
Jennifer Lucero, MD

University California San Francisco

Department of Anesthesia

Department of Obstetrics & Gynecology

OB Anesthesia Options to 
Support Vaginal Birth





Objectives

• Discuss programmed intermittent dosing for Labor Epidural

• Review evidence of Eating/drinking in labor without and without epidural

• Discuss the Evidence for PCA in Labor

• Compare and Contrast Fentanyl vs Remifentanil

• Review the Role of Nitrous Oxide in Labor



Gold Standard: Labor Epidural

• Catheter based technique utilized in early 1930’s

• Advances made in early 80’s with use of local anesthetics and opioids

• Techniques advanced: CSE and patient-controlled pumps

• Widely used in the U.S. with some centers up to 80% laboring women

• Survey of Women epidurals are the most common form of labor 

analgesia
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Around the Time of Birth

Table 24 presents results across two or three Listening to Mothers surveys relat-
ing to the period from late pregnancy through the childbirth hospital stay. Figures 
in the table suggest general stability in attempted medical labor induction, several 
commonly cited reasons for labor induction, use of several highly rated (in previous 
Listening to Mothers surveys) drug-free measures for labor pain relief, having the 
newborn “room-in” during the hospital stay, and in the rare cases of what have been 
termed “maternal request” cesareans among women with a primary cesarean. After 
a sharp increase across the first two surveys, results from Listening to Mothers III 
show a stabilizing cesarean rate. The following appear to have increased over the pe-
riod of the surveys: attempts at labor self-induction and drinking liquids and eating 
solid food during labor. Across the two most recent surveys there was an increase 
in newborns being primarily in their mothers’ arms in the first hour after birth and 
mothers’ experience of pressure to have several major intrapartum interventions. 
Data from multiple surveys suggest a decrease in labor brought on by medical induc-
tion, proportion of vaginal births with episiotomy, and the proportion of “macroso-
mic” babies with birthweights above 4,000 grams. 

Table 24. Late pregnancy through hospital stay: trends across Listening to Mothers surveys

Survey Item
LTM I

2000-02
LTM II
2005

LTM III
2011-12

Base: all survey participants

Tried on own to cause labor to begin (attempted self-induction)  n.a. 22% 29%

Care provider used drugs or some other technique to try to cause labor to begin 44% 41% 41%

Drugs or other techniques used by maternity care provider did cause labor 
to begin

36% 34% 30%

Obstetrician-gynecologist was person who primarily attended baby’s birth 80% 79%   70%*

Family physician was person who primarily attended baby’s birth 4% 7%   6%*

Midwife was person who primarily attended baby’s birth 10% 8% 10%

Person who primarily attended baby’s birth was female  n.a. 52% 61%

Had epidural or spinal analgesia for pain relief 63% 76% 67%

Had narcotics by intravenous drip for pain relief 30% 22% 16%

Used nitrous oxide for pain relief 2% 3% 6%

Used no pain medications 20% 14% 17%

Had labor augmentation 53% 47% 26%

Partner/husband provided supportive care while giving birth 92% 82% 77%

Doula provided supportive care while giving birth 5% 3% 6%

Had a spontaneous vaginal birth 64% 61% 59%

Had forceps or vacuum extraction 11% 7% 11%

→

LTM III: Pregnancy and Birth / 6. Trends: Comparing Results Across Listening to Mothers Surveys
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Ideal Labor Epidural
• Effective Pain Relief
• Safe
• Minimal Effects on Progress or Outcome of labor
• Minimal effects in the fetus or Newborn
• Minimal Maternal side effects
• Lower limb motor block
• Pruritus
• Nausea



A Randomized Comparison of Programmed Intermittent
Epidural Bolus with Continuous Epidural Infusion for
Labor Analgesia
Cynthia A. Wong, MD, John T. Ratliff, MD, John T. Sullivan, MD, Barbara M. Scavone, MD,
Paloma Toledo, MD, and Robert J. McCarthy, PharmD

Department of Anesthesiology, Northwestern University Feinberg School of Medicine, Chicago, Ilinois

Bolus injection through an epidural catheter may result
in better distribution of anesthetic solution in the epi-
dural space compared with continuous infusion of the
same anesthetic solution. In this randomized, double-
blind study we compared total bupivacaine consump-
tion, need for supplemental epidural analgesia, quality
of analgesia, and patient satisfaction in women who re-
ceived programmed intermittent epidural boluses
(PIEB) compared with continuous epidural infusion
(CEI) for maintenance of labor analgesia. The primary
outcome variable was bupivacaine consumption per
hour of analgesia. Combined spinal epidural analgesia
was initiated in multiparas scheduled for induction of
labor with cervical dilation between 2 and 5 cm. Sub-
jects were randomized to PIEB (6-mL bolus every 30
min beginning 45 min after the intrathecal injection) or
CEI (12-mL/h infusion beginning 15 min the after the
intrathecal injection). The epidural analgesia solution

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

(Anesth Analg 2006;102:904–9)

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

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

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

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

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

Methods
The study was approved by the Northwestern Univer-
sity IRB. Healthy, parous (at least one previous vagi-
nal delivery), term women with singleton, vertex
pregnancies, scheduled for induction of labor were
eligible to participate in the study. Subjects who met
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• Primary outcome: bupivacaine consumption 
(n=126)

• CSE epidural initiation
• 0.0625% Bupiv with fentanyl
• PIB 6ml q30min (400 ml/hr)
• Continuous 12 ml/hr
• PCEA for both set at 5ml q10min
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satisfaction was 92 mm (95% CI, 89–95 mm) for the
PIEB group and 85 mm (95% CI, 77–90 mm) for the
CEI group (P ! 0.01).

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

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

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

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

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

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

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

Figure 1. Box plot of total bupivacaine consumption per hour from
the start of the epidural infusion until delivery. PIEB " pro-
grammed intermittent epidural bolus; CEI " continuous epidural
infusion; A-CEI " adjusted continuous epidural infusion. †PIEB
different from CEI (P " 0.007) and A-CEI (P " 0.04).
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T he maintenance analgesia technique for epidural
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study; however, a single orifice catheter was used in
the present study with similar results. Another possi-
ble explanation for the finding of reduced bupivacaine
consumption with bolus techniques may be that the
distribution of solutions in the epidural space is non-
uniform and spread is more uniform when large vol-
umes (and correspondingly high injectate pressures)
are delivered (9). In support of this theory, Ueda et al.
(10) found that programmed epidural bolus adminis-
tration of ropivacaine resulted in more blocked spinal
segments compared with a continuous infusion in
patients who received postoperative thoracic epidural
analgesia.

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

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

Table 2. Labor Analgesia and Pain Management

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

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

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

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

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

Figure 3. Upper: Box plot of bupivacaine consumption per hour for
subjects whose labor analgesia to delivery interval was less than the
median (186 min). Lower: Box plot of bupivacaine consumption per
hour for subjects whose labor analgesia to delivery interval was
more than the median (186 min). †PIEB different from CEI (P ! 0.01)
and A-CEI (P ! 0.03). PIEB ! programmed intermittent epidural
bolus; CEI ! continuous epidural infusion; A-CEI ! adjusted epi-
dural infusion.
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• Primary outcome: Motor Function (Bromage score)
• Secondary outcome: Mode of Delivery
• Initiation of epidural with 20 ml of Bupiv 0.0625% + sufentantil 0.5 

mcg/ml (N= 145)
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• Continuous 10ml/hr
• Both groups at PCEA for breakthrough pain

Programmed Intermittent Epidural Bolus Versus
Continuous Epidural Infusion for Labor Analgesia:
The Effects on Maternal Motor Function and Labor
Outcome. A Randomized Double-Blind Study in
Nulliparous Women
Giorgio Capogna, MD, Michela Camorcia, MD, Silvia Stirparo, MD, and Alessio Farcomeni, PhD

BACKGROUND: Programmed intermittent epidural anesthetic bolus (PIEB) technique may result
in reduced total local anesthetic consumption, fewer manual boluses, and greater patient
satisfaction compared with continuous epidural infusion (CEI). In this randomized, double-blind
study, we compared the incidence of motor block and labor outcome in women who received PIEB
or CEI for maintenance of labor analgesia. The primary outcome variable was maternal motor
function and the secondary outcome was mode of delivery.
METHODS: Nulliparous, term women with spontaneous labor and cervical dilation !4 cm were
eligible to participate in the study. Epidural analgesia was initiated and maintained with a
solution of levobupivacaine 0.0625% with sufentanil 0.5 !g/mL. After an initial epidural loading
dose of 20 mL, patients were randomly assigned to receive PIEB (10 mL every hour beginning 60
minutes after the initial dose) or CEI (10 mL/h, beginning immediately after the initial dose) for
the maintenance of analgesia. Patient-controlled epidural analgesia (PCEA) using a second
infusion pump with levobupivacaine 0.125% was used to treat breakthrough pain. The degree of
motor block was assessed in both lower extremities using the modified Bromage score at regular
intervals throughout labor; the end point was any motor block in either limb. We also evaluated
PCEA bolus doses and total analgesic solution consumption.
RESULTS: We studied 145 subjects (PIEB " 75; CEI " 70). Motor block was reported in 37% in
the CEI group and in 2.7% in the PIEB group (P ! 0.001; odds ratio " 21.2; 95% CI: 4.9–129.3);
it occurred earlier (P " 0.008) (hazard ratio " 7.8; 95% CI: 1.9–30.8; P " 0.003) and was more
frequent at full cervical dilation in the CEI group (P ! 0.001). The incidence of instrumental
delivery was 20% for the CEI group and 7% for the PIEB group (P " 0.03). Total levobupivacaine
consumption, number of patients requiring additional PCEA boluses, and mean number of PCEA
boluses per patient were lower in the PIEB group (P ! 0.001). No differences in pain scores and
duration of labor analgesia were observed.
CONCLUSIONS: Maintenance of epidural analgesia with PIEB compared with CEI resulted in a
lower incidence of maternal motor block and instrumental vaginal delivery. (Anesth Analg 2011;
113:826–31)

Neuraxial analgesic techniques, such as epidural
and combined spinal-epidural (CSE) analgesia, are
the most effective modalities for pain relief in

labor. Once analgesia has been established, either by using
an epidural or a CSE technique, the maintenance of anal-
gesia throughout labor until delivery may be obtained with
different techniques. With intermittent epidural bolus in-
jection (top-up) of the analgesic solution, frequent provider
interventions are required, and the parturient may experi-
ence intervals of analgesia after the dose takes effect
alternating with intervals of pain as the analgesia wanes.

Continuous infusion results in a smoother analgesic expe-
rience for the parturient with fewer medical interventions,
but total anesthetic doses are usually larger and motor
block may be more profound.1 There is some evidence from
anatomical and in vitro studies2,3 that uniform diffusion of
local anesthetic in the epidural space, which leads to
greater efficacy, is better obtained by the administration of
bolus rather that continuous infusion.

Automated systems designed to administer a bolus at
programmable intervals (programmed intermittent epidu-
ral anesthetic bolus [PIEB] technique) to combine the
advantages of both manual bolus and continuous infusion,
have recently been introduced. Wong et al.4 compared PIEB
versus continuous epidural infusion (CEI) in induced
parous women. They reported less total local anesthetic
consumption, fewer manual bolus doses because of break-
through pain, and greater patient satisfaction with the PIEB
technique. In their study, they noticed that the beneficial
effect of PIEB was significant in women with longer labors,
and therefore, they hypothesized that PIEB would be of
greater value in parturients with longer labors such as
spontaneously laboring nulliparous women.
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labors. Chua and Sia5 reported a very low incidence of
motor block in their study of nulliparous parturients, but
they terminated their study when patients requested
supplemental analgesia (on average after 4 hours), and
therefore they were unable to observe any motor block. Lim
et al.6 studied programmed intermittent boluses versus
CEI. They ended their study when the parturient com-
plained of breakthrough pain and reported no motor block

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

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

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

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

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

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

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

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

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

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

Duration of labor
analgesia (min)

332 (318–380) 335 (326–358) 0.9

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

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

Total dose of
levobupivacaine (mg)

37 (31–44) 31 (25–38) 0.001

Total dose of
sufentanil (!g)

28 (24–34) 25 (20–30) 0.009

Patients requiring
PCEA boluses (n)

28 6 !0.001

PCEA boluses for
each patient (n)

1 (1–2) 1 (1–1) !0.001

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

• Increased ICP from Mass Lesion

• Skin or Tissue Infection at Needle Placement Site

• Frank Coagulopathy

• Uncorrected Maternal Hypovolemia

• Inadequate Experience with Technique

Contraindications to Epidural & Spinal Anesthesia

Chestnut’s Obstetric Anesthesia 2009, 4th Edition, pg. 431



Restriction of oral intake during labor: whither
are we bound?
Jeffrey D. Sperling, MD; Joshua D. Dahlke, MD; Baha M. Sibai, MD

I n some settings, specifically birth
centers, home births, and many Eu-

ropean countries, oral intake during la-
bor is encouraged for nourishment and
comfort to help meet the demands of
labor; however, in many birth settings
this practice remains restricted.1 In 1946,
Dr Curtis Mendelson2 suggested that
aspiration during general anesthesia in
obstetrics was avoidable with oral

restriction in labor. As such, preventing
Mendelson’s syndrome, the pneumonitis
resulting from aspiration of gastric con-
tents during general anesthesia, although
rare, was the rationale for the oral intake
restriction during labor that still exists
today.
Obstetricians and anesthesiologists

work in concert to ensure safe and
optimal outcomes for both the mother
and fetus regardless of mode of delivery.
In the event that cesarean delivery re-
quires general anesthesia, prevention of
aspiration and elimination of airway-
related adverse outcomes has to be
balanced with the urgency of delivery. In
2013, the American Congress of Obste-
tricians and Gynecologists (ACOG) and
American Society of Anesthesiologists
(ASA) reaffirmed a joint practice guide-
line stating, “The oral intake of modest
amounts of clear liquids may be allowed
for uncomplicated laboring patients”
but that “solid foods should be avoided
in laboring patients.” They go on to state
that “patients with risk factors for aspi-
ration (eg, morbid obesity, diabetes, and
difficult airway, or patients at increased
risk for operative delivery) may require

further restrictions of oral intake,
determined on a case-by-case basis.”3

Underlying risk factors exists that
may put women at higher risk of aspi-
ration events (Table 1) during labor if
general anesthesia becomes necessary
(Table 1). Notably, however, recom-
mendations from professional organi-
zations on the oral intake during labor
remain quite varied (Table 2). For
example, in contrast to the joint ACOG/
ASA recommendations, the World
Health Organization (WHO) recom-
mends that because the energy demands
of labor are so great and because
replenishment ensures maternal and
fetal well-being, healthcare providers
should not interfere with a woman’s
desire for oral intake during labor.4

Table 1 provides a proposed list of
patients at higher risk for aspiration
which includes gastrointestinal and
neurological disorders that may impair
normal aspiration protective reflexes.
Additionally, other obstetric conditions
(maternal, fetal, anesthesia) that may
place a woman at high risk for needing
emergent cesarean delivery, possibly
under general anesthesia, are
included.5,6 These latter conditions are
not absolute contraindications to oral
intake in labor, and to some extent, those
with a functioning epidural catheter for
analgesia may actually be protective for
aspiration in these circumstances as it
may prevent the need for general anes-
thesia in the setting of an emergent ce-
sarean delivery, thus altering their risk
profile.

Fortunately, current practices in ob-
stetric anesthesia have successfully
reduced rates of general anesthesia and
many of the known complications.
Conversely, restriction of oral intake in
labor may contribute to fear and feelings
of intimidation among parturients.7 The
recent systematic review that included
3130 women in active labor at low risk
of requiring general anesthesia, noted
no difference in maternal or neonatal
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In 1946, Dr Curtis Mendelson suggested that aspiration during general anesthesia for
delivery was avoidable by restricting oral intake during labor. This suggestion proved
influential, and restriction of oral intake in labor became the norm. These limitations may
contribute to fear and feelings of intimidation among parturients. Modern obstetrics,
especially in the setting of advances in obstetric anesthesia, does not mirror the clinical
landscape of Mendelson; hence, one is left to question if his findings remain relevant or if
they should inform current recommendations. The use of general anesthesia at time of
cesarean delivery has seen a remarkable decline with increased use of effective neuraxial
analgesia as the standard of care in modern obstetric anesthesia. While the American
College of Obstetricians and Gynecologists now endorses clear liquids during labor,
current recommendations continue to suggest that solid food intake should be avoided.
Recent evidence from a systematic review involving 3130 women in active labor sug-
gests that oral intake should not be restricted in women at low risk of complications,
given there were no identified benefits or harms of a liberal diet. Aspiration and other
adverse maternal outcomes may be unrelated to oral intake in labor and as such,
qualitative measures such as patient satisfaction should be paramount. It is time to
reassess the impact of oral intake restriction during labor given the minimal risk of
aspiration during labor in the setting of modern obstetric anesthesia practices.
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labor including the Netherlands have
not witnessed a higher incidence of
maternal complications attributed to
aspiration.14

The precipitous decline of cesarean
deliveries that occur under general
anesthesia is worth noting. In 2013 of 3.9
million births in the United States, the
cesarean delivery rate was 32.7%, esti-
mating the total number of cesarean
deliveries at more than 1.2million.15 The
vast majority of cesarean deliveries are
performed under regional anesthesia,
evidenced by an anesthesia work force
study from Bucklin et al. which found
that overall rate of general anesthesia for
cesarean delivery was between 3% to 5%
at the largest facilities.16 This general
anesthesia rate probably is lower than the
rates in many birth settings in the United
States and reflects data from before 2001.
However, if one assumes a 4% incidence
of general anesthesia at the time of ce-
sarean delivery could be extrapolated to
the number of cesarean deliveries per-
formed in 2013, about 51,000 cesarean
deliveries were performed under general
anesthesia annually in the United States.
In contrast, general anesthesia rates at
cesarean delivery in 1981 were estimated

to be 41% of the cesarean deliveries in
facilities of all sizes.17

Pulmonary aspiration in modern
obstetric anesthesia
Rates of pulmonary aspiration and its
attendant consequences have seen a
marked decline in the last 30 years. In a
review of closed obstetric anesthesia
claims from insurance carriers from
1990 to 2003 compared with similar
claims prior to 1990, Davies et al18 re-
ported that the incidence of aspiration
declined exponentially from 4.2% to
0.46% of reviewed claims. In fact, only 2
of the 429 claims in the database were for
aspiration over fourteen years. In 2008,
McDonnell19 reviewed 1095 general
anesthetic cesarean deliveries at thirteen
institutions where trainees performed
more than 70% of intubations and re-
ported 5 cases of aspiration (incidence of
0.4%), with 4 categorized as “possible”
and 1 “confirmed.”
Applying this incidence of pulmonary

aspiration to the 51,000 cesarean de-
liveries performed under general anes-
thesia in the United States each year, the
estimated number of “possible” aspira-
tion events would be 204 per year. To

further extrapolate to the 3.9 million
deliveries in the United States each year,
the overall incidence of “possible” and
non-fatal, aspiration events would be less
than 1:19,000. Moreover, estimating the
risk of mortality from pulmonary aspi-
ration in obstetrics is incredibly difficult
given its fortunate absence from large
prospective studies evaluating complica-
tions related to anesthetics in obstetrics.
For example, the Society for Obstetric
Anesthesia and Perinatology Serious
Complications Registry project is a
multicenter registry of serious compli-
cations of obstetric anesthesia.20 Data
compiled quarterly from approximately
20 centers in the United States of more
than 300,000 deliveries involving more
than 250,000 regional anesthetics and
more than 5000 general anesthetics
demonstrated no aspiration events. This
appears in contrast with the non-
obstetric emergency surgery literature,
which suggests a pulmonary aspiration
rates of 1:373 to 1:895.21 The difference
in aspiration rates may be the result of
differential use of regional anesthesia in
obstetrics but the true etiology of this
discrepancy remains unclear from the
literature. Finally, a 2003 Cochrane

TABLE 2
Recommendations of professional organizations on restriction of oral intake during Labor

Organization Recommendation
Strength of
recommendation

American College of Nurse-Midwives35 Self-determination regarding oral intake encouraged
for women at low risk for aspiration.

Not provided

American Congress of Obstetricians and
Gynecologists, American Society of Anesthesiologists
Task Force on Obstetric Anesthesia3

Clear liquids for women at low risk for aspiration. Small
amounts of clear liquids up to 2 hours before
anesthesia for women with no complications.

Not provided

World Health Organization (WHO)4 Noninterference with desire for food or liquid intake
without reason.

Not provided

Cochrane Review8 Since evidence shows no benefits or harms, there is no
justification for the restriction of fluids and food in labor
for women at low risk of complications.

Not provided

Royal College of Obstetricians and Gynaecologists:
NICE Clinical Guideline36

Women may eat a light diet in established labor unless
they have received opioids or they develop risk factors
that make a general anesthesia more likely.

Not provided

Society of Obstetricians and Gynaecologists of
Canada37

A woman in active labor should be offered a light or
liquid diet according to her preference.

Not provided

The Royal Australian and New Zealand College of
Obstetricians and Gynaecologists

Women should be encouraged to only have clear fluids
and light diet in the active phase of labor.

Not provided

Sperling. Restriction of oral intake during labor: Whither are we bound? Am J Obstet Gynecol 2016.

Clinical Opinion ajog.org

594 American Journal of Obstetrics & Gynecology MAY 2016



outcomes with liberal versus restricted
access to food and drinks.8 The goal of
this commentary is to evaluate the evi-
dence of restricting oral intake in the
low-risk parturient and question the role
of this common practice in modern
obstetrics.

Historical perspective on restriction
of oral intake in labor
In the landmark study by Mendelson,
more than 44,000 pregnancies were
studied at the New York Lying-In Hos-
pital from 1932 to 1945 and the institu-
tional experience with aspiration of
stomach contents was reviewed. “Men-
delson’s syndrome”was first described as
aspiration of gastric contents resulting in
a chemical pneumonitis characterized by
hypoxia, cyanosis, dyspnea, fever, pul-
monary edema, and death. His article
was divided into a clinical report and an
animal model.2

In his clinical report, he noted 66 cases
of aspiration (0.15%) and 2 deaths
(0.0045%); however, both died of suf-
focation after aspiration of solids. Both
deaths occurred among women who
ate full meals at 6 and 8 hours before
delivery, respectively. The other 64 non-
fatal cases were almost all liquid aspira-
tions and the actual aspiration “often
escaped recognition” with recovery
usually “complete with an afebrile and
uncomplicated course.” These findings
are the presumed basis for the modern
restriction on intake of solid foods dur-
ing labor.

Among Mendelson’s cohort, general
anesthesia was not limited to women
undergoing cesarean delivery. In fact,
only 14 (21%) of the aspiration cases
were among women delivered via cesar-
ean. The majority of cases, 52 patients
(79%) were either undergoing general
anesthesia for spontaneous or operative
vaginal deliveries. General anesthesiawas
used in all aspiration cases and consisted
of a nonspecific mixture of gas, oxygen,
and ether. Mask induction and mainte-
nance was performed using opaque black
rubber masks strapped on to the patient.
Despite the initial severity of the illness,
all patients had a rapid clinical recovery
within 24 to 36 hours, with radiographic
resolution within 4 to 7 days without the

use of antimicrobial therapy. Based on
these findings, Mendelson reached
several conclusions: 1) Inhalation anes-
thesia without intubation for procedures
in term pregnancies should be avoided;
2) opaque facemasks with head straps for
inhalation anesthesia should be avoided;
and 3) women should be discouraged
from solid food during labor.
Commentaries at the time of Men-

delson’s article from Paleul Flagg
and James Miller, both American anes-
thesiologists, pointed to the need for
designated anesthesiologists to obviate
the risks that Mendelson had described.
In contrast to Mendelson’s findings,
Miller described over 26,000 deliveries at
Hartford Hospital with no deaths sec-
ondary to asphyxia in a population cared
for by a well-conducted anesthesiology
service.2 This supported the idea that
appropriately administered general
anesthesia could reduce this risk of
aspiration and asphyxia during labor.

Current perspectives of obstetric
anesthesia regarding restriction of
oral intake in labor
Modern obstetrics is markedly different
from the landscape of Mendelson’s time.
Aspiration in obstetrics has declined
precipitously in the last thirty years,
largely due to important advances in
obstetric anesthesia. The risks associated
with general anesthesia for cesarean de-
livery probably have been mitigated by

the increased use of regional anesthesia,
greater anesthesia care provider aware-
ness of the potential for aspiration and
difficult airway management in the
parturient, advances in equipment for
airway management, the broad utiliza-
tion of pulse oximetry and capnography,
and the adoption of difficult airway
algorithms.9

As a result of these advances, in many
countries the policy of routine oral re-
striction for all parturients has been
questioned. The triennial reports of the
United Kingdom Confidential Enquiries
into Maternal and Child Health indicate
in spite of an increasingly flexible atti-
tude toward oral intake during labor, the
incidence of aspiration has actually
declined in the past 20 years.10 In the
2003 to 2005 report, there were 6
anesthetic-related deaths among more
than 2 million deliveries, and none were
related to aspiration.10 Seventy-nine
percent of clinicians in the Netherlands
allow oral intake in labor and 32% of the
351 birth units in the United Kingdom
allow food and drink.11,12 Although
European guidelines continue to
discourage women from intake of solid
food during labor, they acknowledge the
low incidence of aspiration in obstetrics
and therefore state that “low risk women
could consume low residue foods (bis-
cuits, toasts, cereals) during labor.”13

Importantly, countries with a less
restricted approach to oral intake during

TABLE 1
Proposed high-risk conditions that may predispose to pulmonary
aspiration in the setting of general anesthesia6,32-34

1. Disorders/Disruption of the upper gastrointestinal tract: hiatal hernia, tracheoesophageal
fistula, achalasia, esophageal stricture or neoplasm, severe gastroesophageal reflux,
Zenker’s diverticulum, intestinal obstruction, gastrostomy, tracheostomy, or nasogastric
tube

2. Neurologic conditions: multiple sclerosis, previous cerebrovascular accident, Parkinson’s
disease, myasthenia gravis, chronic swallowing disorders, gastroparesis, head injury,
Guillain-Barre syndrome, vocal cord paralysis, altered level of consciousness

3. Obstetric: placental abruption, preeclampsia, history of prior cesarean delivery, intra-
uterine infection, severe thrombocytopenia or other concern precluding ability for
neuraxial analgesia

4. Anesthesia: History of difficult intubation or airway management, or concern in present
setting

5. Maternal: Class 3 Obesity (BMI !40), active seizure disorder
6. Fetal: non-reassuring fetal status, fetal growth restriction

Sperling. Restriction of oral intake during labor: Whither are we bound? Am J Obstet Gynecol 2016.
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GASTRIC EMPTYING DURING LUMBAR EXTRADURAL
ANALGESIA IN LABOUR: EFFECT OF FENTANYL
SUPPLEMENTATION

P. M. C. WRIGHT, R. W. ALLEN, J. MOORE AND J. P. DONNELLY

SUMMARY
We measured gastric emptying (by paracetamol
absorption) and duration of analgesia in 30 women
in labour after extradural injection of 0.375%
bupivacaine 10 ml either alone or combined with
fentanyl 100 fig. Treatment was administered
double blind by random allocation after the first
request for analgesia. The median (range) times to
maximal serum concentration of paracetamol were
60 (15-90) min and 75 (30-180) min after
administration in the control and fentanyl groups,
respectively (P = 0.026), and corresponding mean
(95 % confidence interval) maximal concentrations
of paracetamol were 27.3 (18.8-35.8) fig m/-' and
18.0 (15.1-20.9)jig mt1 (P = 0.020). Mean dur-
ation of analgesia, from the first extradural bolus
until return of pain in those given bupivacaine alone
was 113 (87-139) min and 154 (131-176) min
when fentanyl was added to the local anaesthetic
(P = 0.016). These results confirm the prolongation
of analgesia after fentanyl supplementation of
lumbar extradural analgesia, but indicate that it
results in delayed gastric emptying.

KEY WORDS
Analgesics: fentanyl. Anaesthetic techniques: extradural. Com-
plications: gastric stasis.

Lumbar extradural analgesia (UEA) is an effective
and popular method of pain relief in labour and is
recognized as reducing the risks of Caesarean section
performed after the start of labour [1].

Opioid agents given alone into the extradural
space have had limited success in achieving satis-
factory analgesia, but may enhance the quality of
LEA. In particular, fentanyl [2], sufentanil [3],
butorphanol [4] and diacetylmorphine [5] improve
the quality of analgesia during local anaesthetic
induced LEA. All these agents produce either
pruritus or somnolence, and a risk of respiratory
depression. The overall benefit of these agents has
been questioned [6].

Systemic opioid analgesia in labour delays gastric
emptying [7]; recent work in postoperative patients
suggests that the effect of extradural opioids on
gastric emptying may be particularly marked [8].
Systemic fentanyl in modest dosage is reputed to
have only minor effects on gastrointestinal function

[9,10], but the effect of fentanyl supplementation of
LEA during labour on the rate of gastric emptying
has not yet been determined.

PATIENTS AND METHODS

This study was approved by the local Ethics
Research Committee and informed written consent
was obtained from all patients.

We studied 32 women in the age range 18—40 yr
admitted to the delivery suite between 09:00 and
12:00 and who requested extradural analgesia. All
were free of previous opioid medication, were in
early labour with cervical dilatation of less than
4 cm, and had fasted for at least 4 h before the study.
LEA was induced via a catheter at the L2-3
intervertebral space. The patients were allocated
randomly to one of two groups: analgesia with
bupivacaine 37 mg in 10 ml (control group) or
fentanyl 100 ug in 2 ml in addition to the first
extradural bupivacaine injection. The patients were
blind to the treatment and were fasted for the
duration of the study. Ranitidine 150 mg was given
6-hourly during labour. Subsequent analgesia was
provided with intermittent top-ups of bupivacaine
30 mg in 8 ml on patient request.

Fifteen minutes after completion of the first
extradural injection, paracetamol 1.5 g was given by
mouth with 100 ml of water. Serial venous blood
samples were obtained from the non-infused arm
just before and at 15, 30,45, 60, 75, 90,105, 120, 150
and 180 min after the paracetamol was given. The
samples were centrifuged and separated immediately
and the serum was frozen and subsequently analysed
blindly for paracetamol concentration using high
pressure liquid chromatography. The sensitivity of
the assay was 0.02 ug litre"1 and the coefficient of
variation for high and low control samples was less
than 5%.

Pain relief was evaluated using serial visual
analogue scores (VAS) which were marked on a 10-
cm line with anchor points marked "no pain" and
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delayed gastric emptying
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The influence of epidural administration of fentanyl
infusion on gastric emptying in labour

J. S. Porter, E. Bonello and F. Reynolds

Division of Anaesthetics, UMDS, St. Thomas’ Hospital, Lambeth Palace Road, London SE1 7EH, UK

Summary
The effect of epidural infusions containing fentanyl on maternal gastric emptying in labour was
examined using the rate of paracetamol absorption. Women were randomly allocated to receive
one of two epidural infusions, bupivacaine 0.125% alone or bupivacaine 0.0625% with fentanyl
2.5 mg.ml¹1 at a rate of 10–12 ml.h¹1. Paracetamol 1.5 g was given orally to women after either
30 ml of the infusion solution had been given (mean time 2.5 h, study A) or 40–50 ml (mean time
4.5 h, study B). Six venous blood samples were taken over the next 90 min for measurement of
plasma paracetamol concentration. There were no significant differences in maximum plasma
paracetamol concentration, time to maximum paracetamol concentration and area under the
concentration–time curve between the two groups for study A. In study B the time to maximum
plasma paracetamol concentration was significantly delayed in women receiving > 100 mg fentanyl
compared with controls (p < 0.05). We conclude that the dose of fentanyl that may delay gastric
emptying when given by epidural infusion is greater than 100 mg.

Keywords Anaesthetic techniques, regional; epidural. Analgesics; fentanyl. Anaesthesia; obstetric.
Gastrointestinal tract; stomach.
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Systemic opioids given to mothers for pain relief in labour
have a profoundly delaying effect on gastric emptying [1].
Traditional epidural analgesia using local anaesthetic alone
has been shown not to delay gastric emptying in labour [2]
although, in the same study, Nimmo et al. reported a small
delay in gastric emptying due to late labour itself, present
in women both with and without epidural analgesia. By
contrast, epidural boluses of fentanyl 50 mg and 100 mg
[3, 4] and diamorphine 5 mg [3] significantly delay gastric
emptying, as demonstrated using paracetamol absorption.
A preliminary report on the effects of epidural opioid
infusions in labour found no delay in gastric emptying, but
the paracetamol absorption test was started only 2 h after
the start of the infusion [5]. Our study compares gastric
emptying rates in parturients receiving infusions of bupi-
vacaine either alone or in conjunction with fentanyl
2.5 mg.ml¹1, between 2 and 6 h after the start of the
infusion, using paracetamol absorption as an indirect
measure of gastric emptying.

Methods

Following Ethics Committee approval, women requesting
epidural analgesia in labour received a test dose of 4 ml
bupivacaine 0.25%, a loading dose of 6–10 ml bupivacaine
0.25% and a supplementary dose of 5 ml bupivacaine
0.25% if required. When pain free, written consent was
obtained. All women weighed less than 110 kg and had a
singleton fetus of cephalic presentation and > 36 weeks
gestation. Any woman who had received systemic opioids
earlier in labour was not studied. Women were randomly
allocated to receive one of two epidural infusions, either
bupivacaine 0.125% alone (controls) or bupivacaine
0.0625% with 2.5 mg.ml¹1 fentanyl (the fentanyl group).
The infusion was started at 10–12 ml.h¹1 and the rate was
adjusted to maintain analgesia and an upper sensory level
of T8–T10. Breakthrough pain was treated with boluses
of 5 ml of bupivacaine 0.25% in both groups. Pain was
measured hourly on a verbal rating scale of 0–10. All

A naesthesia, 1997, 52, pages 1151– 1156
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• Low concentration local anesthetic
• Fentanyl added to the infusion
• Programmed intermittent bolus
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Maternal outcomes in women supplemented with a high-protein
drink in labour
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Background: Because of the potential aspiration risk, oral intake is restricted during labour.
Aims: To determine whether high-protein drink supplementation in labour decreases nausea and emesis and promotes
patient satisfaction.
Materials and Methods: The study was registered with www.clinicaltrials.gov (NCT01414478). Labouring women were
randomised into two groups: Group P received a high-protein drink (325 mL) with ice chips/water PRN; and Group C
served as control and received only ice chips/water PRN (Study 1). Incidences of nausea and emesis were measured
hourly until delivery and at 1 h postdelivery. Patient satisfaction was measured the following day. A secondary aim was to
evaluate the rate of gastric emptying (t½) in women who ingested either 325 mL of a high-protein drink or ice chips/water
(Study 2) using ultrasound.
Results: In Study 1, 150 women were recruited (Group P = 75; Group C = 75). There were no differences in the overall
incidences of nausea (P = 0.14), emesis (P = 0.15) or in the incidences at the measured time periods (MANOVA,
P > 0.05). Median patient satisfaction scores were higher in Group P than in Group C (P = 0.007). In Study 2, 18
additional patients (Group PG = 9; Group CG = 9) were analysed to determine US gastric emptying t½ rates (PG:
25.56 ! 15.90 min [95% CI: 15.17 – 35.94] compared with CG: 20.00 ! 8.70 min [95% CI: 14.34 – 25.66], P = 0.19).
Conclusion: In labour, patient satisfaction is improved with high-protein drink supplementation compared with ice chips/
water with comparable gastric emptying rates.

Key words: emesis, gastric emptying, ice chips/water, protein drink, satisfaction.

Introduction
It is traditionally thought that gastric emptying in
pregnancy is delayed due to increased abdominal pressure
on the gastrum, changes in progesterone, and labour
pain.1,2 Labour pain can also promote nausea and
emesis,3 and, due to the fear of aspiration, women who
receive labour epidural analgesia (LEA) are frequently
subjected to restrictions in oral intake.3–5 These
restrictions can be a leading cause of patient
dissatisfaction, which can negatively impact the labour and
delivery experience.3,5,6

To date, we are not aware of any study that has
evaluated the use of a high-protein drink during labour
or its rate of gastric emptying in labouring women. The
purpose of this study was to evaluate the incidence of
nausea, emesis and overall patient satisfaction with
their birthing experience after the addition of a high-
protein drink during labour. A secondary aim was to
evaluate the rate of gastric emptying (t½) with
ultrasound in women who have ingested a high-protein
drink.

Materials and Methods
After local institutional investigator review board (IRB)
approval and informed verbal and written consent, 150
consecutive labouring women requesting LEA were enrolled
in this prospective, randomised controlled study (www.
clinicaltrials.gov registration number NCT01414478) after
LEA placement (Study 1). Inclusion criteria included
gestation " 36 weeks, singleton pregnancy in vertex
presentation, cervical dilatation # 5 cm at the time of LEA
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consecutive labouring women requesting LEA were enrolled
in this prospective, randomised controlled study (www.
clinicaltrials.gov registration number NCT01414478) after
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gestation " 36 weeks, singleton pregnancy in vertex
presentation, cervical dilatation # 5 cm at the time of LEA
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Oral intake during labor: an alternative
interpretation of recent data

TO THE EDITORS: Sperling et al1 present their case for
liberalizing oral intake during labor in healthy parturients.
They suggest that this should be permitted given the low rate
of general anesthesia for cesarean delivery and because of the
results of the recent systematic review of 3130 deliveries that
showed no harm associated with liberalization of oral intake
during active labor.

We would like to suggest an alternative interpretation of the
available data. As the authors point out, well-designed ran-
domized studies of different types of oral intake during labor
have failed to show a difference in important outcomes such as
the need for cesarean or operative vaginal delivery, duration of
labor, and neonatal outcomes.2,3 Despite being potentially
unpleasant for the patient, limiting oral intake to clear liquids
appears to impact neither the patient’s ability to tolerate labor
and delivery, nor their chance of achieving a spontaneous
vaginal delivery. However, gastric emptying is known to be
delayed in the setting of labor and in the presence of epidural or
intrathecal opioids, placing parturients at potentially increased
risk for aspiration. While certainly rare, when aspiration does
occur, it can result in significant maternal morbidity and even
death.4 In a contemporary sample of delivery admissions in the
United States in the setting of limited oral intake, aspiration
was associated with 7% of all maternal cardiac arrests.5

Given that restricting oral intake during labor does not
appear to impact obstetrical outcomes and may prevent a rare
but potentially catastrophic event, we believe that current
practices should remain the same and oral intake should
continue to be restricted. -

Emily McQuaid-Hanson, MD
Division of Obstetric Anesthesia
Department of Anesthesia
Critical Care, and Pain Medicine
Massachusetts General Hospital
Boston, MA
emcquaid-hanson@partners.org

Lisa R. Leffert, MD
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Massachusetts General Hospital
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REPLY

We appreciate the interest of McQuaid-Hanson et al in our
article. Restriction of oral intake in labor has been a tradi-
tion since Mendelson’s1 famous 1946 report despite limited
evidence to support its practice. Interestingly, liberalization
of oral intake from nothing by mouth to clear liquids was
met with similar hesitation2 as McQuaid-Hanson et al
describes. At that time, similar concerns were present about
the conflict between “satisfying the parturient’s desire for
oral intake and traditional restrictive standards.”2 As we
noted in our article, although nationwide statistics come
from an obstetric milieu where oral intake is limited or
prohibited during labor, the best estimate of its safety is
evident by the absence of harm noted in the randomized
controlled trials.

While we agree that gastric emptying may be delayed, this
physiologic change does not correlate with adverse clinical
outcomes (including aspiration or mortality). In contrast,
patient satisfaction and autonomy remain important, often
overlooked outcomes with up to 57% of women finding
restriction of food intake to be moderately or very stressful.3

The authors reference their excellent work on cardiac arrest
during hospitalization for delivery, noting 7% of all cardiac
arrests had an association with aspiration.4 The data, how-
ever, give no context to the circumstances in which aspiration
took place (eg, critical illness, difficult intubation for respi-
ratory failure) or whether it was the proximate etiology for
cardiac arrest. Furthermore, this rate also emphasizes the
extreme rarity given approximately 6 cardiac arrest events per
100,000 hospitalizations for delivery were associated with
aspiration.
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Providing Oral Nutrition to Women
in Labor
American College of Nurse-Midwives

Historically, oral intake for women during labor has been limited to nothing by mouth or clear liquids only. These restrictions are based on the
risk of aspiration during or after the administration of general anesthesia.While aspiration can be life threatening, older methods of anesthesia are
rarely used in current intrapartum care, and evidence is inconclusive that withholding oral nutrition reduces the risk of gastric aspiration. Addi-
tionally, withholding oral nutritionmay result in the development of ketosis andmay potentially contribute to a woman’s stress and dissatisfaction
with the birth experience. The purpose of this Clinical Bulletin is to review the evidence related to this practice and provide recommendations to
promote informed, shared decision making regarding oral intake during labor with women at low risk for gastric aspiration.
J Midwifery Womens Health 2016;61:528–534 c⃝ 2016 by the American College of Nurse-Midwives.

Keywords: labor, oral intake, ad lib nutrition, risk assessment, women’s preferences, supportive care

INTRODUCTION

The debate regarding oral intake in labor has persisted since
the 1940s and has been focused on concerns about the
potential detrimental effects of fasting during labor versus
the potential risk of aspiration following general anesthesia.
In recent decades, many midwives have challenged hospital
policies that require women in labor to fast or have only sips
of clear fluid or ice chips. In 1946, Dr. Curtis Mendelson
identified aspiration of stomach contents into the lungs as the
cause of post anesthetic pneumonia that led to maternal mor-
tality. He theorized that the delay in emptying the stomach
contents that occurred during labor was a contributing factor
to aspiration pneumonitis, and he identified the increased
acidity of gastric contents as a determinant of severity of
morbidity.1 Hence, at the time, nothing by mouth policies
were introduced in obstetric units in an effort to reduce the
risk of aspiration after general anesthesia.

Improvements in obstetric anesthesia practice have
contributed to a decline in the incidence of aspiration with
general anesthesia. Concomitantly, a gradual reversal of
restrictive, nothing bymouth policies has occurred, andmore
women ingest fluids or food during labor. The incidence
of pulmonary aspiration in women during labor and birth
remains low, and this situation is now so rare that it would
be difficult to undertake a randomized controlled trial to
determine if a causal relationship between oral intake during
labor and maternal mortality exists.2

ENERGY UTILIZATION

Until recently, the energy needs of women in labor and the
effect of fasting on labor have not been clearly understood.

This Clinical Bulletin was developed under the direction of the Clinical Practice and Documents Section of the Division of
Standards and Practice of the American College of Nurse-Midwives as an educational aid for midwives.This Clinical Bulletin is
not intended to dictate an exclusive course of management or to substitute for individual professional judgment. It presents
recognized methods and techniques for clinical practice that midwives may consider incorporating into their practices.The
needs of an individual patient or the resources and limitations of an institution or type of practice may appropriately lead to
variations in clinical care.

Until the 1940s, women in labor in the United States were en-
couraged to eat and drink to maintain stamina for the work of
labor and birth. In 1918,Dr. JosephDeLee encouragedwomen
to eat throughout labor to avoid general weakness, delayed la-
bor, and serious postpartum hemorrhage.3 Although he later
revised his statement in response to Dr.Mendelson’s work, the
question of energy requirements for women in labor remains.

The process of parturition consumes energy and is regu-
lated by a complex system of neural and hormonal responses.
Glucose is the primary metabolic substrate used by the
uterus, but fatty acids are also used. The work of labor results
in increased oxygen consumption4 and increased glucose
utilization by the woman.5 During labor, the liver increases
glucose production, primarily through gluconeogenesis.
Circulating catecholamines and cortisol and sympathetic
nervous system stimulation increase endogenous glucose
production. Uterine and skeletal muscle contractions are
also major stimulants for glucose utilization.5 These changes
in glucose production and catecholamine discharge are
associated with positive effects on physiologic adaptation to
extrauterine life in the healthy newborn.6

While published research specific to the nutritional needs
of women in labor is absent, it has been suggested that the
energy requirements of labor may be similar to the energy
requirements of continuous, moderate, aerobic exercise.4 In
sports medicine, the intake of carbohydrates during intense,
moderate, and intermittent exercise has been proven to
enhance the capacity to perform, to slow the occurrence
of fatigue,7–9 and to reduce lipolysis, ketosis, and protein
degradation.8 The American College of Sports Medicine
advises athletes who exercise for longer than one hour to
ingest carbohydrate solutions during the exercise.10
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• Promote self-determination of appropriate oral intake
• Reaffirm pregnancy is a normal physiologic process
• Discuss the small risk of aspiration during labor and 

birth
• The use of epidural analgesia for intrapartum pain 

management in normal labor should not preclude oral 
intake
• Determine the practice patterns for anesthesia 

service 
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Table 2

Distribution of Maternal Cardiac Arrests (n = 4,843), the Nationwide Inpatient Sample 1998–2011

Potential Proximate Etiology of
Maternal Cardiac Arrest, N (%)

Cause-specific Cardiac Arrest 
Frequency

per 1,000 Women with Each Condition

Survival to Hospital
Discharge,* N (%)

Postpartum hemorrhage 1,349 (27.9) 0.8 739 (55.1)

Antepartum hemorrhage 813 (16.8) 0.9 433 (53.2)

Heart failure 645 (13.3) 15.6 458 (71.1)

Amniotic fluid embolism 645 (13.3) 252.7 337 (52.5)

Sepsis 544 (11.2) 2.1 256 (46.9)

Anesthesia complication 379 (7.8) 29.5 310 (81.9)

Aspiration pneumonitis 346 (7.1) 20.3 287 (82.9)

Venous thrombo embolism 346 (7.1) 43.9 144 (41.5)

Eclampsia 296 (6.1) 6.2 226 (76.5)

Puerperal cerebrovascular disorder 212 (4.4) 13.6 85 (40.0)

Trauma 125 (2.6) 3.9 29 (23.3)

Pulmonary edema 118 (2.4) 11.2 83 (70.9)

Acute myocardial infarction 150 (3.1) 89.8 85 (56.3)

Magnesium toxicity 66 (1.4) 5.2 57 (85.9)

Status asthmaticus† 54 (1.1) 12.6 29 (53.7)

Anaphylaxis† 15 (0.3) 10.8 15 (100)

Aortic dissection/rupture† 14 (0.3) 31.0 0

Numbers of arrests from local anesthetic toxicity cannot be reported due to restrictions on reporting small cell sizes.

*
Survival is missing for 0.2% of those with cardiopulmonary arrest.

†
Estimates with a relative standard error (i.e., standard error/weighted estimate) >0.30 may not be reliable.

Anesthesiology. Author manuscript; available in PMC 2015 May 27.
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P RACTICE guidelines are systematically developed rec-
ommendations that assist the practitioner and patient in 

making decisions about health care. These recommendations 
may be adopted, modified, or rejected according to the clini-
cal needs and constraints and are not intended to replace local 
institutional policies. In addition, practice guidelines devel-
oped by the American Society of Anesthesiologists (ASA) are 
not intended as standards or absolute requirements, and their 
use cannot guarantee any specific outcome. Practice guidelines 
are subject to revision as warranted by the evolution of medi-
cal knowledge, technology, and practice. They provide basic 
recommendations that are supported by a synthesis and analy-
sis of the current literature, expert and practitioner opinion, 
open-forum commentary, and clinical feasibility data.

This document updates the “Practice Guidelines for 
Obstetric Anesthesia: An Updated Report by the ASA Task 
Force on Obstetric Anesthesia,” adopted by ASA in 2006 
and published in 2007.†

Methodology

Definition of Perioperative Obstetric Anesthesia
For the purposes of these updated guidelines, obstetric anes-
thesia refers to peripartum anesthetic and analgesic activities 
performed during labor and vaginal delivery, cesarean delivery, 
removal of retained placenta, and postpartum tubal ligation.

Purposes of the Guidelines
The purposes of these guidelines are to enhance the qual-
ity of anesthetic care for obstetric patients, improve patient 
safety by reducing the incidence and severity of anesthesia-
related complications, and increase patient satisfaction.

Focus
These guidelines focus on the anesthetic management of 
pregnant patients during labor, nonoperative delivery, 

operative delivery, and selected aspects of postpartum care 
and analgesia (i.e., neuraxial opioids for postpartum anal-
gesia after neuraxial anesthesia for cesarean delivery). The 
intended patient population includes, but is not limited, 
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• Recommendations oral intake of moderate clears may 
be allowed for uncomplicated laboring patients
• Scheduled cases clears 2h before induction of 

anesthesia, Solids 6 to 8h before
• Laboring patients with additional risk factors for 

aspiration should have further restriction for oral 
intake. Solid foods should be avoided in laboring 
patients.



Conclusion-Oral Intake

• Oral Intake during labor should take into consideration 

both maternal and fetal considerations

• Aspiration is still a REAL concern in Obstetrics

• Clear protein beverages did not change labor outcomes 

but improve patient satisfaction



Patient who is 34 yo G1P0 at 39 weeks with concern for Severe Pre-E vs. HELLP 
undergoing induction of labor and platelets dropping from 120k to 80k.  Patient 
is requesting analgesia for contraction pain. Anesthesia consult called, but in the 
meantime and you start talking to her about her options you tell her…

A- She can have Fentanyl IV bolus or a Fentanyl PCA

B-There is new medication called Remifentanil she could try

C-She can have an epidural you think it will be fine

D-You suggest Nitrous oxide 

E-You give her a “bark of wood” and hope for the best 



Opioids

• Bind to specific receptiors in CNS
• 4 major opioid receptors- mu (µ1 and µ2), kappa, delta, sigma
• Modulated through descending inhibitory pathway from 

periaqueductal gray matter to dorsal horn of spinal cord



Fentanyl

• High protein binding
• Lipid soluble
• No active metabolites when crossing the placenta
• Metabolized by the cytochrome P system via liver
• Reversed by naloxone
• Slows gastric emptying
• Respiratory depression
• Crosses placenta quickly to fetal  F/M = .50



Remifentanil

• Ester structure 
• Metabolized into inactive metabolite by non-specific esterases in plasma
• Metabolism allows for lack of accumulation
• Context sensitive half-life = 3.5 min, respiratory depression half-life = 2.5 

min
• Rapid onset of analgesia = 30-60 sec; Peak at 2.5 min 
• Crosses placenta and metabolized by placental and fetal nonspecific 

esterases
• F/M ratio = .50



Labor PCA
Is it a viable Alternative to Labor Epidural?

Intravenous remifentanil vs. epidural levobupivacaine

with fentanyl for pain relief in early labour: a

randomised, controlled, double-blinded study
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Background: We hypothesised that intravenous patient-
controlled analgesia (IV PCA) with remifentanil could provide
as satisfactory pain relief for labour as epidural analgesia.
Methods: Fifty-two parturients with singleton uncompli-
cated pregnancies were randomised to receive either IV
PCA with remifentanil or epidural analgesia with 20 ml
levobupivacaine 0.625 mg/ml and fentanyl 2 mg/ml in
saline. The PCA dose of remifentanil was given over
1 min with a lockout time of 1 min. The dose was increased
starting from the bolus of 0.1 mg/kg and following a dose
escalation scheme up until the individual-effective dose
was reached. The parturients assessed contraction pain (0–
10), pain relief (0–4), sedation and nausea during 60 min.
Results: Forty-five parturients were included in the ana-
lysis. The median cervical opening was 4 cm before the
study and 7 cm after the study. The median pain scores
were 7.3 and 5.2 during remifentanil and epidural analge-
sia, respectively (P 5 0.009). The median pain relief scores
were 2.5 and 2.8 (P 5 0.17). There was no difference

between the groups in the proportion of parturients who
discontinued due to ineffective analgesia, nor in the pro-
portion of parturients who would have liked to continue
the given medication at the end of the study. Sedation and
low haemoglobin oxygen saturation were observed more
often during remifentanil analgesia. Foetal heart rate tra-
cing abnormalities were as common in both groups.
Conclusions: In terms of pain scores, epidural analgesia is
superior to that provided by IV remifentanil. However,
there was no difference in the pain relief scores between
the treatments.

Accepted for publication 2 September 2007

Key words: Analgesia; obstetrical; opioids; remifentanil;
epidural; side effects.
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EPIDURAL analgesia is the ‘golden standard’ in
obstetric analgesia. It provides adequate an-

algesia with very little side effects when ultradilute
solutions are used (1, 2). However, epidural or
spinal analgesia cannot always be used, e.g. in
parturients with a tendency towards bleeding,
and other alternatives for pain relief need to be used.

Remifentanil is an ultrashort-acting m receptor
agonist with a rapid onset of action after an intra-
venous (IV) dose and a context-sensitive half-time
of approximately 3 min (3, 4). Our earlier studies
have suggested that remifentanil provides consider-
able relief in labour pain and gives better analgesia
than nitrous oxide (5, 6). In a feasibility study, 13 out
of 21 (62%) women chose to continue using remi-
fentanil up to and during delivery. Nineteen out of
21 (90%) achieved a reduction of the baseline pain

score (7). Four recent comparative studies showed
that intravenous patient-controlled (IV PCA) remi-
fentanil provided better analgesia than pethidine
when IV and intramuscular injections were em-
ployed to administer pethidine (8–11). With these
good results of remifentanil analgesia in mind, we
hypothesised that remifentanil could provide as
satisfactory analgesia as epidural analgesia.

Methods

The study protocol was approved by the ethical
committee of the Northern Ostrobothnia Hospital
District and the National Agency for Medicines.
We studied 52 healthy term parturients with
uncomplicated singleton pregnancies, after written
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Pain scores were lower in epidural group, which indicates epidural was 
superior for  pain control

However, pain relief scores were no different between the groups



nausea scores during the study period compared
with baseline values in the remifentanil group
(Po0.04). Three parturients vomited during the
study period. All of them received remifentanil.

The parturients in the remifentanil group were
given supplemental oxygen more often than those
receiving epidural analgesia [13/24 (54%) vs. 1/21
(5%), respectively, Po0.001]. The IV bolus dose at
which the oxygen supplementation needed to be
started was 0.5 mg/kg (0.33–0.7) among the parturi-
ents receiving remifentanil. At the effective dose,
the parturients in the group receiving remifentanil
needing oxygen supplementation (n 5 8) were
using a bolus dose of 0.6 mg/kg (0.35–0.85), while
those who did not need an oxygen supplement
(n 5 7) used 0.5 mg/kg (0.2–0.7) (P 5 0.2). Calcu-

lated over time, they were consuming remifentanil
at a rate of 0.15 mg/kg/min (0.09–0.18) and 0.09 mg/
kg/min (0.07–0.18), respectively (P 5 0.4). There
were two primiparae who had periods of low
saturation (SaO2o95%) during more than 1 min
during oxygen supplement. These episodes were
recorded when one of these parturients used a
bolus dose of 0.9 mg/kg (consumption 0.22 mg/
kg/min) and the other, 0.5mg/kg (consumption
0.15 mg/kg/min).

The groups were not different in terms of ab-
normalities in the FHR tracing. Four and seven
parturients had an oxytocin infusion started or
increased during the study period in the remifen-
tanil and epidural groups, respectively (P 5 0.15).
There was no difference in the umbilical artery pH.
One newborn in the group receiving remifentanil
had a 1 min Apgar score of 6. She was born 5 h
14 min after the end of the study. All the other
babies scored 8 or more in the Apgar test.

Discussion

The main finding of this study is that epidural
analgesia lowered the pain scores more efficiently
than IV PCA remifentanil. We used an ultra dilute
epidural solution in this study to be able to keep
the parturient unaware of which medication she
was randomised to receive. Most probably, an
epidural solution containing more of the local
anaesthetic could have reduced further the pain
intensity.

The fact that the higher pain scores in the
remifentanil group were not clearly reflected in
poorer pain relief scores, or in the other variables
expressing lower quality of the analgesic method,
could be due to a phenomenon that has been linked
to opioid analgesia in other circumstances –
namely, an increase in pain tolerance. Perhaps it
was the sedative, euphoric and rewarding effect of
opiates that made the parturient stand the high
pain scores.

Although ultra dilute epidural solutions have
been noted to be effective in other studies, the
failure rate in our study was higher than expected
(1, 2). This could have been due to the fact that a
large proportion of the women were already rather
advanced in labour. Indeed, a need to increase the
concentration of the local anaesthetic has been
noted as labour progresses (12). Probably a higher
concentration of local anaesthetic in the epidural
solution would have resulted in better pain relief
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Remifentanil and Labor:

Hinova et al. Systemic Remifentanil for Labor Analgesia.  Anesthesia & Analgesia. 2009; 109(6): 1925-9.



VAS Scores: 
Remifentanil vs. Epidural

depression. Blair et al. studied the percentage of total
PCA time spent with an oxygen saturation below 94%
and 90% in patients receiving PCA pethidine or remifen-
tanil.6 These authors noted that on average 10% of the
PCA time was spent with an oxygen saturation below
94% and 5% of the PCA time the oxygen saturation was
lower than 90%.Most studies to date (but not all) have re-
ported on the respiratory effects of remifentanil PCA in
labour,4–13 although the definition of respiratory depres-
sion has varied from study to study. If all studies that re-
port the respiratory effects are combined, 78 out of 228
patients treated with remifentanil (32%) experience some
degree of respiratory depression. During in utero surgery,
maternal sedation with remifentanil resulted in an in-
creased PCO2 and a reduced pH.14 Therefore, most opin-
ion leaders caution and advise continuous monitoring of
the parturient’s oxygen saturation and one-to-one mid-
wifery care.5,13,15,16 Whether this is realistic depends on
local practice, but certainly in my unit (and I suspect in
many others) this is not a practical or feasible option!

Second conclusion: PCA remifentanil produces
respiratory depression in one third of parturients, based
on presently published data. Continuous oxygen satura-
tion monitoring is mandatory when PCA remifentanil is
used, until large, prospective trials have determined the
safety of remifentanil.

Effects on labour outcome

Kayacan et al. and Nacitarhan et al. studied the effects
of different opioids and local anaesthetics on isolated
pregnant rat uterine muscle.17,18 Both local anaesthetics
and opioids including remifentanil decreased uterine
muscle contractility. However, spinal and epidural local
anaesthetics never reach plasma concentrations suffi-
ciently high to induce the above described effects, while
opioids do reach relevant plasma concentrations.

Fetal and neonatal side-effects

Remifentanil readily crosses the placenta.19 It therefore
has potent effects on the fetus and newborn. During in
utero surgery, maternal sedation with remifentanil has
been shown to produce fetal immobility and loss of var-
iability of the fetal heart rate.14 There have been reports
of unplanned and unnecessary caesarean delivery for
suspected fetal distress resulting from opioid-induced
loss of fetal heart rate variability.20

When remifentanil is given before delivery by caesar-
ean section, a significant proportion of neonates suffer
respiratory depression requiring mask ventilation, intu-
bation or naloxone.21 Of course, doses of remifentanil
used in this setting were much higher than those used
during labour analgesia, but it is advisable to have a per-
son present during delivery who can perform neonatal
resuscitation. Reynolds et al. clearly demonstrated that
opioid analgesia with pethidine during labour unfavour-
ably affects neonatal acid-base status when compared
with epidural analgesia.22 Only one study specifically
examined the acid-base effects of remifentanil PCA.12

Volikas et al. reported that two out of 34 parturients
had extremely low base excess values.12

Third conclusion: Remifentanil PCA has significant ef-
fects on fetus and neonate. Large trials evaluating the ef-
fect on the neonate are urgently required before routine
use of remifentanil can be promoted.

Other points

As with many drugs used in pregnant patients, remifen-
tanil is not licensed for use in pregnancy. Although this
alone is no reason to preclude its use, this author feels
that the scientific basis to promote remifentanil PCA

Fig. 1 Visual analogue scale (VAS, mm) scores for labour pain before and after initiation of epidural analgesia or remifentanil
patient-controlled analgesia (PCA) in different studies. The VAS scores for epidural analgesia reflect what is usually reported in the
literature.

340 Controversies

Van de Velde, Controversy. Remifentanil patient-controlled analgesia should be routinely available for use in labor, 
International Journal Obstetric Anesthesia, 2008 October; 17(4):336-9



Routinely Available
Remifentanil?

• Retrospective study in Ireland performed in 2007 

• In 2005 remifentanil PCA for labor analgesia was 

routinely available

• During the two year period:

• 28% opted for remifentanil

• 22% opted for epidural

• Conversion from remifentanil to epidural was 10% 

Hill, D. Remifentanil patient-controlled analgesia should be routinely available for use in labor

IJOA, (2009) 17, 336-342 
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Remifentanil versus fentanyl for intravenous patient-controlled
labour analgesia: an observational study
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Abstract
Purpose We undertook a retrospective study to compare
the analgesic efficacy and effects on neonatal outcome of
administering either remifentanil or fentanyl intravenous
patient-controlled analgesia (IVPCA) during labour.
Methods A five-year retrospective cohort study was
undertaken of women with more than 24 weeks of gestation
who had received either IVPCA remifentanil or fentanyl for
labour analgesia at Mount Sinai Hospital. The sampling
timeframe was from November 2005 to March 2010. The
standard IVPCA regimen for the remifentanil group con-
sisted of a PCA bolus 0.25 lg!kg-1 with a lockout interval
of two minutes, a four-hour limit of 3 mg, and a back-
ground infusion of 0.025-0.05 lg!kg-1!min-1, whereas the
standard IVPCA regimen for the fentanyl group consisted
of a PCA bolus 25-50 lg with a lockout interval of three to
six minutes and a four-hour limit of 1-1.5 mg. The fol-
lowing data were compared: maternal hourly pain scores
(verbal pain score scale 0-10), sedation scores (scale 0-3),
adverse effects, and neonatal outcomes. Mixed linear
modelling was used to analyze longitudinal data on pain
scores over time. The exact Wilcoxon test and the Fisher’s
exact test were used for other comparisons.

Results Ninety-eight women were studied. There was no
significant difference in the model-adjusted pain scores
between the two groups (P = 0.86). There was a moderate
decrease in pain scores in both groups compared with the
baseline values. There was no difference in maternal side
effects between the two groups, although transient oxygen
desaturation was observed more frequently in the remif-
entanil group than in the fentanyl group (13% vs 2%,
respectively; odds ratio, 7.32; 95% confidence interval
[CI], 0.85 to 63.3). A larger number of neonates in the
fentanyl group required resuscitation compared with neo-
nates in the remifentanil group (59% vs 25%, respectively;
odds ratio, 4.33; 95% CI, 1.75 to 10.76); adjusted (44% vs
8%, respectively; odds ratio, 8.56; 95% CI, 2.17 to 33.77).
Conclusions Intravenous patient-controlled analgesia
with either remifentanil or fentanyl provides a moderate
degree of labour analgesia, whereas transient maternal
oxygen desaturation is observed more commonly with
remifentanil. Fentanyl is associated with a higher need for
neonatal resuscitation.

Résumé
Objectif Nous avons entrepris une étude rétrospective
comparant l’efficacité antalgique et les effets sur le
nouveau-né de l’administration intraveineuse de
rémifentanil ou de fentanyl contrôlée par les patientes
(ACP-IV), au cours du travail.
Méthodes Cette étude rétrospective de cohorte a porté
sur cinq ans; les femmes enceintes de plus de 24 semaines
et ayant reçu du rémifentanil ou du fentanyl par ACP-IV
pendant le travail à l’hôpital Mount Sinai ont été incluses.
L’étude a porté sur la période comprise entre novembre
2005 et mars 2010. Dans le groupe rémifentanil, le
protocole standard de ACP-IV comportait un bolus d’ACP
de 0,25 lg.kg-1 avec une période d’interdiction de deux

This article was presented in part at the 43rd Annual Meeting of the
Society for Obstetric Anesthesia and Perinatology, Henderson, NV,
April 13-17, 2011 and also at the Canadian Anesthesiologists’ Society
Annual Meeting, Toronto, ON, June 24-28, 2011.
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There is no difference in pain scores between Remifentanil and Fentanyl PCA, Both provide a moderate 
amount of pain relief.  Pick your poison…

Remifentanil-more maternal oxygen desaturation
vs.

Fentanyl-associated with higher need for neonatal resuscitation
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Objective To distinguish satisfaction with pain relief using
remifentanil patient-controlled analgesia (RPCA) compared with
epidural analgesia (EA) in low-risk labouring women.

Design Randomised controlled equivalence trial.

Setting Eighteen midwifery practices and six hospitals in the
Netherlands.

Population A total of 408 pregnant women at low risk for obstetric
complications initially under the care of primary-care midwives.

Methods Women randomised before active labour to receive
analgesia with RPCA or EA, if requested.

Main outcome measures Primary outcome was satisfaction with
pain relief measured hourly using a visual analogue scale and
summed as area under the curve (AUC). Secondary outcomes were
overall satisfaction with pain relief, pain intensity scores during
labour, mode of delivery, and maternal and neonatal outcomes.

Results We randomised 418 women, of whom 409 could be
followed for the primary endpoint. Analgesia was received by 46%

(94/203) in the remifentanil group and 37% (76/206) in the
epidural group. The AUC for satisfaction with pain relief was 32
in the remifentanil group and 31 in the epidural group (mean
difference !0.50; 95% CI !6.8 to 5.9). Among women who
actually received analgesia, these values were 23 and 35,
respectively (mean difference !12; 95% CI !22 to !1.5).
Secondary outcomes were comparable.

Conclusions In low-risk labouring women, we could not
demonstrate equivalence between a strategy with RPCA to EA
with respect to satisfaction with pain relief assessed during the
total duration of labour. However, once applied satisfaction was
higher in women who received epidural analgesia.

Keywords Epidural analgesia, labour pain, pain intensity score,
pain satisfaction score, remifentanil patient-controlled analgesia,
satisfaction with pain relief.

Tweetable abstract Satisfaction with pain relief is higher in
women receiving epidural analgesia compared with Remifentanil
PCA.
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demonstrate equivalence between a strategy with RPCA to EA
with respect to satisfaction with pain relief assessed during the
total duration of labour. However, once applied satisfaction was
higher in women who received epidural analgesia.

Keywords Epidural analgesia, labour pain, pain intensity score,
pain satisfaction score, remifentanil patient-controlled analgesia,
satisfaction with pain relief.

Tweetable abstract Satisfaction with pain relief is higher in
women receiving epidural analgesia compared with Remifentanil
PCA.
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Randomized Equivalence Trial
Remi-PCA vs Epidural Analgesia
Primary Outcome- satisfaction with pain relief measured hourly with VAS
Secondary Outcome-overall satisfaction with pain relief, Pain intensity scores during labor mode of delivery, 

and maternal and neonatal outcomes

Satisfaction with pain relief during labor with Remi-PCA and Epidural
NOT  Equivalent methods of labor analgesia.  
Lower satisfaction with analgesia in Remi-PCA group
Higher pain intensity in the Remi-PCA group



Any Other Alternatives?

Nitrous 
oxide



Nitronox
• Patient breathes nitrous oxide and oxygen 

via tight face mask
• Nitrous oxide better than opioid
• Usually 50% nitrous oxide in 50% oxygen
• Rapid onset, rapid elimination
• Patient control

• Effective for some patients
• 11% complete pain relief
• 30% little or no pain relief
• Continuous administration more effective than 

intermittent
• May be dysphoric

• No ongoing dose during pushing



Comparison of remifentanil and nitrous oxide in labour
analgesia
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Background: We compared the efficacy and side-effects of
remifentanil with those of nitrous oxide during the first stage
of labour.
Methods: Twenty parturients participated in a randomized,
double-blind, cross-over study. Intravenous remifentanil in
0.4 mg kg!1 PCA doses with 1-min infusion and lock-out times
and intermittent inhaled 50% nitrous oxide were compared
during 20-min study periods with a 20-min wash-out sequence
after each period. The parturients assessed the intensity of
contraction pain (verbal numerical score 0—10), pain relief
(score 0—4) and side-effects every 10 min. Noninvasive blood
pressure, heart rate (HR), oxyhaemoglobin saturation (SaO2),
end-tidal carbon dioxide, fractions of inhaled and exhaled
oxygen and nitrous oxide and foetal heart rate (FHR) were
recorded. Hypoxaemia and bradycardia were defined as
SaO2<90% and HR<50, respectively.
Results: Fifteen parturients completed the study. There was no
period effect or treatment-period interaction. The median
decrease in pain score for remifentanil was 1.5 and that for
nitrous oxide 0.5 (P¼0.01). The parturients gave better pain

relief scores with remifentanil than with nitrous oxide (median
2.5 vs. 0.5, respectively, P<0.001). Sedation was reported more
often, and SaO2 was slightly lower during remifentanil admin-
istration. No episodes of hypoxaemia occurred. There was no
difference in maternal blood pressure and HR or the incidence
of abnormal FHR during remifentanil compared to nitrous
oxide. Most parturients preferred remifentanil to nitrous
oxide (14 vs. 1, P<0.001).
Conclusions: This study suggests that IVPCA remifentanil
provides better labour analgesia than intermittently inhaled
nitrous oxide.

Accepted for publication 4 November 2004

Key words: Analgesia; nitrous oxide; obstetrical; opioids;
remifentanil; side-effects.
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REMIFENTANIL is a new ultrashort-acting m-receptor
agonist with a rapid onset of action after an

intravenous (IV) dose and a context-sensitive half-
time of approximately 3min. Remifentanil crosses
the placenta readily, but is eliminated rapidly in the
neonate. An umbilical artery to umbilical vein
(UA:UV) ratio of 0.29 has been recorded, suggesting
that there is either rapid metabolism of the drug in the
foetus or a large volume of distribution; both of these
suggestions being consistent with what was later
discovered concerning the pharmacokinetics of
remifentanil in neonates (1, 2).
Earlier studies have suggested that remifentanil

provides considerable relief of labour pain (3, 4). In a
feasibility study, 13 out of 21 (62%) women chose to
continue using remifentanil up to and during deliv-
ery. Nineteen out of 21 (90%) achieved a reduction of
the baseline pain score (5). Two recent comparative

studies showed that intravenous patient-controlled
(IV-PCA) remifentanil provided better analgesia than
pethidine when IV-PCA and intramuscular injections
were employed to administer pethidine (6, 7).
Remifentanil is not currently indicated for obstetric

use. Nitrous oxide (N2O) has been used for more than
100years in labour analgesia, and it can be regarded
as a standard analgesic method (8). In one study it
provided dose-dependent analgesia during uterine
contractions (9). However, its analgesic effect — in the
way it is used in routine clinical work — has not yet
been confirmed (10).
In order to further study the analgesic properties

and side-effects of IV PCA remifentanil in labour pain
relief, we designed a study to compare IV-PCA remi-
fentanil and nitrous oxide.We hypothesised that remi-
fentanil would provide better analgesia during labour
than N2O.
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spontaneously reported her preference to be due to
the more severe nausea during the remifentanil
period. The FHR tracing was observed as having
reduced beat-to-beat variability in three cases during
remifentanil administration. There was one case with
early decelerations and two cases with reduced
beat-to-beat variability during N2O. All three
instances of abnormal FHR tracings during N2O
were noted during the first study period. Apgar
scores were 9 (9—9) at both 1 min and 5min. UaPh
was 7.2 (7.2—7.3). Three newborns out of the 15 in the
analyzed sample were given Apgar scores of less than
nine. One of them needed respiratory support and
antibiotics. All of them were born more than 8h
after the last remifentanil dose.
The data concerning the haemodynamic parameters

and respiratory indices are shown summarized in
Table 2. One patient had short (<1min) periods of
bradycardia before and after the first dose of remifen-
tanil. Two patients with remifentanil and one with

N2O had a short (>20 s,<1min) episode of
desaturation <95%. No episodes of hypoxemia were
noted, however.
The consumption of remifentanil was 0.08 (0.06—0.1)

mgkg!1 during the study periods when the syringe
contained true remifentanil. The highest concentration
of FiN2O was 49% (45—52%) during the PCA boluses
of the N2O periods. The highest ETN2O value was
30% (22—36%). The lowest FiO2 value was 47% (45
—53%) during remifentanil and 48% (44—53%) during
N2O (P¼ 0.7). The proportion of contractions for
which the parturients triggered PCA signals was 0.9
(0.7—1.0) for remifentanil and 1.0 (0.9—1.0) for N2O
(P¼ 0.3). Altogether, the parturients spent 260 (165
—318) s breathing through the mask during the nitrous
oxide periods compared to 170 (107—275) s during the
remifentanil periods (P¼ 0.045). The blinding of the
patients was successful. Four parturients did not want
to guess which medication they received during the
study periods, and four parturients guessed both of
the medications correctly; three patients erred in both
of the study medications, and four in one of the two.
The researcher (PV) recording the patients’ assess-
ment results was able to identify the medicine cor-
rectly during both periods in the case of 14 patients
(93%) and only erred in one of the two periods with
one patient.

Discussion

Analgesia
The main finding of this study was that remifentanil
gives better analgesia in labour pain relief than N2O. It
is interesting that the pain relief scores given by the
parturients during the remifentanil analgesia were
good, albeit the pain scores remained relatively high.
This could be due to the fact that the parturients
willing to participate in an analgesic trial may
represent an exceptional population, possibly with a
wide range in pain scores with which they would be
content (12). In another population, nearly all
parturients with an epidural catheter reported a desire
for more effective analgesic medication when the pain
score was 4 or higher (13). However, it is also
characteristic of opioid analgesia that even when the
pain score drops only a little, the sensation of
discomfort is reduced by the euphoric, sedative and
anxiolytic properties of the m-agonists.
The PID noted in our current study (median !1.5)

was smaller than that in our previous open dose—
finding study (median — 4.2), where the parturients
used the IV PCA for 60min (3). One obvious reason
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Fig. 2. Median (#25th and 75th percentiles) pain scores when the
parturients were using PCA with either intermittent inhaled 50%
nitrous oxide or intravenous (IV) remifentanil in 0.4-mg kg!1 doses,
and during the following wash-out sequences.

Table 2

Summary of the haemodynamic variables and respiratory indices
during labour PCA with either intermittently inhaled 50% nitrous
oxide or intravenous remifentanil in 0.4-mg kg!1 doses with 1-min
infusion and lock-out times.

N2O Remifentanil P-value

MAP, mmHg 96 (88—110) 96 (91—107) 0.3
h, beatsmin!1 88 (75—90) 87 (79—96) 0.2
ETCO2, % 3.7 (3.5—3.9) 3.9 (3.2—4.3) 0.06
SaO2, % 98.8 (98.5—99.3) 98.0 (97.1—99.0) 0.001

MAP¼mean arterial pressure; HR¼ heart rate; ETCO2¼ highest-
recordings of carbon dioxide during PCA boluses; SaO2¼ oxy-
haemoglobin saturation; FiO2¼ highest recordings of oxygen during
PCA boluses.
Data are median (25—75th percentiles).
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Remifentanil IVPCA provides better labor 
analgesia compared to nitrous oxide 



Conclusions

• Epidural analgesia provides overall best pain relief in labor

• PIB dosing provides reduction of motor block and less local anesthetic

• PCA opioid options exist, but with certain side effects

• Remifentanil currently not routinely available for all laboring patients

• Nitrous is an alternative, but pain scores higher than PCA-opioid

• Nitrous does not require anesthesia provider to administer


