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Study objective:At our hospital, althoughN90% of nulliparous parturients eventually choose epidural analgesia for
labor, many delay its initiation, experiencing considerable pain in the interim. This survey probed parturients'
views about the timing of initiation of epidural labor analgesia.
Design: Single-center, nonrandomized quantitative survey.
Setting: Labor and delivery suite in a large tertiary academic medical center.
Patients: Two hundred laboring nulliparous women admitted to the labor and delivery suite.
Interventions: After their painwas relieved, parturients completed a questionnaire regarding their decision to re-
quest labor epidural analgesia.
Measurements: A variety of factors regarding epidural use were assessed including the influence of painful con-
tractions and of childbirth education class attendance on the decision to request epidural analgesia, and parturi-
ents' perception of the timing of epidural initiation on the progress and outcome of labor.
Main results: Analysis revealed that the desire of parturients to use epidural analgesia was increased from 27.9%
before the onset of painful contractions to 48.2% after (p b 0.01). Two-thirds of participants attended a non-phy-
sician taught childbirth education class. An antepartum plan to definitely forgo an epidural was 1.8 times more
likely among women who attended a childbirth class when compared to those who did not attend. (OR = 1.8;
95%CI:1.1–3.1; p = 0.04). The most common views affecting decision-making were that epidural analgesia
should not be administered “too early” (67.5%), and that it would slow labor (68.5%). Both of these views were
more likely to be held if the parturient had attended a childbirth class, OR = 2.0 (95%CI:1.1–3.8; p = 0.03)
and OR= 2.0 (95% CI: 1.1 to 3.7; p = 0.03), respectively.
Conclusions:We found that nulliparous parturients havemisconceptions about epidurals, which are not support-
ed by evidence-based medicine. Moreover, we found that attendance at childbirth education classes was associ-
ated with believing these misconceptions.

© 2017 Published by Elsevier Inc.
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1. Introduction

The pain of labor is viewed differently than other types of pain.
While surgical patients are managed with analgesics to decrease pain
and the potential for medical complications, the use of epidural analge-
sia to relieve the pain of labor still generates considerable controversy.
Although for most women childbirth is the most intense pain that
they will ever experience [1], many parturients and others believe in
delaying or foregoing pharmacologic pain relief for labor and delivery
[2].

Our hospital is a tertiary care center with 6000 deliveries per year.
The deliveries are performed exclusively by obstetricians, and our pa-
tient population is, on average, from a relatively high socioeconomic
class (private payer to Medicaid ratio, 9 to 1). N90% of our nulliparous
parturients choose epidural analgesia to relieve their labor pain. Many,
however, delay their request for epidural analgesia, initially enduring
hours of pain, even those receiving i.v. oxytocin for labor induction or
undergoing artificial rupture of membranes. Toledo et al. [3] recently
used qualitativemethodology to survey attitudes among parturients re-
garding their plan for neuraxial analgesia. The authors found that many
women base their decision to opt out of epidural analgesia on misun-
derstandings of the risks involved and concluded that improved patient
education may help to address this issue. We designed this quantitative
study to focus specifically on nulliparous women who decided to use
epidural analgesia. Our aim was to determine their attitudes regarding
the timing of initiation of epidural analgesia. Secondary outcomes
were to examine the influence of childbirth education classes on those
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began, whereas 12.5% changed their intention to definitely using it,
12.5% changed their plan to delay it, and 43.8% to not being sure about
using epidural analgesia.Most respondents attended a childbirth educa-
tion class (67.5%). The classeswere sponsored by our institution (43.7%)
and by outside private practice obstetricians and taught by non-physi-
cian childbirth educators. A small percentage of attendees (15.3%) per-
ceived that their childbirth education class had a pro-epidural bias,
whereas 25.8% perceived the tone of the class to be anti-epidural, with
58.9% not detecting either a pro- or anti-epidural bias. The odds of a
woman's antepartumplan to not get epidural analgesia versus the com-
bined options “epidural as soon as possible/probably wanted an epidu-
ral/not sure I wanted an epidural” were 1.8 times higher in those
patients who attended a childbirth education class when compared
with those who did not attend (ordinal logistic regression OR = 1.8;
CI:1.1 to 3.1; p=0.04). With regard to the importance of sources of in-
formation about epidural analgesia that may have influenced decision
making, friends and relatives opinionswere identified as very important
source by 70.5% of parturients. Access to internet, books and childbirth
classes were identified as very important only by 25%, 23% and 22.5%
of subjects, respectively).

The responses to the 12 specific factors probed that affected choos-
ing epidural analgesia are illustrated in Fig. 1. Combining the “strongly
agree” and “agree” responses, the most common factors affecting
decision-making about epidural analgesia were it should not be admin-
istered too early (67.5%), that epidural analgesia would slow labor
(68.5%) and that parturients wanted to test their pain tolerance
(66.5%). Fear of the epidural procedure itself was noted by 52% of re-
spondents. Epidural analgesia was seen as a risk factor for cesarean
and forceps delivery by 34% and 23.5% of respondents, respectively.
Childbirth education class attendance was also associated with an
increased likelihood of believing that epidural analgesia should not be
initiated too early (OR = 2.0; 95% CI:1.1 to 3.8; p = 0.03), and
that epidural analgesia would slow labor (OR = 2.0; 95% CI:1.1 to 3.7;
p = 0.03).

Ninety-four subjects (47%) delayed asking for epidural analgesia.
The reasons they provided for delating their request are listed in
Table 1.

4. Discussion

We found that the pain relief plans parturients devised prior to the
start of their labor changed significantly once they began to experience
painful uterine contractions. Once pain began, the number of subjects
who definitely planned to use epidural analgesia nearly doubled. From
this finding, we can surmise that these nulliparous parturients did not
fully appreciate the severity of the labor pain that they would experi-
ence. When reality clashed with their pre-labor expectations, women
abandoned alternative methods for coping with pain such as showers,
birthing balls, and breathing techniques and opted for epidural analge-
sia [4,5].

By combining the “strongly agree” and “agree” responses, we
found that the three most common factors (66%–67.8%) affecting a
parturient's decision to request epidural analgesia were that epidural
analgesia would slow down labor, that epidural analgesia should not
be taken too early, and the desire to test one's tolerance for pain.
Although testing one's pain tolerancemay be a sincere aim of the partu-
rient, the concept of delaying epidural analgesia may reflect the bias of
Lamaze philosophy that birth is a natural process that should be em-
braced, and that epidural analgesia should be avoided or delayed (2).
This phenomenon is unique to childbirth; there is no other painful

Fig. 2. Effect of the onset of painful uterine contractions on the desire for epidural analgesia.

Table 1
Responses to the question. “If you did decide to ‘hold off’ getting an epidural, tell us why”.

Reason for “holding off” Delay epidural analgesia (n = 94)

Test pain tolerance 33 (35.1%)
Too early 17 (18.1%)
Slow down labor 13 (13.8%)
Natural process 12 (12.8%)
Afraid of procedure itself 4 (4.3%)
Increase risk of cesarean 3 (3.2%)
Obstetricians recommendation 2 (2.1%)
Wanted to move/walk 2 (2.1%)
No reason provided 8 (8.5%)

Value expressed as number (% of the total).
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«The notion that epidural analgesia should not be 
administered “too early” during the course of labor 
was apparent in the responses. This notion was 
accepted as obstetric gospel for decades, until 
data to the contrary became incontrovertible»
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«…nearly one-third of respondents believed that 
their risk for cesarean would be increased by 
epidural analgesia. This again illustrates that 
accurate, evidence-based information is not 

reaching parturients.»
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«An antepartum plan to definitely forgo an epidural 
was 1.8 times more likely among women who 
attended a childbirth class when compared to 

those who did not attend.  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• 16’000 patients 

• early: 3cm and less  

• late: 4cm and more
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risk ratio n quality

Cesarean section 1.02 
(0.96-1.08) 15499 high

Instrumental 
delivery

0.93 
(0.86-1.01) 15379 high

duration of first 
stage ? 14384 low

duration of 
second stage

-3.22 min. 
(-6.71-0.27) 14982 high
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Catheter failure rates and time course with epidural versus
combined spinal-epidural analgesia in labor

J. Groden, A. Gonzalez-Fiol, J. Aaronson, A. Sachs, R. Smiley
Department of Anesthesiology, Columbia University College of Physicians and Surgeons, New York, NY, USA

ABSTRACT
Background: The combined spinal-epidural technique for labor analgesia has several advantages over the traditional epidural tech-
nique, including faster onset, greater maternal satisfaction, and decreased need for physician boluses. Proponents of the epidural
technique criticize the combined spinal-epidural technique, arguing that the epidural catheter remains untested and thus may not
be reliable if needed for surgical intervention. We compared failure rates and time of failure between techniques in our tertiary-care
academic practice.
Methods: Data regarding failed catheters were collected from October 2012 to September 2014 as part of our Quality Assurance
program. Failed catheters were defined as any catheter replaced after it was considered to be properly placed and then determined
to be intravascular, one sided or resulting in poor maternal analgesia or anesthesia.
Results: A total of 5487 analgesics were performed (3980 combined spinal-epidural; 1507 epidural). Eighty-five combined spinal-
epidural catheters (2.1%) and 59 epidural catheters (3.9%) were replaced during labor (P<0.001). Mean time to replacement was
512 ± 422 min and 354 ± 300 min for the combined spinal-epidural (n=80) and epidural (n=57) groups, respectively (P=0.02).
Median time to replacement was 398 [IQR 131–578] min and 281 [IQR 186–767] min for combined spinal-epidural and epidural
groups, respectively (P<0.0001).
Conclusion: We were able to demonstrate that catheters placed using a combined spinal-epidural technique were less likely to fail
during labor and that the time to detection of a failed catheter was significantly longer in the combined spinal-epidural group. Our
findings validate the combined spinal-epidural technique as reliable for labor analgesia and tend to refute the theory of the
untested catheter.
! 2016 Elsevier Ltd. All rights reserved.

Keywords: Labor analgesia; Epidural; Combined spinal-epidural; Failed analgesia

Introduction

The combined spinal-epidural (CSE) technique for labor
analgesia has several advantages over the traditional
epidural technique. These include faster onset, better
first-stage analgesia, greater maternal satisfaction,
decreased motor weakness and decreased need for
physician boluses.1–5 Previous studies have found that
catheters placed with a CSE technique are at least as
reliable as those placed by an epidural technique for
both labor analgesia and surgical anesthesia.1,2,6–9

Despite this, many proponents of traditional epidural
analgesia criticize the CSE technique using the argument
of the untested catheter, which suggests that catheters

placed using a CSE technique are less reliable than those
placed in the traditional manner. The argument is that
with the CSE technique, direct assessment of epidural
catheter function is delayed secondary to intrathecal
drug administration at the time of catheter placement.2,9

Therefore, the technique should not be chosen for
patients with a high chance of needing the catheter for
surgical anesthesia or for whom the failure of surgical
anesthesia is of higher risk. Alternatively, detection of
cerebrospinal fluid (CSF) via the spinal needle during
a CSE technique can confirm correct placement of the
epidural needle, especially in the setting of a question-
able loss of resistance, perhaps even more reliably than
the achievement of labor analgesia.2 We have compared
failure rates and time of failure between catheters placed
via the CSE and traditional epidural techniques in our
tertiary-care academic practice.Accepted January 2016

Correspondence to: Jonathan Groden MD, Department of Anesthe-
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correctly be viewed as untested.2 Thus, few of the CSE
failures were likely due to initial malposition masked
by the initial analgesia from the intrathecal dose. Inspec-
tion of the survival curve (Figs. 1 and 2), which shows

the failure rates of the two techniques diverging early
and then approximately parallel later, suggests that the
earlier median failure time in the epidural group may
be explained by early failures (before 3–4 h) due to
faulty initial placement, with a higher rate associated
with the epidural technique. Later failures may reflect
catheter movement or blood vessel entry or some other
mechanism of late failure after initial correct placement.
The later failures would presumably occur in both
groups equally.

Patients in the CSE group had a longer time from
catheter placement to delivery. While this suggests that
patients in the CSE group received catheters earlier in
labor, it is difficult to draw any conclusions from this
finding, as we do not have information regarding labor
progress or cervical examination at the time of catheter
placement. It is important to note that in our practice,
the decision to place a catheter via CSE or epidural
technique is generally not based on patient-related factors
or labor progress but rather on attending preference. As
such, we cannot necessarily attribute the longer time from
CSE placement to delivery to the preferential placement
of CSEs early in labor to facilitate artificial rupture of
membranes or labor augmentation with oxytocin. Among
those faculty members who generally favor epidurals,
CSE is still frequently performed in women who are late
in the first stage or in the second stage of labor.

Lastly, our study indicates that catheters placed by
CSE and epidural techniques were equally successful
for conversion from labor analgesia to surgical anesthesia
for CD. These results corroborate results previously reported
by Riley et al.10 and refute the theory of the untested
CSE catheter being more likely to fail at CD. In fact,
Lee et al. found an increased rate of failed conversion
with epidural when compared with CSE catheters.11

A limitation of this study is the lack of patient ran-
domization. In our practice, attending anesthesiologists
choose between CSE and epidural technique based on
personal preference, not necessarily on patient-related
factors. As such, we do not believe the populations of
women receiving the different techniques were likely to
be very different. It is important to consider that most

Table 1 Comparison of combined spinal-epidural and traditional epidural catheters

CSE Epidural Overall P value

Number 85 59 144
Age (years) 31.3 ± 5.6 30.2 ± 6.3 30.8 ±5.9 0.27
Body mass index (kg/m2) 32.0 ± 7.2 32.0 ± 7.7 32.0 ± 7.5 1.0
Nulliparous 55 34 89 0.49
No. of physician boluses pre replacement 2.28 ± 1.74 2.02 ± 1.47 2.17 ± 1.63 0.35
Initiation of analgesia to delivery (min) 788 ± 455 633 ± 420 724 ± 446 0.04
Loss of resistance (cm) 5.8 ± 1.5 6.1 ± 1.4 5.9 ± 1.4 0.23
Depth catheter fixed (cm) 10.9 ± 1.50 11.4 ± 1.97 11.1 ± 1.69 0.10
Catheter failure rate 2.1% 3.9% 2.6% <0.001
Time to replacement (min) 512 ± 422 354 ± 300 446 ± 383 0.02

Data are number, percentage, mean ± SD.

Fig. 1 Survival curves of catheters placed via epidural and
combined spinal-epidural technique. CSE: combined spinal-
epidural

Fig. 2 Survival curves of catheters placed via epidural and
combined spinal-epidural technique for first 500 min. CSE:
combined spinal-epidural

6 Epidural and CSE catheter failures

2.1 % vs. 3.9 %
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EPIDURAL analgesia has long been the mainstay of labor 
analgesia because it allows effective drug delivery through-

out the course of labor, including cesarean delivery if necessary. 
Furthermore, epidural analgesia has a long-standing history of 
superior maternal and fetal safety compared to other forms of 
analgesia and anesthesia. Initially, combined spinal epidural 
technique (CSE) began as a refinement of traditional epidural 
technique (EPID).1 Over the last two decades, CSE for labor 
analgesia has become popular because of its advantages over 
EPID. A Cochrane systematic review2 comparing CSE and 
EPID indicated that the onset of completed analgesia was 
significantly faster with CSE (−5.42 min [95% CI, −7.26 to 
−3.59]), and more women with CSE achieved effective anal-
gesia at 10 min (relative risk, 1.94 [95% CI, 1.49 to 2.54]). 
In addition, motor blockade and risk of hypotension may be 
lower with CSE; in turn, patients may be able to ambulate 

during labor or at least have a better sense of motor control.3 
Compared to EPID, CSE also has been associated with a lower 
cumulative incidence of epidural catheter failures during labor  
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ABSTRACT

Background: It is unclear whether recognition of epidural catheter failures is delayed with combined spinal epidural tech-
nique (CSE) compared to traditional epidural technique (EPID) when used for labor analgesia. The authors hypothesized that 
recognition of failed catheters is not delayed by CSE.
Methods: Anesthetic, obstetric, and quality assurance records from 2,395 labor neuraxial procedures (1,440 CSE and 955  
 EPID) performed at Forsyth Medical Center (Winston-Salem, North Carolina) between June 30 and December 31, 2012, 
were retrospectively analyzed. The primary outcome was catheter survival (failure-free) time during labor analgesia. A propor-
tional hazards model with the counting method was used to assess relationships between the techniques and survival (failure-
free) time of catheters, while controlling for subjects’ body mass index and providers’ level of training in the final best-fit 
multivariable regression model.
Results: Cumulative incidence of epidural catheter failures was 6.6% for CSE and 11.6% for EPID (P = 0.001). In the mul-
tivariable regression model, catheters placed with CSE versus epidural were less likely to fail (hazard ratio, 0.58; 95% CI, 0.43 
to 0.79; P = 0.0002) for labor analgesia. Among the catheters that failed, there was no overall difference in failure time course 
between the techniques (hazard ratio, 1.17; 95% CI, 0.89 to 1.54; P = 0.26) even though more failed catheters with CSE 
(48.4%) than with EPID (30.6%) were recognized within the first 30 min of placement (P = 0.009).
Conclusions: In this cohort, CSE has a significantly lower risk of overall epidural catheter failures than EPID and does 
not delay recognition of epidural catheter failures. Choice of CSE versus EPID should be based on overall risk of failure, 
efficacy, and side effects. (ANESTHESIOLOGY 2016; 125:516-24)

This article is featured in “This Month in Anesthesiology,” page 1A.
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Medicine, Winston-Salem, North Carolina. 

Combined Spinal Epidural Technique for Labor 
Analgesia Does Not Delay Recognition of Epidural 
Catheter Failures

A Single-center Retrospective Cohort Survival Analysis
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controlled for in the final model. Gestational age met the 
inclusion threshold in the univariate analysis but became 
insignificant and was removed in the stepwise algorithm of 
the final best-fit multivariable model. The cumulative inci-
dence of epidural catheter failures was 8.5% overall, 6.3% 
for CSE, and 11.7% for EPID (P < 0.000001). When only 
nontechnical failures were considered in the multivari-
able model, catheters placed with CSE remained less likely  
(HR, 0.49; 95% CI, 0.33 to 0.73; P = 0.0004) to fail 
over the course of labor and delivery. However, when only 
technical failures are considered, the overall likelihood of  
failures did not differ between techniques (HR, 0.94; 95% 
CI, 0.60 to 1.46; P = 0.78). In addition, when all consid-
ered covariates were modeled in an all-inclusive multivari-
able model regardless of their inclusion threshold or P value, 
the results for the primary outcome (HR, 0.60; 95% CI, 
0.44 to 0.82; P = 0.001) were consistent with those in our 
final multivariable model and did not add any statistically 
significant variables to it.

Consistency of the Model
The proportional hazards model (PROC PHREG) used cor-
rectly accounted for repeated procedures within the same 
patients. Results did not change in a sensitivity analysis 
when only the first procedure of each patient was included. 
When the primary analysis (catheter failures between tech-
niques) was performed including only the first procedure 
for each patient, results for the primary outcome from the 
single-variable model (HR, 0.63; 95% CI, 0.47 to 0.84;  
P = 0.002) and the all-inclusive multivariable model (HR, 
0.65; 95% CI, 0.47 to 0.91; P = 0.01) were consistent with 
results from models that included repeated procedures within 
the same patients (tables 3 and 4). Similarly, when catheters 
needed for CD were excluded from the final best-fit multi-
variable model, the primary outcome (HR, 0.58; 95% CI, 
0.42 to 0.80; P = 0.0009) remained essentially unchanged. 
Finally, even when ASA PS and CD were included to the 
covariates (procedure type, BMI, providers’ level of training, 
gestational age, and parity) of the all-inclusive multivariable 
model, the primary outcome findings (HR, 0.61; 95% CI, 
0.44 to 0.83; P = 0.002) were consistent and the conclusion 
was the same.

Failure Pattern and Analyses of Only Failed Catheters 
(Failure-only Model)
Figure 3A shows the survival curve in a univariate model of 
only all failed catheters. There were no overall differences in 
the catheter failure time between CSE and EPID (HR, 1.17; 
95% CI, 0.89 to 1.54; P = 0.26; fig. 3A). When the survival 
time for the first 120 min of catheter placement was ana-
lyzed, only the survival time during the first 30 min differed 
between CSE and EPID (HR, 1.86; 95% CI, 1.19 to 2.90; 
P = 0.005). Beyond 30 min, there was no overall difference 
in survival time between procedure types (fig. 3B). Similar 
results were seen with ORs (CSE vs. EPID as referent) when 
looking at failure proportions, rather than length of survival, 
in 15-min intervals. Among catheters that eventually failed, 
the ORs of catheter failures (CSE vs. EPID as referent) at 
the first three 15-min interval time points after catheter 

Fig. 1. Kaplan–Meier survival analysis of all epidural catheters 
placed with combined spinal epidural technique (CSE, n = 1,440) 
versus traditional epidural technique (EPID, n = 955) in a univari-
ate model. HR = hazard ratio; survival time = duration of catheter 
remained failure free or until end of functional usage.

Table 3. Univariate Models of Covariates

Parameter df Parameter Estimate SE Chi-square P Value Hazard Ratio 95% CI

Procedure 1 −0.543 0.142 14.630 0.0001 0.58 0.44–0.77
BMI (kg/m2) 1 0.035 0.009 15.883 < 0.0001 1.04 1.02–1.05
Provider 3 0.97
  Provider 1 1 −0.070 0.275 0.066 0.78 0.93 0.54–1.60
  Provider 2 1 −0.088 0.193 0.208 0.65 0.92 0.62–1.34
  Provider 3 1 −0.067 0.172 0.152 0.70 0.94 0.67–1.31
Gestational age (wk) 1 −0.040 0.022 3.337 0.07 0.96 0.92–1.003
Parity 1 0.038 0.059 0.406 0.52 1.04 0.92–1.17

Total numbers of catheters analyzed for each covariate’s univariate model: procedure = 2,395; body mass index (BMI) = 2,362; provider = 2,388; gestational 
age = 2,388; parity = 2,393. Provider = providers’ level of training: 1 = clinical anesthesia training year (CA) 1, 2 = CA2, 3 = CA3, 4 = CA4 and attending 
combined, where 4 is the referent group. Referent group for procedure is traditional epidural technique, while exposure group is combined spinal epidural 
technique. For hazard ratios, a value below 1 indicates a lower risk of catheter failures, while a value above 1 indicates an increased risk of catheter failures. 
df = degrees of freedom.

6.6 % vs. 11.6 %
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placement were 2.25 at 15 min (95% CI, 1.25 to 4.06; P 
= 0.008) and 2.13 at 30 min (95% CI, 1.20 to 3.76; P = 
0.010), with nonsignificant differences between CSE and 
EPID (referent) starting at 45 min (OR, 1.39; 95% CI, 0.80 
to 2.41; P = 0.26). Furthermore, during the first 30 min after 
catheter placement, 91.3 and 91.2% of the epidural cath-
eter failures from CSE and EPID, respectively, were tech-
nical failures, and frequency did not differ between groups  
(P = 0.31; table 2).

Discussion
Compared to EPID, catheters placed via CSE were associ-
ated with a 0.58-times overall likelihood of failures through-
out the course of labor neuraxial analgesia. When only failed 
catheters were compared, there was no overall difference 
between the two techniques in their proportion of survival 
(or failure) over the full-time course of usage. These results 

suggest that the time to recognizing catheter failures was not 
delayed by CSE. When only failures occurring during the 
first 120 min after placement were analyzed in 15-min inter-
vals, more failed catheters from CSE than from EPID were 
recognized in the first 30 min from placement; however, no 
differences were seen beyond the first 30 min.

Although technical failures predominated during the 
first 30 min after placement for both CSE and EPID, a few 
nontechnical (inadequate analgesia or no block) failures also 
occurred; their incidence did not differ between groups. With 
group assignment based on intended procedure in this study, 
nontechnical failures were recognized with CSE when EPID 
catheters were used within the first 30 min if the spinal dose 
did not provide adequate analgesia, as reported elsewhere.9,12,17 
The proportions of nontechnical (inadequate analgesia or no 
block) failures were similarly small for both CSE and EPID 
during the first 30 min of placement. This result also sug-
gests that CSE did not increase or delay unrecognized poorly 

Table 4. Final Multivariable Model for Survival Analyses of All Catheters with Procedural Type, BMI, and Provider Experience Level 
Controlled in the Model

Parameter df Parameter Estimate SE Chi-square P Value Hazard Ratio 95% CI

Procedure 1 0.544 0.154 12.430 0.0002 0.58 0.43–0.79
BMI (kg/m2) 1 0.026 0.009 8.573 0.003 1.03 1.02–1.04
Provider 3 0.75
  Provider 1 1 −0.298 0.284 1.102 0.29 0.74 0.43–1.30
  Provider 2 1 −0.117 0.196 0.360 0.55 0.89 0.61–1.31
  Provider 3 1 −0.058 0.175 0.109 0.74 0.94 0.67–1.33

Number of catheters in the model = total 2,355: combined spinal epidural technique (CSE) is 1,416 and traditional epidural technique (EPID) is 939. Num-
ber of unique subjects in the model = total 2,174: CSE 1,384 and EPID 790. Provider = providers’ level of training: 1 = clinical anesthesia training year  
(CA) 1, 2 = CA2, 3 = CA3, 4 = CA4 and attending combined, where 4 is the referent group. Referent group for procedure is EPID, while exposure group is 
CSE. For hazard ratios, a value below 1 indicates lower risk of catheter failures; a value above 1 indicates increased risk of catheter failures.
BMI = body mass index; df = degrees of freedom.

Fig. 2. (A) Kaplan–Meier survival analysis of all epidural catheters placed with combined spinal epidural technique (CSE) versus 
traditional epidural technique (EPID), including only nontechnical failures in a univariate model (47 and 77 nontechnical failures 
occurred with CSE and EPID, respectively). (B) Kaplan–Meier survival analysis of all epidural catheters placed with CSE versus 
EPID, including only technical failures in a univariate model (48 and 34 technical failures occurred with CSE and EPID, respec-
tively). HR = hazard ratio; nontechnical failures = no block or inadequate analgesia; survival time = duration of catheter remained 
failure free or until end of functional usage; technical failures = inadvertent intravenous or intrathecal catheter, or other technical 
failures such as obstructed or dislodged catheter.
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Neuraxial analgesia is the most effective way to 
provide labor pain relief. Epidural analgesia and 
combined spinal–epidural (CSE) analgesia are both 

recommended by the UK National Institute for Health and 
Clinical Excellence.1 Usually, local anesthetics are used in 
combination with lipid-soluble opioids for both the epi-
dural and the intrathecal route.

Abrão et al2 reported a higher incidence of fetal heart 
rate (FHR) abnormalities after CSE analgesia compared 

with epidural analgesia, a finding that was not corroborated 
in a recent trial by Patel et al.3 A meta-analysis from 20024 
reported that the incidence of fetal bradycardia was sig-
nificantly increased in parturients receiving an intrathecal 
opioid compared with any nonintrathecal opioid neuraxial 
technique. The risk for cesarean delivery because of FHR 
abnormalities was not greater with intrathecal opioids.4 
Moreover, intrathecal opioids had no effect on the instru-
mental vaginal or cesarean delivery rates or oxytocin use 
during labor.4

We therefore aimed to perform a systematic review and 
meta-analysis of randomized controlled trials that com-
pared the incidence of nonreassuring FHR tracings in par-
turients who received labor analgesia initiated by a CSE 
versus epidural analgesia technique.

METHODS
This analysis was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines.5 We searched the data-
bases PubMed, Embase, CINAHL, LILACS, CENTRAL, 
Clinicaltrials.gov, and ISI WOS to identify randomized con-
trolled trials that assessed the incidence of nonreassuring 
FHR tracings in laboring women undergoing CSE versus 

BACKGROUND: Combined spinal–epidural labor analgesia has gained popularity, but it is 
unclear whether this technique is associated with a higher incidence of nonreassuring fetal 
heart rate (FHR) tracings compared with epidural analgesia. Our meta-analysis aimed at compar-
ing the incidence of nonreassuring FHR tracings between the 2 neuraxial techniques.
METHODS: Databases were searched to identify randomized controlled trials that compared 
the incidence of nonreassuring FHR tracings, as defined in the individual studies, after com-
bined spinal–epidural versus epidural analgesia in laboring women. Risk ratios (RRs) and 95% 
confidence intervals (CIs) were calculated using the random-effects model. We performed a 
subgroup analysis for studies using low-dose epidural bupivacaine concentrations (≤0.125%) 
for epidural analgesia.
RESULTS: Seventeen trials including 3947 parturients were retrieved that compared the 2 neur-
axial techniques. All trials used intrathecal opioids in 1 study arm. The pooled effect estimate of 
low- and high-dose epidural bupivacaine studies together showed a significantly increased risk of 
nonreassuring FHR tracings with the combined technique (RR 1.31, 95% CI 1.02–1.67, P = .03, 
I2 = 18%). A subgroup analysis of 10 trials using low-dose epidural bupivacaine found a RR for 
nonreassuring FHR tracings between combined spinal–epidural and epidural analgesia of 1.12, 
95% CI 0.93–1.34, P = .18. In a sensitivity analysis of those low-dose epidural bupivacaine stud-
ies that ensured blinding of the outcome assessor, the RR was 1.41, 95% CI 0.99–2.02, P = .06.
CONCLUSIONS: Combined spinal–epidural labor analgesia was associated with a higher risk of 
nonreassuring FHR tracings than epidural analgesia alone. In the subgroup analysis comparing 
combined spinal–epidural with low-dose epidural labor analgesia, the 95% CI contains a clini-
cally significant difference between groups; moreover, the 95% CI overlaps with the 95% CI of 
the comparison of the combined low- and high-dose epidural techniques. Therefore, it cannot 
be concluded that there was no difference between combined spinal–epidural and low-dose 
epidural techniques.  (Anesth Analg 2016;XXX:00–00)
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DISCUSSION
A significantly increased risk for nonreassuring FHR trac-
ings with CSE analgesia compared with epidural analgesia 
was observed in this meta-analysis. This result was found 
when studies not blinding the outcome assessor were 
included and also in a sensitivity analysis that excluded 
studies without blinding of the outcome assessor. Fetal 
bradycardia, a type of nonreassuring FHR tracing, was 
reported in only 4 studies, and the RR was significantly 
higher in parturients receiving CSE analgesia. There was a 

paucity of data on nonreassuring FHR tracings as indication 
for cesarean delivery; only 2 studies reported this outcome.

Nonreassuring FHR tracings were not analyzed in 
a 2012 Cochrane review comparing CSE with epidural 
analgesia.25 Our analysis thus provides additional data 
that may help the clinician to make an informed choice 
between the 2 neuraxial techniques. In 2002, Mardirosoff 
et al4 reported that intrathecal opioids were associated 
with an increased risk for fetal bradycardia compared with 
nonintrathecal opioid neuraxial techniques; no difference 

Figure 2. Incidence of nonreassuring fetal heart rate tracings during combined spinal–epidural analgesia versus epidural analgesia. A, 
Incidence of nonreassuring fetal heart rate tracings, all studies. B, Incidence of fetal bradycardia, all studies. C, Incidence of nonreassuring 
fetal heart rate tracings in studies using low-dose epidural bupivacaine. CI indicates confidence interval; IV, inverse variance; M-H, Mantel–
Haenszel; PCEA, patient-controlled epidural analgesia; PCEA+CI, patient-controlled epidural analgesia with continuous infusion; Random, 
random-effects model.
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Summary
Observational studies suggest that combined spinal-epidural analgesia (CSE) is associated with more reliable position-
ing, lower epidural catheter replacement rates, and a lower incidence of unilateral block compared with epidural
analgesia. However, evidence from high-quality trials still needs to be assessed systematically. We performed a sys-
tematic review that included 10 randomised controlled trials comparing CSE and epidural analgesia in 1722 labour-
ing women in labour. The relative risk of unilateral block was significantly reduced after CSE vs epidural analgesia
(0.48, 95% CI 0.24–0.97), but significant between-study heterogeneity was present (I2 = 69%, p = 0.01). No differ-
ences were found for rates of epidural catheter replacement, epidural top-up, and epidural vein cannulation. On the
basis of current best evidence, a consistent benefit of CSE over epidural analgesia cannot be demonstrated for the
outcomes assessed in our review. A large randomised controlled trial with adequate power is required.
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Combined spinal-epidural analgesia (CSE) has emerged
as an alternative to epidural analgesia for pain relief
during labour [1]. During a needle-through-needle
CSE, the epidural space is first identified with an epi-
dural needle, followed by insertion of a long spinal
needle and injection of the spinal dose. The spinal nee-
dle is then removed and an epidural catheter is
inserted through the epidural needle. A Cochrane
review comparing the CSE technique with traditional
(bupivacaine ≥ 0.25%) and low-dose epidural analgesia
in labour [2] found that CSE was associated with a
higher incidence of pruritus, but a lower incidence of
urinary retention and need for rescue analgesia com-

pared with traditional epidural, as well as a faster onset
of analgesia when compared with low-dose epidural.
No differences in labour outcome were found. Several
observational studies reported that CSE was associated
with a lower rate of unilateral block [3, 4] and epidural
catheter replacement [3–5]. These findings could be
due to the spinal component’s having a clear endpoint
of flow of cerebrospinal fluid through the needle, indi-
cating correct positioning of the epidural needle. Uni-
lateral block and the need for re-siting the catheter
during labour imply that the parturient continues to
suffer from pain, and are stressful for both parturient
and anaesthetist. If caesarean section becomes neces-
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and result in less frequent epidural catheter replace-
ment than epidural is that successful location of the
spinal space necessarily implies that the epidural nee-
dle is located centrally within the vertebral canal,
whereas during an epidural procedure, the tip of the
needle may be located laterally or even outside the ver-
tebral canal. In contrast, Eisenach speculated that CSE
might lead to more frequent epidural catheter replace-

ment, as the function of the epidural cannot be fully
assessed until after the spinal analgesia has resolved
[20]. As shown in our meta-analysis, epidural catheter
replacement and overall epidural failure rates were not
significantly different between the CSE and epidural
techniques. Our analysis confirmed a lower rate of uni-
lateral block in parturients treated with CSE, although
there was high between-study heterogeneity.

Replacement of epidural catheter 

Unilateral block 

 
Epidural top-up 

(a)

(b)

(c)

Figure 2 Adverse outcomes in randomised controlled trials of combined spinal-epidural (CSE) vs epidural analgesia
(EA). M–H, Mantel–Haenszel.
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…a consistent benefit of CSE over epidural 
analgesia cannot be demonstrated for the 

outcomes assessed in our review.  

Review Article

Meta-analysis of the success of block following combined
spinal-epidural vs epidural analgesia during labour
M. Heesen,1 M. Van de Velde,2 S. Kl€ohr,3 J. Lehberger,4 R. Rossaint5 and S. Straube6

1 Professor, 3 Consultant, 4 Resident, Department of Anaesthesiology, Klinikum Bamberg, Bamberg, Germany
2 Professor, Department of Anaesthesiology, University Hospital Gasthuisberg, Leuven, Belgium
5 Professor, Department of Anaesthesiology, University Hospital Aachen, Aachen, Germany
6 Occupational Physician and Researcher, Institute of Occupational, Social and Environmental Medicine, University
Medical Center G€ottingen, G€ottingen, Germany

Summary
Observational studies suggest that combined spinal-epidural analgesia (CSE) is associated with more reliable position-
ing, lower epidural catheter replacement rates, and a lower incidence of unilateral block compared with epidural
analgesia. However, evidence from high-quality trials still needs to be assessed systematically. We performed a sys-
tematic review that included 10 randomised controlled trials comparing CSE and epidural analgesia in 1722 labour-
ing women in labour. The relative risk of unilateral block was significantly reduced after CSE vs epidural analgesia
(0.48, 95% CI 0.24–0.97), but significant between-study heterogeneity was present (I2 = 69%, p = 0.01). No differ-
ences were found for rates of epidural catheter replacement, epidural top-up, and epidural vein cannulation. On the
basis of current best evidence, a consistent benefit of CSE over epidural analgesia cannot be demonstrated for the
outcomes assessed in our review. A large randomised controlled trial with adequate power is required.
.................................................................................................................................................................

Correspondence to: M. Heesen
Email: michael.heesen@sozialstiftung-bamberg.de
Accepted: 2 September 2013

Combined spinal-epidural analgesia (CSE) has emerged
as an alternative to epidural analgesia for pain relief
during labour [1]. During a needle-through-needle
CSE, the epidural space is first identified with an epi-
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Initiation of labor analgesia with injection of local 
anesthetic through the epidural needle compared 
to the catheter
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Background: The rationale for injection of epidural medications through the needle is to 
promote sooner onset of pain relief relative to dosing through the epidural catheter given that 
needle injection can be performed immediately after successful location of the epidural space. 
Some evidence indicates that dosing medications through the epidural needle results in faster 
onset and improved quality of epidural anesthesia compared to dosing through the catheter, 
though these dosing techniques have not been compared in laboring women. This investigation 
was performed to determine whether dosing medication through the epidural needle improves 
the quality of analgesia, level of sensory blockade, or onset of pain relief measured from the 
time of epidural medication injection.
Methods: In this double-blinded prospective investigation, healthy term laboring women (n=60) 
received labor epidural placement upon request. Epidural analgesia was initiated according to 
the assigned randomization group: 10 mL loading dose (0.125% bupivacaine with fentanyl 
2 µg/mL) through either the epidural needle or the catheter, given in 5 mL increments spaced 
2 minutes apart. Verbal rating scale (VRS) pain scores (0–10) and pinprick sensory levels were 
documented to determine the rates of analgesic and sensory blockade onset.
Results: No significant differences were observed in onset of analgesia or sensory blockade 
from the time of injection between study groups. The estimated difference in the rate of pain 
relief (VRS/minute) was 0.04 (95% CI: −0.01 to 0.11; p=0.109), and the estimated difference 
in onset of sensory blockade (sensory level/minute) was 0.63 (95% CI: −0.02 to 0.15; p=0.166). 
The time to VRS ≤3 and level of sensory block 20 minutes after dosing were also similar between 
groups. No differences in patient satisfaction, or maternal or fetal complications were observed.
Conclusion: This investigation observed that epidural needle and catheter injection of medica-
tions result in similar onset of analgesia and sensory blockade, quality of labor analgesia, patient 
satisfaction, and complication rates.
Keywords: labor analgesia, epidural needle, epidural catheter, analgesic onset

Introduction
Epidural and combined spinal–epidural (CSE) techniques are widely considered as the 
most effective means of providing labor analgesia1,2 and have been found to increase 
patient satisfaction compared to other modalities.2 Traditionally, the epidural catheter 
is placed, aspirated, and a test dose of medication is given to detect the possibility of 
an intravascular (IV) or intrathecal (IT) catheter prior to administering additional doses 
of local anesthetic and opioids. There have been very few studies in which anesthesia 
providers have initiated labor analgesia by injecting medications through the epidural 
needle immediately after loss of resistance in order to achieve faster onset of pain relief.3 
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difference between the two groups in VRS pain score would 
be clinically meaningful. Data were analyzed using Statistical 
Analysis Software, version 9.3, applying linear mixed model 
regression analyses for fixed and random effects between 
groups, while a random effect regression analysis was con-
ducted to estimate the slopes of the outcomes over continuous 
time for both groups. Sandwich estimator was used to control 
the correlation because of the dependence of the observations 
among repeated measurements. Student’s t-test, chi-square 
test, and  Wilcoxon–Mann–Whitney test were used to analyze 
demographic variables, with alpha=0.05.

Results
Sixty patients were enrolled to participate in this investiga-
tion. Protocol deviations occurred in 4 cases, leaving 29 
patients in the catheter injection group and 27 patients in 
the needle injection group to be considered for the analysis. 
There were no significant differences in demographic or 
labor characteristics between the study groups (Table 1). 
The rate of pain relief (VRS pain score/minute) from the 
time of medication injection and the rate of sensory block 
onset (sensory level/minute) were used as primary metrics 
to compare the effectiveness between delivering the load-
ing dose via the epidural needle and the epidural catheter. 
The estimated difference in rate of pain relief (slope) from 
the time of medication dosing, reported as VRS pain score/
minute, between the epidural needle and epidural catheter 
groups was 0.04 (95% CI: −0.01 to 0.11) and not statistically 
significant (p=0.109; Figure 1 and Table 2). Notably, 13 of 
29 patients who were dosed through the epidural catheter 
reported uterine contraction pain relief prior to receiving the 
initial dose of epidural medication. The estimated difference 
in analgesic spread (spinal level/minute), as defined by loss 
of sharpness of pinprick, was 0.63 (95% CI: −0.12 to 0.19) 
and did not significantly differ between groups (p=0.166; 
Figure 2 and Table 2). The time to VRS ≤3 for the epidural 
needle and catheter groups were 12.5±5.28 and 12.61±5.38 
minutes (p=0.942; Table 2), respectively.

There was no significant difference observed in the aver-
age number of PCEA demand doses, with 5.85 and 4.62 
PCEA doses in the needle and catheter injection groups, 
respectively (p=0.384; Table 2). The average total volume of 
anesthetic infused were 116.6 and 113.6 mL for the needle 
and catheter injection groups, respectively (p=0.901; Table 2). 
The mean number of clinician-administered epidural doses 
for rescue analgesia were 1.17 and 1.67 (p=0.209; Table 2) 
in the needle and catheter injection groups, respectively.

No significant difference was observed in the estimated 
slope differences of maternal mean arterial blood pressure 
(0.25, p=0.188; Figure 3) or maternal heart rate (0.03, 
p=0.807; Figure 4). No occurrence of fetal bradycardia was 
observed in the first 20 minutes after epidural medication 
dosing in either study group. No adverse events occurred in 
either study group. Patients were asked to rate their satisfac-
tion (0–10) during routine follow-up visit 1 day after deliv-
ery and no significant differences were observed between 
study groups (needle injection: 9.2, catheter injection: 8.75, 
p=0.521; Table 2).

Discussion
We hypothesized that needle injection of epidural medica-
tions would shorten analgesic onset measured from the time 
of injection and improve the quality of subsequent labor 
analgesia compared to catheter injection, potentially because 
we thought faster injection from a more posterior location 
within the epidural space and improved medication spread 
may be possible with needle compared to catheter dosing.5,8–10 
However, we observed similar rates of analgesic and sensory 
blockade onset measured from the time of medication injec-
tion. The quality of subsequent labor analgesia was also 

Table 1 Participant characteristic averages per randomization 

group

Participant characteristics Catheter Tuohy 
needle

p-value

Age (years) 27.6±0.97 27.0±1.01 0.660

Height (in.) 65.1±0.52 64.7±0.52 0.637

Weight (pounds) 184.3±9.5 204.4±9.82 0.148

Dilation (cm) 3.4±0.24 3.3±0.28 0.683

Gravidity 2.3±0.27 2.1±0.27 0.59

Station (cm) −2(−3, −1) −2(−2, −1) 0.353

Notes: Statistical differences calculated between participants in each randomized 

group. Data are mean ± SD.

Figure 1 VRS pain score (0–10) as a function of time (minutes) for 20 minutes after 

the initial epidural dose was administered.

Notes: Data are mean±SD. Time=0, time of the initial bolus dose.

Abbreviation: VRS, verbal rating scale.
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similar between study groups, as reflected by similar PCEA 
usage, clinician-administered epidural boluses, and total 
volume of local anesthetic administered. Instead, it may have 
been beneficial to measure analgesic onset from the time of 
epidural space location rather than from the time of injection, 
as this may have demonstrated a benefit in terms of shorten-
ing onset of pain relief after needle injection. Measuring 
analgesic onset from the time of successful location of the 
epidural space is also arguably a better reflection of actual 
clinical practice, as needle injection can be performed prior 
to catheter insertion, aspiration, test dosing, catheter securing, 
and eventual catheter dosing. Importantly, the incidence of 
side effects was also observed to be similar between study 
groups, as no statistically significant differences in maternal 
mean arterial blood pressure, heart rate, or incidence of fetal 

Table 2 Outcomes for pain relief, sensory blockade, quality of labor analgesia, side effects, adverse events, and patient satisfaction

Outcome Catheter dosing  
(n=29)

Needle dosing  
(n=27)

p-value

Rate of pain relief (VRS pain score/minute) 4.81±0.36 4.85±0.35 0.109
Rate of sensory blockade (spinal level/minute) 13.26±0.56 13.89±0.59 0.166
VRS pain score prior to epidural dosing (0–10 scale) 7.60±1.70 8.04±1.53 0.323

Time to VRS pain score ≤3 (minutes) 12.61±5.38 12.5±5.28 0.942
Sensory level 20 minutes after dosing (mean) T9.46 T8.87 NA
Clinician-administered rescue doses during labor (n) 1.67±0.81 1.17±0.40 0.209
Number of PCEA demand doses during labor (n) 4.62±3.57 5.85±3.50 0.384
Volume of anesthetic infused during labor (mL) 113.6±77.05 116.6±2.79 0.901
Epidural catheter replacement (n) 0 0 NA
Hypotension requiring treatment with vasopressor (n) 0 1 NA
Fetal bradycardia in the first 20 minutes after dosing (n) 0 0 NA
Adverse events (e.g., accidental intravascular or intrathecal injection) (n) 0 0 NA
Patient satisfaction score (0–10) 8.75±1.77 9.2±1.61 0.521

Note: Data are mean ± SD.
Abbreviations: NA, not applicable; PCEA, patient-controlled epidural analgesia; VRS, verbal rating scale.

Figure 2 Thoracic sensory level as a function of time (minutes) for 20 minutes after 
the initial epidural dose was administered.
Notes: Data are mean±SD. Time=0, time of the initial bolus dose.
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Figure 3 Maternal mean arterial pressure (mmHg) as a function of time (minutes) 
for 20 minutes after the initial epidural dose was administered.
Notes: Data are mean±SD. Time=0, time of the initial bolus dose.
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Figure 4 Maternal heart rate (beats per minute) as a function of time (minutes) for 
20 minutes after the initial epidural dose was administered.
Notes: Data are mean±SD. Time=0, time of the initial bolus dose.
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«…Notably, 13 of 29 patients who were dosed 
through the epidural catheter reported uterine 

contraction pain relief prior to receiving the initial 
dose of epidural medication…»
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Recommendations:

This is first study to compare the effect of local anesthetic injection through either the epidural needle or the epidural catheter for labour analgesia.
 
Previous studies had compared the two injections for cesarean delivery and gynecological procedures. Husain et al. compared the injection of local anesthetic through an epidural
catheter vs. an epidural needle for induction of epidural anesthesia for cesarean delivery in 1997. The authors found no difference in the onset time of surgical anesthesia {1}. Yun
MJ et al. studied the extent of epidural anaesthesia and the pattern of spread of contrast medium and found no difference with regard to the spread of local anaesthetic or contrast
medium within in the epidural space {2}. Omote et al. compared the injection of local anaesthetic through epidural catheters and epidurals needles during gynecological procedures.
The study found that both had equivalent epidural analgesic spread. However, because of patient discomfort during the fast injection of drugs through the epidural needle, the
authors concluded that the initial injection of local anesthetic should be administered through the epidural catheter and not the needle {3}. Crochetière et al. comparing the two
injection techniques during epidural anaesthesia for caesarean delivery found that there was no difference between the two groups in the quality of sensory block before delivery.
However, the quality of analgesia was significantly better in the epidural catheter group after delivery (P=0.02). Interestingly, the incidence of hypotension was higher in the epidural
needle group (P=0.014). There was also no significant difference in maternal and umbilical venous lidocaine concentrations. They concluded that injection in fractional doses was a
safer and more efficient technique for epidural anaesthesia for caesarean delivery {4}.

This study was a prospective, randomized, double-blind trial (with the patient and the primary observer being unaware about the technique used to initiate labour analgesia) in 57
parturients, with 27 patients in the epidural needle and 29 in the epidural catheter group. Exclusion criteria included contraindications to epidural placement, inability to provide
informed consent, fetal intrauterine growth restriction, non-reassuring fetal heart status, cervical dilation >7cm at the time of request for epidural, intrauterine fetal demise, spinal
pathology, history of chronic pain, or incarcerated patients.
 
A loss of resistance technique was used in both groups to identify the epidural space. In the epidural needle injection group, a 10mL loading dose of 0.125% bupivacaine with
2µg/mL fentanyl was given in 5mL increments through the epidural needle spaced 2 min apart. Five minutes after locating the epidural space, the epidural catheter injection group
received the same 10mL loading dose of 0.125% bupivacaine with fentanyl 2µg/mL, given in 5mL increments via the epidural catheter spaced 2 min apart. All patients then received
a standard epidural low dose infusion of 0.0625% bupivacaine with 2µg/ml fentanyl using a PCEA technique with a background infusion. Verbal rating scale (VRS) pain scores were
assessed every 5 min for 20 min, starting at the time when loss of resistance occurred and just prior to the first dose of local anesthetic either through the epidural needle or the
epidural catheter. The study did not find any significant differences in the onset of analgesia from the time of drug injection, quality of analgesia, or level of sensory blockade. One
point to note was that the sensory level was recorded every 5 min for 20 min after the loss of resistance while locating the epidural space, which meant that the recorded VRS for
the catheter group was 5 min after the loss of resistance and not after the injection through the epidural catheter. This resulted in a 5 min delay in the epidural catheter group
(performed for blinding purposes), which could have affected the results. We believe that it would have been simpler if the VRS had been recorded after the injection of drugs
through the epidural catheter in both groups.
 
The result of this study and previous studies confirmed that there is no benefit from dosing through the epidural needle over dosing through the epidural catheter. Additional
concerns relate to the safety of the epidural needle dosing technique, with longer procedure times in patients who may already be in severe pain. Not only could this affect patient
satisfaction with their labour analgesia, but it could also theoretically increase the risk of accidental dural puncture with the epidural needle.
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«…there is no benefit from dosing through the epidural 
needle (…). Additional concerns relate to the safety, with 

longer procedure times (…). Not only could this affect 
patient satisfaction with their labour analgesia, but it could 

also theoretically increase the risk of accidental dural 
puncture with the epidural needle. 
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Neuraxial techniques are the most effective form 
of labor analgesia, with significant rates of epi-
dural (EPL) and combined spinal epidural (CSE) 

technique use in contemporary obstetric anesthesia practice. 
Although the medication combinations used in these tech-
niques have evolved, the onset, block quality, and side effect 
profiles of both techniques warrant further optimization.

The EPL technique has minimal adverse effects but can 
be associated with slow onset and occasional, variable 
blockade qualities including inadequate sacral spread, uni-
lateral or patchy sensory blockade, motor impairment, and 
epidural catheter failure.1,2 By contrast, the CSE technique 
provides rapid onset of uniform sensory blockade with 
excellent sacral coverage, but is associated with greater side 
effect profiles, including maternal pruritus, fetal bradycar-
dia and delayed functional testing of the epidural catheter.3

The dural puncture epidural (DPE) technique is per-
formed by creating a single dural perforation via a spinal nee-
dle placed through the shaft of an epidural needle, followed 
by placement of a catheter into the epidural space. However, 
unlike the CSE technique, where medications are directly 
administered through the spinal needle into the subarachnoid 

BACKGROUND: The dural puncture epidural (DPE) technique is a modification of the combined 
spinal epidural (CSE) technique, where a dural perforation is created from a spinal needle 
but intrathecal medication administration is withheld. The DPE technique has been shown to 
improve caudal spread of analgesia compared with epidural (EPL) technique without the side 
effects observed with the CSE technique. We hypothesized that the onset of labor analgesia 
would follow this order: CSE > DPE > EPL techniques.
METHODS: A total of 120 parturients in early labor were randomly assigned to EPL, DPE, or 
CSE groups. Initial dosing for EPL and DPE consisted of epidural 20 mL of 0.125% bupivacaine 
plus fentanyl 2 μg/mL over 5 minutes, and for CSE, intrathecal 0.25% bupivacaine 1.7 mg and 
fentanyl 17 μg. Upon block completion, a blinded coinvestigator assessed the outcomes. Two 
blinded obstetricians retrospectively interpreted uterine contractions and fetal heart rate trac-
ings 1 hour before and after the neuraxial technique. The primary outcome was time to numeric 
pain rating scale (NPRS) ≤ 1 analyzed by using Kaplan-Meier curves and Cox proportional hazard 
model. Secondary outcomes included block quality, maternal adverse effects, uterine contrac-
tion patterns, and fetal outcomes analyzed by using the χ2 test with Yates continuity correction.
RESULTS: There was no significant difference in the time to NPRS ≤ 1 between DPE and EPL (haz-
ard ratio 1.4; 95% confidence interval [CI] 0.83–2.4, P = .21). DPE achieved NPRS ≤ 1 significantly 
slower than CSE (hazard ratio 0.36; 95% CI 0.22–0.59, P = .0001). The median times (interquartile 
range) to NPRS ≤ 1 were 2 (0.5–6) minutes for CSE, 11 (4–120) minutes for DPE, and 18 (10–120) 
minutes for EPL. Compared with EPL, DPE had significantly greater incidence of bilateral S2 block-
ade at 10 minutes (risk ratio [RR] 2.13; 95% CI 1.39–3.28; P < .001), 20 minutes (RR 1.60; 
95% CI 1.26–2.03; P < .001), and 30 minutes (RR 1.18; 95% CI 1.01–1.30; P < .034), a lower 
incidence of asymmetric block after 30 minutes (RR 0.19; 95% CI 0.07–0.51; P < .001) and physi-
cian top-up intervention (RR 0.45; 95% CI 0.23–0.86; P = .011). Compared with CSE, DPE had a 
significantly lower incidence of pruritus (RR 0.15; 95% CI 0.06–0.38; P < .001), hypotension (RR 
0.38; 95% CI 0.15–0.98; P = .032), combined uterine tachysystole and hypertonus (RR 0.22; 95% 
CI 0.08–0.60; P < .001), and physician top-up intervention (RR 0.45; 95% CI 0.23–0.86; p = .011).
CONCLUSIONS: Analgesia onset was most rapid with CSE with no difference between DPE and 
EPL techniques. The DPE technique has improved block quality over the EPL technique with 
fewer maternal and fetal side effects than the CSE technique for parturients requesting early 
labor analgesia.  (Anesth Analg 2017;124:00–00)
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lower incidence of physician top-up bolus intervention (RR 
0.45; 95% CI 0.23–0.86; P = .011; Table 6). The EPL technique 
appeared to have the greatest presence of motor blockade, 
followed by the DPE and CSE techniques (Table  3); how-
ever, after adjusting for duration of epidural infusion, we 
found no difference in the presence of motor block among 
the 3 techniques (Table 6).

Compared with CSE, DPE had significantly lower inci-
dence of physician top-up bolus intervention (RR 0.45; 95% 
CI 0.23–0.86; P = .012), hypotension (RR 0.38; 95% CI 0.15–
0.98; P = .032), pruritus (RR 0.15; 95% CI 0.06–0.38; P < .001), 
postneuraxial placement combined uterine tachysystole 
and hypertonus (RR 0.22; 95% CI 0.08–0.60; P < .001), and 
NICHD category I to II conversion in FHR tracing following 
neuraxial placement (RR 0.38; 95% CI 0.15–0.98; P = .032; 
Table 6).

DISCUSSION
In this study of 3 distinct labor analgesia techniques, analge-
sia onset was most rapid for the CSE technique with no dif-
ference between DPE and EPL techniques. Compared with 
the EPL technique, the DPE technique had an earlier and 
greater incidence of sacral coverage and a lesser incidence 
of asymmetric blockade and physician top-up interven-
tions. Compared with the CSE technique, the DPE technique 
had a lesser incidence of maternal hypotension, pruritus, 

physician top-up interventions, uterine tachysystole with 
hypertonus, and FHR conversion from NICHD category I 
to II tracings. In parturients in early labor requesting neur-
axial analgesia, the DPE technique provides the sacral and 
symmetric block characteristics of the CSE technique with 
the lower maternal and fetal side effect profile of the EPL 
technique.

The DPE technique differs from the EPL technique by 
the presence of a dural puncture conduit, which enables 
solutions administered into the epidural space to gain 
access to the subarachnoid space. Leach et al12 observed 
the translocation of epidural contrast dye into the sub-
arachnoid space through an inadvertent dural puncture 
with a Tuohy needle (gauge not documented). An in vitro 
study demonstrated notable lidocaine flux with an 18-G 
Tuohy and 24-G Sprotte needle punctures, but no flux 
with a 27-G Whitacre needle puncture.13 Consistent with 
this observation, Thomas et al5 found that the DPE tech-
nique with a 27-G Whitacre did not improve labor analge-
sia quality compared with an EPL technique. By contrast, 
Suzuki et al,4 in patients undergoing surgical anesthesia 
with the DPE technique using a 26-G Whitacre, observed 
an earlier and greater sacral spread compared with the 
EPL technique. In our earlier labor analgesia study,1 
which derived the DPE acronym, and our current investi-
gation, we also observed improved sacral spread with the 
DPE technique using a 25-G Whitacre compared with the 
EPL technique. Sacral coverage is an important and often 
incomplete feature of analgesia, particularly during the 
second stage of labor and with instrumented deliveries.14 
As importantly, the highest thoracic distribution was no 
different among the CSE, DPE, and EPL techniques.

The rates of bilateral block symmetry between the CSE 
and DPE techniques were no different, but substantively 
greater than with the EPL technique before and after the 
first 30 minutes. These findings are consistent with large 
retrospective15,16 and prospective studies17; a recent meta-
analysis of 10 RCTs in 1722 parturients found a significant 
reduction in the relative risk of unilateral block for CSE 
versus EPL techniques.18 With an incidence of up to 8%,19,20 
asymmetry of neuraxial labor analgesia blockade represents 
an important reason for catheter manipulation and replace-
ment,11 and a source of patient discomfort, dissatisfaction, 
and potential morbidity or mortality if alternate analgesic 
or anesthetic interventions are required.21

Table 1.  Subject Baseline Characteristics
 EPL (n = 40) DPE (n = 40) CSE (n = 40)
Age (y) 32.3 (4.0) 32.9 (4.7) 32.8 (5.0)
Height (cm) 164.1 (7.1) 166.6 (5.8) 164.8 (5.8)
Weight (kg) 81.0 (18.6) 81.5 (10.7) 79.5 (14.2)
Body mass index 30.0 (6.1) 29.4 (3.9) 29.3 (5.5)
Gestational weeks 39.5 (1) 39.2 (1) 39.3 (1)
Primipara 23 (57.5) 19 (47.5) 17 (42.5)
Induction of labor 28 (70.0) 31 (77.5) 31 (77.5)
Total IVF received during labor (L) 3.4 (2.0) 3.2 (1.6) 2.7 (1.5)
Patients on oxytocin infusion at time of epidural placement 28 (70) 32 (80) 31 (77.5)
Oxytocin dose at time of epidural placement (mIU/min) 6 [0–24] 6 [0–21] 6 [0–23]
Cervical dilation at time of epidural placement (cm) 2.4 (1.4) 2.1 (1.5) 2.2 (1.4)
Initial NPRS score 8 [3–10] 8 [4–10] 8 [5–10]

Values are mean (SD), n (%), or median [range].
Abbreviations: CSE, combined spinal epidural; DPE, dural puncture epidural; EPL, epidural; IVF, intravenous fluids; NPRS, numeric pain rating scale.

Figure 3. Kaplan-Meier curves for time to achieving NPRS ≤ 1 follow-
ing initial bolus dosing by CSE, DPE, or EPL analgesia techniques. 
Survival probability indicates probability of subjects surviving with 
NPRS > 1 at given time. CSE indicates combined-spinal epidural; 
DPE, dural-puncture epidural; EPL, standard epidural; NPRS, numeric 
pain rating scale.



Chau et al. Anesth Analg. 2017;124(2):560–9. 
Pe

rc
en

ta
ge

 (%
)

0

15

30

45

60

75

asymmetric 30 asymmetric >30 Top-up Motor block Pruritus Hypotension Uterine hypertonus

Epidural
DPE
CSE



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
February 2018 • Volume 126 • Number 2 www.anesthesia-analgesia.org 545

DOI: 10.1213/ANE.0000000000002129

Lumbar epidural (LE) is the standard technique for 
providing labor analgesia. However, time to onset of 
adequate pain relief may be 15 to 20 minutes as the 

medication traverses the meninges to anesthetize the nerve 
roots. In combined spinal epidural (CSE), the dura mater is 
punctured using a spinal needle and medication is depos-
ited in the subarachnoid space for expedited labor analgesia 
onset.1 Disadvantages to the CSE technique include potential 
maternal hemodynamic instability and fetal bradycardia.2,3 

Dural puncture epidural (DPE) is a distinct technique where 
the dura mater is punctured using a spinal needle, but med-
ication is not directly introduced into the intrathecal space.4 
Medication is administered into the epidural space through 
the epidural catheter, and the dural puncture facilitates 
migration of some medication intrathecally.

Previous studies have explored the efficacy of DPE in the 
setting of surgical and obstetric procedures.4–9 To minimize 
motor blockade while maximizing possibilities for the rapid 
onset of labor analgesia, our primary aim was to evaluate 
neuraxial labor analgesia onset following epidural catheter 
bolus with a dilute local anesthetic solution (0.125% bupi-
vacaine with 50 µg fentanyl) in active laboring parturients 
with and without DPE. Prior work examining 25, 26, and 
27G Whitacre needles for spinal anesthesia in parturients 
found 27G needles to have lower rates of successful dural 
puncture; however, no difference in dural puncture suc-
cess rates were noted between 25 and 26G needles.8 A 26G 
Whitacre needle was selected for the dural puncture to min-
imize the possibility of postdural puncture headache while 

BACKGROUND: Lumbar epidurals (LEs) provide excellent analgesia. Combined spinal epidural 
and dural puncture epidural (DPE) are 2 techniques to expedite neuraxial analgesia onset. In 
DPE, dura is punctured but medication is not administered in the cerebrospinal fluid. Expedited 
analgesia onset has been demonstrated with DPE, using 0.25% bupivacaine; however, this con-
centration may impede an unassisted vaginal birth and is not currently used for induction and 
maintenance of labor analgesia. The primary goal of this study was to compare the percentage 
of patients who achieved adequate labor analgesia following DPE or LE with an epidural bolus 
of 0.125% bupivacaine. Adequate labor analgesia was defined as Visual Analog Scale (VAS) 
measurement ≤ 10 mm on a 100-mm scale during active contractions, measured 10 minutes 
after epidural bolus initiation. 
METHODS: Laboring patients were randomly assigned to receive LE or DPE. Immediately before 
epidural placement, subjects marked a VAS score during an active contraction and parturients with 
VAS < 50 mm were excluded. The epidural space was identified by a loss of resistance technique 
to saline (17G Tuohy needle [Arrow International, Inc, Redding, PA]). In the DPE group, dura was 
punctured with a 26G Whitacre needle (Arrow International, Inc). In all participants, a 19G epidural 
catheter (Arrow International, Inc) was inserted. An epidural bolus was then administered over 3 min-
utes (12 mL, 0.125% bupivacaine, 50 μg fentanyl) followed by infusion (0.1% bupivacaine, 2 μg/mL 
fentanyl). After initiation of epidural bolus (time zero), VAS measurements were collected at 2-minute 
intervals for up to 20 minutes. Median time to achieve adequate analgesia by treatment group was 
assessed by Kaplan-Meier analysis. Time to achieving adequate analgesia was evaluated using a 
Cox regression model. All analyses were conducted in SAS version 9.4. (SAS Institute, Cary, NC)
RESULTS: Data were analyzed from 80 participants (40 per group). Adequate analgesia at 10 
minutes did not differ by neuraxial technique (DPE = 55.3% vs LE = 44.7%; P = .256). However, 
parturients receiving DPE had shorter median times to adequate analgesia (median [95% confi-
dence interval], 8 minutes [6–10] vs 10 minutes [8–14]) and a 67% increase in the relative risk 
of achieving adequate analgesia compared to LE (relative risk = 1.67; 95% confidence interval, 
1.02–2.64; P = .042).
CONCLUSIONS: Although the percentage of parturients achieving adequate labor analgesia at 
10 minutes after epidural bolus did not differ by technique, DPE was associated with faster time 
to VAS ≤ 10 mm compared with LE.  (Anesth Analg 2018;126:545–51)
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was 1.7 times greater than in those receiving LE in a Cox 
proportional hazards model (relative risk = 1.67; 95% con-
fidence interval, 1.02–2.64; P = .042). Figure  4 shows the 
observed median VAS scores at each data collection point 
in all patients (Figure 4A) and in patients experiencing an 
active contraction (Figure  4B). VAS scores decreased with 
time (P < .001). When examining the interaction between 
neuraxial technique and time, VAS scores decreased faster 
with DPE versus LE, regardless of the presence of a con-
traction (P =  .003; Figure  4A). If only contracting parturi-
ents were examined, this difference was confirmed (P = 
.001; Figure  4B). The observed effect size for the interac-
tion between neuraxial technique and time was 2.7. The 

requirement for additional, physician-administered epi-
dural boluses during the course of labor and patient sat-
isfaction measurements were not significantly different by 
neuraxial technique (Table 2). Block characteristics (degree 
of motor block and sensory level) and side effects did not 
differ by neuraxial technique (Table 3).

Nine patients (9%), 7 LE (17.5%) and 2 DPE (5%), did 
not achieve consistent VAS ≤ 10 mm in the 20-minute study 
period. Despite this, all parturients were satisfied with their 
neuraxial analgesia, and no epidural catheters required 
replacement.

DISCUSSION
This randomized clinical trial examined the onset of ade-
quate analgesia in laboring parturients receiving neuraxial 
analgesia by LE or DPE utilizing a 26G Whitacre needle 
for dural puncture and epidural catheter bolus with 12 
mL of 0.125% bupivacaine with 50 µg fentanyl. Although 
the percentage of parturients with adequate analgesia did 
not differ by neuraxial technique 10 minutes following the 
initiation of the epidural bolus, DPE was associated with 
reduced time to adequate analgesia.

DPE has been found to improve neuraxial medica-
tion delivery in the past. Suzuki et al4 investigated DPE in 
patients having lower abdominal surgery. They utilized 
a 26G Whitacre for dural puncture and bolused 15 mL of 
2% mepivacaine over 1 minute through the epidural cath-
eter. They noted improved sacral spread and hypothesized 
that a small amount of local anesthetic spread into the sub-
arachnoid space through the dural hole to anesthetize the 
caudal nerves. In contrast, the first study of DPE in labor-
ing parturients examined a smaller spinal needle, 27G 
Whitacre, without an epidural bolus.5 Rather, an infusion of 
0.11% bupivacaine with 2 µg/mL fentanyl was started (10 
mL/h with 5 mL demand every 10 minutes) and physician-
administered rescue boluses of 0.25% bupivacaine (5–15 
mL) were given throughout labor for inadequate analgesia. 

Table 1. Characteristics by Neuraxial Technique

 
LE

(n = 40)
DPE

(n = 40)
VAS before placement (mm)a 76.1 (16.4) 78.2 (16.4)

Maternal characteristics   
 Maternal age (y)a 28.9 (5.24) 27.4 (5.02)
 BMI (kg/m2)a 33.1 (8.55) 33.7 (7.86)
 Race (Caucasian)b 19 (48.7) 18 (46.2)
 ASA score 2b 38 (95.0) 37 (94.9)
Hemodynamicsa  
 Maternal blood pressure (mm Hg)  
  SBP postepiduralc 123.2 (18.0) 118.2 (24.8)
  DBP postepiduralc 70.5 (4.4) 66.8 (13.0)
 FHR (bpm)   
  Preepidural 140.0 (12.3) 135.6 (10.7)
  Postepiduralc 138.9 (10.6) 135.9 (11.1)
Labor characteristics   
 Gestational age (wk)a 39.1 (1.88) 38.9 (1.91)
 Nulliparousb 18 (36.6) 14 (46.2)
 Cervical dilation (cm)a 3.8 (1.4) 3.7 (1.5)
 Labor augmentationb 18 (45.0) 21 (52.5)
 Mode of deliveryb   
  Vaginal 31 (77.5) 34 (85)
  Assisted (forceps) 1 (2.5) 0 (0)
  Cesarean 8 (20) 6 (15)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass 
index; DBP, diastolic blood pressure; DPE, dural puncture epidural; FHR, fetal 
heart rate; LE, lumbar epidural; SBP, systolic blood pressure; VAS, Visual 
Analog Scale.
aContinuous variables are reported as mean (SD).
bCategorical variables are reported as n (%).
cPostepidural measurements were acquired 20 min after the initiation of the 
epidural bolus.

Table 2.  Outcomes by Neuraxial Technique

 
LE

(n = 40)
DPE

(n = 40) P
Primary outcomea    
 VAS < 10 mm at 10 min 21 (44.7) 26 (55.3) .256
Secondary outcomes    
 Time to adequate analgesiab (min) 10 (8–14) 8 (6–10) .042
 Physician bolus during labor 3 (7.50) 7 (17.5) .176
 Patient satisfaction (mm)a    
  Overall treatment 93 (12) 88 (25) .547
  Time to pain relief 91 (14) 87 (24) .879
  Epidural placement 95 (0.9) 87 (2.6) .352
  Speed of epidural placement 94 (11) 86 (24) .275

Patient satisfaction data was assessed by subjects marking on a 100 mm 
scale.
Abbreviations: DPE, dural puncture epidural; LE, lumbar epidural; VAS, Visual 
Analog Scale.
aData reported as n (%).
bData reported as median (log-log 95% confidence interval).

Figure 3. Kaplan-Meier curves for time to achieving adequate anal-
gesia by neuraxial technique. LE indicates lumbar epidural; DEPE, 
dural puncture epidural.
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Music is often used during the birthing experience 
as a nonpharmacological method to create a relax-
ing environment. Recent studies have observed 

that music is associated with lower anxiety and pain scores 
during labor and delivery.1–4 Simavli et al5 found that par-
turients who listened to music throughout the labor expe-
rienced lower postpartum anxiety, pain, and analgesic 

requirements and higher patient satisfaction. Male partners 
of laboring women also experienced reduced anxiety and 
higher satisfaction scores when music was present in the 
room.6 However, these studies were performed in countries 
where neuraxial labor analgesia is not routinely offered.

Music is commonly present in labor and delivery rooms, 
although the effect on patients, as well as health care pro-
viders, during the placement of neuraxial techniques is 
unknown. Music use during surgical procedures, such as 
urological and gynecological procedures, has been associ-
ated with decreased sedative requirements.7–9 However, 
music can also elicit increases in agitation, hypertension, 
psychological tension, and anxiety;10 moreover, music has 
been implicated as interfering with communication in 
health care settings.11 Such conflicting findings indicate that 
the effect of music use in the clinical setting is still poorly 
understood.

The aim of this randomized controlled trial was to deter-
mine the effects of music use during epidural catheter place-
ment in laboring parturients, with the hypothesis that its use 
would result in lower patient anxiety, greater analgesia, and 

BACKGROUND: Although music is frequently used to promote a relaxing environment dur-
ing labor and delivery, the effect of its use during the placement of neuraxial techniques is 
unknown. Our study sought to determine the effects of music use on laboring parturients during 
epidural catheter placement, with the hypothesis that music use would result in lower anxiety, 
lower pain, and greater patient satisfaction.
METHODS: We conducted a prospective, randomized, controlled trial of laboring parturients 
undergoing epidural catheter placement with or without music. The music group listened to 
the patient’s preferred music on a Pandora® station broadcast through an external amplified 
speaker; the control group listened to no music. All women received a standardized epidural 
technique and local anesthetic dose. The primary outcomes were 3 measures of anxiety. 
Secondary outcomes included pain, patient satisfaction, hemodynamic parameters, obstet-
ric parameters, neonatal outcomes, and anesthesia provider anxiety. Intention-to-treat analy-
sis with Bonferroni correction was used for the primary outcomes. For secondary outcomes, 
a P value of <.001 was considered statistically significant.
RESULTS: A total of 100 parturients were randomly assigned, with 99 included in the intention-
to-treat analysis. Patient characteristics were similar in both groups; in the music group, the 
duration of music use was 31.1 ± 7.7 minutes (mean ± SD). The music group experienced 
higher anxiety as measured by Numeric Rating Scale scores immediately after epidural catheter 
placement (2.9 ± 3.3 vs 1.4 ± 1.7, mean difference 1.5 [95% confidence interval {CI} 0.2–2.7], 
P = .02), and as measured by fewer parturients being “very much relaxed” 1 hour after epidural 
catheter placement (51% vs 78%, odds ratio {OR} 0.3 [95% CI 0.1–0.9], P = .02). No differ-
ences in mean pain scores immediately after placement or patient satisfaction with the overall 
epidural placement experience were observed; however, the desire for music use with future 
epidural catheter placements was higher in the music group (84% vs 45%, OR 6.4 [95% CI 
2.5–16.5], P < .0001). No differences in the difficulty with the epidural catheter placement or 
in the rate of cesarean delivery were observed.
CONCLUSIONS: Music use during epidural catheter placement in laboring parturients is associ-
ated with higher postprocedure anxiety and no improvement in pain or satisfaction; however, 
a stronger desire for music with future epidural catheter placements was observed. Further 
investigation is needed to determine the effect of music use in parturients requesting and using 
epidural labor analgesia.  (Anesth Analg 2017;124:542–7)
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Anesthesia Provider Anxiety
There were no differences in the proportion of anesthesia 
providers rating themselves as “very much” calm between 
the music versus control groups (62% vs 39%, P = .02) and 
“very much” relaxed (62% vs 39%, P = .02) during the pro-
cedure. There was also no statistically significant difference 
in calm and relaxed ratings between attendings and fellows 
compared with residents and SRNA (P = .53).

Sensitivity Analysis
Given that we had 12 protocol violations (Figure 1), we per-
formed a second analysis where we excluded these patients 
as a sensitivity test. This analysis did not change any of 
the outcomes when compared with the intention-to-treat 
analysis.

DISCUSSION
In this study, we found that music use during epidural cath-
eter placement in laboring parturients is associated with 
higher postprocedure anxiety and no improvement in pain 
or patient satisfaction. No differences in anesthesia pro-
vider relaxation or calmness during epidural catheter place-
ment were observed with music use. No differences were 
observed in the rate of instrumented vaginal or cesarean 
delivery between the 2 groups.

Our principal finding that music use resulted in 
higher anxiety following epidural catheter placement was 

Table 1.  Patient Demographics

 
Music Group  

(n = 50)
Control Group  

(n = 49)
Age (y) 31 ± 6 32 ± 5
Height (cm) 164 ± 6 163 ± 6
Weight (kg) 80 ± 16 76 ± 11
Gravidity 2.0 ± 1.0 2.3 ± 1.6
Parity 0.6 ± 0.7 0.8 ± 1.1
Gestational age (weeks) 39 ± 1.6 39 ± 1.1
Gestational age (days) 2.5 ± 2.1 2.8 ± 2.0
Cervical dilation 4.1 ± 1.5 3.5 ± 1.4

Age, height, weight, gravidity, parity, gestational age, and cervical dilation are 
presented as mean ± SD.

Table 2.  Genre of Music Chosen by Parturients

 
Music Group  

(n = 50)
Control Group  

(n = 49)
Classical 18 (36%) 12 (24%)
Country 4 (8%) 5 (10%)
Folk 2 (4%) 3 (6%)
Jazz 2 (4%) 2 (4%)
New Age 8 (16%) 6 (12%)
Other 5 (10%) 3 (6%)
Reggae 2 (4%) 1 (2%)
Rhythm & Blues 4 (8%) 6 (12%)
Rock 5 (10%) 9 (18%)

Values are presented as n (%).
Other genres include: Latin, Blues, Funk, Gospel, Hip Hop, and Neo-Psychedelia.

Table 3.  Primary Outcomes

 
Music Group  

(n = 50)
Control Group  

(n = 49)
Difference  
(95% CI)

Odds Ratio  
(95% CI) P Value

NRS score (before placement) 6.8 ± 2.9 6.0 ± 2.7 0.8 (−0.3 to 1.9) – .14
NRS score (immediately after placement) 2.9 ± 3.3 1.4 ± 1.7 1.5 (0.2 to 2.7) – .02
Calm (before placement) 4 (8%) 3 (6%) – 1.3 (0.3–6.3) .72
Calm (1 h after placement) 27 (55%) 38 (78%) – 0.4 (0.1–1.0) .06
Relaxed (before placement) 3 (6%) 1 (2%) – 3.1 (0.3–30.5) .34
Relaxed (1 h after placement) 25 (51%) 38 (78%) – 0.3 (0.1–0.9) .02

Anxiety NRS score is presented as mean ± SD, while State-Trait Anxiety Inventory Responses (Calm and Relaxed questions) are presented as n (%). The difference 
represents the difference in means between groups. CIs are Bonferroni corrected for results after placement.
Abbreviations: CI, confidence interval; NRS, Numeric Rating Scale.

Table 4.  Satisfaction Table

Satisfaction Question
Response  
Measured

Music Group  
(n = 50)

Control Group  
(n = 49)

Odds Ratio  
(95% CI) P Value

Overall, how satisfied were you with your epidural placement 
experience?

# of “very satisfied” 
responses

31 (62%) 40 (82%) 0.4 (0.2–0.9) .03

After your epidural was placed and started working, how often  
was your pain well controlled?

# of “Always” responses 34 (68%) 33 (67%) 1.0 (0.4–2.4) .95

After your epidural was placed and started working, how  
often did the hospital staff do everything they could to  
help you with your pain?

# of “Always” responses 47 (94%) 46 (94%) 1.0 (0.2–5.3) .98

Would you recommend this hospital to your friends and family? # of “Definitely Yes” 
responses

49 (98%) 48 (98%) 1.0 (0.1–16.8) .99

From your experience so far, how would you rate the labor and 
delivery unit using any number from 0 to 10, where 0 is the 
worst labor and delivery unit possible and best 10?

# of “9 or 10” responses 42 (84%) 41 (84%) 1.0 (0.4–3.0) .97

If you were to have another epidural in a future pregnancy, would 
you like to have music during the epidural placement?

# of “Definitely Yes” 
responses

42 (84%) 22 (45%) 6.4 (2.5–16.5) <.0001

Values are presented as n (%).
Abbreviation: CI, confidence interval.



• No difference in pain scores 

• less relaxed in music group 

• provider was equally relaxed 

• preference for future music use
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Maintenance of epidural labour analgesia



Epidural labour analgesia

• Low concentration of local anaesthetic 

• Bupivacaine (0.125%), 0.1%, 0.0625% 

• Ropivacaine (0.175%), 0.125%, 0.1% 

• combined with lipophilic opioid 

• Fentanyl 1-2 µg / ml 

• Sufentanil 0.5-1 µg / ml
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Patient-controlled epidural analgesia (PCEA) for labor was introduced into clinical
practice 20 yr ago. The PCEA technique has been shown to have significant benefits
when compared with continuous epidural infusion. We conducted a systematic
review using MEDLINE and EMBASE (1988–April 1, 2008) of all randomized,
controlled trials in parturients who received PCEA in labor in which one of the
following comparisons were made: background infusion versus none; ropivacaine
versus bupivacaine; high versus low concentrations of local anesthetics; and new
strategies versus standard strategies. The outcomes of interest were maternal
analgesia, satisfaction, motor block, and the incidence of unscheduled clinician
interventions.

A continuous background infusion improved maternal analgesia and reduced
unscheduled clinician interventions. Larger bolus doses (more than 5 mL) may
provide better analgesia compared with small boluses. Low concentrations of
bupivacaine or ropivacaine provide excellent analgesia without significant motor
block. Many strategies with PCEA can provide effective labor analgesia. High
volume, dilute local anesthetic solutions with a continuous background infusion
appear to be the most successful strategy. Research into new delivery strategies,
such as mandatory programmed intermittent boluses and computerized feedback
dosing, is ongoing.
(Anesth Analg 2009;108:921–8)

Patient-controlled epidural analgesia for labor
(PCEA) was first introduced into clinical practice by
Gambling et al.1 in 1988. It has proven to be both safe
and effective. PCEA has many advantages when com-
pared with continuous epidural infusion (CEI) tech-
niques. Although the analgesia provided is similar,
PCEA reduces the incidence of unscheduled clinician
interventions and the total dose of local anesthetic.2

PCEA also reduces the incidence of lower extremity
motor block.3 Although PCEA has not consistently
been associated with increased maternal satisfaction,
this may be due to a lack of appropriate measuring
tools. Theoretically, maternal satisfaction may be in-
creased by allowing the parturient greater control over
her analgesia.4 Compared with CEI, PCEA has no

clinically significant impact on obstetric or neonatal
outcomes.5

Clinical research has focused on refining PCEA
techniques to further improve analgesia, reduce motor
block, and increase maternal satisfaction, while reduc-
ing the frequency of unscheduled clinician interven-
tions. In this overview, we will systematically review
the current evidence to answer the following ques-
tions: 1) Should a background infusion be used? 2) Is
ropivacaine superior to bupivacaine when used for
PCEA in labor? 3) Can the volume of the PCEA bolus
dose and lockout interval be manipulated to optimize
analgesia? and 4) What is the impact of new tech-
niques and technologies on current PCEA practice? In
answering these questions, we hope to be able to
suggest a range of appropriate settings for labor PCEA
and present a glimpse into future techniques of labor
analgesia maintenance.

To answer the above questions, we systematically
reviewed all published, randomized, controlled tri-
als on PCEA for labor. Studies were obtained from
MEDLINE and EMBASE, published in English before
April 1, 2008. We included studies that have the
following intervention and control groups: 1) back-
ground infusion versus no background infusion; 2)
ropivacaine versus bupivacaine; 3) high-volume bolus
versus low-volume bolus and/or longer lockout inter-
val versus shorter lockout interval; and 4) a novel
approach to PCEA versus standard treatment. Each
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Patient-controlled epidural analgesia (PCEA) for labor was introduced into clinical
practice 20 yr ago. The PCEA technique has been shown to have significant benefits
when compared with continuous epidural infusion. We conducted a systematic
review using MEDLINE and EMBASE (1988–April 1, 2008) of all randomized,
controlled trials in parturients who received PCEA in labor in which one of the
following comparisons were made: background infusion versus none; ropivacaine
versus bupivacaine; high versus low concentrations of local anesthetics; and new
strategies versus standard strategies. The outcomes of interest were maternal
analgesia, satisfaction, motor block, and the incidence of unscheduled clinician
interventions.

A continuous background infusion improved maternal analgesia and reduced
unscheduled clinician interventions. Larger bolus doses (more than 5 mL) may
provide better analgesia compared with small boluses. Low concentrations of
bupivacaine or ropivacaine provide excellent analgesia without significant motor
block. Many strategies with PCEA can provide effective labor analgesia. High
volume, dilute local anesthetic solutions with a continuous background infusion
appear to be the most successful strategy. Research into new delivery strategies,
such as mandatory programmed intermittent boluses and computerized feedback
dosing, is ongoing.
(Anesth Analg 2009;108:921–8)

Patient-controlled epidural analgesia for labor
(PCEA) was first introduced into clinical practice by
Gambling et al.1 in 1988. It has proven to be both safe
and effective. PCEA has many advantages when com-
pared with continuous epidural infusion (CEI) tech-
niques. Although the analgesia provided is similar,
PCEA reduces the incidence of unscheduled clinician
interventions and the total dose of local anesthetic.2

PCEA also reduces the incidence of lower extremity
motor block.3 Although PCEA has not consistently
been associated with increased maternal satisfaction,
this may be due to a lack of appropriate measuring
tools. Theoretically, maternal satisfaction may be in-
creased by allowing the parturient greater control over
her analgesia.4 Compared with CEI, PCEA has no

clinically significant impact on obstetric or neonatal
outcomes.5

Clinical research has focused on refining PCEA
techniques to further improve analgesia, reduce motor
block, and increase maternal satisfaction, while reduc-
ing the frequency of unscheduled clinician interven-
tions. In this overview, we will systematically review
the current evidence to answer the following ques-
tions: 1) Should a background infusion be used? 2) Is
ropivacaine superior to bupivacaine when used for
PCEA in labor? 3) Can the volume of the PCEA bolus
dose and lockout interval be manipulated to optimize
analgesia? and 4) What is the impact of new tech-
niques and technologies on current PCEA practice? In
answering these questions, we hope to be able to
suggest a range of appropriate settings for labor PCEA
and present a glimpse into future techniques of labor
analgesia maintenance.

To answer the above questions, we systematically
reviewed all published, randomized, controlled tri-
als on PCEA for labor. Studies were obtained from
MEDLINE and EMBASE, published in English before
April 1, 2008. We included studies that have the
following intervention and control groups: 1) back-
ground infusion versus no background infusion; 2)
ropivacaine versus bupivacaine; 3) high-volume bolus
versus low-volume bolus and/or longer lockout inter-
val versus shorter lockout interval; and 4) a novel
approach to PCEA versus standard treatment. Each
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 CURRENTOPINION Techniques for the maintenance of epidural
labor analgesia

Giorgio Capogna and Silvia Stirparo

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

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

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

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

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

Maintenance of analgesia with CEI results in the
frequent need for rescue boluses. Higher infusion
rates, which decrease the need for rescue boluses,
result in motor block in a relatively high percentage
of patients [3,4]. PCEA has been associated with
a lower consumption of local anesthetic with less
motor block [1,2,5,6]; however, its principle depends
on the response of the parturient when she feels the
need for analgesia. Thus, the parturient experiences
short periods of pain as analgesia wanes and she must
actively re-establish analgesia by self-administering
a bolus anesthetic dose. Cultural factors, maternal
training, and expectations have a bearing on the
efficacy of this technique.

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

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

FIGURE 3. Analgesia and motor block are produced by the movement of local anesthetic from the extraneural space into the
nerve along a diffusion gradient. Over time, the extraneural concentration equals the intraneural concentration of local
anesthetic, establishing a steady state. Nerve blockade is eventually overcome when the intraneural concentration exceeds the
extraneural concentration and the diffusion gradient is reversed. If low concentrations of local anesthetic are given in
intermittent boluses, blockade of motor fibers is unlikely, as the total amount of local anesthetic inside the nerve is insufficient.
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two, or three demand boluses, respectively, in the
previous hour. Should there be no demands in
this hour, the pump lowers the basal infusion rate
by decrements of 5 ml/h. Although consumption of
local anesthetic has been reported to be the same
in both CIPCEA and PCEA in one study [24],
in another [25], CIPCEA had higher infusion rate
during the second stage of labor. Thus, the
CIPCEA can meet this requirement for higher doses
of anesthetic solution as labor progressed by match-
ing the basal infusion rate to the patient’s analgesic
needs.

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

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

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

FIGURE 4. In the case of continuous infusion, the extraneural concentration of local anesthetic is generally persistently higher
than in the intraneural space, and the total concentration inside the nerve is increased and may reach the threshold for motor
fiber block. This may explain the frequent occurrence and intensification of motor block during continuous infusion.
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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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sia, Città di Roma Hospital, Via Maidalchini 20, 00151 Roma, Italy. Address
e-mail to dipartimento.anestesia@gruppogarofalo.com.
Copyright © 2011 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e31822827b8

826 www.anesthesia-analgesia.org October 2011 • Volume 113 • Number 4



labors. Chua and Sia5 reported a very low incidence of
motor block in their study of nulliparous parturients, but
they terminated their study when patients requested
supplemental analgesia (on average after 4 hours), and
therefore they were unable to observe any motor block. Lim
et al.6 studied programmed intermittent boluses versus
CEI. They ended their study when the parturient com-
plained of breakthrough pain and reported no motor block

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

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

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

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

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

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

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

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

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

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

Duration of labor
analgesia (min)

332 (318–380) 335 (326–358) 0.9

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

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

Total dose of
levobupivacaine (mg)

37 (31–44) 31 (25–38) 0.001

Total dose of
sufentanil (!g)

28 (24–34) 25 (20–30) 0.009

Patients requiring
PCEA boluses (n)

28 6 !0.001

PCEA boluses for
each patient (n)

1 (1–2) 1 (1–1) !0.001

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

Programmed Intermittent Epidural Bolus and Labor Outcome
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strated a distal right-sided pulmonary embolus.
Transthoracic echocardiography showed acute cor pul-
monale. Her hemodynamic status remained in a precar-
ious state, with recurrence of hemorrhagic shock and
further blood product transfusion. The patient showed
signs of acute respiratory distress syndrome. After dis-
cussion between the anesthesiologists, intensivists and
cardiologists, and because of respiratory failure and
acute right ventricular dysfunction, VA ECMO was
undertaken (femoro-femoral cannulation). We chose a
‘‘heparin-free” strategy for the first 48 h after implemen-
tation of ECMO because of the coagulopathy. Once the
bleeding had been controlled, low-dose heparin (800 IU/
h) was started, to achieve an activated clotting time
>150 s. The ECMO cannulas were removed on day four,
after the resolution of acute respiratory distress syn-
drome and with adequate right-heart function, docu-
mented by echocardiography. Extubation was possible
on day 10. Thirty-nine days after the onset of AFE,
the patient was transferred from the ICU to the obstetric
ward. Anucleate squames and a single hair found on a
maternal blood smear taken on day zero, associated
with the clinical situation, supported the diagnosis of
AFE. In AFE, CT imaging may show multifocal bilat-
eral areas of ground-glass opacity that are indistinguish-
able from other causes of acute pulmonary edema,
interlobular septal thickening and pleural effusion.
However, microthrombi and thrombotic sediments have
been demonstrated in some pathologic examinations of
the lungs of AFE victims.1 There are also reports of
patients with co-presentation of thrombotic pulmonary
embolism.2,3 Nevertheless, we cannot exclude a throm-
boembolic event, particularly due to the infusion of
rFVIIa.4

Few reports describe the successful use of extracorpo-
real life support to manage cardiac arrest or refractory
circulatory failure secondary to AFE.3,5,6 To the best
of our knowledge, none describes the effectiveness of
ECMO in a case of AFE with coexisting hemorrhagic
shock. We chose to implement VA ECMO urgently, to
provide circulatory and respiratory support, despite dis-
seminated intravascular coagulation. Normally, antico-
agulation is mandatory with ECMO to avoid
thrombosis of the extracorporeal circuit and to maintain
patency. Exposure of blood to the artificial surfaces of
the circuit leads to an inflammatory response and initia-
tion of the coagulation pathway. We avoided heparin by
using a heparin-bond circuit and maintaining a high
ECMO blood flow (>3.5 L/min) to reduce the risk of
thrombosis. This strategy has been described in a case
of post-traumatic hemorrhagic shock.7

The application of ECMO after AFE is challenging.
Our experience suggests that this therapy should be con-
sidered promptly in AFE, when available, for life-saving
cardiac and respiratory support, even if a bleeding
diathesis is present.
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It’s not easy being green, or is it?
Alkaline battery versus A/C power
for programmed intermittent
epidural bolus pumpsq

Alkaline battery-powered CADD"-Solis Ambulatory
Infusion PCEA (patient-controlled epidural analgesia)
pumps with the new PIEB (programmed intermittent
epidural bolus) programming are found increasingly
commonly within major obstetric anesthesia training
institutions. CADD"-Solis pumps drain batteries
faster in the PIEB mode compared to the continuous
epidural infusion setting (88 hours vs 113 hours), and
the low-battery alarm starts at 25%.1 The use of

q Presented in part at the 2017 Society for Obstetric Anesthesia and
Perinatology annual meeting in Bellevue, WA, USA.

100 International Journal of Obstetric Anesthesia
alkaline batteries in the CADD!-Solis pump is likely
very common, as it is sold without an A/C adapter.2

Battery power makes sense for non-obstetric patients
who need to mobilize postoperatively, but many
laboring patients choose not to do so. Ultimately
parturient mobility is not limited, as AA batteries
are required in the pump as a back-up to A/C
power. Batteries used to power the PIEB pumps
represent a recurrent consumable product use that
conveys no benefit to the patient. All partially-used
batteries are disposed of, something that runs counter
to our institution’s commitment3 to environmental
sustainability and operating room sustainability
initiatives.4

We calculated and compared A/C adapter versus AA
battery acquisition and annual costs (in US dollars) for
our nine-bed labor and delivery suite. We calculated the
time for cost recovery for A/C adaptors, as well as cost
saved over the lifetime of the pumps. We performed a
PubMed search about the environmental impact of
alkaline batteries.

Our labor and delivery unit uses 484 packs of four
AA batteries (each pump requires four batteries) per
year at a cost of $0.64 each (source: University of
Washington Medical Center Materials Management) –
or $310 per year.

Original CADD! (Smiths Medical, Minneapolis,
Minnesota) A/C adapters cost $145 each, and one was
purchased for each of our nine labor rooms, for a one-
time acquisition cost of $1305.

$1305 divided by $310 = 4.2 years required to recover
the initial investment cost. CADD! pumps have an
operational life of 7–10 years (source: Smiths represen-
tative), so at $310 per year battery cost times 7–10 years
of pump life, the cost is $2170 to $3100 for batteries over
the life of the nine pumps. Use of an A/C adapter would
equate to savings of $865 to $1795 ($2170 to $3100 life-
time battery cost minus $1305 A/C adapter cost) saved
over the lifetime of nine pumps, or an average saving
of $148 per pump (average of $865 plus $1795 =
$1330 divided by 9). There are no PubMed articles con-
cerning the environment impact of alkaline batteries in
medicine.

A/C adapters for the CADD!-Solis pump are expen-
sive compared to other commercially available A/C
adapters for consumer products, but will save money
over the expected operational lifetime of the pump. Loss
of the adapters has been prevented by securing them to
the wall with zip ties. Switching to A/C power has elim-
inated the variable cost of battery purchase, as well as
the staff time spent changing drained batteries. An
added and unquantifiable benefit of A/C power was
the removal of the frequent, stress-inducing low-battery
alarms.

This change in our unit prevents the disposal of
nearly 2000 AA batteries per year; the environmental

impact of this remains to be studied. Switching to
A/C power is even more environmentally friendly at
our institution than at others, because the local power
supply is predominantly hydroelectric, with less than
2% coming from fossil fuels. Given that the US health
care sector contributes 9.8% of our nation’s green-
house gas emissions and the estimation of disability-
adjusted life years lost to health care-related emissions
is in the same order of magnitude to those lost to
medical errors, health care-related pollution is a signif-
icant patient safety issue.5 The observed reduction in
battery consumption aligns well with other environ-
mental initiatives in our hospital, such as the recycling
of paper and plastic in the operating, labor, work, and
break rooms; and the use of composting bins in the
break rooms and cafeteria. Replacement of AA batter-
ies with A/C adapters is an easy, concrete, and cost-
effective step that obstetric anesthesiologists can take
to reduce the environmental impact of their practice.
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A survey of international antisepsis procedures for neuraxial
catheterisation in labour

K. Fayman, A. Allan, C. Hudson, M. Logarta
Department of Anaesthesia, Campbelltown Hospital, Therry Road, Campbelltown, New South Wales 2560, Australia

ABSTRACT
Background: Neuraxial analgesia during labour is a mainstay of anaesthetic practice globally. Despite the potential for significant
neurological and infectious complications, international antisepsis practices for neuraxial anaesthesia vary widely.
Aims: The primary aim of this study was to clarify international antisepsis practices prior to neuraxial analgesia in labour. The
secondary aim was to determine an approximate international incidence of neuraxial infections and neurological complications
secondary to neuraxial analgesia techniques in labour.
Materials and methods: Heads of Departments of Anaesthesiology were invited to complete an online questionnaire exploring
antisepsis practices and complications of neuraxial catheterisation. Data from 151 institutions in 13 countries were collected over
11months.
Results: Data were collected for an estimated 6008540 deliveries and 3770800 neuraxial catheterisations. The average annual
birth rate per institution was 3979 births, with an average of 2497 neuraxial catheterizations (representing 62.8% of deliveries).
Forty-nine percent of responders reported always wearing sterile gowns for the procedure, whereas 47.7% never wear gowns.
Chlorhexidine was used by 88.1% of those surveyed, and 96.7% always wore facemasks. Thirty-four percent of institutions
reported infectious complications over a 10-year period. Ninety neuraxial infections were estimated, giving an approximate inci-
dence of 1:41898 catheterisations (2.39 infections per 100000 catheterisations). A total of 202 neurological complications were
reported, with an approximate incidence of 1:18667 catheterisations (5.36 neurological complications per 100000 catheterisations).
Conclusion: The survey demonstrated marked variation in aseptic practice between both responding centres and countries. The
incidence of infectious and neurological complications secondary to neuraxial catherisation in labour has been approximated.
! 2017 Elsevier Ltd. All rights reserved.

Keywords: Anaesthesia, epidural; spinal. Analgesia, epidural; spinal; obstetric. Complications, infection; neurological

Introduction

Neuraxial analgesia during labour is a mainstay of
anaesthetic practice in Australia and globally. Serious
complications, such as infection and neurological deficit,
are rare, but paucity of data and uncertain incidences
can impact clinical decisions and consent processes.1

Infection of the neuraxial space may have catas-
trophic consequences. While figures are variable, the
incidence of epidural abscess is estimated to be
1:35000,2,3 and fatalities as a result of infection have
been quoted as 1:144000.4 Adherence to antisepsis pre-
cautions is mandatory, yet despite this practice varies
widely between countries and sometimes even within

hospitals.5 International standards of practice have not
been described and the use of sterile gowns, facemasks
or a choice of sterilising agent is not uniform.

Neurological complications after neuraxial catheteri-
sation may result from mechanical and/or chemical
mechanisms.6 Cord damage caused by direct injury,
anaesthetic toxicity, cord ischaemia and cord compres-
sion can result in permanent and irreversible neurologi-
cal deficit.6,7 The incidence of severe neurological
complications following obstetric neuraxial catheterisa-
tion has been reported at 1:25000, but due to its rarity
the figure may be unreliable.2

This survey sought to determine an estimated inci-
dence of neuraxial infection and neurological complica-
tion associated with neuraxial catheterisation; and to
estimate the percentage of units using a sterile gown dur-
ing neuraxial catheter placement; the type of cleaning
solution used to prepare the skin of the back at the
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catheter placement site; and the proportion of units in
which face masks are routinely used.

Methods

Ethics approval to undertake a survey of Anaesthetic
Department Heads or Directors of Obstetric Anaesthe-
sia was obtained from the South-Western Sydney Local
Health District Research and Ethics Office (Approval
ID LNR/14/LPOOL/107).

Potential participants were identified from the data-
bases of the Society of Obstetric Anesthesia and Perina-
tology, the World Federation of Societies of
Anaesthesiologists and through comprehensive Google
searches for international Anaesthetic Departments with
obstetric divisions (keywords: ‘‘obstetric anesthesia”,
‘‘anaesthetic” and ‘‘department”). Departments and
Department Heads were also found using publicly-
available databases of the professional associations
within their respective countries. No specific inclusion
or exclusion criteria were defined.

Heads of Department or Directors of Obstetric
Anaesthesia were contacted by email and provided with
a cover letter explaining the study aims, along with an
invitation to complete an online 11-question survey. A
total of 245 Departments in 17 different countries were
contacted. Institutions contacted by country and
response rates are detailed in Table 1. Email contact
was initiated in June 2014, and the survey remained
open until May 2015. Follow-up emails were sent to
non-responders after one month, and responses were
collected up to three months from initial contact. All
correspondence was in English.

The survey contained groups of questions relating to:
country, number of deliveries, number of neuraxial
catheters placed for labour analgesia, neurologic defi-
cits, aseptic practices, infections associated with neurax-
ial catheters (confirmed by radiologic studies,
neurosurgical intervention, positive blood cultures or
prolonged intravenous antibiotics), and neurological
complications associated with neuraxial catheters,
divided into acute onset neurological deficit (onset
within five days), late onset neurological deficit (onset
between five days and three months), and high blocks
(higher level of block achieved than intended).
Responses provided were either numerical or categori-
cal. Access was password protected and was restricted
to study investigators only. Computer IP addresses were
not collected, and responses were identified only by
country of institution. Participants were made aware
that the information they provided would be held confi-
dentially and that only pooled data would be analysed
for publication. The data were collated, pooled and
entered into a database for processing and analysis
(Microsoft Excel 2011; Microsoft Corporation, Red-
mond, WA, USA). Further analysis was conducted
using SPSS software (SPSS, version 22; IBM Corp.,
Armonk, NY, USA).

Responses to the question of cleaning solution used
were numerically coded and collapsed into the variables
of ‘chlorhexidine’, ‘iodine’ and ‘either’ for analysis. This
overcame the issue of varying chlorhexidine concentra-
tions and preparations among responses.

All figures provided were approximate values, since
most departments did not have access to precise figures
for the number of neuraxial catheterisations performed.
The figures for births and neuraxial catheterizations

Table 1 Response rate by country

Country Responses Contacted Response rate (%)

Australia 18 22 81.8
Canada 18 25 72.0
China 11 15 73.3
Finland 0 3 0.0
France 11 26 42.3
Germany 10 22 45.5
Ireland 5 6 83.3
Israel 7 10 70.0
Japan 7 12 58.3
New Zealand 6 8 75.0
Norway 0 3 0.0
Singapore 3 6 50.0
South Africa 0 2 0.0
South Korea 0 3 0.0
Sweden 1 6 16.7
United Kingdom 22 30 73.3
United States 32 46 69.6

Total 151 245
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The mean (standard deviation [SD]) and median were
2.14 (1.58) and 2.4 infections per 100000 catheter place-
ments respectively (Fig. 1 and Table 4). China reported
the highest infection rate of 5.41 per 100000 neuraxial
catheterisations, and Germany described the lowest
computable rate of 0.36 per 100000 catheterizations.

Neurological deficits

A total of 202 neurological complications were reported
as complications of neuraxial catheterisation and these
are explored in Table 5. The incidence of neurological
complication was 5.36 per 100000 neuraxial catheterisa-
tions (1:18667). The estimated mean rate of neurologic
deficit (defined as any loss of motor function or sensa-
tion) was 4.98 (SD 2.58) per 100000 catheterisations.
Canadian institutions reported the highest rate of neuro-

logical deficits (9.99 per 100000 catheters or 1:10014),
while Irish institutions reported the lowest rate (0.99
per 100000 catheters; 1:101400).

Acute neurological deficit (Table 6) constituted 92%
of all deficits identified, with an incidence of 4.93 (SD
2.3) per 100000 neuraxial catheters (1:20273). Neither
Canadian nor Irish institutions reported any late neuro-
logical deficits, so the incidence for acute deficits
remained the same as for the total rate.

Late neurological deficits (Table 7) occurred at an
estimated rate of 0.42 per 100000 catheters (1:235675).
New Zealand was the country to report these most, with
a rate of 2.74 late deficits per 100000 catheters
(1:36500). The UK, Ireland, Israel, Canada, and Swe-
den each reported no late deficits. American institutions
produced the next lowest rate of 0.19 per 100000 cathe-
ters (1:519750).

Table 3 Sterile gown, cleaning solution and face mask use by country

Sterile gown worn (%) Cleaning solution used (%) Face mask worn (%)

Always Sometimes Never Chlorhexidine Iodine Either Always Sometimes Never

USA 3.1 3.1 93.8 90.6 9.4 0.0 100.0 0.0 0.0
UK 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0
Australia 100.0 0.0 0.0 100.0 0.0 0.0 94.4 5.6 0.0
Canada 0.0 0.0 100.0 100.0 0.0 0.0 100.0 0.0 0.0
China 0.0 9.1 90.9 27.3 72.7 0.0 81.8 18.2 0.0
France 81.8 0.0 18.2 63.6 18.2 18.2 90.9 9.1 0.0
Germany 30.0 0.0 70.0 100.0 0.0 0.0 100.0 0.0 0.0
Israel 71.4 14.3 14.3 100.0 0.0 0.0 100.0 0.0 0.0
Japan 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0
NZ 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0
Ireland 20.0 0.0 80.0 60.0 40.0 0.0 100.0 0.0 0.0
Singapore 33.3 66.7 0.0 66.7 33.3 0.0 66.7 33.3 0.0
Sweden 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.0 0.0

Fig. 1 Estimated infection rate by country.
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Country Gown Chlorhexidin Face mask Rate
Ireland 20 60 100 0

Sweden 100 100 100 0
Germany 30 100 100 0.4

NZ 100 100 100 0.9
Canada 0 100 100 1.3

UK 100 100 100 1.4
Japan 100 100 100 2.3

Australia 100 100 94.4 2.6
USA 3.1 90.6 100 2.7
Israel 71.4 100 100 3.1

France 81.8 63.6 90.9 3.8
Singapore 33.3 66.7 66.7 3.8

China 0 27.3 81.8 5.4
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Upright versus lying down position in second stage of labour in 
nulliparous women with low dose epidural: BUMPES randomised 
controlled trial
The Epidural and Position Trial Collaborative Group

ABSTRACT
OBJECTIVE
To determine whether being upright in the second 
stage of labour in nulliparous women with a low dose 
epidural increases the chance of spontaneous vaginal 
birth compared with lying down.
DESIGN
Multicentre pragmatic individually randomised 
controlled trial.
SETTING
41 UK hospital labour wards.
PARTICIPANTS
3093 nulliparous women aged 16 or older, at term 
with a singleton cephalic presentation and in the 
second stage of labour with epidural analgesia.
INTERVENTIONS
Women were allocated to an upright or lying down 
position, using a secure web based randomisation 
service, stratified by centre, with no masking of 
participants or clinicians to the trial interventions.
MAIN OUTCOME MEASURES
The primary outcome was spontaneous vaginal birth. 
Women were analysed in the groups into which they 
were randomly allocated, regardless of position 
recorded at any time during the second stage of 
labour (excluding women with no valid consent, who 
withdrew, or who did not reach second stage before 
delivery). Secondary outcomes included mode of 
birth, perineal trauma, infant Apgar score <4 at five 
minutes, admission to a neonatal unit, and longer term 
included maternal physical and psychological health, 
incontinence, and infant gross developmental delay. 
RESULTS
Between 4 October 2010 and 31 January 2014, 3236 
women were randomised and 3093 (95.6%) included 

in the primary analysis (1556 in the upright group and 
1537 in the lying down group). Significantly fewer 
spontaneous vaginal births occurred in women in 
the upright group: 35.2% (548/1556) compared with 
41.1% (632/1537) in the lying down group (adjusted 
risk ratio 0.86, 95% confidence interval 0.78 to 0.94). 
This represents a 5.9% absolute increase in the 
chance of spontaneous vaginal birth in the lying down 
group (number needed to treat 17, 95% confidence 
interval 11 to 40). No evidence of differences was 
found for most of the secondary maternal, neonatal, or 
longer term outcomes including instrumental vaginal 
delivery (adjusted risk ratio 1.08, 99% confidence 
interval 0.99 to 1.18), obstetric anal sphincter injury 
(1.27, 0.88 to 1.84), infant Apgar score <4 at five 
minutes (0.66, 0.06 to 6.88), and maternal faecal 
incontinence at one year (1.18, 0.61 to 2.28).
CONCLUSIONS
Evidence shows that lying down in the second stage 
of labour results in more spontaneous vaginal births 
in nulliparous women with epidural analgesia, with no 
apparent disadvantages in relation to short or longer 
term outcomes for mother or baby.
TRIAL REGISTRATION
Current Controlled Trials ISRCTN35706297.

Introduction
As the most effective form of pain relief in labour, 
epidural analgesia is chosen by approximately 30% 
of women in the UK each year, and this proportion 
has remained relatively stable over the past decade.1 2 
Epidural analgesia leads to prolongation of the second 
stage of labour (from full dilation of the cervix until 
birth) and an increased risk of instrumental vaginal 
delivery. However, this evidence comes mostly from 
trials that used epidural techniques which cause 
dense neuraxial blockade.3 Epidurals that use low 
dose local anaesthetic in combination with opioids 
result in a lower risk of instrumental vaginal delivery, 
but the rate of such delivery is still higher than among 
women with no epidural.4 5 Maternal position during 
the second stage of labour has been suggested to affect 
the risk of instrumental vaginal delivery. A Cochrane 
review of position in the second stage of labour in 
women without epidural showed a reduction in 
instrumental vaginal delivery in the upright group, 
although the quality of the included trials was reported 
to be generally poor.6 Maternal mobility is limited with 
dense neuraxial blockade. Low dose epidurals preserve 
motor function, allowing greater mobility throughout 
labour and enabling women to adopt upright 
positions. A Cochrane review of position in the second 
stage of labour for women with epidural analgesia 
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WHAT IS ALREADY KNOW ON THIS TOPIC
Women who use an epidural for pain relief in labour are more likely to have an 
instrumental vaginal birth than those who use other methods of analgesia
Maternal position in the second stage of labour (after the cervix is fully dilated) 
may affect the incidence of spontaneous vaginal birth, but the existing evidence 
from randomised controlled trials is unclear

WHAT THIS STUDY ADDS
In nulliparous women in labour at term with an epidural and a singleton fetus, a 
policy of adopting a lying down position (left or right lateral) during the second 
stage of labour increases the chance of spontaneous vaginal birth compared with 
a policy of adopting an upright position
There were no adverse consequences of this approach for mother or baby in the 
short term, or at 12 months post birth
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a policy of adopting an upright position
There were no adverse consequences of this approach for mother or baby in the 
short term, or at 12 months post birth

35.2% vs. 41.1%
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OBJECTIVE: To evaluate whether maintaining a motor-
sparing epidural analgesia infusion affects the duration of
the second stage of labor in nulliparous parturients
compared with a placebo control.

METHODS: We conducted a double-blind, randomized,
placebo-controlled trial involving nulliparous women
with term cephalic singleton pregnancies who requested
epidural analgesia. All women received epidural analge-
sia for the first stage of labor using 0.08% ropivacaine
with 0.4 micrograms/mL sufentanil with patient-
controlled epidural analgesia. At the onset of the second
stage of labor, women were randomized to receive
a blinded infusion of the same solution or placebo saline
infusion. The primary outcome was the duration of the
second stage of labor. A sample size of 200 per group
(400 total) was planned to identify at least a 15%
difference in duration.

RESULTS: Between March 2015 and September 2015,
560 patients were screened and 400 patients (200 in each
group) completed the study. Using an intention-to-treat
analysis, the duration of the second stage was similar
between groups (epidural 52627 minutes compared
with saline 51625 minutes, P5.52). The spontaneous vag-

inal delivery rate was also similar (epidural 193 [96.5%]
compared with saline 198 [99%], P5.17). Pain scores were
similar between groups at each measurement during the
second stage. More women who received placebo re-
ported satisfaction scores of 8 or less (epidural 32
[16%] compared with saline 61 [30.5%], P5.001).

CONCLUSION: Maintaining the infusion of epidural
medication had no effect on the duration of the second
stage of labor compared with a placebo infusion.
Maternal and neonatal outcomes were similar. A low
concentration of epidural local anesthetic does not affect
the duration of the second stage of labor.

CLINICAL TRIAL REGISTRATION: Chinese Clinical Trial
Register, http://www.chictr.org.cn/enindex.aspx, ChiCTR-
IOR-15005875.
(Obstet Gynecol 2017;130:1097–103)

DOI: 10.1097/AOG.0000000000002306

A longer duration of the second stage labor is asso-
ciated with adverse outcomes, including cho-

rioamnionitis, perineal laceration, and postpartum
hemorrhage.1 Thus, any treatment that affects the
progress and outcome of the second stage of labor
would be of great interest to obstetricians, anesthesi-
ologists, and pregnant women. Epidural analgesia is
the most effective method of labor pain relief, but
both observational and some randomized studies
have found an association with prolonged duration
of the second stage of labor and increased rates of
instrumental vaginal delivery.2–6 During the second
stage of labor, some obstetric care providers request
a reduction or termination in the rate of epidural infu-
sion to improve maternal expulsive efforts.7

The use of a modern low-concentration epidural
local anesthetic solution is associated with a low
incidence of motor block and can even allow the
parturient to ambulate.8 Despite the minimal motor
blockade, many obstetric care providers continue to
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the assigned blinded study solution. There were no
significant differences in demographic or obstetric
characteristics between the EPIDURAL and SALINE
groups (Table 1).

The primary outcome, the duration of the second
stage of labor, was similar between groups with a 3.3%
difference in the duration of the second stage of labor
(Table 2).The median times were also similar: EPI-
DURAL at 45 minutes (range 33–61 minutes) com-
pared with SALINE at 46 minutes (range 34–
60 minutes; P5.94).

A similar number of fetuses were malrotated at
delivery (EPIDURAL 7 [3.5%] compared with
SALINE 6 [3%]; P5.98, difference 0.5%, 95% CI
23.4 to 4.5%). Malrotation was defined as a occiput
posterior or occiput transverse presentation at deliv-
ery. There was a similar number of cesarean deliver-
ies, forceps deliveries, and episiotomies in both
groups (Table 2). The spontaneous vaginal delivery
rate was not statistically different between groups
(EPIDURAL 193 [96.5%] compared with SALINE

198 [99%], P5.17 difference 3.5%, 95% CI 20.9 to
5.9%). The neonatal weight was slightly higher in the
SALINE group, but there were no other significant
differences in the neonatal outcomes (Table 3), includ-
ing Apgar scores at 1 minute and 5 minutes, umbilical
artery pH, and acid base values between groups.

There were no statistical differences in visual
analog scale pain scores between groups at any
evaluation (Table 2). Pain scores decreased in the EPI-
DURAL group until the 90-minute mark, whereas
pain scores increased in the SALINE group through-
out. The maternal satisfaction scores for pain relief
were lower in the SALINE group (median 9 [range
8–10]) than in the EPIDURAL group (median 10 [10–
10], P,.001]. In post hoc analysis, only 32 (16%) of
the EPIDURAL group had satisfaction scores of 8 or
less compared with 61 (30.5%) of the SALINE group
(P5.001).

The obstetricians requested that the epidural
infusion be stopped in 49 (12%) patients; of these,
22 (11%) were in the SALINE group and 27 (13.5%)

Table 1. Baseline Maternal Demographic and Obstetric Characteristics

Factor SALINE Group (n5200) EPIDURAL Group (n5200)

Age (y) 28.163 28.063.1
Height (cm) 16364.4 16264.4
Weight (kg) 6967 6969
BMI (kg/m2) 26.262.6 26.363.0
Gestational age (wk) 40 (39 2/7–40 3/7) 39+5 (39 0/7–40 2/7)
Oxytocin augmentation at 1st stage 91 (45.5) 89 (44.5)
Cervical dilation at epidural (cm) 2.160.4 2.160.5
VAS pain at epidural (cm) 8.0 (7.1–9.2) 8.2 (7.3–9.1)
Duration of epidural at 1st stage (min) 2856115 2906118

BMI, body mass index; VAS, visual analog scale.
Data are mean6SD, median (interquartile range), or n (%).
Comparisons were made using t test for normally distributed variables and Mann-Whitney U test for gestational age, cervical dilation, and VAS.

Table 2. Maternal Delivery Outcomes

Outcome SALINE Group (n5200) EPIDURAL Group (n5200) Difference (95% CI) P

Duration of 2nd stage (min) 51625 52627 3.3% (26.8 to 13.5%); 101 sec
(23.5 to 7 min)

.52

Mode of delivery
Cesarean 0 (0) 2 (1) 0.5% (20.1 to 0.3%) .50
Forceps 2 (1) 5 (2.5) 1.5% (21.6 to 4.6%) .25

Episiotomy 64 (32) 70 (35) 3% (26.8 to 12.8%) .52
VAS pain

Time 0 1.2 (0.6–2.3) 1.5 (0.7–2.7) 0.3 (20.6 to 20.2) .06
30 1.4 (0.6–2.4) 1.3 (0.8–2.0) 0.1 (20.2 to 0.4) .80
60 1.5 (0.9–1.5) 1.1 (0.5–2.0) 0.4 (20.1 to 0.9) .09
90 3.1 (1.6–3.3) 2.4 (1.2–3.1) 0.7 (21.2 to 1.9) .46

VAS, visual analog scale.
Data are mean6SD, n (%), or median (interquartile range) unless otherwise specified.
Comparisons were made using Fisher exact (mode of delivery) and Mann-Whitney U test (pain scores).
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Secondary findings

• 12% epidural stopped before 2nd stage. Duration equal 

• 14 epidural stoped due to poor progress 

• 2nd stage was longer 

• 8 saline, 6 ropivacaine

Shen et al. Obstetrics & Gynecology; 2017;130(5):1097–103. 

In summary, stopping the epidural infusion at the start of the second 
stage of labor does not affect the duration or any other outcome, 

with the exception of possibly resulting in lower maternal satisfaction.  



Breastfeeding
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B REASTFEEDING is an important public health con-
cern, with documented maternal and infant health bene-

fits.1,2 Neuraxial labor analgesia is used in the majority of births 
in the United States,3 but controversy exists as to whether neur-
axial labor analgesia negatively impacts breastfeeding. A 2016 
systematic review included 23 studies that investigated the 
association between neuraxial labor analgesia and breastfeeding 
outcomes.4 Results were conflicting; half of the studies found 
no association between neuraxial analgesia and breastfeeding 
outcomes, while the other half identified negative associations, 
and one found a positive association. Most studies were obser-
vational trials; only three studies were randomized controlled 
trials. A possible explanation for these conflicting results is that 
many studies did not control for confounding variables known 
to influence breastfeeding success.4,5 Some studies were under-
powered, analgesia management in both the neuraxial analge-
sia and control groups differed or was not well described.

Opioids, such as fentanyl, are commonly used in combina-
tion with local anesthetics in epidural solutions used for labor 
analgesia. Two prospective randomized studies examining the 
effect of epidural fentanyl on breastfeeding success reported 

What We Already Know about This Topic

• There is controversy and disagreement between studies as to 
whether neuraxial analgesia for labor, particularly with fentanyl, 
affects postpartum breastfeeding

What This Article Tells Us That Is New

• A randomized parallel group study of three epidural solutions 
of bupivacaine with or without fentanyl showed that 
breastfeeding success at 6 weeks was not influenced by the 
epidural fentanyl concentration or the cumulative epidural 
fentanyl dose administered for labor analgesia

• Maternal and umbilical cord venous fentanyl and bupivacaine 
concentrations did not differ between women who 
discontinued breastfeeding (3 to 6%) and those who were still 
breastfeeding at 6 weeks postpartum

Copyright © 2017, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2017; 127:614-24

ABSTRACT

Background: Breastfeeding is an important public health concern. High cumulative doses of epidural fentanyl administered 
for labor analgesia have been reported to be associated with early termination of breastfeeding. We tested the hypothesis that 
breastfeeding success is adversely influenced by the cumulative epidural fentanyl dose administered for labor analgesia.
Methods: The study was a randomized, double-blind, controlled trial of parous women at greater than 38 weeks gestation 
who planned to breastfeed, had successfully breastfed a prior infant, and who received neuraxial labor analgesia. Participants 
were randomized to receive one of three epidural maintenance solutions for labor analgesia (bupivacaine 1 mg/ml, bupiva-
caine 0.8 mg/ml with fentanyl 1 μg/ml, or bupivacaine 0.625 mg/ml with fentanyl 2 μg/ml). The primary outcome was the 
proportion of women breastfeeding at 6 weeks postpartum. Maternal and umbilical venous blood fentanyl and bupivacaine 
concentration at delivery were measured.
Results: A total of 345 women were randomized and 305 had complete data for analysis. The frequency of breastfeeding at 6 
weeks was 97, 98, and 94% in the groups receiving epidural fentanyl 0, 1, and 2 μg/ml, respectively (P = 0.34). The cumula-
tive fentanyl dose (difference: 37 μg [95% CI of the difference, −58 to 79 μg], P = 0.28) and maternal and umbilical cord 
venous fentanyl and bupivacaine concentrations did not differ between women who discontinued breastfeeding and those 
who were still breastfeeding at 6 weeks postpartum.
Conclusions: Labor epidural solutions containing fentanyl concentrations as high as 2 μg/ml do not appear to influence 
breastfeeding rates at 6 weeks postpartum. (ANESTHESIOLOGY 2017; 127:6 14-24)
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Epidural Labor Analgesia—Fentanyl Dose and 
Breastfeeding Success

A Randomized Clinical Trial

Amy I. Lee, M.D., Robert J. McCarthy, Pharm.D., Paloma Toledo, M.D., M.P.H., Mary Jane Jones, 
R.N., Nancy White, R.N., I.B.C.L.C., Cynthia A. Wong, M.D.
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Neuraxial Fentanyl and Breastfeeding

Table 3. Labor Analgesia Outcomes, Mode of Delivery, Maternal and Umbilical Cord Fentanyl and Bupivacaine Levels, Infant and 
Breastfeeding Outcomes during Hospital Stay

 

Patient-controlled Epidural Analgesia Solution

P Value

Bupivacaine 1 mg/ml 
+ fentanyl 0 μg/ml  

(n = 111)

Bupivacaine 0.8 mg/ml
+ fentanyl 1 μg/ml

(n = 109)

Bupivacaine 0.625 mg/
ml + 2 μg/ml fentanyl

(n = 112)

Cervical dilation at labor analgesia request (cm) 3 (3 to 4) 3 (2 to 4) 3 (2.5 to 4) 0.14
VRPS (0 to 100) 15 min following intrathecal drug 

administration
2 (0 to 6) 3 (1 to 9) 3 (0 to 9) 0.15

Upper level of sensory analgesia to ice 15 min 
 following intrathecal drug administration

    

  Left T6 (T8 to T5) T6 (T7 to T5) T6 (T7 to T5) 0.84
  Right T6 (T8 to T5) T6 (T7 to T5) T6 (T7 to T5) 0.97
Motor block assessment* n (%)     
  15 min following intrathecal injection    0.61
  None 106 (95) 105 (97) 110 (98)  
  Partial 4 (4) 3 (3) 2 (2)
  Almost complete 1 (1) 0 0  
  Complete 0 0 0  
2 h following intrathecal injection    0.70
  None 106 (95) 105 (96) 108 (96)  
  Partial 4 (4) 4 (4) 4 (4)  
  Almost complete 1 (1) 0 0
  Complete 0 0 0  
At delivery    0.03
  None 92 (82) 100 (91) 108 (96)  
  Partial 14 (13) 5 (5) 4 (4)  
  Almost complete 4 (4) 4 (4) 0
  Complete 1 (1) 0 0  
Duration of epidural infusion (min) 207 (149 to 298) 216 (165 to 327) 197 (133 to 319) 0.37
Total epidural infusion volume (ml) 56 (40 to 85) 63 (46 to 94) 62 (41 to 98) 0.49
Manual bupivacaine boluses for breakthrough 

pain, n (%)
14 (13) 21 (19) 24 (21) 0.20

Cumulative fentanyl dose (μg) 15 (15 to 15) 78 (60 to 109) 139 (97 to 210) < 0.001
Cumulative bupivacaine dose (mg) 58 (40 to 86) 55 (37 to 81) 42 (25 to 61) < 0.001
Plasma bupivacaine concentration (ng/ml) 228 (159 to 306) 173 (118 to 257) 144 (108 to 230) < 0.001
Plasma fentanyl concentration (ng/ml) 0.01 (0.007 to 0.02) 0.07 (0.05 to 0.09) 0.13 (0.09 to 0.18) < 0.001
Verbal rating score for analgesia satisfaction  

(0 to 100)
91 (76 to 97) 91 (76 to 99) 86 (74 to 96) 0.38

Mode of delivery, n (%)     
  Vaginal 111 (100) 107 (98) 110 (98)  
  Assisted vaginal 0 1 (1) 2 (2) 0.73
  Cesarean 0 1 (1) 0  
Infant weight (kg) 3.54 (3.32 to 3.77) 3.61 (3.28 to 3.91) 3.57 (3.31 to 3.87) 0.39
Umbilical vein plasma bupivacaine concentration 

(ng/ml)
63 (48 to 82) 50 (31 to 72) 44 (27 to 67) < 0.001

Umbilical vein plasma fentanyl concentration  
(ng/ml)

0.005 (0.005 to 0.10) 0.03 (0.02 to 0.04) 0.06 (0.04 to 0.09) < 0.001

Apgar score < 7 at 1 min, n (%) 1 (4) 2 (4) 0 (0) 0.36
Neonatal intensive care unit admission, n (%) 1 (1) 2 (2) 2 (2) 0.81
Breastfeeding at lactation consultant assessment, 

n (%)
   0.12

  Yes 98 (88) 96 (88) 98 (87)  
  No 8 (7) 9 (8) 3 (3)
  Consultant not available 5 (5) 4 (4) 11 (10)  

(Continued)
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B REASTFEEDING is an important public health con-
cern, with documented maternal and infant health bene-

fits.1,2 Neuraxial labor analgesia is used in the majority of births 
in the United States,3 but controversy exists as to whether neur-
axial labor analgesia negatively impacts breastfeeding. A 2016 
systematic review included 23 studies that investigated the 
association between neuraxial labor analgesia and breastfeeding 
outcomes.4 Results were conflicting; half of the studies found 
no association between neuraxial analgesia and breastfeeding 
outcomes, while the other half identified negative associations, 
and one found a positive association. Most studies were obser-
vational trials; only three studies were randomized controlled 
trials. A possible explanation for these conflicting results is that 
many studies did not control for confounding variables known 
to influence breastfeeding success.4,5 Some studies were under-
powered, analgesia management in both the neuraxial analge-
sia and control groups differed or was not well described.
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Safe, reliable, and timely conversion of epidural anal-
gesia to cesarean delivery anesthesia can be among 
the most challenging aspects of obstetric anesthesia 

practice. It is also one of the most important. When con-
version fails, the risks of anesthesia-related complications 
escalate. Spinal anesthesia injected after failed conversion to 
cesarean delivery anesthesia risks high neuraxial blockade.1 
Unplanned conversion to general anesthesia risks failed air-
way management, which remains a serious safety concern 
despite decades of improvements in equipment and man-
agement protocols.2 Beyond ensuring maternal safety, suc-
cessful conversion enhances experience of care. Unplanned 
cesarean delivery in labor can be traumatic; the added stress 
of operative delay, intraoperative pain, or unplanned con-
version to general anesthesia can make the experience of 
care even worse.

In the current issue of Anesthesia and Analgesia, a focused 
review by Mankowitz et al3 surveys the literature to identify 
risk factors for failure to extend epidural labor analgesia to 
cesarean delivery anesthesia and evidence-based strategies 
to improve the rate of successful conversion to cesarean 
delivery anesthesia. The authors are to be congratulated for 
providing an evidence-based and clinically practical review 
on an important topic in obstetric anesthesiology.

Three major risk factors are consistently associated with 
failed epidural conversion: care provided by a nonobstetric 
anesthesiologist, increased boluses during labor as a result 
of pain, and urgency of cesarean delivery. Clinical strategies 
to mitigate these risks are provided here.

Obstetric anesthesiologists facilitate high rates of suc-
cessful conversion from epidural analgesia to cesarean 
delivery anesthesia.3 Differences in anesthetic technique 
may partially explain these high rates of success. For 

example, obstetric anesthesiologists are more likely to 
withdraw an epidural catheter to improve anesthetic block 
quality.4 However, we believe a complete explanation lies 
beyond clinical technique; obstetric anesthesiologists 
focus more intensely on analgesic quality before cesarean 
delivery is declared. Active management of labor analge-
sia is a care philosophy in which the anesthesiologist inte-
grates information about block quality, progress of labor, 
maternal and fetal well-being, and maternal and obstetric 
decision-making to optimize block quality and density 
before a decision for cesarean delivery is declared. Active 
management of labor analgesia enhances conversion to 
epidural anesthesia (ie, limiting use of general anesthesia), 
but it also targets improved experience of care, which is 
emerging as an important quality measure for obstetric 
anesthesia.5

Obstetric anesthesiologists may be more likely to work 
in hospitals that ensure dedicated staffing for the labor and 
delivery unit. Free from duties outside of the unit, dedi-
cated staff are best able to maintain ongoing communica-
tion with the obstetric team, to provide active management 
of labor analgesia, and to identify those women most likely 
to require cesarean delivery. Dedicated staffing also ensures 
immediate availability for emergency cesarean delivery. 
Despite its many benefits, dedicated staffing may only be 
practical in a minority of delivery units with sufficient vol-
ume to support the service. According to the Centers for 
Medicare and Medicaid Services medical direction rules, 
even a high-volume labor epidural service is not consid-
ered an anesthetizing location; this reduces the incentive for 
many practices to provide dedicated coverage.

Breakthrough pain that requires clinician-administered 
bolus dosing during labor is an important risk factor for 
failed conversion of epidural analgesia to anesthesia. 
Analgesic dosing requirements and breakthrough pain have 
also been associated with dysfunctional labor and cesarean 
delivery,6 so prompt diagnosis of the cause of breakthrough 
pain, targeted treatment, and timely replacement will help 
facilitate safe conversion if it is needed. In a retrospective 
review of cesarean delivery cases at Brigham and Women’s 
Hospital from 2000 to 2005, the low rate of cesarean deliv-
ery requiring general anesthesia was partially attributed 
to aggressive replacement of epidural catheters providing 
suboptimal labor analgesia.7

Labor analgesia infusion pump technology may also 
play a role. Although a meta-analysis of studies comparing 
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