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Patient-controlled epidural analgesia (PCEA) for labor was introduced into clinical
practice 20 yr ago. The PCEA technique has been shown to have significant benefits
when compared with continuous epidural infusion. We conducted a systematic
review using MEDLINE and EMBASE (1988–April 1, 2008) of all randomized,
controlled trials in parturients who received PCEA in labor in which one of the
following comparisons were made: background infusion versus none; ropivacaine
versus bupivacaine; high versus low concentrations of local anesthetics; and new
strategies versus standard strategies. The outcomes of interest were maternal
analgesia, satisfaction, motor block, and the incidence of unscheduled clinician
interventions.

A continuous background infusion improved maternal analgesia and reduced
unscheduled clinician interventions. Larger bolus doses (more than 5 mL) may
provide better analgesia compared with small boluses. Low concentrations of
bupivacaine or ropivacaine provide excellent analgesia without significant motor
block. Many strategies with PCEA can provide effective labor analgesia. High
volume, dilute local anesthetic solutions with a continuous background infusion
appear to be the most successful strategy. Research into new delivery strategies,
such as mandatory programmed intermittent boluses and computerized feedback
dosing, is ongoing.
(Anesth Analg 2009;108:921–8)

Patient-controlled epidural analgesia for labor
(PCEA) was first introduced into clinical practice by
Gambling et al.1 in 1988. It has proven to be both safe
and effective. PCEA has many advantages when com-
pared with continuous epidural infusion (CEI) tech-
niques. Although the analgesia provided is similar,
PCEA reduces the incidence of unscheduled clinician
interventions and the total dose of local anesthetic.2

PCEA also reduces the incidence of lower extremity
motor block.3 Although PCEA has not consistently
been associated with increased maternal satisfaction,
this may be due to a lack of appropriate measuring
tools. Theoretically, maternal satisfaction may be in-
creased by allowing the parturient greater control over
her analgesia.4 Compared with CEI, PCEA has no

clinically significant impact on obstetric or neonatal
outcomes.5

Clinical research has focused on refining PCEA
techniques to further improve analgesia, reduce motor
block, and increase maternal satisfaction, while reduc-
ing the frequency of unscheduled clinician interven-
tions. In this overview, we will systematically review
the current evidence to answer the following ques-
tions: 1) Should a background infusion be used? 2) Is
ropivacaine superior to bupivacaine when used for
PCEA in labor? 3) Can the volume of the PCEA bolus
dose and lockout interval be manipulated to optimize
analgesia? and 4) What is the impact of new tech-
niques and technologies on current PCEA practice? In
answering these questions, we hope to be able to
suggest a range of appropriate settings for labor PCEA
and present a glimpse into future techniques of labor
analgesia maintenance.

To answer the above questions, we systematically
reviewed all published, randomized, controlled tri-
als on PCEA for labor. Studies were obtained from
MEDLINE and EMBASE, published in English before
April 1, 2008. We included studies that have the
following intervention and control groups: 1) back-
ground infusion versus no background infusion; 2)
ropivacaine versus bupivacaine; 3) high-volume bolus
versus low-volume bolus and/or longer lockout inter-
val versus shorter lockout interval; and 4) a novel
approach to PCEA versus standard treatment. Each
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study included at least one outcome of interest: ma-
ternal analgesia, maternal satisfaction, motor block,
and/or clinician workload. Many of the studies in-
cluded data on maternal and fetal outcome, but none
showed any difference between intervention and con-
trol groups. In addition, many of the studies reported
differences in total drug dose and success:demand
ratios. We considered these as surrogate outcomes and
only reported them to explain any differences we
found in the four outcomes outlined above.

THE USE OF BACKGROUND INFUSION
There are seven studies that compared PCEA with

and without background infusions.6–12 All of these studies
were randomized, controlled trials in low-risk parturi-
ents of mixed parity. The study characteristics are shown
in Table 1. Of note, the infusion rates for most of the
studies were quite low, with most �5 mL/h.

All of the four outcomes were reported in five of the
studies.6,9–12 One study did not report maternal satis-
faction,8 and one did not report clinician workload.7

Only one study found a difference in analgesia: patients
who received PCEA without a background infusion
reported a higher incidence of intense pain (�4/10)
compared with those with a background infusion.7 Sig-
nificant motor block was uncommon in all of these
studies and was not significantly different between

groups. In two of the studies, there were more clinician
interventions in the no infusion group.8,9 One study
noted that more local anesthetic was administered by
clinicians to parturients in the no infusion group,11

implying greater workload. None of the studies noted
any differences in maternal satisfaction between groups.

These data suggest that there may be a benefit for
providing a continuous background infusion to
PCEA. Of interest, none of the outcomes were better in
patients who received PCEA alone. A meta-analysis of
five of these studies6–9,12 reported in the American
Society of Anesthesiologists’ Practice Guidelines for
Obstetric Anesthesia support the view that a back-
ground infusion provides better analgesia2 (Odds
ratio � 3.33, 95% confidence interval 1.87–5.92), al-
though the statistical significance was not stated. An
additional study comprising 300 patients randomized
to 0.08% ropivacaine and 2 �g/mL fentanyl PCEA
with or without a background infusion of 10 mL/h,
reported better analgesia scores in the group with a
background infusion.* Although many of the studies
reported reduced requirement of local anesthetics
when the background infusion is omitted,6,10 there

*Campbell DC, Breen TW, Halpern S, Muir H, Nunn R. Deter-
mination of the efficacy of PCEA alone compared to PCEA � CEIA
using ambulatory labor analgesics. Anesthesiology 2004;101:supp
A1210.

Table 1. Studies Comparing Patient-Controlled Epidural Analgesia with or Without a Background Continuous Infusion
for Labor Analgesia

References N

Local anesthetic
concentrations, bolus

volume, and
lockout interval

N/group;
infusion rates Comments Outcomes

Paech11 50 B 0.125%, F 3 �g/mL,
bolus 4 mL, lockout
15 min

N � 25; 0 mL/h
N � 25; 4 mL/h

Parturients and caregivers
blinded.

All outcomes reported. Higher
proportion of total dose given
by clinicians in the no-infusion
group (17% vs 9%).

Ferrante et al.8 45 B 0.125%, F 2 �g/mL,
bolus 3 mL, lockout
10 min

N � 15; 0 mL/h
N � 15; 3 mL/h
N � 15; 6 mL/h

Double blind; mixed parity. Maternal satisfaction was not
reported. There were fewer
clinician rescue bolus doses in
the 6 mL/h group than the 0 or
3 mL/h group.

Petry et al.12 74 B 0.125%, S 0.75 �g/
mL, E 1:800,000,
bolus 3 mL, lockout
12 min

N � 37; 0 mL/h
N � 37; 3 mL/h

? blinding. All outcomes were reported. No
difference between groups in
any outcome.

Boselli et al.6 133 R 0.1%, S 0.5 �g/mL,
5-mL bolus, 5-min
lockout, total 22
mL/h including
infusion

N � 34; 0 mL/h
N � 34; 3 mL/h
N � 32; 6 mL/h
N � 33; 9 mL/h

Parturients and caregivers
blinded.

All outcomes reported.
No difference between groups in

any outcome. No significant
dose trend.

Bremerich et al.7 66 R 0.16%, S 0.5 �g/mL,
bolus 4 mL

N � 33; 0 mL/h
N � 33; 4 mL/h

Parturients blinded.
Lockout 15 min for no

infusion, 20 min for infusion
group. CS patients excluded
(seven per group).

Clinician workload not reported.
Increased incidence of pain �4/
10 in the no-infusion group. No
other differences between
groups.

Missant et al.9 78 R 0.15%, S 0.75 �g/
mL, bolus 4 mL,
lockout 15 min

N � 38; 0 mL/h
N � 40; 2 mL/h

Parturients and caregivers
blinded.

All outcomes reported. More
clinician interventions in the
no-infusion group.

Vallejo et al.10 127 R 0.10%, F 2 �g/mL,
bolus 5 mL

N � 63; 0 mL/h
N � 64; 5 mL/h

Parturients and data collectors
were blinded. Lockout 15
min for no infusion, 20 min
for infusion group.

All outcomes were reported. No
differences in any outcomes.

Outcomes included maternal analgesia, maternal satisfaction, motor block, and clinician workload.
B � Bupivacaine; S � Sufentanil; E � epinephrine; F � fentanyl; R � Ropivacaine; CS � cesarean delivery; N � Number of subjects analyzed for outcome measures.
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were neither reports of toxicity nor any impact on the
incidence of motor block.

The most consistent benefit of a background infu-
sion is to reduce the number of unscheduled clinician
interventions. This is of greatest benefit in busy set-
tings where clinicians are unable to reliably provide
epidural clinician rescue bolus doses in a timely
fashion. Under the study conditions reported above,
there was no difference in maternal satisfaction re-
lated to delays in obtaining analgesia.

In summary, a background infusion reduces the
incidence of unscheduled clinician interventions and
may improve patient analgesia. None of the studies
reported an increase in motor block associated with
the background infusion.

ROPIVACAINE VERSUS BUPIVACAINE
There are 11 studies that compare ropivacaine with

bupivacaine in parturients receiving PCEA.13–23 Five
of these were in nulliparous patients,13,14,18,22,23 with
one study separating the results of the nulliparous and
parous patients.15 The investigators and patients were
blinded to study drug in all of the studies.

The characteristics of the studies and measured
outcomes are shown in Table 2. Of note, there was a
wide range of PCEA settings. The concentration of
bupivacaine ranged from 0.05% (with fentanyl) to
0.125%. The concentration of ropivacaine ranged from
0.05% to 0.20%. Two studies used different concentra-
tions of ropivacaine and bupivacaine in an effort to
reflect differences in potency.15,19

All of the studies measured maternal analgesia.
Labor analgesia was similar between study groups.

All but one study reported the incidence of motor
block.19 Of these studies, five reported an increased
incidence of motor block associated with bupiva-
caine.13,15,16,18,20 These findings agree with data in the
setting of CEI supplemented by clinician rescue bolus
doses, suggesting that bupivacaine is associated with
more motor block than ropivacaine.24 However, most
studies did not account for relative differences in
potency between ropivacaine and bupivacaine.25

Few studies measured maternal satisfaction.14,16,18,20

There were no differences in global satisfaction measures
reported in any of the studies. One study found an
increased satisfaction in analgesia at the time of delivery
in parturients who received bupivacaine, but this was
not reflected in the visual analog scale scores or global
measures of satisfaction.18 The same study reported
higher satisfaction scores for mobility in the ropivacaine
group. Similarly, Fischer et al.16 reported increased ma-
ternal satisfaction with relief of contraction and delivery
pain in patients receiving bupivacaine. These authors
could not demonstrate a difference in visual analog scale
scores between groups.

Six studies reported the incidence of clinician res-
cue bolus doses.14,16,18,20–22 There were no differences
between groups in any of the studies. One study

reported an increased incidence of clinician rescue
boluses during the first stage of labor in patients who
received bupivacaine, but the incidence was higher in
the ropivacaine group during the second stage of
labor.20

In summary, both ropivacaine and bupivacaine are
well suited for PCEA in labor. The most consistent
finding is an increased incidence of motor block in
patients receiving bupivacaine compared with ropiva-
caine, but this difference may not be clinically signifi-
cant, particularly for short labors. Flexibility in the
PCEA settings may offset any advantage that drug
selection may have.

BOLUS DOSE VOLUME AND LOCKOUT INTERVAL
There are wide variations in PCEA settings in

clinical practice.26 Six studies have compared various
PCEA settings to try to determine the ideal bolus dose
and corresponding lockout time interval.27–32 The
study characteristics are shown in Table 3. All of these
studies were randomized, controlled trials in low-risk
nulliparous or mixed parity populations.

Analgesia, maternal satisfaction, motor block, and
clinician rescue boluses were reported in all of the
studies. Studies used bupivacaine (0.0625%–0.125%)
and ropivacaine (0.1%–0.2%) with fentanyl or sufen-
tanil. Bolus volumes ranged from 2 to 20 mL and
lockout intervals from 5 to 30 min. Three studies used
a background infusion in addition to PCEA.29–31

Only one study found that increasing the bolus
volume (4–12 mL, with corresponding lockout inter-
val of 8–25 min) improved analgesia.32 A shorter
lockout interval improved the PCEA success:demand
ratio in one study,30 but this did not lead to a decrease
in unscheduled clinician rescue boluses. None of the
studies showed a significant difference in unsched-
uled clinician interventions. Significant motor block
was uncommon in any of these studies and was not
significantly different among PCEA settings. There
were no reports of toxicity or increased side effects
with the larger bolus volumes.

These data suggest that various regimens can pro-
duce effective labor analgesia. Most studies were
underpowered to show modest outcome differences
among the various settings. Bolus doses of 12 mL of
dilute local anesthetic may provide better analgesia
and maternal satisfaction than 4 mL boluses in partu-
rients receiving PCEA without a background infu-
sion.32 Large boluses improve spread in the epidural
space and have been shown to improve epidural labor
analgesia outside of the PCEA setting.33 There are
insufficient data to comment on the safety of large
volume patient-controlled bolus doses.

Although shorter lockout intervals may improve
the success:demand ratios,30 this was not reflected
in better analgesia or maternal satisfaction. Lockout
intervals of up to 25 min did not result in any changes
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in either maternal satisfaction or unscheduled clini-
cian interventions. This may have been due to the
larger bolus doses used in these studies.

In summary, there remains no ideal bolus dose or
lockout interval setting for labor PCEA. Large bolus
doses of dilute local anesthetic may provide superior
analgesia and maternal satisfaction compared with

small boluses in patients who do not receive a back-
ground infusion.

DRUG CONCENTRATION
Six studies have compared various local anesthetic

concentrations using a PCEA technique for labor

Table 2. Studies Comparing Ropivacaine Versus Bupivacaine for Labor Patient-Controlled Epidural Analgesia

References Parity N

Bupivacaine concentration,
additives, and
PCEA settings

Ropivacaine concentration,
additives, and
PCEA settings Comments Outcomes

Owen et al.21 Mixed parity 51 B 0.125%, bolus 5 mL,
lockout 10 min, infusion
6 mL/h

R 0.125%, bolus 5 mL,
lockout 10 min, infusion
6 mL/h

Patient, investigators and
caregivers blinded. 61
patients enrolled, 10
eliminated.

Maternal satisfaction was not measured.
No difference between groups for
any outcome.

Meister et al.20 Mixed parity 50 B 0.125%, F 2 �g/mL,
bolus 5 mL, lockout 10
min, infusion 6 mL/h

R 0.125%, F 2 �g/mL,
bolus 5 mL, lockout 10
min, infusion 6 mL/h

Patient, investigators and
caregivers blinded. 70
patients enrolled in the
study, 20 eliminated.

All outcomes reported. No difference in
analgesia scores or maternal
satisfaction. No difference in total
clinician rescue bolus doses but there
were more clinician topups in the
bupivacaine group in 1st stage, and
more topups in the ropivacaine
group during 2nd stage. The
incidence of motor block was
reduced in the ropivacaine group.

Campbell et al.13 Nulliparous 40 B 0.08%, F 2 �g/mL, bolus
5 mL, lockout 10 min,
Infusion 0

R 0.08%, F 2 �g/mL, bolus
5 mL, lockout 10 min,
infusion 0

Patient, investigators and
caregivers blinded.

Clinician workload and maternal
satisfaction not reported. Less motor
block in the ropivacaine group
(ability to ambulate).

Fischer et al.16 Mixed parity 189 B 0.1%, S 0.5 �g/mL, bolus
5 mL, lockout 10 min,
infusion 0

R 0.1%, S 0.5 �g/mL, bolus
5 mL, lockout 10 min,
infusion 0

Patient, investigators and
caregivers blinded.
30% of the dose given
by clinicians.

All outcomes reported. Maternal
satisfaction was reported as
“satisfaction with relief of contraction
pain” for 1st and 2nd stage. No
difference in analgesia but greater
maternal satisfaction for 1st and 2nd
stage. More clinician topups with
ropivacaine. Lower incidence of
motor block with ropivacaine.

Chua et al.14 Nulliparous 32 B 0.125%, bolus 5 mL,
lockout 10 min,
infusion 0

R 0.125%, bolus 5 mL,
lockout 10 min,
infusion 0

Patient, investigators and
caregivers blinded.

All outcomes reported. No difference
between groups in any outcome.

Owen et al.22 Nulliparous 50 B 0.075%, F 2 �g/mL,
bolus 5 mL, lockout 10
min, infusion 6 mL/h

R 0.075%, F 2 �g/mL,
bolus 5 mL, lockout 10
min, infusion 6 mL/h

Patient, investigators and
caregivers blinded. 59
patients enrolled, nine
eliminated.

Maternal satisfaction not measured. No
difference between groups in any
outcome.

Pirbudak et al.23 Nulliparous 40 B 0.05%, F 1.5 �g/mL,
bolus 10 mL, lockout 20
min, infusion 10 mL/h

R 0.05%, F 1.5 �g/mL,
bolus 10 mL, lockout 20
min, infusion 10 mL/h

Double blind Maternal satisfaction and clinician
workload not reported. No difference
between groups for analgesia or
motor block.

Hofmann-Kiefer
et al.19

Mixed parity 100 B 0.125%, S 0.75 �g/mL,
bolus 4 mL, lockout 20
min, infusion 0

R 0.2%, S 0.75ug/mL, bolus
4 mL, lockout 20 min,
Infusion 0

Patient, investigators and
caregivers blinded.

Only analgesia measured. No difference
between groups.

Halpern et al.18 Nulliparous,
induced labor

555 B 0.08%, F 2 �g/mL, bolus
5 mL, lockout 10 min,
infusion 5 mL/h

R 0.08%, F 2 �g/mL, bolus
5 mL, lockout 10 min,
infusion 5 mL/h

Multicentered trial.
Patient, investigators
and caregivers blinded.
Background infusion
increased by 1 mL/h
after each clinician
bolus.

All outcomes reported. Lower incidence
of motor block in the ropivacaine
group at 6 h. Maternal satisfaction
with mobility higher in the
ropivacaine group. Greater maternal
satisfaction with analgesia at delivery
in the bupivacaine group. No
difference in global measures of
maternal satisfaction.

Evron et al.15 Mixed parity 565 B 0.125%, bolus 5 mL,
lockout 20 min, infusion
5 mL/h

R 0.2%, bolus 5 mL,
lockout 20 min, infusion
5 mL/h

Patient, investigators and
caregivers blinded. 313
patients received B, 256
received R.

Maternal satisfaction and clinician
workload not reported. Motor block
less frequent and less intense in the
ropivacaine group.

Data analyzed
separately by
parity

Gogarten et al.17 Mixed parity 411 One group, B 0.125%, S
0.75 �g/mL, bolus 4 mL,
lockout 15 min, infusion
0 mL/h

Three groups, R 0.125%, S
0.75 �g/mL or R
0.175%, S 0.75 �g/mL or
R 0.2%, bolus 5 mL,
lockout 15 min, infusion
0 mL/h

Multicentered trial with
four groups. Patients,
investigators, and
clinicians blinded.

Maternal satisfaction and clinician
workload not measured. No
difference in analgesia or motor
block (Bromage scores and RAM
test).

Outcomes included maternal analgesia, maternal satisfaction, motor block, and clinician workload.
B � Bupivacaine; S � Sufentanil; E � epinephrine; F � fentanyl; R � Ropivacaine; RAM � rectus abdominus muscle; N � Number of patients analyzed for outcome measures.
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analgesia.17,28,34 –37 The study characteristics are
shown in Table 4. All of these studies were random-
ized controlled trials in low-risk nulliparous or mixed
parity study populations. Studies used bupivacaine
(0.0625%–0.25%) and ropivacaine (0.1%–0.2%) with
fentanyl or sufentanil.

No differences in the efficacy of labor analgesia pro-
vided by the various solutions were reported in any of
these studies. Four studies found increased local anes-
thetic use in the high-concentration local anesthetic
groups.17,34–36 Local anesthetic dose reduction with the
more dilute solutions ranged from 35% to 75%. The more
concentrated solution groups resulted in significantly
greater motor block in three of the studies.17,35,37 Two
studies found less pruritus with local anesthetic without
opioids.17,36 Two studies found higher PCEA success:de-
mand ratios with the more concentrated solutions.35,37

These data demonstrate that the use of dilute local
anesthetic solutions with opioids for labor PCEA
results in less local anesthetic consumption and motor
block without compromising labor analgesia. Reduc-
tions in local anesthetic consumption with more dilute
local anesthetic solutions in these PCEA studies ech-
oes the results of studies that compared high and
low-dose solutions for initiation of epidural labor
analgesia.33 For example, the minimum local analgesic
dose (or ED50) of bupivacaine 0.125% was 25% lower
than the minimum local analgesic dose of bupivacaine
0.25% for the initiation of labor analgesia.33 A possible
explanation for this finding is that studies that used
more dilute solutions also used larger volumes. The
larger volumes may improve analgesia as a result of
more uniform anesthetic spread in the epidural space.38

Similar to the finding that the addition of lipophilic

Table 3. Studies Comparing Bolus Volumes and Lockout Intervals for Labor Patient-Controlled Epidural Analgesia

References Parity N Drug and concentration
Bolus volume and lockout

interval Comments Outcomes

Change lockout interval only
Stratmann

et al.30
Mixed 60 B 0.125%, F 2 �g/mL Bolus 5 mL

Lockout Group 1: 5 min
Lockout Group 2: 15 min

Continuous infusion of 6 mL/h
for all patients. Patients and
caregivers blinded. Groups
unbalanced for parity.

All outcomes measured. No
significant difference in any
outcomes.

Change bolus volume and lockout interval
Gambling

et al.27
Nulliparous 55 B 0.125%, F 2.5 �g/mL,

E 1:400,000
Group A: bolus 2 mL, lockout

10 min
Group B: bolus 3 mL, lockout

15 min
Group C: bolus 4 mL, lockout

20 min
Group D: bolus 6 mL, lockout

20 min

Five PCEA groups, one
continuous infusion group
(not reported here). No
continuous infusion in the
PCEA groups. Patients and
investigators blinded.

All outcomes were measured. No
differences between groups for
any outcome.

Bernard
et al.32

Mixed 203 B 0.125, S 0.625 �g/mL,
E 1:800,000

Group 1: bolus 4 mL, lockout
8 min

Group 2: bolus 12 mL, lockout
25 min

No background infusion.
Patients and investigators
blinded.

Motor block was not measured.
Significantly better analgesia
in Group 2 at 6 and 9 cm
dilation. Better maternal
satisfaction in Group 2. No
difference in clinician
workload between groups.

Bernard
et al.28

Nulliparous 75 R 0.1%, F 1 �g/mL Group 1: bolus 12mL
Group 2: bolus 16mL
Group 3: bolus 20 mL

No background infusion.
Lockout 25 min for all
groups. Patients and
caregivers blinded. In 3
groups (N � 75, not reported
here) the bolus was reduced
by 1/2 and the concentration
of R and F doubled after 4
cm dilation (see Table 4). All
patients on oxytocin
infusions.

All outcomes were reported.
There were no differences
between groups.

Siddick-
Sayyid
et al.31

Mixed 75 B 0.1%, F 2 �g/mL Group A: bolus 3 mL, lockout
6 min

Group B: bolus 6 mL, lockout
12 min

Group C: bolus 9 mL, lockout
18 min

Background infusion 6 mL/h.
Double-blind.

All outcomes were measured. No
significant difference between
groups for any outcome.

Change bolus volume, lockout interval, and background infusion
Carvalho

et al.29
Mixed 120 B 0.0625%, S 0.35

�g/mL
Groups A and C: bolus 6 mL,

lockout 8 min
Groups B and D: bolus 12 mL,

lockout 16 min

Background infusion 10 mL for
Groups A and B, 15 mL for
Groups C and D. Patients
and investigators blinded to
group.

All outcomes were measured. No
difference between groups for
any outcome. There were
more requests for
discontinuation of the infusion
for “perceived motor
weakness” in Group D but
this was not confirmed by
differences in Bromage scores.

Outcomes included maternal analgesia, maternal satisfaction, motor block, and clinician workload.
B � Bupivacaine; S � Sufentanil; E � epinephrine; F � fentanyl; R � Ropivacaine; N � Number of patients analyzed for outcome measures.

Vol. 108, No. 3, March 2009 © 2009 International Anesthesia Research Society 925



opioids (e.g., fentanyl or sufentanil) to local anesthetics
results in a dose-dependent reduction in the minimum
local analgesic concentration of bupivacaine,39 their use
also improves the quality of analgesia during labor
PCEA.40 However, lipophilic opioids may result in dose-
dependent pruritus.40

In summary, when using labor PCEA, dilute local
anesthetic solutions should be used. The use of 0.25%
bupivacaine and 0.2% ropivacaine will lead to an
increased incidence of motor blockade without con-
comitant increases maternal analgesia or satisfaction.
The lowest, clinically effective, concentration of li-
pophilic opioid should be added to avoid excessive
pruritus.

FUTURE DEVELOPMENTS
Computer-Integrated PCEA

Computer-integrated PCEA is a novel epidural
solution delivery system that automatically adjusts the
background infusion rate based on the number of
PCEA demands.41,42 The authors who devised this
system connected a laptop computer with a pro-
grammed algorithm to a standard epidural infusion

pump. The computer-integrated PCEA algorithm ad-
justs the background infusion to 5, 10, or 15 mL/h if
the patient require one, two, or three demand boluses,
respectively, in the previous hour and decreases the
background infusion by increments of 5 mL/h if there
are no bolus demands in the previous hour.41 In
theory, a system that responds to patient’s analgesic
requirements should improve efficacy while minimiz-
ing increases in local anesthetic use-associated back-
ground infusions. Initial studies with this system have
been encouraging.41,42 One study compared demand-
only PCEA with a similar PCEA regimen with the
computer-integrated background infusion.41 The
computer-integrated PCEA group had similar local
anesthetic consumption compared with demand-only
PCEA but was associated with increased maternal
satisfaction. Another study found that computer-
integrated PCEA reduced the incidence of break-
through pain without increasing drug consumption
when compared with CEI without PCEA for labor
analgesia.42 Computer-integrated PCEA is not cur-
rently commercially available but may be incorpo-
rated in future epidural pumps.

Table 4. Studies Comparing Different Concentrations of Local Anesthetics for Patient-Controlled Epidural Analgesia in Labor

References Parity N
Drug and

concentration
Bolus volume and

lockout interval Comments Outcomes

Paech35 Mixed 66 Group 1: B 0.25% Bolus 4 mL,
lockout 15 min

Double-blinded. No
background infusion

No differences in pain relief,
satisfaction, rescue
boluses, or side-effects.
More motor block in B
0.25% group.

Group 2: B 0.125% �
F 3 �g/mL

Group 3: B 0.0625% �
F 3 �g/mL � E
1:250,000

Sia et al.37 Nulliparous 50 Group 1: R 0.125%
Group 2: R 0.2%

Bolus 5 mL,
lockout 10 min

Investigator-blinded. No
background infusion

All outcomes were reported.
Greater motor block in R
0.2% group.

Bernard et al.28 Nulliparous 75 Group 1: R 0.1%, F
0.5 �g/mL

Group 2: R 0.2%, F 1
�g/mL

Group 1: bolus 12,
16, and 20 mL

Group 2: bolus 6,
8, and 10 mL

No background infusion.
Lockout 25 min for all
groups. Patients and
caregivers blinded.
After 4 cm dilation.
All patients on
oxytocin infusions.

All outcomes were reported.
There were no differences
between groups.

Boselli et al.34 Mixed 130 Group 1: R 0.15% �
S 0.5 �g/mL

Bolus 5 mL,
lockout 5 min

Double-blind; 10 mL/h
background infusion

All outcomes were reported.
No differences in
outcomes.Group 2: R 0.1% �

S 0.5 �g/mL
Gogarten et al.17 Mixed 411 Group 1: R 0.125% �

S 0.75 �g/mL
Group 2: R 0.175% �

S 0.75 �g/mL
Group 3: R 0.2%
Group 4: B 0.125% �

S 0.75 �g/mL

Bolus 4 mL,
lockout 15 min

Double-blind; No
background infusion.

All outcomes except
clinician rescue boluses
were reported. Increase
incidence of motor block
(as measured by Bromage
Scale but not by RAM
test) in the 0.2% R group
at 2 h.

Nikkola et al.36 Nulliparous 57 Group 1: B 0.0625% �
F 7.5 �g/mL

Group 2: B 0.125%

Bolus 2 mL,
lockout 10 min

No background infusion.
Blinding not
mentioned but the
midwives were told to
“treat all mothers in
every group like
regular parturients.”
3rd group
(intermittent clinician
boluses) also reported.

All outcomes except motor
block were reported.
More local anesthetic use
and less pruritus in the B
0.125% group. Satisfaction
in both groups was less
than the clinician bolus
group because of
inadequate dosing.

Outcomes included maternal analgesia, maternal satisfaction, motor block, and clinician workload.
B � Bupivacaine; F � Fentanyl; S � Sufentanil; E � Epinephrine; N � Number of patients analyzed for outcome measures; RAM � rectus abdominus muscle.
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Programmed Intermittent or Automated Mandatory
Epidural Boluses

A recent development that may change the way
PCEA is administered is programmed intermittent
epidural boluses (PIEB). Instead of a CEI, the same
total hourly amount of local anesthetic is administered
as intermittent boluses (e.g., two boluses of 6 mL every
30 min vs 12 mL/h CEI). PIEB has been shown to be
more effective than CEI for labor analgesia.43–45 The
PIEB resulted in similar analgesia, higher maternal
satisfaction, and less need for unscheduled clinician
rescue boluses. The technique also resulted in less
bupivacaine use for maintenance of epidural labor
analgesia. A mechanism proposed for the local
anesthetic-sparing effect of PIEB is a more uniform
epidural spread of local anesthetics when large vol-
umes of local anesthetic (with correspondingly high
injectate pressures) are delivered.38 Recently, PIEB
combined with PCEA were compared with PCEA
with a standard continuous background infusion.46

The PIEB resulted in reduced consumption of ropiva-
caine and less PCEA demand boluses while maintain-
ing similar analgesic efficacy. The PIEB function is
currently not available, but the technology will be
incorporated with future improvements in electronic
epidural devices.

Disposable Epidural PCEA
The past decade has seen vast improvements in

disposable local anesthetic infusion devices, driven
mainly by the increase in ambulatory nerve block and
wound instillation techniques. In the labor setting, a
simple disposable PCEA device has been compared
with a standard electronic PCEA device for labor
analgesia.47 The authors found no significant differ-
ences in analgesic efficacy, maternal satisfaction, local
anesthetic use, or side effects. Disposable devices are
less bulky than electronic devices, which may facilitate
ambulation during labor. The main disadvantages
with disposable devices are the lack of programmabil-
ity and potentially increased costs.

SUMMARY
PCEA is a reliable and effective method of main-

taining epidural labor analgesia. Provided that suffi-
cient drug volumes are allowed, a wide variety of drug
combinations and settings have been used successfully.
Low concentrations of bupivacaine or ropivacaine with
opioids provide excellent analgesia. Motor block can be
minimized by using dilute local anesthetic solutions (up
to 0.125% bupivacaine or 0.2% ropivacaine). A back-
ground infusion is suitable for most patients because it
reduces the need for unscheduled clinician interventions
and may provide better analgesia compared with when
a background infusion is omitted. Background infusion
rates between 2 and 10 mL/h have been used effectively.
There remains no ideal bolus dose or lockout interval
setting for labor PCEA. Larger bolus doses (more than 5
mL) of dilute local anesthetic may provide superior

analgesia compared with small boluses. Research into
new delivery strategies, such as mandatory pro-
grammed intermittent boluses and computerized feed-
back dosing, is ongoing.
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