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Despite decades of breastfeeding promotion, exclusive breastfeeding rates for the first
6 months of life remain low: around 40% globally. Infants that are admitted to a neonatal
ward are even less likely to be exclusively breastfed. Lactogenesis is frequently delayed in
mothers that deliver early, with the added burden of separation of the unstable newborn
and mother. For such vulnerable infants, donor human milk is recommmended by the World
Health Organization, UNICEF, and professional organizations as the next best alternative
when mother’s own milk is unavailable and can serve as a bridge to full feeding with
mother’s own milk. Hospital support of optimal breastfeeding practices is essential with
thoughtful integration of donor human milk policies for those infants that need it most. We
propose a decision tree for neonatal wards that are considering the use of donor human
milk to ensure donor human milk is used to replace formula, not to replace mothers’ own
milk. By first evaluating barriers to full feeding with mother’s own milk, healthcare workers
are encouraged to systematically consider the appropriateness of donor human milk.
This tool also seeks to prevent overuse of donor human milk, which has the potential
to undermine successful lactation development. In settings where donor human milk
supplies are limited, prioritization of infants by medical status is also needed. Readily
available and easy-to-use tools are needed to support healthcare staff and mothers in
order to improve lactation development and neonatal nutrition.

Keywords: breastfeeding, decision tree, donor human milk, pre-term, NICU

INTRODUCTION

Breastfeeding is well known as the optimal source of nutrition for infants, and is recommended
as the sole food until 6 months of age (1-3). Although this public health message has been widely
disseminated, exclusive breastfeeding rates for the first 6 months are not optimal, and are estimated
to be <40% globally (4). Premature, low-birth-weight, and small-for-gestational-age babies are at
increased risk for feeding issues. Concurrently, mothers of premature infants are also at risk of
delayed lactogenesis, impacting short-term ability to express or pump sufficient volumes to meet
the infant’s immediate needs and increases the potential for insufficient long-term breast milk
supply (5-7). Prematurity of the infant is associated with an underdeveloped suck, swallow, and
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breathe reflex: necessary for safe and effective oral feeding (8).
The combination of these factors demands increased attention
for this vulnerable mother-infant dyad to receive additional
support for lactation and neonatal nutrition.

Being born too soon or too small is a nutritional emergency,
requiring close monitoring to ensure adequate growth (9). The
increased nutritional needs of the small baby require thoughtful,
evidence-based facility policies to ensure all infants have access
to human milk to reach their growth goals. Compared to
infants that receive exclusive human milk diets, infants that
receive formula are at increased risk for complications such
as necrotizing enterocolitis, bronchopulmonary dysplasia, and
sepsis (10-13). For mothers who experience delayed lactogenesis,
optimal alternatives are needed to ensure optimal infant health
and to protect the mother’s ability to build her milk supply.

BACKGROUND FOR THE DEVELOPMENT
OF THIS DECISION TREE

The World Health Organization, UNICEF, and other policy
leaders recommend donor human milk (DHM) as the preferred
alternative if mother’s own milk is not available (2, 14-17).
Preterm formula is preferred to term formula for premature
infants where DHM is unavailable (18). Donor human milk is
expressed breast milk donated by one mother, then processed
by a human milk bank to be given to another mother’s infant.
Guidelines for the prioritization of donor human milk vary
by setting, with no global unified guidance for the use or
prioritization of donor human milk. Although the minutiae of
prioritization criteria must be decided at the national or local
level based on a number of factors including supply, broad
prioritization guidance is needed to prevent the misuse, including
overuse, of DHM, at the expense of providing the optimal
nutrition of mother’s own milk.

One benefit of DHM is its ability to serve as a bridge to
full feeding with mother’s own milk (19, 20). In addition to
the stresses of premature birth, the mother may also experience
challenges with lactogenesis (5, 21). DHM can provide the
neonate with a more optimal source of nutrition than formula,
while the mother builds up her breast milk supply through
alternative methods of expression. Lactation support is vital in
the first few days after birth, especially for mothers of premature
infants (5). The volume of feeds required by premature infants
are minimal, Even a small amount of DHM per infant could
provide enough volume to allow the mother the time to come-to-
volume, resulting in her own milk being available for her infant
(22).

Evidence suggests there may be potential overuse of DHM,
as it may be seen as a more convenient source of nutrition than
expressed mother’s milk for the hospitalized infant (21). Settings
may face a variety of barriers to optimal feeding with mother’s
own milk, including transportation challenges, harried health
care workers, and fractured health care systems. In areas that
are not set up to support mothers, routinely separate mothers
and infants, and are not baby-friendly, DHM may truly be
more easily available than mother’s own milk, but should not
be considered an equal replacement. Systems are needed that

support mothers to develop their own milk supply and prioritize
their milk for their infants. Research has shown that mothers
who reach full volume by 14 days post-delivery, estimated as
500 mL of breast milk per day, are more likely to be able to
continue breastfeeding at discharge (22). Robust hospital policies
and guidelines are needed to ensure all efforts have been made
to prioritize mother’s own milk and support maternal lactation,
not only prior to the allocation of DHM, but routinely during the
infant’s hospitalization.

In order to support breastfeeding, ensure optimal nutrition for
all infants, and prevent misuse, a decision tree was requested by
clinicians and experts in human milk banking and neonatal care.
This decision tree was intended to help guide prioritization and
allocation of DHM, as well as evaluate barriers to feeding with
mother’s own milk.

OVERVIEW OF THE DECISION TREE

The overarching goal of the decision tree is to first protect,
promote, and support breastfeeding, by encouraging thoughtful
use of DHM, taking into account neonatal needs and maternal
lactation considerations. This decision tree (Figure 1), when
utilized with early and essential newborn care as an integrated
package of interventions, including kangaroo mother care, will
help ensure optimal neonatal nutrition and maternal lactation
support.

A decision tree model was chosen to provide clinicians with
a visual guide that evaluates and promotes maternal lactation
support. This should occur at neonatal admission and whenever
nutrition orders are being reevaluated throughout the hospital
stay. The staff member should first evaluate if the mother intends
to provide breast milk to her infant. If the mother does not plan
to provide breast milk, staff are encouraged to explore barriers
to breastfeeding or expressing breast milk, and ensure that her
decision is informed. In cases where the mother is physiologically
unable to provide any breast milk (a rare event), or deceased,
additional counseling, or education is not appropriate or feasible.
For all other mothers, education and assistance should be
provided; if the mother is still unwilling to provide breast milk
to her infant, staff must respect her autonomy to feed her infant
how she chooses. Regardless of the mother’s ability or willingness
to breastfeed, the source of nutrition should be determined based
on the needs of the infant; in some cases, DHM may still be
appropriate.

In situations where the mother is willing and able to provide
her breast milk to her infant, but sufficient volumes are not
available for her infant’s feed, the decision tree will assist the
health care worker in evaluating next steps. In settings without a
mechanism for the mother’s expressed breast milk to be available
in the neonatal ward, the decision tree will prompt clinicians
to evaluate these barriers. For example, a mother delivers
prematurely due to her poor health. She is remains hospitalized
in the maternity ward while the infant is hospitalized in the
neonatal ward. In health systems without strong communication
structures between different units or hospitals, the ill mother
may be pumping and freezing her breast milk, while her infant
is receiving DHM or formula due to lack of maternity-neonatal
staff communication and ability to efficiently transfer milk across
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Chart Title

Discuss

Lachui ; Does the mother Mother is with mother
. a IOnt rS]UDDO <— ves — [T o RToY o) (o (s -l — NO —> unreachable or bl "Rem @ rationale for not intending
for mother.(T) Breast mils deceased? to provide any

breast milk.
I I
EDUCATE AND REASSESS

Is the mother
effectively expressing
milk? (3)

R @ | CONSider barriers
for effective milk
expression.

Examples of

Barriers:

* Family/Cultural
Factors

Consider long-term feeding Support mother/family’s

autonomy of feeding choice.

strategies including DHM.

PARTIALLY

Is any MOM*
available for her
infant? (2)

Prioritize infant’s nutritional needs, regardless of mother’s

Volumes based on ability or intention to provide breast milk.
infants age, weight

and facility guidelines

*MOM: Mothers own milk

Ill: Diagnosis of necrotizing enterocolitis, respiratory failure,
or other disease processes

Is volume
of expressed milk
sufficient to meet infant’s
current and future
needs?

Consider barriers for providing
milk to the infant.

Premature: <37 weeks gestational age

Low birth weight (LBW): weight of <2500g at birth

Term: >37 weeks gestational age

DHM: Donor human milk

1) Lactation support requires a team-based approach, with
long-term commitment to increasing breast milk supply as
the infant grows. Consider further resources for lactation
support, as outlined in the Introductory Document.

2) Much of lactogenesis occurs during first days after
birth. Prioritize this time whenever feasible to optimize
successful lactation throughout infancy.

3) Safe expression practices and storage are vital to ensure
milk safety. See

Introductory Document for further resources.

4) Of ten temporary; e.g. communicable diseases (HSV
| outbreak on nipple). If temporary, provide mother with
lactation support, including pumping and discarding

Address barriers
when feasible.

Is MOM*
contraindicated for
her infant?

Continue
lactation
support as
needed.

production.

a medical

reason the infant
cannot receive any
human milk?

infant feed

Parenteral
nutrition as
available and
appropriate.

Use specific
formula for
infants clinical
condition.

FIGURE 1 | Decision Tree.

Term infant
and ill?

Term infant and
healthy?

— YES -

— YES

breast milk until condition resolved.

5) Relatively uncommon, e.g. Inborn errors of metabolism.
6) Healthy term infants are least likely to suffer ill effects
from formula feeding. Consult appropriate use of DHM for
this group in contexts with insufficient supplies of DHM for
more vulnerable infants.

Provide
appropriate

formula and
lactation
support
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units. Using this decision tree will prompt staff in these scenarios
to discover and address these barriers.

When infant needs are unmet despite best-efforts to feed with
mother’s own milk, only then are staffs encouraged to use DHM.
In settings where supply of DHM is limited, these small babies
are prioritized by medical conditions: those that are at highest
risk for morbidity and mortality should receive DHM first. This
determination was made based on available evidence for use of
DHM for efficacy and cost-effectiveness (23-26). Need for DHM
should be reassessed routinely by clinicians to ensure ongoing
need. Ideally, infants will transition to full feeding with mother’s
own milk during hospitalization. Early, and ongoing lactation
support and encouragement to build up a mother’s milk supply
is vital if mothers are to successfully breastfeeding their infants
post-discharge.

PRELIMINARY USAGE AND FUTURE
STEPS

A preliminary version of the tool was pre-tested in neonatal
wards in India and Vietnam. Clinical staff in India recommended
simplification of language used, and target use by new nursing
staff and resident physicians. As the foundational elements of
this tool are already integrated into current practice, the decision
tree was considering most applicable for staff education and
training. Also identified was the opportunity to modify facets of
this into breastfeeding promotion education adverts for parents.
Assessment of the decision tree in Vietnam provided feedback
that the tool can be adapted into other formats, such as a decision
checklist used by staff on admission to the NICU. This provides
further evidence that the decision tree may have uses beyond its
original intent.

Future steps for the decision tree include rigorous pre-testing
and trialing the preliminary tool in additional settings to assess
applicability, appropriateness, usability, and possible impact on
increased use of mother’s own milk, while also preventing overuse
of DHM. This feedback will be integrated into the final decision
tree, which will be globally accessible as part of a comprehensive
package of resources for strengthening newborn nutrition. As
differing settings will have specific policies and procedures that
may not be covered by this decision tree, we will encourage
adaptation of the tool to local settings.

CONCLUSION

This decision tree fills a gap for systematically identifying and
addressing barriers for vulnerable neonates to receive human
milk. Although many hospitals have policies and protocols for
the utilization and prioritization of DHM, these are not always

REFERENCES

1. Kramer MS, Kakuma R.  Optimal
breastfeeding. Cochrane Database Syst Rev.
doi: 10.1002/14651858.CD003517.pub2

duration  of  exclusive
(2012) 2012:CD003517.

readily available, nor do they address barriers to breastfeeding,
provision of mother’s own expressed milk, or neonatal nutritional
needs. The intent for publishing this decision tree is to reframe
the use of DHM to focus on provision of mother’s own milk
whenever possible. Hospitals and other settings that use DHM
should evaluate their current systems and consider strategies for
optimizing mechanisms to document and track current infant
feeding practices. Better monitoring of actual infant feeding
practices will facilitate improved accountability for prioritization
of mothers’ own milk.

Further research is needed to understand barriers and
facilitators for optimal provision of human milk in the NICU
in different settings globally. Current research supports the
use of donor human milk for preterm and low-birth-weight
infants, however evidence is limited in infants with other health
conditions or beyond the first weeks of life. Future research may
support the use in broader disease states, such as those infants
with congenital heart defects, or those who are several months
old. Additionally, enhanced indicators should be established to
track global progress toward supporting mothers and use of
human milk in NICU settings, beyond the traditional early
initiation of breastfeeding indicators. Improved and rigorous
data collection will help improve quality within the unit to ensure
that all infants have the best start in life through equitable access
to human milk.

AUTHOR CONTRIBUTIONS

SB, KI-B, KM, AD, NN, and CE conceptualized and developed
the decision tree. SB wrote the first draft of the manuscript. SB,
KI-B, KM, and CE reviewed and finalized manuscript. All authors
approved the final manuscript.

FUNDING

This work was supported in part through a grant from the Family
Larsson Rosenquist Foundation.

ACKNOWLEDGMENTS

The authors would like to thank Gillian Weaver for thought
leadership of this activity and Ruchika Chugh Sachdeva (PATH
India), Debbie Barnett (Greater Glasgow and Clyde Donor Milk
Bank, Scotland) and staff at the Lokmanya Tilak Municipal
Medical College Hospital, Mumbai, India for preliminary pre-
testing of the decision tree. Thanks also to the workshop
attendees of the 2017 European Milk Banking Association
Conference and the 2018 Human Milk Banking Association of
North America Conference that provided technical review and
feedback.

2. World Health Organization, UNICEF. Global Strategy for Infant and Young
Child Feeding. Geneva: WHO (2003).

3. Hagan JE Shaw, SJ, Duncan PM, editors. Bright Futures Guidelines for Health
Supervision of Infants, Children, and Adolescents. 4th Edn. Elk Grove Village,
IL: American Academy of Pediatrics (2017).

Frontiers in Pediatrics | www.frontiersin.org

October 2018 | Volume 6 | Article 324


https://doi.org/10.1002/14651858.CD003517.pub2
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Brandstetter et al.

Decision Tree for Donor Human Milk

10.

11.

12.

13.

14.

15.

16.

. UNICEE, WHO. Global Breastfeeding Scorecard, 2017: Tracking Progress for

Breastfeeding Policies and Programmes. New York, NY: UNICEF (2017).

. Cregan MD, De Mello TR, Kershaw D, McDougall K, Hartmann PE.

Initiation of lactation in women after preterm delivery. Acta Obstet
Gynecol ~ Scand. (2002) 81:870-7. doi: 10.1034/j.1600-0412.2002.810
913.x

. Hill PD, Ledbetter R], Kavanaugh KL. Breastfeeding patterns of low-birth-

weight infants after hospital discharge. ] Obstet Gynecol Neonatal Nurs. (1997)
26:189-97. doi: 10.1111/j.1552-6909.1997.tb02132.x

. Ryan AS, Wenjun Z, Acosta A. Breastfeeding continues to increase into the

new millennium. Pediatrics (2002) 110:1103-9. doi: 10.1542/peds.110.6.1103

. Browne ]V, Ross ES. Eating as a neurodevelopmental process for high-

risk newborns. Clin Perinatol. (2011) 38:731-43. doi: 10.1016/j.clp.2011.
08.004

. Kumar RK, Singhal A, Vaidya U, Banerjee S, Anwar E Rao S.

Optimizing nutrition in preterm low birth weight infants: consensus
summary. Front Nutr. (2017) 4:20. doi: 10.3389/fnut.2017.00020

Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk
for feeding preterm or low birth weight infants. Cochrane Database Syst Rev.
(2018) 6:CD002971. doi: 10.1002/14651858.CD002971.pub4

Sisk PM, Lambeth TM, Rojas MA, Lightbourne T, Barahona M, Anthony
E, et al. Necrotizing enterocolitis and growth in preterm infants fed
predominantly maternal milk, pasteurized donor milk, or preterm
formula: a retrospective study. Am ] Perinatol. (2017) 34:676-83.
doi: 10.1055/5-0036-1597326

Villamor-Martinez E, Pierro M, Cavallaro G, Mosca E Kramer BW,
Villamor E. Donor human milk protects against bronchopulmonary
dysplasia: a systematic review and meta-analysis. Nutrients (2018) 10:2.
doi: 10.3390/nu10020238

Hair AB, Peluso AM, Hawthorne KM, Perez J, Smith DP, Khan JY,
et al. Beyond necrotizing enterocolitis prevention: Improving outcomes
with an exclusive human milk-based diet. Breastfeed Med. (2016) 11:70-4.
doi: 10.1089/bfm.2015.0134

Lawn JE, Blencowe H, Oza S, You D, Lee AC, Waiswa P, et al. Every Newborn:
progress, priorities, and potential beyond survival. Lancet (2014) 384:189-205.
doi: 10.1016/S0140-6736(14)60496-7

Abrams SA, Landers S, Noble LM, Poindexter BB. Donor human milk for the
high-risk infant: preparation, safety, and usage options in the United States.
Pediatrics (2017) 139:1. doi: 10.1542/peds.2016-3440

Arslanoglu S, Corpeleijn W, Moro G, Braegger C, Campoy C, Colomb
V, et al. Donor human milk for preterm infants: current evidence
and research directions. J Pediatr Gastroenterol Nutr. (2013) 57:535-42.
doi: 10.1097/MPG.0b013e3182a3af0a

20.

21.

22.

23.

24.

25.

26.

. WHO. Guidelines on Optimal Feeding of Low Birth-Weight Infants in Low- and

Middle-Income Countries. Geneva: WHO (2011).

. Arnold LD. Global health policies that support the use of banked

donor human milk: a human rights issue. Int Breastfeed J. (2006) 1:26.
doi: 10.1186/1746-4358-1-26

. Williams T, Nair H, Simpson ], Embleton N. Use of donor human milk

and maternal breastfeeding rates: a systematic review. /] Hum Lact. (2016)
32:212-20. doi: 10.1177/0890334416632203

Rabinowitz MR, Kair LR, Sipsma HL, Phillipi CA, Larson IA.
Human donor milk or formula: a qualitative study of maternal
perspectives on supplementation. Breastfeed Med. (2018) 13:195-203.
doi: 10.1089/bfm.2017.0114

Meier PP, Johnson TJ, Patel AL, Rossman B. Evidence-based methods that
promote human milk feeding of preterm infants: an expert review. Clin
Perinatol. (2017) 44:1-22. doi: 10.1016/j.clp.2016.11.005

Hoban R, Bigger H, Schoeny M, Engstrom ], Meier P, Patel AL. Milk volume
at 2 weeks predicts mother’s own milk feeding at neonatal intensive care unite
discharge for very low birthweight infants. Breastfeed Med. (2018) 13:135-41.
doi: 10.1089/bfm.2017.0159

Trang S, Zupancic JAF, Unger S, Kiss A, Bando N, Wong S, et al. Cost-
effectiveness of supplemental donor milk versus formula for very low birth
weight infants. Pediatrics (2018) 141:¢20170737. doi: 10.1542/peds.2017-0737
Buckle A, Taylor C. Cost and cost-effectiveness of donor human milk to
prevent necrotizing enterocolitis: systematic review. Breastfeed Med. (2017)
12:528-36. doi: 10.1089/bfm.2017.0057

Spatz DL, Robinson AC, Froh EB. Cost and use of pasteurized donor human
milk at a children’s hospital. ] Obstet Gynecol Neonatal Nurs. (2017) 47:583-8.
doi: 10.1016/j.jogn.2017.11.004

Assad M, Elliott MJ, Abraham JH. Decreased cost and improved feeding
tolerance in VLBW infants fed an exclusive human milk diet. J Perinatol.
(2016) 36:216-20. doi: 10.1038/jp.2015.168

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Brandstetter, Mansen, DeMarchis, Nguyen Quyhn, Engmann
and Israel-Ballard. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

October 2018 | Volume 6 | Article 324


https://doi.org/10.1034/j.1600-0412.2002.810913.x
https://doi.org/10.1111/j.1552-6909.1997.tb02132.x
https://doi.org/10.1542/peds.110.6.1103
https://doi.org/10.1016/j.clp.2011.08.004
https://doi.org/10.3389/fnut.2017.00020
https://doi.org/10.1002/14651858.CD002971.pub4
https://doi.org/10.1055/s-0036-1597326
https://doi.org/10.3390/nu10020238
https://doi.org/10.1089/bfm.2015.0134
https://doi.org/10.1016/S0140-6736(14)60496-7
https://doi.org/10.1542/peds.2016-3440
https://doi.org/10.1097/MPG.0b013e3182a3af0a
https://doi.org/10.1186/1746-4358-1-26
https://doi.org/10.1177/0890334416632203
https://doi.org/10.1089/bfm.2017.0114
https://doi.org/10.1016/j.clp.2016.11.005
https://doi.org/10.1089/bfm.2017.0159
https://doi.org/10.1542/peds.2017-0737
https://doi.org/10.1089/bfm.2017.0057
https://doi.org/10.1016/j.jogn.2017.11.004
https://doi.org/10.1038/jp.2015.168
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	A Decision Tree for Donor Human Milk: An Example Tool to Protect, Promote, and Support Breastfeeding
	Introduction
	Background for the Development of this Decision Tree
	Overview of the Decision Tree
	Preliminary Usage and Future Steps
	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


