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Abstract

The objective of this study was to investigate the associations between the NICU work
environment, quality of care, safety, and patient outcomes. A secondary analysis was conducted of
responses of 1247 NICU staff nurses in 171 hospitals to a large nurse survey. Better work
environments were associated with higher odds of nurses reporting poor quality, safety and
outcomes. Improving the work environment may be a promising strategy to achieve safer settings
for at-risk newborns.
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Critically ill infants cared for in the neonatal intensive care unit (NICU) are among the most
vulnerable patient populations in the hospital. NICU infants are at increased risk for adverse
outcomes related to quality and safety, including nosocomial infection and unplanned
readmission to the hospital. Nosocomial infection affects nearly 1 in 6 very low birthweight
(VLBW) infants,! doubling the risk of mortality and lengthening the hospital stay.2:3 Central
line catheters, which are required for many NICU infants, are a common source of
nosocomial infection, which is a perinatal quality standard.*> NICU infants also have a
relatively high rate of readmission,® partly due to the complexity of their care needs at
discharge.” Adequate preparation of parents for the infants’ care needs is essential.® The
transition from the highly-controlled intensive care environment, where clinicians are the
principal caregivers, to the home setting can be challenging for some families. Common
challenges include managing respiratory distress, feeding and growth, and jaundice.’
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Despite the unique challenges of caregiving in this setting, little research has explored the
organizational context in which NICU care is provided—specifically, the work environment
of the clinicians who provide the majority of clinical care. Registered nurses (RNs) are
instrumental in achieving multiple care goals, including promoting infant health and clinical
stability, maintaining the integrity and cleanliness of central catheters, and preparing
families for their role in infant care and successful transition to home. NICU nurses monitor
infants for subtle cues and provide timely interventions to prevent the development of
morbidity or to prevent further clinical decline if morbidity develops.®

Considerable evidence has linked the work environment to patient outcomes in adult
populations;10-13 however, research is limited about NICU work environments and
outcomes, particularly related to patient safety and quality of care. Superior nursing work
environments as promulgated through achievement of hospital Magnet status are associated
with better VLBW infant outcomes, including mortality, nosocomial infection, and severe
intraventricular hemorrhage.14 Evidence from 9 NICUs in Canada indicates a link between
the work environment, care rationing (ie, nursing care activities omitted for lack of time),
and nurse-assessed quality of care.1> A study of 104 US NICUs documented that variation
in NICU work environments is associated with breastfeeding support for parents; breast
milk is a perinatal quality standard.16:17 Finally, one aspect of the work environment, nurse
staffing, has been linked to nosocomial infection in the NICU.2:18 However, none of these
studies have integrated the perspectives of NICU RNs who are in a unique position to report
on the state of nurse work environments, quality and patient safety in US NICUs.

The objective of this study was to investigate the associations between the NICU work
environment and nurse reports of quality of care, safety, and NICU-relevant outcomes
related to infection and patient/family readiness for discharge in a large group of US NICUs.
These relationships were examined using nurse survey data that were collected in four large,
geographically diverse states.

METHODS

This study used a secondary analysis of cross-sectional linked nurse survey and
administrative hospital data. The objectives of the parent study were similar to the current
study, which assured a congruent conceptual focus of the data. Institutional review board
approval was obtained for the study protocol.

Samples and setting

In the parent study, the Multistate Study of Nursing Care and Patient Safety,13 conducted in
2005-2008, large, random samples of RNs licensed in 4 states (Pennsylvania, New Jersey,
California, Florida) were surveyed. Respondents reported their employing hospital, yielding
nurse survey data about 665 hospitals.13

The present study focuses on the subset of hospitals with a sufficient number of NICU staff
nurses to yield reliable NICU-level measures. The nurse inclusion criterion was being a
NICU staff nurse. The hospital inclusion criterion was a minimum of 3 NICU staff nurse
survey respondents. The minimum number of respondents per nursing unit was consistent
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with prior work9 and supported by satisfactory aggregate reliability statistics for study
measures, as reported below. These criteria yielded samples of 171 hospitals and 1,247
nurses. The average number of nurse respondents per hospital was 7.3. The sample hospitals
represent 20% of NICUs nationally, based on authors’ calculations from AHA data on
hospitals with nonzero NICU beds.

The outcome and explanatory variables were measured from nurse survey questions and
tools described below.

Nurse-reported quality of care, safety and patient outcomes—Nurses rated the
overall quality of care provided on their unit using a 4-point scale (poor to excellent), an
item validated with outcomes from administrative patient data.2> Reponses of poor or fair
were classified as poor quality of care. Nurses reported an overall safety grade for their unit
from A (excellent) to F (failing), using an item from the Agency for Healthcare Research
and Quality's hospital survey on patient safety culture.?! Responses of C, D, and F were
classified as poor safety grade. Nurses reported the frequency of central line associated
blood stream infection on a 7-item scale (“never” to “every day”). Responses of a few times
a month or more frequent were classified as frequent. Nurses reported their confidence in the
ability of their patients to manage their care at discharge using a 4-point scale (very to not at
all). For this study, these assessments were interpreted as reflecting parental ability to care
for the infant at discharge. Some nurses (18%) considered this query not applicable, likely
because the patients were infants. The not applicable responses were omitted. Responses of
somewhat and not at all confident were classified as not confident.

Work environment—The work environment was measured by the Practice Environment
Scale of the Nursing Work Index (PES-NWI).22 This 31-item validated tool has been
endorsed by the National Quality Forum since 2004 and is used extensively worldwide.23-25
For each item, the nurse responds to the query “to what extent do you agree the item is
present in your current job?” with 4 response options (strongly disagree to strongly agree).
Higher scores indicate a workplace supportive of professional nursing practice.? The PES-
NWI comprises 5 subscales representing the domains: Nurse Participation in Hospital
Affairs, Nursing Foundations for Quality of Care, Nurse Manager Ability, Leadership and
Support of Nurses, Staffing and Resource Adequacy, and Collegial Nurse-Physician
Relations. Subscales items are averaged to compute a subscale score. A composite is the
average of subscale scores.

To measure the work environment at the aggregate level, the intraclass correlation
coefficient (ICC [1,k]) should be at least .60.26 Using responses of at least 3 nurses, the ICC
of 4 of the 5 PES-NWI subscales exceeded this criterion and the fifth was considered
satisfactory at .58. Hospitals were classified into 3 categories using methods described
previously.2728 Hospitals with average subscale scores above the sample median for 4 or 5
subscales were classified as having better environments, for 2 or 3 subscales as having
mixed environments, and for 0 or 1 subscale as having poor environments.
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Covariates—NICU nurse staffing was computed as the average number of patients cared
for on the last shift among nurses reporting from 1 to 6 patients on their last shift. Nurses
with 0 or more than 6 patients (n = 42; 3%) were excluded to retain nurses providing direct
patient care and omit nurses in roles such as charge or resource nurse. Nurse age, sex,
education and experience were used to describe the sample. The following hospital
characteristics, obtained from the AHA Annual Survey database, were used to describe the
sample or as controls in regression models: number of hospital acute care beds, teaching
status, technology status, and number of neonatal intensive plus intermediate care beds. The
number of NICU beds was missing for one-third of hospitals. Teaching status was classified
based on the resident to bed ratio: none, less than 1:4 (minor), and 1:4 or greater (major).
Hospitals with the capability for open heart surgery and/or organ transplantation were
classified as high technology. Additionally, NICUs were classified into levels of care I, Illa,
and 111b using the American Academy of Pediatrics (AAP) classification system.2® Data on
classification level were provided by the Vermont Oxford Network, a voluntary NICU
quality collaborative. NICU level of care was not available for the one-fourth of sample
NICUs not in the network.

Analysis

To describe the hospital and NICU nursing characteristics, and the outcome and explanatory
variables, central tendencies and percent distributions are presented. Differences in the 4
outcomes across hospital work environment subgroups were tested using analysis of
variance. The effect of work environment on the likelihood of nurses reporting poor quality
and safety outcomes was examined using logistic regression models. These models
accounted for clustering of nurses within hospitals by adjusting the standard errors using the
Huber-White sandwich estimator. Adjusted models included controls for NICU-level nurse
staffing, state, hospital size, teaching, and technology status. Sensitivity analyses were
conducted in the subsamples of hospitals with complete data on NICU beds (n = 138) and
NICU classification (n = 130), which would be appropriate control variables. To test
robustness of results, analyses were replicated in the subsample of 112 hospitals with at least
5 NICU nurses. The regression results were essentially identical in direction, magnitude, and
significance to the results from the original sample. We report the results from the original
sample, which reflects a larger fraction of US NICUs. All analyses were performed using
Stata software version 13.0.30

RESULTS

The majority of sample hospitals had 250 or more beds (76%), were classified as teaching
hospitals (66%), and had high-technology capabilities (68%). The average NICU in the
sample had 28 beds (SD = 19, n = 138). All descriptive statistics are reported in the
aggregate (ie, NICU-level). On average, nurses cared for 2.6 patients on their last shift
(NICU-level SD = 0.58) and had 10.9 years of RN experience on their current unit (NICU-
level SD = 4.4 years). Almost half (49%) of nurses held a BSN or higher (SD across NICUs
= 23%). The average NICU-level PES-NWI composite score was 2.88 (range across NICUs
1.93 to 3.79; SD across NICUs = .32). The scores differed significantly in the 3 subgroups:
3.19 in better environments; 2.86 in mixed; and 2.54 in poor (P < .001).
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Overall, 6% of nurses reported fair/poor quality of care overall on their unit, while 20% gave
their unit a poor grade on patient safety. Frequent central line infections (occurring once a
month or more) were reported by 16% of nurses. More than one-quarter (29%) reported that
they were not confident in parents’ ability to manage their infant's care after discharge.
Differences in these outcomes were observed by work environment types, with decreasing
percentages of nurses reporting poor quality and safety outcomes as the work environment
improved (Figure 1). For example, one-third of nurses in poor practice environments (34%)
gave their unit a poor safety grade, compared to 19% in mixed environments, and 8% in
better environments (p<0.001). Similar patterns were observed for the other 3 outcomes, all
of which were statistically significant.

Table 1 presents the results of the adjusted logistic regression analyses that estimated the
effect of work environment on the 4 nurse-reported quality and safety outcomes. In the
better environments, compared to the poor environments, nurses were 66% less likely to
report fair/poor quality of care on their unit, 80% less likely to report poor safety grade, 68%
less likely to report frequent central line infections and 51% less likely to report poor
confidence in parents’ ability to manage their infant's care after discharge (all p<0.001). The
sensitivity analyses in the two subsamples with complete data on number of NICU beds and
NICU AAP classification yielded odds ratios with the same direction and significance as the
full sample but smaller effect sizes.

DISCUSSION

Our results provide strong evidence that environments supportive of professional nursing
practice are linked to the well-being of critically ill infants. Significantly fewer nurses (about
one-quarter the number) in the better NICU work environments say that quality or safety is
poor compared to the poor environments. Our multivariable analyses show that these nurses
were 51 to 80% less likely to report poor quality and safety than nurses in the poor
environments, controlling for nurse staffing and other hospital characteristics. These large
effects suggest that the variation in nurses’ practice environments warrant the attention of
nursing, medical, and hospital leaders to achieve safer, optimal care quality for these infants.

Infections in this population are an ongoing concern due to the health risks, including higher
mortality and the longer hospital stays that infections require. NICUs routinely track
infections due to their grave consequences. Central line infections were reported as frequent
by 16% of NICU staff nurses. In the better environments, less than half as many nurses
reported frequent infections (9%) as compared to the poorest environments (21%). While
life threatening, these infections can be prevented by the implementation of evidence-based
actions, enforced by policy and unit leadership. These actions include appropriate hand
hygiene and central line care practices which can dramatically reduce nosocomial
infections.31:32

Transition home in this population is particularly complex, given the developmental needs
of NICU newborns and parents. The successful preparation of families for discharge entails
an organizational context that supports expert nursing care. In addition to surveillance of the
infant, nurses also assess parents’ engagement with their newborn, their newborn care, and

J Nurs Care Qual. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lake et al.

Limitations

Page 6

parenting capabilities.33 We found that nearly 4 in 10 nurses working in poor environments
were not confident that parents could manage their infant's care after discharge. However, in
the better work environments, this fraction was significantly lower (1 in 5), indicating
parents are better prepared for the transition to home. Our results align with those of the
study of missed nursing care in nine Canadian NICUs, which showed that the care domains
most strongly affected by the work environment were discharge planning and parental
teaching.1® Together, this evidence suggests that poor work environments thwart the
completion of required nursing care in these domains and consequently parents may not be
adequately prepared to manage the infant's needs upon discharge.

Exactly how better work environments support NICU safety and quality outcomes is an area
ripe for research. Better work environments may support evidence-based infection
prevention practices and quality improvement initiatives that are nurse driven. Better work
environments may support nurses to increase parental visitation and participation in infant
care and decision making34-36, which may facilitate infant health and smoother transition to
home, as well as greater parent confidence and satisfaction with care.8:37 Research that
reveals the mechanisms linking environments to outcomes would bolster management
motivation and efforts to improve environments.

Our findings are consistent with a similar study linking the nurse work environment to
health care—associated infections in adult critical care.12 The mean work environment rating
(i.e., the PES-NWI composite score) in this NICU sample (2.88) is almost 2/3 SD higher
than that reported in adult critical care settings (2.68), but lower than reported in a 2008
study of 104 Vermont Oxford Network NICUs nationallyl8: (3.06; range 2.42 to 3.97),
which may reflect better environments of NICUs that have the motivation and capacity to
participate in a NICU quality collaborative. A composite of 2.88 indicates that NICU nurses
tend toward a response of “agree” (3.00) but not “strongly agree” (4.00) that organizational
traits supportive of professional practice are present. Notably, the NICUs in this sample
exhibited a wide range of composite scores from 1.93 to 3.79, demonstrating the potential
for improvement.

Our results support the conclusions of the World Health Organization's World Alliance for
Patient Safety38 and Institute of Medicine3? that the organizational context of care is as, or
possibly more, important than the actions of individual providers in keeping patients safe.
Hospitals can and do improve their work environments over time, and those that succeed
experience improved outcomes.*® One approach to improving the work environment is to
use nationally endorsed measures to identify areas of work environment weakness.
Benchmarking databases like the National Database of Nursing Quality Indicators provide
comparisons to peer institutions to assist in these efforts. NICU managers could motivate
improvements by comparing the quality of their work environment and the rates of poor
outcomes from evidence presented here. Pursuing Magnet hospital designation is a hospital-
wide approach to improving work environments.41:42

The necessity of using cross-sectional data limits causal inference, which points to the need
to study changes in work environments over time and their impact. The safety orientation of
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the NICU has increased since the data were generated in 2005-2008. However, the
differences across hospitals in NICU work environments and outcomes have been
documented in more recent data,3 suggesting that these relationships persist. Specifically,
data from the same work environment instrument from 104 NICUs nationally in 2008
demonstrate that NICUs with poorer work environments have higher rates of nosocomial
infection.#3 The sample NICUs are located in 4 large states, and although there is little
reason to think that NICU care differs across these states, we included state dummy
variables to take any state differences into account. Data on actual infection rates were not
available to corroborate nurse reports, although previous research has shown that nurse
reports of quality are accurate predictors of mortality rates and other patient outcomes.20
Research linking NICU environments to patient outcomes would bolster this nurse-report-
based evidence, as has been demonstrated in adult critical care.1244 NICU level of care data,
according to the American Academy of Pediatrics classification, were incomplete, which
limited our ability to fully account for patient acuity. Sensitivity analyses that were
conducted on subsamples with complete data for NICU beds and AAP classification yielded
similar results to those presented in this paper.

CONCLUSIONS

Quality and safety vary considerably across US NICUs and the nurse work environment
appears to be a key organizational factor that underlies NICU outcomes. The essential
component of neonatal intensive care for infants at high risk of poor outcomes is
professional nursing care in environments that enable nurses to provide high-quality care to
infants and their parents. As shown in our study, there is plenty of room for improvement in
NICU work environments, patient safety, and quality of care. NICU staff nurses are best
positioned to work with their managers to identify and address safety weaknesses as well as
parental preparation for transition to home. Improving work environments may be a
promising strategy for substantially improving the outcomes of some of the most vulnerable
patients in our hospitals.
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Figure 1.

Percent of nurses reporting NICU quality and safety outcomes by work environment
category

Fair/Poor Quality of Care: Nurse Rating of quality of nursing care delivered to patients as
fair or poor (n=1237)

Poor Safety Grade: Nurse rating of unit safety as acceptable, poor, or failing (n = 1242)
Frequent Central Line Infection: Nurse rating of frequent central line infection as a few
times a month or more (n = 1194)

Not Confident in Discharge Care: Nurse rating of patient ability to manage care at discharge
as somewhat or not at all confident (n = 1017)
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Table 1

Odds ratios estimating the effect of work environment on nurse-reported NICU quality and safety outcomes

Adjusted

NICU Outcome OR (95% CI) P
Fair/Poor Quality of Care (n = 1237)

Poor Environment (reference)

Mixed Environment 0.32 0.17-059 <.001

Better Environment 0.34 0.20-0.59 <.001
Poor Safety Grade (n = 1242)

Poor Environment (reference)

Mixed Environment 0.58 0.39-0.86  .007

Better Environment 0.20 0.13-0.31 <.001
Frequent Central Line Infection a few times a month or more (n = 1194)

Poor Environment (reference)

Mixed Environment 0.89 0.49-1.61 .693

Better Environment 0.32 0.18-0.58 <.001
Not confident in care management following discharge (n = 1017)

Poor Environment (reference)

Mixed Environment 0.84 0.60-1.19 .326

Better Environment 0.49 0.33-0.72 <.001

Note: OR=o0dds ratio, Cl=confidence interval, NICU = Neonatal Intensive Care Unit. Models control for staffing and hospital characteristics

(hospital state, teaching status, technology status, and size).

The n varies for each outcome (n=1017 to 1242) due to different response rates.
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