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Abstract 

Effective management of labor pain is a cornerstone of modern obstetric anesthesia, with neuraxial techniques 
representing the gold standard. This narrative review explores current strategies for initiation and maintenance 
of neuraxial labor analgesia, focusing on the classic epidural (EPL), combined spinal–epidural (CSE), and 
dural puncture epidural (DPE), as well as maintenance methods including continuous epidural infusion 
(CEI), programmed intermittent epidural bolus (PIEB), and patient-controlled epidural analgesia (PCEA). 
A comprehensive literature search was performed across major databases, emphasizing prospective trials, 
systematic reviews, and meta-analyses.
Evidence suggests that while EPL remains widely used and reliable, it is associated with slower onset and 
risk of patchy block. CSE provides the fastest onset and reliable analgesia but carries a slightly higher risk of 
maternal hypotension, pruritus, and fetal bradycardia. DPE offers marginal improvements in onset and block 
quality compared to EPL, with fewer side effects than CSE, although its clinical advantages remain limited. For 
maintenance, PIEB has demonstrated superiority over CEI in terms of analgesic quality, motor block reduction, 
and maternal satisfaction. PCEA, whether alone or in combination, increases maternal autonomy, reduces 
physician interventions, and lowers local anesthetic consumption.
Overall, neuraxial techniques should be tailored to maternal and fetal needs, balancing rapid onset and 
reliable analgesia against potential side effects. CSE and PIEB emerge as strong candidates for initiation and 
maintenance respectively, while ongoing research is required to refine the role of DPE and high-volume PCEA 
in modern practice.

Keywords: Labor, Obstetric [MeSH], Anaesthesia, Obstetrical [MeSH], Pain, Labor [MeSH], Initiation, 
Maintenance.

Introduction

Labor pain is one of the most intense experiences 
many women will encounter in their lifetime, 
making effective pain management a crucial aspect 
of obstetric care. Neuraxial analgesia represents the 
gold standard for labor pain management, offering 
significant relief and contributing to a more positive 
labor experience. The ideal technique should 
provide rapid onset, consistent and adjustable 
analgesia, and be easily customizable to match 
both the intensity and duration required by the 
patient. Additionally, it should be straightforward 
to administer while minimizing side effects for both 
the mother and fetus. However, no single method 
meets all these criteria perfectly, as each technique 
has its own set of benefits and limitations.

There are three main options for the initiation of 
neuraxial analgesia: the classic epidural (EPL), 
the combined spinal-epidural (CSE) and the dural 
puncture epidural (DPE).  The standard epidural 
technique has been widely used for decades and 
is known for its efficacy in pain control but is also 
associated with certain limitations, such as delayed 
onset of analgesia and the risk of a patchy or 
inadequate block. The CSE technique offers both 
immediate pain relief from the spinal component and 
prolonged analgesia from the epidural component, 
providing distinct advantages, like a faster onset 
of analgesia. Meanwhile DPE, a relatively new 
approach, seeks to combine the benefits of both 
previous techniques by facilitating the spread of 
analgesia through intentional dural puncture without 
intrathecal drug administration, potentially offering 
a balanced profile of efficacy and safety.
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Initiation 

Epidural analgesia (EPL)

The practice of administering medication in the 
epidural space has a history spanning over a century. 
This technique has undergone significant evolution 
and has become a cornerstone of obstetric anaesthesia. 
The procedure begins with the identification of the 
appropriate lumbar level and midline, followed 
by the advancement of a non-cutting epidural 
needle through the skin, subcutaneous tissue, the 
supraspinous and interspinous ligaments, and 
finally reaching the ligamentum flavum. The ‘loss 
of resistance’ technique, employing either saline or 
air, is used to locate the epidural space accurately. 
Once the needle is correctly positioned, a catheter 
is inserted. To detect an accidental intravenous or 
intrathecal placement of the catheter, a test dose of 
lidocaine and low-dose epinephrine is administered. 
If the positioning is correct, a loading dose is given, 
providing adequate analgesia within 10 to 15 
minutes.

Traditionally, a relatively high dose of local 
anaesthetic, such as 0.25% Bupivacaine, was used, 
which often led to motor block and a diminished 
sensation of contractions. Since the early 2000s, 
there has been a shift towards low-dose epidural 
techniques with low-concentration mixtures 
(bupivacaine or ropivacaine 0.08% - 1.5% combined 
with fentanyl 2 µg/mL or sufentanil 0.3µg/mL). 
This mixture is then administered at high volumes 
of 10mL to 15mL.  This was supported by evidence, 
most famous of which is the COMET trial published 
in 2001, which demonstrated significant benefits 
in delivery outcomes. Low-dose epidurals reduce 
the incidence of motor block and preserved the 
sensation of contractions, allowing patients to 
better synchronize with the final stages of labor. 
This adjustment reduced the need for instrumental 
vaginal delivery by approximately one in four, 
without affecting the rates of cesarean sections3.

Combined spinal-epidural (CSE)

The concept of administering a local anaesthetic in 
both the subdural and epidural spaces was pioneered 
by Soresi in 1937, who injected procaine in both 
spaces to provide surgical analgesia with both a fast 
onset from the subdural component and a prolonged 
effect from the epidural component4. The first use 
of CSE for obstetrics was reported in 1981 by 
Brownridge who employed a sequential approach 
by first placing an epidural catheter followed by a 
single-shot spinal punction for elective cesarean 
sections5. 

There are multiple technical variations for the 
placement of a CSE. The most common method is 

Techniques for maintenance of analgesia during 
labor and delivery should aim to provide adequate 
comfort for the parturient while minimizing adverse 
outcomes for both the mother and fetus. Historically 
physicians administered manual intermittent boluses 
to the parturients although this was labor-intensive 
and often unreliable. The introduction of continuous 
epidural infusion (CEI) and later programmed 
intermittent epidural bolus (PIEB) reduced the need 
for manual intervention by healthcare professionals. 
Patient controlled epidural analgesia (PCEA) was 
introduced in the 90’s and gave patients greater 
autonomy in managing their pain. 

The technique of the spinal catheter and 
continuous spinal anaesthesia offers excellent 
analgesia during labor, although it’s more invasive 
than other epidural techniques. In modern practice 
it is used in cases of accidental dural puncture with 
the goal of reducing post-dural puncture headache 
and the need for an epidural blood patch1,2. This falls 
outside of the scope of this review and will not be 
discussed further.             

Despite extensive use of these techniques, the 
available evidence still poses many questions 
regarding their comparative efficacy, onset of 
analgesia, side effects, and impact on labor outcomes. 
This paper aims to provide a comprehensive review 
of initiation and maintenance of neuraxial labor 
analgesia. 
 
Methodology 

A comprehensive search of electronic databases, 
including PubMed, Cochrane Library, Scopus, and 
Google Scholar, was conducted in March 2024 and 
repeated in March 2025 to capture the most current 
evidence. The search targeted studies published up 
to the time of review, prioritizing prospective trials, 
systematic reviews, and meta-analyses. MeSH 
terms included “Anaesthesia, Obstetrical,” “Labor, 
Obstetric,” “Pain, Labor,” and “Parturition.” 
Key free-text terms included “labour analgesia 
initiation,” “labour analgesia maintenance,” 
“epidural analgesia,” “combined spinal-epidural 
analgesia,” “dural puncture epidural,” “continuous 
epidural analgesia,” “programmed intermittent 
epidural bolus,” and “patient-controlled analgesia.” 
Titles and abstracts were screened for relevance, 
and full texts were reviewed when appropriate. 
Reference lists of included articles were manually 
searched using a snowballing approach to identify 
additional relevant studies. Articles were included 
if they reported outcomes related to quality of 
analgesia, maternal outcomes, or fetal outcomes. 
Retrospective studies were screened for relevance 
but excluded from the main synthesis (Fig. 1).
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the needle-through-needle technique in which an 
epidural needle is advanced into the epidural space, 
after which a 25G or 27G spinal needle is advanced 
through the former to perform the spinal punction. 
The local anaesthetic is injected into the intrathecal 
space and a catheter is advanced into the epidural 
space. Less commonly a separate-needle technique 
is used in which the spinal component and epidural 
component are administered independently, although 
this method is associated with a higher failure rate. 
An addition to the CSE technique is the concept of 
Epidural Volume Expansion (EVE), whereby an 
early epidural ‘top-up’ of local anaesthetic or saline 
after a successfully placed CSE can reduce the total 
dose of local anaesthetic and opioid administered 
by improving the cephalad and sacral spread of 
the block. This is particularly useful in high-risk 
parturients undergoing cesarean section6. 

There is a large heterogeneity of products and 
combinations used across different studies on CSE, 
with varying results making adequate comparison 
difficult. Usually the products used for the intrathecal 
dose consist of a mixture of a low concentration 
long-lasting local anaesthetic (Ropivacaine, 
bupivacaine or levobupivacaine 1.5mg to 2mg) 
and an opioid (fentanyl 25µg or sufentanil 2-5µg), 
although some studies use only opioids intrathecally 
(Tables I & III).

CSE has been proven safe and effective for all 
stages of labor. The technique has seen widespread 
adaptation with a recent survey showing 43% of 
obstetric fellowship programs in the USA using 
CSE as the preferred technique for the initiation of 
neuraxial analgesia (compared to 29% for EPL and 
21% for DPE)7.

Dural puncture epidural (DPE) 

DPE was introduced by Thomas et al. in 20058, 
with the primary aim to evaluate if epidural 
catheters placed using CSE showed any superiority 
over those inserted via the traditional epidural 
approach. DPE is similar to the conventional CSE, 
employing a needle-through-needle technique for 
spinal puncture, but crucially does not involve the 
administration of intrathecal medication. Instead, 
a standard epidural catheter is left in place, and 
an epidural loading dose is given after verifying 
the catheter’s correct placement. The loading dose 
usually consists of the same products as described 
for EPL, at a volume of 10 to 15 mL. 

DPE was hypothesized to present fewer side 
effects compared to the traditional CSE method, 
such as maternal pruritus, fetal bradycardia, 
reduced Bromage scores, and delays in functional 
testing of the epidural catheter. Meanwhile, it aims 
to retain the key advantages of the CSE, like rapid 

Fig. 1 — PRISMA flow chart.
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 onset, improved cephalad and sacral spread of the 
analgesia, and a more uniform block.

A critical aspect of the DPE technique is the 
size of the needle used for the dural puncture. In 
vitro studies have demonstrated that the amount of 
fluid passing through the dural puncture is directly 
related to the size of the spinal needle used, 
ranging from 18g to 25g. Initial studies utilized 
a 27 gauge needle, but subsequent research has 
explored the use of slightly larger 26 gauge or 
25 gauge needles to enhance the effectiveness9,10. 
Findings from a study by Contreras et al. suggest 
that a 25 gauge needle may offer a marginally 
quicker onset of analgesia, though the difference 
may not hold clinical significance. Furthermore, 
this adjustment showed no impact on maternal 
outcomes or the method of delivery11. 

CSE vs EPL

Quality of analgesia 

There is extensive research comparing CSE to EPL 
(Table I). Use of CSE has been associated with a 
faster onset of analgesia and lower VAS scores in 
the first hour after placement. Most studies report 
no difference in maternal satisfaction scores or 
pain at delivery when compared to EPL. A 2014 
meta-analysis by Heesen and colleagues of 10 
studies on CSE vs EPL showed a significantly 
reduced rate of unilateral block and catheter 
replacement rate after initiation with CSE12.  This 
is likely because of the dural puncture confirming 
the correct midline position of the epidural needle, 
making the catheter position more secure.

Maternal outcomes 

As CSE is a more invasive procedure compared 
to EPL there is significant concern for side effects 
caused by the intrathecal injection. There is 
contradicting evidence on this topic, as there is 
significant heterogeneity between studies in both 
the techniques used and the data reported. This 
makes adequate comparison difficult so we rely 
mostly on pooled data through meta-analyses 
and reviews. There are contradicting reports on 
motor block and maternal hypotension after CSE. 
A 2012 Cochrane review reported no difference 
in motor block or maternal hypotension between 
CSE and both high-dose and low-dose EPL. 

The extra dural puncture performed during CSE 
raises concerns for post-dural puncture headache 
(PDPH). As rates of PDPH vary between 0.5% 
and 1.5%, most prospective studies aren’t 
sufficiently powered to produce statistically 
significant results. Once again we rely on the 
2012 Cochrane analysis of pooled data, which 
shows no difference in PDPH rates between the 
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two techniques. This is also confirmed by multiple 
retrospective analyses.

Fetal outcomes 

One of the major concerns about the use of 
neuraxial techniques is the higher risk for fetal 
heart rate abnormalities in both CSE and EPL13. A 
2002 meta-analysis associates intrathecal opioids 
with an increased incidence of fetal bradycardia14. 
A later meta-analysis published in 2016 by Hattler 
and colleagues showed a significant increase in 
fetal bradycardia in patients receiving CSE when 
compared to EPL. Nonetheless this remains a 
controversial topic with large heterogeneity in most 
studies which makes adequate comparison difficult. 
Some research suggests that fetal bradycardia and 
uterine hyperactivity are more common when 
higher doses of epidural Bupivacaine or intrathecal 
Sufentanil (7.5µg) are used15-17.

DPE vs EPL 

Quality of analgesia 

Most literature on this topic is quite recent, as 
research surrounding DPE only started picking up 
around 2013 (Table II). In general most studies 
suggest a slightly faster onset of analgesia for 
DPE when compared to EPL and lower early 
VAS scores. There is little difference in quality of 
analgesia after the first 20 minutes. In 2022 Yin et al 
performed a meta analysis of  10 RCTs comparing 
DPE and EPL18. Analysis of the pooled data shows 
a faster onset of analgesia for DPE when compared 
to EPL, providing lower VAS scores at the 10 
minute and 20-minute mark. However, there were 
no differences noted in the quality of analgesia, the 
need for top-up boluses or catheter failure rates. 
There is also no difference in maternal satisfaction. 

DPE may offer some advantage in very obese 
patients, as has been reported in some retrospective 
studies. This is attributed to the confirmation of 
the correct positioning of the epidural needle when 
CSF is obtained19. Epidural catheters placed using 
DPE may also have longer survival times20.

Maternal outcomes 

As DPE serves as an intermediary technique, it was 
theorized that side effects would be comparable 
to those seen in EPL. There are multiple studies 
reporting on side effects such as increased motor 
block, maternal hypotension or PDPH when 
comparing DPE to EPL. None of the studies 
included in this review show any statistically 
significant difference in maternal outcomes 
between the two techniques. The pooled data from 
the meta-analysis confirms there is no significant 
difference in side effects18.

Fetal outcomes 

There are no differences between DPE and EPL on 
fetal heart rate changes and other fetal outcomes.

CSE vs DPE  

Quality of analgesia 

There are few trials directly comparing CSE to 
DPE and most are very recent (Table III). The two 
techniques are very similar in setup and require the 
same materials for initiation. In general CSE provides 
a faster onset of analgesia compared to DPE. One 
study suggests a lower hourly consumption of local 
anaesthetic in the CSE group. All studies performed 
on this subject so far have small sample sizes and the 
quality of evidence is low. More research is required 
to create a better understanding of the difference 
between these two techniques.

Maternal outcomes 

There are no studies that report a difference in 
motor block or PDPH between the two techniques. 
A study by Chau and colleagues show a higher risk 
of hypotension in the CSE group21. This is backed by 
a later 2021 study by Bakhet et al, although this was 
not statistically significant22. 

Fetal outcomes 

A 2023 study by Okahara and colleagues showed 
that CSE is associated with deteriorating CTG 
tracings and more instances of prolonged fetal 
bradycardia when compared to DPE. There was no 
impact on the progression of labor, fetal outcomes 
or APGAR scores. Other studies show no difference 
in FHR tracings.     
 
Maintenance

Following initiation of neuraxial analgesia, the 
goal should be to provide continuous analgesia 
during labor and delivery. In the past analgesia was 
provided using an intermittent manual bolus by 
an anaesthesiologist or trained nurse or midwife. 
Although this technique provides effective 
analgesia, it also comes with significant practical 
disadvantages like increased personnel requirements 
and inconsistency in the timing of the provided 
doses. With the advancement of technology 
different methods of automation became available. 
The current available techniques are the continuous 
epidural infusion (CEI), programmed intermittent 
epidural bolus (PIEB) and patient controlled 
epidural bolus (PCEA).  

Continuous epidural infusion (CEI)

In the early ‘80s Davies and Fettes introduced 
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CEI as a way to continuously provide analgesia 
throughout labor23. Today this is still a commonly 
used technique for the maintenance of neuraxial 
analgesia. After placement of the epidural catheter 
and administration of a loading dose, a continuous 
infusion of local anaesthetic is given. This can 
be supplemented by intermittent manual top-ups 
for breakthrough pain or PCEA. The addition 
of a continuous infusion during labor allows for 
more consistent analgesia and fewer fluctuations 
in the level of sensory and motor block, though 
it is associated with a higher overall use of local 
anaesthetic24. CEI is easy to use, requires little 
knowledge and cooperation from the patient and 
doesn’t require specific software to operate. 

Initially high-concentration local anaesthetics 
such as 0.25% bupivacaine were used at a rate of 
6 ml per hour. Starting in the late 90’s there was a 
shift to low-concentration, high-volume infusions, 
such as 0.1% bupivacaine or ropivacaine with 
sufentanil 0.5 µg/ml or fentanyl 25µg/ml at a rate 
of 10 to 15 ml per hour. This change reduced the 
incidence of instrumental deliveries by improving 
maternal sensation and motor function during labor 
as was confirmed during the COMET trial3. 

Programmed intermittent epidural bolus (PIEB)

A newer approach to maintain neuraxial analgesia 
involves the use of intermittent epidural boluses 
administered at pre-programmed intervals. After 
the placement of the epidural catheter and the initial 
loading dose, a pump is set to deliver a dose of local 
anaesthetic every 30 minutes to 1 hour without a 
continuous background infusion. This technique, 
introduced in 2004 by Chua and colleagues, has 
since gained widespread use globally25. A typical 
regimen for PIEB is for example a dose of 6 to 10 
ml of a long lasting local anaesthetic (ropivacaine 
or bupivacaine 0.0625% - 0.1%) with an opioid 
(sufentanil 0.3 – 0.6µg/ml or fentanyl 2.5-5µg/
mL) every 40 minutes to 1 hour (Table IV). 
PIEB is theorized to combine the advantages of 
manual epidural boluses with the consistency of 
an automated system. The rapid bolus delivery 
promotes better distribution of the local anaesthetic 
within the epidural space, outpacing resorption, 
and providing a more even and broad sensory 
block while reducing the incidence of motor block.

There has been some research into the optimal 
interval and dose of local anaesthetic for PIEB. In 
2011, Wong and colleagues26 compared 3 different 
regimens: 2.5 ml every 15 minutes, 5 ml every 30 
minutes, and 10 ml every hour. They found no 
significant between the three groups, except for 
a slight reduction in local anaesthetic use in the 
10 ml group. In 2017, Kanczuk and colleagues 

determined the optimal interval to provide effective 
analgesia for 90% of women in labor is 40 minutes 
when using 10 ml of Bupivacaine 0.0625% with 
fentanyl 2 µg/ml27. In 2021 Mazda and colleagues 
compared different bolus infusion speeds: 125ml 
per hour versus 250ml per hour. There was no 
difference in the spread of the sensory block, 
quality of analgesia or maternal satisfaction28. In 
2022, Zuo and colleagues compared 3 different 
volumes of anaesthetic: 4ml, 6ml and 8ml every 45 
minutes. Higher volumes of local anaesthetic per 
dose were associated with a significantly decreased 
incidence of breakthrough pain, longer duration of 
analgesia and lower pain scores with no increase in 
adverse effects or difference in outcomes29.

Patient-controlled epidural analgesia (PCEA)

The use of patient controlled epidural analgesia 
was adapted from its first use in intravenous PCA 
by Gambling and colleagues in 1988. PCEA can 
be used as a standalone maintenance technique 
without a background infusion, or as a supplement 
to CEI or PIEB. The use of PCEA provides the 
patient with a certain level of autonomy to manage 
their own level of analgesia during labor, and 
effectively treating breakthrough pain while 
ensuring safety30,31. There is once again a large 
heterogeneity in the regiments used in various 
studies. The choice of local anaesthetic is once 
again a low-dose local anaesthetic (Ropivacaine 
or bupivacaine 0.1%) combined with an opioid 
(sufentanil or fentanyl). The volume of anaesthetic 
per dose varies between 3ml and 10ml with a 
lockout period of 10 to 30 minutes.

PIEB vs CEI  

Quality of analgesia 

PIEB when compared to CEI reduces the incidence 
of breakthrough pain and lowers the total 
consumption of local anaesthetic. Most studies 
don’t report a difference in VAS scores although 
this is usually not a primary reported outcome. 
These findings have been confirmed by a recent 
Cochrane review32. Some studies also report 
higher maternal satisfaction scores for PIEB. 
These benefits are likely due to a more effective 
distribution of the local anaesthetic within the 
epidural space (Table IV).  

Maternal and fetal outcomes 

There is conflicting evidence on the topic of side 
effects of CEI vs PIEB. Most studies report no 
significant difference in outcomes between the 
two techniques. Only 2 studies report a lower 
incidence of motor block for PIEB33,34. Capogna 
and colleagues in 2011 reported lower rates of 
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Maternal and fetal outcomes 

There is no study reporting a difference in mode of 
delivery or other maternal and fetal outcomes38,39. 
 

Conclusion 

The management of pain during labor remains a 
difficult balancing act between adequate analgesia 
and the reduction of maternal and fetal side effects. 
EPL offers a much slower onset of analgesia and 
the risk of an incomplete or patchy block, but 
also has few side effects and doesn’t require the 
perforation of the dura mater. CSE with a low 
concentration, high volume local anaesthetic 
and intrathecal opioid offers the fastest onset of 
analgesia and the most reliable block, though with 
a slightly increased risk of maternal hypotension 
and pruritus and fetal bradycardia. DPE with a 
25G spinal needle provides a slightly faster onset 
of analgesia when compared to EPL but offers few 
other benefits in the healthy parturient. 

For maintenance of analgesia, a high-volume 
low-concentration intermittent bolus is superior to 
a continuous infusion of local anaesthetic. PIEB is 
superior to CEI, providing better pain relief and less 
motor block with few other adverse effects. PCEA 
can be used both with or without a background 
infusion and increases maternal satisfaction while 
reducing the need for physician intervention. High-
volume PCEA appears to be non-inferior to PIEB 
while reducing total local anaesthetic use, although 
more research is needed on this topic. 
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