reported to augment the analgesic effects of opioids when co-administered into the cerebrospi-
nal fluid. The purpose of this study was to determine the influence of intravenous magnesium therapy administered for preeclamp-
sia on the duration of intrathecal fentanyl analgesia for labor.
Methods: Thirty-four nulliparous parturients having labor induced for preeclampsia and receiving intravenous magnesium ther-
apy were recruited. Thirty-four nulliparous patients having labor induced for elective or medical reasons were recruited as controls.
At request for analgesia, baseline serum magnesium levels were obtained and combined spinal–epidural analgesia was initiated
with intrathecal fentanyl 25 lg. Before injection of fentanyl, a sample of cerebrospinal fluid was obtained for magnesium assay.
An epidural catheter was sited but no additional medications were administered until the second request for analgesia. The pri-
mary outcome was duration of intrathecal fentanyl analgesia.
Results: There was no difference in the median duration of analgesia between the magnesium [79 min (95% CI 76 to 82)] and con-
trol groups [69 min (95% CI 56 to 82)] (difference between medians: 10 min (95% CI �4 to 21 min; P = 0.16). There was neither a
relationship between the serum and cerebrospinal fluid magnesium concentrations nor the cerebrospinal magnesium concentration
and duration of intrathecal fentanyl analgesia.
Conclusions: Intravenous magnesium therapy at doses typically used for seizure prophylaxis in preeclampsia did not influence the
duration of intrathecal fentanyl labor analgesia. However, this study may have been underpowered to detect a difference and
future study is warranted.

�c 2012 Elsevier Ltd. All rights reserved.
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Introduction

Magnesium, an N-methyl-D-aspartate (NMDA) recep-
tor antagonist, has been shown to potentiate opioid
analgesia in many settings. When administered into
the intrathecal (IT) or epidural space of both obstet-
ric1–3 and non-obstetric patients4–7 as part of a neuraxial
technique, it has been reported to prolong the duration
of co-administered spinal opioid analgesia or result in
improved postoperative analgesia. Intravenous magne-
sium improves postoperative analgesia and decreases
opioid analgesic requirements when used in conjunction
with general anesthesia in non-obstetric patients.8–16

Conversely, in patients receiving bupivacaine-fentanyl
patient-controlled epidural analgesia (PCEA) for post-
operative analgesia, systemic magnesium therapy did

not decrease the volume of self-administered epidural
solution.17 This latter effect has not been studied in
obstetric patients.

The exact site and mechanism of action of magne-
sium’s analgesic effect has not been fully elucidated
but a central site is likely given the analgesic augmenta-
tion seen with magnesium administered directly into the
cerebrospinal fluid (CSF).1–3 The purpose of this study
was to determine the influence of intravenous magne-
sium, administered for eclampsia prophylaxis, on the
duration of IT fentanyl labor analgesia. Our hypothesis
was that intravenous magnesium therapy would prolong
the duration of action of IT fentanyl analgesia as part of
a combined spinal-epidural (CSE) technique.

Methods

After Institutional Review Board approval, nulliparous
parturients having labor induced at 34 weeks of gesta-
tion or greater from June 2005 to December 2006 were
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recruited to participate in this prospective observational
study. After written informed consent was obtained,
parturients receiving intravenous magnesium therapy
for preeclampsia (4-g loading dose followed by an infu-
sion of 2 g/h) were compared with control parturients
who were not receiving intravenous magnesium therapy.
Exclusion criteria included patients with a cervical dila-
tion of <3 cm at the time of neuraxial analgesia request,
known contraindications to CSE, or those who had pre-
viously received systemic opioid labor analgesia.
Maternal age, parity, gestational age and reason for la-
bor induction were recorded. Blood samples for baseline
serum magnesium levels were drawn at the time of
intravenous catheter placement.

Upon request for analgesia, the following data were
recorded: pain (assessed on a 100-mm unmarked visual
analog scale (VAS) with the left end labeled ‘‘no pain’’
and the right end labeled ‘‘worst imaginable pain’’), cer-
vical dilation and intravenous magnesium bolus time
and duration of infusion. A second blood sample was
drawn from a vein remote from the intravenous line
for another serum magnesium level. After identifying
the epidural space using a 17-gauge Tuohy needle with
a loss-of-resistance to air technique, a 27-gauge Whit-
acre spinal needle was used to puncture the dura and
approximately 0.3–0.5 mL of CSF was collected for a
CSF magnesium concentration assay. Fentanyl 25 lg
was injected through the spinal needle, the spinal needle
was removed, and a catheter was sited in the epidural
space. No additional medications were administered un-
til the second request for analgesia. Interval pain scores
were assessed using the VAS at 15-min intervals until the
second request for analgesia. At this time an epidural
test dose (lidocaine 45 mg with epinephrine 15 lg) was
injected and 0.125% bupivacaine 10–15 mL was admin-
istered in 5-mL increments until adequate analgesia was
obtained. The peak cephalad sensory level to ice was
recorded. Analgesia was maintained with our institu-
tion’s PCEA protocol (bupivacaine 0.06%, fentanyl
2 lg/mL). Labor outcome data were recorded including
mode of delivery and neonatal weight.

The primary outcome variable was the duration of
analgesia as defined by the time interval between the IT
injection of fentanyl and the second request for analgesia.
Kaplan Meier survival curves were constructed for the
primary outcome. Pain burden, defined as the area under
the VAS pain score-time curve (AUC0–60), was calculated
for 60 min following IT injection by adding the products
of four interval pain scores multiplied by 15 min.

Statistical analysis

A total sample size of 68 (34 per group) was estimated to
achieve 80% power to detect a hazard rate of 0.33 when
the proportions surviving in each group are 0.5 and 0.8
at a of 0.05 using a two-sided log rank test. These results

assume that two sequential tests are made using the
O’Brien-Fleming spending function. The estimated med-
ian duration of IT fentanyl analgesia was 60 min based on
data from a previously published study.1 The Shapiro–
Wilk and Kolmogorov–Smirnov tests were used to test
the hypothesis of normal distribution. Kaplan Meier sur-
vival curves were constructed for the primary outcome
(duration of analgesia) and differences in median values
evaluated using the log rank test. The exact Wilcoxon
rank sum test was used to determine the difference in
the median duration of analgesia and calculate the 95%
confidence interval of the difference. Pearson correlation
was used to assess the association between serum and CSF
magnesium concentrations and the primary outcome.
Confidence intervals for the r-value were calculated at
95% using a 10 000 bootstrap sample. Continuous data
were compared between groups using the two-sample t
test and reported as mean ± SD. Interval data that did
not meet the criteria of a normal distribution were com-
pared between groups using the exact Wilcoxon rank
sum test and reported as median [interquartile range].
Categorical data (spontaneous vaginal, instrumental vag-
inal, cesarean) were compared using Fisher’s exact test
and reported as counts. Analysis was by intent-to-treat
and all P values were 2-sided. A P value <0.05 was
required to reject the null hypothesis. Statistical analysis
was performed using R version 2.13.0, (The R Founda-
tion for Statistical Computing).

Results

Sixty-eight patients were recruited to participate in this
study (34 preeclamptics receiving magnesium and 34
controls). The following protocol violations were
recorded: two patients in the magnesium group and
one in the control group received an epidural test dose
immediately following the IT injection; one subject in
the control group received fentanyl 20 lg; two patients
in the treatment group received systemic opioid analge-
sia (one received a single dose of nalbuphine 2.5 mg for
pruritus in the interval between IT injection and second
request for analgesia, and one received three doses of
hydrocodone/acetaminophen 2, 4, and 11 h preceding
IT injection). One patient in the control group was rede-
fined as parous (previous 33 week loss) following enroll-
ment. All patients completed the protocol and were
included in the analysis.

There were differences between the treatment and con-
trol groups in the indication for induction of labor and
gestational age (Table 1). Both groups requested analge-
sia at similar stages of labor as defined by cervical dilation
and pain scores. There were no differences between
groups in baseline serum magnesium levels (Table 2).
The median [range] total magnesium dose before study
drug administration was 14 [5–39] g and patients received
magnesium equal to 60 [66–372] mg/kg of body weight.
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