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REVIEW ARTICLE

Update on modern neuraxial analgesia in labour: a review
of the literature of the last 5 years

C. Loubert1, A. Hinova2 and R. Fernando3

1 Research Fellow, 3 Consultant, Department of Anaesthetics, University College London Hospital, London, UK
2 Clinical Research Fellow, Department of Anaesthetics, St Mary’s Hospital, London, UK

Summary
Several strategies and alternative therapies have been used to provide analgesia for labour pain.
Over the last few years, a number of improvements have enhanced the efficacy and safety of
neuraxial analgesia and ultimately have improved mothers’ satisfaction with their birth experience.
As labour analgesia is a field of obstetric anaesthesia that is rapidly evolving, this review is an update,
from a clinical point of view, of developments over the last 5–7 years. We discuss advantages and
controversies related to combined spinal-epidural analgesia, patient controlled epidural analgesia
and the integration of computer systems into analgesic modalities. We also review the recent
literature on future clinical and research perspectives including ultrasound guided neuraxial block
placement, epidural adjuvants and pharmacogenetics. We finally look at the latest work with
regards to epidural analgesia and breastfeeding.
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Several strategies and alternative therapies have been
used to provide analgesia for one of women’s most
painful experiences in life, labour pain. These include
non-pharmacological approaches such as hypnosis,
acupuncture, hydrotherapy and transcutaneous electri-
cal nerve stimulation as well as the administration of
nitrous oxide and low-dose sevoflurane and parenteral
opioids. Although some of these therapies provide
satisfactory pain relief from the mothers’ point of view
[1, 2], there is evidence that neuraxial local anaesthetics
and opioids yield superior and more reliable analgesia
than these aforementioned methods [3, 4].

Although invasive, neuraxial labour analgesia is
considered safe practice. Over the last decade, several
improvements have enhanced the efficacy and safety of
neuraxial analgesia and ultimately have improved
mothers’ satisfaction with their birth experience. These
developments include the introduction of combined
spinal-epidural (CSE) analgesia, ‘mobile epidurals’,
patient controlled epidural analgesia (PCEA), com-
puter assisted injection of epidural solutions and
ultrasound guided neuraxial techniques. Some of these
advances have already been introduced into clinical

practice while ongoing research is stimulated by the
exciting clinical perspectives brought forward by other
developments. This review focuses on the recent
advances in neuraxial labour analgesia and on the
relevant scientific literature published in the last
5 years. We performed a MEDLINE-based search of
all the literature published from January 2005, using the
following keywords: labour analgesia; epidural; spinal;
combined spinal-epidural; pregnancy; obstetric; neo-
stigmine; clonidine; pharmacogenetics; and breastfeed-
ing. We focussed our research on prospective,
randomised controlled trials as well as meta-analysis
and further completed our review by including
retrospective observational trials and case reports where
relevant. For clarity of discussion and when considered
necessary, we also included literature from earlier years.

Initiating neuraxial analgesia

Ultrasound guided neuraxial techniques
Ultrasound imaging is becoming an increasingly pop-
ular aid for performing neuraxial blockade. It may help
to identify the midline, localise the epidural space,

Anaesthesia, 2011, 66, pages 191–212 doi:10.1111/j.1365-2044.2010.06616.x
.....................................................................................................................................................................................................................

! 2011 The Authors
Anaesthesia ! 2011 The Association of Anaesthetists of Great Britain and Ireland 191

Obstetric Anesthesiology
Section Editor: Cynthia A. Wong

Patient-Controlled Epidural Analgesia for Labor

Stephen H. Halpern, MD, MSc,
FRCPC*

Brendan Carvalho, MBBCh,
FRCA†

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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F ROM its origins as a modified ureteral catheter, the 
epidural catheter has evolved into versions made with 

silk, rubber, plastic, and coiled stainless steel. These changes 
resulted from a growing recognition that particular design 
elements could potentially influence catheter performance. 
This article reviews the history of epidural catheter design, 
focusing on how modifications in the materials used, tip 
design, and orifice number and arrangement may have 
affected analgesic and anesthetic outcomes, and provides a 
summary of the comparative studies that evaluate the clini-
cal performance of distinct epidural catheter design features.

History
The most consistent entry into the epidural space for the 
administration of anesthesia occurred at the turn of the 20th 
century when the French physicians Jean A. Sicard, M.D. 
(1872–1929; Professor, Department of Pathology, Necker 
Hospital; Laboratory of Professors Raymond and Brissaud, 
Salpêtrière Hospital, Paris, France) and Fernand Cathelin, 
M.D. (1873–1945; Department of Surgery, University of 
Paris Faculty of Medicine, Paris, France) independently intro-
duced single-shot epidural blocks via the caudal approach 
for neurologic and genitourinary procedures, respectively 
(table 1).1 Within a few years, German physicians Walter 
Stoeckel, M.D. (1871–1961; Honorary Professor, Depart-
ment of Gynecology, Berlin Charité, Berlin, Germany) and 
Arthur Läwen, M.D. (1876–1958; Professor, Department of 
Surgery, University of Leipzig Faculty of Medicine, Leipzig, 
Germany) applied this technique for obstetric deliveries and 
surgical procedures to the perineum.2 During the 1920s, 
Gaston Labat, M.D.3 (1876–1934; Laureate of the Faculty 
of Sciences, University of Montpelier, Montpelier, France; 

Laureate of the Faculty of Medicine, University of Paris Fac-
ulty of Medicine, Paris, France), Barnet E. Bonar, M.D.4 
(1894–1937; Department of Pediatrics, Rush Medical Col-
lege, Chicago, Illinois; Member of the American Academy 
of Pediatrics, Salt Lake City, Utah), and William R. Meeker, 
M.D. (1889–1955; Head of Section on Anesthesia, Divi-
sion of Surgery, Mayo Clinic, Rochester, Minnesota), among 
others, also advocated the caudal approach for epidural 
anesthesia.

The Spanish surgeon Fidel Pagés Miravé, M.D. (1886–
1923; Medical Commandant, Department of Surgery, 
Emergency Military Hospital of Madrid, Madrid, Spain) 
reported the first single-shot thoracolumbar epidural anes-
thesia in 1921.5 Within a decade, the Italian surgeon Achille 
M. Dogliotti, M.D. (1897–1966; Professor, Department of 
Clinical Surgery, University of Turin, Turin, Italy) described 
a reproducible loss-of-resistance technique to identify the 
epidural space.6 Contemporaneously, the Argentine surgeon 
Alberto Gutiérrez, M.D. (1892–1945; Chief of Surgery, 
Hospital Español, Buenos Aires, Argentina; Extraordinary 
Professor, University of Buenos Aires School of Medicine, 
Buenos Aires, Argentina) described the “sign of the drop” 
method for identification of the space.7 Charles B. Odom, 
M.D.8 (1909–1988; Director of Surgical Services, Charity 
Hospital, New Orleans, Louisiana), John R. Harger, M.D., 
F.A.C.S.9 (1876–1956; Professor, Department of Surgery, 
University of Illinois; Attending Surgeon, Cook County 
Hospital, Chicago, Illinois), and John Abajian, Jr., M.D.10 
(1921–1996; Captain, Medical Corps, Army of the United 
States; Professor, Chief of the Division of Anesthesiology, 
Department of Surgery, University of Vermont College of 
Medicine, Burlington, Vermont) popularized the single-shot 

Copyright © 2014, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins. Anesthesiology 2014; 121:9–17
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Epidural Catheter Design

History, Innovations, and Clinical Implications

Roulhac D. Toledano, M.D., Ph.D., Lawrence C. Tsen, M.D.

ABSTRACT

Epidural catheters have evolved during the past several decades, as clinicians and manufacturers have sought to influence the 
quality of analgesia and anesthesia and reduce the incidence of catheter-related complications. This evolution has allowed 
a transformation from single-shot to continuous-infusion techniques and resulted in easier passage into the epidural space, 
more extensive medication distribution, and ultimately, improved patient satisfaction. Particular catheter features, including 
the materials used, tip design, and orifice number and arrangement, have been associated with specific outcomes and provide 
direction for future development. ( ANESTHESIOLOGY 2014; 121:9-17)
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Wire-reinforced catheters, manufactured in the United 
States by Teleflex® (Durham, NC; formerly Arrow Interna-
tional, Reading, PA), B. Braun Medical Inc. (Bethlehem, PA), 
and Epimed (Johnstown, NY) represent the most recent tech-
nological advance in epidural catheter design. The inner wire 
coil is designed to provide sufficient columnar strength for inser-
tion, lumen patency, and kink resistance,36 and is surrounded 
by either a polyurethane or nylon-blend catheter, depending on 
the manufacturer. The technique by which the outer coating 
is attached to the inner stainless steel spring also varies with 
the manufacturer; some use a “tipping” process in which the 
proximal and distal ends alone are melded together, whereas 
others secure the entire length of the coil to the surrounding 
material in a proprietary extrusion process. Wire-reinforced 
catheters are all designed with fewer coils in the distal tip, 
which reportedly confers greater flexibility to minimize pares-
thesias and perforations of the dura and epidural vessels,31 and 
with distal and proximal flashback windows for visualization 
of cerebrospinal fluid or blood. Adult versions are 19-gauge in 
diameter (designed for use with a 17-gauge epidural needle) 
and are available in either single end-hole (i.e., open-tipped) 
or closed-tipped, multiorifice versions, with or without a stylet. 
The catheter bodies are radiopaque; however, one manufacturer 
considers its catheter “magnetic-resonance-conditional” based 
on nonclinical testing, which allows for use under specific con-
ditions (i.e., a static magnetic field of 3-Tesla or less, a maxi-
mum spatial gradient magnetic field of 720-Gauss/centimeter 
or less, and a transmit/receive radio frequency head coil).

Clinical Implications of Catheter Materials
The materials used in the manufacture of catheters have 
been observed to have some effect on clinical performance, 
including ease of placement and removal and the incidence 

of paresthesias and intravascular cannulations. Many com-
mercially available catheters are made of nylon blends with 
intermediate bending stiffness, which facilitates threading 
and increases the likelihood of successful insertion.37 Other 
nylon and polyurethane catheters have an inner stainless 
steel wire coil to impart rigidity, with fewer coils in the distal 
tip to impart flexibility; how this more flexible tip influences 
threading ease or failure has not been fully investigated.

The rigidity of catheter materials also seems to influence 
the incidence of paresthesias. Soft-tipped, flexible catheters 
are believed to result in fewer paresthesias because they curl 
up or change course as they brush against nerve roots or 
other obstacles in the epidural space.38 Catheter materials 
that soften at body temperature, such as polyurethane, have 
been observed to reduce the paresthesia rate;39 however, this 
is unlikely to be important during the initial placement due 
to the time required for temperature equilibration. A number 
of studies demonstrate a significantly lower incidence of par-
esthesias with springwound polyurethane versus non– wire-
reinforced catheters (table 2). In a study of 222 attempts at 
epidural placement in 200 parturients randomized to receive 
continuous epidural analgesia, Banwell et al.40 reported 
an incidence of paresthesias of 3 of 112 with a single end-
hole springwound polyurethane catheter compared with 
39 of 110 with a blunt-tipped, multiorifice nylon catheter  
(P < 0.0001); the catheters were likely 19- and 20-gauge, 
respectively (actual gauge not provided), based on the prod-
ucts being produced by the companies.

Slight modifications in the materials of non– wire-
reinforced catheters by a single manufacturer seem to have a 
negligible impact on the incidence of paresthesias. In a prospec-
tive cohort-controlled study of 188 patients receiving either a 
20-gauge polyamide or a 20-gauge polyurethane–polyamide 

Table 2.  The Incidence of Paresthesias and Intravascular Cannulation with Various Epidural Catheters

Study Catheter Paresthesia
Intravascular  
Cannulation Comment

Banwell et al.40 Arrow FlexTip Plus® (open-tip,  
polyurethane)

2.7% 0% Prospective, randomized, unblinded study  
(n = 200 parturients). Epidural catheter 
gauge not provided.

Concord/Portex® (blunt-tip, nylon 
with three lateral holes)

35.5% 10%

Bouman et al.39 20-gauge B Braun Perifix Standard 
(polyamide)

21.3% 8.9% Prospective, open, cohort-controlled study 
(n = 188 patients). The incidence of par-
esthesias increased to 37.8% (standard) 
and 32.6% (new), respectively, on direct 
questioning by the observer. The study 
was inadequately powered to detect a 
difference in intravascular cannulation 
between the two groups.

20-gauge B Braun Perifix New (com-
bined polyamide–polyurethane)

16.7% 3.2%

Terasako et al.42 19-gauge Arrow FlexTip Plus®  
(open-tip, polyurethane)

NA 0.67% Prospective, randomized, study (n = 300  
parturients).

19-gauge Hakko catheter (open-tip, 
polyethylene)

NA 5.3%

Arrow FlexTip Plus® (Teleflex®, Durham, NC, formerly Arrow International, Reading, PA); Concord/Portex® (Smiths Medical, St. Paul, MN).
NA = not assessed.
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catheter, Bouman et al.39 reported no significant difference 
between the incidence of paresthesias between the two cath-
eters (21.3 vs. 16.7%; P = 0.42). Overall, evidence suggests 
that paresthesias occur less frequently with springwound 
polyurethane catheters compared with non–wire-reinforced 
nylon and polyamide–polyurethane blend catheters. Studies 
comparing springwound catheters from different manufac-
turers, each of which has a different material surrounding the 
inner wire coil, are currently lacking.
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Table 3. The Incidence of Complications in Studies Comparing Uniport and Multiport Epidural Catheters

Study Catheter Paresthesia
Intravascular  
Cannulation

Inadequate  
Analgesia Comment

Michael et al.58 Nylon uniport Portex® 12.2% 5.7% 32.7% Prospective, randomized, single-
blind study (n = 802 patients).Nylon multiport Portex® 8.5% 10.5% 13.7%

Collier and Gatt59 Nylon uniport Portex® 28% 4.0% 32% Prospective, randomized, 
single-blind study (n = 200 
parturients). Terminated early 
(n = 102) due to high inci-
dence of inadequate analgesia 
in uniport group.

Nylon multiport Portex® 17.3% 7.7% 11.5%

D’Angelo et al.60 Nylon uniport Braun 41% 7.0% 31.8% Prospective, randomized, 
unblinded study (n = 500 
parturients).

Nylon multiport Braun 42% 6.5% 21.2%

Jaime et al.61 Springwound uniport Arrow® 6% 1.1% 3.3% Prospective, quality assurance 
study (n = 1,352 parturients 
uniport; n = 1,260 parturients 
multiport).

Nylon multiport Portex® 11.2% 5.7% 4.4%

Arrow® (Teleflex®, Durham, NC, formerly Arrow International, Reading, PA); Concord/Portex® (Smiths Medical, St. Paul, MN).
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Abstract
Introduction The influence that different concentrations

of labour epidural local anesthetic have on assisted

vaginal delivery (AVD) and many obstetric outcomes and
side effects is uncertain. The purpose of this meta-analysis

was to determine whether local anesthetics utilized at low

concentrations (LCs) during labour are associated with a
decreased incidence of AVD when compared with high

concentrations (HCs).

Methods We searched PubMed, Ovid EMBASE, Ovid
MEDLINE, CINAHL, Scopus, clinicaltrials.gov, and

Cochrane databases for randomized controlled trials of

labouring patients that compared LCs (defined as B 0.1%

epidural bupivacaine or B 0.17% ropivacaine) of epidural
local anesthetic with HCs for maintenance of analgesia. The

primary outcome was AVD and secondary outcomes

included Cesarean delivery, duration of labour, analgesia,
side effects (nausea and vomiting, motor block, hypotension,

pruritus, and urinary retention), and neonatal outcomes. The

odds ratios (OR) or weighted mean differences (WMD) and
95% confidence intervals (CI) were calculated using random

effects modelling. An OR \ 1 or a WMD \ 0 favoured LCs.

Results Eleven studies met our criteria (eight bupivacaine
and three ropivacaine studies), providing 1,145 patients in the

LCs group and 852 patients in the HCs group for analysis of

the primary outcome. Low concentrations were associated
with a reduction in the incidence of AVD (OR = 0.70; 95% CI

0.56 to 0.86; P \ 0.001). There was no difference in the

incidence of Cesarean delivery (OR 1.05; 95% CI 0.82 to
1.33; P = 0.7). The LCs group had less motor block (OR 3.9;

95% CI 1.59 to 9.55; P = 0.003), greater ambulation (OR

2.8; 95% CI 1.1 to 7.14; P = 0.03), less urinary retention (OR
0.42; 95% CI 0.23 to 0.73; P = 0.002), and a shorter second

stage of labour (WMD -14.03; 95% CI -27.52 to -0.55;
P = 0.04) compared with the HCs group. There were no

differences between groups in pain scores, maternal nausea

and vomiting, hypotension, fetal heart rate abnormalities,
five-minute Apgar scores, and need for neonatal resuscitation.

One-minute Apgar scores \ 7 favoured the HCs group (OR

1.53; 95% CI 1.07 to 2.21; P = 0.02), and there was more
pruritus in the LCs group (OR 3.36; 95% CI 1.00 to 11.31;

P = 0.05).

Conclusion When compared with HCs of local
anesthetics, the use of LCs for labour epidural analgesia

reduces the incidence of AVD. This may be due to a
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95% CI 0.84 to 8.47; P = 0.09) and other neonatal

outcomes did not differ between groups (Fig. 7).

Discussion

This meta-analysis evaluating 11 studies provides strong

evidence to support the use of LCs of bupivacaine (B 0.1%)

or ropivacaine (B 0.17%) to bring about a significant

reduction in the rate of AVD. By using LCs of local

anesthetic solution for epidural analgesia, 14 patients would
need to be treated to prevent one additional AVD. The higher

AVD rate associated with HCs of local anesthetics may be

attributed to the increase in motor nerve blockade that
subsequently impairs the Ferguson–Harris reflex initiating

the urge to bear down.10 Our findings showing the use of

Fig. 3 Forest plot for the incidence of the primary outcome of assisted vaginal delivery (AVD)

Fig. 4 Forest plots for obstetric outcomes of the incidence of A) Cesarean delivery (CD), B) spontaneous vaginal delivery (SVD), C) duration of
first and D) second stages of labour (min)
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significantly decreased dosages of local anesthetic and less

motor blockade in the LCs group are consistent with this
explanation.

Results of the 2001 COMET study showed a lower

incidence of AVD with a 0.1% bupivacaine solution than
with a 0.25% concentrations.5 Nevertheless, results from

this study alone should be interpreted with caution due to

numerous confounding factors, such as different methods
of initiating analgesia (CSE vs epidural technique), initial

doses, maintenance techniques (continuous infusion or

intermittent bolus), drug concentrations, and group size.
The three groups of patients in this study received different

epidural induction and maintenance techniques. One group

received an initial spinal dose of bupivacaine through a
CSE technique followed by intermittent boluses on

maternal request. Another group received an initial

epidural dose followed by continuous infusion of the
same local anesthetic mixture containing 0.1% bupivacaine

and fentanyl 2 lg!mL-1, and the final group received a

higher dose of epidural mixture (0.25% bupivacaine 10 mL
with no opioid) followed by intermittent 10 mL boluses of

0.25% bupivacaine as per maternal request. In this meta-

analysis, we attempted to minimize the heterogeneity of

studies by excluding those which utilized HCs of local
anesthetic for test dose or initiation or maintenance of

analgesia in the intention-to-treat analysis of data.

Differences in obstetric and anesthetic management may
impact the rate of AVD.4 There was considerable

variability in the rates of AVD in the studies included in

this meta-analysis, showing that local obstetric practice
most likely influences AVD to a greater extent than the

anesthetic technique alone. Nevertheless, despite these

variations in ‘‘baseline’’ rates of AVD between the
different centres performing the studies, the overall rate

of AVD is reduced with LCs of local anesthetics. The

magnitude of the change in the rate of AVD appears to be
consistent as shown by the minimal statistical

heterogeneity among the studies (I2 = 0 %). The similar

rates of Cesarean delivery between the LC and HC groups
suggest that the increased rate of AVD associated with

regional anesthesia does not appear to be associated with

an increase in Cesarean delivery. This finding is consistent
with evidence that epidurals do not increase the rate of

Cesarean delivery.1,33 Prolongation of labour has been

Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
verbal analogue scale [VAS] 0-100 at 3 hours following neuraxial
blockade placement), B) total dose of LA (mg), C) requirement of

clinician top-ups, D) maternal first stage satisfaction (n/N), E)
Bromage score [ 0, and F) inability to ambulate
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Maternal satisfaction

significant non-significant total

Analgesia/
pain

significant 25 (41.7%) 35 (58.3%) 60 (100)

non-significant 12 (12.9%) 81 (87.1%) 93 (100)

total 37 (24.2%) 116 (75.8%) 153 (100)

Dualé C, Nicolas-Courbon A, Gerbaud L, Lemery D, Bonnin M, Pereira B. 
Maternal Satisfaction as an Outcome Criterion in Research on Labour Analgesia 

Clin J Pain. 2014 ahead of print 
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significantly decreased dosages of local anesthetic and less

motor blockade in the LCs group are consistent with this
explanation.

Results of the 2001 COMET study showed a lower

incidence of AVD with a 0.1% bupivacaine solution than
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variability in the rates of AVD in the studies included in

this meta-analysis, showing that local obstetric practice
most likely influences AVD to a greater extent than the

anesthetic technique alone. Nevertheless, despite these

variations in ‘‘baseline’’ rates of AVD between the
different centres performing the studies, the overall rate

of AVD is reduced with LCs of local anesthetics. The

magnitude of the change in the rate of AVD appears to be
consistent as shown by the minimal statistical

heterogeneity among the studies (I2 = 0 %). The similar

rates of Cesarean delivery between the LC and HC groups
suggest that the increased rate of AVD associated with

regional anesthesia does not appear to be associated with

an increase in Cesarean delivery. This finding is consistent
with evidence that epidurals do not increase the rate of
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Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
verbal analogue scale [VAS] 0-100 at 3 hours following neuraxial
blockade placement), B) total dose of LA (mg), C) requirement of

clinician top-ups, D) maternal first stage satisfaction (n/N), E)
Bromage score [ 0, and F) inability to ambulate

Local anesthetics and labour analgesia

123

significantly decreased dosages of local anesthetic and less

motor blockade in the LCs group are consistent with this
explanation.

Results of the 2001 COMET study showed a lower

incidence of AVD with a 0.1% bupivacaine solution than
with a 0.25% concentrations.5 Nevertheless, results from

this study alone should be interpreted with caution due to

numerous confounding factors, such as different methods
of initiating analgesia (CSE vs epidural technique), initial

doses, maintenance techniques (continuous infusion or

intermittent bolus), drug concentrations, and group size.
The three groups of patients in this study received different

epidural induction and maintenance techniques. One group

received an initial spinal dose of bupivacaine through a
CSE technique followed by intermittent boluses on

maternal request. Another group received an initial

epidural dose followed by continuous infusion of the
same local anesthetic mixture containing 0.1% bupivacaine

and fentanyl 2 lg!mL-1, and the final group received a

higher dose of epidural mixture (0.25% bupivacaine 10 mL
with no opioid) followed by intermittent 10 mL boluses of

0.25% bupivacaine as per maternal request. In this meta-

analysis, we attempted to minimize the heterogeneity of

studies by excluding those which utilized HCs of local
anesthetic for test dose or initiation or maintenance of

analgesia in the intention-to-treat analysis of data.

Differences in obstetric and anesthetic management may
impact the rate of AVD.4 There was considerable

variability in the rates of AVD in the studies included in

this meta-analysis, showing that local obstetric practice
most likely influences AVD to a greater extent than the

anesthetic technique alone. Nevertheless, despite these

variations in ‘‘baseline’’ rates of AVD between the
different centres performing the studies, the overall rate

of AVD is reduced with LCs of local anesthetics. The

magnitude of the change in the rate of AVD appears to be
consistent as shown by the minimal statistical

heterogeneity among the studies (I2 = 0 %). The similar

rates of Cesarean delivery between the LC and HC groups
suggest that the increased rate of AVD associated with

regional anesthesia does not appear to be associated with

an increase in Cesarean delivery. This finding is consistent
with evidence that epidurals do not increase the rate of

Cesarean delivery.1,33 Prolongation of labour has been

Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
verbal analogue scale [VAS] 0-100 at 3 hours following neuraxial
blockade placement), B) total dose of LA (mg), C) requirement of

clinician top-ups, D) maternal first stage satisfaction (n/N), E)
Bromage score [ 0, and F) inability to ambulate

Local anesthetics and labour analgesia

123

Odds Ratio
Random, 95% CI

Favours low conc Favours high conc

24



Can J Anesth. 2013;60(9):840–54. 

significantly decreased dosages of local anesthetic and less

motor blockade in the LCs group are consistent with this
explanation.

Results of the 2001 COMET study showed a lower

incidence of AVD with a 0.1% bupivacaine solution than
with a 0.25% concentrations.5 Nevertheless, results from

this study alone should be interpreted with caution due to

numerous confounding factors, such as different methods
of initiating analgesia (CSE vs epidural technique), initial

doses, maintenance techniques (continuous infusion or

intermittent bolus), drug concentrations, and group size.
The three groups of patients in this study received different

epidural induction and maintenance techniques. One group

received an initial spinal dose of bupivacaine through a
CSE technique followed by intermittent boluses on

maternal request. Another group received an initial

epidural dose followed by continuous infusion of the
same local anesthetic mixture containing 0.1% bupivacaine

and fentanyl 2 lg!mL-1, and the final group received a

higher dose of epidural mixture (0.25% bupivacaine 10 mL
with no opioid) followed by intermittent 10 mL boluses of

0.25% bupivacaine as per maternal request. In this meta-

analysis, we attempted to minimize the heterogeneity of

studies by excluding those which utilized HCs of local
anesthetic for test dose or initiation or maintenance of

analgesia in the intention-to-treat analysis of data.

Differences in obstetric and anesthetic management may
impact the rate of AVD.4 There was considerable

variability in the rates of AVD in the studies included in

this meta-analysis, showing that local obstetric practice
most likely influences AVD to a greater extent than the

anesthetic technique alone. Nevertheless, despite these

variations in ‘‘baseline’’ rates of AVD between the
different centres performing the studies, the overall rate

of AVD is reduced with LCs of local anesthetics. The

magnitude of the change in the rate of AVD appears to be
consistent as shown by the minimal statistical

heterogeneity among the studies (I2 = 0 %). The similar

rates of Cesarean delivery between the LC and HC groups
suggest that the increased rate of AVD associated with

regional anesthesia does not appear to be associated with

an increase in Cesarean delivery. This finding is consistent
with evidence that epidurals do not increase the rate of

Cesarean delivery.1,33 Prolongation of labour has been

Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
verbal analogue scale [VAS] 0-100 at 3 hours following neuraxial
blockade placement), B) total dose of LA (mg), C) requirement of

clinician top-ups, D) maternal first stage satisfaction (n/N), E)
Bromage score [ 0, and F) inability to ambulate

Local anesthetics and labour analgesia

123

significantly decreased dosages of local anesthetic and less

motor blockade in the LCs group are consistent with this
explanation.

Results of the 2001 COMET study showed a lower

incidence of AVD with a 0.1% bupivacaine solution than
with a 0.25% concentrations.5 Nevertheless, results from

this study alone should be interpreted with caution due to

numerous confounding factors, such as different methods
of initiating analgesia (CSE vs epidural technique), initial

doses, maintenance techniques (continuous infusion or

intermittent bolus), drug concentrations, and group size.
The three groups of patients in this study received different

epidural induction and maintenance techniques. One group

received an initial spinal dose of bupivacaine through a
CSE technique followed by intermittent boluses on

maternal request. Another group received an initial

epidural dose followed by continuous infusion of the
same local anesthetic mixture containing 0.1% bupivacaine

and fentanyl 2 lg!mL-1, and the final group received a

higher dose of epidural mixture (0.25% bupivacaine 10 mL
with no opioid) followed by intermittent 10 mL boluses of

0.25% bupivacaine as per maternal request. In this meta-

analysis, we attempted to minimize the heterogeneity of

studies by excluding those which utilized HCs of local
anesthetic for test dose or initiation or maintenance of

analgesia in the intention-to-treat analysis of data.

Differences in obstetric and anesthetic management may
impact the rate of AVD.4 There was considerable

variability in the rates of AVD in the studies included in

this meta-analysis, showing that local obstetric practice
most likely influences AVD to a greater extent than the

anesthetic technique alone. Nevertheless, despite these

variations in ‘‘baseline’’ rates of AVD between the
different centres performing the studies, the overall rate

of AVD is reduced with LCs of local anesthetics. The

magnitude of the change in the rate of AVD appears to be
consistent as shown by the minimal statistical

heterogeneity among the studies (I2 = 0 %). The similar

rates of Cesarean delivery between the LC and HC groups
suggest that the increased rate of AVD associated with

regional anesthesia does not appear to be associated with

an increase in Cesarean delivery. This finding is consistent
with evidence that epidurals do not increase the rate of

Cesarean delivery.1,33 Prolongation of labour has been

Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
verbal analogue scale [VAS] 0-100 at 3 hours following neuraxial
blockade placement), B) total dose of LA (mg), C) requirement of

clinician top-ups, D) maternal first stage satisfaction (n/N), E)
Bromage score [ 0, and F) inability to ambulate

Local anesthetics and labour analgesia

123

Odds Ratio
Random, 95% CI

Favours low conc Favours high conc

25



Can J Anesth. 2013;60(9):840–54. 

group. The opioids associated with LCs of local anesthetic

solutions may have crossed the placenta and increased
early respiratory depression and neonatal sedation in this

group. Even so, the Apgar scores must be interpreted with

caution since no studies had neonatal outcomes as their
primary outcome measure. Most studies did not measure or

report fetal outcomes, and all studies were underpowered to
find differences between groups. Unlike five-minute Apgar

scores, low one-minute scores are not associated with poor

developmental outcome.36 The conclusion from the
COMET trial that ‘‘possible adverse effects to the

neonate should be weighed against the advantages gained

by avoidance of an instrumental delivery’’ with LCs of
epidural solutions should still be appreciated.

There are a number of potential limitations of this meta-

analysis. While the majority of studies identified favoured
LCs, it should be appreciated that the COMET study

contributed 63% of the weight of the meta-analysis and

therefore makes a substantial contribution to the overall
OR. Nevertheless, there was consistency among the

included studies when reporting our primary outcome of

AVD and other obstetric outcomes (Cesarean delivery,
duration of labour). Despite the studies utilizing different

techniques and protocols for initiation and maintenance of

labour analgesia and various opioid regimens, this meta-

analysis shows minimal heterogeneity for the primary
outcome. Other limitations include searching only one trial

registry (clinicaltrials.gov), variations in methods of

grading secondary outcomes, and not all studies reported
every outcome. Varying definitions (e.g., pruritus, nausea),

measurement intervals and scoring systems (for maternal
satisfaction and fetal well-being) made it challenging to

determine whether true reproducible differences existed

between groups for secondary outcome measurements. We
did not control for the timing of epidural placement;

however, there appears to be no difference in incidence of

AVD between early and late epidural in labour.37

In conclusion, LCs (B 0.1% bupivacaine or equivalent

ropivacaine dose) of labour epidural solutions improve

obstetric outcomes (decreased AVD, shorter duration of
second stage of labour) and reduce maternal side effects

(less motor blockade, better ambulation, and decreased

urinary retention) without compromising analgesia.
Adverse neonatal effects (lower one-minute Apgar

scores) with questionable clinical significance should be

weighed against the clear maternal advantages gained. Low
concentrations of local anesthetic epidural solutions appear

preferable to HCs to optimize obstetric outcome, and on

Fig. 7 Forest plots for neonatal outcomes of A) Odds of Apgar score \ 7 at one minute and B) at five minutes, C) fetal heart rate (FHR)
abnormality, D) umbilical artery pH, and E) requirement for neonatal resuscitation
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 CURRENTOPINION Techniques for the maintenance of epidural
labor analgesia

Giorgio Capogna and Silvia Stirparo

Purpose of review
After initiating neuraxial labor analgesia, there are many techniques that can be used to maintain
analgesia for the duration of labor. In this review, we have examined the new techniques of maintenance
of epidural labor analgesia recently proposed to overcome the undesirable effects of continuous infusion
and patient-controlled epidural analgesia (PCEA).

Recent findings
As labor progresses, there is a greater need for analgesia. PCEA with basal infusion, automated
intermittent mandatory boluses, programmed intermittent epidural boluses and computer-integrated
PCEA have been introduced to combine the advantages of a manual bolus and continuous infusion, thus
matching infusion rate and bolus modality to the patient’s analgesic needs. Increased maternal satisfaction,
reduced anesthetic consumption and decreased incidence of motor block are features of these new
maintenance techniques.

Summary
Technology has now provided us with more advanced drug delivery systems that may have the potential to
fulfill the maternal requirements of a safe, natural, and painless childbirth, tailoring the analgesic regimen
for each parturient’s need.

Keywords
childbirth pain relief, continuous techniques, epidural, labor analgesia, labor pain, maintenance of labor
analgesia, patient controlled epidural analgesia, programmed intermittent bolus

INTRODUCTION
Neuraxial labor analgesia is initiated using an
epidural or a combined spinal–epidural (CSE)
technique [1,2]. Analgesia is usually maintained
with the epidural administration of a local anes-
thetic or opioid solution. The methods used to
administer this solution into the epidural space
can be classified into two major techniques. The
first category is a ‘top-up’ technique, in which
either the anesthesia provider (manual top-ups) or
the patient [patient-controlled epidural analgesia
(PCEA)] administers a bolus dose at irregular inter-
vals as analgesia wanes and pain returns. The second
category includes techniques that prevent pain re-
occurrence by administering the anesthetic solution
before the pain returns. These techniques include
continuous epidural infusion (CEI), PCEA with
basal infusion, automated intermittent mandatory
boluses (AMBs) or continuous intermittent bolus
(CIB), programmed intermittent epidural boluses
(PIEBs), and computer-integrated PCEA (CIPCEA)
and its associated settings.

Maintenance of analgesia with CEI results in the
frequent need for rescue boluses. Higher infusion
rates, which decrease the need for rescue boluses,
result in motor block in a relatively high percentage
of patients [3,4]. PCEA has been associated with
a lower consumption of local anesthetic with less
motor block [1,2,5,6]; however, its principle depends
on the response of the parturient when she feels the
need for analgesia. Thus, the parturient experiences
short periods of pain as analgesia wanes and she must
actively re-establish analgesia by self-administering
a bolus anesthetic dose. Cultural factors, maternal
training, and expectations have a bearing on the
efficacy of this technique.
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with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,
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FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.

Maintenance of epidural labor analgesia Capogna and Stirparo

0952-7907 ! 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-anesthesiology.com 265

with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,

30

25

20

15

10

5

0
2 4 6

Time (s)

Pressure
(mmHg)

8 10 12 14

FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.

Maintenance of epidural labor analgesia Capogna and Stirparo

0952-7907 ! 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-anesthesiology.com 265

with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,

30

25

20

15

10

5

0
2 4 6

Time (s)

Pressure
(mmHg)

8 10 12 14

FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.

Maintenance of epidural labor analgesia Capogna and Stirparo

0952-7907 ! 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-anesthesiology.com 265

with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,

30

25

20

15

10

5

0
2 4 6

Time (s)

Pressure
(mmHg)

8 10 12 14

FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.

Maintenance of epidural labor analgesia Capogna and Stirparo

0952-7907 ! 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-anesthesiology.com 265

with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,

30

25

20

15

10

5

0
2 4 6

Time (s)

Pressure
(mmHg)

8 10 12 14

FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.

Maintenance of epidural labor analgesia Capogna and Stirparo

0952-7907 ! 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins www.co-anesthesiology.com 265

Curr Opin Anaesthesiol. 2013;26(3):261–7. 

34



two, or three demand boluses, respectively, in the
previous hour. Should there be no demands in
this hour, the pump lowers the basal infusion rate
by decrements of 5 ml/h. Although consumption of
local anesthetic has been reported to be the same
in both CIPCEA and PCEA in one study [24],
in another [25], CIPCEA had higher infusion rate
during the second stage of labor. Thus, the
CIPCEA can meet this requirement for higher doses
of anesthetic solution as labor progressed by match-
ing the basal infusion rate to the patient’s analgesic
needs.

NEW MAINTENANCE TECHNIQUES AND
MATERNAL SATISFACTION
Maternal satisfaction is one of the secondary
outcomes indicated in the results of many studies
which contrast differing new techniques of
labor analgesia maintenance [1,2,6,16&&]. Although
patient satisfaction is generally high with all
neuraxial analgesia techniques (>80%), satisfaction
may be higher with PCEA or automated bolus

techniques than with CEI. However, because
unidimensional scales are used to measure
satisfaction, it is hard to arrive at particular con-
clusions. Stirparo et al. [26] evaluated the difference
in maternal satisfaction between labor analgesia
provided by PIEB or CEI in nulliparous women
using a multidimensional questionnaire and then
semi-structured interviews. With CEI, the women
experienced more motor block, numbness and
feeling of loss of control, and subsequent negative
feelings because of their reduced ambulatory ability
and capacity to cope with labor and delivery. They
indicated less satisfaction with CEI than PIEB.

CONCLUSION
Labor pain is dynamic and intensely personal, and
with this understanding clinicians must ‘tailor’ the
analgesic regimen for each of their parturients so
that the birthing experience can be pleasant and
memorable. Medical technology has now provided
us with more advanced drug delivery systems that
have promising, but to be confirmed, potential to

FIGURE 4. In the case of continuous infusion, the extraneural concentration of local anesthetic is generally persistently higher
than in the intraneural space, and the total concentration inside the nerve is increased and may reach the threshold for motor
fiber block. This may explain the frequent occurrence and intensification of motor block during continuous infusion.
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with the initiation of labor augmentation regimens.
If a PCEA pump could allow for a variable basal
infusion rate and could be responsive to the
demands of the patient, the parturient may be able
to experience more effective analgesia. Sia et al. [23]
have created just such a pump by converting an
ordinary infusion pump into a CIPCEA pump by

devising a program based on a new clinical algor-
ithm. Depending on the number of PCEA patient
requests over the previous hour, this interactive
pump automatically adjusts the basal infusion
rate, continually recording the patient’s analgesic
requirements and modifying the basal infusion rate
depending on whether the parturient needs one,
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FIGURE 2. Pressure waveforms produced by CEI 10 ml/h. Data from [20]. CEI, continuous epidural infusion.

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.
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Childbirth is arguably one of the most painful expe-
riences a woman can undergo.1 The degree of pain 
experienced and the quality of pain relief affect 

patients’ satisfaction with the birthing process and may have 
long-term emotional and psychological effects.2 The quality 
of labor neuraxial analgesia has surpassed parenteral opi-
oids, nitrous oxide, and nonpharmacologic measures, with 
limited effect on the mode of delivery and maternal and 
neonatal outcomes.3

The current standard labor epidural analgesic regimens 
in many institutions in North America and Europe consist 
of a local anesthetic in combination with an opioid deliv-
ered via continuous epidural infusion (CEI) with or with-
out patient-controlled epidural analgesia (PCEA) boluses. 
Despite improved analgesia with CEI with or without 
PCEA compared with nonneuraxial analgesia, local anes-
thetic doses may be large with resulting profound motor 
blockade.4 This reduces mobility, pelvic muscle tone, and 
may impair the ability to “bear down” during the second 
stage of labor, potentially resulting in increased rates of dys-
tocia and instrumental deliveries.5

In the continuing evolution of labor analgesia, rather 
than delivering the local anesthetic continuously, small 
regularly spaced intermittent boluses may lead to a more 
extensive spread of local anesthetic in the epidural space.6 
Therefore, the same dose of local anesthetic given via inter-
mittent epidural bolus (IEB) may provide improved analge-
sia. Research into IEB is growing, and medical devices are in 
development. A shift in current practice from CEI (with or 
without PCEA) to IEB (with or without PCEA) will require 
enhanced pump technology and acceptance by obstetric 
anesthesiologists to justify the cost of pump replacement to 
hospital administration. Previous systematic reviews have 
addressed labor epidural analgesia versus no analgesia 
and alternate forms of neuraxial analgesia.7–9 van der Vyver 
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BACKGROUND: The current standard labor epidural analgesic regimens consist of a local anes-
thetic in combination with an opioid delivered via continuous epidural infusion (CEI). With CEI 
local anesthetic, doses may be large with resulting profound motor blockade potentially affect-
ing the incidence of instrumental deliveries. In this systematic review of randomized controlled 
trials (RCTs), we compared the effect of intermittent epidural bolus (IEB) to standard CEI dosing 
with or without patient-controlled epidural analgesia on patient satisfaction, the need for manual 
anesthesia interventions, labor progression, and mode of delivery in healthy women receiving 
labor epidural analgesia.
METHODS: A systematic review of RCTs that compared CEI with IEB for labor analgesia was 
performed. The articles were evaluated for validity, and data were extracted by the authors and 
summarized using odds ratios (ORs), mean differences (MDs), and 95% confidence intervals (CIs).
RESULTS: Nine RCTs were included in this systematic review. Three hundred forty-four subjects 
received CEI, whereas 350 subjects received IEB labor analgesia. All 9 studies were deemed to 
be low risk of bias. There was no statistical difference detected between IEB and CEI in the rate 
of cesarean delivery (OR, 0.87; 95% CI, 0.56–1.35), duration of labor (MD, −17 minutes; 95% 
CI, −42 to 7), or the need for anesthetic intervention (OR, 0.56; 95% CI, 0.29–1.06). IEB did 
result in a small but statistically significant reduction in local anesthetic usage (MD, −1.2 mg 
bupivacaine equivalent per hour; 95% CI, −2.2 to −0.3). Maternal satisfaction score (100-mm 
visual analog scale) was higher with IEB (MD, 7.0 mm; 95% CI, 6.2–7.8).
CONCLUSIONS: IEB is an appealing concept; current evidence suggests IEB slightly reduces 
local anesthetic usage and improves maternal satisfaction. Given the wide CIs of the pooled 
results for many outcomes, definite conclusions cannot be drawn for those outcomes, but there 
is also a potential that IEB improves instrumental delivery rate and need of anesthesia interven-
tions. More study is required to conceptualize the ideal IEB regimen and investigate its effect on 
labor analgesia and obstetric outcomes. (Anesth Analg 2013;116:133–44)
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was shorter with IEB22,24 (MD, −61 minutes; 95% CI, −129 
to 6; Fig. 9). The total duration of labor was reduced with 
IEB when PCEA was not used22,24,25 (MD, −86 minutes; 95% 
CI, −146 to −27), but not when it was used20,23,26–28 (MD, −4 
minutes; 95% CI, −26 to 17; Fig. 4A).

Additional Outcomes
Other than dose of local anesthetic, most of the secondary 
outcomes were infrequently reported. A meta-analysis was 
completed on specific outcomes that contained data from 
more than 1 study. There were no significant differences 
between the groups with respect to these outcomes. The 
results are summarized in Table 3.

Umbilical pH values and 1-minute Apgar scores were 
only reported in 1 study (no significant difference).22 The 
5-minute Apgar was reported in 4 studies,22–25 in which the 
MD was −0.04 with a 95% CI of −0.2 to 0.1. The degree of 
sensory block was quantified in 4 studies. Leo et al.23 and 
Lim et al.24 reported the sensory block level at the first 
request for additional analgesia. Chua et al.21 reported the 
maximal sensory block level within the first 3 hours of 
analgesia, while Sia et al.27 reported the maximal sensory 
block during the entire study period. Within these studies, 
there was no significant difference between CEI and IEB 
with respect to sensory blockade. Capogna et al.20 designed 

their study to detect a clinically significant degree of motor 
blockade measured with the Bromage score modified by 
Breen et al.41 In their study, the incidence of motor block 
(defined as modified Bromage score 41 <6, i.e., the inability 
to stand and complete a partial knee bend) at least once 
during labor was significantly increased in the CEI group 
compared with the IEB group (26/70 vs 2/75, P < 0.001). 
Assuming the modified Bromage score <620 is equivalent to 
a traditional Bromage score >1,21,27,28 then the pooled results 
are not statistically significant (Table 3).

DISCUSSION
Nine high-quality low risk of bias RCTs have evaluated IEB 
versus CEI in laboring women. In healthy women requesting 
labor epidural analgesia, the mode of maintenance of 
epidural analgesia may not affect the mode of delivery. 
However, intermittent bolus dosing of local anesthetic may 
be associated with reduced local anesthetic consumption, 
decreased anesthetic interventions, and an improvement 
in maternal satisfaction when compared with those women 
receiving CEI. The 2 techniques of local anesthesia delivery 
appear to be comparable in terms of total duration of labor, 
but there was a statistically significant reduction in the 
length of the second stage of labor with IEB. The duration of 
the second stage was a much as 22 minutes shorter with IEB. 
Arguably, this may enter the realm of clinically significant, 

Figure 2. Forest plot for mode of delivery (cesarean). CEI = continuous epidural infusion; IEB = intermittent epidural bolus.

Figure 3. Forest plot for mode of delivery (instrumental). CEI = continuous epidural infusion; IEB = intermittent epidural bolus.
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the second stage was a much as 22 minutes shorter with IEB. 
Arguably, this may enter the realm of clinically significant, 

Figure 2. Forest plot for mode of delivery (cesarean). CEI = continuous epidural infusion; IEB = intermittent epidural bolus.

Figure 3. Forest plot for mode of delivery (instrumental). CEI = continuous epidural infusion; IEB = intermittent epidural bolus.
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Programmed Intermittent Epidural Bolus Versus
Continuous Epidural Infusion for Labor Analgesia:
The Effects on Maternal Motor Function and Labor
Outcome. A Randomized Double-Blind Study in
Nulliparous Women
Giorgio Capogna, MD, Michela Camorcia, MD, Silvia Stirparo, MD, and Alessio Farcomeni, PhD

BACKGROUND: Programmed intermittent epidural anesthetic bolus (PIEB) technique may result
in reduced total local anesthetic consumption, fewer manual boluses, and greater patient
satisfaction compared with continuous epidural infusion (CEI). In this randomized, double-blind
study, we compared the incidence of motor block and labor outcome in women who received PIEB
or CEI for maintenance of labor analgesia. The primary outcome variable was maternal motor
function and the secondary outcome was mode of delivery.
METHODS: Nulliparous, term women with spontaneous labor and cervical dilation !4 cm were
eligible to participate in the study. Epidural analgesia was initiated and maintained with a
solution of levobupivacaine 0.0625% with sufentanil 0.5 !g/mL. After an initial epidural loading
dose of 20 mL, patients were randomly assigned to receive PIEB (10 mL every hour beginning 60
minutes after the initial dose) or CEI (10 mL/h, beginning immediately after the initial dose) for
the maintenance of analgesia. Patient-controlled epidural analgesia (PCEA) using a second
infusion pump with levobupivacaine 0.125% was used to treat breakthrough pain. The degree of
motor block was assessed in both lower extremities using the modified Bromage score at regular
intervals throughout labor; the end point was any motor block in either limb. We also evaluated
PCEA bolus doses and total analgesic solution consumption.
RESULTS: We studied 145 subjects (PIEB " 75; CEI " 70). Motor block was reported in 37% in
the CEI group and in 2.7% in the PIEB group (P ! 0.001; odds ratio " 21.2; 95% CI: 4.9–129.3);
it occurred earlier (P " 0.008) (hazard ratio " 7.8; 95% CI: 1.9–30.8; P " 0.003) and was more
frequent at full cervical dilation in the CEI group (P ! 0.001). The incidence of instrumental
delivery was 20% for the CEI group and 7% for the PIEB group (P " 0.03). Total levobupivacaine
consumption, number of patients requiring additional PCEA boluses, and mean number of PCEA
boluses per patient were lower in the PIEB group (P ! 0.001). No differences in pain scores and
duration of labor analgesia were observed.
CONCLUSIONS: Maintenance of epidural analgesia with PIEB compared with CEI resulted in a
lower incidence of maternal motor block and instrumental vaginal delivery. (Anesth Analg 2011;
113:826–31)

Neuraxial analgesic techniques, such as epidural
and combined spinal-epidural (CSE) analgesia, are
the most effective modalities for pain relief in

labor. Once analgesia has been established, either by using
an epidural or a CSE technique, the maintenance of anal-
gesia throughout labor until delivery may be obtained with
different techniques. With intermittent epidural bolus in-
jection (top-up) of the analgesic solution, frequent provider
interventions are required, and the parturient may experi-
ence intervals of analgesia after the dose takes effect
alternating with intervals of pain as the analgesia wanes.

Continuous infusion results in a smoother analgesic expe-
rience for the parturient with fewer medical interventions,
but total anesthetic doses are usually larger and motor
block may be more profound.1 There is some evidence from
anatomical and in vitro studies2,3 that uniform diffusion of
local anesthetic in the epidural space, which leads to
greater efficacy, is better obtained by the administration of
bolus rather that continuous infusion.

Automated systems designed to administer a bolus at
programmable intervals (programmed intermittent epidu-
ral anesthetic bolus [PIEB] technique) to combine the
advantages of both manual bolus and continuous infusion,
have recently been introduced. Wong et al.4 compared PIEB
versus continuous epidural infusion (CEI) in induced
parous women. They reported less total local anesthetic
consumption, fewer manual bolus doses because of break-
through pain, and greater patient satisfaction with the PIEB
technique. In their study, they noticed that the beneficial
effect of PIEB was significant in women with longer labors,
and therefore, they hypothesized that PIEB would be of
greater value in parturients with longer labors such as
spontaneously laboring nulliparous women.
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labors. Chua and Sia5 reported a very low incidence of
motor block in their study of nulliparous parturients, but
they terminated their study when patients requested
supplemental analgesia (on average after 4 hours), and
therefore they were unable to observe any motor block. Lim
et al.6 studied programmed intermittent boluses versus
CEI. They ended their study when the parturient com-
plained of breakthrough pain and reported no motor block

at that time. It is likely that at the time of analgesic request,
any motor block, if present, had already resolved. Fettes et
al.,15 in comparing programmed intermittent bolus admin-
istration with continuous infusion, reported a frequent
incidence of motor block in both groups with no difference
in motor block between groups, although the trend was
toward less motor block in the intermittent bolus group.
However, they used a higher local anesthetic concentration
(ropivacaine 0.2%) than other studies, and this may have
masked differences between the groups.

Another reason for the difference in results among studies
is that some of the previous studies used different local
anesthetic concentrations and total anesthetic dose from those
used in our study. Furthermore, the scale we used to evaluate
motor block is more sensitive than that used in previous
studies,9 and therefore the probability of diagnosing minor
degrees of motor block was probably greater in our patients.
In addition, the primary end point of previous studies was not
motor block or mode of delivery, and therefore previous
studies were not adequately powered to address these issues.
Finally, we used an epidural rather than a subarachnoid initial
loading dose,4–6 and we set the PIEB pump to deliver a larger
volume of local analgesic solution at longer time intervals
relative to previous studies.4,5

In our study, we noted a lower incidence of instrumental
vaginal delivery in parturients receiving PIEB compared with
CEI. Recently, Leo et al.16 also reported a trend toward a
decreased incidence of instrumental vaginal delivery with
automated intermittent boluses when compared with CEI,
but, unfortunately, this result did not reach statistical signifi-
cance, most likely because of the small sample size. In
addition, Leo et al.16 did not report the incidence of motor
block, nor did they correlate motor block with instrumental
delivery.

It is hypothesized that excessive motor block caused by
the epidural local anesthetic is undesirable because it may
lead to decrease of pelvic muscle tone and difficulties in
internal rotation of the fetal head, and therefore to a
potential increase in the incidence of instrumental vaginal
delivery, although this assertion remains unproven.

In our study, parturients who had longer labors and
motor block at full cervical dilation had a greater risk of
instrumental delivery. Our results suggest that PIEB, by
reducing the incidence of motor block, contributes to
reduction in instrumental deliveries in nulliparous women.

Although local anesthetic consumption was higher in
the CEI group, and we observed a difference in motor block
between parturients receiving PIEB and CEI, the dose
difference between groups was modest. Therefore, we
suggest that the increased frequency of motor block in
parturients receiving CEI cannot merely be explained by
the larger local anesthetic dose. It is hypothesized that the
reason for the analgesic success of intermittent boluses
compared with continuous administration may be related
to differences in the dispersion of solutions in the epidural
space. Solutions injected into the epidural space tend to
spread more evenly when injected as a bolus, as compared
with a continuous infusion.2,3 We have hypothesized that
differences in the dynamics of nerve block with intermit-
tent or continuous infusion administration may contribute
to the explanation of our findings.17

Figure 2. Percentage of patients from programmed intermittent
epidural bolus (PIEB) or continuous epidural infusion (CEI) groups
who had any motor block versus time after induction of labor
analgesia. Data were censored for delivery. The groups were signifi-
cantly different, P ! 0.001.

Table 1. Subject and Labor Characteristics
CEI (n ! 70) PIEB (n ! 75) P value

Age (y) 27 " 5 29 " 5 !0.01
Weight (kg) 72 " 9 74 " 11 0.2
Height (cm) 164 " 6 165 " 6 0.2
Gestational age (wk) 38.7 " 0.7 38.9 " 0.7 0.2
Cervical dilatation at

epidural request (cm)
2.0 (1.0–3.0) 2.0 (2.0–3.0) 0.6

Duration of labor
analgesia (min)

332 (318–380) 335 (326–358) 0.9

Data are presented as mean " SD or median (interquartile range) (cervical
dilation) or median (95% confidence interval) (duration of labor analgesia).
CEI # continuous epidural infusion; PIEB # programmed intermittent epidural
bolus.

Table 2. Labor Analgesia
CEI (n ! 70) PIEB (n ! 75) P value

Total dose of
levobupivacaine (mg)

37 (31–44) 31 (25–38) 0.001

Total dose of
sufentanil (!g)

28 (24–34) 25 (20–30) 0.009

Patients requiring
PCEA boluses (n)

28 6 !0.001

PCEA boluses for
each patient (n)

1 (1–2) 1 (1–1) !0.001

Data are presented as median (interquartile range) or number.
CEI # continuous epidural infusion; PCEA # patient-controlled epidural
analgesia; PIEB # programmed intermittent epidural bolus.

Programmed Intermittent Epidural Bolus and Labor Outcome
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Original Article

A randomised comparison of variable-frequency automated
mandatory boluses with a basal infusion for patient-controlled
epidural analgesia during labour and delivery
A. T. Sia,1 S. Leo2 and C. E. Ocampo3

1 Chairman Medical Board and Senior Consultant, 2 Consultant, 3 Senior Resident Physician, Department of Women’s
Anaesthesia, KK Women’s and Children’s Hospital, Singapore

Summary
This trial was conducted to compare the analgesic efficacy of administering variable-frequency automated boluses at a rate
proportional to the patient’s needs with fixed continuous basal infusion in patient-controlled epidural analgesia (PCEA)
during labour and delivery.We recruited a total of 102 parturients in labour whowere randomly assigned to receive either
anovelPCEAwith automatedmandatorybolusesof 5 ml administeredonce, twice, threeor four timesperhourdepending
on the history of the parturient’s analgesic demands over the past hour (Automated bolus group), or a conventional PCEA
with a basal infusion of 5 ml.h!1 (Infusion group). The incidence of breakthrough pain requiring supplementation by an
anaesthetist was significantly lower in the Automated bolus group, three out of 51 (5.9%) compared with the Infusion
group, 12 out of 51 (23.5%, p = 0.023). The time-weighted mean (SD) hourly consumption of ropivacaine was similar in
both groups, 10.0 (3.0) mg in the Automated bolus group vs 11.1 (3.2) mg in the Infusion group (p = 0.06). Parturients
from theAutomated bolus group reported higher satisfaction scores comparedwith those in the Infusion group, 96.5 (5.0)
vs 89.2 (9.4), respectively (p < 0.001). There was no difference in the incidence of maternal side-effects and obstetric and
neonatal outcomes.
.................................................................................................................................................................
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Patient-controlled epidural analgesia (PCEA) is a mode
of labour epidural drug delivery that confers greater
autonomy and flexibility by enabling the parturient to
self-administer boluses of epidural solution as neces-
sary. Several studies have affirmed the advantages of
PCEA over a conventional epidural infusion and it has
become established as a safe and efficacious mode of
labour epidural drug delivery [1–3]. However, despite
extensive research over the last decade, the optimal
PCEA program settings have not been elucidated.
In particular, there have been conflicting results in the
literature with regard to the merit of administering a

basal infusion as well as an optimal infusion rate
[4–8]. At our institution we postulated that, although a
basal infusion may not be beneficial in early labour, its
role may become increasingly important as pain inten-
sifies with the progress of labour. This led to the
creation of a computer-integrated PCEA program,
which could analyse the parturient’s demand boluses
over the last hour and adjust its infusion rate propor-
tionally, essentially operating on an auto regulatory
feedback loop. Results from initial trials utilising the
computer-integrated PCEA program were encouraging,
demonstrating a reduced incidence of breakthrough

© 2012 The Authors Anaesthesia © 2012 The Association of Anaesthetists of Great Britain and Ireland 1
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