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SPECIAL ARTICLES

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)

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 clinical performance of distinct epidural catheter design features.

Laureate of the Faculty of Medicine, University of Paris Faculty of Medicine, Paris, France), Barnet E. Bonar, M.D.4
(1894–1937; Department of Pediatrics, Rush Medical College, 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, Division 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,
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ASSISTED VAGINAL DELIVERY

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

e of assisted vaginal delivery (AVD)
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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

Maternal satisfaction

Analgesia/
pain
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non-significant

total
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25 (41.7%)

35 (58.3%)

60 (100)

non-significant

12 (12.9%)

81 (87.1%)

93 (100)
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37 (24.2%)

116 (75.8%)

153 (100)
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Fig. 5 Forest plots for maternal outcomes of A) pain score (visual or
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Local anesthetics and labour analgesia

Apgar <7 @1min

FHR abnormality

Apgar <7 @5min

umbilical artery pH

neonatal resuscitation

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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REVIEW
URRENT
C
OPINION

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
33
Technology has now provided us with more advanced drug delivery systems that may have the potential to

Curr Opin Anaesthesiol. 2013;26(3):261–7.
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Intermittent Epidural Bolus Compared with Continuous
Epidural Infusions for Labor Analgesia: A Systematic
Review and Meta-Analysis
Ronald B. George, MD, FRCPC,* Terrence K. Allen, MBBS, FRCA,† and
Ashraf S. Habib, MB, ChB, MSc, MHS, FRCA‡
BACKGROUND: The current standard labor epidural analgesic regimens consist of a local anesthetic 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 affecting 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 interventions. More study is required to conceptualize the ideal IEB regimen and investigate its effect on
37
labor analgesia and obstetric outcomes. (Anesth Analg 2013;116:133–44)
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EI = continuous epidural infusion; IEB = intermittent epidural bolus.

ASSISTED VAGINAL DELIVERY
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.

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).

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

. CEI = continuous epidural infusion; IEB = intermittent epidural bolus.
Additional Outcomes

38

21,27,28

was
om
ces
The

ere
The
the
e of
and
first
the
of
ory
ies,
IEB
ned

Anesth Analg. 2013;116(1):133–44.

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,
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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
40
consumption, number of patients requiring additional
PCEA boluses, and mean number of PCEA
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motor block

bolus.

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
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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 who were randomly assigned to receive either
a novel PCEA with automated mandatory boluses of 5 ml administered once, twice, three or four times per hour depending
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
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group, 12 out of 51 (23.5%, p = 0.023). The time-weighted mean (SD) hourly consumption of ropivacaine was similar in
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CSE

1st

patient bolus

5ml @ 60min

2nd

patient bolus

no demand in 1hr

5ml @ 30min

3rd

patient bolus

no demand in 1hr

5ml @ 20min

4th

patient bolus

5ml @ 15min

no demand in 1hr
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BREAKTHROUGH PAIN
%
CEI
PIEB

p<0.03
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LOCAL ANAESTHETIC / HOUR

mg/h

CEI
PIEB

p<0.001
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