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ABSTRACT

Purpose: Milk output from the right and left breasts was compared in mothers who were
pumping exclusively and had not yet fed their infants at breast.

Methods: Thirty-five mothers of very low birthweight infants established lactation with a
hospital grade, electric, dual pump, and recorded milk output separately for each breast dur-
ing every pumping session from enrollment until completion of the study (mean = 19.8 days)
using a standardized milk log. Milk output from each breast was also weighed during six ob-
served milk expressions over a 2-week period during the study.

Results: For the observed pumping sessions (n = 210), milk output was greater from the
right breast in 65.7% of the sessions. For the milk log data (n = 3099 pumping sessions) milk
output was greater from the right breast in 47.6% of the sessions, greater from the left breast
in 28.0%, and equal from both breasts in 24.4% of the sessions. The mean difference in milk
output between the right and left breasts was 6.6 mL (SD = 12.1) for the observed sessions,
and 5.0 mL for the milk log data (SD = 10.9). The mean right-to-left breastmilk output ratio
was 1.20 for the observed sessions and 1.17 for the milk log data. The right-to-left breastmilk
ratios were not associated with time of day, day of pumping, total milk output, maternal hand-
edness or the breast pump suction pattern. The right-to-left breast differences were associ-
ated with parity and breastfeeding experience, with primiparous women and first-time breast-
feeders demonstrating the greatest differences.

Conclusions: These findings suggest that differences in the milk output from the right and
left breasts are common, and that milk output is often greater from the right breast. The dif-
ferences appear early in lactation, are not related to total milk output, and are relatively con-
sistent throughout the day and over the first weeks of lactation.

INTRODUCTION scribe observations such as one breast being

consistently fuller than the other, milk flowing

LACTATING MOTHERS often comment that they more freely from one breast, or infants’ consis-
notice a difference in the amount of milk tently “preferring” one breast to the other. Sim-
produced by the right and left breasts. They de- ilarly, mothers and clinicians frequently note a
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difference in the milk output from the right and
left breasts during mechanical breast pumping,
leading mothers to question whether these dif-
ferences are “normal.” Although anecdotal re-
ports suggest that a difference in milk output
from the two breasts occurs frequently, this
phenomenon has not been studied extensively.

As early as 1954, differences in the milk out-
put from the right and left breasts obtained by
mechanical pumping were reported, but the
differences were attributed to which breast had
been suckled last at the most recent breast-
feeding.! Differences in the milk output from
the right and left breasts were not addressed
extensively in the literature again until a series
of studies from the University of Western Aus-
tralia consistently reported differences in the
milk output between the two breasts in moth-
ers of healthy infants, with greater outputs
more frequently reported for the right breast.>™
These studies reported milk output for 24-hour
intervals, eliminating the effect of the most re-
cently suckled breast on the milk output at a
subsequent feeding or pumping. Participants
for these well-controlled studies included
mothers who had an established milk supply
and healthy infants who fed at breast. Thus, the
observed milk output differences may have
been a result of cultural practices that stimu-
lated milk production disproportionately in
one breast, such as the Muslim tradition of al-
ways initiating a feeding session with the right
breast!? or feeding from only one breast.!! Sim-
ilarly, milk output differences may have been
influenced by maternal handedness!'? or by
mothers” preference to hold the infant on one
side (cradling).'?!3 Alternatively, these differ-
ences may have been influenced by the infant’s
preference for a particular breast!'?!4 or the in-
fant’s preferred direction of head turning (lat-
erality).'>!> Thus, it is unknown whether the
differences in milk output between the two
breasts was due to maternal cultural practices,
maternal-infant preferences such as handed-
ness, cradling, and head turning, or due to a
biological difference in the breasts.

The purpose of this study was to describe the
direction and magnitude of differences be-
tween the milk output from the right and left
breasts in mothers of very low birthweight
(VLBW, <1500 g) infants who were pumping
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exclusively and had not yet fed their infants at
breast. This unique group of mothers provided
the opportunity to compare milk output from
the two breasts while eliminating the effects of
breastfeeding practices and maternal-infant
preferences on these differences. Additional
purposes were to determine whether these dif-
ferences were present at the onset of lactation
or developed over time, and if the differences
were related to time of day, total daily milk out-
put, the breast pump suction pattern, maternal
handedness, parity, or previous breastfeeding
experience.

MATERIALS AND METHODS

Design

This study was a part of a larger randomized
clinical trial which compared the comfort, con-
venience, efficiency, and efficacy of three dif-
ferent suction patterns in a hospital grade, dual
electric breast pump (Symphony Pump;
Medela, Inc., McHenry, IL). Thirty-five moth-
ers of VLBW infants who agreed to establish
lactation by simultaneous mechanical breast
pumping were enrolled within 48 hours of ini-
tiating pumping. Mothers completed a log doc-
umenting the milk output from each breast
during every pumping session from enroll-
ment until completion of the study. Milk out-
put from each breast was also measured dur-
ing six observed pumping sessions for each
mother. The observed pumping sessions were
conducted at approximately the same time
each day over a 2-week period, and each of the
three suction patterns was used for two of the
observed sessions.

Sample and setting

This study was conducted in the Neonatal
Intensive Care Unit at Rush University Med-
ical Center. Criteria for inclusion in this study
were: birth of a VLBW infant; willing to initi-
ate lactation using a hospital grade, electric,
dual breast pump (Classic, Medela, Inc.); and
achievement of total daily milk output of at
least 350 mL per day for at least 5 consecutive
days before testing three new suction patterns
in the observed pumping sessions. No mother
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meeting the inclusion criteria was excluded
from this study, and no mothers declined to
participate. Characteristics of the study sample
are described in Table 1.

Procedures

Eligible mothers who consented to partici-
pate were given a hospital grade, electric, dual
pump (Classic, Medela Inc.) to initiate lactation
and were instructed and assisted in using the
equipment and collecting, measuring and stor-
ing their milk. Mothers were advised to pump
both breasts simultaneously at least six to eight
times a day. Mothers measured milk output
from each breast at each pumping session vol-
umetrically, by using the markings on the grad-
uated milk collection and storage containers,
which were marked in 10-mL increments. Par-
ticipants were also instructed in using a milk
log to document the milk output from each
breast for each pumping session. A separate
milk log was completed for each breast from
enrollment until completion of the study.

Once mothers achieved a total daily milk
output of atleast 350 mL for 5 consecutive days,

TaABLE 1. CHARACTERISTICS OF THE
STUDY SAMPLE (N = 35)

Characteristic Mean (SD)
Maternal age (years) 29.1 (7.4)
Infant birth weight (g) 1016.1 (288.3)
Infant gestational age at birth (weeks) 27.4 (2.4)
1 (%)
Race
African-American 14 (40%)
Non-Hispanic Caucasian 14 (40%)
Hispanic 6 (17.1%)
Native-American 1 (2.9%)

Family income
<$30,000 annually
=$30,000 annually

WIC eligible

13 (37.1%)
22 (62.9%)

Yes 18 (51.4%)

No 17 (48.6%)
Breastfeeding experience

Yes 14 (40.0%)

No 21 (60.0%)
Parity

Primiparous 15 (42.9%)

Multiparous 20 (57.1%)
Multiple gestation

Yes 9 (25.7%)

No 26 (74.3%)

they tested three different suction patterns in a
hospital grade, electric, dual pump (Sym-
phony, Medela, Inc.). Mothers used each of the
three suction patterns for two randomly or-
dered pumping sessions, for a total of six ob-
served pumping sessions. These observed
pumping sessions took place at the same time
each day (*1 hour) over a 2-week period un-
der the direct supervision of a research nurse.
The milk output from each breast was weighed
using an electronic scale (Tanita Model 1479S,
Japan) that was accurate to £0.1 g.

Milk storage capacity for each breast was es-
timated using a modification of the procedures
described by other researchers.* The calcula-
tion of milk storage capacity involved two
steps. First, once the woman had achieved a to-
tal daily milk output of at least 350 mL per day
for 5 consecutive days, milk drops (<1 mL)
were collected from each breast immediately
before the onset and again at the completion of
pumping for a 24-hour period. The high and
low creamatocrit values were determined and
then used to calculate the degree of breast full-
ness associated with each creamatocrit value.
Then, milk drops (<1 mL) were collected from
each breast immediately before the onset and
again at the completion of pumping for each
observed pumping sessions. These creamat-
ocrit values were used in combination with the
creamatocrits and milk outputs from the ob-
served pumping sessions to estimate the stor-
age capacity of each breast.

Analysis

Data were analyzed using Microsoft Excel
2003 (Redmond, WA) and SPSS for Windows
version 14.0 (Chicago, IL). Descriptive statistics
were used to describe continuous variables,
and frequencies were used to describe discrete
variables. The net and absolute differences in
milk output from the right and left breasts
(right-left = difference) were calculated (mL)
for each pumping session, and these differ-
ences were described using means, standard
deviations, and maximal differences. Two ad-
ditional statistics were developed to more com-
pletely characterize the differences in milk out-
put between the right and left breasts. The first
statistic, the percentage of right-left difference



86

in total milk output, was developed to quan-
tify the magnitude of difference across milk out-
put values regardless of the direction of differ-
ence. This statistic was calculated using the
absolute difference in milk output from each
breast as a percentage of the total milk output
from both breasts {([absolute (right — left milk
output)]/total milk output) X 100}, for each
pumping session. The second new statistic, a
ratio of the right-to-left milk output (right milk
output/left milk output), was developed to
standardize the right-to-left difference in milk
output regardless of the total milk output, and
was also calculated for each pumping session.
Values above 1.0 indicated greater milk output
from the right breast and values below 1.0 in-
dicated greater output from the left breast. The
percentage of difference in storage capacity be-
tween the breasts was calculated by using the
following equation: {([absolute (right — left
storage capacity)]/total storage capacity) X
100}.

A Type I error of 5% was used for all tests of
statistical significance. To avoid the problems
of unequal numbers of observations for each
woman in the milk log data and the potential
violation of independence in statistical analy-
ses, the overall mean values for each woman
were used for statistical comparisons of the
data from the milk logs and observed pump-
ing sessions. Wilcoxon signed-rank tests were
used for paired statistical comparisons and
Mann-Whitney tests were used for statistical
comparisons involving two independent
groups. Pearson’s correlation coefficient was
used to determine the association between the
mean right-to-left milk output ratio, the mean
total milk output during the observed pump-
ing sessions, mean total daily milk output in
the milk log data, and the percentage of differ-
ence in the storage capacity of the breasts. Re-
peated-measures analysis of variance was per-
formed to determine whether the pump
suction pattern was associated with the right-
to-left milk output ratio.

Ethical considerations

The Institutional Review Board of Rush Uni-
versity Medical Center approved this study.
Mothers provided written consent to partici-
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pate after the study was described and the vol-
untary nature of participation was explained.
With the exception of the drops of milk col-
lected to measure creamatocrit values, all milk
obtained during this study was saved for the
mother’s infant.

RESULTS

There were a total of 210 observed pumping
sessions in 35 women (six sessions for each
women) for which a research nurse weighed
the pumped milk output. The milk log data in-
cluded 3099 pumping sessions for 34 of the 35
women (one mother’s records were lost) for
which milk output was measured volumetri-
cally and recorded in the milk log by the
mother. Milk log data were recorded for a
mean of 19.8 days (SD =5.7, range = 5-37
days). The mean number of pumping sessions
recorded by the individual women was 91.2
sessions (SD = 32.3, range = 28-158 sessions).
The differences in milk output from the right
and left breasts for both the observed pumping
sessions and the milk log data are described in
Table 2.

Factors associated with right-to-left differences

Differences in the right-to-left milk output
ratio were examined in relation to maternal fac-
tors such as handedness, parity, and previous
breastfeeding experience. These findings are
summarized in Table 3. Maternal handedness
was not significantly associated with the right-
to-left milk output ratio. However, parity and
previous breastfeeding experience were signif-
icantly associated with the right-to-left milk
output ratio, with primiparous women and
those with no prior breastfeeding experience
having the largest ratios. The mean milk out-
put ratio was also significantly correlated with
the percentage of difference in the storage ca-
pacity of the breasts for both the observed
pumping sessions (r = 0.55, p < 0.01) and the
milk log data (r = 0.58, p < 0.01).

Differences in the right-to-left milk output
ratio were also examined in relation to the to-
tal milk output. The mean total milk output per
pumping session was not significantly corre-
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TABLE 2. DESCRIPTION OF THE MILK OUTPUT DIFFERENCES FOR THE RIGHT AND LEFT BREASTS

Observed pumping
sessions Milk log data
(n = 210) (n = 3099)

Milk output directionality

Greater in the right breast 65.7% 47.6%

Greater in the left breast 34.3% 28.0%

Equal from both breasts 0.0% 24.4%
Mean milk output difference 6.6 (12.1) 5.0 (10.9)

(Mean = SD, in mL)
Maximum milk output difference in a 94.2 140

single pumping session (mL)
Mean percentage of right-to-left
difference in milk output
(Mean * SD)
Mean right-to-left milk output ratio
Milk storage capacity (Mean * SD, in mL)
Right breast
Left breast

11.4% (9.1) 10.2% (8.5)

1.20 (0.37) 1.17 (0.41)

1985 (119.8) —
183.0 (96.6)

lated with the mean right-to-left milk output
ratio during the observed pumping sessions
(r = —0.22, p = 0.22). Similarly, the mean daily
total milk output was not significantly corre-
lated with the mean right-to-left milk output
ratio in the milk log data (r = —0.22, p = 0.22).

The pattern of right-to-left milk output ratios
over the course of the day and over the dura-
tion of the study were also examined to deter-
mine stability of the ratios over time. The pat-
tern of the mean right-to-left milk output ratios
for each pumping session over the course of the
day (beginning at midnight) in relation to the
mean total milk output per session are dis-

played in Figure 1. Although total milk output
per session was consistently highest for the first
pumping of the day (early morning) and de-
clined over the day, the mean right-to-left milk
output ratios were relatively stable throughout
the day. The right-to-left milk output ratios
over the course of the study (beginning at day
of enrollment) were also relatively stable, even
though the mean total daily milk output
changed over time (Fig. 2). These serial data
were also analyzed to determine if the mean
milk output ratio for the first 5 days of milk
output was significantly different from the last
5 days of the study. The mean right-to-left milk

TABLE 3. RELATIONSHIP BETWEEN THE RIGHT-TO-LEFT MILK OUTPUT RATIO
AND MATERNAL HANDEDNESS, PARITY, AND BREASTFEEDING EXPERIENCE

Observed pumping sessions
(n = 210)

Milk log data
(n = 3099)

Right-to-left
milk output

Right-to-left
milk output

Characteristic n ratio p-value n ratio p-value
Handedness
Right-handed 21 1.20 (0.23) 0.69 20 1.15 (0.23) 041
Left-handed 3 1.19 (0.35) 3 1.05 (0.20)
Parity
Primiparous 15 1.37 (0.50) 0.05 14 1.34 (0.58) 0.05
Multiparous 20 1.08 (0.14) 20 1.05 (0.12)
Breastfeeding Experience
Breastfeeding experience 14 1.05 (0.08) 0.01 14 1.02 (0.10) 0.04
No breastfeeding experience 21 1.31 (0.45) 20 1.27 (0.50)
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FIG. 1. Mean right-to-left milk output ratio throughout the day in relationship to the mean milk output at each

pumping session.

output ratio did not change significantly over
time (1.15 versus 1.13, respectively; p = 0.79).
Similarly, the mean right-to-left milk output ra-
tios varied slightly across the breast pump suc-
tion patterns but were not significantly differ-
ent: one-phase = 1.25, two-phase = 1.20, and
three-phase = 1.17; F(2,68) = 1.29, p = 0.28.

DISCUSSION

The findings from this study demonstrate
that there are often differences in milk output
from the right and left breasts and, for some
mothers, these differences are large and stable
over time. The results of this study are consis-
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tent with clinicians” and mothers” anecdotal ob-
servations and with the findings of published
research.> Also consistent with the findings of
previously published research was the finding
that milk output is more frequently greater for
the right versus the left breast.> The findings
from this study extend the results of previously
published research by demonstrating that the
differences in milk output are not due to ma-
ternal and infant breastfeeding practices and
preferences such as handedness and preferred
cradling and head turning. The mothers in this
study were pump dependent from the onset of
lactation and throughout the study duration,
and the milk expression procedures were stan-
dardized as a part of a randomized clinical trial.
Thus, this study provided the unique opportu-
nity to eliminate the potential influence of ma-
ternal and infant breastfeeding practices and
preferences that could have influenced the dif-
ferences in milk output between the two
breasts found in this study.

Overall, the differences in milk output ap-
peared during the first few days of lactation,
remained relatively stable throughout the day
and over the first weeks of lactation, and were
unaffected by the type of suction pattern in the
breast pump. The directionality of difference
remained relatively constant over time, with
milk output from the right breast more fre-
quently exceeding that from the left breast. Cu-
mulatively, these findings suggest that differ-
ences in milk output between the right and left
breasts may have a biological explanation.

One biological explanation is that there may
be a real anatomical difference between the
breasts. This hypothesis is supported by ani-
mal and human studies documenting the lack
of perfect symmetry in paired body structures
throughout the animal kingdom, and is known
as “fluctuating asymmetry.”'® Greater degrees
of asymmetry have been associated with unfa-
vorable health outcomes, a reduced chance of
finding a suitable mate, and decreased repro-
ductive success.!”1® One could hypothesize
that the mothers in this study may have had
more asymmetry, which in turn, may have
been associated with poorer reproductive out-
comes such as preterm birth. Thus, future stud-
ies should further explore right-to-left milk
output differences in other populations of

women. Recent research also suggests that
asymmetry in breast size is a risk factor for later
breast cancer,?’ so future studies may examine
whether the magnitude of asymmetry in milk
output has any predictive value in identifying
women at risk for subsequent breast disease.

Although our findings and those of previous
researchers indicate that milk output is more
often greater from the right breast, there are
several reasons to think that the left breast
would have the greater milk output. First, the
left breast is usually larger than the right
breast.??2 Second, during the act of breast-
feeding several maternal and infant character-
istics facilitate feeding at the left breast, which
would result in greater stimulation and milk
output for the left breast over time. For exam-
ple, a right-handed mother instinctively uses
the right hand to position the baby and breast,
thereby making it easier to feed from the left
breast. Also, more infants preferentially turn
the head to the right, which would facilitate
feeding from the left breast.!?!> Finally, in all
cultures throughout the world there is a pref-
erence of mothers to cradle their infants in the
left arm, thereby facilitating feeding at the left
breast.1213

The right breast may have an underlying
anatomical advantage that allows more milk to
be synthesized, stored, and/or withdrawn by
the pump or infant. The theoretical causes of
such a difference may be a discrepancy in the
onset, speed, or extent of embryonic develop-
ment of the right and left mammary glands.
However, since the left breast is larger, a more
plausible explanation may be a difference in
blood flow to the breasts. Findings from a re-
cent study using Doppler ultrasound in women
with established lactation suggested that the
right breast received more blood flow than the
left breast.?> While speculative, the statistically
significant associations between the right-to-
left milk output ratios and parity and previous
breastfeeding experience is consistent with this
explanation, because both of these maternal
characteristics would result in more mature
glandular, ductal, and/or vascular develop-
ment in the mammary gland.

Although the reasons for asymmetry in milk
output from the right and left breasts remain
speculative, the findings of this study have im-
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portant implications for clinical practice and re-
search. Clinically, this information is useful
when providing anticipatory guidance to
mothers, especially women for whom the milk
output is visible, such as those who are pump-
dependent. Previous research indicates that
some women have negative feelings about
pumping and milk production? and these
women may be discouraged by observing dif-
ferences in the milk output from each breast.
Thus, mothers can be informed that differences
in milk output between the breast are “nor-
mal,” and that many women have large and
consistent differences between the breasts. Sim-
ilarly, women can be reassured that the “total”
milk output from the two breasts combined is
important for infant intake—not the individual
milk output from the breasts separately.

While it is appropriate for the clinician to re-
assure mothers about the normalcy of dis-
crepant milk output from the two breasts, it is
equally important to eliminate other diagnoses
that can manifest in milk output differences.
For example, a plugged duct or recent mastitis
can significantly reduce milk output in the af-
fected breast.?>2¢ A tightly fitted breast shield
frequently results in reduced milk output in
breast pump-dependent women, and some
women require different breast shield sizes for
the two breasts.?” Similarly, previous unilateral
breast surgery, biopsy, or nipple piercing can
result in markedly different milk output be-
tween the breasts due to a reduction in overall
glandular tissue or to obstruction in the ductal
system draining an area of the breast.?® None
of the women in this study had any of these di-
agnoses, and breast shield sizing was stan-
dardized as a part of the research protocol.
However, these maternal conditions are com-
mon in clinical practice, and the clinician
should use careful assessment techniques to di-
agnose and manage these conditions.

In summary, our findings are the most recent
in a series of studies that indicate milk output
differences between the two breasts is a com-
mon occurrence, with the milk output more
commonly greater from the right breast. The
data from the pump-dependent women in this
study suggests that these differences appear
early in the postbirth period and remain rela-
tively constant throughout the day and over the
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tirst weeks of lactation. While clinicians should
assure mothers of the normalcy of these find-
ings, other breast pathologies that manifest in
discrepant milk output should be eliminated. Fi-
nally, these findings underscore the importance
of reporting milk output separately for the right
and left breasts in research on this topic.
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