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Abstract

Context—Nurses are principal caregivers in the neonatal intensive care unit and support mothers
to establish and sustain a supply of human milk for their infants. Whether an infant receives
essential nutrition and immunological protection provided in human milk at discharge is an issue
of health care quality in this setting.

Objectives—To examine the association of the neonatal intensive care unit work environment,
staffing levels, level of nurse education, lactation consultant availability, and nurse-reported
breastfeeding support with very low birth weight infant receipt of human milk at discharge.
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Design and setting—Cross sectional analysis combining nurse survey data with infant
discharge data.

Participants—A national sample of neonatal intensive care units (N = 97), nurses (N = 5614)
and very low birth weight infants (N = 6997).

Methods—Sequential multivariate linear regression models were estimated at the unit level
between the dependent variable (rate of very low birth weight infants discharged on *“any human
milk”) and the independent variables (nurse work environment, nurse staffing, nursing staff
education and experience, lactation consultant availability, and nurse-reported breastfeeding
support).

Results—The majority of very low birth weight infants (52%) were discharged on formula only.
Fewer infants (42%) received human milk mixed with fortifier or formula. Only 6% of infants
were discharged on exclusive human milk. A 1 SD increase (0.25) in the Practice Environment
Scale of the Nursing Work Index composite score was associated with a four percentage point
increase in the fraction of infants discharged on human milk (p < 0.05). A 1 SD increase (0.15) in
the fraction of nurses with a bachelor’s degree in nursing was associated with a three percentage
point increase in the fraction infants discharged on human milk (p < 0.05). The acuity-adjusted
staffing ratio was marginally associated with the rate of human milk at discharge (p = .056). A 1
SD increase (7%) in the fraction of infants who received breastfeeding support was associated
with an eight percentage point increase in the fraction of infants discharged on human milk (p <
0.001).

Conclusions—Neonatal intensive care units with better work environments, better educated
nurses, and more infants who receive breastfeeding support by nurses have higher rates of very
low birth weight infants discharged home on human milk. Investments by nurse administrators to
improve work environments and support educational preparation of nursing staff may ensure that
the most vulnerable infants have the best nutrition at the point of discharge.
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1. Introduction

Globally, nurses provide the majority of clinical care to sick infants admitted to the neonatal
intensive care unit. Current U.S. perinatal standards call for all very low birth weight infants
to receive intensive care (American Academy of Pediatrics and the American College of
Obstetricians and Gynecologists, 2012). Common reasons for infant admission to the
neonatal intensive care unit at birth include prematurity (birth less than 37 weeks gestation)
and very low birth weight (birth less than 1500 g) (American Academy of Pediatrics and the
American College of Obstetricians and Gynecologists, 2012). Despite international
evidence, policy and legislation of breastfeeding as the highest form of infant nutrition, the
U.S. lags behind other industrialized nations in initiating and sustaining breastfeeding
among infants during the first year of life (Academy of Breastfeeding Medicine, 2008;
Bartick and Reinhold, 2010; Centers for Disease Control and Prevention, 2014; United
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States Breastfeeding Committee, 2010; World Health Organization, 2015). The constant
presence of neonatal intensive care nurses ideally positions them to help mothers overcome
challenges related to the establishment of a supply of human milk and breastfeeding.
Nursing time invested in helping mothers breastfeed and sustain a milk supply is of
paramount importance to very low birth weight infants who receive the greatest nutritional
benefits and immunological protection provided in their mother’s milk (Boucher et al.,
2011; Hallowell et al., 2014; Ip et al., 2007; Lessen and Crivelli-Kovach, 2007; Nelson,
2007; Spatz, 2004, 2010, 2011; U.S. Department of Health and Human Services, 2011).

More than a decade ago researchers began to explore neonatal intensive care unit infant
outcomes (Fanaroff et al., 2007; Horbar et al., 2002). Recently, “exclusive breastfeeding” at
discharge was included in set of perinatal nurse-sensitive quality measures used to evaluate
priority outcomes in the postpartum setting endorsed by the (U.S.) National Quality Forum
(National Quality Forum, 2014). This institutional measure of quality of care determines the
hospital-wide breastfeeding rate (National Quality Forum, 2014). However, the hospital-
wide measure has not been designed to account for the varied modes of human milk
provision used to feed very low birth weight infants discharged from the neonatal intensive
care unit (American Academy of Pediatrics, 2012; Ip et al., 2007; Lee et al., 2013; United
States Breastfeeding Committee, 2010). This study is the first to provide evidence of the
relationship between nursing organizational features (nursing practice environment and
nursing care) and a human milk outcome for very low birth weight infants in the neonatal
intensive care unit.

Evidence suggests that the nutrient composition of human milk though ideal for full-term
infants, is insufficient to meet the protein requirement and nutritional needs essential for
adequate growth of premature and often concomitantly very low birth weight infants
(Kuschel and Harding, 2004; Schanler, 2007; World Health Organization, 2011). Milk
produced by mothers of premature infants is initially nutritionally sufficient at birth,
however, a sharp decline in nutrients essential for rapid brain development and growth
occurs during the subsequent four weeks of lactation (Schanler, 2007). Hence, fortification
of human milk and supplementation of feeding low birth weight infants in addition to
breastfeeding is recommended worldwide (World Health Organization, 2011). Fortification
of human milk for very low birth weight infants is necessary to achieve adequate protein and
mineral intake and improve weight gain particularly after hospital discharge (Academy of
Breastfeeding Medicine, 2008; American Academy of Pediatrics, 2012; Bishara et al., 2008;
Carver, 2005; Kleinman, 2009; O’Connor et al., 2003; Saarela et al., 2005; Schanler, 2007).

Although breastfeeding is the ideal method of feeding an infant, the reality in most U.S.
neonatal intensive care units is that few very low birth weight infants go home exclusively
feeding from the breast. Vital processes such as skin-to-skin maternal-infant contact,
initiation of breast stimulation and human milk extraction using a hospital-grade breast-
pump or manual hand expression, imperative to initiate and sustain a human milk supply are
often delayed due to prolonged maternal-infant separation due complications related to
birth, infant illness and physical immaturity (Bakewell-Sachs and Blackburn, 2003; Edwards
and Spatz, 2010; Lessen and Crivelli-Kovach, 2007; McGrath, 2007; Meier et al., 2007;
Spatz, 2004, 2011; Spatz and Lessen, 2011; Wambach and Riordan, 2014). In order to
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promote discharge of very low birth weight infants with exclusive human milk feedings,
mothers are encouraged to breastfeed as well as give infants expressed human milk (pumped
or hand expressed) that may be fortified with human milk fortifier and given to infants
through a variety of methods (Spatz, 2004; Zukowsky, 2007). To account for this range of
feeding regimens “human milk provision” rather than breastfeeding is the term used in this
study.

Nurse understaffing has been documented as a major concern in neonatal intensive care
units in the U.S. and England (Hamilton et al., 2007; Rogowski et al., 2013). Adequate
staffing is crucial to the ability of the nurse to inform, educate and support parents during
their infants intensive care admission. Two U.S. studies have identified the associations
between better nurse staffing and two human milk related outcomes: higher levels of
breastfeeding support by nurses (Hallowell et al., 2014) and a higher likelihood that very
low birth weight infants would be discharged on human milk from the neonatal intensive
care units, controlling for the concentration of black very low birth weight infants cared for
in the unit (Lake et al., 2014). However, studies conducted in the U.S. and Canada have
associated better nurse staffing ratios with improved infant outcomes including lower
infection rates, less care rationing and higher nurse-reported quality of care in neonatal
intensive care units (Cimiotti et al., 2006; Rochefort and Clarke, 2010; Rogowski et al.,
2013).

Beyond nurse staffing, organizational features of hospitals such as those evaluated through
Magnet® hospital designation (an international hospital credential that recognizes excellence
in nursing standards) (American Nurses Credentialing Center, 2015), specifically better
nursing practice environments largely explain improved patient outcomes documented in
Magnet® hospitals (McHugh et al., 2013). Neonatal intensive care units within Magnet®
hospitals have demonstrated lower odds of mortality, nosocomial infection, and
intraventricular hemorrhage in very low birth weight infants (Lake et al., 2012). These
studies provide evidence that specific features of hospital systems such as excellent nursing
standards and better nurse staffing are linked to infant outcomes in neonatal intensive care
units.

A national recommendation to improve U.S. breastfeeding rates in maternal—infant settings
has been to provide better access to resources such as lactation consultants (U.S. Department
of Health and Human Services, 2011). Worldwide recognition of the International
Breastfeeding Certified Lactation Consultant (IBCLC) indicates a high level training
focused on competent, comprehensive consultation in breastfeeding, and lactation
management (Bocar, 1992; International Lactation Consultant Association, 2006; Wambach
et al., 2005). Use of the title of international board certified lactation consultant is achieved
through certification with International Board of Lactation Consultant Examiners. Globally
over 27,450 lactation consultants have been certified in over 101 countries (International
Board of Lactation Consultant Examiners, 2015). However, not all lactation consultants are
certified. Lay persons or anyone with an interest in breastfeeding from any educational or
experiential background may call themselves a “lactation consultant” and the number of
non-certified persons who use this title is unknown (International Lactation Consultant
Association, 2006; La Leche League, 2007; Wambach et al., 2005). In the U.S. there are few
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certified lactation consultants relative to live births (3 per 1000 births). The majority work in
outpatient settings (Centers for Disease Control and Prevention, 2014; Thurman and Allen,
2008). Improved initiation and duration rates of breastfeeding have been demonstrated in
neonatal intensive care units with dedicated lactation consultant services (Castrucci et al.,
2007; Gonzalez et al., 2003; Pinelli et al., 2001; Wambach et al., 2005). However, lactation
consultants are not routinely available in neonatal intensive care units and it is unclear
whether they complement or substitute for nursing care that is provided around the clock
(Hallowell et al., 2014).

The purpose of this study was to generate evidence linking characteristics of the neonatal
intensive care unit: nursing practice environment, staffing, nursing characteristics (level of
education and years of experience), lactation resources, and breastfeeding support by nurses
to the receipt of human milk by very low birth weight infants from a large national multi-
hospital sample.

2. Methods

2.1. Design and participants

A retrospective, multi-hospital cohort design was used to study nurse survey data collected
in March 2008 and very low birth weight infant hospitalization records from the calendar
year 2008 from the database maintained by the Vermont Oxford Network, a voluntary
neonatal intensive care unit quality improvement collaborative. Nurse survey data were
generated in the parent study, “Acuity-adjusted staffing, nurse practice environments, and
NICU outcomes” (Principal Investigator: Dr. Eileen Lake), funded by the Robert Wood
Johnson Foundation Interdisciplinary Nursing Quality Research Initiative program. Vermont
Oxford Network data on human milk at discharge was obtained to achieve the study aims.
Secondary analysis was used to investigate the associations between organizational features
of the neonatal intensive care unit (nurse practice environment, acuity-adjusted nurse
staffing, nurses’ characteristics, lactation consultant availability), breastfeeding support by
nurses and provision of human milk to very low birth weight infants at discharge. Secondary
analysis was used to examine the variable of nurse-reported breastfeeding support collected
in the parent study as well as unit-level rates of infants discharged on human milk, which
were not aims of the parent study. The relationships among organization, process and
outcome were examined with aggregate measures (i.e., at the neonatal intensive care unit
level) because the data did not link specific nurses to specific infants.

The hospital participants comprised 97 of 104 Vermont Oxford Network neonatal intensive
care units recruited for the parent study. Neonatal intensive care units were recruited based
on neonatal intensive care unit level of care and geographic region to represent the Network.
In 2008, the Network contained 578 hospitals, representing approximately 65 percent of
neonatal intensive care units and 80 percent of all very low birth weight infants in the United
States (Lake et al., 2012). The Network classifies neonatal intensive care units into three
levels A (restriction on ventilation, no surgery), B (major surgery), and C (cardiac surgery),
that correspond with levels 11, 111 and 1V in the American Academy of Pediatrics’
classification (American Academy of Pediatrics and the American College of Obstetricians
and Gynecologists, 2012). Of the 97 neonatal intensive care units eligible for inclusion in
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the current study: three units in one hospital system were excluded due to outcome data not
reported by the hospitals separately and four hospitals were excluded due to the absence or
low number of inborn infants (i.e. children’s hospitals where all or nearly all infants were
outborn).

The infant sample was comprised of all inborn infants (i.e. born in the same hospital as the
neonatal intensive care unit to which they have been admitted) eligible for enteral feeding at
discharge. Outborn infants (i.e. transferred to neonatal intensive care unit from another
hospital) were excluded to avoid introduction of complex infant and family conditions that
could influence whether infants were discharged on enteral feeding. Examination of such
heterogeneity was beyond the scope of this study. The fraction of the infant sample (i.e. very
low birth weight infants hospitalized in the 97 neonatal intensive care units in 2008) likely to
have been among the neonatal intensive care unit infants nurses reported caring for in March
2008 is unknown because the Network data do not contain dates of hospitalization. No
individually identifiable data were contained in the nurse or patient data.

The nurses (N = 5614) who responded to the nurse survey in the 97 neonatal intensive care
units (parent study response rate = 77%) comprise the nurse participants in this study.
Registered nurses who worked at least 16 h per week and had been employed at least 3
months were eligible for the survey. Each neonatal intensive care unit had a site coordinator
that distributed invitations to complete the one-time web survey to eligible staff nurses
identified by the nurse manager. Completion of this internet/web-based nurse survey was
voluntary, anonymous and confidential. An average of 58 nurses per neonatal intensive care
unit responded to the survey (range 18-159). Nurses answered questions about the neonatal
intensive care unit nursing practice environment, details about the last shift worked,
including infants assigned and whether breastfeeding support was provided to parents. Nurse
managers also provided data for each neonatal intensive care unit about the nursing staff
characteristics (level of education and years of experience as a neonatal intensive care unit
nurse) and lactation consultant availability.

Hospitalization records of very low birth weight infants (N = 6997) who were “enteral
feeding at discharge” from the 97 neonatal intensive care units were included. The Network
defines very low birth weight status as weight between 501 g and 1500 g at birth. The
variable used to measure “human milk at discharge” was derived from all infants on enteral
feedings within 24 h of discharge to home. Institutional Review Board (IRB) approval was
obtained from the University of Pennsylvania and the University of Vermont.

2.2. Measures

The independent variables were derived from nurse manager reports or aggregated from
staff nurse responses.

2.2.1. Neonatal intensive care unit nurses’ characteristics—Neonatal intensive
care unit nurse managers reported nursing staff qualifications and the availability of a
lactation consultant. Nurse managers reported the number of nurses with the highest
educational degree in nursing (Associate Degree, Diploma, Bachelor of Science degree in
Nursing, Master of Science degree in Nursing or higher) and the length of experience (five

Int J Nurs Sud. Author manuscript; available in PMC 2017 January 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hallowell et al.

Page 7

categories) in their current neonatal intensive care unit position. The percent of nurses with a
Bachelors degree and higher, and five years’ experience was calculated for each unit.

2.2.2. Organizational features of the neonatal intensive care unit—The neonatal
intensive care unit nursing practice environment was measured using the Practice
Environment Scale of the Nurse Work Index, a nationally endorsed Nurse Quality Forum,
nursing care performance measure (National Quality Forum, 2014). This 31-item, 4-point
likert-type instrument was used to measure the degree to which certain aspects of a
professional practice environment were present in each neonatal intensive care unit (Lake,
2002). The survey responses were strongly disagree, disagree, agree, and strongly agree. The
Practice Environment Scale of the Nurse Work Index items are categorized into five
subscales that measure the following practice environment domains: nurse participation in
hospital affairs (9 items); nursing foundations for quality of care (10 items); nurse manager
ability, leadership, and support of nurses (5 items); staffing and resource adequacy (4 items);
and collegial nurse—physician relations (3 items). A score of 2.5 is the midpoint between
agree and disagree, and a score of 3 or greater indicates agreement that the element is
present in the job (Lake, 2002). The total composite score of the Practice Environment Scale
of the Nurse Work Index was used in regression models; psychometric evaluation has
established the reliability and validity of this measure in hospital settings (Aiken et al., 2008;
Friese et al., 2008; Kutney-Lee et al., 2009). Cronbach’s alpha was 0.83 for the sample.

Nurse staffing was measured as the acuity-adjusted nurse-to-patient ratio, calculated as the
observed-to-expected ratio (based on the acuity mix of the infants). This ratio was
determined in the parent study, where the average nurse cared for two infants (mean
observed nurse-to-patient ratio = 0.46). Acuity was classified into five categories of lowest
to highest (specific terms were “continuing care” to “unstable”) (American Academy of
Pediatrics and the American College of Obstetricians and Gynecologists, 2012). Each nurse
reported the acuity of each assigned infant using definitions for the categories that were
developed during the parent study in collaboration with the National Association of
Neonatal Nurses (Rogowski et al., 2015).

Nurse managers reported whether they had a lactation consultant available on day, night,
and weekend shifts. Nurse managers were not asked to identify if lactation consultants were
internationally board certified.

2.2.3. Nursing care process measure of the neonatal intensive care unit—
Breastfeeding support was measured as a fraction in each neonatal intensive care unit
(Hallowell et al., 2014). Nurses provided a response to the question “Please indicate which
of the following factors or activities required your time in caring for this infant’s family”.
Nurses could report up to eight activities including “breastfeeding support.” The numerator
was comprised of all infants whose parents were present and whose nurses reported
providing breastfeeding support on the last shift worked. The denominator was comprised of
all infants assigned to nurse respondents in the neonatal intensive care unit. The term
“breastfeeding support” was not defined in the nurse survey and left open to the
interpretation of the individual nurse respondent.
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2.2.4. Very low birth weight infant feeding of human milk at discharge—The
human milk variable was constructed from the variable “enteral feeding at discharge” in the
hospitalization record provided to the Network by the neonatal intensive care unit. Enteral
feeding refers to the (intestinal) intake of the infant at discharge and includes feedings at the
breast, bottle, or feeding tube (oral, nasogastric, and abdominal) (Kleinman, 2009).
Nutritional categories within the enteral feeding variable included “Human Milk Only,”
“Human Milk in Combination with Either Fortifier or Formula,” or “Formula.” A binary
variable was constructed to indicate infants who received “any human milk” at discharge by
summing the categories of exclusive human milk feedings (“human milk only”) and mixed
feedings (“human milk in combination with either fortifier or formula™) versus those who
did not receive human milk. The percent of infants who received human milk at discharge
from was calculated for each neonatal intensive care unit. The numerator was the sum of all
infants who were reported to have received “any human milk” at discharge and the
denominator was all infants eligible for enteral feeding at discharge, from each neonatal
intensive care unit. Missing data were very low (less than three percent for any item) as the
Network makes a great effort to ensure that the database is accurate and complete; therefore,
no adjustments for missing data were necessary.

2.3. Data analysis

Descriptive statistics were used to describe the hospital sample and the explanatory variables
(nurse education, nurse experience, nurse staffing, nurse practice environment, nurse-
reported breastfeeding support and lactation consultant availability) and the outcome
variable (very low birth weight infant discharge on “any human milk”). All variables were
aggregated and analysis was conducted at the neonatal intensive care unit level. Correlations
were assessed between the independent and outcome variables.

Sequential multivariate linear regression models were estimated to examine associations
with the outcome variable. Explanatory variables significantly correlated with discharge on
human milk (p < 0.05) were included in regression models. Continuous variables were
standardized for ease of interpretation. The statistical significance level in the multivariate
analysis was p < 0.05 for a 2-tailed test. Adjusted R-squared values were used to describe
the variability explained by each model.

The staffing and resource adequacy subscale of the Practice Environment Scale of the Nurse
Work Index was correlated (r = 0.57, p < 0.001) with acuity-adjusted staffing. Rather than
omit this subscale, the Practice Environment Scale of the Nurse Work Index composite
score including this subscale was included in the models because of the integrity of the
composite as a national nursing standard. However, models in which this subscale was
excluded from the composite yielded equivalent results.

The percent of nurses with a Bachelor of Science in Nursing or higher degree was not
significantly correlated with the outcome variable. However, prior studies have determined
the association between nurse education and a number of patient outcomes (Aiken et al.,
2003, 2012; McGrath, 2007; Meier et al., 2007; Spatz, 2004). The nurse education variable
was included in the regression models based both on research evidence and clinical
relevance.
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Two regression models were constructed. The first examined the associations among
neonatal intensive care unit nurse characteristics and organizational features of the neonatal
intensive care unit with very low birth weight infant discharge on human milk. The second
model adds the effect of the process measure breastfeeding support based on evidence from
prior work that has established the significant association between breastfeeding support and
nurse staffing (Hallowell et al., 2014). The statistical package Stata Version 12.0 software
was used for all analysis.

3.1. Characteristics of neonatal intensive care units, nurses, and patients

Compared to member neonatal intensive care units of the Network in 2008, the sample
contained larger neonatal intensive care units (a mean of 41 vs. 34 beds), with an average
staff size of 74 registered nurses (Table 1). Three quarters (75%) of the sample neonatal
intensive care units provided subspecialty care including major surgery to infants (level I11),
followed by level 1V (24%), and level 11 (1%). In comparison, Network neonatal intensive
care units had more level Il (8.5%), fewer level 1V (18.3%), and a similar proportion of level
I11 neonatal intensive care units (73.2%).

A total of 5614 nurses responded to the survey, with an average of 58 nurse respondents in
each neonatal intensive care unit. In a typical unit, over half (55%) of the nurses possessed a
bachelor’s degree or higher in nursing. On average, two-thirds (61%) of nurses in a unit had
worked there for five years or more (Table 1).

Sample infants had an average birth weight of 1105 g and a gestational age of 28.6 weeks
(Table 1). A mean of 72 infants (SD = 44, Min = 6, Max = 187) met eligibility criteria in
each neonatal intensive care unit. The mean 1-min Apgar score for these infants was 5.6,
where 20% were small for their gestational age. A high proportion (96%) of mothers had
prenatal care. The racial and ethnic composition of the sample was 49% non-Hispanic white,
30% non-Hispanic black, and 21% other.

3.2. Very low birth weight infant feeding of human milk at discharge

Table 2 presents the average and standard deviation across sample units of the percent of
infants with each type of enteral feeding. Typically, more than half of the eligible very low
birth weight infants were discharged on formula only (52%); few infants were discharged on
exclusive human milk feedings (6%), and 42% of infants were discharged on human milk
with human milk fortifier or mixed feeding of human milk and formula. The mean fraction
of infants discharged on any human milk was 48%. Some neonatal intensive care units
discharged 100% of their infants discharged on any human milk.

The distribution of the nursing unit percent of very low birth weight infants discharged on
any human milk is shown in Fig. 1. The distribution is skewed to the right: most units
discharged 25-65% of their infants on any human milk. The largest group of neonatal
intensive care units (modal frequency, n = 17) discharged 40-45% of their infants on human
milk. Wide variation in the distribution was noted where three units discharged less than
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15% of their infants on any human milk and two units discharged 100% of their infants on
any human milk.

3.3. Neonatal intensive care unit characteristics and correlations with percent of very low
birth weight infants discharged to home on any human milk

On average, neonatal intensive care unit nurses reported providing breastfeeding support to
14% of infants that they cared for on the last shift they worked (Table 3). The rate of infants
discharged on human milk had moderate, positive correlations with breastfeeding support (r
= 0.54; p < 0.001), the neonatal intensive care unit nursing practice environment (r = 0.38; p
< 0.001), and the acuity-adjusted nurse staffing ratio (r = 0.33; p < 0.001) (Table 3). These
correlations are shown by the upward sloping line on each scatterplot (Figs. 2 and 3).

Lactation consultants were present in 51% of the units, but there was wide variation in their
availability; some units had no lactation consultants and some had a lactation consultant on
every shift (Table 3). A modest correlation was also noted between the presence of a
lactation consultant in a neonatal intensive care unit and infant receipt of human milk at
discharge (r = 0.20; p < 0.05) (Table 3).

3.4. Effects of the nursing practice environment, acuity-adjusted nurse staffing and nurse
education on infant discharge on human milk

Table 4 describes the results from two regression models, the first model examines the
associations between the outcome of the rate of human milk receipt and the explanatory
variables: nursing practice environment, acuity-adjusted nurse staffing, nurse education, and
lactation consultant presence. The second model adds the variable, breastfeeding support. In
the first model, a 1 SD increase (0.25) in the Practice Environment Scale of the Nurse Work
Index composite score was associated with a five-percentage point increase in the fraction of
very low birth weight infants discharged on human milk (p < 0.01). A 1 SD increase in the
acuity-adjusted nurse staffing ratio (an additional 0.15 of a nurse per infant) was associated
with a four percentage point increase in the rate of discharge on human milk. The
educational composition of nursing staff and the presence of a lactation consultant were not
significant.

In the second model, the addition of breastfeeding support increased the explained variance
from 0.20 to 0.37. A 1 SD increase (7%) in the fraction of infants who received
breastfeeding support was associated with an eight-percentage point increase in the fraction
of infants discharged on human milk (p < 0.001). In this model, the coefficients for the
nursing practice environment and staffing were reduced somewhat and the staffing variable
became marginally significant (p = .056). Unlike Model 1, the educational level of nursing
staff was significantly related to human milk at discharge (p = 0.039). A 1 SD increase
(15%) in the fraction of nurses with a BSN or higher degree in the neonatal intensive care
unit was associated with a three-percentage point increase in the fraction of infants
discharged on human milk.
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4. Discussion

Hospitals that dedicate resources to support the highest proportion of infants discharged
feeding human milk provide better quality of care (Davanzo et al., 2009; Lee et al., 2013;
National Quality Forum, 2014). This is the first study to use a national sample of neonatal
intensive care units to examine how multiple features of unit organization and nursing care
relate to nutrition and feeding of very low birth weight infants at the point of hospital
discharge. We find that nearly half (48%) of very low birth weight infants receive some
human milk when discharged home, yet there are wide variations. At the extremes, two units
achieved less than 15% and two units achieved 100% of very low birth weight infants
discharged to home with human milk. These wide variations are significantly related to
theorized nursing factors, specifically the nursing practice environment, staffing, and level
of nurse education. The results from this study fit into the larger body of evidence linking
nursing system features to patient outcomes by describing human milk provision at
discharge as a suitable outcome that may be used to measure critical features of neonatal
health care quality in the U.S. We studied three organizational factors (the nursing practice
environment, staffing, and level of nurse education) and one measure of care process (nurse-
reported breastfeeding support). We found that a shift of one standard deviation in any of
them yielded a moderate, significant increase in the outcome measure (very low birth weight
infant discharge on human milk). Neonatal intensive care units with better work
environments and staffing, higher levels of education, and higher reported provision of
breastfeeding support were associated with a three to eight percentage point increase in very
low birth weight infants discharged on human milk (p < 0.001). A sizable improvement
could be achieved, given that a one standard deviation increase in the fraction of infants who
received breastfeeding support would yield an improvement in the fraction of infants going
home on human milk from a median of 44% to 52%.

Administrative investments in nurse staffing and better nurse work environments were
associated with greater numbers of very low birth weight infants discharged on human milk.
An average neonatal intensive care unit that improved their work environment by one
standard deviation could potentially yield an additional four percent of very low birth weight
infants being discharged on human milk (i.e., from 48% to 52%). Likewise, if the average
neonatal intensive care unit increased their staffing ratio by 0.15 of a nurse per infant, it
could potentially yield an additional 3% of very low birth weight infants being discharged
on human milk (i.e., from 48% to 51%), acknowledging that this result was marginally
significant (p = .056). Neonatal intensive care units that provide nurses with the time,
resources, and training to develop nurse-led interventions have been shown to improve
breastfeeding and human milk rates at discharge (Callen et al., 2005; Pinelli et al., 2001,
Spatz, 2011). Beyond organizational investments, a range of potential hospital and unit-level
strategies to achieve improved human milk outcomes in the neonatal intensive care unit
include training nurses and other health care providers to become lactation certified,
developing peer-to-mother breastfeeding counseling networks and lactation focused
discharge instruction and support from nurses (Hallowell et al., 2014; Meier et al., 2013).
These strategies involve developing a hospital unit culture that values breastfeeding and the
use of human milk as an intervention to improve maternal and infant health.
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Several studies have linked hospital nurse staffing and work environments to improved
patient outcomes (Shekelle, 2013). This evidence has been reported in North American,
European and Asian studies that associate these system level factors with improved adult
outcomes (Aiken et al., 2003, 2008, 2014; Cho et al., 2014; Kane et al., 2007; Kutney-Lee et
al., 2009; Shekelle et al., 2011). Our study broadens our understanding within the pediatric
population. Evidence from the same sample of neonatal intensive care units has shown that
poor staffing is associated with higher odds of infection (Rogowski et al., 2013). Differences
in hospital staffing and work environment scores have also been associated with disparities
in infection and human milk rates in the neonatal intensive care unit (Lake et al., 2014). Poor
staffing has also been shown to affect pediatric populations and has been associated with
11-48% higher odds of readmission within 15-30 days discharge in U.S. hospitals (Tubbs-
Cooley et al., 2013). Similar findings in nine Canadian neonatal intensive care units
significantly associate the nurse practice environment with rationing of parental support and
teaching, activities essential to human milk provision and preparation for discharge which
may identify a path linking nurse practice environments to provision of human milk to
critically ill infants (Rochefort and Clarke, 2010). More globally, neonatal intensive care
units in Magnet hospitals (hospitals known for meeting high standards of nursing
excellence) have better very low birth weight infant outcomes, (i.e., lower odds of mortality,
infection, and severe intraventricular hemorrhage) (Lake et al., 2012).

Hospitals committed to fostering nursing excellence hire nursing staff that possesses a
higher level of education (baccalaureate level or higher), these workplace settings have been
associated with improved patient outcomes (Aiken et al., 2003, 2008; Kutney-Lee et al.,
2013). Creating workplaces where nurses may practice to the highest level of their education
and training has been associated with safe, high-quality, patient-centered care (Institute of
Medicine, 2010). In the U.S. up to 65% of nurses employed in neonatal intensive care units
rated with exceptional work environments were baccalaureate prepared (Schmalenberg and
Kramer, 2008). Nurses are critical to providing support to parents whose infants are
admitted to the neonatal intensive care unit. The lactation specific instructions provided by
nurses been associated with higher initiation and maintenance rates for breastfeeding infants
in this clinical setting (Crivelli-Kovach, 2011; Lessen and Crivelli-Kovach, 2007; Miracle et
al., 2004).

We found that hospitals with neonatal intensive care units employing a higher fraction of
nurses with a baccalaureate degree or higher had a modest, positive, and significant
correlation (r = 0.20, p < 0.05) with infant discharge on human milk. The effect of education
may be related to better critical thinking and clinical judgment skills associated with BSN
preparation. In this sample, the interquartile range in the percent of nurses with a BSN or
higher was 49-67% indicating that managers can increase the proportion of nursing staff
with bachelor’s degrees. More generally, the Institute of Medicine has recognized the
importance of increasing the educational level of the registered nurse workforce in order to
improve patient outcomes (Institute of Medicine, 2010). This study results add to the
evidence that nurse leaders have three overarching strategies for improving patient
outcomes: improving RN staffing, improving the work environment, and moving to a better
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educated RN workforce, where the combination of all three holds the highest potential for
the best outcomes (Aiken et al., 2008).

The reason why the workplace environment and nurses within in the neonatal intensive care
unit are so critical to whether very low birth weight infants breastfeed and receive human
milk at discharge is because the processes are more complex and time consuming for these
infants than those discharged from the postpartum setting (McGrath, 2007). Maternal
recovery from birth, infant immaturity and illness contribute to the complex nature of human
milk provision in the neonatal intensive care unit and nurses must work in partnership with
families to support the initiation and maintenance of the maternal milk supply, a process that
involves three types of behaviors: assistance with the use of a hospital-grade breast pump,
assumption of basic care, and moral support (Meier et al., 2007; Smith et al., 2006; Spatz,
2004). Breastfeeding support from nurses to helps mothers overcome feelings of uncertainty
and helplessness related to prolonged-separation from their infants, and empowers them to
participate in fundamental infant care through the provision of human milk (Boucher et al.,
2011; Cricco-Lizza, 2009; Nelson, 2007). Instructing mothers to master the techniques
necessary to assemble breast pump devices can be challenging, especially for mothers for
whom good pumping technique must be sustained for weeks and sometimes months at a
time (Callen et al., 2005). Earlier work with the sample has identified improved
breastfeeding support provided by staff nurses as significantly associated with both acuity-
adjusted staffing levels and nurse practice environments (Hallowell et al., 2014). Nurse
leaders may improve breastfeeding support rates on their units by ensuring adequate staffing
ratios that allow nurses the time to foster vital relationships with families and develop a
culture in the neonatal intensive care unit that values human milk (Hallowell et al., 2014;
Spatz, 2014). Improved staffing ratios combined with more supportive work environments
may both improve breastfeeding support rates and positively influence whether infants are
also discharged on human milk.

Available lactation resources in the neonatal intensive care unit include lactation consultants
who augment the work of nurses by assisting mothers with processes related to
breastfeeding. In this sample, only half the neonatal intensive care units had a lactation
consultant available. The presence of a lactation consultant in the neonatal intensive care
unit had a modest correlation with infant discharge on human milk (r = 0.20, p < 0.05). In
bivariate analysis, a neonatal intensive care unit with a lactation consultant on any shift was
associated with an eight percent increase in very low birth weight infant discharge on human
milk (p < 0.05). Our findings are consistent with literature that has described the positive
influence of lactation consultants in the unit resulting in increases of breastfeeding initiation
during the hospital stay, infant discharge on human milk and sustained breastfeeding after
discharge (Castrucci et al., 2007). There is a paucity of literature that specifically addresses
the utility and contributions of lactation consultants to human milk provision in the neonatal
intensive care unit. However, individual hospital studies have described improve
breastfeeding initiation rates by 37-50% with implementation of a lactation consultant
program dedicated to the neonatal intensive care unit (Castrucci et al., 2007; Gonzalez et al.,
2003). Lactation services have also been associated with a higher proportion of infants who
receive human milk (60%) during admission to the unit and a significant increase in the
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percentage of neonates who receive human milk even after discharge (45-75%) (p < 0.05)
(Dweck et al., 2008). Despite the declaration by the U.S. Surgeon General in 2011 to
improve access to lactation consultants in all settings caring for women and children, current
availability is low, there are only three lactation consultants available for every 1000 infants
born in the U.S. (U.S. Department of Health and Human Services, 2011). Our results show
that the nurse practice environment and nurse staffing exhibit a stronger association than the
presence of lactation consultants with the rate of very low birth weight infants discharged on
human milk.

The results from this study may be used toward development of perinatal outcome measures
applicable for use in the neonatal intensive care unit regarding infant feeding of human milk
at discharge. Measurement of infant feeding status at discharge from the neonatal intensive
care unit is useful for assessing quality of care (Davanzo et al., 2009, 2013). Development of
a patient-centered measure for human milk would gauge the ability and effectiveness of a
hospital to employ the highest nutritional standard of care for infants in all settings. Such a
measure would be evidence-based, patient directed and cost-efficient (Bartick and Reinhold,
2010). In the U.S., despite the importance of human milk to infant nutrition, immunological
protection, and survival, a human milk metric has not been proposed in the neonatal
intensive care unit (Academy of Breastfeeding Medicine, 2008; American Academy of
Pediatrics, 2012; U.S. Department of Health and Human Services, 2011; World Health
Organization, 2001). A human milk measure would be unique since little evidence exists for
risk adjustment. In the U.S., risk adjustment would be limited to infant exposure to specific
maternal conditions such as infectious disease (i.e. human immune deficiency virus), cancer
treatment or illicit drug use and infant metabolic disease (U.S. Department of Health and
Human Services, 2011). These risks are virtually eliminated by the increased availability of
pasteurized donor human milk in neonatal intensive care units (American Academy of
Pediatrics, 2012; U.S. Department of Health and Human Services, 2011). A human milk
measure for the neonatal intensive care unit would fulfill desired characteristics of other
quality indicators: usefulness for quality improvement, public reporting, and likelihood of
being clearly charted in medical records (Romano, 2007). Existing U.S. perinatal outcome
measures do not account for the altered processes and complexity of human milk provision
to infants in the neonatal intensive care unit (Lee et al., 2013). A potential solution may be
to refine the existing hospital measure to report human milk feedings at the point of
discharge from neonatal intensive care unit and distinct from breastfeeding in the
postpartum unit. A combined measure of breastfeeding and human milk provision would
account both for breastfeeding in the postpartum unit and for the range of feeding modalities
used in the neonatal intensive care unit to provide a more accurate depiction of hospital rates
of human milk feeding. Further development could incorporate clinically relevant data such
as the amount and timing of human milk feedings during the neonatal intensive care
admission to support a more robust human milk quality measure (Bigger et al., 2014).

This study has several limitations. The cross-sectional design limits causal inference. The
parent study was not designed to study breastfeeding support, which limits the capacity to
describe this nursing process measure. The term “breastfeeding support” was not defined in
the survey. A clearer definition of breastfeeding support is necessary and may include a
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range of activities nurses might consider supportive to lactation activities including parent
education, demonstration and discussion regarding milk storage, and assessment of infant
readiness to feed that would strengthen future research. The process measure of
breastfeeding support was unable to capture the total number of infants eligible for
breastfeeding. Infant data were limited because details regarding the initiation or duration of
human milk feeding and the source of human milk (i.e. donor human milk) were unknown.
The study would be enhanced if the training or background of the lactation consultants in the
neonatal intensive care unit were known and would be strengthened if board certified
lactation consultants were identified. Future work should consider the availability of
necessary equipment for breastfeeding support and clinical requirements in the neonatal
intensive care unit (i.e. parent overnight rooms, supplies for pumping and storage of human
milk, presence of hand washing stations). The data were collected in 2008, since that time
there have been changes in neonatal intensive care unit culture related to human milk that
may influence both the process outcome reported by nurses and the rates of infant discharge
on human milk that currently being experienced in neonatal intensive care units (Spatz,
2014). The sample does not fully represent the Vermont Oxford Network or all U.S.
hospitals with a neonatal intensive care unit. Our sample contains a larger proportion of
level IV neonatal intensive care units than the overall number in the Vermont Oxford
Network consortium. This suggests that our findings generalize best to neonatal intensive
care units that serve a more complex case mix of infants (levels 11l and V).

Despite the limitations of secondary analysis, evidence from a large dataset of more than
5000 nurses and 6000 infants in a national multi hospital sample provides an unprecedented
glimpse of the relationship between nurse-provided breastfeeding support and very low birth
weight infant discharge on human milk. The study also found that neonatal intensive care
units with better work environments and better-educated nurses were also associated with
higher rates of very low birth weight infants discharged home on human milk. These data
can be used to provide evidence for development of more comprehensive hospital perinatal
outcome measures for all infants born in a hospital. The outcomes of this study demonstrate
the importance of hospital staffing to provide the best nutritional care to infants.

Nurses are at the forefront of clinical care in the neonatal intensive care unit. This study
provides evidence to support organizational features that provide the best evidence-based
nutritional care for very low birth weight infants in the neonatal intensive care unit through
the provision of human milk. Hospital administrators and neonatal intensive care unit
managers may use these results to evaluate their hiring and staffing procedures to ensure that
the best-qualified and trained nurses are employed in the neonatal intensive care unit. This
study may also provide impetus for managers to provide opportunity and encourage staff
nurses to develop clinical practice guidelines and take advantage of educational
opportunities to support families wanting to provide human milk to their infants in the
neonatal intensive care unit. The results from this research have contributed evidence toward
identifying areas where nurse staffing and educational improvement efforts may be focused
in order to achieve goals for providing the highest level of nutrition to the most vulnerable
infants through the provision of human milk in neonatal intensive care units across the U.S.
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5. Conclusions

Neonatal intensive care units with better nurse staffing and work environments have higher
rates of very low birth weight infants discharged home on human milk. This is the first study
of a national sample of hospitals to examine how multiple features of neonatal intensive care
unit organization and care provision relate to the nutritional status of very low birth weight
infants at the point they are discharged to home. A common clinical idiom suggests that
patient discharge begins on the day of admission; therefore establishment of a human milk
supply must occur from the moment an infant is admitted to the neonatal intensive care unit.
The constant presence of nurses in the neonatal intensive care unit positions them to achieve
lactation goals determined by the infants medical needs and desires of the mother to provide
human milk for her child. Although lactation consultants play an important supportive role
in the neonatal intensive care unit they are a limited resource. Neonatal intensive care unit
administrators must consider how to provide adequate staffing, improve nurse practice
environments, and invest in the educational preparation of their nursing staff in order to
ensure that the most vulnerable infants receive the best nutrition in the form of human milk
at the point of discharge. In the U.S. nurse staffing has a significant association with infant
outcomes related to evidence based nutrition through human milk provision in the neonatal
intensive care unit. These findings suggest that global health for the sickest newborns may
be improved through better hospital organization and nursing care.
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What is already known about the topic?

e Human milk has indisputable nutritional and immunological benefits and is
considered the optimal form of nutrition for preterm (<37 weeks gestation)
and/or very low birth weight (VLBW; <1500 g at birth) infants.

e Neonatal intensive care unit (NICU) work environments have been linked to
rationing of parental support by nurses.

» NICU nurse staffing has been linked to breastfeeding support by nurses. NICU
staffing and work environments have not been explored in relation to optimal
nutrition in this setting.
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What this paper adds

e The majority of VLBW infants (52%) are discharged from the NICU on formula
only. Fewer infants (42%) receive human milk mixed with fortifier or formula.
Only 6% of VLBW infants are discharged on exclusive human milk.

o  Better nurse work environments and better educated staff nurses in U.S. NICUs
are associated with a higher provision of human milk for VLBW infants.

» In NICUs where more infants receive breastfeeding support from nurses, more
VLBW infants are receiving human milk at the point of discharge to home.
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Median 44%: Mean 48%
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Fig. 1.
Distribution of very low birth weight infants discharged on any human.
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Fig. 2.
Scatter plot of the relationship between the fractions of very low birth weight infants

discharged on human milk and the fraction of infants with process measure nurse-reported
breastfeeding support.
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Fig. 3.

Scatter plot of the relationship between the fractions of very low birth weight infants
discharged on human milk and the organizational feature Practice Environment Scale of the
Nursing Work Index.
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Sample characteristics.

value?
Neonatal intensive care unit characteristics
AAP classification,b n=97
Level 11 1(1)
Level 111 73 (75)
Level IV 23 (24)
Number of beds, mean (SD) 41 (20)
Number of staff nurses, mean (SD) 74.0 (40.4)
Annual volume of very low birth 107 (65)
weight admissions, mean (SD)
Nurse respondents per neonatal 58 (30)
intensive care unit, mean (SD)
Nurse education (proportion of 55 (15)
nurses with a BSN degree or higher),
mean (SD)
Years of experience (proportion of 61 (17)

neonatal intensive care unit nurses
with 5 or more years of neonatal intensive
care unit nursing experience), mean (SD)

Very low birth weight infant birth characteristics,

Birth weight (g), mean (SD), n = 6997

Gestational age, mean (SD),
completed weeks, n = 6997

1-min Apgar score, mean (SD), n = 6989
Small for gestational age, n = 6997
Multiple birth, n = 6997
Congenital malformation, n = 6997
Vaginal delivery, n = 6997
Had prenatal care, n = 6985
Male, n = 6997
Maternal race, n = 6984
Race/ethnicity, %
Non-Hispanic white
Non-Hispanic black
Other

n=6997
1105 (266)
28.6 (2.6)

5.6 (2.4)
20
29
3
27
9%
49

49
30
21

&\Values are number (%) unless otherwise indicated. Percentages may not sum to 100 due to missing values.

b

major surgery; level IV — cardiac surgery.
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Percent of very low birth weight infants by type of enteral feeding at discharge (n = 97).

Table 2

Type of enteral feeding % Min  Max
Any human milk, mean (SD) 48(19) 6 100
Human milk only, mean (SD) 6(7) 0 33
Human milk + fortifier/formula, 42 (20) 6 100
mean (SD)
Formula only, mean (SD) 52(19) O 94
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Neonatal intensive care unit characteristics and correlations with percent of very low birth weight infants

discharged to home on any human milk (n= 97).

Min Max Pearson’s correlation
r (p)
Practice Environment Scale of the Nurse Work Index Subscales
Nurse participation in hospital affairs 295(0.28) 211 395 gop*
Nursing Foundations for Quality Care 322(0.20) 272 397 go5*
Nurse manager ability, leadership, and support 292(0.39) 191 397 (33**
Staffing and resource adequacy 296(0.38) 182 396 (go***
Collegial nurse-physician relations 3.20(0.32) 2.01 397 0.20
Practice Environment Scale of the Nurse Work Index composite score 3.05(0.25) 242 396 (a3g***
Acuity-adjusted nurse staffing ratio 1.00(0.15) 0.64 150 (33***
Nurse qualifications
Proportion of neonatal intensive care unit nurses with a baccalaureate .55 (.15) .23 .93 0.08
or higher degree in nursing, mean (SD)
Proportion of neonatal intensive care unit nurses with 5 or more years 61(17) O 94 011
of neonatal intensive care unit nursing experience,a mean (SD)
Proportion of neonatal intensive care units with lactation consultant available, % 51 - - 0.20*
Proportion of infants with breastfeeding support,b mean (SD) 14(07) 0233 54"

Nursing experience in the neonatal intensive care unit refers to 5 years or more work experience in the current neonatal intensive care unit.

b . .
Nurses reported on infants cared for on the last shift worked.

*
p <0.05.

* %

p <0.01.

*%

*
p < 0.001.
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Associations between fraction of very low birth weight infants discharged to home on any human milk and

Table 4

neonatal intensive care unit nursing characteristics and lactation consultant presence.

Model 1

Model 2

Adjusted R? = 0.20

Adjusted R? = 0.37

B SE 95% ClI p B SE 95% ClI p
Breastfeeding support 0.08°** 002 0.05-0.12 0.000
Practice Ervironment C%Cr;‘:fogift;h; ye 005 002 012009 0005 004° 002 -000t0007 0.042
Acuity-adjusted nurse staffing ratio 0.04* 0.02 0.01-0.08 0.026 0.03 0.02  0.00-0.07 0.056
Bachelor’s degree or higher 0.03 0.02 -0.00t00.07 0.074 (03" 0.02 -0.00t00.06 0.039
Lactation consultant presence 0062 004 -001t00.13 0096 4@ 003 -0.03t00.10 0.261

B represents standardized coefficient.

a . - . .
Lactation consultant = availability was a dichotomous variable.

*
p<0.05.

*

*
p<0.01.

*%

*
p < 0.001.
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