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Abstract
Introduction: Epidural analgesia (EA) is an established option for efficient intrapar-
tum analgesia. Meta-analyses have shown that EA differentially affects the first stage 
of labor but prolongs the second. The question of EA timing remains open. We aimed 
to investigate whether EA prolongs delivery in total and whether the EA administra-
tion timing vis-à-vis cervical dilation at catheter insertion is associated with a modula-
tion of its effects on the duration of the first and second stages, as well as the rate of 
instrumental vaginal delivery in primiparas and multiparas.
Material and methods: A retrospective electronic medical records-based study of 
18 870 singleton term deliveries occurring in our institution from 2003 to 2015. 
Cervical dilation was determined within a half-hour of EA administration. We ex-
amined whether cervical dilation at EA administration correlated with the duration 
of the first and/or second stage, with the rate of prolonged second stage, and with 
the rate of interventional delivery. The study group was stratified to 10 subgroups 
defined by 1-cm intervals of cervical dilation at EA administration. Logistic regres-
sion modeling was applied to analyze the association between EA timing and rate of 
instrumental delivery while controlling for possible confounders.
Results: In primiparas, receiving EA correlated with longer medians of active first 
stage (+51 minutes; P < .001) and second stage (+55 minutes; P < .001). In mul-
tiparas, median increases in active first stage (+43 minutes; P < .001) and second 
stage (+8 minutes; P < .001) were noted. The timing of EA, vis-à-vis cervical dilation 
(1-10 cm) was not associated with a substantial modulation of these effects. Logistic 
regression showed that cervical dilation at EA was not associated with a higher in-
strumental vaginal delivery rate.
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1  | INTRODUC TION

For many women, the process of labor and delivery causes severe 
pain. Labor pain is amenable to safe intervention; maternal request 
for pain relief is sufficient indication for analgesia provision, in the 
absence of medical contraindications, as in any other patient care 
situation.1 One of the most effective types of obstetric analgesia 
is regional neuroaxial (epidural and spinal) anesthesia.2 While its 
limitations and associated risks are known,1,3 including hyperpy-
rexia, hypotension and motor blockade, epidural analgesia (EA) is 
employed in more than 60% of deliveries in Western countries2,4,5 
with a high degree of patient satisfaction.2 EA is a risk factor for 
prolonged second stage (PSS) and higher rates of instrumental 
vaginal deliveries (IVD), but not cesarean deliveries,1,2 though 
some disagreement exists whether it increases the risks for these 
outcomes.6-9 There is no known optimal timing for EA administra-
tion, vis-à-vis maternal cervical dilation, during the birth process. 
In meta-analyses and other research, no differences were found in 
rates of cesarean delivery, PSS rates or impact on neonatal Apgar 
score, when parturients received EA “early” or “late,” eg, before or 
after 4 cm cervical dilation. Similarly, it is undetermined whether 
EA timing affects the duration of the first stage of labor,2,10-13 or 
such delivery outcomes as the length of the second stage, or ma-
ternal and fetal outcomes, especially in multiparas.2,12

Since “Friedman's curve” was established in 1955,14-17 the first 
stage of labor has traditionally been divided into the passive and ac-
tive phases, according to cervical dilation, with the active phase var-
iously defined as commencing from a cervical dilation of 3 or 4 cm,18 
or from at least 5 cm.19,20 Ever since the 2000 American College 
of Obstetricians and Gynecologists (ACOG) recommendation to 
delay EA administration in nulliparous women until cervical dilation 
reaches 4 cm21 (as a measure to decrease cesarean delivery rates), a 
common practice was established to delay EA until labor is active. 
This recommendation was reversed by ACOG two years later.2 In 
recent years19,22 the definition of the active phase of the first stage 
of labor has been readdressed. In designing the present study, we 
were mindful of that reconsideration.

We aimed to determine whether the cervical dilation observed 
at the time of EA administration correlates with the duration of the 

labor stages and with rates of IVD and PSS, in primi- and multiparas. 
A large cohort was collected to allow for subgroup analyses of cervi-
cal dilation strata. This analysis can guide caregivers in provision of 
maternal pain relief when it is requested.

2  | MATERIAL AND METHODS

This was a retrospective electronic medical records-based study of 
18 870 singleton term vaginal deliveries, occurring in our medical 
centers from 2003 to 2015. Oxytocin-induced labors and cesarean 
deliveries (both planned and unplanned) were excluded to isolate 
the effects of EA while obviating the effects of induction, on the 
progress and duration of the first and second stages of labor. Cohort 
selection is detailed in Figure 1. Collected obstetric background data 
included maternal demographic parameters (age, parity, smoking 
status, diabetes) and neonatal demographics (sex, gestational age, 
birthweight, head circumference). The authors extracting and ana-
lyzing data (M.L., E.A.N., S.M.C., J.G.) were not involved in patient 
care; the ward staff who recorded data in real time at the point of 
care were not aware of the study. Cervical dilation within 30 minutes 
of the time of EA administration was determined from the times of 
cervical examination and EA administration recorded in the patients’ 
labor ward files.

The core outcome sets included the length of the active first 
stage (defined for the purposes of this study as being from 6 cm 
cervical dilation) or second stage of labor; incidence of IVD (forceps 
or vacuum); the rate of PSS; and the rate of maternal or neonatal 

Conclusions: Epidural analgesia prolonged the first and second stages of labor vs 
no epidural. Having EA was associated with a higher instrumental delivery rate but 
not with higher rates of maternal or neonatal complications, in primi- and multipa-
ras. Importantly, the timing of EA, vis-à-vis cervical dilation, was not associated with 
substantial changes in the duration of labor stages or the instrumental delivery rate. 
Thus, EA may be offered early in the first stage of labor.

K E Y W O R D S

duration of labor, epidural analgesia, first stage of labor, instrumental deliveries, multiparas, 
primiparas, second stage of labor

Key message

The timing of epidural analgesia, based on cervical dila-
tion at administration, is not associated with labor dura-
tion or the rate of instrumental delivery, beyond its known 
effects. Epidural analgesia may be provided early in labor 
without compromising obstetric outcomes.



     |  3LIPSCHUETZ ET aL.

outcome parameters, to include: postpartum hemorrhage, 3rd or 
4th degree perineal tear, need for episiotomy, low 5-minute Apgar 
score, abnormal umbilical artery pH or Neonatal Intensive Care Unit 
admission.

To analyze the association of cervical dilation at the time of EA 
administration with the duration of the first stage of labor, it was 
necessary to define one point at which the clock would start for 
all women in the cohort. Therefore, the active phase of the first 
stage of labor was defined as beginning from a recorded cervical 
dilation of 6 cm, concluding at 10 cm (full dilation). Files without 
documentation of cervical dilation measurement of 6 and 10 cm 
were excluded.

The duration of the second stage of labor was entered as the 
time from full dilation until delivery (time in minutes). According 
to the ACOG guidelines,23 the second stage of labor was con-
sidered “prolonged” (as a dichotomous variable) when exceeding 
3 hours with EA and 2 hours without EA in primiparas; in multi-
paras the respective lengths were 2 hours with EA and 1 hour 
without.23

In the literature, EA use has not been found to be a risk factor 
for cesarean delivery.1,12 The great majority of parturients with or 
without EA, who delivered by cesarean section, did not have an elec-
tronic medical records entry for 10 cm cervical dilation and therefore 
did not meet the inclusion criteria. However, to investigate whether 
EA administration was associated with a risk of cesarean delivery, 
we performed a Cox hazard analysis of all deliveries in this cohort 
and the duration of delivery from 6 cm (or 3 cm) cervical dilation to 
delivery, to examine the risk of unplanned cesarean delivery in par-
turients with EA and those without, according to the cervical dilation 
at the time of EA administration.

A previously published randomized double-blinded controlled 
trial from our medical center24 demonstrated the equivalence of 
the two EA regimens in primiparas. No differential effects on labor 

duration and neonatal or maternal complications profiles were 
demonstrated in that study. Since its publication in 2009, EA has 
been provided at our centers with a patient-controlled epidural an-
algesia (PCEA) apparatus administering .1% bupivacaine + .0002% 
fentanyl, 5 mL/hr background dose, plus additional self-administered 
10-mL bolus, possible every 20 minutes, to a maximum of 35 mL/hr. 
Based on the equivalence of both regimens,24 no sub-analysis of pre- 
and post-2009 cohorts was performed.

The above analyses were repeated based on a cohort of parturi-
ents with a cervical dilation measurement of 3 cm (8908 primiparas 
and 15 003 multiparas), and for which the active first stage of labor 
duration was calculated from cervical dilation of 3 to 10 cm. This 
sub-cohort analysis appears in Supporting Information Table S2 and 
Figures S2-S4.

2.1 | Statistical analyses

Statistical analysis was performed with SPSS 24 for Windows (IBM 
Corp., Armonk, NY, USA); R Software, Version 3.2.3 (R Foundation 
for Statistical Computing, Vienna, Austria); and Office EXCEL 2010 
(Microsoft, Seattle, WA, USA). Dichotomous variables were com-
pared with the χ2 test, log-likelihood ratio (G-test) or Fisher exact 
test in cases of small numbers, as appropriate; the Mann-Whitney 
U test was applied to analyze differences in continuous variables. 
Post-hoc tests, the Dunn test with Bonferroni correction for multi-
ple comparisons for continuous variables and the Bonferroni test for 
categorical variables were performed. Logistic regression modeling 
was applied to examine the adjusted odds ratio for IVD, stratified 
by the time of EA insertion, compared with cases without EA, while 
controlling for possible confounders. Cox hazard analysis was ap-
plied to examine the risk for unplanned cesarean by the time of EA 
insertion, compared with cases without EA.

F I G U R E  1   Study design flowchart. In orange – exclusion criteria. CD, cesarean deliveries [Color figure can be viewed at 
wileyonlinelibrary.com]
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2.2 | Ethical approval

Our institutional ethical review board (IRB) approved the study 
(HMO-0632-15 10/01/2016).

3  | RESULTS

In our medical centers, there are ~10 000 deliveries annually; 27% 
are primiparas. Most term, singleton deliveries (77.4%) are sponta-
neous vaginal deliveries (65% of primiparas and 82% of multiparas); 
6.8% are IVDs (16% among primiparas and 3% in multiparas). The 
rate of unplanned cesarean deliveries is 8.3% (14% among primipa-
ras and 6% in multiparas) and 7.5% of deliveries are planned cesar-
ean deliveries (4.6% of primiparas and 8.6% of multiparas) (Figure 1).

The study cohort included 18 870 singleton, term, vaginal deliv-
eries in spontaneous labor, whose labor files included recorded mea-
surements of a cervical dilation of 6 cm, indicative of the beginning of 
the active phase of the first stage of labor, and 10 cm, indicating the 
commencement of the second stage. Multiple gestations, induced 

labors and cesarean deliveries were excluded from the study. The 
Cox hazards analysis examines the hazard of unplanned cesarean 
delivery; in all other analyses, cesarean deliveries were not included.

3.1 | Delivery outcomes with and without EA

We found that 30% (5676) of the cohort were primiparas, 79% (4469) 
of whom received EA. Among multiparas, 58% (7,602) received an 
epidural (Table 1).

The median durations of the active first stage of labor (6-10 cm), the 
2nd stage of labor, as well as the total time from 6 cm to delivery, were 
longer among both primi- and multiparas receiving EA as compared with 
those without (as shown in Table 1 and Figure 2). Overall, EA-treated 
labor duration was longer in primiparas, from 6 cm to delivery, by about 
1.75 hours (106 minutes), and in multiparas by 51 minutes (Figure 2).

The rate of a PSS of labor (exceeding 3 hours in primiparas or 
2 hours in multiparas receiving EA, and 2 and 1 hours without EA, re-
spectively) was not significantly higher among primiparas receiving 
EA than those not receiving EA, whereas among multiparas the rate 

TA B L E  1   Demographic, maternal and neonatal outcome data for the cohort with active first stage of labor defined as 6-10 cm

Demographic data

Primiparae (n = 5,676) Multiparae (N = 13 194)

Epidural No epidural P* Epidural No epidural P*

n 4469 (78.7%) 1207 (21.3%)  7602 (57.6%) 5592 (42.4%)  

Age (years) 25.9 (± 4.3) 24.6 (± 4.3) <.001 30.6 (± 5.0) 30.1 (± 5.4) <.001

Smoking 25 (2.3) 188 (4.5) <.001 359 (5.0) 133 (2.5) <.001

Gestational diabetes 38 (1.0) 9 (.9) .858 117 (1.8) 70 (1.5) .137

Male fetus 2273 (50.9) 627 (51.9) .516 4081 (53.7) 2902 (51.9) .042

Gestational age (weeks) 39.6 (± 1.08) 39.5 (± 1.12) <.001 39.5 (± 1.11) 39.5 (± 1.18) .004

Neonatal head circumference 
(cm)**

34.4 (± 1.18) 34.1 (± 1.12) <.001 34.5 (± 1.14) 34.3 (± 1.13) <.001

Neonatal birthweight (g) 3274 (± 388) 3237 (± 371) .009 3415 (± 408) 3364 (± 409) <.001

Maternal and neonatal outcome data

First active stage duration 
(min): [6-10 cm]

170 (102-258) 119 (62-211) <.001 93 (49-160) 50 (25-99) <.001

Second-stage duration (min) 101 (56-147) 46 (25-84) <.001 16 (9-37) 8 (5-14) <.001

Instrumental delivery 1035 (23.2) 159 (13.2) <.001 398 (5.2) 107 (1.9) <.001

Prolonged 2nd stage 546 (12.2) 144 (11.9) .804 274 (3.6) 132 (2.4) <.001

Episiotomy 1299 (29.1) 351 (29.1) 1 361(4.7) 138 (2.5) <.001

Third and fourth degree 
perineal tear

42 (.9) 17 (1.4) .152 14 (.2) 4 (.1) .097

5 min Apgar score ≤7 25 (.6) 5 (.4) .658 7 (.1) 10 (.2) .220

Umbilical cord blood at birth 
pH ≤7.1a

19 (1.5) 2 (.7) .403 10 (.5) 1 (.1) .059

NICU admission 20 (.4) 2 (.2) .199 19 (.2) 22 (.4) .155

Note: Bold indicates statistically significant values.
Data are mean (± SD), median (interquartile range), number (%).
aPrimiparas (n = 1570), multiparas (n = 3588). 
*comparing ± EA using Chi-square or Fisher's exact test or Mann-Whitney U test, as appropriate. 
**Recorded since 2010: Primiparas (n = 2322), multiparas (n = 5452). 
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was 3.6% (n = 274) in women receiving EA vs 2.4% (n = 132) in those 
not receiving EA (P < .001) (Table 1).

The rate of IVDs was higher in women with EA than those with-
out, in both first and subsequent deliveries, but no significantly 
higher rates of episiotomies, anal sphincter injuries, low Apgar 
scores, abnormal umbilical cord pH or neonatal intensive care unit 
admission were observed in primi- and multiparas (Table 1).

3.2 | Timing of epidural analgesia vis-à-vis cervical 
dilation at administration

To test whether the timing of EA administration (in terms of cervi-
cal dilation) was associated with the duration of the first or second 
stages of labor, we divided the study cohort to successive strata 
based on cervical dilation at the time of epidural catheter insertion 

(± 30 minutes from insertion) and analyzed the duration of the stages 
of labor in each stratum.

Figures 3 and 4, respectively, present graphically the medians 
and interquartile ranges of the first and second stage duration in 
parturients who received EA, from 1 cm cervical dilation onwards. 
The figures show that over 50% of parturients underwent epidural 
catheter insertion between cervical dilations of 3-4 cm in primi-
paras (Figure 3A) and 4-5 cm in multiparas (Figure 3B). Of note is 
the observation that the median first-stage duration was markedly 
shorter when EA was administered before 5 cm dilation (Figure 3). In 
primiparas who received the epidural at 1-4 cm cervical dilation, the 
duration of the active first stage was shorter by 10-25 minutes than 
the median of all EA recipients (170 minutes; Figure 3A). Among mul-
tiparas who received EA at 1-4 cm cervical dilation, the active first 
stage was shorter by about 20 minutes than the median (93 minutes; 
Figure 3B).

F I G U R E  2   Median and interquartile 
intervals for the length of the active first 
stage (A) and second stage (B) of labor 
in primiparae and multiparae, with and 
without epidural analgesia. % refers to 
change in medians [Color figure can be 
viewed at wileyonlinelibrary.com]
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Differences were less marked in the duration of the second 
stage. Primiparous women (Figure 4A) who received their EA at 
5-7 cm cervical dilation had a shorter second stage than those who 
received it at 1 cm (up to 20 minutes). A similar trend was observed 
in multiparas (Figure 4B). The second stage of labor was only spo-
radically longer (2 cm, 9 cm strata), by 8-10 minutes, except for the 
small 1-cm stratum, where a median increase of 18-20 minutes was 
observed.

3.3 | Mode of delivery and PSS

Beyond the observed prolongation of the active first or second stage 
of delivery associated with EA, we queried whether the cervical di-
lation at the time of epidural insertion modulated the rates of IVD 

and clinically defined PSS of labor. Figure 5 shows the rates of IVD 
for each stratum of cervical dilation at the time of epidural catheter 
insertion. These variations were not statistically significant (with 
Bonferroni test for multiple comparisons) in primiparas (Figure 5A). 
Among multiparas, parturients who received EA at 1 cm dilation 
had a 20.5% rate of IVDs, which was statistically significantly higher 
than when EA was provided at 4-6 cm dilation (4.2%-4.7% IVDs) 
(P < .001); and between EA insertion at 3 to 5 cm (8.2% vs 4.2%, 
P < .001; Figure 5B).

Logistic regression was applied to examine the association 
between cervical dilation stratum at EA administration and IVD, 
while controlling for possible confounders including birthweight, 
maternal age, infant sex and neonatal head circumference (HC) 
(Table 2). Our earlier work showed strong associations between 
neonatal measurements and the rate of IVD.25 Indeed, logistic 

F I G U R E  3   Median and inter-quartile 
intervals for the length of the active 
first stage of labor, stratified by cervical 
dilation at the time of epidural catheter 
insertion, in primiparae (A) and multiparae 
(B) with epidural analgesia (EA). The 
dashed and solid vertical lines show 
the median first-stage duration of the 
whole cohort with and without epidural 
analgesia, respectively [Color figure can 
be viewed at wileyonlinelibrary.com]
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regression modeling showed that HC was strongly associated 
with an outcome of IVD, with an adjusted odds ratio of 1.70 (95% 
confidence interval [CI] 1.05-1.90) in primiparas and 2.13 (95% CI 
1.80-2.53) in multiparas. The adjusted odds ratios for IVD in each 
cervical dilation stratum were not increased over and above the 
odds of IVD observed for the overall study group receiving EA, 
as compared with women laboring without EA. Neonatal HC was 
available for only approximately half of the study group. Repeating 
the analysis on the whole cohort did not change the directionality 
of the observed trends.

To examine the risk of unplanned cesarean delivery in parturi-
ents with EA and those without, according to the cervical dilation at 
the time of EA administration, we performed a Cox hazard analysis 
of all deliveries in this cohort and the duration of delivery from 6 cm 
(or 3 cm) cervical dilation to delivery. The results of the Cox haz-
ard analyses are shown in Supporting Information Figure 1A and 1. 

Timing of EA administration was not significantly associated with an 
increased risk of cesarean delivery. The hazard ratios for unplanned 
cesarean delivery did not differ significantly among the cervical dila-
tion strata (Table 1, Figure 1).

The overall rate of PSS (as a dichotomous variable) was not in-
creased among primiparas with EA (12.2%) than those without 
(11.9%) (P = .804) (Table 1). When the cohort was stratified according 
to the cervical dilation at the time of epidural catheter insertion, using 
Bonferroni correction for multiple comparisons, no statistically sig-
nificant differences were found in the PSS rates (Figure 6A). Among 
multiparas, the rate of PSS overall was higher in women receiving EA 
(3.6%) than in those not receving EA (2.4%) (P < .001). When the co-
hort was stratified by cervical dilation at the time of epidural catheter 
insertion it was observed that parturients receiving EA at 1 and 3 cm 
had PSS rates significantly higher than those receiving EA at 4-7 cm, 
using Bonferroni test for multiple comparisons (Figure 6B).

F I G U R E  4   Median and interquartile 
intervals for the length of the second 
stage of labor, stratified by cervical 
dilation at the time of epidural catheter 
insertion, in primiparae (A) and multiparae 
(B) with epidural analgesia (EA). The 
dashed and solid vertical lines show the 
median second-stage duration of the 
whole cohort with and without epidural 
analgesia, respectively [Color figure can 
be viewed at wileyonlinelibrary.com]
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The above analyses were repeated based on a cohort of par-
turients with a cervical dilation measurement of 3 cm (n = 23 911; 
8908 primiparas and 15 003 multiparas) and for which the active 

first stage of labor duration was calculated from cervical dilation 
of 3-10 cm. This sub-cohort analysis appears in the Table S2 and 
Figures S2-S4.

F I G U R E  5   Rates of instrumental 
vaginal deliveries (IVD) by cervix dilation 
at epidural analgesia (EA) administration, 
in primiparae (A) and multiparae (B). 
Connectors between columns show the P 
values of between-strata post hoc tests 
(with Bonferroni correction for multiple 
comparisons, P < .001 was considered 
statistically significant) [Color figure can 
be viewed at wileyonlinelibrary.com]

variable

Primiparae (n = 2319*) Multiparae (n = 5448*)

P 
value aOR 95% CI

P 
value aOR 95% CI

No epidural analgesia Reference group Reference group

EA at 1 cm cervical dilation .09 1.88 .90-3.92 .212 3.80 .47-30.96

EA at 2 cm cervical dilation <.001 2.29 1.46-3.60 .045 2.67 1.02-6.97

EA at 3 cm cervical dilation <.001 2.34 1.66-3.29 <.001 3.27 2.01-5.30

EA at 4 cm cervical dilation .01 1.53 1.10-2.13 <.001 2.39 1.59-3.60

EA at 5 cm cervical dilation .02 1.79 1.24-2.61 <.001 2.33 1.98-3.63

EA at 6 cm cervical dilation .01 1.87 1.29-2.71 .002 2.12 1.33-3.40

EA at 7 cm cervical dilation .032 1.85 1.05-3.24 .004 3.02 1.44-6.38

EA at 8 cm cervical dilation .179 1.79 .76-4.23 .720 1.50 . 19-10.96

EA at 9 cm cervical dilation .520 1.59 .39-6.46 .001 14.7 2.92-74.1

EA at 10 cm cervical dilation .055 3.21 .98-10.51 .217 3.73 . 46-30.06

Neonatal head circumference 
(cm)

<.001 1.70 1.50-1.90 <.001 2.13 1.80-2.53

Birthweight (kg) <.001 . 23 .16-.32 <.001 .19 .12-.31

*Number of files containing complete information regarding neonatal biometric measurement. 

TA B L E  2   Logistic regression 
modeled adjusted odds ratios (aOR) for 
instrumental deliveries, controlling for 
maternal age, fetal sex, neonatal head 
circumference and neonatal birthweight, 
based on a subset of cases for which 
biometric measurements were available
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4  | DISCUSSION

We investigated whether the timing of EA vis-à-vis cervical dilation 
at the time of catheter insertion is associated with exacerbation of 
the known impact of EA on labor duration and the rate of IVD. The 
cervical dilation at the time of EA administration was not associated 
with clinically relevant amplification of the demonstrated prolonga-
tion of the first (Figures 3 and S3) and the known prolongation of 
the second2,12 stages of labor; indeed, the earlier EA was adminis-
tered prior to 5 cm dilation, the more the first stage duration was 
reduced, similar to the known literature.11,12 Nor did the timing of 
EA administration appear to be associated with higher rates of IVDs 
when controlling for possible confounders. These results held true 
for both primi- and multiparas and whether the active first stage was 
measured from 3 or 6 cm cervical dilation.

Our findings are in agreement with other studies that have 
found that EA somewhat prolongs delivery duration.1,26 Shmueli 
et al27 found that the second stage was prolonged with EA by 
50 minutes in primiparas and 6 minutes in multiparas. This same 
group has shown that a large HC was also associated with PSS, both 
in women receiving EA and in those without.28 Wong et al in 20059 
and Ohel et al in 200611 were the first to describe that the first stage 
of labor was shorter in early, low-dose, EA administration.12 When 
included with other studies, it is clear from a Cochrane review that 
earlier administration favors shortening of the first stage.12 Similar 
findings (eg, reduction of first-stage duration in comparison with no 
intervention or systemic opiate analgesia, non-clinically significant 

prolongation of the second stage) were recently summarized in an-
other Cochrane review.2

In concurrence with our findings, earlier studies also found that 
the risks for cesarean or instrumental deliveries, PSS, neonatal Apgar 
score ≤5 and umbilical artery pH ≤7.1 did not differ among parturients 
receiving early vs late EA administration.11,12 We found no clinically 
significant differences in the rates of IVD or other maternal and neona-
tal outcomes among cervical dilation strata. The very low overall rate 
of maternal and neonatal complications precludes sufficient power to 
generalize from the non-significant results. The observed increase in 
IVD in women receiving EA at 9-10 cm cervical dilation may partly be 
explained by management decision-making based on an assessment of 
maternal exhaustion that may lead to the need for intervention.

Our study, as well as the others mentioned, are clinically redefin-
ing the fickle and subjective notion of early vs late in the labor con-
tinuum. Our study adds to the debate by refining “early” and “late” 
by stratifying administration to cervical dilation subgroups. A recent 
randomized controlled trial8 replaced the anesthetic with placebo 
at the transition to the second stage, in women that received EA 
in the first stage of labor. The investigators found no difference in 
second-stage duration or the rate of IVD between treatment and 
placebo groups. However, women who received placebo reported 
lower treatment satisfaction.8 These results tend to support our 
finding that the timing of EA administration in the first stage of labor 
is not a significant factor in the extension of the second stage.

The present study has the advantage of a very large study 
group. The people involved in data extraction and analysis were not 

F I G U R E  6   Rates of prolonged second 
stage (PSS) of labor by cervix dilation at 
epidural analgesia (EA) administration 
in primiparae (A) and multiparae (B). 
Connectors between columns show the P 
values of between-strata post hoc tests 
(with Bonferroni correction for multiple 
comparisons, P < .001 was considered 
statistically significant) [Color figure can 
be viewed at wileyonlinelibrary.com]
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involved in patient care, and midwives and physicians in the labor 
and delivery wards were not aware of the study. The large cohort 
in our study allowed us to stratify parturients to subgroups of cer-
vical dilation at EA, which refined our analyses of the association 
between EA timing on the effects of EA on parturition, as compared 
with earlier studies that divided their study groups to “early” and 
“late” administration. Additionally, while overall numbers were small, 
the rates of maternal and neonatal complications did not differ be-
tween those with and those without EA.

Our study is situated well within the national standards for EA 
usage, planned and unplanned cesarean rates.29 However, note that 
practitioners working in areas where IVD rates are lower and cesar-
ean delivery rates higher than those of our institutions, might ob-
serve different rates of IVD vis-à-vis cervical dilation at the time of 
EA administration, than we report here. This could have implications 
for clinical management in that milieu.

Further studies are needed to investigate the impact of the tim-
ing of EA on induced or oxytocin-augmented labors.

The study is nevertheless limited by its retrospective design; 
some files were missing information regarding cervical dilation of 
6 or 10 cm, and therefore this study comprises only those delivery 
records with full information on these parameters. Cervical exam-
ination timing was individualized to the clinical needs of patients 
and caregivers and may not reflect the time of attainment of a 
particular dilation. In addition, neonatal HC was a strong indicator 
of IVD but was only available for about half of the study cohort. 
This may have limited the subgroup size in the regression analy-
sis. As a tertiary care medical center, our mixed low- and high-risk 
population may have a somewhat higher median risk profile than 
other centers, biasing the data towards earlier intervention in risk-
ier cases. Finally, although we showed that EA was not associated 
with an increased rate of cesarean deliveries, our study was not 
designed to investigate the impact of epidural timing on the rea-
sons for cesarean delivery (ie, non-reassuring fetal heart rate vs 
arrest of descent).

5  | CONCLUSION

Over 60% of parturients in developed countries undergo labor with 
EA.1,4,5,12 Therefore, the question of the optimal timing of EA vis-
à-vis cervical dilation and its impact on delivery outcomes is highly 
relevant to caregivers and parturients. We have shown that cervi-
cal dilation at the time of EA administration does not seem to be 
associated with labor prolongation or the rate of adverse clinical 
outcomes. Labor was prolonged regardless of the timing of EA, a 
finding that was more pronounced in primiparas. Overall, labor du-
ration was shorter in women who received EA at a cervical dila-
tion less than 5 cm, due to the shorter first stage of labor, albeit 
with a slightly longer second stage. In addition, IVD rates did not 
clinically differ between subgroups when controlling for possible 
confounders.

Laboring women should be informed that pain relief may be 
considered early in labor, and that it may shorten overall labor 
duration, while it might still be associated with an increase in the 
risk of IVD. Hence, EA administration may be offered, or provided 
at maternal request, early in the first stage of labor, possibly im-
proving overall patient satisfaction with the birth experience.
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