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Central Neuraxial Labour Analgesia

Technique of analgesia initiation: CSE or conventional epidural ?

Maintenance of analgesia: Infusion; Intermittent top-ups; PCEA; PIEB ?

Choice of local anaesthetic drug: bupivacaine, levobupivacaine, ropivacaine ?

Adjuvant drug selection: opioids, clonidine, neostigmine, epinephrine, etc…. ?

Dose and concentration of analgesic/local anaesthetic solution ?



Complications.

• Complications related to IT drugs:
• Pruritus.
• Nausea.
• Hypotension.
• Respiratory depression.

• Complications related to the CSE/neuraxial technique:
• Central nervous system infections.
• Neurologic complications.
• Post dural puncture headache (PDPH).
• Breakthrough pain.

• Complications related with the progress of labour.
• Motor block.
• Progress and outcome of labour.

• Complications related to the fetus and neonate.
• Fetal heart rate changes.
• Neonatal outcome.
• Maternal fever.

• Etc…..



Complications.

• Complications related to IT drugs:
• Pruritus.
• Nausea.
• Hypotension.
• Respiratory depression.

• Complications related to the CSE/neuraxial technique:
• Central nervous system infections.
• Neurologic complications.
• Post dural puncture headache (PDPH).
• Breakthrough pain.

• Complications related with the progress of labour.
• Motor block.
• Progress and outcome of labour.

• Complications related to the fetus and neonate.
• Fetal heart rate changes.
• Neonatal outcome.
• Maternal fever.

• Etc…..



Practices of maintenance.

PCEA is with or without infusion

60% è75% epidural rate



Practices of maintenance.
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life threatening [10]) and a category 3 (no maternal or fetal
compromise but needs urgent delivery [10]) caesarean
section were also explored. Figures 4 and 5 describe the
responses in terms of volume, concentration and total dose
of local anaesthetic used for categories 2 and 3, respect-
ively. Lidocaine (40.7%) was most commonly used for
category 2 caesarean sections and levobupivacaine (34.3%)
for category 3 caesarean sections. An opioid adjunct was
used by 32.4% of anaesthetists for category 2 (fentanyl
67.5! 45 mg) and by 35.2% of anaesthetists for category
3 caesarean sections (fentanyl 45! 50 mg). Adrenaline was
added to this top-up by 19.5% of anaesthetists for category
2 caesarean sections and by 19.4% for category 3 caesarean
sections. The dose of adrenaline added was consistent –
the final concentration being 1 : 200 000.

Combined spinal–epidural analgesia
The combined spinal–epidural analgesia technique was
used by 49.1% of all the anaesthetists surveyed; however,

the majority (75.4%) of those who use this technique
perform only five or fewer per month. The most com-
monly cited indications for using this technique were
request for analgesia at an advanced stage of labour or
severe pain and distress. Of those who use the technique,
62.8% perform a needle through needle technique, 23.3%
use separate needles and separate spaces, 4.7% replied
they use both techniques depending on the clinical
context and 9.2% did not answer this question. Levobu-
pivacaine was the most commonly used agent for the
spinal component in a mean concentration of 0.35%
(SD! 0.1%) and a mean volume of 1.37 ml (SD! 0.7 ml),
ml), with fentanyl 15 mg (SD! 10 mg) being used as an
adjunct by 62.3% of anaesthetists. For the epidural com-
ponent, the agent most commonly used was levobupiva-
caine (by 62.3%), in a mean concentration of 0.18%
(SD! 0.1%); 60.5% also used fentanyl (1–2 mg ml"1) in
the infusion. The epidural component was maintained by
CEI by most anaesthetists (69.8%) most commonly at a
rate between 5 and 15 ml h"1.

Discussion
At the time the survey was performed, a total of 19 sites
were recognized for training in obstetric anaesthesia in
the Republic of Ireland. There is 24-hour availability of
an epidural analgesia service in place at each site. The
number of deliveries in each site varies from approxi-
mately 1500 to 8000 per annum. The national obstetric
epidural rate of use is unknown. The combined rate of
use for the three national referral centres in Dublin is
probably an overestimation of the national rate of use
owing to the complexity of the case mix that presents to
these hospitals.

Ireland has a high standard of obstetric care with very low
maternal [11] and perinatal mortality rates reported [12].
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Fig. 3

Epidural analgesia maintenance techniques. CEI, continuous epidural
infusion; IEB, intermittent epidural boluses; PCEA, patient-controlled
epidural analgesia.

Fig. 4

Characteristics of the top-ups given for a category 2 caesarean section. Lidocaine was used by 40.7%, levobupivacaine and bupivacaine were used
by 34.3% and 14.8%, respectively. Data were incomplete in the other 10.2% of replies. The data are median (vertical bar), interquartile range (box)
and range (whiskers). The median, 25th and 75th percentile concentration for bupivacaine, levobupivacaine and lidocaine was 0.5%, 0.5% and 2%,
respectively.
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Epidural analgesia practices for labour: results of a 2005
national survey in Ireland
Rebecca A. Fanning, Liam P. Briggs and Michael F. Carey

Background and objective The last 25 years have seen
changes in the management of epidural analgesia for
labour, including the advent of low-dose epidural analgesia,
the development of new local anaesthetic agents, various
regimes for maintaining epidural analgesia and the practice
of combined spinal–epidural analgesia. We conducted a
survey of Irish obstetric anaesthetists to obtain information
regarding the conduct and management of obstetric
epidural analgesia in Ireland in 2005. The specific objective
of this survey was to discover whether new developments in
obstetric anaesthesia have been incorporated into clinical
practice.

Methods A postal survey was sent to all anaesthetists with
a clinical commitment for obstetric anaesthesia in the sites
approved for training by the College of Anaesthetists,
Ireland.

Results Fifty-three per cent of anaesthetists surveyed
responded. The majority of anaesthetists (98%) use low-
dose epidural analgesia for the maintenance of analgesia.
Only 11% use it for test-dosing and 32% for the induction of
analgesia. The combined spinal–epidural analgesia
method is used by 49%, but two-thirds of those who use it
perform fewer than five per month. Patient-controlled
epidural analgesia was in use at only one site.

Conclusion It appears that Irish obstetric
anaesthetists have adopted the low-dose epidural
analgesia trend for the maintenance of labour
analgesia. This practice is not as widespread, however,
for test dosing, the induction of analgesia dose or in
the administration of intermittent epidural boluses to
maintain analgesia when higher concentrations are
used. Since its introduction in 2000, levobupivacaine has
become the most popular local anaesthetic agent. Eur J
Anaesthesiol 26:235–244 Q 2009 European Society of
Anaesthesiology.
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Introduction
The last 25 years have seen distinct changes in the
management of epidural analgesia for labour. Much
research and ensuing debate has centred on the effects
of epidural analgesia on the progress and outcome of
labour. This has resulted in the advent of low-dose
epidural analgesia (the use of low concentration local
anaesthetic solutions usually with the addition of an
opioid). Other advances include the development of
new local anaesthetic agents, various regimes for main-
taining epidural analgesia and the practice of combined
spinal–epidural analgesia [1]. The extent to which these
newer approaches are used in Irish practice is unknown.
Epidural analgesia is a popular choice for parturients with
epidural use ranging from 35–61% in the USA [2] to
24.6% in the UK [3]. In Ireland, the annual usage of
epidural analgesia is unknown; however, the combined
usage for the three tertiary referral centres in Dublin is
49.7% (60.3% for primigravidas and 39.7% for multigra-
vidas) [4–6]. The practice of obstetric analgesia has been
surveyed in various countries including Canada [7], the

USA [2], the UK [8] and the Far East (Singapore, Hong
Kong, Taiwan and Malaysia) [9] but not in Ireland. The
purpose of this survey was to obtain information regard-
ing the existing practices of the conduct and management
of obstetric epidural analgesia in Ireland. The rationale
for assessing the national practice includes assessment of
current national trends in obstetric anaesthesia, with
which both individuals and units can compare their prac-
tices; comparison with international practice and, in doing
so, identification of educational objectives in the training
of anaesthetists in the art of obstetric anaesthesia.

Methods
A mailing list of hospitals approved for training in obste-
tric anaesthesia was provided by the College of Anaes-
thetists, Royal College of Surgeons in Ireland. The
college tutor in each hospital’s department of anaesthesia
was then contacted, and asked to provide a list of both
consultants and nonconsultant hospital doctors (NCHDs)
who were regularly responsible for the delivery suite
(both during the day and on call). The final list comprised
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Practices of maintenance.

A survey of epidural analgesia for labour in the
United Kingdom

R. Burnstein,1 R. Buckland2 and J. A. Pickett1

1 Department of Anaesthesia, Addenbrooke’s NHS Trust, Hills Road, Cambridge CB2 2QQ, UK
2 Bryan Dwyer Department of Anaesthesia, St Vincent Hospital, Victoria Street, Darlinghurst 2010 NSW, Australia

Summary
A postal survey of obstetric units throughout the UK was conducted to obtain information about
the provision of epidural analgesia for labour. Ninety per cent of units offered a 24-h epidural
service and the average epidural rate was 24%. The most commonly administered epidural test
dose was 3 ml of bupivacaine 0.5% and bupivacaine 0.25% was most often used as the initial
epidural top-up. Continuous infusions of low-dose bupivacaine and opioid mixtures were the most
popular method of maintenance epidural analgesia. Twenty-four per cent of units offered
combined spinal–epidural analgesia in addition to standard epidural analgesia. Midwives played a
prominent role in the administration of epidural bolus top-ups and also in the assessment and
maintenance of continuous epidural infusions.

Keywords Anaesthesia; obstetric. Anaesthetic techniques, regional; epidural. Labour; analgesia.
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Epidural analgesia is generally regarded as the most effec-
tive form of pain relief for labour. In 1980, the United
Kingdom Government Social Services Committee
recommended that an epidural service be made available
to all women delivering in consultant obstetric units [1].
Hibbard & Scott subsequently conducted a survey of the
availability of epidural anaesthesia and analgesia in obste-
tric units in the UK for the years 1982–1986 [2]. They
demonstrated that 30.6% of obstetric units recognised by
the Royal College of Obstetricians and Gynaecologists for
training purposes had an epidural rate that was between 0
and 5%. The overall epidural rate for the 5-year survey
period was 17%. A more recent survey, undertaken by
Davies et al. during 1991 [3], found that 78% of maternity
units in the UK offered a 24-h epidural service and that the
average epidural rate was 19.7%. Davies et al. also collected
information concerning the management of epidural
analgesia during labour. They found that 3 ml of bupiva-
caine 0.5% was the most commonly used test dose.
Bupivacaine 0.5% was also used most frequently for the
initial epidural top-up. Maintenance of first stage analgesia
thereafter was usually with intermittent bolus top-ups of
bupivacaine 0.25%. Epidural analgesia using a continuous
infusion of local anaesthetic was routinely used in only

28% of units, mostly with bupivacaine 0.125%. Epidural
opioids were most commonly employed in conjunction
with local anaesthetic infusions, otherwise they were
rarely used.

More recently, combined spinal–epidural analgesia
(CSEA) and the use of low-dose bupivacaine–opioid
mixtures have been recommended to maintain greater
maternal mobility and to increase maternal satisfaction
[4, 5]. The use of patient-controlled epidural analgesia
(PCEA) has also been advocated [6]. The aim of this study
was to assess the current availability and practice of
epidural analgesia during labour in the UK.

Methods

A mailing list of obstetric units in the UK was provided by
the Royal College of Obstetricians and Gynaecologists.
The lead obstetric anaesthetist in each of the 255 identified
units was sent a questionnaire, a stamped, self-addressed
envelope and a covering letter. The questionnaire was
designed to gather information relating to the following
topics:
1 available epidural service and trends within the service,
2 methods used to site an epidural,

Anaesthesia, 1999, 54 , pages 634–640
................................................................................................................................................................................................................................................
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regularly added adrenaline to the solution. Table 4 sum-
marises the initial epidural top-up in terms of the local
anaesthetic agent used and the administration of opioid.
Adrenaline was sometimes added to the initial top-up by
one unit but was otherwise not used. The main methods

used for maintenance analgesia during the first stage are
illustrated in Table 5. Further details of maintenance analge-
sia provided by intermittent bolus top-ups (89 units) and
by continuous infusions (101 units) are given in Table 6
and Table 7, respectively. It should be noted that not all
respondents answered every part of the questionnaire.

Nine units were routinely using PCEA for maintenance
analgesia. In seven of these units (77.8%) the local anaes-
thetic agent used was bupivacaine 0.1%. One unit (11.1%)
used bupivacaine 0.125% and one unit (11.1%) varied the
concentration of bupivacaine. Eight units (88.9%) added
fentanyl to the local anaesthetic solution and only two
units (22.2%) using PCEA aimed for ‘out of bed mobility’.
A further unit stated that they used ‘midwife-controlled
epidural analgesia’ (MCEA), the local anaesthetic agent
used was bupivacaine 0.125% and alfentanil was the opioid
added to this. ‘Out of bed mobility’ was not aimed for.

R. Burnstein et al. • Epidural analgesia for labour in the UK Anaesthesia, 1999, 54, pages 634–640
................................................................................................................................................................................................................................................
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Table 2 Methods of epidural placement.

No. of units (%)

Positioning of patient
Sitting 15 (8)
Lateral 11 (6)
Both 160 (86)

Approach
Midline 126 (68)
Paramedian 0
Both 60 (32)

Loss of resistance
Saline 36 (19)
Air 5 (3)
Both 145 (78)

In line filter
Yes 177 (95)
No 9 (5)

Table 3 Epidural test dose, 186 units offering an epidural service.

17 units (9%): 169 units (91%):
No ‘traditional’ test dose ‘Traditional’ test dose

Bupivacaine 0.5%: 58 units (34.3%)
Bupivacaine 0.375%: 5 units (3.0%)
Bupivacaine 0.25%: 29 units (17.2%)
Lignocaine 2%: 16 units (9.5%)
Other: 2 units (1.2%)
Variable test dose: 59 units (34.9%)

Table 4 Initial epidural top-up.

Initial top-up No. of units (%)

Local anaesthetic agent and concentration
Bupivacaine 0.5% 9 (4.8)
Bupivacaine 0.375% 10 (5.4)
Bupivacaine 0.25% 77 (41.4)
Bupivacaine 0.125% 5 (2.7)
Bupivacaine 0.1% 33 (17.7)
Bupivacaine < 0.1% 2 (1.1)
Various 49 (26.3)
None* 1

Opioid
Yes 82 (44.1)
No 82 (44.1)
Sometimes 21 (11.3)

* One unit administered a test dose followed by a continuous
infusion.

Table 5 Main method of maintenance epidural analgesia.

Maintenance epidural analgesia No. of units (%)

Intermittent bolus 76 (40.9)
Infusion 90 (48.4)
PCEA 6 (3.2)
MCEA* 1
Intermittent bolus/infusion† 10 (5.4)
Intermittent bolus/PCEA† 2 (1.1)
Intermittent bolus/infusion/PCEA† 1

* MCEA, midwife controlled epidural analgesia.
† Epidural analgesia was maintained by these methods in equal
proportions in these units.

Table 6 Maintenance epidural analgesia: intermittent bolus
(89 units).

Intermittent bolus No. of units (%)

Local anaesthetic agent and concentration
Bupivacaine 0.375% 7 (7.9)
Bupivacaine 0.25% 39 (43.8)
Bupivacaine 0.125% 2 (2.2)
Bupivacaine 0.1% 17 (19.1)
Various 24 (27.0)

Opioid
Yes 22 (24.7)
No 53 (59.6)
Sometimes 13 (14.6)

Administration
Midwife 62 (69.7)
Anaesthetist 4 (4.5)
Both 21 (23.6)

‘Out of bed mobility’
Yes 15 (16.9)
No 72 (80.9)
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Motor block.

Wilson et al. Anaesthesia 2009; 64, 266 - 272.

More instrumental deliveries ?



Breakthrough pain.

ORIGINAL ARTICLE

Incidence and risk factors for epidural re-siting in parturients
with breakthrough pain during labour epidural analgesia:
a cohort study
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bDuke-NUS Medical School, Singapore
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eCentre for Quantitative Medicine, Duke-NUS Medical School, Singapore
fSingapore Clinical Research Institute, Singapore

ABSTRACT
Introduction: Epidural re-siting is one of the significant events during labour epidural analgesia that may result in decreased
patient satisfaction. The aim of our study was to investigate the incidence of and factors associated with epidural re-siting in par-
turients using epidural analgesia, with an emphasis on those with breakthrough pain.
Methods: A retrospective cohort study of 10170 parturients who received labour epidural analgesia. The primary outcome was the
incidence of epidural re-siting (binary data). Univariate and multivariate logistic regression analysis were performed to find asso-
ciated risk factors for re-siting.
Results: Less than 1% (0.85%, 86/10170) of the women in the study had their epidural re-sited. Amongst the subset of women with
breakthrough pain, the incidence of epidural re-siting was higher (4.7%, 68/1454). Most of the women who had their epidural re-
sited had experienced breakthrough pain (79%, 68/86). Amongst all parturients, the presence of breakthrough pain (OR=21.31),
hypotension (OR=4.18) and venous puncture (OR=2.74) were significantly associated with re-siting. Amongst the parturients with
breakthrough pain who required epidural re-siting, lower cervical dilatation (OR=0.81), higher number of episodes of break-
through pain (OR=1.83) and patchy block (OR=4.37) were significantly associated with re-siting. The areas-under-curves of
two multivariate models were 0.894 and 0.806 respectively.
Conclusion: In our institution, the incidence of epidural catheter re-siting was low in all patients. However, the majority of patients
whose catheters were re-sited had exhibited breakthrough pain. The risk factors associated with the need for re-siting of catheters
in all patients differed from those who had breakthrough pain.
! 2017 Elsevier Ltd. All rights reserved.

Keywords: Epidural; Labour; Re-siting; Pain, breakthrough

Introduction

Epidural analgesia is a common mode of labour analge-
sia that provides effective pain relief with no sedation. If
the epidural catheter is sited and epidural medications
are administered properly, it reliably provides effective
and safe analgesia. In a minority of cases, the epidural
catheter is deemed to have failed and requires re-siting.

The incidence of epidural catheter re-siting varies
widely from 1.6% to 15.4%.1–5 A large retrospective
study in 2004 by Pan et al. reported an epidural catheter
re-siting rate of 5.6%.1 Epidural catheter re-siting during
labour analgesia is considered significant, as it is an
additional invasive procedure and can be distressing
for the parturient. The repeat procedure may also
increase the risk of complications, decrease maternal
satisfaction and increase the workload of healthcare
professionals.

Several technical, anatomical and demographic fac-
tors are associated with failed epidural analgesia and
inadequate pain relief.6–12 Although the majority do
not require epidural catheter re-siting and can be
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were defined as ‘yes’ while those who had no break-
through pain at all were defined as ‘no’. Demographic,
clinical, obstetric and anaesthetic data were sum-
marised as mean with standard deviation (SD) or med-
ian (interquartile range (IQR)), whichever applicable,
for continuous variables and frequency, with corre-
sponding proportion for categorical variables based
on re-siting. Univariate and multivariate logistic
regression models were fitted, to find the association
between epidural re-siting (‘required epidural resiting’
or ‘did not require epidural resiting’) and other poten-
tial covariates. An association from the logistic regres-
sion model was characterised using odds ratios (ORs)
and corresponding 95% confidence interval (95%CI).
A separate univariate and multivariate logistic regres-
sion model was fitted to find an association between
breakthrough pain (‘yes’ or ‘no’) and other characteris-
tics related to breakthrough pain, for all parturients
and for parturients with breakthrough pain. Variables
with P-value of <0.1 in the univariate analysis were
selected for the multivariate logistic regression model.
Variables in the final model were selected using step-
wise, forward and backward selection methods. Model
performance was accessed by area-under-the-curve
(AUC) from a receiver operating characteristics
(ROC) curve based on the final multivariate models.
The significance level was set at 0.05 and all tests were
two-tailed. SAS version 9.3 software (SAS Institute,
Cary, NC) was used for the analysis.

Results

Fig. 1 shows the study flow chart. The data were col-
lected across a two-year cumulative period from 2012
to 2013, with 10171 parturients receiving neuraxial
analgesia. One parturient was excluded from analysis
because there were no data available. Out of a total
of 10170 parturients, 1454 (14.3%) parturients experi-
enced breakthrough pain during labour epidural anal-
gesia; while 8716 (85.7%) parturients had no
breakthrough pain. Among all parturients, 86 (0.85%)
had the epidural re-sited, and of these 86, 68 (79.1%)
had breakthrough pain.

Fig. 1 The flow chart of the study T
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 CURRENTOPINION Reducing breakthrough pain during labour epidural
analgesia: an update

Hon Sen Tana, Ban Leong Snga,b, and Alex Tiong Heng Siaa,b

Purpose of review
Neuraxial techniques are the current gold standard for labour analgesia, but are associated with up to
25% incidence of breakthrough pain. In this review, we aim to update clinicians on the latest research
pertaining to the optimization of neuraxial labour analgesia.

Recent findings
Attempts to improve the efficacy and reliability of epidural analgesia while minimizing adverse effects have
resulted in the rising popularity of combined spinal epidural and the dural puncture epidural (DPE).
Recent studies have focused on determining the safety, efficacy, and optimization of the DPE technique.
Another research focus is on the development of individualized therapy in which patients may titrate their
own labour analgesia according to their varying requirements, possibly augmented with computer-aided
feedback systems and automated mandatory bolus techniques that automatically adjust drug delivery to the
patients’ analgesic requirements. The addition of a risk-stratification model based on maternal, anaesthetic,
and obstetric factors will facilitate early institution of individualized therapy to forestall breakthrough pain
in higher risk patients.

Summary
Recent advances in combined spinal epidural, DPE, automated mandatory bolus, and individualized
therapies have advanced our goal of providing effective labour analgesia that is titrated to changing
analgesic requirements during labour and delivery and reducing breakthrough pain.

Keywords
breakthrough pain, epidural analgesia, labour pain, local anaesthetics

INTRODUCTION
Labour pain is considered one of the most painful
experiences a woman could endure in her lifetime.
The advances and refinement of neuraxial techni-
ques have resulted in improved analgesia, reduced
motor block, and greater control of the parturient
over her labour pain [1,2]. Despite its superior effi-
cacy over inhaled nitrous oxide, parenteral opioids,
and alternative therapies like hydrotherapy, the
reported incidence of breakthrough pain under epi-
dural analgesia is about 0.9–25%, with the wide
range, in part, because of varying definitions of
breakthrough pain [3–5]. When defined as pain or
pressure requiring unscheduled supplemental epi-
dural mediation, a recent study reported 14.3%
breakthrough pain in 10 170 patients receiving
patient-controlled epidural analgesia (PCEA) [6&].

As an update on the whole continuum of deliv-
ering effective labour analgesia and reducing break-
through pain, this review aims to help clinicians
identify parturients at risk of breakthrough pain,
propose initiation and maintenance strategies for

effective neuraxial analgesia to minimize the inci-
dence of breakthrough pain, and suggest strategies
to re-establish analgesia in the event of break-
through pain.

PRE AND INTRALABOUR FACTORS
ASSOCIATED WITH BREAKTHROUGH PAIN
Several prelabour and intrapartum factors are asso-
ciated with inadequate pain relief or breakthrough
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improves the success rate without introducing new complications is in
process.
Ottmar Kick, MD
Emmanuel Blanche, MD
Charles Pham-Dang, MD
Michel Pinaud, PhD
* Service d’Anesthésie-Réanimation Chirurgicale
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Epidural Infusion: Continuous or Bolus?
To the Editor:

The role of lumbar epidural analgesia for labor and delivery pain
relief is well established because of excellent analgesia achieved
with few side effects. There are presently two types of catheters in
use: single-orifice and multiorifice.

Logically, a multiorifice catheter should produce better sensory
blockade than a single-orifice catheter, because the injected drug
may have a better chance of spread. Segal et al. (1) and D’Angelo et
al. (2) reported that multiorifice catheters are superior to single-
orifice catheters. Furthermore, Michael et al. (3) observed that uni-
lateral and missed segments were more common when a single-
orifice catheter was used. However, Morrison and Buchanan (4) did
not observe any differences in the quality of sensory analgesia
between the two catheters. Magides et al. (5) used an epidurography
technique to study the spread of injected iohexol, a nonionic, water-
soluble, radioopaque contrast medium, in the epidural space. They
found no difference between the single- and multiorifice catheters in
the spread of the dye above and below the site of insertion. There-
fore, the efficacy of the multiorifice catheter compared with the
single-orifice catheter is still in dispute.

One of the reasons for this unpredictable efficacy of multiorifice
catheters may be the differential flow that can occur with this
catheter. In differential flow (6), the flow appears first at the prox-
imal, then middle, then the distal hole in the multiorifice catheters.
Flow is also shown largest from the proximal hole, particularly at

low injection pressures, and no flow was observed from the distal
port. Hence, the multiorifice catheter behaved as a single-orifice
catheter.

We designed an experiment to compare the area of diffusion of
the contrast agent from a multiorifice catheter under different infu-
sion modalities (Fig. 1). Methylene blue in isotonic sodium chloride
solution was delivered via a continuous infusion or intermittent
boluses. Using a 10.5-mL/h infusion, there was practically no flow
through the distal hole, whereas with 3.5-mL boluses delivered over
1 min every 20 min, the dye solution flowed through all the pores.
On placing the catheters on a white semiabsorbent paper, wider
spread of the dye was observed during a 60-min study interval (0.26
vs 1.4 in.2 for continuous infusion versus intermittent bolus) with
the multiorifice catheter compared with the single-orifice catheter.
The area of distribution was measured using the NIH.Image 1.61!
software (National Institutes of Health, Bethesda, MD).

In this experiment, we showed that intermittent bolusing of the
epidural catheter has a wider spread, which probably contributes to
the better quality of the block in the clinical setting. This hypothesis
is currently being investigated at Brigham & Women’s Hospital.
A. Murat Kaynar, MD
K. B. Shankar, MD
Department of Anesthesiology
Brigham & Women’s Hospital
Harvard Medical School
Boston, MA 02115
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Macroglossia, Deja Vu
To the Editor:

Figure 1 of the case report by Kuhnert et al. (1) depicting a patient
with postoperative macroglossia was uncomfortably familiar. I re-
cently encountered a similar macroglossia after an occipital crani-
otomy performed with the patient in the prone position. I write to
describe it because I suspect that the etiology differed from any of
the mechanisms proposed in the report by Kuhnert et al. In addi-
tion, I suspect that the increasing practice of omitting oropharyngeal
airways to reduce the hazard of macroglossia in patients who re-
quire significant neck flexion may, in fact, actually increase the risk
of that phenomenon.

My patient was a 44-yr-old man (5’11“ tall, weight 324 lb) with a
right occipital lobe arteriovenous malformation. The resection was
performed with the patient in the prone position with the head
rotated approximately 20° to the right in pin fixation. The anesthetic
technique included a size 8 oral endotracheal tube and an esopha-
geal stethoscope/temperature probe (diameter approximately
8 mm). The anesthetic and the surgical procedure were uneventful.
The patient was normotensive and normocapnic throughout. Dur-
ing the procedure, peak airway pressures were in the vicinity of 30
cm H2O, consistent with the mechanical ventilation of an obese
patient in the prone position.

Approximately 9 h after skin incision, the patient was turned to
the supine position and allowed to awaken. Swelling of facial struc-
tures, including conjunctiva, eyelids, lips, and periorbital and pre-
maxillary subcutaneous tissue, was evident. In addition, the tongue
was protruding between the teeth but immediately returned to the
oral cavity. Spontaneous ventilation ensued promptly, and the pa-
tient was extubated on the operating table. Over the ensuring 2 h,
progressive tongue swelling such that the patient’s mouth was

Figure 1. Area of diffusion of the contrast agent during continuous
and intermittent infusions.
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oral cavity. Spontaneous ventilation ensued promptly, and the pa-
tient was extubated on the operating table. Over the ensuring 2 h,
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Epidural Infusion: Continuous or Bolus?
To the Editor:

The role of lumbar epidural analgesia for labor and delivery pain
relief is well established because of excellent analgesia achieved
with few side effects. There are presently two types of catheters in
use: single-orifice and multiorifice.

Logically, a multiorifice catheter should produce better sensory
blockade than a single-orifice catheter, because the injected drug
may have a better chance of spread. Segal et al. (1) and D’Angelo et
al. (2) reported that multiorifice catheters are superior to single-
orifice catheters. Furthermore, Michael et al. (3) observed that uni-
lateral and missed segments were more common when a single-
orifice catheter was used. However, Morrison and Buchanan (4) did
not observe any differences in the quality of sensory analgesia
between the two catheters. Magides et al. (5) used an epidurography
technique to study the spread of injected iohexol, a nonionic, water-
soluble, radioopaque contrast medium, in the epidural space. They
found no difference between the single- and multiorifice catheters in
the spread of the dye above and below the site of insertion. There-
fore, the efficacy of the multiorifice catheter compared with the
single-orifice catheter is still in dispute.

One of the reasons for this unpredictable efficacy of multiorifice
catheters may be the differential flow that can occur with this
catheter. In differential flow (6), the flow appears first at the prox-
imal, then middle, then the distal hole in the multiorifice catheters.
Flow is also shown largest from the proximal hole, particularly at

low injection pressures, and no flow was observed from the distal
port. Hence, the multiorifice catheter behaved as a single-orifice
catheter.

We designed an experiment to compare the area of diffusion of
the contrast agent from a multiorifice catheter under different infu-
sion modalities (Fig. 1). Methylene blue in isotonic sodium chloride
solution was delivered via a continuous infusion or intermittent
boluses. Using a 10.5-mL/h infusion, there was practically no flow
through the distal hole, whereas with 3.5-mL boluses delivered over
1 min every 20 min, the dye solution flowed through all the pores.
On placing the catheters on a white semiabsorbent paper, wider
spread of the dye was observed during a 60-min study interval (0.26
vs 1.4 in.2 for continuous infusion versus intermittent bolus) with
the multiorifice catheter compared with the single-orifice catheter.
The area of distribution was measured using the NIH.Image 1.61!
software (National Institutes of Health, Bethesda, MD).

In this experiment, we showed that intermittent bolusing of the
epidural catheter has a wider spread, which probably contributes to
the better quality of the block in the clinical setting. This hypothesis
is currently being investigated at Brigham & Women’s Hospital.
A. Murat Kaynar, MD
K. B. Shankar, MD
Department of Anesthesiology
Brigham & Women’s Hospital
Harvard Medical School
Boston, MA 02115
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Macroglossia, Deja Vu
To the Editor:

Figure 1 of the case report by Kuhnert et al. (1) depicting a patient
with postoperative macroglossia was uncomfortably familiar. I re-
cently encountered a similar macroglossia after an occipital crani-
otomy performed with the patient in the prone position. I write to
describe it because I suspect that the etiology differed from any of
the mechanisms proposed in the report by Kuhnert et al. In addi-
tion, I suspect that the increasing practice of omitting oropharyngeal
airways to reduce the hazard of macroglossia in patients who re-
quire significant neck flexion may, in fact, actually increase the risk
of that phenomenon.

My patient was a 44-yr-old man (5’11“ tall, weight 324 lb) with a
right occipital lobe arteriovenous malformation. The resection was
performed with the patient in the prone position with the head
rotated approximately 20° to the right in pin fixation. The anesthetic
technique included a size 8 oral endotracheal tube and an esopha-
geal stethoscope/temperature probe (diameter approximately
8 mm). The anesthetic and the surgical procedure were uneventful.
The patient was normotensive and normocapnic throughout. Dur-
ing the procedure, peak airway pressures were in the vicinity of 30
cm H2O, consistent with the mechanical ventilation of an obese
patient in the prone position.

Approximately 9 h after skin incision, the patient was turned to
the supine position and allowed to awaken. Swelling of facial struc-
tures, including conjunctiva, eyelids, lips, and periorbital and pre-
maxillary subcutaneous tissue, was evident. In addition, the tongue
was protruding between the teeth but immediately returned to the
oral cavity. Spontaneous ventilation ensued promptly, and the pa-
tient was extubated on the operating table. Over the ensuring 2 h,
progressive tongue swelling such that the patient’s mouth was

Figure 1. Area of diffusion of the contrast agent during continuous
and intermittent infusions.
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Abstract
Background: Local anaesthetics are commonly delivered to the epidural space by either intermittent bolus or continuous
infusion. While these methods have been investigated in terms of analgesia and total dose administered, they have not been
compared in termsof their effect on the spread of injectatewithin the epidural space. This animal study compared the spread of
dye delivered to the epidural space in a porcine model by either bolus or infusion.
Methods: After ethical approval, epidural catheters were placed at three vertebral levels in seven anaesthetized pigs. Aqueous
dye (1 ml) was injected into the catheter as a bolus, or as an infusion over 30 min. Animals were euthanized at the end of the
study and necropsy performed immediately to quantify the extent of dye spread.
Results: In seven animals, 20 catheters were successfully placed in the epidural space. Themean () extent of dye spread was
8.9 (2.6) cm in the infusion group compared with 15.2 (2.7) cm in the bolus group (P<0.001). Segmental spread was significantly
greater in the bolus group compared with the infusion group (P<0.01).
Conclusions: In the porcine epidural model, spread of one ml of epidural dye solution is more extensive after a single bolus
compared with short term infusion.

Key words: analgesia, epidural; anesthesia, epidural; epidural space; injections, epidural

Editor’s key points

• The effects of delivery of local anaesthetics through epi-
dural catheters by bolus or infusion techniques on epidural
spread, were compared in an anaesthetized pig model.

• Bolus injection of dye led to greater rostrocaudal extent of
circumferential spread compared with infusion of the
same volume.

• These findings are consistent with greater efficacy and
lower dose requirements for bolus epidural injections of
local anaesthetics.

Epidural anaesthesia and analgesia, first described in 1921, are
commonly used techniques in themanagement of pain.1 Despite
a long history of safety and efficacy, spread of injected local
anaesthetics is difficult to predict,2 and is influenced by several
factors3 including dose4 and volume5–7 of the injectate. The
extent of epidural local anaesthetic spread has been shown to
correlate to the level of sensory blockade obtained.8 However,
inadequate analgesia remains an important problem.9 10 Local
anaesthetic agents can be delivered to the epidural space by ei-
ther an intermittent bolus, or as an infusion.11 These methods
have been investigated in terms of effect on analgesia and total
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unequal distribution of dye. This study did not yield sufficient
data to determine whether this spread pattern was more com-
mon in bolus or infusion protocols, but it was seen in both.

Discussion
Delivery of a fixed volume of dye to the epidural space by single
bolus produced a greater longitudinal extent of circumferential
spread, compared with delivery of the same volume via an infu-
sion in a porcine model. Cephalad and caudad spread of dye was
more extensive after bolus administration compared with an in-
fusion protocol.

The porcinemodel was chosen because of its close anatomic-
al similarity to the human spine.12 13 Epidural placement in pigs
is comparable with that used in human clinical practice.18 We

used an animalmodel to negate the risk of potential neurological
injury posed to humans by a study of this type and to allow full
necroscopic examination. Additionally, we used anaesthetised
animals to ensure compliance with local and national animal
care guidelines, and to provide optimal conditions for epidural
placement. Necroscopy examination of the spinal cord was cho-
sen because it provides a robust assessment of the spinal cord,
spinal nerves and extent of dye spread, and has been previously
validated in this animal model.7 19

Access to the epidural space was easily achieved in all ani-
mals on first attempt. No significant difficulty was experienced
in advancing the epidural catheter and other manoeuvres to as-
sist catheter advancement were not required.19 Unlike Gamble
and colleagues,19 we did not experience difficulty advancing
the catheter when it was just beyond the tip of the epidural nee-
dle. The dye used in this study is commonly used in our anatomy
laboratory for tissue marking, is easily injected through an epi-
dural catheter, does not distort tissue or crystallize, and can be vi-
sualized easily. Hogan reported that dye spread in the epidural
space does not occur as a universal front, but rather as rivulets
through numerous small channels,20 and that solution preferen-
tially travels along the nerve root sheath.20 Our findings support
these observations in that themargins delineating dye spread did
not appear uniform and were irregular akin to rivulets. Like
Hogan, we also found that dye spread occurred along natural tis-
sue planes in a non-uniformmanner. The patternwe observed of
circumferential spread extending as patchy, non-circumferential
spread could explain the asymmetric difference in dermatomal
sensory block, sometimes seen when assessing epidural anaes-
thesia on each side of the body.

The applicability of our results to humans is limited by the ob-
vious anatomical differences between pigs and humans. Of rele-
vance in this study is the smaller volume of the porcine spinal
canal.12 This, and the specific fluid properties of the dye, could
explain why a spread of 15 cm was achievable with only one
ml, or approximately 0.02ml kg−1, of dye injected. Other anatom-
ical differences that have been described include the greater thor-
acic and lumbar curvatures seen in humans.12 Thus extent of dye
spread in our model might not reflect spread in humans, but
basic principles might still be relevant. The increase in spread
seen in the bolus protocol could result from the greater injection
pressures with this delivery method.

Limitations in our study included the following. The place-
ment of multiple catheters in each pig meant we could not
control for potential effects of one injection on the spread of
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Fig 2 Scatter plot of injection pressures against longitudinal extent of
circumferential dye spread. Infusion group in blue. Bolus group in green.
Different spinal levels of epidural catheter placement are mid-thoracic
(triangles), low- thoracic (crosses) and lumbar (squares).

Table 3 Respiratory and epidural physiological data for infusion and bolus groups. PAwP, Pulmonary Artery wedge Pressure

Infusion group (n=10) Bolus group (n=10) Mann-Whitney P (two-tailed)
Median (IQR) Median (IQR) U-test value

PAwP start cm H20 32 (22–40) 28 (27–40) 48.0 0.878
PAwP finish cm H20 33 (27–40) 28 (27–40) 48.0 0.878
SpO2

start (%) 99 (97–99) 98 (98–99) 49.0 0.934
SpO2

finish (%) 98 (97–99) 99 (98–99) 36.0 0.255
Et CO2 start (%) 5.0 (3.7–6.3) 5.2 (3.7–6.3) 42.5 0.567
Et CO2 finish (%) 5.0 (3.6–5.8) 5.2 (4.8–5.8) 46.5 0.786
Thoracic Epidural Pressure start (mm Hg) 17 (16–20) 18 (12–20) 47.5 0.849
Thoracic Epidural Pressure finish (mm Hg) 17 (17–20) 17.5 (10–20) 48.0 0.877
Lumbar Epidural Pressures start (mm Hg) 15 (14–16) 14.5 (10–16) 41.5 0.877
Lumbar Epidural pressures finish (mm Hg) 15 (14–16) 14 (9–16) 43.0 0.512
Minute Ventilation (litre min−1) 12.9 (8.4–17.5) 12 (8.4–17.5) 45.5 0.731
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another. However, the benefit of this method included limiting
the number of pigs required and ensuring similar physiological
parameters, such as epidural pressure, between groups. The
expenses of studying each pigwere significant enough towarrant
placing three epidural catheters per animal. It is likely that some
dye spread continued at the end of each injection, possibly up
until the completion of necropsy. There was no evidence of con-
tinued spread after the epidural spacewas exposed. In real terms
this reflects clinical practice as the establishment of maximum
block height after epidural injection is seen some time later.
While we compared the injection pressure of manual hand bo-
lused dye with infused dye, we did not include boluses adminis-
tered by infusion pump. As bolus injection rates via mechanical
pumps are generally slower and injection pressures generally
lower than manual boluses, we believe the spread of dye would
likely be somewhere in between our two groups.

In conclusion, delivery of dye by bolus injection in a porcine
model provided greater spreadwithin the epidural space than de-
livery by infusion. In clinical terms, this supports the greater effi-
cacy and lower drug requirement offered by a bolus protocol.11 It
is reasonable to assume that patients receiving epidural anal-
gesia but who are experiencing pain because of narrow bands
of analgesia, might benefit from an additional bolus dose of
local anaesthetic rather than an increase in infusion rate alone.
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ABSTRACT
Background The administration of epidural anesthesia 
during labor is a common technique used to reduce 
the pain of childbirth. We sought to compare standard 
infusion strategies of continuous epidural infusions 
(CEI) with programmed intermittent epidural bolus 
(PIEB) to assess the length of spread in terms of 
vertebral body length. Based on previous clinical data 
in humans, the PIEB was associated with improved pain 
control and decreased total dose of local anesthetic. 
We hypothesized that the PIEB was associated with 
increased spread when compared with CEI.
Methods Thirty female Yorkshire- cross swine cadavers 
were used to compare three infusion strategies, 
continuous infusion (CEI) 10 mL/hour programmed 
continuously, multiple bolus (MB) 2 mL given every 
12 min for 10 mL total and 10 mL delivered in a single 
bolus (SB). Radiographs were used to identify the 
spread of the radiopaque contrast dye, and a number 
of vertebral bodies covered were measured to assess 
spread.
Results Overall, the CEI had an average spread of 5.6 
levels, MB 7.9 and SB 10.4. The differences between SB 
and MB (p=0.011), SB and CEI (p<0.001) and MB and 
CEI (p=0.028) were all found to be significant.
Conclusions We demonstrated increased spread of 
epidural contrast with programmed intermittent bolus 
strategies. This supports previous evidence of improved 
patient outcomes with PIEB strategy compared with 
CEI, and encourages the use of PIEB in the appropriate 
patient population.

INTRODUCTION
Neuraxial technique for labor analgesia was first 
described by Kreis.1 Neuraxial anesthesia is excep-
tionally common in laboring patients in the USA, 
with greater than 60% of parturients receiving 
some form neuraxial technique during the labor 
process.2 Patients who request labor epidural anes-
thesia will have a catheter placed in the epidural 
space, into which local anesthetic (usually with 
opioid) can be deposited. Typically the patients 
receive the epidural solution via a combination of 
the following strategies, continuous epidural infu-
sions (CEI), patient- controlled epidural analgesia 
(PCEA) boluses and provider administered boluses.

An alternative dosing strategy has been devel-
oped that delivers local anesthetic as a programmed 
intermittent epidural bolus (PIEB) instead of a 
continuous infusion. Recent literature has demon-
strated improved outcomes with the use of a PIEB 

strategy compared with a CEI.3–7 Specifically, the 
PIEB strategy results in lower local anesthetic use, 
decreased motor blockade and decreased need for 
provider intervention. There are several proposed 
mechanisms for improved outcomes with PIEB of 
CEI. These include large volume spread that covers 
the irregular shape of the epidural space, spinal 
segment coverage and distal orifice utilization of 
the epidural catheter.8–10

Radiopaque contrast dye has previously been used 
to investigate the epidural space.11–13 These studies 
have interestingly demonstrated non- uniformity 
of spread within the space, both from circumfer-
ential and longitudinal segment standpoints.13 The 
use of radiopaque contrast dye in laboring patients 
is challenging due to the risk of ionizing radiation 
to the fetus. Several animal models have been used 
to investigate the spread in the epidural space.14–18 
Recently, the porcine epidural space has been used 
for the investigations into epidural spread with 
bolus versus infusion.19

Due to the similarities between the human and 
porcine epidural space,20 21 and its recent use for 
determining infusion strategies, the porcine spine 
appears to be ideal for assessing the spread of liquid 
in the epidural space. The primary objective was 
to determine if the bolus strategy would impact 
the spread of contrast. We hypothesized that a 
programmed bolus strategy would result in greater 
vertebral segment spread when compared with a 
continuous infusion.

METHODS
Naval Medical Center Portsmouth (NMCP) is 
accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care Interna-
tional (AAALAC) and adheres to the principles of the 
Guide for the Care and Use of Laboratory Animals. 
All animal research is conducted in compliance with 
federal animal welfare laws and regulations relating 
to the use of animals at NMCP. Thirty female, 7 
month old, Yorkshire- cross swine cadavers were 
used. Epidural procedures were performed within 
2 hours of euthanasia by barbiturate overdose with 
a sodium pentobarbital solution at 1 mL/10 lbs of 
390 mg pentobarbital sodium per 100 mL, Euthasol 
solution (Virbac) via intravenous injection under a 
surgical plane of anesthesia.
Experimentation
Euthanized animals were placed in the prone 

position to facilitate access to the lumbar epidural 
space. For insertion of the epidural catheter at level 
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ABSTRACT
Background The administration of epidural anesthesia 
during labor is a common technique used to reduce 
the pain of childbirth. We sought to compare standard 
infusion strategies of continuous epidural infusions 
(CEI) with programmed intermittent epidural bolus 
(PIEB) to assess the length of spread in terms of 
vertebral body length. Based on previous clinical data 
in humans, the PIEB was associated with improved pain 
control and decreased total dose of local anesthetic. 
We hypothesized that the PIEB was associated with 
increased spread when compared with CEI.
Methods Thirty female Yorkshire- cross swine cadavers 
were used to compare three infusion strategies, 
continuous infusion (CEI) 10 mL/hour programmed 
continuously, multiple bolus (MB) 2 mL given every 
12 min for 10 mL total and 10 mL delivered in a single 
bolus (SB). Radiographs were used to identify the 
spread of the radiopaque contrast dye, and a number 
of vertebral bodies covered were measured to assess 
spread.
Results Overall, the CEI had an average spread of 5.6 
levels, MB 7.9 and SB 10.4. The differences between SB 
and MB (p=0.011), SB and CEI (p<0.001) and MB and 
CEI (p=0.028) were all found to be significant.
Conclusions We demonstrated increased spread of 
epidural contrast with programmed intermittent bolus 
strategies. This supports previous evidence of improved 
patient outcomes with PIEB strategy compared with 
CEI, and encourages the use of PIEB in the appropriate 
patient population.

INTRODUCTION
Neuraxial technique for labor analgesia was first 
described by Kreis.1 Neuraxial anesthesia is excep-
tionally common in laboring patients in the USA, 
with greater than 60% of parturients receiving 
some form neuraxial technique during the labor 
process.2 Patients who request labor epidural anes-
thesia will have a catheter placed in the epidural 
space, into which local anesthetic (usually with 
opioid) can be deposited. Typically the patients 
receive the epidural solution via a combination of 
the following strategies, continuous epidural infu-
sions (CEI), patient- controlled epidural analgesia 
(PCEA) boluses and provider administered boluses.

An alternative dosing strategy has been devel-
oped that delivers local anesthetic as a programmed 
intermittent epidural bolus (PIEB) instead of a 
continuous infusion. Recent literature has demon-
strated improved outcomes with the use of a PIEB 

strategy compared with a CEI.3–7 Specifically, the 
PIEB strategy results in lower local anesthetic use, 
decreased motor blockade and decreased need for 
provider intervention. There are several proposed 
mechanisms for improved outcomes with PIEB of 
CEI. These include large volume spread that covers 
the irregular shape of the epidural space, spinal 
segment coverage and distal orifice utilization of 
the epidural catheter.8–10

Radiopaque contrast dye has previously been used 
to investigate the epidural space.11–13 These studies 
have interestingly demonstrated non- uniformity 
of spread within the space, both from circumfer-
ential and longitudinal segment standpoints.13 The 
use of radiopaque contrast dye in laboring patients 
is challenging due to the risk of ionizing radiation 
to the fetus. Several animal models have been used 
to investigate the spread in the epidural space.14–18 
Recently, the porcine epidural space has been used 
for the investigations into epidural spread with 
bolus versus infusion.19

Due to the similarities between the human and 
porcine epidural space,20 21 and its recent use for 
determining infusion strategies, the porcine spine 
appears to be ideal for assessing the spread of liquid 
in the epidural space. The primary objective was 
to determine if the bolus strategy would impact 
the spread of contrast. We hypothesized that a 
programmed bolus strategy would result in greater 
vertebral segment spread when compared with a 
continuous infusion.

METHODS
Naval Medical Center Portsmouth (NMCP) is 
accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care Interna-
tional (AAALAC) and adheres to the principles of the 
Guide for the Care and Use of Laboratory Animals. 
All animal research is conducted in compliance with 
federal animal welfare laws and regulations relating 
to the use of animals at NMCP. Thirty female, 7 
month old, Yorkshire- cross swine cadavers were 
used. Epidural procedures were performed within 
2 hours of euthanasia by barbiturate overdose with 
a sodium pentobarbital solution at 1 mL/10 lbs of 
390 mg pentobarbital sodium per 100 mL, Euthasol 
solution (Virbac) via intravenous injection under a 
surgical plane of anesthesia.
Experimentation
Euthanized animals were placed in the prone 

position to facilitate access to the lumbar epidural 
space. For insertion of the epidural catheter at level 
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Figure 1 Epidural contrast spread versus volume of contrast infused.

Table 1 Epidural contrast spread
Volume of contrast CEI MB SB P value

CEI versus MB
  2 mL 1.9 3.15 – <0.001
  4 mL 3.05 4.7 – 0.011
  6 mL 4.05 5.7 – 0.034
  8 mL 4.75 6.9 – 0.017
  10 mL 5.6 7.9 – 0.028
MB versus SB
  10 mL – 7.9 10.4 0.011
CEI versus SB
  10 mL 5.6 – 10.4 <0.001

Epidural contrast spread measured in cumulative cephalad spinal level spread from 
catheter insertion site.
CEI, continuous epidural infusion; MB, multiple bolus; SB, single bolus.

of L6/S1, injection landmarks were identified by palpating the 
spine. A 17 gauge, 90 mm Tuohy needle (Braun Medical, Beth-
lehem, Pennsylvania, USA) was used to access the space with a 
loss of resistance technique. After accessing the space, 3 mL of 
saline was injected to maintain consistency across subjects.

A 20 gauge Perifix catheter (Braun Medical) was inserted 5 cm 
into the epidural space and secured to the cadaver. A CADD- Solis 
Epidural Infusion pump (Smiths Medical, St Paul, Minnesota, 
USA) was attached to the catheter. The pump was programmed 
to infuse Iohexol (Omnipaque 240, GE Healthcare, Marlbor-
ough, Massachusetts, USA). The pump delivers bolus flow rates 
of 250 mL/hour, as reported by the manufacturer. Three separate 
infusion strategies were used, the multiple bolus (MB), single 
bolus (SB) and CEI. The MB consisted of five 2 mL boluses given 
at 12 min intervals, the SB was a one- time 10 mL bolus, and the 
CEI was 10 mL delivered over an hour, for an infusion rate of 
10 mL/hour. In the MB group, lateral radiographs were taken 
30 s after completion of the pump delivery of each bolus. In the 
SB group, a single lateral radiograph was taken 1 hour following 
the SB. In the CEI group, radiographs were taken at 12 min inter-
vals following the initiation of the infusion. Longitudinal spread 
was measured by distance traveled in number of vertebral bodies 
as identified on these radiographic images. Porcine models were 
assigned to an infusion strategy group sequentially, with the first 
model assigned to the MB group, the second was assigned to the 
SB group and the third assigned to the CEI group. This pattern 
was repeated until 10 animals in each group were assigned and 
their respective protocols completed.
Statistics
Data were entered into and analyzed with data analysis tools 

in Microsoft Excel, (Microsoft, Seattle, Washington, USA). 
Normal distribution was tested using the Shapiro- Wilk test of 
normality, and normally distributed data are presented as mean 
values. Comparisons of data collected were performed using a 
Welsch’s t- test. The level of significance was set at p<0.05.

RESULTS
Thirty specimens were obtained and studied between January 
2018 and February 2019, with 10 subjects assigned to each 
group (CEI, MB and SB). All cadavers had placement of 
epidural catheters confirmed by plain- film radiography prior 
to initiating contrast infusions and all cadavers underwent 
their assigned intervention without deviation from the assigned 
protocol.

Regression analysis was performed on the serial measurements 
taken in the CEI and MB groups. The CEI group was found 
to have a regression coefficient of 0.455 vertebral levels/mL 
contrast (r2=0.991, p<0.001) while the MB group had a regres-
sion coefficient of 0.585 vertebral levels/mL contrast (r2=0.996, 
p<0.001). These findings are summarized in figure 1. At every 
contrast dosing interval, the MB group was found to have a 
significantly larger spread of contrast solution than the CEI 
group. In the final measurement, following infusion of 10 mL 
of contrast, the SB group was found to have significantly more 
epidural spread than the MB group (10.4 vertebral levels vs 7.9, 
p=0.011), and the SB had significantly greater spread than the 
CEI group (10.4 vs 5.6, p<0.001). Likewise, the MB group was 
found to have significantly more spread than the CEI group 
following infusion of the complete 10 mL of contrast (7.9 verte-
bral levels vs 5.6, p=0.028). These findings are summarized 
in table 1. Representatitve radiographic images of individual 
cadavers within the CEI and MB groups are provided in figure 2 
and figure 3 respectively.

DISCUSSION
Bolus method infusion strategies result in an increased vertebral 
body spread compared with a continuous infusion strategy in 
a cadaveric porcine epidural model. Though difficult to quan-
tify, there were similar qualitative differences in the uniformity 
of contrast spread in the epidural space with an SB compared 
with MBs and a continuous infusion, suggesting more adequate 
coverage in the epidural space.

Because it was successfully used in the previous studies,19 and 
due to its close anatomic similarities to the human spine,20 21 the 
porcine model was chosen. This also ensured that, for access to 
the space, a technique similar to that used on humans could be 
used. Additionally, we elected to use a cadaveric model based 
on the previous human and animal studies.22–24 We also felt the 
use of cadavers from other studies was congruent with animal 
care practices that reduce the total number of animals used in 
research. We anticipated that the absence of vascular perfusion 
would have minimal impact on the study. The primary differ-
ences between the infusion strategies in this study are the pres-
sures generated within the epidural space as identical volumes of 
contrast solution were infused regardless of study group assign-
ment. Especially when comparing the SB to the CEI groups, 
vascular distribution would intuitively lead to a decreased 
spread in the CEI group. This effectively avascular model of 
the epidural space controlled for this uptake and still showed 
a marked decrease in spread in the CEI group compared with 
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Figure 2 Epidural spread of contrast with continuous infusion of 
10 mL/hour.

Figure 3 Epidural spread of contrast with serial 2 mL injections.

any of the other infusion strategies. Similar to the experiences 
of Mowat et al,19 we did not encounter difficulty accessing the 
epidural space and found advancement of the catheter very easy, 
unlike a previous study by Gamble et al25

Previous human studies comparing PCEA and CEI have 
demonstrated benefit in terms of decreased motor blockade, 
decreased provider administered doses, decreased total local 
anesthetic dose, improved maternal satisfaction and decreased 
rate of operative delivery.3 6 7 26 Due to the preferential blockade 
of sensory neurons compared with motor neurons, larger 
amounts of local anesthetic deposited adjacent to the epidural 
catheter may result in significant motor blockade. Pain in the first 
stage of labor is thought to arise from T10 to L1 spinal nerves, 
while second stage labor pain is thought to arise from S2 to S4.27 
Because of this, greater longitudinal spread is favorable to cover 
between T10 and S4, compared with a more dense blockade in 
the lumbar segments. The greater longitudinal spread seen with 
the SB compared with either the MB or CEI is consistent with 
the clinical findings from the previous studies investigating the 
differences between PIEB and CEI.5 7

In contrast to previous studies,19 this study examined phys-
iology relevant doses of an indicator solution administered to 
the porcine epidural space in situ. The infusion of 10 mL of indi-
cator solution allows for a greater assessment of the effect of 
these infusion strategies on the volumes and rates of infusion of 
epidural solutions that are commonly used in clinical practice.

Our study has identified several limitations. Among them are 
the use of an animal cadaveric model, increased viscosity of the 

contrast dye and lack of clinical findings correlating with the 
spread of the dye. Despite these limitations, the findings of this 
study demonstrate a significant difference in epidural spread 
based on infusion strategy alone. The viscosity of the infused 
solution was uniform throughout the various infusion groups, 
so while it may demonstrate a difference when compared with 
saline or local anesthetic, the overall outcome comparing infu-
sion strategies is unlikely to be impacted. Similarly, the cadaveric 
model used in this study cannot replicate the local anesthetic 
uptake and distribution seen in a living model (because there 
is no vascular flow). However, the findings in this study are 
consistent with clinical response in previous human studies when 
comparing similar infusion strategies.

In conclusion, an SB resulted in greater epidural spread when 
compared with either multiple smaller boluses or a contin-
uous infusion. This is consistent with previous investigations 
comparing PIEB and CEI. While this alone should not determine 
the infusion strategy for a patient with an epidural, it supports 
the use of a PIEB strategy, particularly in patients with inade-
quate spread.
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FIGURE 24 –8. Vertebral column with spinal nerves.

 ■ The Spinal Canal
General
The vertebrae serve primarily to support the weight of the head, 
neck, and trunk; transfer that weight to the lower limbs; and 
protect the contents of the spinal canal, including the spinal 
cord. An extension of the medulla oblongata, the spinal cord 
serves as the conduit between the CNS and the peripheral 
nerves via 31 pairs of spinal nerves (8 cervical, 12 thoracic, 5 
lumbar, 5 sacral, and 1 coccygeal) (Figure 24–8). The adult 
cord measures approximately 45 cm or 18 inches and has two 
regions of enlarged diameter at C2–T2 and at T9–L2, areas 
that correspond with the origin of the nerve supplies to the 
upper and lower extremities. However, its level of termination 
varies with age, as well as among individuals of similar age 

groups. As a result of a discrepancy in the pace of growth of the 
spinal cord and vertebral column during development, the 
spinal cord at birth ends at approximately L3. By 6–12 months 
of age, the level of termination parallels that of adults, most 
commonly at L1. Below the conus medullaris, the long dorsal 
and ventral roots of all the spinal nerves below L1 form a 
bundle known as the cauda equina, or horse’s tail. A collection 
of strands of neuron-free fibrous tissue enveloped in pia mater 
comprises the filum terminale and extends from the inferior tip 
of the conus medullaris to the second or third sacral vertebra.

Spinal Nerves
Spinal nerves are classified as mixed nerves because they contain 
both a sensory and a motor component and, in many cases, 
autonomic fibers. Each nerve forms from the fusion of dorsal 
(sensory) and ventral (somatic and visceral motor) nerve roots 
as they exit the vertebral canal distal to the dorsal root ganglia, 
which contain the cell bodies of sensory neurons on either side 
of the spinal cord and lie between the pedicles of adjacent ver-
tebrae. In general, dorsal roots are larger and more easily 
blocked than ventral roots, a phenomenon that may be 
explained in part by the larger surface area for exposure to LAs 
provided by the bundled dorsal roots.

At the cervical level, the first pair of spinal nerves exits 
between the skull and C1. Subsequent cervical nerves con-
tinue to exit above the corresponding vertebra, assuming the 
name of the vertebra immediately following them. However, 
a transition occurs between the seventh cervical and first tho-
racic vertebrae, where an eighth pair of cervical nerves exits; 
thereafter, the spinal nerves exit below the corresponding 
vertebra and take the name of the vertebra immediately above. 
The spinal nerves divide into the anterior and posterior pri-
mary rami soon after they exit the intervertebral foramina. 
The anterior (ventral) rami supply the ventrolateral side of the 
trunk, structures of the body wall, and the limbs. The poste-
rior (dorsal) primary rami innervate specific regions of the 
skin that resemble horizontal bands extending from the origin 
of each pair of spinal nerves, called dermatomes, and the 
muscles of the back. Clinically, knowledge of dermatomes is 
essential when planning anesthetics to specific cutaneous 
regions (Figure 24–9), although anesthesia may not be con-
ferred reliably to the underlying viscera due to a separate 
innervation, and there is significant overlap in spinal nerve 
innervation of adjacent dermatomes (Table 24–18).

An intricate relationship exists between the spinal nerves and 
the autonomic nervous system (Figure 24–10). Preganglionic 
sympathetic nerve fibers originate in the spinal cord from T1 to 
L2 and are blocked to varying degrees during epidural anesthe-
sia. They exit the spinal cord with spinal nerves and form the 
sympathetic chain, which extends the entire length of the spinal 
column on the anterolateral aspects of the vertebral bodies. The 
chain gives rise to the stellate ganglion, splanchnic nerves, and 
the celiac plexus, among other things. There are potential ben-
efits and marked drawbacks to epidural blockade of the sympa-
thetic nervous system. TEA appears to increase GI mobility by 
blocking the sympathetic supply to the inferior mesenteric 
ganglia, thereby reducing the incidence of postoperative ileus. 
Epidural anesthesia may also block the systemic stress response 
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CHAPTER 24

INTRODUCTION
Clinical indications for epidural anesthesia and analgesia have 
expanded significantly over the past several decades. Epidural 
analgesia is often used to supplement general anesthesia (GA) 
for surgical procedures in patients of all ages with moderate-to-
severe comorbid disease; provide analgesia in the intraoperative, 
postoperative, peripartum, and end-of-life settings; and can be 
used as the primary anesthetic for surgeries from the mediasti-
num to the lower extremities. In addition, epidural techniques 
are used increasingly for diagnostic procedures, acute pain 
therapy, and management of chronic pain. Epidural blockade 
may also reduce the surgical stress response, the risk of cancer 
recurrence, the incidence of perioperative thromboembolic 
events, and, possibly, the morbidity and mortality associated 
with major surgery.

This chapter covers the essentials of epidural anesthesia and 
analgesia. After a brief history of the transformation from sin-
gle-shot to continuous epidural catheter techniques, it reviews 
(1) indications for and contraindications to epidural blockade; 
(2) basic anatomic considerations for epidural placement; (3) 
physiologic effects of epidural blockade; (4) pharmacology of 
drugs used for epidural anesthesia and analgesia; (5) techniques 
for successful epidural placement; and (6) major and minor 
complications associated with epidural blockade. This chapter 
also addresses several areas of controversy concerning epidural 
techniques. These include controversies about epidural space 

anatomy, the traditional epinephrine test dose, methods used to 
identify the epidural space, and whether particular clinical out-
comes may be improved with epidural techniques when com-
pared to GA. More detailed information about local anesthetics 
(LAs), the mechanism of neuraxial blockade, the combined 
spinal-epidural (CSE) technique, obstetric anesthesia, and 
complications of central neuraxial blockade is provided else-
where in this textbook.

BRIEF HISTORY
The neurologist J. Leonard Corning proposed injecting an anes-
thetic solution into the epidural space in the 1880s, but devoted 
his research primarily to subarachnoid blocks. Despite coining 
the term spinal anesthesia, he may unknowingly have been inves-
tigating the epidural space. The French physicians Jean Sicard 
and Fernand Cathelin are credited with the first intentional 
administration of epidural anesthesia. At the turn of the 20th 
century, they independently introduced single-shot caudal blocks 
with cocaine for neurologic and genitourinary procedures, respec-
tively.1 Nineteen years later, the Spanish surgeon Fidel Pagés 
Miravé described a single-shot thoracolumbar approach to “peri-
dural” anesthesia, identifying the epidural space through subtle 
tactile distinctions in the ligaments.2 Within a decade and seem-
ingly without the knowledge of Pagés’s work, the Italian surgeon 
Achille Dogliotti popularized a reproducible loss-of-resistance 
(LOR) technique to identify the epidural space.3 Contemporane-
ously, the Argentine surgeon Alberto Gutiérrez described the 
“sign of the drop” for identification of the epidural space.
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Figure 1 Epidural contrast spread versus volume of contrast infused.

Table 1 Epidural contrast spread
Volume of contrast CEI MB SB P value

CEI versus MB
  2 mL 1.9 3.15 – <0.001
  4 mL 3.05 4.7 – 0.011
  6 mL 4.05 5.7 – 0.034
  8 mL 4.75 6.9 – 0.017
  10 mL 5.6 7.9 – 0.028
MB versus SB
  10 mL – 7.9 10.4 0.011
CEI versus SB
  10 mL 5.6 – 10.4 <0.001

Epidural contrast spread measured in cumulative cephalad spinal level spread from 
catheter insertion site.
CEI, continuous epidural infusion; MB, multiple bolus; SB, single bolus.

of L6/S1, injection landmarks were identified by palpating the 
spine. A 17 gauge, 90 mm Tuohy needle (Braun Medical, Beth-
lehem, Pennsylvania, USA) was used to access the space with a 
loss of resistance technique. After accessing the space, 3 mL of 
saline was injected to maintain consistency across subjects.

A 20 gauge Perifix catheter (Braun Medical) was inserted 5 cm 
into the epidural space and secured to the cadaver. A CADD- Solis 
Epidural Infusion pump (Smiths Medical, St Paul, Minnesota, 
USA) was attached to the catheter. The pump was programmed 
to infuse Iohexol (Omnipaque 240, GE Healthcare, Marlbor-
ough, Massachusetts, USA). The pump delivers bolus flow rates 
of 250 mL/hour, as reported by the manufacturer. Three separate 
infusion strategies were used, the multiple bolus (MB), single 
bolus (SB) and CEI. The MB consisted of five 2 mL boluses given 
at 12 min intervals, the SB was a one- time 10 mL bolus, and the 
CEI was 10 mL delivered over an hour, for an infusion rate of 
10 mL/hour. In the MB group, lateral radiographs were taken 
30 s after completion of the pump delivery of each bolus. In the 
SB group, a single lateral radiograph was taken 1 hour following 
the SB. In the CEI group, radiographs were taken at 12 min inter-
vals following the initiation of the infusion. Longitudinal spread 
was measured by distance traveled in number of vertebral bodies 
as identified on these radiographic images. Porcine models were 
assigned to an infusion strategy group sequentially, with the first 
model assigned to the MB group, the second was assigned to the 
SB group and the third assigned to the CEI group. This pattern 
was repeated until 10 animals in each group were assigned and 
their respective protocols completed.
Statistics
Data were entered into and analyzed with data analysis tools 

in Microsoft Excel, (Microsoft, Seattle, Washington, USA). 
Normal distribution was tested using the Shapiro- Wilk test of 
normality, and normally distributed data are presented as mean 
values. Comparisons of data collected were performed using a 
Welsch’s t- test. The level of significance was set at p<0.05.

RESULTS
Thirty specimens were obtained and studied between January 
2018 and February 2019, with 10 subjects assigned to each 
group (CEI, MB and SB). All cadavers had placement of 
epidural catheters confirmed by plain- film radiography prior 
to initiating contrast infusions and all cadavers underwent 
their assigned intervention without deviation from the assigned 
protocol.

Regression analysis was performed on the serial measurements 
taken in the CEI and MB groups. The CEI group was found 
to have a regression coefficient of 0.455 vertebral levels/mL 
contrast (r2=0.991, p<0.001) while the MB group had a regres-
sion coefficient of 0.585 vertebral levels/mL contrast (r2=0.996, 
p<0.001). These findings are summarized in figure 1. At every 
contrast dosing interval, the MB group was found to have a 
significantly larger spread of contrast solution than the CEI 
group. In the final measurement, following infusion of 10 mL 
of contrast, the SB group was found to have significantly more 
epidural spread than the MB group (10.4 vertebral levels vs 7.9, 
p=0.011), and the SB had significantly greater spread than the 
CEI group (10.4 vs 5.6, p<0.001). Likewise, the MB group was 
found to have significantly more spread than the CEI group 
following infusion of the complete 10 mL of contrast (7.9 verte-
bral levels vs 5.6, p=0.028). These findings are summarized 
in table 1. Representatitve radiographic images of individual 
cadavers within the CEI and MB groups are provided in figure 2 
and figure 3 respectively.

DISCUSSION
Bolus method infusion strategies result in an increased vertebral 
body spread compared with a continuous infusion strategy in 
a cadaveric porcine epidural model. Though difficult to quan-
tify, there were similar qualitative differences in the uniformity 
of contrast spread in the epidural space with an SB compared 
with MBs and a continuous infusion, suggesting more adequate 
coverage in the epidural space.

Because it was successfully used in the previous studies,19 and 
due to its close anatomic similarities to the human spine,20 21 the 
porcine model was chosen. This also ensured that, for access to 
the space, a technique similar to that used on humans could be 
used. Additionally, we elected to use a cadaveric model based 
on the previous human and animal studies.22–24 We also felt the 
use of cadavers from other studies was congruent with animal 
care practices that reduce the total number of animals used in 
research. We anticipated that the absence of vascular perfusion 
would have minimal impact on the study. The primary differ-
ences between the infusion strategies in this study are the pres-
sures generated within the epidural space as identical volumes of 
contrast solution were infused regardless of study group assign-
ment. Especially when comparing the SB to the CEI groups, 
vascular distribution would intuitively lead to a decreased 
spread in the CEI group. This effectively avascular model of 
the epidural space controlled for this uptake and still showed 
a marked decrease in spread in the CEI group compared with 
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Figure 1 Epidural contrast spread versus volume of contrast infused.

Table 1 Epidural contrast spread
Volume of contrast CEI MB SB P value

CEI versus MB
  2 mL 1.9 3.15 – <0.001
  4 mL 3.05 4.7 – 0.011
  6 mL 4.05 5.7 – 0.034
  8 mL 4.75 6.9 – 0.017
  10 mL 5.6 7.9 – 0.028
MB versus SB
  10 mL – 7.9 10.4 0.011
CEI versus SB
  10 mL 5.6 – 10.4 <0.001

Epidural contrast spread measured in cumulative cephalad spinal level spread from 
catheter insertion site.
CEI, continuous epidural infusion; MB, multiple bolus; SB, single bolus.

of L6/S1, injection landmarks were identified by palpating the 
spine. A 17 gauge, 90 mm Tuohy needle (Braun Medical, Beth-
lehem, Pennsylvania, USA) was used to access the space with a 
loss of resistance technique. After accessing the space, 3 mL of 
saline was injected to maintain consistency across subjects.

A 20 gauge Perifix catheter (Braun Medical) was inserted 5 cm 
into the epidural space and secured to the cadaver. A CADD- Solis 
Epidural Infusion pump (Smiths Medical, St Paul, Minnesota, 
USA) was attached to the catheter. The pump was programmed 
to infuse Iohexol (Omnipaque 240, GE Healthcare, Marlbor-
ough, Massachusetts, USA). The pump delivers bolus flow rates 
of 250 mL/hour, as reported by the manufacturer. Three separate 
infusion strategies were used, the multiple bolus (MB), single 
bolus (SB) and CEI. The MB consisted of five 2 mL boluses given 
at 12 min intervals, the SB was a one- time 10 mL bolus, and the 
CEI was 10 mL delivered over an hour, for an infusion rate of 
10 mL/hour. In the MB group, lateral radiographs were taken 
30 s after completion of the pump delivery of each bolus. In the 
SB group, a single lateral radiograph was taken 1 hour following 
the SB. In the CEI group, radiographs were taken at 12 min inter-
vals following the initiation of the infusion. Longitudinal spread 
was measured by distance traveled in number of vertebral bodies 
as identified on these radiographic images. Porcine models were 
assigned to an infusion strategy group sequentially, with the first 
model assigned to the MB group, the second was assigned to the 
SB group and the third assigned to the CEI group. This pattern 
was repeated until 10 animals in each group were assigned and 
their respective protocols completed.
Statistics
Data were entered into and analyzed with data analysis tools 

in Microsoft Excel, (Microsoft, Seattle, Washington, USA). 
Normal distribution was tested using the Shapiro- Wilk test of 
normality, and normally distributed data are presented as mean 
values. Comparisons of data collected were performed using a 
Welsch’s t- test. The level of significance was set at p<0.05.

RESULTS
Thirty specimens were obtained and studied between January 
2018 and February 2019, with 10 subjects assigned to each 
group (CEI, MB and SB). All cadavers had placement of 
epidural catheters confirmed by plain- film radiography prior 
to initiating contrast infusions and all cadavers underwent 
their assigned intervention without deviation from the assigned 
protocol.

Regression analysis was performed on the serial measurements 
taken in the CEI and MB groups. The CEI group was found 
to have a regression coefficient of 0.455 vertebral levels/mL 
contrast (r2=0.991, p<0.001) while the MB group had a regres-
sion coefficient of 0.585 vertebral levels/mL contrast (r2=0.996, 
p<0.001). These findings are summarized in figure 1. At every 
contrast dosing interval, the MB group was found to have a 
significantly larger spread of contrast solution than the CEI 
group. In the final measurement, following infusion of 10 mL 
of contrast, the SB group was found to have significantly more 
epidural spread than the MB group (10.4 vertebral levels vs 7.9, 
p=0.011), and the SB had significantly greater spread than the 
CEI group (10.4 vs 5.6, p<0.001). Likewise, the MB group was 
found to have significantly more spread than the CEI group 
following infusion of the complete 10 mL of contrast (7.9 verte-
bral levels vs 5.6, p=0.028). These findings are summarized 
in table 1. Representatitve radiographic images of individual 
cadavers within the CEI and MB groups are provided in figure 2 
and figure 3 respectively.

DISCUSSION
Bolus method infusion strategies result in an increased vertebral 
body spread compared with a continuous infusion strategy in 
a cadaveric porcine epidural model. Though difficult to quan-
tify, there were similar qualitative differences in the uniformity 
of contrast spread in the epidural space with an SB compared 
with MBs and a continuous infusion, suggesting more adequate 
coverage in the epidural space.

Because it was successfully used in the previous studies,19 and 
due to its close anatomic similarities to the human spine,20 21 the 
porcine model was chosen. This also ensured that, for access to 
the space, a technique similar to that used on humans could be 
used. Additionally, we elected to use a cadaveric model based 
on the previous human and animal studies.22–24 We also felt the 
use of cadavers from other studies was congruent with animal 
care practices that reduce the total number of animals used in 
research. We anticipated that the absence of vascular perfusion 
would have minimal impact on the study. The primary differ-
ences between the infusion strategies in this study are the pres-
sures generated within the epidural space as identical volumes of 
contrast solution were infused regardless of study group assign-
ment. Especially when comparing the SB to the CEI groups, 
vascular distribution would intuitively lead to a decreased 
spread in the CEI group. This effectively avascular model of 
the epidural space controlled for this uptake and still showed 
a marked decrease in spread in the CEI group compared with 

Anaesthesia and Pain Therapy. Protected by copyright.
 on M

arch 2, 2020 at European Society of R
egional

http://rapm
.bm

j.com
/

R
eg Anesth Pain M

ed: first published as 10.1136/rapm
-2019-100818 on 27 Septem

ber 2019. D
ow

nloaded from
 

1080   Cole J, Hughey S. Reg Anesth Pain Med 2019;44:1080–1083. doi:10.1136/rapm-2019-100818

Original article

Bolus epidural infusion improves spread compared 
with continuous infusion in a cadaveric porcine 
spine model
Jacob Cole, Scott Hughey

To cite: Cole J, Hughey S. 
Reg Anesth Pain Med 
2019;44:1080–1083.

Anesthesiology and Pain 
Medicine, Naval Medical Center 
Portsmouth, Portsmouth, 
Virginia, USA

Correspondence to
Dr Jacob Cole, Anesthesiology 
and Pain Medicine, Naval 
Medical Center Portsmouth, 
Portsmouth, VA 23708, USA;  
 cole. jacob. h@ gmail. com

Received 1 July 2019
Revised 27 August 2019
Accepted 18 September 2019
Published Online First 
27 September 2019

© American Society of Regional 
Anesthesia & Pain Medicine 
2019. No commercial re- use. 
See rights and permissions. 
Published by BMJ.

ABSTRACT
Background The administration of epidural anesthesia 
during labor is a common technique used to reduce 
the pain of childbirth. We sought to compare standard 
infusion strategies of continuous epidural infusions 
(CEI) with programmed intermittent epidural bolus 
(PIEB) to assess the length of spread in terms of 
vertebral body length. Based on previous clinical data 
in humans, the PIEB was associated with improved pain 
control and decreased total dose of local anesthetic. 
We hypothesized that the PIEB was associated with 
increased spread when compared with CEI.
Methods Thirty female Yorkshire- cross swine cadavers 
were used to compare three infusion strategies, 
continuous infusion (CEI) 10 mL/hour programmed 
continuously, multiple bolus (MB) 2 mL given every 
12 min for 10 mL total and 10 mL delivered in a single 
bolus (SB). Radiographs were used to identify the 
spread of the radiopaque contrast dye, and a number 
of vertebral bodies covered were measured to assess 
spread.
Results Overall, the CEI had an average spread of 5.6 
levels, MB 7.9 and SB 10.4. The differences between SB 
and MB (p=0.011), SB and CEI (p<0.001) and MB and 
CEI (p=0.028) were all found to be significant.
Conclusions We demonstrated increased spread of 
epidural contrast with programmed intermittent bolus 
strategies. This supports previous evidence of improved 
patient outcomes with PIEB strategy compared with 
CEI, and encourages the use of PIEB in the appropriate 
patient population.

INTRODUCTION
Neuraxial technique for labor analgesia was first 
described by Kreis.1 Neuraxial anesthesia is excep-
tionally common in laboring patients in the USA, 
with greater than 60% of parturients receiving 
some form neuraxial technique during the labor 
process.2 Patients who request labor epidural anes-
thesia will have a catheter placed in the epidural 
space, into which local anesthetic (usually with 
opioid) can be deposited. Typically the patients 
receive the epidural solution via a combination of 
the following strategies, continuous epidural infu-
sions (CEI), patient- controlled epidural analgesia 
(PCEA) boluses and provider administered boluses.

An alternative dosing strategy has been devel-
oped that delivers local anesthetic as a programmed 
intermittent epidural bolus (PIEB) instead of a 
continuous infusion. Recent literature has demon-
strated improved outcomes with the use of a PIEB 

strategy compared with a CEI.3–7 Specifically, the 
PIEB strategy results in lower local anesthetic use, 
decreased motor blockade and decreased need for 
provider intervention. There are several proposed 
mechanisms for improved outcomes with PIEB of 
CEI. These include large volume spread that covers 
the irregular shape of the epidural space, spinal 
segment coverage and distal orifice utilization of 
the epidural catheter.8–10

Radiopaque contrast dye has previously been used 
to investigate the epidural space.11–13 These studies 
have interestingly demonstrated non- uniformity 
of spread within the space, both from circumfer-
ential and longitudinal segment standpoints.13 The 
use of radiopaque contrast dye in laboring patients 
is challenging due to the risk of ionizing radiation 
to the fetus. Several animal models have been used 
to investigate the spread in the epidural space.14–18 
Recently, the porcine epidural space has been used 
for the investigations into epidural spread with 
bolus versus infusion.19

Due to the similarities between the human and 
porcine epidural space,20 21 and its recent use for 
determining infusion strategies, the porcine spine 
appears to be ideal for assessing the spread of liquid 
in the epidural space. The primary objective was 
to determine if the bolus strategy would impact 
the spread of contrast. We hypothesized that a 
programmed bolus strategy would result in greater 
vertebral segment spread when compared with a 
continuous infusion.

METHODS
Naval Medical Center Portsmouth (NMCP) is 
accredited by the Association for Assessment and 
Accreditation of Laboratory Animal Care Interna-
tional (AAALAC) and adheres to the principles of the 
Guide for the Care and Use of Laboratory Animals. 
All animal research is conducted in compliance with 
federal animal welfare laws and regulations relating 
to the use of animals at NMCP. Thirty female, 7 
month old, Yorkshire- cross swine cadavers were 
used. Epidural procedures were performed within 
2 hours of euthanasia by barbiturate overdose with 
a sodium pentobarbital solution at 1 mL/10 lbs of 
390 mg pentobarbital sodium per 100 mL, Euthasol 
solution (Virbac) via intravenous injection under a 
surgical plane of anesthesia.
Experimentation
Euthanized animals were placed in the prone 

position to facilitate access to the lumbar epidural 
space. For insertion of the epidural catheter at level 
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Abstract: Purpose: The programmed intermittent 
epidural bolus (PIEB) technique is a promising technique 
for maintenance of analgesia during labor. The use of this 
technique may offer multiple benefits over the current 
traditional and conventional maintenance modes such as 
continuous epidural infusion (CEI) and patient controlled 
epidural analgesia (PCEA). The goal of the present 
review of the literature is to summarize the
current literature on the use of PIEB for labor analgesia.
Findings: From a total of 49 identified articles, 35 were 
included in the review. In this review we discuss the 
mechanism of PIEB, the current literature comparing 
PIEB to CEI and the ideal pump settings. PIEB, as a 
new analgesia maintenance technique, remains a focus 
of interest and intensive research with the potential 
to further optimize labor analgesia. When comparing 
PIEB technique to continuous epidural infusion (CEI), 
studies show a dose reduction of local anesthetic and 
opioid consumption, a reduction in breakthrough pain, 
an improvement of maternal satisfaction and a reduction 
of the incidence of motor block. Recently, efforts are 
made to refine the optimal settings for bolus dosing, 
time intervals and frequency for epidural analgesia with 
the hope to further improve safety, efficacy and patient 
satisfaction in the future. Further research however is 
needed to determine the optimal volume, flow rate, 
time interval and drug concentration for PIEB for labor 
analgesia. 
Summary: We examined the recent progress and 
refinements of PIEB and evaluated the potential of 
this technique to improve safety, efficacy and maternal 
satisfaction during labor.

Key words : PIEB, programmed intermittent epidural 
bolus, AMB, automated mandatory bolus, epidural, 
labor analgesia, maintenance of labor analgesia, CIB, 
continuous intermittent bolus

IntroductIon

Labor pain is a dynamic and complex ex-
perience. It is subjective and personal in nature and 
generally considered as one of the most painful 
experiences that women can encounter. Severe 
pain experienced during labor may have long term 
consequences such as postpartum depression, 

chronic pain and psychological vulnerability (1, 
2). Effective labor epidural analgesia depends on 
the effective distribution and absorption of the 
administered analgesic solution, usually a local 
anesthetic with or without an opioid solution, from 
and within the epidural space into the cerebrospinal 
fluid (3). Neuraxial labor analgesia, such as 
combined spinal epidural anesthesia (CSE) and 
epidural analgesia are the most effective and most 
commonly utilized methods for pain relief during 
labor and are considered as golden standard (1). 
Following an initial spinal or epidural loading dose, 
analgesia is maintained by the administration of 
the analgesic solution through an epidural catheter.  
In the past, maintenance of labor analgesia was 
accomplished by manual and repetitive intermittent 
boluses by the anesthesiologist or midwife. This 
method depends on the response of the parturient 
when anesthesia decreases and pain returns. With the 
development of infusion pumps, the maintenance of 
labor analgesia by a continuous epidural infusion 
was made possible to prevent pain re-occurrence. 
This improvement led to more consistent analgesia, 
higher patient satisfaction and a reduction of clinician 
interventions and workload for the anesthesiologist. 
Often the possibility of patient controlled epidural 
analgesia (PCEA) for breakthrough pain was added 
to a continuous epidural infusion (CEI) technique to 
improve analgesia and reduce the need for clinician 
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A Randomized Comparison of Programmed Intermittent
Epidural Bolus with Continuous Epidural Infusion for
Labor Analgesia
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Paloma Toledo, MD, and Robert J. McCarthy, PharmD
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Bolus injection through an epidural catheter may result
in better distribution of anesthetic solution in the epi-
dural space compared with continuous infusion of the
same anesthetic solution. In this randomized, double-
blind study we compared total bupivacaine consump-
tion, need for supplemental epidural analgesia, quality
of analgesia, and patient satisfaction in women who re-
ceived programmed intermittent epidural boluses
(PIEB) compared with continuous epidural infusion
(CEI) for maintenance of labor analgesia. The primary
outcome variable was bupivacaine consumption per
hour of analgesia. Combined spinal epidural analgesia
was initiated in multiparas scheduled for induction of
labor with cervical dilation between 2 and 5 cm. Sub-
jects were randomized to PIEB (6-mL bolus every 30
min beginning 45 min after the intrathecal injection) or
CEI (12-mL/h infusion beginning 15 min the after the
intrathecal injection). The epidural analgesia solution

was bupivacaine 0.625 mg/mL and fentanyl 2 !g/mL.
Breakthrough pain in both groups was treated initially
with patient-controlled epidural analgesia (PCEA) fol-
lowed by manual bolus rescue analgesia using bupiva-
caine 0.125%. The median total bupivacaine dose per
hour of analgesia was less in the PIEB (n ! 63) (10.5
mg/h; 95% confidence interval, 9.5–11.8 mg/h) com-
pared with the CEI group (n ! 63) (12.3 mg/h; 95%
confidence interval, 10.5–14.0 mg/h) (P " 0.01), fewer
manual rescue boluses were required (rate difference
22%, 95% confidence interval of difference 5% to 38%),
and satisfaction scores were higher. Labor pain, PCEA
requests, and delivered PCEA doses did not differ.
PIEB combined with PCEA provided similar analgesia,
but with a smaller bupivacaine dose and better patient
satisfaction compared with CEI with PCEA for mainte-
nance of epidural labor analgesia.

(Anesth Analg 2006;102:904–9)

T he maintenance analgesia technique for epidural
labor analgesia has evolved from intermittent
manual bolus injections to continuous infusions

with or without patient controlled epidural analgesia
(PCEA). Although continuous epidural infusion (CEI)
analgesia is associated with more consistent analgesia,
improved patient satisfaction, and reduced workload
for the anesthesiologist, total anesthetic doses are
larger and motor block may be more profound (1–3).

Automated systems that are designed to administer
a small bolus dose of anesthetic at programmable
intervals may combine the advantages of both manual

bolus and CEI systems. Similar to CEI, small intermit-
tent boluses may avoid wide fluctuations in sensory
levels common with manually administered boluses
but, in contrast to CEI, reduce the total anesthetic
dose.

We hypothesized that programmed intermittent
epidural bolus (PIEB) administration would result in
less total bupivacaine use, less need for PCEA and
manual bolus administration, and improved patient
satisfaction compared with CEI for the maintenance of
labor analgesia. The primary outcome variable was
total bupivacaine dose per hour of epidural analgesia.

Methods
The study was approved by the Northwestern Univer-
sity IRB. Healthy, parous (at least one previous vagi-
nal delivery), term women with singleton, vertex
pregnancies, scheduled for induction of labor were
eligible to participate in the study. Subjects who met
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in better distribution of anesthetic solution in the epi-
dural space compared with continuous infusion of the
same anesthetic solution. In this randomized, double-
blind study we compared total bupivacaine consump-
tion, need for supplemental epidural analgesia, quality
of analgesia, and patient satisfaction in women who re-
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(PIEB) compared with continuous epidural infusion
(CEI) for maintenance of labor analgesia. The primary
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jects were randomized to PIEB (6-mL bolus every 30
min beginning 45 min after the intrathecal injection) or
CEI (12-mL/h infusion beginning 15 min the after the
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was bupivacaine 0.625 mg/mL and fentanyl 2 !g/mL.
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manual rescue boluses were required (rate difference
22%, 95% confidence interval of difference 5% to 38%),
and satisfaction scores were higher. Labor pain, PCEA
requests, and delivered PCEA doses did not differ.
PIEB combined with PCEA provided similar analgesia,
but with a smaller bupivacaine dose and better patient
satisfaction compared with CEI with PCEA for mainte-
nance of epidural labor analgesia.
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T he maintenance analgesia technique for epidural
labor analgesia has evolved from intermittent
manual bolus injections to continuous infusions

with or without patient controlled epidural analgesia
(PCEA). Although continuous epidural infusion (CEI)
analgesia is associated with more consistent analgesia,
improved patient satisfaction, and reduced workload
for the anesthesiologist, total anesthetic doses are
larger and motor block may be more profound (1–3).

Automated systems that are designed to administer
a small bolus dose of anesthetic at programmable
intervals may combine the advantages of both manual

bolus and CEI systems. Similar to CEI, small intermit-
tent boluses may avoid wide fluctuations in sensory
levels common with manually administered boluses
but, in contrast to CEI, reduce the total anesthetic
dose.

We hypothesized that programmed intermittent
epidural bolus (PIEB) administration would result in
less total bupivacaine use, less need for PCEA and
manual bolus administration, and improved patient
satisfaction compared with CEI for the maintenance of
labor analgesia. The primary outcome variable was
total bupivacaine dose per hour of epidural analgesia.

Methods
The study was approved by the Northwestern Univer-
sity IRB. Healthy, parous (at least one previous vagi-
nal delivery), term women with singleton, vertex
pregnancies, scheduled for induction of labor were
eligible to participate in the study. Subjects who met
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satisfaction was 92 mm (95% CI, 89–95 mm) for the
PIEB group and 85 mm (95% CI, 77–90 mm) for the
CEI group (P ! 0.01).

For subjects whose labor analgesia to delivery inter-
val was less than the median (186 min) the median
total bupivacaine consumption per hour was not dif-
ferent between the PIEB group and the CEI group (Fig.
3). Likewise the number of subjects requiring manual
rescue boluses was not different between groups
(PIEB 34%, CEI 41%; P " 0.80). In contrast, in subjects
whose duration of labor analgesia was more than 186
min the total bupivacaine consumption per hour was
less in the PIEB group compared with the CEI group
even when corrected for the difference in pump infu-
sion doses (Fig. 3). Similarly, the number of subjects
requiring manual rescue boluses was larger in the
PIEB group (36%) compared with the CEI group (68%)
whose analgesia duration was more than the median
(P " 0.02).

Discussion
The important finding of this study was that PIEB
combined with PCEA resulted in less bupivacaine
consumption compared with CEI plus PCEA while
providing equivalent labor analgesia. The difference
in bupivacaine delivery was larger in subjects who
had longer labor durations. In addition, we found that
patient satisfaction was higher with PIEB compared
with CEI analgesia.

Advantages to PIEB administration were also ob-
served by Chua and Sia (5). In their study, time to first
manual epidural rescue bolus was longer and pain
scores were lower in subjects assigned to PIEB com-
pared with those receiving CEI.

Automated methods of bolus injection may com-
bine the advantages of manual epidural boluses and
CEI while limiting the disadvantages of the two tech-
niques. Our findings support the findings of previous
studies that have shown that intermittent manual bo-
lus injection has a dose-sparing effect on total local
anesthetic consumption compared with CEI of the
same solution (1–3). Manual epidural boluses, how-
ever, require more interventions by the anesthesiolo-
gist. The number of manual bolus injections in the
current study was less with PIEB compared with CEI.
Another potential disadvantage of manual intermit-
tent boluses is that the epidural system is opened
more often with an increased risk for contamination
and drug error compared with a closed CEI. Manual
boluses may also be associated with wider variation in
pain relief depending on the interval between boluses.
Pain, as assessed by area under the VAS # time curve,
was similar in both groups of subjects in the current
study. This is likely a result of the inclusion of PCEA,
in addition to the administration of manual boluses,
for breakthrough pain, allowing subjects to titrate to a
similar degree of analgesia.

The infrequent incidence of motor blockade in both
groups in the present study is likely explained by the
use of a lower concentration bupivacaine solution.
Because motor blockade is considered undesirable
during labor analgesia, the potential dose-sparing ef-
fect of an intermittent bolus technique may be more
clinically relevant when higher concentration local an-
esthetic solutions are used. In addition to bupivacaine,
we found a dose-sparing effect for fentanyl. Systemic
absorption of epidural fentanyl may result in fetal
depression (6). Therefore, an analgesic technique that
minimizes the total fentanyl dose might have implica-
tions for neonatal outcome.

Subject satisfaction with labor analgesia was high in
both groups; however, we found a greater satisfaction
rating in subjects who received PIEB. The median
difference in satisfaction score between the groups in
this study was 7. This difference was found to repre-
sent a clinically significant difference in satisfaction
when measured by a 100-mm VAS (7).

Several mechanisms have been proposed to explain
the advantages of bolus compared with continuous
infusion administration of epidural solutions. When
injected as a bolus through a multiorifice epidural
catheter, the solution exits the distal end of the epi-
dural catheter through all the orifices (8). In contrast,
when a continuous infusion of the same volume is
injected through the catheter, the solution primarily
exits through the proximal orifice. This suggests that
an epidural bolus through a multiorifice epidural
catheter could result in wider sensory blockade com-
pared with a continuous infusion of the same volume
and might result in improved analgesia (8). Indeed,
Chua and Sia used a multiorifice catheter in their

Figure 1. Box plot of total bupivacaine consumption per hour from
the start of the epidural infusion until delivery. PIEB " pro-
grammed intermittent epidural bolus; CEI " continuous epidural
infusion; A-CEI " adjusted continuous epidural infusion. †PIEB
different from CEI (P " 0.007) and A-CEI (P " 0.04).

ANESTH ANALG OBSTETRIC ANESTHESIA WONG ET AL. 907
2006;102:904–9 PROGRAMMED INTERMITTENT EPIDURAL BOLUS

study; however, a single orifice catheter was used in
the present study with similar results. Another possi-
ble explanation for the finding of reduced bupivacaine
consumption with bolus techniques may be that the
distribution of solutions in the epidural space is non-
uniform and spread is more uniform when large vol-
umes (and correspondingly high injectate pressures)
are delivered (9). In support of this theory, Ueda et al.
(10) found that programmed epidural bolus adminis-
tration of ropivacaine resulted in more blocked spinal
segments compared with a continuous infusion in
patients who received postoperative thoracic epidural
analgesia.

There are several limitations to the generalization of
our study conclusions. By study design, subjects ran-
domized to the CEI received, on average, more drug
(bupivacaine and fentanyl) via the infusion pump
than subjects randomized to PIEB. However, despite
this inherent bias and even after correction for the
additional bupivacaine/fentanyl, subjects in the PIEB

group had similar analgesia, required fewer manual
boluses, and were more satisfied with their analgesia.
Furthermore, the technique for administration of drug
in the control (CEI) group was primarily a continuous

Table 2. Labor Analgesia and Pain Management

PIEB (n ! 63) CEI (n ! 63) P value

Labor pain* 6.7 (0–42.3) 10.3 (0–57.6) 0.25
Epidural bupivacaine dose (mg/h)† 7.1 (5.1–7.7) 7.4 (5.7–7.4) "0.01
Epidural fentanyl dose (!g/h) 22.0 (14.0–30.8) 23.1 (19.4–25.8) "0.01
Time to first PCEA request (min)‡ 127 (25–322) 116 (29–306) 0.42
PCEA requests (number/h) 1.1 (0–5.4) 1.3 (0–6.7) 0.60
PCEA bupivacaine dose (mg/h) 2.5 (0–6.7) 2.6 (0–8.4) 0.87
Manual bolus (number of subjects) 20 34 0.01
Manual bolus (number per subject) 0 (0–2) 1 (0–3) "0.01
Manual bupivacaine dose (mg/h) 0 (0–10.6) 1.6 (0–17.4) 0.02
Total bupivacaine dose (mg) 32.6 (10.7–83.3) 37.5 (15.6–111.0) 0.06

PIEB ! programmed intermittent epidural bolus; CEI ! continuous epidural infusion; PCEA ! patient-controlled epidural analgesia. Data are presented as
median (range) unless stated.

*Area under the VAS # time curve from start of epidural infusion (15 min after intrathecal injection) to delivery. VAS ! visual analogue scale.
†Amount of bupivacaine administered by PIEB or CEI infusion pump.
‡Time from start of epidural infusion.

Figure 2. Box plot of subject satisfaction with labor analgesia: 100
mm line where 0 ! not satisfied at all and 100 ! very satisfied. PIEB
! programmed intermittent epidural bolus; CEI ! continuous epi-
dural infusion. †PIEB different from CEI (P ! 0.003).

Figure 3. Upper: Box plot of bupivacaine consumption per hour for
subjects whose labor analgesia to delivery interval was less than the
median (186 min). Lower: Box plot of bupivacaine consumption per
hour for subjects whose labor analgesia to delivery interval was
more than the median (186 min). †PIEB different from CEI (P ! 0.01)
and A-CEI (P ! 0.03). PIEB ! programmed intermittent epidural
bolus; CEI ! continuous epidural infusion; A-CEI ! adjusted epi-
dural infusion.
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umes (and correspondingly high injectate pressures)
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†Amount of bupivacaine administered by PIEB or CEI infusion pump.
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Figure 2. Box plot of subject satisfaction with labor analgesia: 100
mm line where 0 ! not satisfied at all and 100 ! very satisfied. PIEB
! programmed intermittent epidural bolus; CEI ! continuous epi-
dural infusion. †PIEB different from CEI (P ! 0.003).

Figure 3. Upper: Box plot of bupivacaine consumption per hour for
subjects whose labor analgesia to delivery interval was less than the
median (186 min). Lower: Box plot of bupivacaine consumption per
hour for subjects whose labor analgesia to delivery interval was
more than the median (186 min). †PIEB different from CEI (P ! 0.01)
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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.
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labors. Chua and Sia5 reported a very low incidence of
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Analgesia is produced by the movement of local anes-
thetic from the extraneural space into the nerve along a
diffusion gradient. Over time, the extraneural concentra-
tion equals the intraneural concentration of local anesthetic,
establishing a steady state. Nerve blockade is eventually
overcome when the intraneural concentration exceeds the
extraneural concentration (which will have been noticeably
reduced by dispersion, dilution, tissue binding, and ab-
sorption) and the diffusion gradient is reversed. Suscepti-
bility to local anesthetic depends on blocking a critical
length of the nerve fiber. Thick, long-internode motor fibers
have twice the critical blocking length of thin, short-
internode pain fibers. Therefore, if low concentrations of
local anesthetic are given in intermittent boluses, blockade
of motor fibers is unlikely because the total amount of local
anesthetic inside the nerve is insufficient. However, in the
case of continuous infusion, not only is the extraneural
concentration of local anesthetic generally persistently
higher than in the intraneural space, the total concentration
inside the nerve is increased, thus reaching the threshold
for motor fiber block. This may explain the frequent
occurrence and intensification of motor block during con-
tinuous infusion.

One limitation of our study is that we assessed motor
blockade of the lower extremities. If motor block adversely
affects mode of delivery, it is likely that pelvic (sacral) and
abdominal motor block, and not lower extremity block, is
more important. However, measuring pelvic tone is diffi-
cult to accomplish clinically, so we chose to measure lower
extremity motor block, as do most investigators, as a
surrogate for pelvic muscle blockade. Another limitation of
our study is that the decision to perform an instrumental
vaginal delivery is made by individual obstetricians whose
practices may vary. However, we believe that bias is
unlikely because both the women and the obstetricians
were unaware of the study group assignment. A further
limitation of our study was that the PIEB dose was admin-
istered at the end of the first hour and therefore local
anesthetic and sufentanil consumption were slighter higher
in the CEI group because they were always ahead by study
design. We also did not assess the extent of sensory
blockade and therefore we were not able to determine the
relationship between extent of sensory block and the occur-
rence of motor block, if any.

In summary, we found that in nulliparous women with
spontaneous onset of labor, the maintenance of epidural
analgesia with PIEB compared with CEI resulted in less
motor block during labor and at full cervical dilation, and
was also associated with a lower incidence of instrumental
vaginal delivery.
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ABSTRACT
Introduction: The aim of this impact study was to compare the analgesic efficacy and side effect profile of programmed intermit-
tent epidural boluses (PIEB) + patient-controlled epidural analgesia (PCEA) to continuous epidural infusion (CEI) + PCEA for
maintenance labor analgesia after the introduction of PIEB at our institution.
Methods: We conducted a retrospective analysis after replacing the background CEI with PIEB for our labor PCEA. Pre-change
pump settings were CEI 12 mL/h with PCEA (12 mL bolus, lockout 15 min); PIEB settings were a 9 mL bolus every 45 min with
PCEA (10 mL bolus, lockout 10 min). We compared medical records of all women receiving epidural or combined spinal-epidural
labor analgesia for vaginal delivery for two months before PIEB implementation to a two-month period of PIEB utilization
following a five-month introductory familiarization period. The primary outcome was the proportion of women requiring rescue
clinician boluses.
Results: Fewer patients in the PIEB group required rescue clinician boluses compared to the CEI group (12% vs. 19%, P=0.012).
Time to first rescue bolus request and total bolus dose were not different. Peak (median [IQR]) pain scores were 2[0–5] with CEI
and 0[0–4] with PIEB. There was no difference in instrumental delivery rates.
Conclusions: Using PIEB compared to CEI as the background maintenance epidural analgesia method in conjunction with PCEA
reduced the number of women requiring clinician rescue boluses while providing comparable labor analgesia. The findings of this
clinical care impact study confirm the results of randomized controlled studies and suggest PIEB may be a preferable technique to
CEI for the maintenance of labor analgesia.
! 2015 Elsevier Ltd. All rights reserved.
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Introduction

Epidural analgesia is the most effective technique to
treat labor pain.1 Maintenance regimens have evolved
from manual boluses to continuous infusions to
patient-controlled boluses. Patient-controlled epidural
analgesia (PCEA) with or without a background contin-
uous epidural infusion (CEI) is a commonly utilized
technique to maintain labor analgesia.2,3 Compared to
CEI, PCEA regimens reduce local anesthetic consump-
tion, decrease the need for clinician boluses and mini-
mize motor blockade.4 Adding a continuous
background infusion to a PCEA regimen reduces the
need for clinician boluses and may improve analgesia.5

However, these techniques do not eliminate the need
for clinician boluses for inadequate labor analgesia.

Programmed intermittent epidural bolus (PIEB) is an
automated method of administering epidural local anes-
thetic with or without opioids. The technique provides
fixed boluses at scheduled intervals. Programmed inter-
mittent epidural bolus can be utilized as an alternative
to a CEI alone or as a background administration with
a PCEA technique. A number of randomized controlled
trials (RCT) have compared PIEB ± PCEA to CEI
± PCEA.6–13 Findings were mixed, but overall, results
suggest a benefit to PIEB compared to CEI. A meta-
analysis of these comparative studies found a statisti-
cally significant reduction in local anesthetic use and
increased maternal satisfaction with PIEB.14 However,
all studies used non-commercial PIEB devices or pro-
vided intermittent epidural boluses manually. An epidu-
ral pump with PIEB plus PCEA capability became
available in the UK in September 2012 and in the
USA in March 2014 (CADD Solis Epidural Pump,
Smiths Medical, St. Paul, MN, USA).

The aim of this study was to compare PIEB + PCEA
to CEI + PCEA for labor analgesia following the
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exploratory outcomes, P<0.01 was considered statisti-
cally significant. Data were analyzed using JMPTM soft-
ware (SAS, Cary, NC, USA).

Results

A total of 727 records were analyzed; 18 were excluded
from analysis leaving 333 in the CEI group and 276 in
the PIEB group (Fig. 1). Demographic and obstetric
characteristics were not different between groups
(Table 1). In the CEI group, 67% received epidurals
and 33% had CSEs. In the PIEB group 64% of women
received epidurals and 36% had CSEs (P=0.41).

We found a significant difference in our primary out-
come measure with fewer women in the PIEB group
requiring a clinician rescue bolus during labor (12%
vs. 19%, P=0.012) (Fig. 2). The time to first clinician
bolus after epidural placement, number of clinician
boluses received and the total dose given among the
patients who required clinician boluses did not differ
between the groups (Table 2).

Additional secondary analgesic and labor outcome
measures are outlined in Table 2. There was no differ-
ence in the VPS before or after epidural/CSE placement.
The highest VPS recorded after epidural/CSE placement
before delivery was also not significantly lower in the

CEI Group
VD with 
neuraxial 
analgesia
(n = 385)

PIEB Group
VD with 
neuraxial 
analgesia 
(n=342)

Excluded (n=66):

• Failures (n=20)
• Delivery within 60 min (n=17)
• Accidental dural puncture (n=3)
• Clinician bolus requested within 60 

min (n=8)
• IUFD/Elective termination (n=4)
• Continuous infusion used (n=3)
• Deviation from standard protocol 

(n=6)
• Improper documentation (n=2)
• Equipment issues (n=3)

Excluded (n=52):

• Failures (n=13)
• Delivery within 60 min (n=21)
• Accidental dural puncture (n=3)
• Clinician bolus requested within 60 

min (n=7)
• IUFD/Elective termination (n=3)
• Transitioned to PIEB (n=1)
• Deviation from standard protocol

(n=2)
• Improper documentation (n=2)

Charts meeting 
inclusion criteria 

Charts meeting 
inclusion criteria 

(n=333) (n=276)

Fig. 1 Flowchart of vaginal delivery records reviewed. IUFD: intrauterine fetal death; CEI: continuous epidural infusion; PIEB:
programmed intermittent epidural bolus; VD: vaginal delivery

Table 1 Demographics and obstetric characteristics

CEI
(n=333)

PIEB
(n=276)

P value

Maternal age (years) 30 ± 6 31 ± 6 0.48
Body mass index (kg/m2) 30 ± 5 29 ± 5 0.71
Ethnicity 0.39
Caucasian 35% 28%
Hispanic 36% 40%
Asian 24% 25%
Other 5% 6%

Language 0.22
English 79% 74%
Spanish 18% 21%
Mandarin 3% 5%

Gestational age (weeks) 39 [38–40] 39 [38–40] 0.15
Parity 0.41
Nulliparous 49% 52%
Multiparous 51% 48%

Labor type 0.34
Spontaneous 32% 36%
Induction 36% 37%
Oxytocin augmentation 32% 27%

Data are mean ± SD, median [IQR] or percentage.
CEI: continuous epidural infusion; PIEB: programmed intermittent epidural bolus.
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treat labor pain.1 Maintenance regimens have evolved
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patient-controlled boluses. Patient-controlled epidural
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uous epidural infusion (CEI) is a commonly utilized
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CEI, PCEA regimens reduce local anesthetic consump-
tion, decrease the need for clinician boluses and mini-
mize motor blockade.4 Adding a continuous
background infusion to a PCEA regimen reduces the
need for clinician boluses and may improve analgesia.5

However, these techniques do not eliminate the need
for clinician boluses for inadequate labor analgesia.

Programmed intermittent epidural bolus (PIEB) is an
automated method of administering epidural local anes-
thetic with or without opioids. The technique provides
fixed boluses at scheduled intervals. Programmed inter-
mittent epidural bolus can be utilized as an alternative
to a CEI alone or as a background administration with
a PCEA technique. A number of randomized controlled
trials (RCT) have compared PIEB ± PCEA to CEI
± PCEA.6–13 Findings were mixed, but overall, results
suggest a benefit to PIEB compared to CEI. A meta-
analysis of these comparative studies found a statisti-
cally significant reduction in local anesthetic use and
increased maternal satisfaction with PIEB.14 However,
all studies used non-commercial PIEB devices or pro-
vided intermittent epidural boluses manually. An epidu-
ral pump with PIEB plus PCEA capability became
available in the UK in September 2012 and in the
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The aim of this study was to compare PIEB + PCEA
to CEI + PCEA for labor analgesia following the

Accepted November 2015
Correspondence to: Brendan Carvalho, MBBCh, FRCA, Department
of Anesthesia, H3580 Stanford University School of Medicine,
Stanford, CA 94305, USA.
E-mail address: bcarvalho@stanford.edu

International Journal of Obstetric Anesthesia (2016) xxx, xxx–xxx
0959-289X/$ - see front matter ! 2015 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijoa.2015.11.005

www.obstetanesthesia.com

Please cite this article in press as: McKenzie CP et al. Programmed intermittent epidural boluses for maintenance of labor analgesia: an impact
study. Int J Obstet Anesth (2016), http://dx.doi.org/10.1016/j.ijoa.2015.11.005

PIEB group. Documentation of a unilateral block was
5.4% in the CEI group and 1.8% in the PIEB group
(P=0.021). There was a high spontaneous vaginal deliv-
ery rate in both groups, and the mode of delivery did not
differ between PIEB and CEI.

Discussion

The key finding of this clinical practice impact study was
that substituting the background method of maintaining
labor analgesia from CEI to PIEB as part of a PCEA
protocol resulted in a reduction in the number of women
needing rescue clinician boluses. The difference of 7%
(19% in the CEI group vs. 12% in the PIEB group)
would be expected to reduce workload and positively
impact a busy clinical service. However, the overall

number of boluses were similar between groups suggest-
ing a proportionally smaller impact on clinician work-
load than expected from differences in the proportion
of women requesting rescue clinician boluses. Our find-
ing of a reduction in the women needing clinician
boluses is supported by several of the previous RCTs
comparing PIEB to CEI with and without PCEA
(Table 3). Lim et al. found a reduction in the need for
manual boluses and greater patient satisfaction with
PIEB, but no difference in pain scores.11 Fettes et al.
found fewer manual boluses were needed with PIEB,
but no difference in pain scores or sensory level.8 Wong
et al. found fewer manual boluses and greater maternal
satisfaction with PIEB, but no difference in pain
scores.13 In contrast, Leo et al. and Lim et al. did not
find a difference in the requirement for rescue boluses
with PIEB.9,10 Although the findings and methods are
mixed, the majority of studies support our findings of
a reduced need for rescue clinician boluses with PIEB
and, no study found an increased need for clinician
boluses.

One of the limitations of the study is the retrospective
design. However, we believe a retrospective study has
certain advantages over a RCT. The study design allows
for an evaluation of what happens during routine clini-
cal care of patients. Protocol confines and rigid investi-
gator interactions during a RCT may alter routine
clinical care and do not necessarily reflect daily practice.
Randomized controlled trials are also subject to
participation bias if patients refuse to enroll or there
are narrow inclusion criteria, whereas our impact study
included all patients receiving labor epidural analgesia
during the study period with few exclusions. In addition,
RCTs contained patients who solely received CSE or
epidural techniques depending on study design. Our
study includes a mix of both CSE and epidural tech-
niques which are likely more reflective of most clinical
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Fig. 2 Proportion of patients requiring manual, clinician‐
administered rescue boluses during labor analgesia receiving
either CEI or PIEB. *P=0.012

Table 2 Analgesic and labor outcomes

CEI
(n=333)

PIEB
(n=276)

P value

Women requiring clinician rescue boluses (%) 19% 12% 0.01
Number of clinician boluses 1 [1–2] 1 [1–1.5] 0.44
Time to first clinician bolus (h) 5.9 [2.8–8.25] 2.9 [2.1–9] 0.15
VPS before epidural/CSE 8 [7–9] 8 [6–9] 0.44
VPS after epidural/CSE 0 [0–1] 0 [0–1] 0.71
Highest VPS after epidural and before delivery 2 [0–5] 0 [0–4] 0.03
Delivery mode 0.16
Spontaneous 94% 90%
Vacuum 5% 9%
Forceps 1% 1%

Documentation of a unilateral block 5.4% 1.8% 0.02
Anesthetic record documenting hypotension 1.5% 2.2% 0.54
Epidural infusion/PIEB decreased during labor 2% 5% 0.07

Data are mean ± SD, median [IQR] or percentage.
CEI: continuous epidural infusion; PIEB: programmed intermittent epidural bolus; CSE: combined spinal-epidural; VPS: verbal pain score.
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participation bias if patients refuse to enroll or there
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included all patients receiving labor epidural analgesia
during the study period with few exclusions. In addition,
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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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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 
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received CEI, whereas 350 subjects received IEB labor analgesia. All 9 studies were deemed to 
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Patient-controlled epidural analgesia (PCEA) with a 
continuous epidural infusion (CEI) has been the opti-
mal technique for delivering epidural labor analgesia 

for the past decade.1 Programmed intermittent epidural 
bolus (PIEB) delivery of epidural analgesia represents the 
next stage in the evolution of labor analgesia. When epi-
dural catheters were first introduced, analgesia was pro-
vided by manual intermittent boluses of local anesthetic 
administered by midwives or anesthesia care providers on 
patient request. This technique was largely superseded by 
automated pumps that provide a CEI. Maintenance of anal-
gesia with CEI results in 2 frequent outcomes: the need for 
rescue boluses to treat breakthrough pain when low infu-
sion rates are used, or greater motor block when higher 
infusion rates are used in an attempt to decrease the need 
for rescue boluses.2

PCEA with or without CEI (ie, background infusion) for 
labor analgesia was introduced in 19883 and is now the most 
frequently used technique in North America.4 The addition 
of PCEA to CEI is associated with lower local anesthetic 
consumption, less motor block, and greater patient sat-
isfaction and may decrease the need for clinician’s rescue 

bolus interventions.5–7 However, even when PCEA is com-
bined with CEI, some patients still experience breakthrough 
pain requiring the attention of an anesthesia provider. The 
incidence is likely dependent on the patient’s understand-
ing and appropriate use of PCEA, as well as the PCEA/
CEI settings (ie, local anesthetic and opioid concentration, 
background infusion rate, PCEA bolus volume, and lockout 
interval).

Delivering the background local anesthetic/opioid solu-
tion as regularly spaced intermittent boluses rather than 
continuously may lead to a more extensive spread of the 
anesthetic solution in the epidural space. PIEB is an auto-
mated method of administering epidural local anesthetic 
solution (with or without opioids) boluses at fixed, sched-
uled time intervals. PIEB is used as an alternative to CEI 
alone or as part of a background local anesthetic infusion 
during a PCEA technique for labor analgesia. It has been 
proposed that delivery of the same dose of local anesthetic 
as an intermittent bolus is a more effective method for main-
taining labor analgesia than CEI. We will review the poten-
tial for PIEB to improve maintenance of labor analgesia, 
describe the evidence for improved labor outcomes with 
PIEB, and discuss logistical considerations when imple-
menting PIEB into clinical practice.

Bolus Administration, Pressure Generation, and 
the Epidural Space
Epidural injections provide analgesia by the spread of local 
anesthetic through the noncontiguous epidural space sur-
rounding the dural sac and nerve roots exiting the spinal 
canal. The effectiveness of epidural analgesia requires ade-
quate spread of the anesthetic solution to produce sensory 
blockade of the necessary dermatomes. Multiple studies have 
attempted to characterize the spread of local anesthetic solu-
tion in the epidural space. Hogan8 studied the distribution of 
injected ink through epidural catheters in 3 nonembalmed 
adult cadavers by cryomicrotome section. He showed that 
the distribution of injected solutions in the epidural space 
is not uniform; spread is directed into multiple parallel pas-
sages according to the applied pressures by which the various 

Programmed intermittent epidural bolus (PIEB) is an exciting new technology that has the poten-
tial to improve the maintenance of epidural labor analgesia. PIEB compared with a continuous 
epidural infusion (CEI) has the potential advantage of greater spread within the epidural space 
and therefore better sensory blockade. Studies have demonstrated a local anesthetic–sparing 
effect, fewer instrumental vaginal deliveries, less motor blockade, and improvements in maternal 
satisfaction with PIEB compared with CEI. However, the optimal PIEB regimen and pump settings 
remain unknown, and there are a number of logistical issues and practical considerations that 
should be considered when implementing PIEB. The PIEB bolus size and interval, PIEB start time 
delay period, and patient-controlled epidural analgesia bolus size and lockout time can influence 
the efficacy of PIEB used for epidural labor analgesia. Educating all members of the health care 
team is critical to the success of the technique. This review summarizes the role of PIEB for the 
maintenance of labor analgesia, outlines implementation strategies, suggests optimal settings, 
and presents potential limitations of the technique.  (Anesth Analg 2016;123:965–71)
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vided by manual intermittent boluses of local anesthetic 
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gesia with CEI results in 2 frequent outcomes: the need for 
rescue boluses to treat breakthrough pain when low infu-
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taining labor analgesia than CEI. We will review the poten-
tial for PIEB to improve maintenance of labor analgesia, 
describe the evidence for improved labor outcomes with 
PIEB, and discuss logistical considerations when imple-
menting PIEB into clinical practice.

Bolus Administration, Pressure Generation, and 
the Epidural Space
Epidural injections provide analgesia by the spread of local 
anesthetic through the noncontiguous epidural space sur-
rounding the dural sac and nerve roots exiting the spinal 
canal. The effectiveness of epidural analgesia requires ade-
quate spread of the anesthetic solution to produce sensory 
blockade of the necessary dermatomes. Multiple studies have 
attempted to characterize the spread of local anesthetic solu-
tion in the epidural space. Hogan8 studied the distribution of 
injected ink through epidural catheters in 3 nonembalmed 
adult cadavers by cryomicrotome section. He showed that 
the distribution of injected solutions in the epidural space 
is not uniform; spread is directed into multiple parallel pas-
sages according to the applied pressures by which the various 

Programmed intermittent epidural bolus (PIEB) is an exciting new technology that has the poten-
tial to improve the maintenance of epidural labor analgesia. PIEB compared with a continuous 
epidural infusion (CEI) has the potential advantage of greater spread within the epidural space 
and therefore better sensory blockade. Studies have demonstrated a local anesthetic–sparing 
effect, fewer instrumental vaginal deliveries, less motor blockade, and improvements in maternal 
satisfaction with PIEB compared with CEI. However, the optimal PIEB regimen and pump settings 
remain unknown, and there are a number of logistical issues and practical considerations that 
should be considered when implementing PIEB. The PIEB bolus size and interval, PIEB start time 
delay period, and patient-controlled epidural analgesia bolus size and lockout time can influence 
the efficacy of PIEB used for epidural labor analgesia. Educating all members of the health care 
team is critical to the success of the technique. This review summarizes the role of PIEB for the 
maintenance of labor analgesia, outlines implementation strategies, suggests optimal settings, 
and presents potential limitations of the technique.  (Anesth Analg 2016;123:965–71)
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explanation for the findings of Capogna et al20 is that dif-
ferent local anesthetic concentrations were used for the 
PIEB and PCEA pumps (0.0625% and 0.125% levobupiva-
caine, respectively), and the high incidence of motor block 
and assisted delivery with CEI limits the generalizability of 
their findings.20 In a retrospective impact study performed 
at Stanford University, there was no increase in the sponta-
neous vaginal delivery rate after the introduction of PIEB 
(94% with CEI versus 90% with PIEB).21 Further studies are 
required to determine the potential benefit of PIEB in reduc-
ing the risk of instrumental vaginal delivery.

Optimizing PIEB Settings
Infusion pumps are available on the market that will deliver 
PIEB; however, the CADD Solis Ambulatory Infusion Pump 
(Smiths Medical, St. Paul, MN) is the first pump available 
in North America that can simultaneously deliver PIEB and 
PCEA. The standard flow rates for the CADD pump are 0 
to 175 mL/h; however, rates up to 500 mL/h can be deliv-
ered. Several parameters must be programmed into the epi-
dural pump software program. The PIEB bolus interval is 
the amount of time that elapses from the beginning of one 
intermittent bolus to the beginning of the next bolus (Figure 
A). The time to the first PIEB bolus after starting the pump 
is programmed as part of the initial setup. Specific to the 
CADD pump setup, this is referred to as the “NEXT bolus” 
interval and should be equal to or less than PIEB bolus 
interval to avoid the risk of analgesia wearing off before 
the first programmed dose (Supplemental Digital Content, 
http://links.lww.com/AA/B441). The PCEA bolus and 
lockout interval are similar to other pumps currently in use 
(Figure B). Specific to the CADD pump are 2 variations of 
the bolus interval type that defines the interaction between 
PCEA doses and PIEB. If the bolus interval type is set to 
“PCEA lockout,” a delivered PCEA dose delays the begin-
ning of the next PIEB by the PCEA lockout time (Figure C). 
If the bolus interval type is set to “bolus interval,” a deliv-
ered PCEA dose delays the beginning of the next PIEB by 
the PIEB bolus interval time (Figure D). Both Stanford and 
the IWK Health Centre initially chose the former option, 
“PCEA lockout,” because of concerns of prolonged PIEB 
lockouts with repetitive PCEA uses with the “bolus inter-
val” setting (Figure E).

Although studies generally demonstrate lower local 
anesthetic consumption with PIEB compared with CEI, this 

outcome may be an artifact of pump start times. A CEI regi-
men is usually initiated immediately after block initiation, 
and the first PIEB is generally given after an increment (eg, 
60 minutes after initiation of neuraxial analgesia). Even if 
both PIEB and CEI are set at the same hourly dose, the PIEB 
group will appear to have lower local anesthetic consump-
tion when the study stop time is short of the completed hour 
in any analysis that does not account for this (Supplemental 
Digital Content A, http://links.lww.com/AA/B441). If the 
first PIEB dose is instead initiated 30 minutes after initiation 
of neuraxial analgesia (Supplemental Digital Content B, 
http://links.lww.com/AA/B441), then for the 0- to 30-min-
ute period the CEI local anesthetic use will be in advance of 
the PIEB, but will be behind for the 31- to 60-minute period. 
On average, local anesthetic use in this second scenario will 
be better matched over the hour period. However, censor-
ing the data before the end of the full hour period, which 
may naturally occur with delivery, will still artificially 
favor the PIEB technique’s local anesthetic consumption in 
studies not accounting for this. Initiating the PIEB imme-
diately (Supplemental Digital Content C, http://links.lww.
com/AA/B441) after initiation of neuraxial analgesia is the 
only scenario that will artificially favor less local anesthetic 
delivery in the CEI technique if data are censored before the 
full hour. Wong et al16 accounted for this potential method-
ological confounder and included an adjusted value of local 
anesthetic consumption.16 However, in the meta-analysis by 
George et al11, final projections of drug sparing in the PIEB 
group reflect the unadjusted value.

The optimal PIEB bolus volume(s) and lockout period(s) 
are not known and vary significantly among studies inves-
tigating PIEB for maintenance of labor analgesia (Table 1). 
Wong et al22 studied 190 nulliparous women in spontane-
ous labor randomly assigned to 1 of 3 PIEB dose regimens: 
group 2.5/15 (received 2.5 mL every 15 minutes), group 
5/30 (received 5 mL every 30 minutes), and group 10/60 
(received 10 mL every 60 minutes) using a solution of bupi-
vacaine 0.0625% with fentanyl. They showed a trend toward 
local anesthetic sparing without a sacrifice in analgesia by 
increasing the volume and time between scheduled inter-
mittent boluses. Group 10/60 consumed less total bupiva-
caine than women in groups 2.5/15 and 5/30. However, 
there were little differences in pain scores, PCEA requests 
or administrations, number of manual bolus doses, time to 
first PCEA request, or patient satisfaction with labor analge-
sia between groups. Clearly, additional studies are needed 

Table 2.  Summary of Randomized Controlled Trials Meta-analysis Findings Comparing PIEB and CEI or PCEA 
With a Background Infusion for Labor Analgesia11

PIEB Versus CEI P Value
Local anesthetic consumption (MD)  –1.2 mg/h (95% CI, –2.2 to –0.3) 0.01*
Maternal satisfaction scores (MD) 7.0 mm (95% CI, 6.20 to 7.8) <0.00001*
Duration of second stage of labor (MD) –12 min (95% CI, –23 to 0) 0.04*
Mode of delivery
Cesarean delivery (OR) 0.87 (95% CI, 0.56 to 1.35) 0.54
Instrumented delivery (OR) 0.59 (95% CI, 0.35 to 1.00) 0.05
Total duration of labor (MD) –12 min (95% CI, –23 to 0) 0.04a

Anesthesia interventions (OR) 0.56 (95% CI, 0.29 to 1.06) 0.08

Local anesthetic consumption presented as milligram of bupivacaine equivalents per hour; Satisfaction measured using 0–100 mm scale. 
Abbreviations: CEI, continuous epidural infusion; CI, confidence interval; MD, mean difference; OR, odds ratio; PCEA, patient-controlled epidural analgesia;  
PIEB, programmed intermittent epidural bolus.
aFavors PIEB over CEI.
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Automated mandatory bolus versus basal infusion for maintenance of epidural analgesia in labour

Patient or population: maintenance of epidural analgesia in labour
Setting: pat ients admitted into the labour ward

Intervention: automated mandatory bolus

Comparison: basal infusion

Outcomes Anticipated absolute effects* (95% CI) Relative effect

(95% CI)

of participants

(studies)

Certainty of the evidence

(GRADE)

Risk with basal infusion Risk with automated

mandatory bolus

Breakthrough pain

assessed with: verbal pa-

t ient report ing or need for
rescue analgesia

Follow-up: range 242 min to

490 min

Study populat ion RR 0.60

(0.39 to 0.92)

797

(10 RCTs)

⊕⊕⊕⃝

Moderatea

333 per 1000 200 per 1000

(130 to 307)

Caesarean delivery

Follow-up: range 242 min to
490 min

Study populat ion RR 0.92

(0.70 to 1.21)

1079

(11 RCTs)

⊕⊕⃝⃝

Lowb

160 per 1000 147 per 1000

(112 to 194)

Instrumental delivery
Follow-up: range 242 min to

490 min

Study populat ion RR 0.75
(0.54 to 1.06)

1079
(11 RCTs)

⊕⊕⃝⃝

Lowb

123 per 1000 92 per 1000

(66 to 130)

Durat ion of labour in min

Follow-up: range 242 min to

490 min

The mean durat ion of labour

in min ranged f rom 186.3 to

690.0 min

MD 10.38 min lower

(26.73 lower to 5.96 higher)

- 1079

(11 RCTs)

⊕⊕⊕⃝

Moderatec
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LA consumption per hour

Follow-up: range 242 min to

490 min

The mean LA consumption

per hour ranged f rom 3 mg

to 21.4 mg

MD 1.08 mg/ h lower

(1.78 lower to 0.38 lower)

- 1121

(12 RCTs)

⊕⊕⊕⃝

Moderated

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: conf idence interval; MD: mean dif ference; RR: risk rat io.

GRADE Working Group grades of evidence

High certainty: we are very conf ident that the true ef fect lies close to that of the est imate of the ef fect.

Moderate certainty: we are moderately conf ident in the ef fect est imate: the true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent.

Low certainty: our conf idence in the ef fect est imate is lim ited: the true ef fect may be substant ially dif f erent f rom the est imate of the ef fect.

Very low certainty: we have very lit t le conf idence in the ef fect est imate: the true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

aDowngraded one level due to considerable stat ist ical heterogeneity for this outcome, i.e. I2 = 69%.
bDowngraded two levels because the upper and lower conf idence lim it cross the ef fect size of 5% in either direct ion and there
is inadequate information given the small numbers.
cDowngraded one level because the upper and lower conf idence lim it cross the ef fect size of 0.5 in either direct ion.
dDowngraded one level due to considerable stat ist ical inconsistency for this outcome, i.e. I2 = 89%.
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Data collection and analysis

We used the standard methodological procedures expected by Cochrane. Our primary outcomes were: risk of breakthrough pain with
the need for anaesthetic intervention; risk of caesarean delivery; risk of instrumental delivery. Secondary outcomes included: duration
of labour; local anaesthetic consumption. We used GRADE to assess the certainty of evidence for each outcome.

Main results

We included 12 studies with a total of 1121 women. Ten studies enrolled healthy nulliparous women only and two studies enrolled
healthy parous women at term as well. All studies excluded women with complicated pregnancies. There were variations in the technique
of initiation of epidural analgesia. Seven studies utilized the combined spinal epidural (CSE) technique, and the other five studies
only placed an epidural catheter without any intrathecal injection. Seven studies utilized ropivacaine: six with fentanyl and one with
sufentanil. Two studies used levobupivacaine: one with sufentanil and one with fentanyl. Three used bupivacaine with or without
fentanyl. The overall risk of bias of the studies was low.

AMB probably reduces the risk of breakthrough pain compared with BI for maintaining epidural analgesia for labour (from 33% to
20%; risk ratio (RR) 0.60; 95% confidence interval (CI) 0.39 to 0.92, 10 studies, 797 women, moderate-certainty evidence). AMB
may make little or no difference to the risk of caesarean delivery compared to BI (15% and 16% respectively; RR 0.92; 95% CI 0.70
to 1.21, 11 studies, 1079 women, low-certainty evidence).

AMB may make little or no difference in the risk of instrumental delivery compared to BI (12% and 9% respectively; RR 0.75; 95% CI
0.54 to 1.06, 11 studies, 1079 women, low-certainty evidence). There is probably little or no difference in the mean duration of labour
with AMB compared to BI (mean difference (MD) −10.38 min; 95% CI −26.73 to 5.96, 11 studies, 1079 women, moderate-certainty
evidence). There is probably a reduction in the hourly consumption of local anaesthetic with AMB compared to BI for maintaining
epidural analgesia during labour (MD −1.08 mg/h; 95% CI −1.78 to −0.38, 12 studies, 1121 women, moderate-certainty evidence).
Five out of seven studies reported an increase in maternal satisfaction with AMB compared to BI for maintaining epidural analgesia
for labour; however, we did not pool these data due to their ordinal nature. Seven studies reported Apgar scores, though there was
significant heterogeneity in reporting. None of the studies showed any significant difference between Apgar scores between groups.

Authors’ conclusions

There is predominantly moderate-certainty evidence that AMB is similar to BI for maintaining epidural analgesia for labour for all
measured outcomes and may have the benefit of decreasing the risk of breakthrough pain and improving maternal satisfaction while
decreasing the amount of local anaesthetic needed.

P L A I N L A N G U A G E S U M M A R Y

Epidural with intermittent (automated mandatory bolus) versus constant delivery (basal infusion) for maintaining pain relief
in childbirth

Background

Epidural analgesia involves the injection of pain relieving medication into the epidural space (area just outside the spinal column). It is
an effective form of pain relief during childbirth. The medication is usually given via a programmable pump that injects the medication
through a small tube positioned in the epidural space. Traditionally the medication was delivered at a constant rate known as a ’basal
infusion’. Recently there has been interest in delivering the medication as an intermittent dose (every now and again) instead. This so-
called ’bolus dosing’, or ’automated mandatory bolus’, may be better for pain relief. This study reviewed the evidence regarding two
interventions for maintaining epidural analgesia in childbirth: automated mandatory bolus and basal infusion.

Study characteristics

The evidence is current to January 2018. We found 12 studies involving 1121 women with uncomplicated pregnancies. We did not
specifically assess the impact of the funding sources on the studies. The people taking part in the trials we looked for (known as
randomized controlled trials) are randomly assigned to either the group receiving the treatment under investigation or to a group
receiving standard treatment as the control. This is to reduce any bias that either the investigators or the participants of the trial may
have.

Key results

2Automated mandatory bolus versus basal infusion for maintenance of epidural analgesia in labour (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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A Systematic Review and Meta-
Analysis Comparing Programmed 
Intermittent Bolus and Continuous 
Infusion as the Background Infusion 
for Parturient-Controlled Epidural 
Analgesia
Jiqian Xu1,2,3, Jie Zhou4, Hairong Xiao1,3, Shangwen Pan3, Jie Liu2, You Shang3 & 
Shanglong Yao1,3

The programmed intermittent epidural bolus (PIEB) technique offers multiple benefits over continuous 
epidural infusion (CEI), but controversy still exists when it is used in conjunction with a parturient-
controlled epidural analgesia (PCEA) regimen. A systematic review and meta-analysis was thus 
conducted using the Medline, EMBASE, CENTRAL and Web of Science databases with the aim of 
identifying those randomized controlled trials (RCTs) that performed a comparison between PIEB 
and CEI in healthy parturients using a PCEA regimen with regard to the duration of labor, labor pain, 
anesthesia interventions, maternal satisfaction and main side effects. The data were analyzed using 
a random-effects model. Eleven eligible trials were included, in which 717 participants were allocated 
to the PIEB + PCEA group and 650 patients were allocated to the CEI + PCEA group. The rate of 
instrumental delivery, incidence of breakthrough pain, PCEA usage rates and local anesthetic usage 
were significantly reduced, the labor duration was statistically shorter, and the maternal satisfaction 
score was significantly improved in the PIEB + PCEA group compared with that in the CEI + PCEA group. 
There were no differences in the side effects between the two groups. The results of the present study 
suggest that the PIEB technique in conjunction with the PCEA regimen was more advantageous than 
CEI + PCEA, but additional studies should be conducted to consistently demonstrate an improvement 
in the maternal and fetal obstetric outcomes.

Labor pain is one of the most painful experiences for a woman1. The degree and relief of pain affects maternofe-
tal physiology and neuropsychology, as well as maternal satisfaction2. It is thus necessary that feasible analge-
sia is used to improve maternal satisfaction and decrease the side effects on the mother and fetus3. It has been 
acknowledged that patient-controlled epidural analgesia (PCEA) is an effective method of labor analgesia that 
has been associated with superior maternal satisfaction and a lower incidence of adverse events compared with 
other analgesia techniques4,5; however, the PCEA regimen without a background infusion is not beneficial for 
decreasing pain scores of the parturient and the workload of the medical staff. Therefore, the continuous epidural 
infusion (CEI) technique added to the PCEA regimen has become a standard labor epidural analgesic regimen 
in North America and Europe in recent decades5–7, but CEI + PCEA could increase the risk of instrumental 
delivery and prolong the second stage of labor compared with PCEA-only epidural labor analgesia8, and it is 
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whom 717 subjects used the PIEB + PCEA regimen and 650 patients applied the CEI + PCEA regimen for main-
taining labor analgesia in the study, and the characteristics of the individual studies are summarized in Table 1. 
Five studies initiated labor analgesia with a combined spinal-epidural (CSE) technique10,11,24,25,27. The risk of bias 
is shown in Fig. 2, and all 11 trials were considered to be at low risk of bias (Table 1).

Mode of Delivery. Ten trials, which included 1167 subjects, reported the mode of delivery. A significant 
difference in CD rate between the two groups was not present in these studies. The pooled analysis did not find 
a difference in the rate of CD (OR, 1.03; 95% CI, 0.72–1.47; Fig. 3A). Nine trials reported the number of instru-
mental deliveries, and the overall results showed a significant difference between the two groups (OR, 0.51; 95% 
CI, 0.30–0.84; Fig. 3B). Eight trials, which included 984 subjects, recruited only nulliparous women, and the 
remaining trials, Wong et al.11 and Zhao et al.27, included parous parturients. The pooled results did not show a 
difference when these two trials were removed (OR, 0.47; 95% CI, 0.25–0.89). There was no publication bias in 
the trials involving CD (P = 0.089) and instrumental delivery (P = 0.747).

Duration of Labor. All trials reported the duration of labor, and ten of the studies offered information on 
the total duration of labor. The overall analysis showed that there was a significantly shorter total duration of 
labor when the PIEB + PCEA regimen was available (MD, −15.06 minutes; 95% CI, −22.16 to −7.96; I2 = 0%; 
P < 0.0001; Fig. 4A). The pooled analysis of the duration of the first stage of labor from eight reports also showed 
that a significantly shorter duration was observed in the PIEB + PCEA group than in the CEI + PCEA group 
(MD, −11.22 minutes; 95% CI, −16.44 to −6.01; I2 = 0%; P <0.0001; Fig. 4B). Seven trials, which included 846 
subjects, reported the duration of the second stage of labor. There was a significantly shorter duration in the 
PIEB + PCEA group than in the CEI + PCEA group (MD, −2.83 minutes; 95% CI, −4.57 to −1.08; I2 = 0%; 
P = 0.001; Fig. 4C). There was no publication bias in the studies reporting the total duration of labor (P = 0.371), 
duration of the first stage of labor (P = 0.711) or duration of the second stage of labor (P = 0.764).

Analgesia and Anesthesia Interventions. There was significant heterogeneity among studies regard-
ing the timing of the VAS scoring and the assessment of average or maximal VAS values. We therefore report 
the results qualitatively. Nine trials estimated the efficacy of labor analgesia with a VAS at different intervals, 
of which 6 reports9–11,22,24,25 failed to observe significant differences in pain scores between the two groups at 
different times. Fang et al.21, Lin et al.23 and Wang28 reported higher VAS scores in the CEI + PCEA group than 
in the PIEB + PCEA group during the later stages of labor. Five trials reported the incidence of breakthrough 
pain10,11,22,24,25, which generally requires physician intervention. There was a significant reduction in the incidence 
of breakthrough pain in the PIEB + PCEA group compared with that in the CEI + PCEA group (OR, 0.43; 95% 

Figure 1. Study selection flow diagram.
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group than in the CEI + PCEA group; the overall analysis showed that participants had a significantly higher 
maternal satisfaction score in the PIEB + PCA group than in the CEI + PCEA group (MD, 9.25; 95% CI, 4.06 to 
14.44; Fig. 7), but significant heterogeneity was observed (I2 = 98%) among these studies. A subgroup analysis was 
thus conducted. The subgroup of subarachnoid anesthesia initiation showed a significantly lower heterogeneity 
(I2 = 15%) among the trials, while a higher heterogeneity was still observed in the subgroup using epidural tech-
nique initiation (I2 = 99%). There was no publication bias in the trials reporting maternal satisfaction (P = 0.608).

Additional Outcomes. The incidence of motor block, assessed with the Breen-modified Bromage score9,29 
<6 or a traditional Bromage score11,21,22,24–26,28 >1, occurring at least once during labor (Table 2) was signifi-
cantly increased in the CEI group compared with the PIEB group, but significant heterogeneity was observed 
(I2 = 54%). A sensitivity analysis suggested that Capogna et al.9 appeared to increase the heterogeneity and used 
the Breen-modified Bromage score29, which is different than the Bromage score used by other trials; after remov-
ing this trial, the overall results showed no significant difference between the two regimens.

Six trials reported 1-minute Apgar scores21–23,26,27. There was no difference between the 2 groups in any trials. 
Eight trials reported the 5-minute Apgar scores, of which five trials gave the concrete scores10,23,25–27. There were 
no significant differences observed between the two regimens across all trials. Fang et al.21 and Wang et al.28 
reported that the 5-minute Apgar score for all subjects exceeded 7. Sia et al.25 reported that 81% (17/21) of the 
subjects in the PIEB + PCEA group and 90% (19/21) of subjects in the CEI + PCEA group surpassed scores of 
seven. Significant differences were not observed between the two groups.

Other maternal side effects (nausea/vomiting, pruritus, hypotension) are listed in Table 2. Significant differ-
ences were not found between the two regimens. Neonatal adverse effects (fetal bradycardia) were not reported in 
these trials except in Leo et al.10 and Sia et al.24, and there was no difference between the two groups.

Discussion
The important findings of this systematic review and meta-analysis study show that PIEB in conjunction with 
the PCEA regimen is of greater benefit to the parturient and fetus. In these healthy women requesting labor 
epidural analgesia, PIEB as the background infusion of the PCEA, compared with CEI plus PCEA, significantly 
reduced the risk of instrumental delivery, improved labor pain and pain relief, reduced LA consumption, resulted 
in higher maternal satisfaction, and statistically shortened the labor duration, but there were no differences with 
regard to the incidence of adverse events (motor block, Apgar score, etc.).

PCEA allowed the parturient to self-administer a bolus and thereby reduce the time between the onset of pain 
and the administration of additional analgesia8. CEI with or without PCEA boluses has been regarded as standard 
labor epidural analgesic regimens in many institutions in North America and Europe16. However, a higher risk 

Figure 2. The risk of bias for the included studies.

Less local anesthetic consumption.
Less breakthrough pain.
Higher patient satisfaction.
Less motor block. (?)
Reduced incidence of instrumental deliveries. (?)
Reduced duration of first and second stage of labour.



Versus CEI: PIEB is indeed better !

What about versus PCEA alone ?



  

Programmed Intermittent Epidural Bolus (PIEB) versus Patient-Controlled Epidural 

Analgesia (PCEA) for Maintenance of Labour Analgesia: 

A Two-centre, Double-blind, Randomized Study. 

 

E. Roofthooft MD1,2, A. Barbé, MD3, J. Schildermans, MD3, S. Cromheecke, MD4, N. Van 

Dam, MD4, S. Devroe,  MD2,5, E. Slock, MD5, S. Fieuws, PhD6, K. Vanbrabant, PhD6, PhD6, 

S. Rex, MD, PhD5,7, C. A. Wong, MD8, M. Van de Velde, MD, PhD, EDRA5,7. 

  

1 Consultant, Department of Anesthesiology, GZA Sint Augustinus Hospital, Oosterveldlaan 

24, 2610 Antwerp. 

2 Consultant, 7Professor, Department of Cardiovascular Sciences, KU Leuven, Herestraat 49, 

3000 Leuven, Belgium. 

3Resident, 5Consultant, Department of Anesthesiology, University Hospitals Leuven, 

Herestraat 49, 3000 Leuven, Belgium. 

4 Consultant, Department of Anesthesiology, ZNA Middelheim Hospital, Lindendreef 1, 2020 

Antwerp. Belgium. 

6 I-Biostat, KU Leuven - University of Leuven, Kapucijnenvoer 35, 3000 Leuven, Belgium 

8 Professor, Department of Anesthesia, University of Iowa, Iowa City, IA, United States. 

 

Corresponding author:  Eva Roofthooft, MD 

                                              Department of Anesthesiology GZA Sint Augustinus Hospital 

                                              Oosterveldlaan 24, 2610 Antwerp, Belgium 

    +32 3 443 36 13 

                                             Eva_roofthooft@hotmail.com 

 

T0
4ml 

spinal T15
Initiation

T30
10ml

T90
10ml 

T150
10ml

PCEA

PIEB

5ml/12’…

5ml/20’…

Top-up breakthrough pain
8ml 

  

Figure 1: CONSORT diagram of the study flow. 
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Table 2: Anaesthetic outcome data.  

 PIEB 

N = 64 

PCEA-only 

N = 61 

P Effect size (95% CI) 

Breakthrough 

pain 

7 (11%) 38 (62%) < 0.001  Δ=-51% (-65.1%; -34.9%) 

 

Requested PCEA 

bolus 

 

2 (0, 6.25) 8 (5.75, 11.5) < 0.001 c=0.79 (0.71;0.87) 

Received PCEA 

bolus 

 

1 (0.2) 6 (4.8) < 0.001 c=0.93 (0.88;0.97) 

Total oxytocin  

dose IU  

 

5 (3.15,10)   5 (2.2,10) 0.921 c=0.51 (0.40;0.61) 

Patient 

satisfaction VAS 

at 1 hour (mm) 

97.7 (0.6) 93.3 (1.6) 0.405 c=0.54 (0.44;0.64) 

Patient 

satisfaction VAS 

at 24 hours (mm) 

95.6 (0.7) 94.2 (1.3) 0.830 c=0.51 (0.42;0.6) 

Incidence of 

Bromage ≤ 4a 

 n (%) 

1 (1.5%) 8 (13.1%) 0.015 Δ=-11% (-27%; 7.9%) 

 

  

Total epidural 

solution volume 

(mL)b 

63.0 (26.9) 41.6 (24.5) < 0.001 c=0.74 (0.65;0.82) 

     

Data are presented as n (%), median (IQR) or mean (standard deviation).  The latter were 

reported for patient satisfaction, since the majority of the values equaled 10. 

 

Δ: difference between both groups (absolute risk difference). C= Harrell's c-index, quantifying 

the degree of discrimination (c=0.5 no difference between both groups) more specifically the 

probability that a subject from the one group has a higher value than the subject of the other 

group.  

 
a6-point Modified Bromage scale: 1, complete motor blockade; 2, almost complete motor 

blockade, the patient is only able to move the feet; 3, partial motor blockade, the patient is able 

to move the knees; 4, detectable weakness of hip flexion, the patient is able to raise the leg but 

can’t keep it raised; 5, no detectable weakness of hip flexion, the patient is able to raise the leg 

for 10 seconds or more; 6, no weakness. 
bSolution of ropivacaine 0.12% and sufentanil 0.75 µg/mL. 

PCEA, patient-controlled epidural analgesia; VAS, visual analogue scale. 

95% CI: 95% confidence interval  
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Programmed intermittent epidural bolus (PIEB) is a 
technique of epidural analgesia in which boluses of 
local anesthetic are injected into the epidural space. 

This technique provides superior quality of analgesia com-
pared with continuous epidural infusion (CEI). Studies 
comparing PIEB to CEI have shown that it prolongs the 
duration of analgesia, reduces motor block, lowers the inci-
dence of breakthrough pain, improves maternal satisfac-
tion, and decreases local anesthetic consumption.1–7

Recently, optimization of the PIEB regimens has been 
a subject of interest. Wong et al7 demonstrated that larger 
boluses of the epidural mixture delivered at longer time 

BACKGROUND: Most studies that have compared programmed intermittent epidural bolus 
(PIEB) with continuous epidural infusion regimens have included patient-controlled epidural 
analgesia and/or manual bolus as rescue analgesia for breakthrough pain. Consequently, the 
optimal time interval between PIEB is yet to be determined. We designed a study to establish 
the optimal time interval between PIEB of 10 mL of bupivacaine 0.0625% with fentanyl 2 μg/mL 
to produce effective analgesia in 90% of women during first stage of labor without breakthrough 
pain.
METHODS: We conducted a double-blind sequential allocation trial with a biased-coin up-
down design to obtain the effective interval 90% for the PIEB regimen. We included American 
Society of Anesthesiologists physical status 2–3 nulliparous women at term undergoing spon-
taneous or induced labor requesting epidural analgesia. An ultrasound-assisted epidural cath-
eter placement was performed at L2/3 or L3/4. A test dose of 3 mL of bupivacaine 0.125% 
plus fentanyl 3.3 μg/mL was followed by a loading dose of 12 mL of the same solution. PIEB 
was then started in women whose pain scores achieved Verbal Numerical Rating Score ≤1/10 
within 20 minutes after the end of the loading dose. In all subjects, the programmed bolus 
dose was fixed at 10 mL of bupivacaine 0.0625% with fentanyl 2 μg/mL. The first bolus was 
delivered 1 hour after the loading dose. The PIEB interval was set at 60 minutes for the first 
patient and at varying time intervals (60, 50, 40, and 30 minutes; groups 60, 50, 40 and 
30, respectively) for the subsequent patients, according to a biased-coin design. The primary 
outcome was effective analgesia, defined as no requirement for a patient-controlled epi-
dural analgesia or a manual bolus for 6 hours after the initiation of the epidural analgesia 
or until the patient presented with full cervical dilatation, whichever event occurred first. 
Pain scores, sensory block levels to ice, degree of motor block, and blood pressure were 
assessed hourly.
RESULTS: We studied 40 women. The estimated effective interval 90% was 42.6 minutes (95% 
confidence interval 38.9–46.4) using the truncated Dixon and Mood method and 36.8 minutes 
(95% confidence interval 31.0–49.0) using the Isotonic Regression analysis. Almost 70% of the 
patients in group 30 presented with sensory block above T6, compared with 44%, 22%, and 
11% in groups 40, 50, and 60, respectively. Only patients in group 30 presented with motor 
blockade. The incidence of hypotension was low in all groups with no treatment required.
DISCUSSION: The optimal time interval between PIEB of 10 mL of bupivacaine 0.0625% 
with fentanyl 2 μg/mL is approximately 40 minutes. Further studies to determine the effi-
cacy of this regimen throughout the entire duration of labor are warranted.  (Anesth Analg 
2017;124:537–41)
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40 min interval optimum?

Original Article

Determination of the optimal programmed intermittent epidural
bolus volume of bupivacaine 0.0625% with fentanyl 2 lg.ml−1 at
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Summary
The optimum time interval for 10 ml boluses of bupivacaine 0.0625% + fentanyl 2 lg.ml!1 as part of a programmed
intermittent epidural bolus regimen has been found to be 40 min. This regimen was shown to be effective without the
use of supplementary patient-controlled epidural analgesia boluses in 90% of women during the first stage of labour,
although with a rate of sensory block to ice above T6 in 34% of women. We aimed to determine the optimum
programmed intermittent epidural bolus volume at a 40 min interval to provide effective analgesia in 90% of women
(EV90) during the first stage of labour, without the use of patient-controlled epidural analgesia. We performed a prospec-
tive double-blind dose-finding study using the biased coin up-and-down sequential allocation method in 40 women. The
estimated EV90 was 11.0 (95%CI 10.0–11.7) ml with the isotonic regression method and 10.7 (95%CI 10.3–11.0) ml with
the truncated Dixon and Mood method. Overall, 18 women had a sensory block above T6, and 37 women exhibited no
motor block. No women required treatment for hypotension. In conclusion, it is not possible to reduce the programmed
intermittent epidural bolus volume from 10 ml, used in our current regimen, without compromising the quality of
analgesia. Using this regimen, a high proportion of women will develop a sensory block above T6.
.................................................................................................................................................................
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Introduction
The programmed intermittent epidural bolus (PIEB)
technique is a recent advance in labour analgesia in
which a fixed volume of local anaesthetic is automatically
administered at a set interval, in contrast to the usual

method of continuous epidural infusion. Both techniques
are typically combined with patient-controlled epidural
analgesia (PCEA), which allows the woman to self-
administer additional local anaesthetic in case of break-
through pain. A recent systematic review and meta-
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11 ml volume optimal?

Settings ?



Get rights and content

•

•

•

Journal of Clinical Anesthesia
Volume 34, November 2016, Pages 632-637

Original Contribution

An in vitro evaluation of the pressure generated during
programmed intermittent epidural bolus injection at varying
infusion delivery speeds ☆ ☆☆ ★ ★★
Thomas T. Klumpner MD (Clinical Lecturer) , Elizabeth M.S. Lange MD (Assistant Professor) , Heena

S. Ahmed BS (Medical student, research assistant) , Paul C. Fitzgerald MS (Anesthesia research nurse) , 

Cynthia A. Wong MD (Professor) , Paloma Toledo MD, MPH (Assistant Professor) 

Show more

https://doi.org/10.1016/j.jclinane.2016.06.017

Highlights

Higher epidural infusion delivery speeds are associated with higher peak
pressures.

At all speeds, peak pressures are higher in multiorifice vs single-orifice
catheters.

The clinical implications of these pressure differences need to be
evaluated.

Abstract

Study objective

a, b a

a a

a, c a, d

Get Access Share Export

Infusion pump delivery rate

In vitro study with CADD solis pump

PIEB

100 – 175 – 300 – 400 ml/h

Higher rates, higher peak pressure



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.<zdoi;10.1097/ALN.0000000000002089>

Anesthesiology, V 128 • No 4 745 April 2018

What We Already Know about This Topic

• There are theoretical reasons to believe that programmed 
intermittent boluses of epidural local anesthetic with high-rate 
delivery might be preferable to low-rate delivery of boluses

What This Article Tells Us That Is New

• Two hundred and twenty laboring women were randomized to 
intermittent boluses with high versus low delivery rate

• Analgesia and the need for supplemental local anesthetic 
injections were similar in each group

• Programmed high-rate epidural injections do not appear 
superior to low-rate epidural injections

T HE earliest reports of neuraxial analgesia for labor 
pain were published in 19001; since that time there 

has been a substantial evolution in the use of epidural cath-
eters and the development of pumps to provide continuous 
labor analgesia to parturients.2 Today, neuraxial labor anal-
gesia is usually maintained by the injection of local anes-
thetic combined with opioid through a catheter placed in 
the lumbar epidural space. Administration of anesthetic 
solution into the epidural space is usually accomplished by a 
combination of continuous infusion, provider-administered 
supplemental boluses, and patient-administered boluses 
(patient-controlled epidural analgesia [PCEA]). While the 
ideal combination of administration methods for maintain-
ing labor analgesia is unknown, an optimal analgesic regi-
men would provide adequate analgesia, while minimizing 
motor weakness.

Studies suggest that programmed intermittent epidural 
boluses (PIEB) provide superior maintenance of labor 
analgesia with less need for provider intervention, lower 
local anesthetic consumption, and less motor block than 

maintenance with a continuous infusion.3 Epidural infu-
sion pumps capable of delivering PIEB with PCEA are com-
mercially available. Many units have implemented PIEB for 
labor analgesia, but an optimum regimen (drug concentra-
tion, bolus dose and interval, bolus delivery rate) has yet to be 
determined.4 Studies evaluating variations in PIEB regimens 
to improve labor analgesia have been focused on varying the 

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2018; 128:745-53

ABSTRACT

Background: Programmed intermittent boluses of local anesthetic have been shown to be superior to continuous infusions for 
maintenance of labor analgesia. High-rate epidural boluses increase delivery pressure at the catheter orifice and may improve 
drug distribution in the epidural space. We hypothesized that high-rate drug delivery would improve labor analgesia and 
reduce the requirement for provider-administered supplemental boluses for breakthrough pain.
Methods: Nulliparous women with a singleton pregnancy at a cervical dilation of less than or equal to 5 cm at request for 
neuraxial analgesia were eligible for this superiority-design, double-blind, randomized controlled trial. Neuraxial analgesia was 
initiated with intrathecal fentanyl 25 µg. The maintenance epidural solution was bupivacaine 0.625 mg/ml with fentanyl 1.95 
µg/ml. Programmed (every 60 min) intermittent boluses (10 ml) and patient controlled bolus (5 ml bolus, lockout interval: 
10 min) were administered at a rate of 100 ml/h (low-rate) or 300 ml/h (high-rate). The primary outcome was percentage of 
patients requiring provider-administered supplemental bolus analgesia.
Results: One hundred eight women were randomized to the low- and 102 to the high-rate group. Provider-administered 
supplemental bolus doses were requested by 44 of 108 (40.7%) in the low- and 37 of 102 (36.3%) in the high-rate group 
(difference –4.4%; 95% CI of the difference, –18.5 to 9.1%; P = 0.67). Patient requested/delivered epidural bolus ratio and 
the hourly bupivacaine consumption were not different between groups. No subject had an adverse event.
Conclusions: Labor analgesia quality, assessed by need for provider- and patient-administered supplemental analgesia and 
hourly bupivacaine consumption was not improved by high-rate epidural bolus administration. (ANESTHESIOLOGY 2018; 
128:745-53 )

This article is featured in “This Month in Anesthesiology,” page 1A. This article was presented as an oral presentation at the Society for 
Obstetric Anesthesia and Perinatology Annual Meeting, Bellevue, Washington, May 11, 2017.
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Evaluation of infusion pump delivery rate

100 vs 300 ml/h

No difference in analgesia or
provider-administered 
supplemental boluses  

Infusion speed ?



Risks + problems

• Injection into intrathecal catheter.
– High block.
– Hypotension.
– è perforation by pressure of dura or 

inadvertent placement.
• Hypotension due to excessive spread.
• Special pumps (price ?).
• Implementation problems.
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Re: ‘A study of factors influencing
surgical cesarean delivery times in
an academic tertiary center’

We read with interest the article by Gonzales Fiol et al.1

published online in the journal in January 2018. The
authors conducted a retrospective review of caesarean
deliveries over a 12-month period to determine cae-
sarean delivery times and identify factors influencing
operative time and preference for a particular anaes-
thetic method. Although the authors examined the influ-
ence of several pertinent variables on operative time, we
consider that premature conclusions were drawn that
were not supported by the data.

Firstly, when undertaking a linear regression analy-
sis, a key assumption is the normal distribution of the
residuals (the distance of the predicted value from the
measured value). Given the skewed distribution of oper-
ative time and the low coefficient of determination (R2),
we suspect the residuals of the data were not normally
distributed, thus violating this condition. The authors
did not report the assessment of this assumption.

Secondly, as identified by the authors, the variables
studied account for a small part (18%) of the variation
in caesarean delivery operative time. In presenting a pre-
dictive model in the form of the decision tool in Fig. 2,
the authors infer clinical utility. However, a coefficient
of determination (R2) of only 0.18 suggests the predic-

tive model is a poor fit and does not predict operative
time accurately. Furthermore, the statistical model has
not undergone an assessment of its predictive power.
The convention when preparing and assessing a
predictive statistical model is to undertake an analysis
on a split data set.2,3 Firstly, a ‘‘training” subset of data
is used to formulate the model and then its performance
is validated on a ‘‘testing” subset of data. If this had
been undertaken, the authors could have demonstrated
the model’s ability to accurately identify cases of greater
than 90 minutes duration, accompanied by the sensitiv-
ity and specificity. This would have evidenced the true
utility and transferability of this model into clinical
practice.

We believe this paper does not validate the predictive
model proposed and suggest it is an inadequate tool to
influence clinical decisions such as anaesthetic
technique.

S. Singh, A. Clark
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University Hospital Crosshouse, Kilmarnock, Scotland,
United Kingdom
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Dosing an unintentional intrathecal
catheter with programmed
intermittent epidural bolus settings
may not produce hypotension

Maintenance of epidural analgesia by programmed
intermittent epidural boluses (PIEB) delivers identical
volumes and doses of epidural medication at scheduled
intervals, and demonstrates more extensive epidural
spread than continuous infusion.1 There is limited infor-
mation on how an unrecognized intrathecal catheter
might present during PIEB settings,2 especially if the
catheter was placed as part of a combined spinal-epidu-
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Benign paroxysmal positional
vertigo presenting as persistent
vomiting in a parturient using
epidural analgesia

A healthy 26-year-old woman, G1P0, was admitted in
labor and an epidural catheter was inserted unevent-
fully. Maintenance of epidural analgesia was with
levobupivacaine 1.25 mg/ml and fentanyl 1.25 mg/ml at
a rate of 6 mL/h, using patient-controlled epidural anal-
gesia (6 mL on demand at a 15 min lockout interval).
This proved effective and without significant
complication.

Nausea and vomiting were noted two hours after
the insertion and these symptoms persisted for 10
hours despite intravenous fluid administration (normal
saline 1 L) and anti-emetic treatment (intravenous
metoclopramide 10 mg). No other gastro-intestinal
symptoms, such as abdominal pain, tenderness or diar-
rhea, were noted. Her blood pressure was within nor-
mal limits and she had a mild tachycardia. We
considered it unusual for a parturient to have persistent
nausea and vomiting so did a brief neurological exam-
ination, in order to rule out serious causes such as
increased intracranial pressure induced by pre-eclamp-
sia. Horizontal rotatory nystagmus was a significant
finding and the woman volunteered that vertigo, nau-
sea and vomiting were induced by changing position.

Benign paroxysmal positional vertigo (BPPV) was our
provisional diagnosis and the Dix-Hallpike test was
performed. With the patient sitting upright, we held
her head in 45" rotated to the left. She was then
instructed to keep her eyes open while she was taken
backward to lie down with a pillow under her shoul-
ders to extend her head 20". Up-beating, left horizontal
rotatory nystagmus with a five-second latency and last-
ing for nearly 30 seconds was induced, and the patient
experienced vertigo and vomiting again after the
maneuver. Left posterior canal BPPV was diagnosed
due to the positive result of the left-sided Dix-Hallpike
test. Following the diagnosis, we carried out the Epley
maneuver to treat the patient (Fig. 1). The initial
maneuver was the same as the Dix-Hallpike test, hold-
ing the woman’s head with 45" rotation to the left
when she sat upright, before taking her backward to
a supine position with her head rotated 45" to the left
and extended 20" by the pillow. This position was
maintained for 30 seconds before turning her head
90" to the right for 30 seconds. Next, we had the
patient roll on her right shoulder and turn her head
a further 90" to the right, making her head facing
down at a 45" angle for 30 seconds. Finally, we
brought her to the upright sitting position to complete
the maneuver. Her symptoms were relieved after the
treatment. She delivered her infant 18 hours after com-
mencing epidural analgesia and was discharged three
days later without a recurrence of BPPV.

Benign paroxysmal positional vertigo may be caused
by cupulolithiasis. It is the most common cause of dizzi-
ness or vertigo, and some studies suggest an association
with estrogen change and pregnancy.1–3 Prolonged bed
rest may be another cause of BPPV in pregnant women,
especially if they are usually advised to sleep on their left
side to decrease vena caval compression. The gold stan-
dard to diagnose BPPV is the Dix-Hallpike test and
treatment is by the Epley maneuver or with antihistami-
nes and benzodiazepines. In our opinion, the Epley
maneuver is the first-line treatment, not only because
of cost-effectiveness but because it is a physical rather

Fig. 1 Dix-Hallpik test and Epley maneuver. Step 1: Let the patient sit upright, with her head rotated 45" to the left. Step 2: Take
the patient backward to a supine position with her head rotated 45" to the left. Use a pillow under her shoulders to keep her head
in 20" of extension. Step 3: Ask the patient to turn her head to the right until it is rotated 45" to the right. Step 4: Move the patient
to the right lateral decubitus position, with her head still rotated 45" to the right. Step 5: Help the patient to sit upright, with her
head in the neutral position. Dix-Hallpik test for left posterior canal BPPV: Step 1 to 2. Epley maneuver for left posterior canal
BPPV: Step 1 to 5, maintaining each step for 30 seconds. For diagnosing and treating right posterior canal BPPV, use the same
steps but reverse the left and right sequence. BPPV: benign paroxysmal positional vertigo.
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ral (CSE) technique and the epidural test dose was
omitted.3,4

A healthy term primigravid woman in labor
requested neuraxial analgesia and had an uncomplicated
CSE technique. A 19-gauge open-tip flexible wire-rein-
forced catheter (Arrow FlexTip Plus!, Reading, PA,
USA) threaded easily and aspiration directly from the
catheter, without a filter, showed no return of cere-
brospinal fluid (CSF) or blood. An epidural test dose
was not given. Our institutional PIEB regimen was
established using a CADD-Solis Infusion Pump (Smiths
Medical, St Paul, MN, USA). The regimen uses 0.0625%
bupivacaine with 2 mg/mL fentanyl, a 10 mL PIEB bolus
every 45 min, starting 30 min after epidural placement,
and a 5 mL patient-controlled epidural analgesia
(PCEA) bolus with a 10-min lockout interval. The
patient received three PCEA doses over the first two
hours. She noted her legs were completely numb about
two hours after placement but was unconcerned and
did not notify a nurse. The woman’s blood pressure
was measured every 5 min for 15 min and then every
30 min. She received one-on-one nursing care.

The nurse attending her noted a denser motor block-
ade about five hours after initiation and called the anes-
thesiologist, who demonstrated a block to ice to T2 and
was able to easily aspirate 5 mL of clear fluid from the
epidural catheter. A review of her blood pressure read-
ings over five hours showed only mild asymptomatic
hypotension, in the range of 90–133 mmHg for systolic
and 51–62 mmHg for diastolic blood pressure. She had
reported intermittent mild nausea which she did not
relate to the PIEB or PCEA doses. She delivered vagi-
nally 2.5 h later, remaining comfortable without addi-
tional analgesia. The intrathecal catheter was removed
the following day, she did not develop a post-
dural puncture headache, and there were no adverse
maternal or neonatal outcomes.

In this case, an inadvertent intrathecal catheter with
PIEB drug administration presented with dense motor
blockade. This is in contrast to another case report in
which the woman presented with profound symptomatic
hypotension.2 In that case, uneventful catheter place-
ment as part of a CSE technique was followed by
hypotension, with new-onset nausea and dyspnea, after
the fifth PIEB dose. The passage of a soft-tip, flexible,
wire-reinforced epidural catheter through an intact dura
is considered unlikely,5 so the authors theorized that the
catheter had been placed subdurally initially and had
then punctured the arachnoid mater and migrated
intrathecally. An alternative hypothesis is that the dura
was unknowingly ‘‘nicked” by the Touhy needle and the
catheter later migrated through this weakened spot. A
further hypothesis is that the small dural hole intention-
ally created during the CSE technique provides an entry
point for the catheter, although the catheter diameter in

this and the other report2 was 19-gauge whereas the
spinal needles used were 26- and 27-gauge. In both cases
the catheter functioned as if positioned epidurally for
several hours, prior to the patients developing symptoms
suggesting intrathecal drug administration, with an
intrathecal location proven by aspiration of CSF.

Intravascular migration of catheters is a well-known
complication of epidural analgesia and occurs more fre-
quently with stiff, compared with flexible, catheters. The
intrathecal migration rate of stiff and flexible catheters is
unknown and assumed to be much lower.6–8 The other
similar report involved a different catheter (B Braun
Perifex! FX Springwound, B-Braun Medical Inc.,
USA) to the one that we used, which suggests that all
flexible wire-reinforced catheters are at risk of intrathe-
cal migration after insertion.

We write not to disparage the PIEB technique but to
encourage vigilance. There are few descriptions of the
effect of unintentional PIEB dosing of an intrathecal
catheter. Given the greater epidural spread of local anes-
thetic with PIEB, boluses administered by the pump the-
oretically pose a greater risk of high block than a
continuous infusion. A safety feature of PIEB dosing
may be that symptoms develop slowly and allow recog-
nition of intrathecal spread before progression to respi-
ratory distress. Intrathecal migration of an epidural
catheter poses a bigger risk after manual boluses given
for inadequate pain control or cesarean delivery, and
identification of catheter migration is vital. Finally,
while not fail-safe,9 all hand-delivered doses should be
given incrementally after direct aspiration of the cathe-
ter, even if previous aspiration tests have been negative.

E. Dinges, M. Foulks, C. Kent
Department of Anesthesiology and Pain Medicine,

University of Washington, Seattle, WA, USA
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Take home messages.

• Advantages:
– Less LA used.
– Higher satisfaction.
– Less breakthrough pain.
– Less motor block.
– Higher patient satisfaction.

• Minimal risks.
• Investment.
• Implementation issues.
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