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Analgesia; Background: Opioid Epidural Labor Analgesia (OLEA) is commonly used during labor. However,
Epidural; opioid use has been associated with adverse effects on maternal and fetal outcomes. Medica-
Infant; tions administered during epidural analgesia are systemically absorbed; therefore, we per-
Mothers; formed a retrospective cohort study to investigate whether Opioid-Free Labor Epidural
Opioid epidemic; Analgesia (OFLEA) is comparable to OLEA regarding maternal and infant outcomes at delivery.
Pregnancy outcome Methods: Of 1,423 patients initially identified, we excluded those with twin deliveries, dupli-

cate records, or incomplete data. We then matched 1:1 on the mother’s age, including 618
patients for final data analysis. Our OLFEA group included an epidural solution of 0.2% ropiva-
caine, while our OLEA group included an epidural solution of 0.1% ropivacaine + 250 mcg fenta-
nyl. Wilcoxon rank-sum tests were performed to assess our primary outcome of time-weighted
pain scores before and after epidural placement. Secondary outcomes included duration
(minutes) of maternal hypotension, tachycardia, and bradycardia episodes during labor, and inci-
dence of neonatal fever, C-section, and Apgar scores (1 and 5 mins after delivery).

Results: There was no significant difference between the OLEA and OFLEA groups in the time-
weighted pain scores during labor before epidural placement. However, the time-weighted pain
score was significantly lower in the OFLEA group (1.05 + 1.52) compared to OLEA (1.43 + 1.77,
p = 0.006). Similarly, maximum pain scores after epidural were lower in OFLEA (3.32 + 3.23) vs.
OLEA (3.87 + 3.33, p = 0.03). There were no significant differences in maternal hemodynamic
events, Apgar scores, neonatal fever, or cesarean delivery rates.
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Conclusions: OFLEA is a safe and feasible alternative to OLEA. Avoidance of opioids may support
safer maternal and neonatal care in obstetric anesthesia.

© 2026 Sociedade Brasileira de Anestesiologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Each year, there are approximately 140 million births glob-
ally." In the United States, Opioid Epidural Labor Analgesia
(OLEA) is used in most births.? The burgeoning interest in
opioid-free labor epidural analgesia stems from the escalat-
ing need to identify non-inferior alternatives to traditional
opioid-based methods. This interest is driven by the growing
recognition of the potential risks associated with even a sin-
gle use of opioids during labor, which includes the possibility
of Neonatal Opioid Withdrawal Syndrome (NOWS), maternal
respiratory depression, and the initiation of long-term opi-
oid dependence.?

In addition, epidural opioids adversely affect mothers
before and after delivery (sedation, hypoxemia, hypoten-
sion, prolonged labor, itching, nausea and/or vomiting,
infants’ health, and prolonged hospital stay).®® Avoiding
opioids in epidural solutions is a unique approach because
most of it is systemically absorbed and is not necessarily bet-
ter than giving systemic opioids. Despite this emerging prob-
lem, mother and baby are exposed to around 600 mcg of
intravenous fentanyl equivalent dose during normal vaginal
delivery.” It would be clinically impactful if opioid-to-opioid-
free epidural analgesia is as effective as continuous opioid
epidural labor analgesia.

We, therefore, tested three main aims regarding OFLEA
performance. Our primary aim was to determine if OFLEA is
as effective as OLEA regarding labor pain management. We
hypothesized that OFLEA is non-inferior to OLEA in regards
to time weight average and highest pain scores during labor.
Our second aim was to determine whether continuous OFLEA
reduces the duration of hypotension (Mean Arterial Pressure
[MAP] < 65 mmHg) and/or tachycardia (> 90 beats.min™)
and/or desaturation (< 90%) compared to OLEA. We hypoth-
esized that the duration of hypotension, tachycardia, and
desaturation would decrease in the OFLEA cohort. Lastly,
our third aim was to study the effect of OFLEA on infant out-
comes (Apgar scores and if required O,, intensive care unit
admission) and maternal delivery outcomes (fever and inci-
dence of cesarean section). We hypothesized that infant
outcomes would improve in the OFLEA cohort. Our primary
study hypothesis was that OFLEA is non-inferior to OLEA
regarding these three aims.

Methods
Data source

This retrospective cohort study intended to study outcome
differences in OFLEA and OLEA in labor pain management,
intraoperative events, and infant outcomes. The protocols
used were developed by authors at the University of Texas
Medical Branch Department of Anesthesiology. The study
was reviewed and given approval by the Institutional Review

Board (IRB# 22-0149, 21-Jun-2022), and written informed
consent was waived by the IRB. All data utilized in this study
is from patients enrolled at UTMB between the dates of
December 1, 2021, and June 9, 2022. This study adheres to
the applicable STROBE guidelines.

Cohort selection and development

The two experimental cohorts received epidural solutions of
either continuous 0.1% ropivacaine + 250 mcg fentanyl
(OLEA) or solely 0.2% ropivacaine (OFLEA). All parturients in
our study received continuous epidural infusion (10-13 mL.
hr''y with Patient-Controlled Epidural Analgesia (PCEA)
enabled (4 mL bolus, 15-minute lockout). The only differ-
ence between groups was the epidural solution: the OFLEA
group received 0.2% ropivacaine, whereas the OLEA group
received 0.1% ropivacaine with 250 mcg fentanyl added to
the epidural infusion bag. No initial bolus was administered;
analgesia was provided solely through continuous infusion.
All parturients requesting epidural analgesia for delivery at
UTMB Health between December 1, 2021, and June 9, 2022.

Participants were identified using the Epic Electronic
Medical Record to stratify for an initial n = 1423 (OFLEA
n = 330, OLEA n = 1093). We included pregnant women aged
18-50 years of any parity and race who delivered under epi-
dural spinal anesthesia during hospital admission. Those
whose diagnostic criteria had not been clearly documented
or established, patients of gestational age before 24 weeks
who presented to the labor and delivery unit, and those who
did not receive epidural anesthesia during hospital admis-
sion were excluded from the study. Patient characteristics
including age, mode of delivery, and mode of anesthesia
were obtained from chart review. After removing patients
having twin deliveries that were duplicated in either group
or who had extraneous amounts of missing values, we
arrived at a total n = 1346 (OFLEA n = 310, OLEA n = 1036).
Matching (1:1) on the mother’s age gave a final total of
n =618 (OFLEA/OLEA n = 309) (Fig. 1).

Statistical analysis

For Aim 1, a non-parametric, Wilcoxon rank-sum test (Mann-
Whitney U), average time-weighted pain scores and max
pain scores during labor across OFLEA and OLEA groups were
used. For Aim 2, we also utilized a non-parametric Wilcoxon
rank-sum test to assess the total duration of episodes of
tachycardia (> 90 beats.min™"), hypotension (< 65 mmHg,
MAP), and hypoxemia (< 90% O, sat) during labor. For Aim 3,
the newborn’s outcome Apgar score equality was also
checked with a non-parametric, Wilcoxon rank-sum test. If
specific markers were found statistically significant, a linear
regression model was created for the outcome. We found
time-weighted pain score during labor after epidural and
max pain score were significant and hence followed by mul-
tiple linear regression model adjusted for age, ethnicity,
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Figure 1

and fever, selected based on their potential to confound the
relationship between treatment and pain outcomes.

Results

A total of 618 age-matched parturient were included in the
final data analysis. The OFLEA and OLEA groups consisted of
309 patients. The mean age in both groups was 26.64 years
(SD = 5.59); 59.87% of participants identified as Hispanic
(n = 370) and 45.31% of patients experienced fever during
labor (n = 280) (Table 1); 80.74% (n = 499) of patients deliv-
ered via normal spontaneous vaginal birth, 12.94% (n = 80)
had a cesarean delivery, 3.24% (n = 20) had a vaginal, vac-
uum assisted delivery, as well as 1 breech and 1 forceps
assisted deliveries.

Time-weighted and max pain scores after epidural
placement

There was no significant difference between the two groups
(OLEA and OFLEA) in the time-weighted pain score during
labor before epidural placement. The time-weighted pain
score (mean + SD) before epidural for the OLEA group was
2.268 + 2.217 vs. 2.617 + 2.063 in the OLFEA group
(p = 0.15). The time-weighted pain score during labor after
epidural placement in the OFLEA group was statistically sig-
nificantly lower than the OLEA group. The time-weighted
pain score (mean + SD) after epidural for the OLEA group
was 1.430 £ 1.77 vs. 1.054 + 1.517 in the OLFEA group
(p = 0.0057). The parameter estimates for the linear model
for the time-weighted pain scored during labor after epidu-
ral was -0.413 (95% CI -0.682, -0.144) (p = 0.0035). The max
pain score during labor before epidural was not significantly
different between groups. The max pain score (mean =+ SD)
before epidural for the OLEA group was 5.802 + 2.647 vs.

Flow diagram.

5.756 + 2.655 in the OFLEA group (p = 0.9058). The OFLEA
group had a significantly lower max pain score during labor
after epidural versus the OLEA group. The max pain score
during labor after epidural for the OLEA group was 3.866 +
3.325 vs. 3.318 + 3.233 for the OFLEA group (p = 0.0345).
The parameter estimates for the linear model for the max
pain score during labor after epidural was -0.534 (95% ClI
-1.076, 0.0077) (p = 0.0881) (Table 2).

Table 1 Demographics of study participants.

Age (Mean, SD) 26.64 5.59
Fever

No 338 54.69%
Yes 280 45.31%
BMI (Mean, SD) 33.44 6.34
Weight (Mean, SD), kg 86.37 18.47
ASA Class

2 520 84.14%
3 98 15.86%
Gestational Age (Mean, SD), day 268.6 14.73
Gestational Age (Mean, SD), week 38.37 2.1
Ethnicity

Hispanic 370 59.87%
Not Hispanic 248 40.13%
Delivery Type

Normal Spontaneous Vaginal Birth 499 80.74%
C-Section, Low Transverse 80 12.94%
Vaginal, Vacuum (Extractor) 20 3.24%
Vaginal Birth after Cesarean Section 15 2.43%
Other (See Comments) 2 0.32%
Vaginal, Breech 1 0.16%
Vaginal, Forceps 1 0.16%
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Table 2

Mean time weighted pain scores for OLEA and OFLEA.

Time-weighted pain score during 2.87 (2.22) (2.62, 3.12) 2.62 (2.06) (2.39, 2.85) 0.15
labor before epidural

Time-weighted pain score during 1.43 (1.77) (1.23, 1.63) 1.05 (1.52) 0.88 (1.23) 0.0057%
labor after epidural

Max pain score during labor before 5.8 (2.65) (5.51, 6.1) 5.76 (2.65) (5.46, 6.05) 0.9058
epidural

Max pain score during labor after 3.87 (3.33) (3.48, 4.25) 3.32 (3.23) (2.95, 3.69) 0.0345°
epidural

Outcome Variable Intercept R-square OFLEA Estimate 95% Cl p-value

Time-weighted pain score during 1.5 0.031 —0.413 (—0.682, —0.144) 0.0035°
labor after epidural

Max pain score during labor after 3.72 0.017 —0.534 (—1.076, 0.0077) 0.0881
epidural

Sensitivity analysis with different margin for non-inferiority

Margin (A) Observed Distance from Power

Difference Margin

1 —0.3763 0.6237 19.70%

0.75 —0.3763 0.3737 92.30%

1.5 —0.3763 1.1237 99.10%

@ Provides statistical significance at 0.05 level.

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. Each linear
model was adjusted for age, ethnicity, and fever. Asterisk provides statistical significance at 0.05 level. For the time-weighted pain score
during labor after epidural outcome, the p-value is significant. The parameter estimate described as using OFLEA will decrease 0.413 unit

time-weighted pain score during labor after epidural.

Hypotension, tachycardia, and bradycardia episodes
during labor

The total duration (minutes) of tachycardia episodes during
labor before epidural was not significantly different
between groups. The total duration of tachycardia episodes
during labor before epidural (mean + SD) for the OLEA group
was 200.04 + 337.56 vs. 154.98 + 296.64 for the OFLEA
group (p = 0.2463). The median (IQR) total duration of tachy-
cardia episodes during labor before epidural for the OLEA
group was 54.50 (0 to 222.00) vs. 45 (0 to 167.00) for the
OFLEA group (p = 0.2463). The total duration (minutes)
of tachycardia episodes during labor after epidural was
not significantly different between groups. The total
duration of tachycardia episodes during labor after epidu-
ral (mean =+ SD) for the OLEA group was 132.85 + 181.40
vs. 128.59 + 226.10 for the OFLEA group (p = 0.0532).
The median (IQR) total duration of tachycardia episodes
during labor after epidural for the OLEA group was 61
(3.50 to 197.00) vs. 30 (0 to 150.00) for the OFLEA group
(p = 0.0532) (Table 3).

The total duration (minutes) of hypotension episodes dur-
ing labor before epidural was not significantly different
between groups. The total duration of hypotension episodes
during labor before epidural (mean =+ SD) for the OLEA group
was 2.57 + 7.75 vs. 4.58 + 10.31 for the OFLEA group
(p = 0.6252). The median (IQR) total duration of hypotension

episodes during labor before epidural for the OLEA group
was 0.0 (0.0 to 0.0) vs. 0.0 (0.0 to 0.0) for the OFLEA group
(p = 0.6252). The total duration (minutes) of hypotension
episodes during labor after epidural was not significantly dif-
ferent between groups. The total duration of hypotension
episodes during labor after epidural (mean + SD) for the
OLEA group was 3.92 + 10.87 vs. 6.66 + 21.19 for the OFLEA
group (p = 0.6724). The median (IQR) total duration of hypo-
tension episodes during labor after epidural for the OLEA
group was 0.0 (0.0 to 2.0) vs. 0.0 (0.0 to 0.0) for the OFLEA
group (p = 0.6724) (Table 3).

The total duration (minutes) of bradycardia episodes
during labor before epidural was not significantly different
between groups. The total duration of bradycardia epi-
sodes during labor before epidural (mean + SD) for the
OLEA group was 32.11 + 68.17 vs. 23.17 + 48.41 for the
OFLEA group (p = 0.3296). The median (IQR) total duration
of bradycardia episodes during labor before epidural for
the OLEA group was 0.0 (0.0 to 30.0) vs. 0.0 (0.0 to 30.0)
for the OFLEA group (p = 0.3296). The total duration
(minutes) of bradycardia episodes during labor after epi-
dural was not significantly different between groups. The
total duration of bradycardia episodes during labor after
epidural (mean =+ SD) for the OLEA group was 16.95 +
40.87 vs. 31.74 + 59.02 for the OFLEA group (p = 0.2388).
The median (IQR) total duration of bradycardia episodes
during labor after epidural for the OLEA group was 0.0
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Table 3 Mean duration of adverse events during OLEA and OFLEA labor.

Total duration (minutes) of episodes 200.04 (337.56) (157.99, 242.09) 154.98 (296.64) (118.39, 191.56)  0.2463
of tachycardia during labor
before epidural

Total duration (minutes) of episodes 132.85 (181.40) (109.78, 155.92) 128.59 (226.10) (100.81, 156.36)  0.0532
of tachycardia during labor after
epidural

Total duration (minutes) of episodes 2.57 (7.75) (—0.33, 5.46) 4.58 (10.31) (0.23, 8.94) 0.6252
of hypotension during labor
before epidural using BP

Total duration (minutes) of episodes 3.92 (10.87) (1.40, 6.44) 6.66 (21.19) (1.91, 11.40) 0.6724
of hypotension during labor after
epidural using BP

Total duration (minutes) of episodes 32.11 (68.17) (11.39, 52.84) 23.17 (48.41) (9.11, 37.22) 0.3296
of bradycardia during labor
before epidural

Total duration (minutes) of episodes 16.95 (40.87) (3.7, 30.2) 31.74 (59.02) (14.41, 49.07) 0.2388
of bradycardia during labor after
epidural

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. Since none
of the p-values are statistically significant at a 0.05 level, we did not fit regression models. Since the standard deviations are quite high,
we also reported the interquartile ranges (Q1 to Q3), and this range shows the middle 50% of values when ordered from lowest to highest.
Value of Q1 can be explained as the value under which 25% of data points are found when they are arranged in increasing order. Value of
Q3 can be explained as the value under which 75% of data points are found when they are arranged in increasing order.

(0.0 to 15.0) vs. 0.0 (0.0 to 30.0) for the OFLEA group

(p = 0.2388) (Table 3). Table 4  Number of maternal labor side effects OLEA and
OFLEA.
Incidence of maternal labor side effects _
The number of patients who experienced at least 1 episode
of tachycardia during labor before epidural for the OLEA At least 1-episode of tachy- 250 (80.91) 255 (82.52)
group was 250 (80.91%) vs. 255 (82.52%) for the OFLEA cardia during labor
group. The incidence, n (%), of patients that experienced at before epidural
least 1 episode of tachycardia during labor after epidural for At least 1-episode of tachy- 240 (77.67) 257 (83.17)
the OLEA group was 240 (77.67%) vs. 257 (83.17%) for the cardia during labor after
OFLEA group (Table 4). epidural
The number of patients that experienced at least 1 epi- At least 1-episode of hypo- 30 (9.71) 24 (7.77)
sode of hypotension during labor before epidural for the tension during labor
OLEA group was 30 (9.71%) vs. 24 (7.77%) for the OFLEA before epidural using BP
group. The incidence, n (%), of patients that experienced at At least 1-episode of hypo- 74 (23.95) 79 (25.57)
least 1 episode of tachycardia during labor after epidural for tension during labor after
the OLEA group was 74 (23.95%) vs. 79 (25.57%) for the epidural using BP
OFLEA group (Table 4). At least 1-episode of brady- 44 (14.24) 48 (15.53)
The number of patients that experienced at least 1 epi- cardia during labor
sode of bradycardia and during labor before epidural for the before epidural
OLEA group was 44 (14.24%) vs. 24 (15.53%) for the OFLEA At least 1-episode of brady- 39 (12.62) 47 (15.21)
group. The incidence, n (%), of patients that experienced at cardia during labor after
least 1 episode of bradycardia during labor after epidural for epidural

the OLEA group was 39 (12.62%) vs. 47 (15.21%) for the

OFLEA group (Table 4). Notes: This table shows the number and percentages of subjects

who experienced at least one episode for each of the above
characteristics during pre and post epidurals. For example, out

Neonatal outcomes of 309 ‘No OFLEA’ subjects, 250 (80.91%) subjects experienced

at least 1 episode of tachycardia during labor before epidural
There was no significant difference in Apgar scores for the and 255 (82.52%) ‘OFLEA yes’ subjects experienced at least one
infants both 1-minute and 5 minutes from delivery. The episode of tachycardia before epidural. All other variables/char-
Apgar score for the infant 1-min from delivery (mean =+ SD) acteristics can be described in a similar way.
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Table 5

Mean Apgar scores for OLEA and OFLEA groups.

Apgar score for baby 1-min from delivery
Apgar score for baby 5 min from delivery

7.89 (1.29)
8.76 (1.16)

0.0892
0.5748

(7.74, 8.05)
(8.62, 8.89)

7.82 (1.26)
8.74 (1.17)

(7.67,7.97)
(8.6, 8.88)

Notes: p-values come from nonparametric Wilcoxon rank-sum tests since the data points do not follow normality assumptions. As none of
the p-values are statistically significant at the 0.05 level, we did not fit regression models.

for the OLEA group was 7.896 + 1.29 vs. 7.819 + 1.26 for the
OFLEA group (p = 0.0892). The Apgar score for the infant 5
min from delivery (mean + SD) for the OLEA group was 8.760
+ 1.16 vs. 8.743 + 1.174 for the OFLEA group (p = 0.5784)
(Table 5).

There was also no significant difference in the incidence
of fever in neonates between the OFLEA and OLEA groups;
141 (45.63%) neonates in the OLEA group developed fever
after delivery compared to 139 (44.98%) in the OFLEA group
(p = 0.872). In contrast, 168 neonates in the OLEA group did
not develop fever compared to 170 (55.02%) neonates in the
OFLEA group (Table 6).

Lastly, no significant difference was identified in the inci-
dence of C-section delivery between the OFLEA and OLEA
groups; 47 patients (15.21%) underwent a C-section in both
the OFLEA and OLEA groups, while 262 patients (84.79%) did
not have a C-section in both the OFLEA and OLEA groups
(p = 1.000) (Table 6).

Discussion

Our retrospective cohort study studied the effect of OFLEA
on pain reduction after epidural placement in 618 patients
compared to OLEA. We found that OFLEA was non-inferior to
OLEA after epidural placement in the reduction of pain
scores. One meta-analysis identified similar findings of non-
inferiority of OFLEA both immediately and 24 hours postpar-
tum.'® Multimodal analgesia has also been used to achieve
similar pain-free responses; one study found a higher dose of
propofol alone was needed to achieve loss of response

compared to propofol with remifentanil.’’ Our study used a

similar approach of administering a higher concentration of
ropivacaine in our OFLEA group. Studies further investigat-
ing the use of multimodal labor analgesia regimens are nec-
essary to identify avenues to improve pain control.

The OFLEA group in our study used a higher concentration
of ropivacaine compared to the OLEA group. A study compar-
ing postoperative pain after epidural analgesia using 0.5%
ropivacaine compared to 0.75% ropivacaine and 0.5% bupiva-
caine found greater pain control with a higher concentration
of local analgesia.'? Although this may not be generalizable
to labor, it shows its efficacy as a modality of local analgesia.
Another study using 0.0625% bupivacaine/0.0002% fentanyl
compared to 0.125% bupivacaine identified no significant
difference in pain control during any stage of labor."® This
dose-dependent effect of local analgesia may partly be
explained by a faster onset of sensory and motor loss.™ In
our study, a higher concentration of local analgesia in the
OFLEA regimen may explain the noninferiority in pain con-
trol. Another benefit of using a higher local analgesic con-
centration can be attributed to lower side effect profiles in
the OFLEA group. Opioid analgesia is associated with adverse
effects that may contribute to pain, most notably opioid-
induced hyperalgesia.''® This has been shown to contribute
to greater levels of pain after labor despite its intended
perioperative use.'® A meta-analysis of opioid anesthesia on
postoperative hyperalgesia found that high doses of remifen-
tanil were associated with small yet significant increases in
pain levels postoperatively; however, other studies have
demonstrated no change in pain levels in surgical patients
with opioid anesthesia regimens.'”""®

Table 6  Fever and C-Section Incidence in OLEA and OFLEA groups.

Total 618 309 (50) 309 (50)

Fever

No 338 168 (54.37) 170 (55.02) 0.872
Yes 280 141 (45.63) 139 (44.98)

C-section

No 524 262 (84.79) 262 (84.79) 1.000
Yes 94 47 (15.21) 47 (15.21)

Notes: Percentages shown as column percentage. For example, variable ‘Fever’ percentages can be described as: among 309 No OFLEA sub-
jects, 168 (54.37%) had fever and 141 (45.63%) had no fever. On the other hand, among 309 ‘OFLEA’ subjects, 170 (55.02%) had fever and 139
(44.98%) had no fever. C-Section generated from delivery type information. So, if the delivery type included ‘C-Section low transverse’ or ‘vag-
inal birth after cesarean section’ they were flagged as C-section. The p-values come from the Chi-Square test. As none of the p-values are sig-
nificant at the 0.05 level, we can conclude that there is no association between fever and OFLEA (yes/no) C-section and OFLEA.
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We also studied the effects of OFLEA on the duration of
episodes of tachycardia, hypotension, and bradycardia
before and after labor. In this study, OLEA was non-inferior
compared to OFLEA after epidural placement in duration of
these adverse effects. One meta-analysis found that in
select surgeries, opioid-free regimens significantly reduced
duration of tachycardia, hypotension, and bradycardia with-
out compromising pain control; however, two studies found
contrasting evidence, reporting increases in the duration of
these episodes when using opioid-free analgesia; one study,
in particular, found that a dexmedetomidine dose of 0.4 to
1.4 ng.kg'.h is associated with severe episodes of brady-
cardia compared to an opioid-only regimen. Bradycardia was
the most significant adverse effect reported in these two
studies, while there were no differences in rates of tachy-
cardia and hypotension between OFLEA and OLEA."®2" Possi-
ble explanations for this finding are medication-related and
dose-dependent effect on adverse outcomes, as a high-dose
unimodal opioid-free regimen of dexmedetomidine was used
in Beloeil et. al.?’ Our data showed no significant difference
in these outcomes when using unimodal ropivacaine. Previ-
ous literature has shown that dose reduction can be
achieved using multimodal analgesia compared to unimodal
analgesia to reduce adverse effects without compromising
pain control.?? Studies using these regimens compared to
opioid-inclusive anesthesia are needed to explain further
differences in adverse outcomes and potentially identify a
dosage that balances adequate pain control with side effect
profile optimization.

We lastly studied rates of neonatal Apgar scores, fever
incidence, and rates of C-section between OFLEA and OLEA.
Our study showed that OFLEA is non-inferior to OLEA in
terms of neonatal outcomes after delivery. While literature
regarding this data is limited, the existing literature has not
found an association between epidural analgesia and neona-
tal outcomes; the common doses of OLEA show no significant
effect on Apgar scores and C-section rates.?*?* One study
did show that epidural analgesia is associated with slightly
lower (but above 7) Apgar scores in neonates who were
exposed to labor epidural analgesia compared to non-epidu-
ral analgesia.”® Our lack of differences in neonatal outcomes
may be due to potential underpowering of the study. Larger,
multi-centered randomized controlled trials would be bene-
ficial to further delineate the impact of OFLEA on neonatal
outcomes. Neonatal withdrawal syndrome may be associ-
ated with maternal opioid usage during pregnancy, but no
study has identified this association in the intrapartum set-
ting. Overall, our study findings concurrent with existing lit-
erature suggest that OFLEA may be a safer alternative for
neonates.

Limitations

Our study has several limitations. We performed a single-
center retrospective cohort study, which limits our power
and generalizability. We also did not use the total volume or
dose (mL) of local anesthetic administered, which limits our
ability to fully evaluate dose-dependent effects on analgesia
and motor block. The higher concentration of ropivacaine
used in the OFLEA group (0.2% vs. 0.1% in OLEA) may have
influenced outcomes and represents a potential confounder.
We also did not include maternal side effects such as

pruritus, nausea, or vomiting. Further, patient records were
not all homogenous which may contribute to the variability
seen in some of the data, such as pain scores and duration of
maternal adverse outcomes. Our study population is not
fully representative of American or global populations. Our
average age at delivery was similar to 2021 national statis-
tics (26.64 vs. 27.3). A large portion of our study population
was Hispanic (n = 370, 59.87%) compared to 24.2% of moth-
ers in 2021. The majority of our patient population under-
went spontaneous vaginal delivery (n = 499, 80.74%) while
the 2021 national percentage was 65.7%. Our cesarean deliv-
ery rates were lower than national rates (n = 80, 12.94% vs.
32.1%). Our Vaginal Birth After Cesarean Delivery (VBAC)
rates were lower than 2021 averages (n = 15, 2.43% vs.
13.5%).%° These differences reflect institutional practice
patterns that may not be generalizable to other centers.
Additionally, we matched groups only on maternal age and
did not adjust for other important obstetric factors such as
parity, body mass index, comorbidities, or labor duration.
Residual confounding is therefore likely, and unmeasured
differences between groups could have influenced the out-
comes. In addition, motor block and ambulation were not
assessed in our retrospective data. These outcomes are fun-
damental when comparing local anesthetic concentrations,
as higher doses can impair maternal mobility and affect the
course of labor. The inability to evaluate motor block or the
ability to walk is therefore an important limitation of our
analysis.

Conclusions

Our study findings suggest that OFLEA can be used as a safer
alternative to OLEA. OFLEA is non-inferior to OLEA regarding
maternal peripartum pain scores, adverse effects, and neo-
natal outcomes. Future studies identifying differences
between OFLEA and OLEA will help tease the differences
between these two modalities of analgesia, as the avoidance
of opioid analgesia is a potential future alternative to OLEA;
prospective trials are warranted to establish safety and effi-
cacy.

Al assistance disclosure

We did not use any Al tools in the preparation of the manu-
script or in the analysis.

Data availability statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author upon rea-
sonable request.

Authors’ contributions

Kush Brahmbhatt: This author helped in the protocol
development, data extraction, data analysis, and the writ-
ing of the manuscript.



K.S. Brahmbhatt, A.P. Reddy, H.A. Bonilla et al.

Ankith Reddy: This author helped in the protocol develop-
ment, data extraction, data analysis, and the writing of the
manuscript.

Hiram Acevedo Bonilla: This author helped in the protocol
development and review of the manuscript.

Ibrahim Tahashilder: This author helped in the data
extraction and data analysis in the manuscript.

Mohamed Ibrahim: This author helped in the protocol
development, experiment conduction, and review of the
manuscript.

Michelle Simon: This author helped in the protocol devel-
opment, experiment conduction, and review of the manu-
script.

Rakesh Vadhera: This author helped in the protocol devel-
opment, experiment conduction, and review of the manu-
script.

Rovnat Babazade: This author helped in the protocol
development, experiment conduction, guidance of data
extraction and analysis, and review of the manuscript.

Funding

Seed Grant in Women’s Health Research. This is an award
provided by the UTMB Center for Interdisciplinary Research
in Women’s Health (CIRWH).

Conflicts of interest

The authors declare no conflicts of interest.

Associate Editor

Maria José Carmona

References

1. Sedgh G, Singh S, Hussain R. Intended and unintended pregnan-
cies worldwide in 2012 and recent trends. Stud Fam Plann.
2014;45:301—-14.

2. Osterman MJ, Martin JA. Epidural and spinal anesthesia use dur-
ing labor: 27-state reporting area, 2008. Natl Vital Stat Rep.
2011;59. 1-13,16.

3. Devlin LA, Young LW, Kraft WK, et al. Neonatal opioid withdrawal
syndrome: a review of the science and a look toward the use of
buprenorphine for affected infants. J Perinatol. 2022;42:300—6.

4. Leighton BL, Halpern SH. The effects of epidural analgesia on
labor, maternal, and neonatal outcomes: a systematic review.
Am J Obstet Gynecol. 2002;186(5 Suppl):S69—77.

5. Winkelman TNA, Villapiano N, Kozhimannil KB, Davis MM, Pat-
rick SW. Incidence and costs of neonatal abstinence syndrome
among infants with Medicaid: 2004. Pediatrics. 2018;141:
€20173520.

6. Jones L, Othman M, Dowswell T, et al. Pain management for
women in labour: an overview of systematic reviews. Cochrane
Database Syst Rev. 2012(3):CD009234.

7. Russell R, Reynolds F. Epidural infusion of low-dose bupivacaine
and opioid in labour. Anaesthesia. 1996;51:266—73.

8. Porter JS, Bonello E, Reynolds F. The effect of epidural opioids
on maternal oxygenation during labour and delivery. Anaesthe-
sia. 1996;51:899—-903.

9. Aggarwal S, Babazade R, Cook K, et al. Total opioid consumption
during spontaneous vaginal delivery with labor epidural analge-
sia. In: E-poster presentation, 45th Annual Regional Anesthesi-
ology and Acute Pain Medicine Meeting, San Francisco (CA);
2020 Apr 23-25.

10. Frauenknecht J, Kirkham KR, Jacot-Guillarmod A, Albrecht E.
Analgesic impact of intra-operative opioids vs opioid-free
anaesthesia: a systematic review and meta-analysis. Anaesthe-
sia. 2019;74:651—-62.

11. Scott HB, Choi SW, Wong GTC, Irwin MG. The effect of remifen-
tanil on propofol requirements to achieve loss of response to
command vs loss of response to pain. Anaesthesia. 2017;72:479
—87.

12. Dhar M, Bhasin S, Sreevastava DK, Nair R, Chandrakar S. Com-
parison of efficacy of epidural ropivacaine versus bupivacaine
for postoperative pain relief in total knee replacement surger-
ies. Anesth Essays Res. 2018;12:26—30.

13. Chestnut DH, Owen CL, Bates JN, Ostman LG, Choi WW, Geiger
MW. Continuous infusion epidural analgesia during labor: a ran-
domized, double-blind comparison of 0.0625% bupivacaine/
0.0002% fentanyl versus 0.125% bupivacaine. Anesthesiology.
1988;68:754—9.

14. Swain A, Nag DS, Sahu S, Samaddar DP. Adjuvants to local anes-
thetics: current understanding and future trends. World J Clin
Cases. 2017;5:307-23.

15. Lavand’homme P, Steyaert A. Opioid-free anesthesia opioid side
effects: tolerance and hyperalgesia. Best Pract Res Clin Anaes-
thesiol. 2017;31:487—-98.

16. Fletcher D, Martinez V. Opioid-induced hyperalgesia in patients
after surgery. Surv Anesthesiol. 2015;59:100—1.

17. Angst MS, Clark JD. Opioid-induced hyperalgesia. Anesthesiol-
ogy. 2006;104:570—-87.

18. Olausson A, Svensson CJ, Andréll P, Jildenstal P, Thorn SE, Wolf
A. Total opioid-free general anaesthesia can improve postoper-
ative outcomes after surgery, without evidence of adverse
effects on patient safety and pain management: a systematic
review and meta-analysis. Acta Anaesthesiol Scand.
2021;65:1394—409.

19. Beloeil H, Garot M, Lebuffe G, et al. Balanced opioid-free anes-
thesia with dexmedetomidine versus balanced anesthesia with
remifentanil for major or intermediate noncardiac surgery.
Anesthesiology. 2021;134:541—-51.

20. Malo-Manso A, Fontaneda-Heredia A, Romero-Molina S, Sepul-
veda-Haro E, Escalona-Belmonte JJ, Guerrero-Orriach JL. Opi-
oid-free anaesthesia improves anaesthesia recovery when
compared with that of opioid-based anaesthesia: systematic
review and meta-analysis of clinical trials. Curr Med Chem.
2023;30:1667—-81.

21. Brown EN, Pavone KJ, Naranjo M. Multimodal general anesthe-
sia. Anesth Analg. 2018;127:1246—58.

22. Wang K, Cao L, Deng Q, et al. The effects of epidural/spinal
opioids in labour analgesia on neonatal outcomes: a meta-anal-
ysis of randomized controlled trials. Can J Anaesth.
2014;61:695—709.

23. Herrera-Gomez A, Garcia-Martinez O, Ramos-Torrecillas J,
De Luna-Bertos E, Ruiz C, Ocana-Peinado FM. Retrospective
study of the association between epidural analgesia during
labour and complications for the newborn. Midwifery.
2015;31:613—6.

24. Osterman MJK, Hamilton BE, Martin JA, Driscoll AK, Valenzuela
CP. Births: final data for 2021. Natl Vital Stat Rep. 2023;72:1-53.

25. Ravelli ACJ, Eskes M, de Groot CJM, Abu-Hanna A, van der Post
JAM. Intrapartum epidural analgesia and low Apgar score among
singleton infants born at term: A propensity score matched
study. Acta Obstet Gynecol Scand. 2020;99:1155—62.

26. Chehab RF, Ferrara A, Grobman WA, et al. Racial, Ethnic, and
Geographic Differences in Vaginal Birth After Cesarean Delivery
in the US, 2011-2021. JAMA Netw Open. 2024;7:e2412100.


http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0001
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0001
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0001
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0002
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0002
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0002
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0003
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0003
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0003
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0004
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0004
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0004
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0005
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0005
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0005
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0005
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0006
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0006
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0006
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0007
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0007
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0008
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0008
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0008
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0009
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0009
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0009
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0009
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0009
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0010
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0010
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0010
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0010
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0011
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0011
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0011
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0011
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0012
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0012
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0012
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0012
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0013
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0014
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0014
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0014
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0015
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0015
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0015
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0016
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0016
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0017
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0017
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0018
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0019
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0019
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0019
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0019
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0020
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0021
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0021
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0022
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0022
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0022
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0022
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0023
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0024
http://refhub.elsevier.com/S0104-0014(26)00030-8/sbref0024
http://refhub.elsevier.com/S0104-0014(26)00030-8/optkJVKytBYUp
http://refhub.elsevier.com/S0104-0014(26)00030-8/optkJVKytBYUp
http://refhub.elsevier.com/S0104-0014(26)00030-8/optkJVKytBYUp
http://refhub.elsevier.com/S0104-0014(26)00030-8/optkJVKytBYUp
http://refhub.elsevier.com/S0104-0014(26)00030-8/optApyhLQl9jz
http://refhub.elsevier.com/S0104-0014(26)00030-8/optApyhLQl9jz
http://refhub.elsevier.com/S0104-0014(26)00030-8/optApyhLQl9jz

	The impact of opioid-free labor epidural analgesia maternal and infant outcomes: a retrospective cohort study
	Introduction
	Methods
	Data source
	Cohort selection and development
	Statistical analysis

	Results
	Time-weighted and max pain scores after epidural placement
	Hypotension, tachycardia, and bradycardia episodes during labor
	Incidence of maternal labor side effects
	Neonatal outcomes

	Discussion
	Limitations

	Conclusions
	AI assistance disclosure
	Data availability statement
	Authors´ contributions
	Funding
	Conflicts of interest
	References


