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ABSTRACT

Introduction and aim. Labor analgesia is a key component in ensuring maternal comfort during childbirth and impacts several
maternal and neonatal outcomes. The selection of pharmacological and nonpharmacological analgesic methods significantly
affects labor progression, delivery methods, neonatal health, and maternal satisfaction. This systematic review sought to assess
the implications of labor analgesia on these outcomes by synthesizing evidence from various study designs.

Material and methods. Searches on the following electronic databases comprehensively: PubMed, Scopus, Web of Science,
Cochrane Library, Embase, and CINAHL; Using Boolean operators and MeSH terms, six studies were included. These comprised
randomized controlled trials, cohort studies, and observational studies that assessed maternal and newborn outcomes in the
presence of labor analgesia. Data on types of analgesia, onset times, maternal hemodynamic outcomes, labor durations, deliv-
ery modes, neonatal Apgar scores, adverse events and maternal satisfaction were extracted. The exclusion criteria were studies
that did not meet the inclusion criteria, such as reviews, editorials, and non-human studies.

Analysis of the literature. The analysis involved a wide range of studies employing analgesia methods such as epidural, com-
bined spinal-epidural (CSE), programmed intermittent epidural bolus (PIEB), and non-pharmacological interventions. Ropiva-
caine (0.1-0.2%) with fentanyl (7.5-25 pg/mL) was the most commonly used combination. The onset times ranged from imme-
diate to 200 minutes for prolonged durations of PIEB. Labor durations were variable. Some techniques, such as peripheral nerve
blocks, reduced second stage labor by 33.8 minutes, whereas epidural analgesia prolonged labor duration in some cohorts. The
modes of delivery outcomes were characterized by relatively minimal variations in cesarean rates between techniques, while
operative vaginal deliveries were more likely with routine epidurals. Neonatal outcomes were otherwise favorable with nor-
mal Apgar scores, although some studies reported lower 1 minute Apgar scores with epidurals. Adverse events, such as motor
blockade and postdural puncture headaches, were usually technique-dependent and minimal. Maternal satisfaction was high
in all methods, with ultrasound-guided CSE, PIEB, and nonpharmacological methods receiving particularly positive feedback.

Conclusion. Labor analgesia showed overall safety and efficacy but varied impacts on labor duration, mode of delivery, and
neonatal outcomes with the technique used. Although most of them had high maternal satisfaction and stable maternal he-
modynamics, some increased operative deliveries or adverse newborn outcomes. These results underscore the importance of
tailoring analgesic strategies to individual clinical needs to optimize maternal and neonatal outcomes.
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Introduction

Labor analgesia is today a part of routine obstetric prac-
tice to provide relief from pain in labor without risking
the safety and welfare of the mother and fetus.! Pain in
labor results from a multifactorial interaction of phys-
iological processes involving uterine contractions, cer-
vical dilation, and fetal transit through the birth canal,
which activate visceral and somatic afferent nerves.? Un-
relieved, this pain triggers a severe physiological stress
response, expressed as increased catecholamine release,
increased cardiac output, and hyperventilation, which
can adversely affect maternal hemodynamics and fetal
oxygenation.® Successful control of labor pain, thus, not
only provides maternal comfort, but also optimizes ma-
ternal and neonatal outcomes.*

Among the many pharmacologic alternatives, epi-
dural analgesia is well established as the gold standard
for labor pain relief because of its effectiveness and the
potential to preserve maternal awareness and activity
during delivery.>® The procedure consists of the injec-
tion of local anesthetics, usually combined with opioids,
into the epidural space, providing focal and prolonged
pain relief. Despite its benefits, epidural analgesia is con-
troversial with respect to its possible correlation with
adverse outcomes of labor, including prolonged sec-
ond-stage labor, higher instrumental delivery, and ma-
ternal complications, such as hypotension and urinary
retention.” Other pharmacologic approaches, such as
parenteral opioids and nitrous oxide, are employed as
alternatives or adjuncts to epidural analgesia, but tend
to be less effective and accompanied by side effects such
as nausea, sedation, and drowsiness.®

Currently, non-pharmacological methods such as
transcutaneous electrical nerve stimulation (TENS),
hydrotherapy, acupressure, and hypnosis have also be-
come popular, especially in areas where limited medical
intervention is desired or pharmacologic options are not
available.” Although these modalities have demonstrat-
ed some effectiveness in alleviating pain and maternal
satisfaction, their effect on labor outcomes such as labor
duration and mode of delivery is less consistent owing
to inconclusive evidence." Additionally, cultural ac-
ceptability, access to healthcare, and provider skill also
determine the use of pharmacologic versus non-phar-
macologic analgesia between and within systems."

In addition to pain relief, labor analgesia is also cen-
tral to maternal and neonatal health outcomes. Epidural
analgesia has been blamed for prolonged second-stage
labor and rising rates of assisted vaginal delivery rates,
with controversies about its larger implications."? Evi-
dence for its link to cesarean delivery remains con-
flicting, some research attributing increased cesarean
rates of cesareans to confounders in the form of mater-
nal obesity, advanced age, and pre-existing pregnancy
complications and not the analgesic method itself.”® In

the same vein, neonatal outcomes such as Apgar scores,
umbilical cord pH, and the requirement for resuscita-
tion have been the subject of investigation concerning
labor analgesia, with evidence yielding conflicting con-
clusions.'>*?

Considering the pivotal position of labor analgesia
in obstetric practice and its multi-pronged effect on ma-
ternal and neonatal outcomes, it is imperative to have a
systematic assessment of its effects.

Aim

The purpose of this review is to integrate the available
data on the effect of various analgesic methods on key
maternal and neonatal outcomes, such as labor prog-
ress, delivery method, maternal satisfaction, and neona-
tal health indicators.

Material and methods

Inclusion and exclusion criteria

The inclusion and exclusion criteria for this review were
selected with great concern for the selection of relevant
and quality studies. Only studies have been considered
that have compared the effects of labor analgesia, phar-
macological or non-pharmacological on maternal and
neonatal outcomes. Only studies with adequate data on
labor outcome - duration of labor, mode of delivery, lev-
el of maternal satisfaction, neonatal Apgar scores, or any
adverse events reported were considered. For this review,
RCTs, cohort studies, and observational studies conduct-
ed in human subjects who had received analgesia for labor
were considered for this review. Studies were excluded if
they were reviews, case reports, editorials, or conference
abstracts, and if they lacked sufficient outcome data or
focused on analgesia in non-labor settings. Also, studies
involving nonhuman subjects or those not published in
peer-reviewed journals were excluded.

PECOS protocol and PRISMA construction

The PECOS protocol was constructed to align with the
systematic approach mandated by the PRISMA 2020 re-
porting guidelines.”* The population (P) to be exposed
was pregnant women when in labor and delivery. Ex-
posure (E) was any type of analgesia for labor, pharma-
cological or non-pharmacological. The comparator (C)
had no analgesia or alternatives forms of analgesia. Out-
comes (O) encompassed maternal outcomes such as
time elapsed by labor, delivery method as perceived by
the mother, and others. Neonatal results including Ap-
gar scores and adverse events that follow. The eligible
study design (S) included RCT, cohorts, and case series
/ case control studies.

Protocol for database search
Six electronic databases were searched to find relevant
studies for this review, PubMed, Scopus, Web of Sci-
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ence, Cochrane Library, Embase, and CINAHL. The
concept was further refined by having the first set of
terms of all the databases using Boolean operators and
MeSH terms. Some of the concepts that had been used
were “labor analgesia’, “pain management in childbirth’,
“maternal outcomes”, “neonatal outcomes,” and “epidur-
al analgesia” with Boolean terms including AND, OR,
and NOT to narrow the searches. Further narrowing
was done using other MeSH terms such as “Analgesia,
Obstetrical’, “Labor, Obstetric,” and “Maternal Health”
Filters applied for language and type of study, such as
RCTs, cohort, and observational studies.

Data extraction protocol and data items

Data were extracted using a structured protocol to en-
sure consistency and completeness in data extraction.
A standardized data extraction form was developed that
included identifiers (author, year, journal), study design,
population characteristics (age, parity), details of expo-
sure (type of analgesia, administration protocol), details
of the comparator, and reported results (labor duration,
mode of delivery, maternal satisfaction, neonatal Apgar
scores, adverse events). The data were independently ex-
tracted by two reviewers, and any discrepancies were re-
solved by consensus or arbitration by a third reviewer.
This process ensured that all relevant data items were
captured for subsequent analysis.

Bias assessment protocol

The risk of bias was assessed using the ROBINS-I tool*
for nonrandomized studies and Cochrane RoB 2.0 tool
for RCTs.' For ROBINS-I, confounding domains, se-
lection bias, intervention classification and outcome re-
porting were considered in the evaluation. For RoB 2.0
domains that comprise the randomization process, the
deviation of patients from the intended interventions, as
well as selective reporting, were studied. In all of these
areas, risk was considered low, moderate or high risk,
and general bias was applied to all of them.

Protocol for sensitivity analyses

Sensitivity analyzes were conducted to test the robust-
ness of the review findings. The analyzes included ex-
clusion of studies at high risk of bias, excluding study
design-for example-and checking for the effects of key
variables such as maternal age and parity. Subgroup an-
alyzes were performed by type of analgesia used, for in-
stance, pharmacological versus non-pharmacological,
to explore the heterogeneity in outcomes.

Results

The process of selecting the studies was in accordance
with the PRISMA guidelines, which included the stages
of identification, selection, eligibility, and inclusion stag-
es (Fig. 1). In the initial step, 451 records were identified

from databases such as PubMed (81), Embase (91), Sco-
pus (93), Web of Science (53), Cochrane Library (57),
and CINAHL (76). After eliminating 58 duplicate re-
cords, the search was performed for 393 unique records.
No records were excluded in the screening stage and
a total of 393 reports were recovered for assessment. Of
these 355 reports, 38 were not recovered. Of the remain-
ing 355 reports, a total of 343 were excluded because
they did not meet the PECOS criteria (86), were off top-
ic (74), literature reviews (59), these articles (66), or ed-
itorials (58). In addition, 121 records identified through
other methods (websites, organizations, citation search)
were screened, and 28 were not retrieved. Among the
93 evaluated reports, 52 were excluded as in vitro stud-
ies and 41 as animal studies. Finally, 12 new studies "2
were included in the review.

donificaion of new sucis via catabases and rogsers

Fig. 1. Representation of the study selection process for
this review

Baseline variables assessed

The included studies spanned various years, from 2014
to 2024, highlighting a diverse temporal range (Ta-
ble 1).2"%?” From a geographical point of view, they rep-
resented studies performed within different countries:
South Korea, USA, Australia, Brazil, Poland, Taiwan,
Malaysia, Netherlands and China.'”? The study designs
were quite diversified; most of the studies were RCTs
focusing on methodological rigor.'7192023242628 Qther
designs included retrospective observational studies,
retrospective cohorts, controlled before and after co-
horts, prospective sampling, and a non-inferiority tri-
al.1821222527 The sample sizes varied greatly, from as few
as 71 participants to 16,852, reflecting a wide scope of
investigation.?>”® The mean age of participants also dif-
fered between studies, ranging from 21.5 years to the
oldest mean age at 34.25 years, which implies that there
was a wide demographic range of pregnant women.'”?
Mean age was not reported in one study.?”” Follow-up
periods ranged from immediate postpartum periods to
longer durations as six weeks postpartum, or until cer-
tain milestones: neonatal outcomes, or discharge from
the maternity unit."7-22%
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Table 1. Demographic characteristics of the included
studies

. Sample Mean Follow-up
StudyID Year Country Study design e .
) Period
(inyears)
Baeetal” 2023 SouthKorea Randomized controlled 84 3425  Immediate
trial postpartum
Bullingham 2018  Australia ~ Controlled before-and- 397 281  Immediate
etal® after cohort postpartum
Cahilletal™ 2018 USA  Randomized controlled 2414 265 6 weeks
trial postpartum
Galloetal® 2018  Brazil  Randomized controlled 80 215 Discharge from
trial maternity unit
Hinczetal” 2014  Poland Retrospective 5593 302 Neonatal
observational outcomes
Hungetal? 2015 Taiwan  Retrospectivecohort 16852  29.5 Perinatal
period
Kimetal® 2024 SouthKorea Randomized controlled 85 3 Immediate
trial postpartum
Sharawiet 2023 USA  Randomized controlled 140 ~ 30.1  Postoperative
al* trial day 1
Sraetal® 2016 Malaysia  Prospectivesampling 110 287  Immediate
postpartum

Tanetal® 2022 USA Double-blind 132 295  Deliveryand

randomized controlled postpartum
trial day 1
Wassenetal? 2014 Netherlands ~ Randomized non- 488 Not  Not specified
inferiority trial reported
Xuetal® 2020  China  Randomized controlled 71 275 Until delivery
trial

Sample type and type of analgesia

The included studies included various types of sam-
ples (Table 2), such as comparing ultrasound-guided
techniques with palpation-guided techniques, epidur-
al analgesia against controls or dural puncture against
standard epidural techniques.'”?"?*>**? The types of an-
algesia were also vastly different, including combined
spinal-epidural (CSE), neuraxial analgesia, dural punc-
ture epidural, and programmed intermittent epidural
bolus (PIEB).'”!%%2%¢ Other comparator was non-phar-
macological interventions that include massage, exer-
cise and showers.?* Such heterogeneity occurs as these
strategies and their application of analgesia labor is di-
versified.

Dose and regimen

The dose and regimen varied according to the type of
analgesia. Ropivacaine 0.1-0.2% was frequently used
with fentanyl 7.5-25 ug/mL, whereas other studies ad-
ministered boluses of chloroprocaine 15-20 ml.?*%
Other studies utilized standard protocols without de-
tailing the dosages.'”'® This variability highlights insti-
tutional differences in the practices and preferences of
labor analgesia.

Time to onset of analgesia
The onset of analgesia varied from immediate starts
to more delayed onsets as 30-60 min after catheter in-

sertion or 422 seconds after dural puncture epidur-
als.'8222428 PTEB had more protracted onset times, with
the technique taking 200 minutes to begin.** CSE had
quick onset.”” The discrepancies between the onset
times require the choice of technique be made based on
the urgency of the clinical procedure and the needs of
each individual patient.

Labor stage at onset

The onset of analgesia occurred at different stages of
labor. Most interventions started in active labor, with
thresholds for cervical dilation ranging from 2 cm
to 4-7 cm.?®¥ Dural puncture epidurals were started
during presurgical anesthesia, while others targeted the
second stage of labour.”*** The heterogeneity is a re-
flection of the flexibility of analgesia strategies across the
labor stages.

Maternal hemodynamic outcomes

Most studies demonstrated stable maternal hemo-
dynamics without significant hypotension.'7?*32
However, with routine epidural analgesia, increased hy-
potension (9.5% difference).” PIEB produced signifi-
cantly reduced motor blockade compared to continuous
infusion techniques.'® Therefore, most of the analgesic
methods show a high safety profile with minimal occur-

rence of hemodynamic complications.

Length of labor

The effects of analgesia on the duration of labor varied.
Some techniques, such as peripheral nerve block (PNB),
reduced the duration by 33.8 minutes, while nonphar-
macological interventions led to an 18-minute reduc-
tion.?** Conversely, epidural analgesia prolonged both
the first and second stages of labor in some cohorts.*"*
PIEB was associated with shorter second stages com-

pared to continuous epidural infusion.'®

Mode of delivery

The mode of delivery results showed little variation in
the rate of cesareans in most techniques.'”?® There were
increased operative vaginal deliveries among routine
epidural groups and nulliparous groups who received
epidural analgesia.”>”” Nonpharmacological interven-
tions greatly reduced operative deliveries.”® Therefore,
these results indicate that although analgesia tends to
promote vaginal delivery, certain methods would in-
crease assisted delivery rates.

Neonatal outcomes

The newborn results were generally positive in all stud-
ies, with normal Apgar scores reported in most cas-
es.172023:242628 However, epidural analgesia was associated
with lower 1-minute Apgar scores and increased risk of
low cord pH in some cohorts.?"** Therefore, the results
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show that, in general, the newborn is safe from analgesia
methods but sometimes has adverse effects.

Adverse events

The frequency of significant adverse events is small.
Common issues involved include pruritus with CSE,
postpartum dural puncture headaches with dural punc-
ture epidurals, and motor blockage with routine epidur-
als.”»*?” Motor block was substantially lower in PIEB
than it was for continuous infusion.” Thus, adverse
events generally occur infrequently and seem to depend
on technique.

Patient satisfaction

Patient satisfaction was consistently high in all studies,
with ultrasound-guided CSE and PIEB receiving partic-
ularly positive responses.'”'** Non-pharmacological in-
terventions also led to greater satisfaction than standard
care.” This reflects the effectiveness of these techniques
in meeting maternal expectations during labor.

Bias levels observed

The bias assessment across the included studies was an-
alyzed using domain-specific evaluations for each study
type. For RCTs, bias levels across seven domains (D1-
D7) were determined to show heterogeneity in meth-
odological rigor (Fig. 2). Bae et al. and Xu et al. were
assessed as having a moderate overall risk due to mod-
erate concerns in specific domains such as D3 and D6,
respectively.’?® Cahill et al. Gallo et al., and Kim et al.
are in general low risk.'*?** Sharawi et al. and Tan et
al. had low overall risk but presented moderate risks in
specific domains.?** Wassen et al. had moderate overall
risk mainly due to serious concerns in D4.”

Risk of bias domains
[ b3 | b4 |
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Domains: Judgement
D1: Bias arising from the randomization process. .
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

= Some concerns

Fig. 2. Bias levels assessed across the RCTs included in the
review

In cohort studies, the bias assessments were equally
mixed (Fig. 3). Bullingham et al. were rated with mod-
erate overall risk mainly due to moderate concerns in
D2 and D6."® Hincz et al. and Hung et al. were rated with
low general risk with consistent low ratings in most of

the domains except with moderate concerns in D1 and
D5 for Hincz.*"** Sra et al. scored with low general risk
even though there were serious concerns on D2 with
moderate concerns on several of the domains.”

Risk of bias domains
DI [ b2 [ b3 [ D4 | D5 | D6 [ D7 [Overall

Bullingham et al [18] ‘ @ ‘ . . @ . @
_§ Hincz et al [21] @ @ . . . . . .
o Hung et al [22] . ‘ ‘ . @ . ‘ .
Sra et al [25] @ . . @ @ @ @ .
Domains: Judgement
D1: Bias due to confounding.
D2: Bias due to selection of participants. . Serious:

D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low
D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Fig. 3. Bias levels assessed across the cohort studies
included in the review

= Moderate

Sensitivity analyses observations

A sensitivity analysis was performed to evaluate the ro-
bustness of the findings in all the studies included in
the review. Study designs, sample sizes, analgesia tech-
niques, and results were all taken into account to draw
conclusions from the analysis. RCTs, such as those of
Bae et al. Cahill et al., Kim et al., and Sharawi et al., com-
prised the bulk of the database, ensuring methodolog-
ical stringency, while observational and cohort studies,
such as those by Hincz et al. and Hung et al. offered ad-
ditional context of real-world variability.'-'**!"** The trial
by Hung et al. with 16,852 participants, had more weight
in results concerning epidural analgesia but also report-
ed longer duration of labor and higher operative deliver-
ies.”> Conversely, smaller trials such as Bae et al. with 84
participants and Gallo et al. with 80 participants, were
successful in reporting benefits from ultrasound-guided
CSE and nonpharmacological techniques with a higher
level of maternal satisfaction and decreased complica-
tions during the procedure.’”? Although the size of the
subjects was small, consistency of their findings across
multiple parameters assured their reliability.

The nature of analgesia profoundly affected both ma-
ternal and neonatal outcomes. The epidurals differed sig-
nificantly in hemodynamic stability and labor progression
among the continuous infusion, PIEB, and dural puncture
epidurals. Bullingham et al. and Kim et al. found consis-
tent reductions in motor block and second-stage duration
with PIEB by Bullingham et al. and Kim et al., where-
as routine epidural techniques, as described by Wassen
et al., were associated with increased operative delivery
rates and maternal hypotension.'®**?” Gallo et al. and Xu
et al,, respectively, in which consistent benefits were de-
rived in reducing operative delivery rates and enhancing
patient satisfaction, thus agreeing with pharmacological
methods in the context of neonatal safety.** The analysis
has also considered varying follow-up periods that range
from immediate postpartum in Bae et al. and Kim et al. to
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six weeks in Cahill et al.'”*** The long follow-up period
in studies such as those of Cahill et al. enabled maternal
morbidity to be assessed, thereby showing fewer compli-
cations in the postpartum period with immediate pushing
during neuraxial analgesia."” Studies with

Discussion
Impact of labor pain on maternal and neonatal out-
comes
The pain experienced during labor can exert multiple del-
eterious impacts on the mother. For example, pain can
trigger the physiological stress response, disrupt uterine
contractions, extends the time taken to complete labor,
and contributes towards mental health disorders such as
post-traumatic stress disorder or depression postdeliv-
ery.* Labor pain also has been reported to play a very
significant role in the overall increasing rates of Caesare-
an delivery rates around the world.?*? The effects of un-
controlled labor pain could be transmitted to neonates
and can result in complications such as neonatal hypoxia,
metabolic acidosis, cognitive and emotional developmen-
tal problems, and even death in extreme situations.***
Our review offers a new and extensive synthesis
of labor analgesia methods, with a focus on their ef-
fect on maternal and neonatal outcomes. It is the first
to compare various methods, including pharmacolog-
ical methods such as CSE, PIEB, and dural puncture
epidurals, with non-pharmacological methods such as
massage and hydrotherapy.'”'#2°%% In contrast to ear-
lier research, this review discusses variations in dosage
regimens, including ropivacaine-fentanyl combinations
and chloroprocaine boluses, and institutional and prac-
titioner-specific preferences.>? It also discusses differ-
ences in time to onset and stage of labor at initiation,
offering key insights into the flexibility of analgesia
strategies to clinical urgency and patient needs.?**
The findings also highlight the new advantages of
newer methods such as PIEB, which reduces motor
block and hypotension compared to continuous epidur-
al infusions.'®?” The research also measures the extent
to which non-pharmacological methods decrease oper-
ative delivery rates and improve maternal satisfaction,
providing significant alternatives to scenarios where lit-
tle medical intervention is desirable.?* Also highlighted
is neonatal safety, where most methods depict favorable
results, while some procedures such as routine epidurals
are questioned due to their suspected association with
reduced Apgar scores and cord pH alteration.?*

Role and implications of epidural labor analgesia (ELA)
ELA is the most widely used method to treat labor pain.*
It effectively blocks the nociceptive signaling pathways
and reduces maternal stress response.'>'* Emerging ev-
idence suggests that ELA can play a positive role in re-
ducing the risk of postpartum depression and could

probably reduce the risk of long-term depressive disor-
ders.’** The impact of ELA on neonatal outcomes, lac-
tation, and long-term neurodevelopmental pathways is
also being explored.**¢ Findings in such areas are not
conclusive enough and warrant further research to es-
tablish clarity on the long-term implications associated
with this widely used analgesic approach.

Findings from included studies in this review

The findings of the studies included in this review
showed similarities and differences in the implications
of labor analgesia on the outcomes of both the moth-
er and neonate. The main reason for the variability
was the variation in the methods, regimens, and pop-
ulations used for the studies. Several studies, including
Bae et al., Xu et al., and Sra et al. demonstrated that ul-
trasound-guided CSE and peripheral nerve blocks im-
proved maternal outcomes, reducing complications
from procedure and length of second-stage labour.'”2>28
This was consistent with what Gallo et al. showed re-
garding operative deliveries and neonatal results that
were lower compared to the group receiving pharmaco-
logical interventions.” However, Hincz et al. and Hung
et al. pointed out that epidural analgesia was protective
against cesarean delivery, but had the disadvantages of
prolonged labor durations and increased operative vag-
inal deliveries, demonstrating that different results were

21,22

found based on the type of analgesia.

Maternal hemodynamic stability

Regarding hemodynamic stability, most reports indicat-
ed that there was no statistically significant hypotension
from studies such as Sharawi et al. Tan et al., and Kim
et al.»?*? However, Wassen et al.”’ reported increased
maternal hypotension with routine epidural tech-
niques, which means that there is some divergence in
safety profiles.” PIEB, evaluated by Bullingham et al.,'8
had significant decreases in motor blockade from start
to termination compared to a continuous infusion, as
previously found and discussed in improved safety and
efficacy such as in Sra et al.” Results of neonates were
relatively good across most studies and were frequent-
ly given normal Apgar scores similar to studies such as
Cahill et al., Sharawi et al., and Xu et al.'*?*?® However,
there was a trend for higher risks of adverse neonatal
outcomes, including lower 1-minute Apgar scores and
increased risk of low cord pH, in some cohorts receiving
epidural analgesia, as reported by Hincz et al. and Hung
et al.*»** These differences underscore the importance of
careful technique selection with appropriate consider-
ation to maternal and neonatal safety considerations.

Adverse events and patient satisfaction
Adverse events were generally minimal but tech-
nique-dependent. PIEB and non-pharmacological
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methods had lower incidences of complications, as
highlighted by Bullingham et al. and Gallo et al.***° Con-
versely, dural puncture epidurals (Sharawi et al.**) and
routine epidurals (Wassen et al.”’) were associated with
specific issues such as headaches after puncture and
motor blockade, underscoring the importance of meth-
od-specific evaluations. Patient satisfaction was uni-
formly high for all techniques, most favorable responses
to ultrasound-guided CSE by Bae et al., PIEB by Kim et
al., and non-pharmacological interventions by Gallo et
al.'72 Thus, this uniform satisfaction may suggest that
most of the techniques do meet the expectations of their
patients, although clinical results might vary.

Comparison with other reviews
The findings of the studies presented in this review show
a number of tangential similarities, as well as differences
with the other reviews conducted in this same regard.””*2
Both our review and the studies by Halliday et al., Cal-
lahan et al., and Lu et al. recognized epidural analgesia
(EA) as the most effective and widely used method for
pain relief during labor.*”**2 The conclusions regarding
the relationship of EA with the duration of first and sec-
ond stages of labor were concurred in with the results
reported by Callahan et al. and Lu et al., where a similar
prolongation was observed in our results.* Also, the
negative finding on increased rates of cesarean delivery
after EA agreed with the conclusion reported by Callah-
an et al.* As reported by Liu et al., the decreased post-la-
bor maternal depressive symptoms correlated well with
our review’s observations that techniques such as PIEB
and non-pharmacological interventions have high ma-
ternal satisfaction levels.* Furthermore, the observation
of transient maternal hypotension with EA, which was

Both our review and that of Guasch et al. noted ad-
vantages of CSE techniques: faster onset of analgesia
with minimal effect on neonatal Apgar scores, ensuring
their efficacy over standard EA.** Although our review
identified an association of specific epidural techniques
with an increased incidence of operative vaginal de-
livery, Callahan et al. noted that improvements such
as low-concentration local anesthetics and PIEB have
reduced this risk; more recent studies have failed to
demonstrate a significant difference between EA and
nonepidural analgesia.* This may represent a change in
practice regarding the use of anesthesia. Unlike our re-
sults, where neonatal outcomes such as 1-minute Apgar
scores and cord pH were sometimes affected, Callahan
et al. and Liu et al. repeatedly reported no neonatal ad-
verse effects and better acid-base status was found in ne-
onates whose mothers received EA.*"42

Luetal. and Liu et al. highlighted the elevated risk of
intrapartum maternal fever with EA that was identified
less often in our summary.***! This is likely due to dif-
ferences in the study population, the definition used for

fever, or the type of analgesia applied. While Halliday et
al. have pointed out significant heterogeneity in epidural
technique research and a lack of standardized outcome
reporting, our review has focused on synthesizing find-
ings across diverse study designs and methods. This di-
vergence points to a methodological limitation in both
bodies of research.”

Limitations of the review

Although systematic, has a number of limitations that
must be acknowledged. First, the included studies were
highly heterogeneous with respect to sample populations,
analgesia methods, doses, and outcomes, which could re-
duce generalizability of the results. For example, varia-
tion in institutional practice and regional taste dictated
the selection and delivery of analgesia, resulting in het-
erogeneity of the results. Second, the heterogeneity in the
timing of onset of analgesia, from the initiation of labor
to the second stage of labor, complicates the comparison
across studies. Third, some studies did not report high
levels of detail on dosing regimens or information, which
can affect the interpretation of efficacy and safety profiles
of particular methods. An additional limitation was the
reliance on various study designs, e.g., RCTs and obser-
vational studies. Although this allows for more richness
in the analysis, it generates potential for bias because ob-
servational studies are more vulnerable to confounding.
Furthermore, some of the included RCTs had small num-
bers, which could decrease statistical power to identify
significant differences or rare adverse effects. Although
sensitivity analyzes were performed to try to minimize
these issues, the strength of evidence from larger trials
could overbalance valuable findings from smaller trials.
Brief follow-up intervals in most studies also constrain
the ability to evaluate long-term maternal and neonatal
outcomes, e.g. postpartum complications or neurode-
velopmental impact. The absence of consistent outcome
measures, especially for patient satisfaction and maternal
hemodynamics, is also a problem in synthesis and com-
paring across studies. Furthermore, although bias evalu-
ation was undertaken, moderate risks of bias in certain
domains, especially in observational studies, remind us
to be cautious when interpreting the results.

Recommendations for future research and implications
The focus of future research should be placed on multi-
center trials with standardized protocols for reducing
variability in methods and dosages of analgesia. Further
studies would be required to explore the long-term out-
comes of mother and newborn resulting from differing
analgesia techniques, especially in the population or clini-
cal settings. Integration of patient-reported outcomes, in-
cluding satisfaction and quality of life, would be beneficial
in offering a more holistic understanding of the effective-
ness of labor analgesia. Other studies on cost-effectiveness
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may be useful to inform the use of resources in clinical
practice. Lastly, filling gaps in the evidence for non-phar-
macological interventions could be useful in the explora-
tion of alternative approaches to managing labor pain.

Conclusion

This systematic review was shown to have generally ef-
fectiveness and safety, with a high level of maternal sat-
isfaction and favorable neonatal outcomes for labor
analgesia. However, the effects of labor duration, mode
of delivery and maternal or neonatal adverse events
were quite varied depending on the type of analgesia
used. Although non-pharmacological techniques and
PIEB had benefit in reducing operative deliveries and
diminishing adverse events, routine epidural techniques
were associated with an increased incidence of maternal
hypotension and prolonged labor in some cases. There-
fore, it calls for the tailoring of analgesic approaches to
specific clinical needs and maternal preferences.
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