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Abstract

Background: Mother’s own milk (MOM) is well known to decrease prematurity-related
morbidities, yet mothers delivering preterm infants often produce insufficient quantities of milk to
provide these benefits. While a critical need exists for research to support lactation success in this
vulnerable population, development and investigation of interventions to increase available MOM
for infant consumption requires consistent, valid, and reliable measures of lactation outcomes.

Objectives: To compare and contrast methods of measuring lactation outcomes in mothers of
preterm infants and evaluate their advantages and disadvantages.

Methods: Measure of lactation outcomes were reviewed and synthesized. Insights on best
practices and future research directions are provided.

Corresponding author: Leslie A. Parker, PhD, APRN, FAANP, FAAN, University of Florida College of Nursing, Box 100187 College
of Nursing University of Florida, Gainesville, Florida 32610 (parkela@ufl.edu).

LeslieA. Parker, Phd, APRN, FAANP, FAAN, is an Associate Professor, Marion M. Bendixen, PhD, RN, is a Postdoctoral Fellow,
Marina Magalhaes, RN is a Research Assistant, and Charlene Krueger PhD, RN, is an Associate Professor, University of Florida
College of Nursing, Gainesville, FL.

Nicole Cacho, DO, MPH is a Clinical Assistant Professor, and Sandra Sullivan, MD, is a Clinical Associate Professor, University of
Florida College of Medicine, Gainesville, FL.

Martina Mueller, PhD, RN is a Professor, Medical University of South Carolina College of Nursing, Charleston, SC.

The authors have no conflicts of interest to report.
Ethical Conduct of Research: This manuscript did not include human subjects
Clinical Trial Registration: The manuscript does not report findings from a clinical trial



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parker et al. Page 2

Results: Volume of MOM produced, lactation duration, and time to onset of secretory activation
are important measures of lactation success. The most valid and reliable measure of milk
production is likely weighing each vial of expressed milk combined with test-weighing when
infants breastfeed. Measures of lactation duration should include actual days mothers lactated
rather than limiting to infant consumption of MOM as a proxy for duration and include not only
whether mothers are lactating at infant discharge but whether they are also lactating at other
health-relevant time points during hospitalization. Although time to onset of secretory activation is
an important lactation outcome, information regarding valid and reliable indicators of onset in
women delivering preterm infants is limited and investigation of such indicators is a research
priority. Variables which may affect lactation outcomes including time to initiation of expression
following delivery, duration of expression sessions, expression method, time spent in skin-to-skin
care, maternal demographics and comorbidities, as well as maternal intent to lactate must be
considered when researchers investigate lactation outcomes in mothers of very low birth weight
infants.

Discussion: Consistent and valid measures of lactation outcomes are required to produce
reliable results from which evidence-based practice recommendations can be developed in order to
improve lactation success in this vulnerable population.
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Mother’s own milk (MOM) has been shown to improve neurodevelopmental outcomes and
decrease prematurity-related morbidities such as feeding intolerance, late-onset sepsis,
retinopathy of prematurity, chronic lung disease, and necrotizing enterocolitis in preterm
very low birth weight (VLBW) infants (Cortez et al., 2018; J. Huang et al., 2019). However,
mothers who deliver VLBW infants often produce an insufficient volume of MOM to
provide these benefits; as such, research to support lactation success in this vulnerable
population of women is essential (Fabiyi et al., 2015).

This decreased milk production may be related to limited exposure to lactation hormones,
decreased mammary gland development, the need for a mother to mechanically express her
breasts, and comorbidities known to negatively affect lactation (Y. Huang et al., 2019;
Wilson et al., 2018). Mothers of VLBW infants are also at risk for delayed secretory
activation—the transition from production of small amounts of colostrum to copious
amounts of MOM—uwhich can decrease milk production and result in shorter lactation
durations (Murase et al., 2014; Nommsen-Rivers 2016). Delayed secretory activation limits
the volume of MOM available for infant consumption during the first few days following
delivery, which may result in infants receiving formula and/or donor human milk (DHM) or
continue nil per os (NPO), which are all inferior to colostrum feedings (Battersby et al.,
2017; Berkhout et al., 2018).

Given MOM'’s importance for infant health and its dose-dependent benefits, strategies to
optimize the available amount of MOM for infant consumption are crucial. To develop
evidence-based information with which to guide clinical practices, studies must utilize
consistent, valid, and reliable measures of lactation outcomes. Therefore, the objective of
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this review is to compare and contrast various methods of measuring lactation outcomes in
mothers of preterm VLBW infants, evaluate these methods’ advantages and disadvantages,
discuss expression factors which may influence lactation outcomes, and offer insights on
future research directions.

Lactation Outcome Measures

Volume of milk produced, lactation duration, and time to onset of secretory activation are
common lactation outcomes included in research involving mothers of premature VLBW
infants. The following section analyzes different methods of measuring each outcome and
provides recommendations for use in future research. Table 1 provides an overview of each
method including its strengths and weaknesses.

Measuring Volume of MOM Produced

Methods utilized in research determining MOM production have included maternal report
(measured by visualization of volume gradations on vials) and measurement by researchers
or clinicians (determined by either visualization or weighing each vial of expressed milk
(Asztalos et al., 2019; Parker et al., 2020). At this time, maternal self-report using lactation
diaries or mobile applications is likely the most common method of measuring milk
production; however, this effort is often hampered by the well-known risk of error and the
reduced validity of self-reported data (Asztalos et al., 2019; Wang et al., 2018).

Weighing each vial of expressed milk (each gram of milk equals 1 mL) by health care
professions, including human milk technicians, is likely the most accurate method of
measuring the volume of milk produced (Dowling et al., 2004). This method involves
weighing each vial of milk brought to the newborn intensive care unit (NICU) and
subtracting the weight of the vial, lid, and all labels to obtain the exact volume of milk
produced. Not only is this an objective measurement of milk production, but it can also be
used to validate maternal report of volume produced. Moreover, when mothers document the
date and time of expression on each vial of milk, this method also provides information
regarding expression frequency. Finally, to decrease the risk of bias in interventional studies,
this method allows blinding of individuals measuring MOM production to any interventions
they may have received.

Limitations of this method include the inability to determine expression method or duration
—Dboth of which may be important for promoting milk production (Lussier et al., 2015;
Morton et al., 2009). In addition, mothers who produce large volumes of milk may store
excess milk at home, those taking medications or drugs may discard expressed milk, and
errors in maternal documentation of the date and time of expression are possible, which may
misrepresent the precise amount of MOM produced. Therefore, frequent communication
with mothers regarding the necessity of bringing in a// expressed milk to the hospital and
correctly labeling each vial is essential to avoid errors while measuring milk production.

As VLBW infants mature and begin to breastfeed, the total volume of milk produced and
measured must include the volume consumed during each breastfeeding session. Test-
weighing or weighing an infant prior to and immediately following breastfeeding clad in the
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same clothing, diaper, and blanket has been shown in multiple studies to be an accurate
method to measure MOM intake in preterm infants during breastfeeding with the difference
between pre- and postfeeding weights indicating the volume of milk consumed by the infant
(Rankin et al., 2016).

One challenge to test-weighing is determining how to define a “breastfeeding attempt” that
is likely to result in milk transfer from mother to infant. In many NICUs, VLBW infants are
encouraged to begin breastfeeding attempts earlier than 32 weeks postmenstrual age
(Nyquist et al., 2013). However, these attempts generally only consist of “nuzzling” at the
breast with little to no actual milk consumption; even at more advanced postmenstrual ages,
breastfeeding attempts in VLBW infants can often result in little to no milk consumption.
Because test-weighing can be time-consuming and possibly stressful to premature infants,
limiting this procedure to breastfeeding sessions that will likely result in an infant’s
consumption of MOM is important. Individuals, including research assistants, nurses, and
mothers, who perform test-weighing must be properly trained and their measurement
reliability must be regularly evaluated.

Both galactogogues and hormonal contraceptives may affect milk production and must be
considered as influencing factors in any research that measures the volume of milk produced
(Matias et al., 2012; Taylor et al., 2019). Because this information is often not available in a
mother’s antenatal or delivery records, and these substances may be taken at any time after
delivery, mothers must be questioned frequently regarding their exposure. Furthermore,
because the volume of milk expressed varies throughout the day, the measurement of milk
produced should consist of a cumulative 24-hr total rather than the volume from a single
expression (Acufia-Muga et al., 2014). Finally, the concept of “coming to volume” or
whether a mother has reached a minimum volume of milk production of 500 mL or more per
day within 14 days has been suggested as a measure of milk production and may predict
future lactation success in mothers of VLBW infants (Hoban et al., 2018).

Measuring Lactation Duration

While the American Academy of Pediatrics (AAP) recommends all infants be fed MOM for
at the least the first 6 months of life, those born preterm and VLBW are much less likely to
receive MOM for an extended time period through direct breastfeeding, bottle feeding, or a
gastric tube than term infants (AAP, 2012). Still, research on lactation duration in mothers of
VLBW infants remains limited, and the studies that are available typically measure lactation
duration by whether infants receive MOM upon discharge from the NICU or at different
points during their hospitalization (Fleurant et al., 2017; Romaine et al., 2018). Because
infants may receive previously frozen milk from mothers who are no longer lactating,
consumption of MOM does not necessarily indicate continued maternal lactation.
Furthermore, an infant’s consumption upon discharge from the NICU depends on their
length of stay; thus, the most preterm and critically ill infants who have extended stays in the
NICU are less likely to receive MOM upon discharge even if their mothers lactated for a
significant length of time.

Although consumption of MOM upon discharge remains a neonatal care quality indicator,
the timing of an infant’s consumption and the dose received may be more important in
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providing health-related benefits. For example, colostrum produced in the first few days
following delivery is well-known to enhance protection against pathogens, promote
development of the immune system, and support growth and maturation of the
gastrointestinal system (Tlaskalovd-Hogenova et al., 2020). Remaining NPO or providing
pasteurized DHM or formula deprives vulnerable infants of these protective elements.
Furthermore, the first 2 weeks following delivery is a critical window in which MOM
significantly protects infants against prematurity-related complications. Therefore, limiting
determination of lactation duration to only infant’s consumption upon NICU discharge fails
to provide critical information regarding lactation success in this population. In addition,
accurate measurement of volume of MOM consumed by infants can provide information
regarding daily percentage of feedings consisting of MOM versus DHM and/or formula and
can easily be obtained from the infant’s medical records.

Maternal intent to provide MOM to her infant may also affect lactation duration. Maternal
intent has been shown to predict whether a VLBW infant consumes MOM upon discharge
(Fleurant et al., 2017) but little is known regarding its influence on actual lactation duration.
Furthermore, because women who previously intended to formula feed often decide to
provide their infants MOM when faced with the delivery of a VLBW infant and their
intentions frequently change throughout their infants’ hospitalization, limiting maternal
intent to a single antenatal point in time is insufficient (Sisk et al., 2006). Assessments of
intent at various intervals throughout an infant’s hospitalization better elucidates the role that
this factor plays in lactation duration.

Finally, demographic characteristics also play a role in determining lactation duration. More
specifically, researchers have found that mothers who are African American (Fleurant et al.,
2017; Romaine et al., 2018), of lower socioeconomic status, have lower levels of education,
(Fleurant et al., 2017; Romaine et al., 2018) or are unemployed (Mirkovic et al., 2014) are
more likely to cease lactation earlier. Therefore, specific consideration of these demographic
characteristics is essential in research regarding lactation duration.

Determining the Onset of Secretory Activation

Secretory activation, the change from production of small quantities of colostrum to copious
amounts of MOM, is often delayed in mothers of VLBW infants. This delay is likely related
to their shortened pregnancy and high incidence of comorbidities known to delay secretory
activation including cesarean section, diabetes, obesity, and pregnancy-induced hypertension
(Cordero et al., 2012; Nommsen-Rivers, 2016; Zanardo et al., 2013). Past studies that
examined breastfeeding mothers of healthy-term infants have used several different
indicators of secretory activation such as maternal self-report of a sudden feeling of breast
fullness and biomarkers contained in MOM including sodium, lactose, protein, and citrate
(Chapman & Pérez-Escamilla, 2000; Neville, 2009). Valid and consistent indicators are key
to administering interventions that promote the early onset of secretory activation. However,
little information exists regarding indicators of secretory activation in mothers delivering
preterm.

While maternal report of breast fullness is considered a valid indicator of secretory
activation in mothers of term healthy breastfeeding infants, it has not been validated in
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mothers delivering prematurely (Chapman & Pérez-Escamilla, 2000). Information regarding
when a mother perceives breast fullness can be collected through interviews and maternal
reports in a lactation journal. Because recall error increases with time and is common
amongst individuals under stress, mothers should be questioned daily, beginning the day
following delivery, regarding when they first experienced a feeding of breast fullness.

Secretory activation is associated with a significant increase in milk volume and attainment
of 20 mL in two consecutive expression sessions has been utilized as an indicator of the
onset of secretory activation in mothers of preterm infants (Meier et al., 2012). Because
mothers of VLBW infants bring their expressed milk to the NICU where the volume can be
reliably measured, it is possible that volume attainment may be a simple and reliable
indicator of secretory activation in this population of women. However, when utilizing this
method, it is important to note that the volume of milk expressed may not always be a direct
indicator of secretory activation since it also reflects the mother’s ability to effectively
remove milk from her breasts.

Finally, changes in the levels of sodium, lactose, citrate, and protein present in MOM have
been used as biomarkers to signify the onset of secretory activation. A decrease in sodium
and protein and an increase in citrate signify closing of tight junctions between mammary
epithelial cells, while lactose increases due to upregulation of gene expression for
production of lactose (Lemay et al., 2013; Neville, 2009). Secretory activation has been
defined as occurring when biomarker levels are within three standard deviations from mean
levels occurring in mothers of term breastfeeding infants at 5 days of life (Arthur et al.,
1989; Cregan et al., 2002). However, limited information exists regarding biomarkers of
secretory activation in mothers of preterm VLBW infants and discrepancies regarding
normalcy of these biomarkers at 5 days following delivery have been reported (Cregan et al.,
2002; Hoban et al., 2018). Because delayed secretory activation is associated with
compromised lactation success, including a shorter duration and decreased milk production,
interventions promoting an earlier onset are necessary and require valid and reliable
indicators of secretory activation (Huang et al., 2020).

Influence of Expression Practice on Lactation Success Measures

Expression practices, including the timing of initiation following delivery, expression
frequency, and expression method as well as skin-to-skin care, may significantly affect milk
production and must be considered in research regarding lactation success in mothers of
VLBW infants.

Time to Expression Initiation Following Delivery

To optimize lactation success, mothers of healthy-term infants are recommended to begin
breastfeeding 30 min to 60 min following delivery (Bass et al., 2019), Previous research has
suggested that initiation of milk expression within 6 hours following delivery may increase
milk production and prolong lactation duration in mothers of VLBW infants (Furman et al.,
2002; Parker et al., 2020). Collecting accurate data on when expression is initiated following
delivery may be challenging. Due to the stress, physiologic instability, and effects of
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anesthesia surrounding delivery, maternal report can be unreliable and thus nursing
documentation in the medical records is likely the most reliable sources of information.

Expression Frequency

Consistent with recommendations for breastfeeding mothers of healthy-term infants,
mothers of VLBW infants are recommended to express eight to 12 times per 24-hr period or,
at the very minimum, six times per 24-hr period to establish and maintain milk production
(Bass et al., 2019). Unfortunately, mothers of VLBW infants often express far less
frequently than recommended even after they receive these recommendations, which may
negatively affect milk production (Parker et al., 2020). Determining daily expression
frequency can be challenging. While maternal documentation in a lactation diary is a simple
and often utilized method of determining expression frequency, limitations in subject recall
may decrease validity of this measurement; thus, verification of expression frequency by
health care providers or human milk technicians through assessment of the time and date
written on each vial of expressed milk is likely more accurate. Because the volume of milk
expressed prior to secretory activation is often minimal, mothers may not bring this limited
volume to the NICU necessitating verification of expression frequency through daily
maternal questioning.

Expression Method

While it is recommended that mothers of VLBW infants use hospital-grade breast pumps
capable of simultaneous, rather than sequential, breast expression—due to lack of access and
delays in obtaining an appropriate pump—mothers often use less-effective devices such as
manual or battery-operated breast pumps (Nyqvist et al., 2013). Furthermore, hand
expression—which involves breast massage and compression and may be more effective in
removing viscous colostrum than a mechanical breast pump—may be used in the first few
hours and days following delivery (Morton et al., 2009), Information regarding type of
breast pump used and the expression method utilized can be collected via maternal reports
and lactation diaries.

Skin-to-Skin Care

Skin-to-skin or holding an infant directly on the mother’s chest clad only in a diaper is
recommended for mothers and their term-healthy infants by the Baby-Friendly Hospital
Initiative (Bass et al., 2019). Skin-to-skin care between mother and infant has been shown to
increase maternal oxytocin levels and is associated with a higher milk production in mothers
of VLBW infants (Cong et al., 2015; Fewtrell et al., 2016). Information regarding minutes
mothers spend skin-to-skin with their infants can be collected from maternal diaries or from
medical records if this information is documented as part of the nurses’ daily charting.

Timing of Enrollment in Studies

Because milk production in the first days following delivery correlates with long-term
production, inventions aimed to improve lactation success should begin soon after delivery
(Murase et al., 2014). However, consenting mothers for research studies immediately
following delivery may be difficult due to maternal clinical instability and emotional
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distress. Therefore, antenatal consent may be the most effective method of ensuring that
research-based interventions are initiated in a timely manner. Because women delivering
preterm infants are often hospitalized for days to weeks prior to delivery, consent during this
time is often feasible. Because mothers hospitalized for potential preterm delivery may not
always deliver prematurity, and prenatal fetal weight estimations are associated with some
inaccuracy, mothers who provide antenatal consent may no longer meet inclusion criteria
following delivery (Parker et al., 2020).

Conclusion

Mothers of VLBW infants face considerable challenges in providing MOM to their
vulnerable infants and research focused on improving lactation success in this population is
needed to overcome these barriers. To be effective, research surrounding lactation in mothers
of VLBW infants requires valid and reliable measures of lactation outcomes, many of which
were presented in this review. This information can be used to investigate personalized
interventions that begin antenatally and continue throughout a VLBW infant’s
hospitalization and even after discharge. Focusing on these measures and indicators of
lactation success may improve lactation outcomes and aid mothers in achieving their
lactation goals, including providing sufficient volumes of MOM to their vulnerable infants.
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Table 1:
Measures of Lactation Outcomes
Measures Method Strengths Limitations
Milk Maternal self-report Easy to learn High risk for error
Volume Requires only a journal or diary Requires maternal compliance
Recall bias
Weighing vials of Likely most accurate technique Training required for accuracy
expressed milk Requires an accurate and precise scale ~ Time consuming
Can be used to validate maternal Relies on mothers bringing all vials of expressed milk
report of volume and pumping to the NICU
frequency
Potential to blind individuals
weighing milk
Visualizing milk vial Easy to learn Relies on nurse documentation or maternal report
graduations Requires no equipment Relies on precision of volume graduations on vials
Potential high error rate
Test-weighing Validated method to measure milk Time consuming
volume during breastfeeding Requires a precise infant scale
Training required
Lactation Infant consumption at Easily collected from medical records ~ Does not include post-discharge data
Duration discharge Infants may be receiving MOM when mothers are no
longer lactating
Varies depending on length of hospital stay
Excludes other health relevant time-points during
hospitalization as well as dose of MOM received
Infant consumption at Data easily collected from medical Infants may receive MOM when mothers are no longer
different time-points records lactating
during hospitalization Considers timing of consumption
Onset of Production of 220mL of Easy to measure May reflect a mother’s ability to effectively remove
Secretory milk in two consecutive milk from her breasts
Activation expression sessions Relies on accurate measurement of milk volume

Maternal report of sudden

breast fullness

Biomarkers contained in

MOM

Validated in mothers of term infants
No equipment or training required

Validated in mothers of term Infants
Likely most accurate indicator
Reflects changes at the physiological
level

Unknown validity in mothers of preterm infants
Mothers should be questioned daily to reduce recall
bias

Validity not established for mothers of preterm infants
Cut-off levels not established for mothers of preterm
infants

Note. NICU = neonatal intensive care unit; MOM = Mother’s own milk
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