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Abstract
Purpose of Review This review will present recent updates for the use of non-neuraxial analgesia for laboring women.
Recent Findings Non-neuraxial labor analgesia by nitrous oxide and intravenous opioids are described, and safety concerns with
regard to remifentanil administration have been a major focus of recent studies. Fentanyl and nitrous oxide offer some efficacy,
albeit less than remifentanil, however with a greater safety margin.
Summary Women may request or require alternatives to neuraxial labor analgesia, in some cases due to concurrent comorbid-
ities. Remifentanil offers the most efficacious alternative analgesia option; however, safety concerns may preclude widespread
use.
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Introduction

While labor can be a wonderful affirming process, it is painful
and can be protracted and traumatic for some women. The
ability to choose efficacious analgesia options is an essential
contribution to the labor experience. Prior to labor, women
may seek information regarding labor analgesia options and
may not necessarily have a fixed decision regarding the anal-
gesia they prefer [1–3]. Many factors may impact the decision
regarding labor analgesia, including concurrent comorbidities
such as high body mass index, cardiac disease, obstetric his-
tory such as prior cesarean delivery, preeclampsia, and avail-
able monitoring options. This review will discuss updates in
non-neuraxial labor analgesia options over the past 5 years.

Pre-admission Obstetric Anesthesiologist
Consultation

Ideally, all women could consult with an anesthesiologist re-
garding her optimal analgesia options prior to labor, enabling

selection of the most appropriate options, based on individual-
ized information [4••]. A more diverse, older laboring popula-
tion may have associated concurrent comorbidities such as car-
diovascular conditions, thromboembolism, and cardiomyopa-
thy which are more common causes of peripartum death [5].
Women receiving thromboprophylaxis and anticoagulation
may desire neuraxial analgesia. Timing of these medications
can impact the available options. Thus, concurrent comorbidi-
ties and disease severity require a flexible approach to optimal
individualized labor analgesia [6].

Neuraxial Analgesia

While neuraxial analgesia provides the most effective labor
pain relief, availability, contraindications, and preferences
may impact its use in labor [7]. Souza et al. evaluated use of
labor analgesia for vaginal delivery in Africa, Asia, Middle
East, and Latin America, in a cross-sectional, facility-based
survey of 359 healthcare facilities in 29 countries [8].
Sociodemographic and obstetric characteristics of laboring
women who did and did not receive labor analgesia were
presented. Among the 221,345 women who underwent vagi-
nal delivery, only 4% received labor analgesia, mostly epidu-
ral.Women who received analgesia were more likely to live in
countries with a high human development index (HDI).
Education was associated with increased use of labor analge-
sia. In the United States (US), while neuraxial analgesia use is
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more prevalent (73% of laboring women used it, among a
population of 2,625,950), there are state-wide differences in
use, as reported by Butwick et al. [7]. The reasons for these
variations could not be defined, however likely include avail-
ability of neuraxial analgesia, and quality of obstetric anesthe-
sia care. States with a low prevalence of neuraxial analgesia
have a high proportion of the population living in rural com-
munities, and hospital closures may impact care available [9].
In Israel, labor analgesia options were evaluated in a national
survey in 2005 and again in 2016. Among 25 units (100%
response rate), the median (range) epidural rate was 60%
(22–85%), a small increase in rate from 50% (15–93%) re-
ported in 2005 [10].

Contraindications for Neuraxial Analgesia

Women in the peripartum period have a 4- to 5-fold increased
risk of venous thromboembolism (VTE) compared with non-
pregnant women [11]. Growing indications for peripartum
VTE prophylaxis, including NOAC (novel oral anticoagu-
lants), mean that more women requiring timing or stopping
recommendations in the peripartum period to enable timely
neuraxial analgesia [12]. Leffert et al. led a Society of
Obstetric Anesthesia and Perinatology (SOAP) consensus
statement, developed with corresponding obstetric anesthesia
experts that aimed to provide practical and evidence-based
guidance for physician anesthesiologists to manage women
receiving antepartum and/or postpartum thromboprophylaxis
with unfractionated heparin (UFH) or low molecular weight
heparin (LMWH) [12]. Women with severe morbidity such as
deep vein thrombosis, pulmonary embolus, mechanical heart
valve, or arrhythmia may not be able to discontinue these
medications in order to enable timely provision of neuraxial
labor analgesia.

Other conditions that may preclude women from receiving
optimal labor neuraxial analgesia include severe scoliosis and
post-surgical spine instrumentation. Ideally all centers would
offer a suitable alternative to neuraxial analgesia for laboring
women; however, options may be limited by resources and by
personnel. In the Israeli survey [10], fifteen (60%) units of-
fered nitrous oxide, four (16%) patient-controlled intravenous
fentanyl, and six units (24%) offered patient-controlled intra-
venous remifentanil for non-neuraxial labor analgesia.
Alternative options are not uniformly available, and lack con-
sensus regarding their efficacy and safety

Intravenous Opioid Labor Analgesia

Remifentanil

The most efficacious non-neuraxial labor analgesia method
appears to be remifentanil intravenous (IV) patient-

controlled analgesia (PCA). While remifentanil IV-PCA is
inferior to neuraxial analgesia for provision of labor analgesia
[13, 14], it may provide a satisfactory level of labor analgesia.

Remifentanil is a piperidine derivative, 92% protein-
bound, with a strong affinity for the μ-opioid receptor and less
so for the δ- and κ-receptors [15]. It is competitively antago-
nized by naloxone. Remifentanil has a rapid onset and rapid
offset of effect, regardless of the duration of administration.
The esterase-basedmetabolism of remifentanil makes its phar-
macokinetics independent of end-organ function [16].Most of
this hydrolysis occurs in the skeletal muscle, and the total
remifentanil clearance is 30–50% of cardiac output [17]. The
remifentanil context sensitivity half-life (decrease of 50% of
plasma concentration after halting a continuous infusion) is
low and time-dependent. After a 3-h infusion of remifentanil
administered to equipotent concentrations of alfentanil, there
is full recovery of respiratory drive within 15 min for
remifentanil, compared with > 45 min for alfentanil [16].
Given the rapid onset and offset and metabolism in mother
and neonate, remifentanil has suitable pharmacokinetic prop-
erties for labor analgesia.

Efficacy

Remifentanil IV-PCA efficacy has been compared to alterna-
tive non-neuraxial analgesia such as meperidine (pethidine)
and to neuraxial analgesia. The RESPITE study compared
remifentanil IV-PCA to intramuscular meperidine in a non-
blinded, 1:1 randomized controlled trial [11]. Upon request for
labor analgesia, 400 women in established labor received sys-
temic opioid pain relief, either remifentanil IV-PCA (bolus 40
μg, lockout interval 2 min) or meperidine intramuscular (IM)
(100mg, up to 4 hourly in frequency, maximum of four doses;
up to 400 mg per 24 h). Although significantly fewer women
randomized to receive remifentanil requested neuraxial anal-
gesia (19 versus 41%), 61% of all women approached refused
to enroll in the study; thus, there was a strong enrollment bias
against women who wished to receive neuraxial analgesia. In
addition, it is unclear from this study the duration of effica-
cious opioid analgesia until request for neuraxial analgesia.

Most studies have not reported duration of remifentanil
administration [18]. The maternal labor experience was re-
ported using surveys and postpartum telephone interviews
on women from the RESPITE study; 30 received remifentanil
IV-PCA and 19 IM meperidine [1]. Some women who re-
ceived remifentanil IV-PCA reported effective pain relief
and ability to remain alert and focused during labor, while
some reported restricted movements and a fear that the
remifentanil infusion would run out.

In an observation from a single Swedish university center
(2009–2016), Thorbiörnson et al. investigated duration of ac-
tive labor, delivery mode, and maternal and neonatal morbid-
ity and maternal satisfaction with remifentanil IV-PCA (n =
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69) versus neuraxial analgesia (n = 138), hypothesizing that
PCA would be associated with a shorter labor duration com-
pared to neuraxial analgesia. Women who self-selected to re-
ceive remifentanil IV-PCA had shorter active labor duration
5.6 ± 3.3 h compared to 8.5 ± 4.4 h for neuraxial (epidural)
analgesia, P = 0.001, and higher rate of spontaneous delivery.
Interestingly, women levels of satisfaction with the labor an-
algesia were similar for both remifentanil IV-PCA and
neuraxial analgesia. In this study, there were similar rates of
maternal (SpO2 < 95%, sedation) and neonatal (Apgar < 7 at
5-min, neonatal intensive care unit admission, sedation) mor-
bidity [19].

Melber et al. summarized data from an ongoing self-report
system from 31 European centers where women receive
remifentanil IV-PCA [20••]. This database is continually up-
dated, available as the remiPCA network—https://www.
remipca.org/php/en/index.php (Figure 1). The network was
established to set worldwide standards and to monitor
maternal and neonatal outcomes when using remifentanil
IV-PCA during labor. The data collected include effective-
ness, and severe adverse effects such as need for ventilation
and maternal or neonatal cardiopulmonary resuscitation. A
summary publication data from 2010 to 2015 reported that
among 5740 data, no women required ventilation or cardio-
pulmonary resuscitation, yet 25% of women had hypoxia (ox-
ygen saturation < 94%). Neonatal cardiopulmonary resuscita-
tion, potentially related to remifentanil, occurred in 0.3%, and
the rate of neonatal supplemental oxygen was 5%. Melber
et al. reported that there were no complications in the centers
that used remifentanil IV-PCA at least 10 times in the past
year, suggesting that experience matters [20••].

Murray et al. report data from Northern Ireland Maternity
System (NIMATS), where remifentanil IV-PCA is a freely
available option for women who prefer this instead of
neuraxial analgesia. Data were retrospectively retrieved from

all obstetric units in Northern Ireland for women who received
remifentanil IV-PCA, diamorphine IM, or neuraxial analgesia
during labor between 2005 and 2014. Throughout the 10-year
period, remifentanil IV-PCA was the most popular form of
labor analgesia, selected by 32% (8170/25617) of women.
Women who selected remifentanil IV-PCA had similar rates
of instrumental and operative delivery, and neonatal Apgar
scores. Neonatal resuscitation and neonatal intensive care unit
admission were not more likely among women choosing
remifentanil IV-PCA. Women were monitored with the con-
stant presence of a midwife, which enables a prompt response
to clinically significant event such as hypoventilation.
Interestingly, there was a low conversion rate to neuraxial
analgesia, rising from 8 to 9% during the 10-year period [21].

Remifentanil Safety

While remifentanil IV-PCA appears to provide efficacious
labor analgesia, there are potential side effects. These include
maternal hypoxia [13, 14], respiratory and cardiac arrest [22••,
23], pruritus, and/or nausea and vomiting [13]. Laboring
women who received remifentanil IV-PCA require a suitable
monitor to alert for apnea [13]. Stocki et al. conducted a
single-center non-blinded randomized controlled trial among
healthy women who had a single fetus and vertex presenta-
tion. Women received either remifentanil IV-PCA, titrated
from 20 μg up to a maximum bolus dose of 60 μg (lockout
interval of 1 to 2 min), or neuraxial analgesia with PCEA
0.1% bupivacaine with 2 μg/mL fentanyl (initiation bolus 15
mL; maintenance bolus 10 mL, lockout interval 20 min, basal
infusion 5 mL/h). The primary outcome was efficacy, and the
secondary outcome was safety [13]. Supplementary oxygen
was administered continuously during the respiratory moni-
toring period. Among 40 women, n = 19 randomized to re-
ceive remifentanil, n = 20 randomized to receive LEA; mean

Figure 1 Data from the Remi-
Safe network, illustrating
increased reporting of cases using
intravenous remifentanil patient-
controlled analgesia for labor.
These data are continually
updated and available online at
https://www.remipca.org/php/en/
index.php#information.
Permission granted for
reproduction by Dr. Andrea
Melber
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respiratory rate and SpO2 were lower in the remifentanil
group, 18 ± 4 versus 21 ± 4 breaths/min and 96.8% ± 1.4
versus 98.4 ± 1.2, respectively. There were 9 apnea events;
all occurred in 5/19 (26.3%) women receiving remifentanil;
Apgar scores and neonatal respiratory outcomes were similar
[22••]. The study authors concluded that while remifentanil
has some efficacy, women should be monitored by someone
able to identify andmanage apnea that does occur. Logtenberg
et al. reported a Dutch national survey to identify severe ad-
verse effects when remifentanil IV-PCA was used in labor.
Sixty-one centers participated, reporting 17 cases of maternal
desaturation; 10 maternal cases of apnea, bradycardia, and/or
cardiac arrest; and two neonatal cases of respiratory depres-
sion, over a period of more than 10 years of remifentanil IV-
PCA use. All serious adverse events were resolved without
irreversible damage.

Tveit et al. performed a prospective, observational study
using stepwise bolus doses of on remifentanil IV-PCA, during
the first and second stages of labor. Laboring women with
normal term, singleton pregnancies were recruited. Safety out-
comes measured included respiratory rate, oxygen saturation,
and maternal sedation, recorded every 15 min. The nadir ox-
ygen saturation was 91%, and respiratory rate was 9 breaths/
min; 11 (27%) women received supplemental oxygen due to
oxygen saturations < 92%. As with previous studies, the au-
thors concluded that maternal sedation and respiratory depres-
sion occur when using remifentanil IV-PCA, and that mater-
nal monitoring is mandatory, yet neonatal data were
reassuring [14].

While the recommendation of 1:1 nursing increases the
chance of identifying respiratory depression [18], this may
not be universally available. The difficulty to provide suitable
staff monitoring is further compounded in the setting of in-
creasing numbers of deliveries and insufficient concurrent
staff increases [10]. Respiratory monitoring, including
capnography, cannot be viewed as an alternative to the pres-
ence of a trained clinician. Such issues currently limit the
widespread adoption of remifentanil IV-PCA as a routine
choice for labor analgesia [10]; thus, other alternative analge-
sic options are required.

Fentanyl

Fentanyl is an opioid, narcotic drug usually administered for
perioperative analgesia or to manage severe pain. Fentanyl has
a high context sensitivity half-life; thus, after continuous infu-
sion over 2 h, when halted, it takes at least 50 min to achieve
50% decrease in plasma concentration. For this reason, most
labor analgesia studies halted fentanyl before second stage of
labor, for neonatal safety.

Marwah et al. performed a retrospective cohort study
(2005–2010) on laboring women (> 24 weeks’ gestational
age) to compare the analgesic efficacy and adverse effects

on neonatal outcome of administering remifentanil (n = 47)
versus fentanyl (n = 51) IV-PCA. Women who received
neuraxial analgesia were excluded. The remifentanil protocol
comprised a PCA bolus 0.25 μg/kg with a lockout interval of
2 min, a 4-h limit of 3 mg, and a background infusion of
0.025–0.05 μg/kg/min, and the fentanyl regime comprised a
PCA bolus 25–50mic with a lockout interval of 3 to 6min and
a 4-h limit of 1–1.5 mg. Outcomes reported included maternal
hourly pain scores, sedation scores, adverse effects, and neo-
natal outcomes. There was no significant difference in pain
scores (recorded on a verbal pain score scale 0–10), between
the two groups, a slight decrease from baseline. There was no
difference in maternal side effects between the two groups,
although transient desaturation was more significantly ob-
served when remifentanil versus fentanyl was administered
(13% versus 2%, respectively). A larger number of neonates,
59%, required resuscitation (bag mask/ventilation-intubation)
after the mother received fentanyl, compared with 25% after
remifentanil [24].

In 2012, Hosokawa et al. investigated the safety of fentanyl
IV-PCA during labor in a single-center retrospective study of
fentanyl use (n = 129) versus no analgesia (n = 697), after
excluding women who underwent cesarean delivery from
the retrospective database. Women were ≥ 35 weeks’ gesta-
tional age, and data were collected from a 3-year period
(2005–2007). The fentanyl IV-PCA was administered with a
loading dose of 0.05 mg fentanyl, followed by bolus injection
of 0.02 mg fentanyl, lockout interval of 5 min, that was initi-
ated at the parturient’s request and discontinued before the
second stage of labor. During labor, both maternal and fetal
heart rates, oxygen saturation as measured by pulse oximetry
(SpO2), respiratory rate, sedation and nausea scores, and neo-
natal outcomes (umbilical arterial pH, Apgar scores) were
recorded. Use of fentanyl IV-PCA was associated with a
prolonged duration of labor and increased the need for
instrument-assisted delivery and oxytocin use. There were
no obvious maternal or neonatal complications of fentanyl
use that were recorded. Although a significantly lower rate
of emergency cesarean delivery was noted, there were unmea-
sured confounders associated with this finding, and the au-
thors noted the possible effect of using IV-PCA on the rate
of maternal request for cesarean delivery [25].

In summary, fentanyl IV-PCA is a possible analgesia option
when neuraxial analgesia is contraindicated. Nevertheless, fen-
tanyl IV-PCA can cause neonatal side effects; thus, naloxone
should be available on the labor ward and a pediatrician should
be available at the delivery.

Nitrous Oxide

Nitrous oxide is an anesthetic gas that affects the N-methyl-D-
aspartate (NMDA) receptor—a glutamate receptor and ion
channel protein found in nerve cells. It has antagonistic
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properties and offers rapid-onset inhaled analgesia. Zandaro
et al. performed a case-control study on 62 women who re-
ceived nitrous oxide versus 124 who did not. Outcomes in-
cluded intensity of nitrous oxide labor pain relief, satisfaction
memory by a retrospective visual analog scale (VAS, 0–10
Numeric Rating Scale), and depression symptoms (measured
by the Edinburgh Postnatal Depression Scale (EPDS)).
Nitrous oxide use was associated with a lasting positive labor
pain relief experience (VAS, 7.3 ± 2.2) in 84% of women, and
labor satisfactionmemory (VAS, 8.9 ± 1.8) in 90% of women,
yet did not influence EPDS subscales upon discharge [26].
The memory of labor pain was measured by asking women
to rate (VAS 0–10) whether they would use nitrous oxide in a
subsequent delivery.

Sutton et al. retrospectively examined characteristics of
146 laboring women who used nitrous oxide (3% of the la-
boring population), to identify prediction criteria for neuraxial
analgesia conversion. Most women who used nitrous oxide
were nulliparous (72%), and women who had expressed an
initial preference for “non-medical birth (52%).” The conver-
sion rate to neuraxial analgesia was 63%, compared to 85%
among women who did not use nitrous oxide. Only a small
number of women used nitrous oxide during labor, analgesia
was minimal, and most converted to neuraxial analgesia [27].

Knowledge Is Power

Disseminating the correct information to pregnant women is
important to enable timely and appropriate decisions about
labor analgesia. There are many varied sources of information
including antenatal courses, and Internet platforms. Sutton
et al. reported labor epidural searches using Google Trends
for US data (2004 to 2015). The Search terms with the most
significant growth were “birth with epidural,” “pain after epi-
dural,” “labor without epidural,” “epidural birth video,” and
“epidural versus natural.” Searches that were increasing rap-
idly were epidural side effects, risks, and pain on insertion [2].
D’Souza et al. evaluated YouTube videos about labor epidural
analgesia (using search key words including epidural, epidural
analgesia, epidural for pregnancy, epidural experience, epidu-
ral risks). The video quality was evaluated using a modified
DISCERN score, a five-question validated instrument that
assesses quality of health information. Videos had over 16
million views, and 13/60 (22%) included non-factual informa-
tion about epidural analgesia [28]. Importantly, videos from
medical sources had a higher mDISCERN score compared
with videos by non-medical sources (P < 0.001). Thus, while
YouTube is an accessible platform for pregnant women to
find information about epidural analgesia, non-factual infor-
mation and low video quality are a problem. The Obstetric
Anaesthetist’s Association and SOAP have online resources
available including alternative analgesia methods [29, 30]. For
women who may be unable to, or desire to, avoid neuraxial

analgesia for labor, accurate information about alternative op-
tions should be available.

The impact of suitable analgesia selection goes beyond
pain relief. Fear of pain during childbirth may be a significant
concern [22••]. Fear of childbirth (FOC) is a subjective expe-
rience that labor and delivery can be frightening [31], leading
to increased use of neuraxial analgesia, despite similar pain
levels to women without FOC. In a study of 143 postpartum
women queried about prior trauma, FOC was most common
among women who had reported their index trauma was pre-
vious labor and delivery [32]. Fear of childbirth was investi-
gated as a secondary analysis in a study where 409 women
were randomized to receive remifentanil versus epidural
[22••]. Those randomized to receive neuraxial analgesia re-
ported FOC more frequently versus women who did not re-
ceive neuraxial analgesia, adjusted odds ratio 3.5, 95%; con-
fidence interval (CI) 1.5–8.2. However, the frequency of FOC
was not different comparing women who received
remifentanil versus woman without analgesia.

During the COVID-19 pandemic, since early 2020, obstet-
ric anesthesia management has been extremely challenging
[33, 34]. The importance of neuraxial anesthesia was
highlighted as a way to avoid general anesthesia, given not
just risks of aspiration and difficult intubationmanagement for
the parturient, but also risks for health care workers managing
intubation with potential aerosol spread of the virus [35].
Another important consideration during Sars-CoV-2 infection
is the severe inflammatory response in pregnant women [36],
necessitating anticoagulation for VTE prophylaxis for preg-
nant women with Sars-CoV-2 infection as they are at in-
creased risk [36]. This leads, as discussed previously, to the
concern of timely cessation of anticoagulants to enable
neuraxial analgesia, and the possibility that alternative analge-
sic measures may be required. Nitrous oxide is contentious
with regard to safety during the pandemic, and some centers
recommended not allowing women with active or recent Sars-
CoV-2 to receive nitrous oxide in labor [37].

Conclusions

Women may request or require alternative labor analgesia, for
example due to concurrent comorbidities. Although women
can easily access information regarding labor analgesia op-
tions, they may not be aware of alternative options, and these
are usually only offered to women who cannot receive
neuraxial analgesia. Remifentanil appears to offer the best
non-neuraxial analgesia; however, safety concerns preclude
widespread use, and maternal morbidity, including cardiac
arrest, has been reported with its use in labor. Other alterna-
tives such as fentanyl and nitrous oxide offer some efficacy,
albeit less than remifentanil, however with a greater safety
margin.
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