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Abstract Breastfeeding benefits both infant and maternal
health. Use of epidural anesthesia during labor is increas-
ingly common and may interfere with breastfeeding.
Studies analyzing epidural anesthesia’s association with
breastfeeding outcomes show mixed results; many have
methodological flaws. We analyzed potential associations
between epidural anesthesia and overall breast-feeding
cessation within 30 days postpartum while adjusting for
standard and novel covariates and uniquely accounting for
labor induction. A pooled analysis using Kaplan—-Meier
curves and modified Cox Proportional Hazard models
included 772 breastfeeding mothers from upstate New
York who had vaginal term births of healthy singleton
infants. Subjects were drawn from two cohort studies
(recruited postpartum between 2005 and 2008) and inclu-
ded maternal self-report and maternal and infant medical
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record data. Analyses of potential associations between
epidural anesthesia and overall breastfeeding cessation
within 1 month included additional covariates and
uniquely accounted for labor induction. After adjusting for
standard demographics and intrapartum factors, epidural
anesthesia significantly predicted breastfeeding cessation
(hazard ratio 1.26 [95 % confidence interval 1.10, 1.44],
p <0.01) as did hospital type, maternal age, income,
education, planned breastfeeding goal, and breastfeeding
confidence. In post hoc analyses stratified by Baby Friendly
Hospital (BFH) status, epidural anesthesia significantly
predicted breastfeeding cessation (BFH: 1.19 [1.01, 1.41],
p < 0.04; non-BFH: 1.65 [1.31, 2.08], p < 0.01). A rela-
tionship between epidural anesthesia and breastfeeding was
found but is complex and involves institutional, clinical,
maternal and infant factors. These findings have
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implications for clinical care and hospital policies and
point to the need for prospective studies.

Keywords Breastfeeding - Lactation -
Epidural analgesia - Oxytocin

Introduction

The importance of breastfeeding to the short- and long-term
health of children and their mothers is significant and well
documented [1]. The American Academy of Pediatrics
recommends exclusive breastfeeding for 6 months and
continued breastfeeding after the introduction of solid foods
for at least 1 year, and for as long thereafter as mother and
baby desire [2]. Exclusive breastfeeding defined as no other
food or drink except breast milk is recommended for the
first 6 months of life [3]. Oral rehydration solutions, med-
ications, and vitamins are allowed. At 6 months post-
partum, among US infants, only 44.3 % are breastfeed and
only 14.8 % are breastfeed exclusively (2008 provisional
data), both below the Healthy People 2020 objectives of
60.6 and 25.5 % respectively [4]. Maternal, infant, profes-
sional, hospital and workplace practices contribute to these
low rates [2]. Other factors have anecdotal support, but lack
scientific evidence. For example, epidural anesthesia during
labor may affect breastfeeding outcomes but research
findings are inconclusive [5, 6].

Epidural anesthesia is employed variously during the
intrapartum period including pain relief during labor and
anesthesia during cesarean sections. This regional anes-
thetic, considered the most effective form of pharmaco-
logic labor pain relief, is injected into the lumbar epidural
space via a catheter providing pain relief to the lower part
of the body without causing complete loss of sensation
[7-10]. Based on the practitioner it can contain different
amounts and combinations of medications including local
anesthetics and opioids. Of note a Cochrane review of
20 randomized clinical trials of epidural anesthesia
assessed numerous intervention effects (e.g. pain, mater-
nal satisfaction and safety of interventions (e.g. cesarean
delivery) [11]. Although identified as an outcome of
interest by the review’s authors, only one included study
assessed a breastfeeding outcome: time of initiation of
lactation [12]. No difference was found between epidural
anesthesia groups; duration of breastfeeding was not
assessed.

Numerous epidemiologic studies, with varying results,
specifically analyzed the relationship between intrapartum
epidural use and breastfeeding behaviors such as infant
suckling, infant hand movements, and hormone release in
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terms of breastfeeding outcomes including initiation,
exclusivity, and duration. Multiple studies found that
epidurals are negatively associated with some breastfeed-
ing behaviors, hormone release, and outcomes [5, 13-22].
By contrast, other studies found no such relationships [17,
23-27], including one randomized clinical trial [6]. Some
argue that this one trial has settled the discussion about a
potential deleterious relationship between breastfeeding
and use of epidural [28]. As with many of the epidural and
breastfeeding studies, the trial’s analyses did not include
covariates well-known to be associated with breastfeeding
(e.g. breastfeeding intention, goal; marital/partner status).
Further it was not powered to detect differences in
breastfeeding rates and was conducted in the United
Kingdom where practices and supports for breastfeeding
likely differ from those in the US.

All of these studies varied in design, sample size, out-
come definition, exposure definition, control group,
potential confounders included, and overall rigor making
assessment of aggregate evidence difficult. One common
major limitation was the use of heterogeneous comparison
groups (e.g. combining mothers receiving lower dose
epidurals, other analgesia, or no epidural, or including
cesarean and vaginal deliveries (medicated and unmedi-
cated). This increases the likelihood of spurious results and
complicates interpretation of findings. Another common
limitation was how authors defined epidural use (e.g.
medical record data on dose, medication, length of anes-
thesia/labor). Some used maternal self-report. Given these
methodological issues, the association between epidural
use and breastfeeding outcomes remains uncertain.

Another avenue of research (both animal and human)
sheds light on the complex mechanisms by which epidural
use may lead to lower oxytocin levels during and following
labor, and the role of exogenous oxytocin [29]. Lower
levels are associated with compromised mother-offspring
interactions in animals and in humans with poor initial and
ongoing breastfeeding outcomes [30-35].

Given the complexity of these relationships, the Acad-
emy of Breastfeeding Medicine in 2006 questioned whe-
ther epidurals are either associated with poor breastfeeding
outcomes or may be a proxy for another mechanism that
contributes to poor breastfeeding outcomes. In view of
breastfeeding’s importance to both infants’ and mothers’
health, the relationship between epidural use and breast-
feeding outcomes warrants further study [36]. Therefore
using additional covariates and a novel methodology,
which accounts for medications given at different doses
over time, we explored the potential association between
intrapartum epidural anesthesia use and overall breast-
feeding cessation within 1 month postpartum.
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Methods
Setting

Over 8,000 births occur annually in Monroe County, in
upstate New York. The area is served primarily by three
community hospitals and one regional perinatal center.
Obstetric care is comparable across the hospitals with high
risk mothers concentrated in the latter and lower risk
mothers distributed across all four. Women presenting in
labor or for induction of labor may be admitted to high or
low risk labor-delivery-recovery or labor-delivery-recov-
ery-postpartum units. Ambulation while allowed, depend-
ing on fetal heart rate monitoring needs, is unusual in the
active phase of labor. Exogenous oxytocin (e.g. Pitocin®)
is administered to approximately 25 % of mothers (for
intrapartum induction or augmentation), and for the
majority of mothers immediately after delivery to prevent
uterine atony. When used, intrapartum exogenous oxytocin
is infused at rates ranging from 1 g/min to >20 p/min, with
durations ranging from hours to days. Postpartum, admin-
istration may be intravenously (IV) or intramuscularly
(IM). Epidural anesthesia during labor is common (52 %)
and often receive several liters of fluid during labor and
delivery. Postpartum, rooming-in and breastfeeding are
encouraged; at discharge approximately 74 % of mothers
are breastfeeding [37].

To maximize the number of mothers with the exposure
of interest (intrapartum epidural anesthesia) we drew sub-
jects from two local cohort studies, one prospective and
one retrospective. The former evaluated in-hospital
breastfeeding support [Feeding Your Infant (FYI) study]
and the latter evaluated perinatal breastfeeding support
[Infant Feeding (IF) study]. During 2005 the FYI study
enrolled 842 breastfeeding mothers from two community
hospitals. Maternal inclusion factors were: English speak-
ing, age 18 and above, low risk pregnancy and a singleton
term birth. Participants completed an interviewer-admin-
istered survey at hospital enrollment and provided written
informed consent to release of data from the maternal and
infant hospital records and hospital birth certificate (BC).

The original study tracked breastfeeding until age
6 months, via mailed surveys.

Relevant to this analysis mothers completed a survey at
2-weeks and 3-months.

Twenty-three % of the sample consisted of minority
women (African-American or Hispanic) and 48 % were
primiparas. Most (93 %) were high school graduates.
During 2008, the IF study enrolled 419 mothers at area
WIC clinics (Special Supplemental Nutrition Program for
Women, Infants and Children) who delivered at one of
three hospitals. Eligible mothers had to be <15 months
postpartum at enrollment, at least age 16 at the time of

birth, and have intended to breastfeed. As in the FYI study
they all had low-risk pregnancies and singleton term births.

Written informed consent was obtained. Subsequently,
participants completed an interviewer-administered survey
and provided authorization enabling access to their
maternal and infant hospital, prenatal and WIC records and
BC.

Enrolled mothers were primarily Black and/or Hispanic
(79 %). Additionally 43 % were primiparous, and 63 %
had completed high school. Hospital BC data were gath-
ered by trained hospital birth registrars using standardized
protocols [38]. Both studies received approval from the
Research Subjects Review Board at the University of
Rochester.

Study Population

Analyses were restricted to 727 healthy mothers from these
two cohorts with healthy term singleton vaginal deliveries
and who had initiated breastfeeding (ever breastfeed once).

Birth Hospitals

Subjects delivered at one of three hospitals. One commu-
nity hospital (Level I nursery) and the perinatal center
(Neonatal ICU) are part of the same health system. The
other community hospital is in a different health system,
has a Level II nursery and was a Baby Friendly designated
hospital (BFH) since 2000. While there were commonali-
ties across anesthesiologists, none of the hospitals had
standardized epidural anesthesia practices.

Data Sources/Measurement

For two hospitals, medical record data were abstracted
from electronic hospital records capturing one-time and
recurring events during the obstetric period. Manual med-
ical record abstraction occurred at the BFH using the same
variables. Trained research staff abstracted all data. An
obstetric anesthesiologist verified epidural anesthesia use
and other relevant details.

To assess possible early epidural anesthesia effects the
primary study outcome was breastfeeding cessation within
1 month (30 days) (maternal self-report). Epidural anes-
thesia use was dichotomized with “yes” defined as any
anesthetic agent(s) in the epidural or peridural space; this
included bolus doses, continuous labor infusions, and
patient controlled pumps, and excluded local, spinal, or
general anesthesia.

Maternal age, education, race/ethnicity, parity, income
status, and mode of delivery were obtained from the hos-
pital BC [38]. Abstraction of these data are considered to
have acceptable reliability [38—40]. Anyone with either
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prenatal WIC enrollment (maternal self-report on the sur-
vey or BC) or, with a Medicaid-funded delivery (per BC)
were categorized as “low income: yes.” Birth hospital and
breastfeeding data, obtained from the maternal surveys,
included postpartum confidence in ability to breastfeed
(high, medium, neutral or low), prenatal breastfeeding plan
(none, timed goal [e.g. “6 months”], specific milestone
[e.g. “until baby gets teeth™]), and age of infant at cessa-
tion of overall breastfeeding or if still breastfeeding.
Administration of either IV or IM oxytocin and presence of
postpartum edema were collected through maternal medi-
cal records (Table 1).

Statistical Methods

Bivariate analyses compared mothers who had and had not
received epidural anesthesia, across identified demo-
graphic, obstetric, and breastfeeding factors. To describe
differences in the distribution of these factors across
exposure groups, Chi-square tests detected covariates
associated with epidural anesthesia use for inclusion in
multivariable analyses.

We employed the Kaplan—-Meier method and corre-
sponding log-rank test to evaluate the crude relationship
between time and cessation of breastfeeding (30 days) and
epidural anesthesia use. Since our interest is in cessation
rather than continuation of breastfeeding, we defined an

Table 1 Data collection sources

Variable Data source
Age Hospital birth certificate®
Race Hospital birth certificate®

Previous birth Hospital birth certificate®

Low income Hospital birth certificate®
Education Hospital birth certificate®
Birth hospital Hospital birth certificate®
Epidural® Mother’s medical record

Exogenous oxytocin® Mother’s medical record

Postpartum edema Mother’s medical record
Planned BF goal®
BF confidence®

Breastfeeding cessation

Maternal self-report
Maternal self-report
Maternal self-report

BF breastfeeding
4 Birth Certificate data collected by hospital based birth registrar staff
® Class of medications given during labor

¢ Intravenous (administered during labor) or Intramuscular (admin-
istered postpartum)

9 Timed goal such as “6 months,” a specific milestone such as “until
baby gets teeth,” or no goal

¢ Before leaving hospital; obtained during enrollment interview in
hospital or postpartum period
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‘event’ as cessation of breastfeeding within 1 month
postpartum. A modified Cox Proportional Hazard model
applied an independent incremental approach to account
for the recurring use of exogenous oxytocin at different
doses (referred to as time-varying discussed below) and
estimated the multivariable effect of epidural anesthesia on
overall breastfeeding cessation, producing hazard ratios
(HR) and corresponding 95 % confidence intervals (CI).
Key covariates of interest were included in multivariable
analyses, and this model was adjusted for standard demo-
graphics (age, education, race, parity, income, and birth
hospital), exogenous oxytocin (separating IM and IV),
documentation of postpartum edema, planned breastfeed-
ing duration, and confidence in ability to breastfeed during
initial postpartum period.

This analysis statistically accounts for changes in
exogenous oxytocin use during labor. This time-varying
methodology counts a sequence of events across time
within a single subject [41, 42]. The resulting risk estimates
are iteratively weighted across each increment. Hazard
ratio interpretation is the same as the standard interpreta-
tion and explains the probability of breastfeeding cessation
within 1 month. This approach requires independence
across subjects [43]. To account for potential non-inde-
pendence between these increments within individuals, as
recommended, we applied a robust variance estimator
(Sandwich) to inflate the standard error associated with
confidence interval estimation [41, 42].

Using the log rank test comparing two survival curves
and a two-sided alpha of 0.05, we had over 80 % power to
detect a 12 % difference in breastfeeding cessation within
1 month postpartum between epidural anesthesia groups.
Analyses were conducted in Statistical Analysis Systems,
version 9.2 (SAS Institute, Cary, NC, USA). All p-values
were two-sided, and significance was set at p < 0.05.

Results

As depicted in Table 2, relative to mothers not receiving
epidural anesthesia, those who did were significantly more
likely to be primiparous, give birth at a non-BFH, receive
IV oxytocin intrapartum, not receive IM oxytocin post-
partum and have lower confidence in their ability to
breastfeed. No significant differences were observed across
other demographic, obstetric, or breastfeeding factors.
Kaplan—-Meier curves depicted a significant crude rela-
tionship between epidural anesthesia use and breastfeeding
cessation within 1 month (p < 0.01; Fig. 1). While the
overall censoring rate was 84.3 %, the percentage of left-
censored data (unknown if breastfeeding cessation had
occurred by 30 days) was fairly low (11.7 %) relative to
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Table 2 Demographics and Confounders By Epidural Status

All participants (n = 727)

Variables Yes epidural No epidural p value*
n = 437 n = 290
n (%) n (%)

Age 0.81
<25 194 (44.4) 125 (43.1)
26-31 120 (27.5) 81 (27.9)
31-35 82 (18.7) 61 (21.0)
>35 41 9.4) 23 (8.0)

Race 0.68
White 295 (67.5) 200 (69.0)
Other 142 (32.5) 90 (31.0)

Previous birth 0.04
Primiparous 217 (49.7) 121 (41.7)
Multiparous 220 (50.3) 169 (58.3)

Low income® 0.21
Yes 224 (51.3) 135 (46.5)
No 213 (48.7) 155 (53.5)

Education” 0.94
<High-school 190 (43.7) 124 (43.1)
Some college 114 (26.2) 74 (25.7)
College grad 131 (30.1) 90 (31.2)

Birth hospital <0.01
BFH® 189 (43.3) 165 (56.9)
Community® 180 (41.2) 106 (36.6)
Regional* 68 (15.5) 19 (6.5)

Oxytocin IV <0.01
Yes 257 (58.8) 111 (38.3)
No 180 (41.2) 179 (61.7)

Oxytocin IM <0.01
Yes 39 (8.9) 69 (23.8)
No 398 (91.1) 221 (76.2)

Postpartum edema® 0.10
Yes 54 (17.3) 25 (12.0)
No 259 (82.7) 183 (88.0)

Planned BF goal® 0.21
Timed goal 361 (82.6) 245 (84.5)
Milestone 55 (12.6) 26 (9.0)
No goal 21 (4.8) 19 (6.5)

BF confidence®™" 0.05
High 223 (54.3) 166 (58.9)
Medium 111 (27.1) 83 (29.4)
Low or neutral 76 (18.6) 33 (11.7)

BFH Baby Friendly designated hospital, BF breastfeeding
* Does not include “Missing”
# Either medicaid-funded delivery or prenatally enrolled in WIC

® n < 727; missing 4 from Education (2 from epidural Yes; 2 from epidural

No); missing 206 from edema (124 from epidural Yes; 82 from epidural No);
35 from confidence (27 from epidural Yes; 8 from epidural No)

¢ Designated by Baby Friendly USA. http://www.babyfriendlyusa.org/
9 Not designated as a Baby Friendly Hospital

¢ Timed goal such as “6 months,” a specific milestone such as “until baby gets
teeth,” or no goal

f Maternal confidence before leaving hospital; obtained during enrollment
interview in hospital or postpartum period

right-censored data (72.6 %) (breastfeeding cessation had
not occurred by 30 days).

As depicted in Fig. 1, some mothers ceased of breast-
feeding starting the first postpartum day. This is not sur-
prising since ever breastfeed was the inclusion criteria.
Using a modified Cox Proportional Hazard approach that
adjusted for standard demographics, breastfeeding factors,
and time time-varying effects of IV and IM oxytocin,
epidural anesthesia significantly predicted breastfeeding
cessation (HR 1.26; [95 %CT: 1.10, 1.44]); other significant
risk factors included birth hospital, maternal age, income,
education, planned breastfeeding goal and breastfeeding
confidence (Table 3).

Comparison of BFH status (Yes/No) using post hoc
analysis resulted in two modified Cox models (Table 3). In
both stratified models, epidural anesthesia significantly
predicted overall breastfeeding cessation (BFH HR: 1.19
[1.01, 1.41], p < 0.04; non-BFH HR 1.65 [1.31, 2.08],
p < 0.01); IV oxytocin protected against early breastfeed-
ing cessation (BFH model) (HR 0.67 [0.53, 0.86],
p < 0.01) but increased the risk of early breastfeeding
cessation in the non-BFH model (HR 1.50 [1.25, 1.80]).
Regardless of hospital status, mothers with epidural anes-
thesia were significantly more likely to cease breastfeeding
within 1 month; significant independent risk factors across
the stratified models included maternal education, income,
and planned breastfeeding goal.

Since both epidural anesthesia and IV oxytocin were
significant in the stratifitd modified Cox models, we
assessed the multiplicative effect of epidural anesthesia and
IV oxytocin. While the overall interaction was not signif-
icant, the combination of both epidural anesthesia and IV
oxytocin negatively affected breastfeeding (HR: 1.34 [1.00,
1.79]). The absence of both factors was protective (HR:
0.88 [7.70, 0.93]) (data not shown).

Discussion

These analyses, using a multivariable Cox model and
including both common confounders and unique covari-
ates, found an association between epidural anesthesia and
breastfeeding cessation at 1 month among mothers with
healthy, term vaginal births. These analyses included
additional refinements to account for exogenous oxytocin,
differentiating between modes of oxytocin administration
and accounting for variable timing of doses. Other factors
independently associated with breastfeeding cessation at
1 month included younger age, lower income, less educa-
tion, lack of timed breastfeeding goal and low breastfeed-
ing confidence. Our findings also suggest that mothers
receiving both epidural anesthesia and IV oxytocin repre-
sent the group most likely to cease breastfeeding within
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Fig. 1 Kaplan-Meier survival
curves depicting breastfeeding
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1 month postpartum, while mothers receiving neither rep-
resent the lowest risk group.

Subsequent analyses examined between hospital differ-
ences. Two post hoc analyses (BFH only; non-BFH) also
demonstrated a significant relationship between early
breastfeeding cessation and epidural anesthesia. Low
income, less education, and no breastfeeding goal contin-
ued to predict early cessation. Interestingly both stratified
analyses demonstrated a significant relationship with IV
oxytocin administration; in the BFH hospital it was pro-
tective, while in the other hospitals it increased the risk of
early cessation. The different direction of these associa-
tions may be due to practice and policy differences
attributable to institutional rather than BFH-specific
practices.

These analyses not only included a large number of
confounders but also several covariates absent from other
secondary analyses (income, breastfeeding plan, breast-
feeding confidence, oxytocin use, and postpartum edema)
[44]. While several contributed to early breastfeeding
cessation, several well-known confounders were not con-
sistently significant: race, parity, and age. Clinical and
hospital practices may override their effect on breastfeed-
ing. Alternatively, as described by Wieczorek et al. [27]
substantial prior breastfeeding experience may offset the
effect of epidural anesthesia.

In the United States, epidural anesthesia rates are
increasing [28]. At the same time, despite additional pro-
grams, policies and funding to support breastfeeding,
improvements in breastfeeding duration are marginal.
Since 2004 the average annual change in duration at
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6 months and exclusive breastfeeding at 3 months are .07
and 1.13 % respectively [4]. Furthermore epidural anes-
thesia may interfere with the establishment and mainte-
nance of full lactation in some women, but not in others.
Our findings reinforce the importance of clarifying whether
the relationship between epidural anesthesia and breast-
feeding has implications for clinical practice.

If a relationship exists, there are several potential
mechanisms. First, the agents administered in epidurals,
like many other maternal medications, cross the placenta
and may affect the infant’s suckling ability [19, 21]. Poor
suckling could contribute to delayed initiation, less breast
milk consumption, low infant weight gain, and early for-
mula supplementation [21, 45—47].

An alternate explanation warranting further exploration
is the inter-relationship between epidurals, exogenous
oxytocin use, endogenous oxytocin levels, and breast-
feeding outcomes. Epidural anesthesia is associated with
exogenous oxytocin, that in turn is associated with delayed
breastfeeding initiation and in-hospital formula supple-
mentation [21]. Epidural anesthesia is also independently
associated with decreased endogenous oxytocin levels [30].
Exogenous oxytocin may interfere with endogenous oxy-
tocin release or uptake; mothers receiving both epidural
anesthesia and exogenous oxytocin administered by the
obstetrician demonstrated significantly lower mean
endogenous oxytocin levels while breastfeeding within
2 days postpartum [22]. Furthermore, exogenous oxytocin
may be a marker of or a factor contributing to obstetric
stress. A study of 63 mothers observed higher cortisol
levels (stress indicator) during skin-to-skin breastfeeding
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Table 3 Overall breastfeeding cessation multivariable modified regression models

Variables (reference) All hospitals BFH Non-BFH
HR [95 % CI] p value HR [95 % CI] p value HR [95 % CI] p value
n=521* n =322 n=199
Epidural (no) <0.01 0.04 <0.01
Yes 1.26 1.19 1.65
[1.10-1.44] [1.01-1.41] [1.31-2.08]
Birth hospital (BFH) <0.001 NA NA
Community® 0.73 NA NA
[0.61-0.88]
Regional® 1.07 NA NA
[0.91-1.23]
Age (26-31) 0.03 0.10 0.37
<25 1.07 1.06 1.12
[0.91-1.25] [0.84-1.34] [0.90-1.39]
31-35 0.87 0.89 0.84
[0.71-1.08] [0.68-1.16] [0.58-1.21]
>35 1.30 1.30 0.88
[1.02-1.65] [0.98-1.72] [0.50-1.54]
Race (white) 0.47 0.02 0.97
Other 1.04 1.16 1.00
[0.94-1.15] [1.02-1.32] [0.85-1.19]
Previous birth (primparous) 0.13 0.26 0.72
Multiparous 0.90 0.90 0.97
[0.80-1.03] [0.75-1.08] [0.80-1.16]
Low income (no) <0.01 <0.01 <.01
Yes 1.44 1.36 2.04
[1.20-1.73] [1.08-1.72] [1.49-3.50]
Education (>college) <0.01 <0.01 <0.01
<High-school 1.74 1.59 225
[1.38-2.18] [1.17-2.14] [1.44-3.50]
Some college 1.80 1.47 2.33
[1.46-2.22] [1.15-1.89] [1.50-3.61]
Oxytocin IV (no)* 0.30 <0.01 <0.01
Yes 1.08 0.67 1.50
[0.94-1.23] [0.53-0.86] [1.25-1.80]
Oxytocin IM (no)* 0.34 0.65 NA
Yes 1.09 1.04 NA
[0.92-1.29] [0.87-1.25]
Postpartum edema (no) 0.08 0.20 0.23
Yes 1.16 0.70 1.12
[0.98-1.36] [0.41-1.21] [0.93-1.34]
Planned BF goal (timed goal)® 0.02 0.01 <.01
Milestone 0.78 0.92 0.72
[0.65-0.94] [0.70-1.19] [0.55-0.94]
No goal 0.87 0.49 2.23
[0.64-1.18] [0.31-0.78] [1.41-3.51]
BF confidence (high)® <0.01 0.01 0.11
Medium 1.02 1.22 0.76
[0.87-1.18] [1.00-1.65] [0.58-0.99]
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Table 3 continued

Variables (reference) All hospitals BFH Non-BFH
HR [95 % CI] p value HR [95 % CI] p value HR [95 % CI] p value
n = 521° n =322 n= 199
Low or neutral 1.24 1.34 1.01
[1.08-1.43] [1.09-1.65] [0.83-1.24]

CI confidence interval, BFH baby friendly hospital (as designated by Baby Friendly USA), NS not significant, NA not applicable, /V intravenous,

IM intramuscular, BF breastfeeding

 Includes only mothers with data on postpartum edema
® Not designated as a Baby Friendly Hospital

c

Administered during labor

9" Administered postpartum

e ”»

Timed goal such as “6 months,

within 2 days postpartum among mothers receiving both
epidurals and exogenous oxytocin relative to those
receiving epidurals alone [48].

It is unclear whether the relationship between epidural
anesthesia with overall breastfeeding cessation represents a
direct effect or whether epidurals are a marker for other
unmeasured confounding factors. Alternatively, any effect
on breastfeeding outcomes could be a result of synergism
i.e., the combination of epidurals, prolonged labor, and
related care practices associated with exogenous oxytocin.
While biologically plausible, the exact mechanism is not
known.

When possible, we addressed several criticisms associ-
ated with previous research to further clarify the associa-
tion between epidural anesthesia and breastfeeding
cessation. Our analysis was adequately powered and we
established a clearly defined, homogeneous comparison
group thereby minimizing exposure misclassification.
Furthermore, we included many relevant demographic and
obstetric variables not used in previous analyses so both
known and novel potential confounders were included. We
reaffirmed a potential synergistic relationship between
epidural anesthesia and IV oxytocin interaction [5]. Lastly,
we accounted for the time-varying periods of use and non-
use by applying a novel statistical methodology [49].

Despite the above efforts, this study has limitations. Our
analysis was limited to the primary studies’ inclusion cri-
teria; results are only generalizable to similar mothers (those
with vaginal deliveries, full-term singleton infants). Sec-
ondly, as with other epidural analyses, breastfeeding out-
comes were self-reported and potentially biased, however
breastfeeding duration reported within 3 years postpartum is
considered reliable and valid [50]. Our breastfeeding ces-
sation endpoint, close to the infants’ birth (<1 month)
minimizes recall bias. Additionally, the original studies

@ Springer

a specific milestone such as “until baby gets teeth,” or no goal

Maternal confidence before leaving hospital; obtained during enrollment interview in hospital or postpartum period

were not designed to measure the effect of epidural anes-
thesia on breastfeeding thus any recall or social desirability
biases should be non-differential; mothers are more likely to
report longer breastfeeding, thus underestimating the
reported effect. This is a secondary analysis. Detailed data
for several relevant variables are lacking (e.g. length of
second stage of labor; perineal trauma; labor difficulties).
Using more detailed data regarding specific intra-partum
analgesia agents, length of labor, epidural timing and doses,
and concomitant obstetric/labor medication might further
clarify this association and increase the validity of risk
estimates [27]. Additionally different data collection meth-
ods could bias our results. Data missing from electronic
records were coded as missing; in paper records data was
deemed missing if not available anywhere in the record.
Results may measure hospital documentation rather than
hospital practice differences. Lastly, the observed associa-
tion between epidural anesthesia and breastfeeding may be
due to unmeasured confounding.

Although social and economic factors are considered
major predictors of breastfeeding outcomes, in some cir-
cumstances clinical or institutional practices may offset
their effect. The association between epidural anesthesia
use and BF cessation presented herein, when viewed with
other research findings, highlights the complex interrela-
tionships among institutional, clinical, maternal and infant
factors. Understanding these relationships, (e.g. potential
synergy with IV oxytocin), and the extent to which direct,
indirect or no causal relationships are identified, would
inform clinical recommendations, hospital policies about
labor management and whether and to whom additional
breastfeeding support would be advisable. Detailed pro-
spective studies, including a randomized clinical trial if
appropriate, that account for a broad array of potential
factors and their potential interrelationships are warranted.
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