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Neuraxial analgesia is the gold standard method for pain relief in labor. Several techniques can optimize both the initiation and maintenance of neuraxial labor analgesia.
Initiation techniques such as combined spinal-epidural or dural puncture epidural may
offer some advantages over standard epidural insertion. The use of ultrasound to assist with landmarking and optimizing block placement improves neuraxial success, and
is particularly useful in certain patient populations. Maintaining labor analgesia with
a regimen that includes background programmed intermittent boluses with a patientcontrolled epidural analgesia component affords the best combination of pain relief and
avoidance of undesired effects. These techniques are most effective when dilute local
anesthetics with lipophilic opioids are utilized.
Key Words: Epidural analgesia, Neuraxial labor analgesia, Obstetrical analgesia, Pain
management, Patient-controlled analgesia.

INTRODUCTION

TECHNIQUES TO OPTIMIZE NEURAXIAL
LABOR ANALGESIA INITIATION

The pain of labor ranks consistently among the most severe

Combined spinal-epidural (CSE)

types of pain that a woman will experience during her lifetime. There are many pharmacologic and non-pharmacologic options for pain relief during labor, but neuraxial analgesia

Numerous studies and meta-analysis have demonstrated

remains the most effective and is the gold standard against

that CSE results in significantly quicker onset of labor anal-

which other modalities are compared. Neuraxial techniques,

gesia compared to a standard epidural [2]. In addition, it may

for initiation and maintenance, have evolved significantly

result in superior pain relief with reduced requirement for

over the past several decades, and modern techniques allow

supplemental dosing [3], fewer unilateral blocks [4], fewer

labor neuraxial analgesia to be administered extremely ef-

epidural catheter failures [5], and improved maternal satis-

fectively and safely for both mother and unborn child. Conse-

faction [6].

quently, neuraxial analgesia is an increasingly requested and

Booth et al. [5] found a 7% failure rate with CSE compared

utilized modality for the provision of labor analgesia [1]. This

to 12% with standard epidural. The authors demonstrated

review will provide a brief overview of key, state-of-the-art

that epidural catheter failures were also recognized early

techniques for the initiation and maintenance of neuraxial

(within 30 minutes) more frequently with CSE compared to

analgesia for labor pain relief.

standard epidural. This lower failure rate with CSE may be
due to fewer false losses-of-resistance, as visualizing cerebrospinal fluid (CSF) in the hub of the spinal needle confirms
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correct epidural placement of the Tuohy needle. In support

in that a small-gauge spinal needle is inserted through the

of this argument, Grondin et al. [7] found that in the absence

Touhy epidural needle after achieving loss of resistance (LOR)

of CSF return during the spinal portion of the CSE, 29% of

(“needle-thru-needle” technique), however unlike CSE no

epidural catheters required subsequent replacement, com-

intrathecal medications are administered after the dura is

pared to only 4% of catheters placed after initial CSF return

punctured. The postulated benefit of DPE over standard epi-

was confirmed. The observation of CSF with the CSE tech-

dural is that the intentional dural puncture with the spinal

nique also confirms midline placement, and may explain the

needle provides a conduit for epidurally-administered medi-

lower incidence of unilateral blocks with CSE compared to

cations to translocate into the subarachnoid space. In addi-

standard epidurals [4]. Epidural catheters placed as part of a

tion, positive return of CSF serves to confirm that the epidural

CSE technique appear less likely to fail than epidurals (odds

needle is in the epidural space in a midline trajectory.

ratio [OR] = 5.5 for failure of epidural compared to CSE) when

Studies have demonstrated marginally quicker onset of

attempting conversion from labor analgesia to anesthesia for

analgesia, better sacral coverage, and decreased incidence of

cesarean delivery (CD) [8].

unilateral block with DPE compared to epidural [16]. A recent

The CSE technique does, however, increase the incidence

study by Chau et al. [17] compared the DPE technique with

of fetal bradycardia and heart rate abnormalities immediately

both CSE and standard epidural for labor analgesia. They

following block placement compared to epidural alone (rela-

found that the CSE technique provided significantly quicker

tive risk [RR] = 1.3) [9]. The proposed mechanism for fetal

(2 [1–6] minutes) compared to both the DPE (11 [4–120] min-

bradycardia is a sudden decrease in circulating epinephrine

utes) and standard epidural (18 [10–120] minutes) (reported

after rapid onset of analgesia with CSE, resulting in uterine

as median [interquartile range] time to numeric pain rating

hypertonus and transiently diminished uteroplacental flow

scale < 1). However, there was a reduced need for subse-

[10,11]. The risk of fetal bradycardia is increased in advanced

quent anesthesia provider interventions in the DPE group

labor with high pain levels [12], and may also increase with

compared to both the standard epidural and CSE techniques.

higher doses of intrathecal opioids [13]. Fetal bradycardia

DPE was also associated with fewer side effects including

following CSE is usually easily managed with tocolytics and

pruritis, maternal hypotension, and uterine hypertonus com-

maternal blood pressure management, and does not appear

pared to the CSE.

to impact CD rates or neonatal outcomes [2,9].

The efficacy of the DPE technique likely depends on the

CSE may be associated with increased maternal side effects

use of a 25-G or larger spinal needle. One study found that

including hypotension and opioid-induced pruritis [2]. The

the magnitude of local anesthetic flux across the dura is de-

CSE technique may result in a lower incidence of unintended

pendent on the size of the dural puncture, and was signifi-

dural puncture compared to standard epidural, but no differ-

cantly increased only by puncture with a 24-G Sprotte needle

ences in need for epidural blood patch were found in a large,

compared to a 27-G Whitacre needle [18]. Thomas et al. [19]

retrospective review of over 19,000 patients [14]. The theoreti-

found that puncturing the dura with a 27-G needle as part of

cal concern that the epidural catheter placed as part of a CSE

a DPE did not improve analgesia when compared to a stan-

technique remains “untested” until the spinal component

dard epidural. The post-dural puncture headache risk with

has worn off is likely unfounded [15], as CSE is associated

DPE using 24–25 G needles has not been well-elucidated.

with lower failure rates for labor or CD anesthesia compared
to standard epidural [5,8].

The optimal role for DPE as a labor analgesic technique
has therefore not been fully resolved. A CSE remains the preferred technique if quick-onset analgesia in advanced labor

Dural-puncture Epidural (DPE)

is desired. The DPE technique may be a useful technique
to confirm LOR or midline insertion when equivocal LOR is

A DPE is a more recently described epidural initiation

obtained, or after difficult block placement when anatomical

technique intended to reduce some of the side effects (e.g.,

landmarks make midline assessment difficult. Confirmation

fetal bradycardia, pruritus) of CSE, while improving on the

of CSF flow through the spinal needle inserted through the

standard labor epidural. The DPE technique is similar to CSE

epidural needle after LOR provides reassurance that the epi-
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dural space was indeed encountered, and midline obtained.

stage of labor.
Suggested clinical indications for the use of lumbar neur-

Ultrasound-assisted neuraxial techniques

axial US include anticipated difficulty with block placement
(e.g., obesity, scoliosis, history of failed or difficult neuraxial

Along with the increasing use of ultrasound (US) in anes-

block) or to assist with block placement when the traditional

thesia practice for applications such as regional nerve block-

landmark-based approach has failed or is technically chal-

ade, vascular access, and point-of-care ultrasound, there has

lenging. Utilizing US to assist with neuraxial placement can

been a recognition of the utility of US in aiding with neuraxial

be particularly useful in women with scoliosis, previous spi-

block insertion [20]. The role of US to assist neuraxial inser-

nal surgery, obesity [29], or impalpable bony landmarks [30].

tion has primarily been limited to pre-procedure landmarkanesthesia remains technically difficult for a single operator.

TECHNIQUES TO OPTIMIZE NEURAXIAL
ANALGESIA MAINTENANCE

A pre-procedure US allows for the following information to
be determined prior to starting the epidural procedure: ac-

Patient-controlled epidural analgesia (PCEA)

curate interspace identification, establishment of midline,
estimation of depth to epidural space, as well as the determi-

Techniques to optimize epidural labor analgesia have

nation of the optimal interspace, insertion point and Tuohy

evolved significantly over the past several decades. When

needle angulation.

epidurals were first utilized for labor pain management, the

The accuracy of the estimated depth at which LOR will ac-

primary method of maintaining analgesia was provider-

tually occur with a Tuohy needle as measured by US is very

administered boluses by anesthesiologists, midwives or ob-

high (correlation coefficient = 0.91) [21]. When compared to

stetricians. These intermittent boluses, given in response to

traditional landmark technique, US-assisted lumbar neuraxi-

patient discomfort or at standard time intervals, were effec-

al procedures are also associated with decreased rates of both

tive but labor-intensive. With the introduction of automated

technical failure (RR = 0.51) and traumatic insertion (RR =

epidural pumps, continuous epidural infusions (CEI) became

0.27) [21], as well as fewer needle insertions and redirections

the preferred technique to maintain epidural labor analgesia.

[22]. Neuraxial US is also an extremely valuable teaching tool

PCEA for labor was first described by Gambling et al. [31] in

in academic institutions, with its use resulting in improved

1988. Compared to CEI, PCEA has been shown to decrease

success of trainees when first learning neuraxial placement

local anesthetic requirements, reduce motor block, decrease

and a reduction in the number of subsequent catheter re-

the need for provider-administered top-ups, and in some

placements [23,24]. The advantages of US-assistance, how-

studies improve analgesia and maternal satisfaction [32].

ever, may not be applicable to more experienced providers or

The majority of patients in the United States are now offered

in patients with easily palpable landmarks [25].

PCEA for epidural labor analgesia maintenance [33]. Better

Some studies have described superior labor analgesia and

pain relief and reduced provider call backs for additional

higher maternal satisfaction associated with US use, per-

top-ups can be achieved when a background CEI is added to

haps due to increased frequency of midline placement and

PCEA compared to PCEA alone [34], although at the expense

optimal interspace selection [26]. A lower (L4/5) interspace

of increased overall local anesthetic consumption.

provides better perineal pain relief due to better sacral coverage during the second stage of labor compared to a higher

Programmed intermittent epidural boluses (PIEB)

(L1/2) interspace epidural insertion [27]. Anesthesia providers are able to correctly identify the interspace using the

In 2004, PIEB or automated mandatory boluses was pro-

traditional landmarks of iliac crests and intercristal (Tuffier’s)

posed as a more optimal neuraxial labor analgesia mainte-

line 29%–41% of the time [21,28]. The use of US may result

nance technique compared to CEI [35]. With PIEB, an epidur-

in placement of neuraxial block in lower interspaces that are

al pump provides automated boluses of epidural medications

more likely to result in adequate analgesia during the second

administered at set intervals (e.g., every 45 minutes). The

www.anesth-pain-med.org
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ing and depth assessment, as real-time US-guided neuraxial
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theory that underpins the efficacy of PIEB compared to CEI

call-backs [34]. Wong et al. [39] found that a PIEB interval of

is that spread of medications is not uniform in the epidural

60 minutes was preferable to 15 or 30 minutes. There have

space [36] and that boluses given rapidly through an epidural

been two additional studies examining optimal PIEB settings.

catheter spread better than when the same hourly volume is

Epsztein Kanczuk et al. [47] found an optimal PIEB time in-

given by slow infusion [37]. This increased spinal segmental

terval (effective interval 90%) of approximately 40 minutes

spread has been well-demonstrated in a porcine model [38].

using 10 ml PIEB boluses of 0.0625% bupivacaine with 2 mg/

Wong et al. [39] demonstrated prospectively that PIEB

ml of fentanyl. A subsequent study by the same group deter-

+ PCEA resulted in lower local anesthetic requirements,

mined the ED90 optimal PIEB bolus volume when using this

improved maternal satisfaction, and fewer manual rescue

time interval of 40 minutes was approximately 11 ml, and that

boluses compared to CEI + PCEA, and Capogna et al. [40]

reducing bolus volume below 10 ml resulted in inferior anal-

found that PIEB + PCEA compared to CEI + PCEA reduced

gesia [48]. The rate of injection of the PIEB boluses may also

maternal motor block and instrumental vaginal delivery. Two

improve PIEB efficacy by recruiting all the orifices in a multi-

systematic reviews and meta-analyses [41,42] have demon-

port epidural catheter and generating higher injection pres-

strated the following advantages of PIEB when compared to

sures and therefore spread in the epidural space. However a

CEI (with or without PCEA): decreased local anesthetic us-

recent randomized trial was unable to show any differences

age, improved maternal satisfaction, and less breakthrough

in labor analgesia quality or need for supplemental epidural

pain. Impact studies after the introduction of PIEB + PCEA to

analgesia when PIEB and PCEA boluses delivered at 100 ml/

replace CEI + PCEA at various institutions have shown mod-

h were compared to those given at 300 ml/h [49]. Higher rates

est improvements in outcomes including reduced need for

of injection may also increase upstream alarms, and require

clinician boluses, less frequency of unilateral block, and de-

specialized high-flow tubing [46].

creased peak pain scores [43–45].
In summary, the data that the optimal method of mainte-

Optimal epidural solution

nance of epidural labor analgesia is PCEA with a background
PIEB. PIEB allows for provision of a baseline level of analge-

Historically, epidurals consisted of concentrated local

sia, and PCEA allows for further individualization of dosing to

anesthetics (0.25%–0.5% bupivacaine) to achieve pain relief

account for variability in progress of labor and differences in

during labor, however these high concentrations were as-

patient preference.

sociated with an unacceptably high incidence of motor block

Optimal PCEA and PIEB settings
Table 1. Suggested Doses and Settings for PIEB with PCEA

Numerous studies have tried to determine the optimal
settings (or recipe) for PIEB + PCEA for labor analgesia maintenance. Table 1 shows an example of such a recipe used
at Stanford University in the United States. The epidural
solution (local anesthetic and opioid concentration), programmed/automated and demand bolus volume, the PIEB
time interval, and lockout intervals for both PIEB and PCEA
can all impact the efficacy of the technique. A systematic

Dose/Settings
Initiation
Volume
Solution
Maintenance
Solution
PIEB bolus volume
PIEB interval

review and a more recent implementation article [34,46]
highlight the various recipes that have been used for both
PCEA and PIEB for labor analgesia. Although there is no one
optimal PCEA setting for epidural labor analgesia, studies
suggest a larger bolus given less frequently is more preferable,
although excessive lockout intervals may increase provider

236

PCEA bolus volume
PCEA lockout interval

Epidural

CSE

15 ml
1.1 ml
0.125% bupivacaine 0.25% bupivacaine +
+ 10 mg sufentanil
5 mg sufentanil
0.0625% bupivacaine +
0.4 mg/ml sufentanil
9 ml
45 minutes (1st bolus 30 minutes
after initiation)
10 ml
10 minutes

PIEB: programmed intermittent epidural bolus, PCEA: patient-controlled
epidural analgesia, CSE: combined spinal-epidural. These suggested
PIEB + PCEA settings are currently utilized at Lucile Packard Children’s
Hospital, Stanford University, CA, USA.

www.anesth-pain-med.org

Modern techniques

Epidural labor analgesia that minimizes maternal side ef-

stage of labor. The use of dilute local anesthetic solutions (i.e.

fects requires dilute local anesthetic solutions to be utilized.

≤ 0.1% bupivacaine) is essential to minimize the impact of

To facilitate the use of dilute local anesthetics while main-

epidural labor analgesia on maternal mobility, duration of

taining similar of levels analgesia, a lipophilic opioid must be

labor, or need for assisted vaginal delivery. Concerns about

added into the labor epidural solution. Studies comparing

inadequate maternal analgesia with dilute local anesthetic

fentanyl and sufentanil show similar analgesic efficacy and

solutions are unfounded, with excellent analgesia and high

side effects with comparative equipotent doses, so either of

maternal satisfaction reported with dilute compared to more

these opioids are appropriate. Recommended dosages of

concentrated local anesthetic epidural solutions [50]. Chest-

opioids are fentanyl 2–3 mg/ml or sufentanil 0.2–0.4 mg/ml, al-

nut et al. [51] demonstrated that there was no difference in

though the optimal concentration depends on the concentra-

the percentage of women reporting their labor analgesia as

tion of local anesthetic utilized and the maintenance regimen

excellent or good when comparing 0.0625% bupivacaine + 2

chosen (PIEB vs. CEI +/− PCEA).

mg/ml fentanyl to 0.125% bupivacaine alone, but that women

CONCLUSION

in the higher concentration group had significantly more
motor block at full cervical dilatation. A meta-analysis of randomized trials comparing low concentration labor epidural

In conclusion, there are many strategies to optimize initia-

(< 0.1% bupivacaine or equivalent potency of ropivacaine) to

tion and maintenance of neuraxial labor analgesia. The use of

those with higher concentrations demonstrated decreased

techniques such as CSE or DPE may offer benefits over stan-

risk of assisted vaginal delivery, shorter duration of second

dard epidurals, and the use of lumbar neuraxial ultrasound

stage, less motor block, and increased ability to ambulate in

can aid in placement of any of the above-mentioned blocks

the low concentration group with no appreciable differences

and influence ultimate success of the neuraxial technique.

in analgesia [50]. In another meta-analysis, no differences in

PCEA with a background of PIEB represents the maintenance

assisted vaginal, cesarean delivery or duration of labor were

technique of choice, but more work is still required to deter-

found with dilute labor epidural analgesia compared to non-

mine the optimum settings. The use of dilute local anesthetic

epidural analgesic options [52]. Similarly, a recent large ran-

solutions combined with lipophilic opioids is critical to mini-

domized study found similar duration of the second stage of

mize the impact of labor epidural analgesia on obstetric out-

labor and spontaneous vaginal delivery rates when compar-

comes.

ing 0.08% ropivacaine with 0.4 mg/ml sufentanil to placebo
administered with the onset of the second stage of labor [53].

Modern neuraxial techniques utilizing dilute local anesthetic solutions with PIEB + PCEA provide highly effective

The addition of a lipophilic opioid such as fentanyl or

labor analgesia with minimal side effects. Adoption of state-

sufentanil added to local anesthetic solution reduces the

of-the-art techniques outlined in this review can improve

minimum local anesthetic concentration required to pro-

initiation and maintenance of neuraxial labor analgesia and

vide adequate labor analgesia by a factor of up to 4.2 [54].

increase maternal requests for neuraxial analgesia during la-

Inherent with utilizing dilute compared to concentrated lo-

bor.

cal anesthetic concentrations is that larger volumes can be
administered, which improves the spread within the epidural
space and therefore analgesic efficacy. A minimum local
anesthetic volume study by Lyons et al. [55] demonstrated
equivalent analgesia at block initiation despite an overall
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